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Abstract 
Background: Patients surviving hospitalisation for COVID-19 are 
thought to be at high risk of cardiometabolic and pulmonary 
complications, but quantification of that risk is limited. We aimed to 
describe the overall burden of these complications in people after 
discharge from hospital with COVID-19.   
Methods: Working on behalf of NHS England, we used linked primary 
care records, death certificate and hospital data from the OpenSAFELY 
platform. We constructed three cohorts: patients discharged following 
hospitalisation with COVID-19, patients discharged following pre-
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pandemic hospitalisation with pneumonia, and a frequency-matched 
cohort from the general population in 2019. We studied seven 
outcomes: deep vein thrombosis (DVT), pulmonary embolism (PE), 
ischaemic stroke, myocardial infarction (MI), heart failure, AKI and 
new type 2 diabetes mellitus (T2DM) diagnosis. Absolute rates were 
measured in each cohort and Fine and Gray models were used to 
estimate age/sex adjusted subdistribution hazard ratios comparing 
outcome risk between discharged COVID-19 patients and the two 
comparator cohorts. 
Results: Amongst the population of 77,347 patients discharged 
following hospitalisation with COVID-19, rates for the majority of 
outcomes peaked in the first month post-discharge, then declined 
over the following four months. Patients in the COVID-19 population 
had markedly higher risk of all outcomes compared to matched 
controls from the 2019 general population. Across the whole study 
period, the risk of outcomes was more similar when comparing 
patients discharged with COVID-19 to those discharged with 
pneumonia in 2019, although COVID-19 patients had higher risk of 
T2DM (15.2 versus 37.2 [rate per 1,000-person-years for COVID-19 
versus pneumonia, respectively]; SHR, 1.46 [95% CI: 1.31 - 1.63]).  
Conclusions: Risk of cardiometabolic and pulmonary adverse 
outcomes is markedly raised following discharge from hospitalisation 
with COVID-19 compared to the general population. However, excess 
risks were similar to those seen following discharge post-pneumonia. 
Overall, this suggests a large additional burden on healthcare 
resources.
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Introduction
Cardiometabolic and pulmonary complications, especially 
thrombotic events, have been described as a key feature of the 
severe acute phase of COVID-19. A recent systematic review 
estimated the risk of venous thromboembolism (VTE) to be 
~15% in hospitalised COVID-19 patients, with higher risks  
observed in people admitted to intensive care (~30%1–3).  
Underlying reasons for this higher risk are likely to be multifac-
torial, including immobility following illness/hospitalisation  
as well as the known association with infection in general,  
mediated through interactions with general inflammatory and  
other immune pathways4. The possibility that SARS-CoV-2 may 
directly trigger pulmonary thrombi via vascular damage and  
inflammatory effects in the lung has also been raised5.

As the COVID-19 pandemic has progressed, it is increas-
ingly reported that some patients who recover from the acute  
disease phase go on to experience a range of post-recovery  
clinical problems. This post-acute COVID-19 syndrome is  
currently not well described or understood, with the UK National 
Institute for Health and Care Excellence stating that any body 
system could be affected, for an undetermined period of time6.  
Any such syndrome now needs to be defined and quantified so 
that patients and health services can know what outcomes may 
be expected, and plan accordingly6,7. It is also unclear whether  
COVID-19 is exceptional in its association with cardiometabolic 
events, or comparable to other respiratory pathogens, such as  
influenza and Streptococcus pneumoniae, which have well-
described associations with acute cardiovascular events.

Work to date on cardiometabolic outcomes with COVID-19  
has largely focused on risks during hospitalisation, for  
example, highlighting increased myocardial involvement and  
acute kidney injury complications8–10. However, there is a lack 
of evidence on how these risks evolve in survivors of severe  
COVID-19. We therefore measured the rates of cardiometa-
bolic outcomes in people in England who were discharged from  
hospital following the acute phase of COVID-19. For context,  
we compared these rates with those seen prior to the pandemic 
in both the general population and amongst people discharged  
following hospitalization for non-COVID-19 pneumonia.

Methods
Study design and data sources
We conducted an observational cohort study using electronic  
health record (EHR) data from primary care practices using TPP 
software. TPP provides the software to approximately 40% of  
English general practices and it is used to record all clinical 
information such as diagnoses, blood tests and prescriptions.  
This is additionally linked to Office for National Statistics (ONS) 
death registrations and Secondary Uses Service (SUS) data  
(containing hospital records) through OpenSAFELY. This is 
an open-source data analysis platform developed during the  
COVID-19 pandemic, on behalf of NHS England, to allow  
near real-time analysis of pseudonymised primary care 
records at scale, currently covering approximately 40% of the  
population in England, operating within the EHR vendor’s highly 
secure data centre11,12. Details on Information Governance for 

the OpenSAFELY platform can be found in the Software and  
reproducibility section.

Population
We included all adults aged ≥18 years registered with a  
general practice for ≥1 year on the index date with informa-
tion on age, sex, and socioeconomic status. From this source  
population we selected three cohorts: all patients hospital-
ised with COVID-19 (in the year starting 1st February 2020), 
a comparison cohort containing all patients hospitalised with  
non-COVID pneumonia across an equivalent period starting  
in 2019 (i.e. the year starting 1st February 2019) and a general  
population frequency matched cohort in 2019. The COVID-19  
and pneumonia cohorts were selected as anyone hospitalised 
with an associated diagnostic code for COVID-19 or pneumonia  
respectively (referred to as the “index hospitalisation”). The  
general population cohort was formed by matching each patient 
in the COVID-19 cohort to up to five patients eligible on  
1st February 2019 in TPP on age (within 1 year), sex and  
region defined by Sustainability Transformation Partnership 
level (a more granular form of England NHS region). Matching  
was performed using a greedy matching algorithm, with no  
replacement (for more details, see GitHub).

Outcomes and follow-up
We measured seven outcomes: deep vein thrombosis (DVT),  
pulmonary embolism (PE), ischaemic stroke, myocardial  
infarction (MI), heart failure, AKI and new type 2 diabetes mellitus 
(T2DM) diagnosis.

The study periods ran for one year, starting 1st February in either 
2019 or 2020, depending on the population (as defined above). 
The follow-up period began on the discharge date of the index  
COVID-19 or pneumonia hospital stay or 1st February 2019 
in the general population matched cohort. For each analysis,  
follow-up ended on the earliest of: the first recorded outcome  
event, the study end date, or the date of death of the patient. 
For the AKI outcome, we excluded patients who were receiving  
dialysis before the index date (defined as presence of a dialysis  
code or eGFR < 15ml/min). For diabetes, we excluded any  
patients who had a previous diabetes event, to ensure only incident 
diagnoses were measured.

Outcomes were defined primarily as the presence of a diagnostic  
code for each of the respective outcomes, either in the general  
practice record, in hospital, or as a cause of death on a death  
certificate. For the primary analysis, we excluded records where  
the patient had a recent outcome recorded within three months 
before the index date (including if they had been recorded during 
the index hospitalisation). This was to prevent double counting  
of the same event, for example where a general practice (GP) 
updates the record of a patient, recording an event that occurred  
during a recent hospitalisation. Sensitivity analyses explored the 
effect of including these events (see Statistical Methods).

Statistical methods
We described the characteristics of the three patient cohorts  
formed: patients discharged from an admission with COVID-19,  
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patients discharged from an admission with pneumonia and  
patients from the general population matched on age, sex and  
region. Additionally, for the hospital cohorts, we described 
the characteristics of the admitted populations to highlight  
potential differences in those surviving to discharge.

Rates were reported for each outcome, per 1,000 person years,  
initially for the whole follow-up time, then stratified into time 
windows: 0–29 days, 30–59 days, 60–89 days, 90–120 days and  
120+ days post discharge for the COVID-19 and pneumonia  
cohorts, to determine how the rate of outcomes changed over  
time. Rates in all three patient cohorts were stratified by age, sex 
and ethnicity.

We used Fine and Gray regression models to estimate subdistri-
bution hazard ratios (SHRs) and 95% confidence intervals (CIs) 
to compare the risk of each outcome between, 1) the discharged 
COVID-19 group and the matched general population group, 
and 2) the discharged COVID-19 group and the discharged  
pneumonia group. In the primary analysis, we investigated crude 
univariable and age and sex adjusted models. The same patient 
can contribute person-time to all exposure groups, however 
these periods are non-overlapping therefore we applied robust 
standard errors. Any evidence of deviations from proportional  
subdistribution hazards were further investigated using time-period 
specific SHRs13,14.

In sensitivity analyses we tested the effect of including  
1) previously omitted outcomes recorded in the primary care  
record when there was a recorded outcome within 3 months  
before the index date, and 2) only events recorded in hospital or as 
a cause of death on a death certificate.

Finally, in post-hoc analyses we investigated the robustness 
of results to those obtained from a model further adjusting for  
comorbidities and available lifestyle information.

Software and reproducibility
Data management was performed using the OpenSAFELY  
software, Python 3.8 and SQL, and analysis using Stata 16.1.  
All codelists alongside code for data management and analy-
ses can be found in our GitHub repository. All software for the  
OpenSAFELY platform is available for review and re-use at our 
organisation GitHub.

NHS England is the data controller; TPP is the data processor; 
and the key researchers on OpenSAFELY are acting on behalf  
of NHS England. OpenSAFELY is hosted within the TPP  
environment which is accredited to the ISO 27001 information 
security standard and is NHS IG Toolkit compliant15,16. Patient 
data are pseudonymised for analysis and linkage using industry  
standard cryptographic hashing techniques. All pseudo-
nymised datasets transmitted for linkage onto OpenSAFELY are  
encrypted and access to the platform is via a virtual private  
network connection, restricted to a small group of researchers  
who hold contracts with NHS England and only access the 
platform to initiate database queries and statistical models.  
All database activity is logged; only aggregate statistical  

outputs leave the platform environment following best practice  
for anonymisation of results such as statistical disclosure control 
for low cell counts17. The OpenSAFELY research platform adheres 
to the obligations of the UK General Data Protection Regulation 
(GDPR) and the Data Protection Act 2018. In March 2020, the  
Secretary of State for Health and Social Care used powers 
under the UK Health Service (Control of Patient Information)  
Regulations 2002 (COPI) to require organisations to process  
confidential patient information for the purposes of protecting  
public health, providing healthcare services to the public and  
monitoring and managing the COVID-19 outbreak and  
incidents of exposure; this sets aside the requirement for patient 
consent18. Taken together, these provide the legal bases to link 
patient datasets on the OpenSAFELY platform.

This study was approved by the Health Research Authority  
(REC reference 20/LO/0651) and by the LSHTM Ethics Board  
(ref 21863).

Results
We identified 77,347 patients discharged following an  
admission with COVID-19 in the year starting from 1st February  
2020 and 127,987 patients discharged with pneumonia in the 
year starting from 1st February 2019. For each patient discharged  
following an admission with COVID-19 we matched up to 
five patients from the general population eligible in TPP on  
1st February 2019 on age, sex and region. We successfully  
matched five patients for over 99.9% of COVID-19 patients.

We present characteristics for the cohorts studied in Table 1 and 
Table 2. Compared to the discharged COVID-19 cohort, the  
discharged pneumonia cohort had a higher proportion aged 
over 80. The ethnic breakdown was broadly similar between  
the three groups, although the discharged COVID-19 patients 
had a higher proportion of patients who were Asian and Asian  
British. Furthermore, Table 1 highlights that the discharged  
pneumonia patients had a higher proportion of comorbidi-
ties (including history of the investigated outcomes) compared  
to the discharged COVID-19 and general population cohorts.

By design, this work focuses on describing the burden of  
disease amongst patients discharged after severe COVID and our 
aim is not to make causal conclusions surrounding differences 
in the risk of outcomes. However, for additional context, the  
characteristics for the admitted COVID-19 and pneumonia popu-
lations are provided in Table 2. Comparison between Table 1  
and Table 2 highlights the increased in-patient mortality of  
admitted COVID-19 patients (21%) compared to admitted  
pneumonia patients (14%). Furthermore, whilst Table 2 high-
lights expected differences in the age distribution between the  
admitted and discharged cohorts, the overall pattern of  
characteristics between the admitted and discharged groups 
remained largely consistent.

Overall rates of each outcome per 1,000 person years for the  
whole follow-up are presented in Table 3. For the majority of  
outcomes, we observed higher rates of serious cardiometa-
bolic and pulmonary complications in discharged pneumonia 
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Table 1. Patient characteristics amongst patients 
discharged with COVID-19 (in the year starting from 1st 
February 2020), all patients discharged with non-COVID 
pneumonia (in the year starting from 1st February 2019) 
and a matched (age, sex and region) general population 
comparator group.

Characteristic (%) Discharged 
Pneumonia 

(2019)

Matched 
General 

Population 
(2019)

Discharged 
COVID-19

Total 127987 386669 77347

Age

Median 76 68 68

18 – 49 12847 (10.0) 78200 
(20.2)

15640 (20.2)

50 – 59 11652 (9.1) 59878 
(15.5)

11976 (15.5)

60 – 69 19320 (15.1) 62862 
(16.3)

12573 (16.3)

70 – 79 32686 (25.5) 77979 
(20.2)

15598 (20.2)

80 + 51482 (40.2) 107750 
(27.9)

21560 (27.9)

Sex

Male 64347 (50.3) 199013 
(51.5)

39808 (51.5)

Female 63640 (49.7) 187656 
(48.5)

37539 (48.5)

Ethnicity

White 85927 (67.1) 249671 
(64.6)

48700 (63.0)

Mixed 471 (0.4) 2511 (0.6) 716 (0.9)

Asian /Asian British 4522 (3.5) 19528 (5.1) 753 (9.8)

Black 1210 (0.9) 6717 (1.7) 2195 (2.8)

Other 728 (0.6) 4667 (1.2) 1187 (1.5)

Unknown 35129 (27.4) 103575 
(26.8)

16976 (21.9)

Body mass index 
(kg/m2)

Not obese 92424 (72.2) 293263 
(75.8)

48415 (62.6)

30-34.9 (Obese 
class I)

21415 (16.7) 63349 
(16.4)

16386 (21.2)

35-39.9 (Obese class 
II)

9064 (7.1) 21051 (5.4) 7750 (10.0)

≥40 (Obese class III) 5084 (4.0) 9006 (2.3) 4796 (6.2)

Smoking Status

Never 37684 (29.4) 172500 
(44.6)

31850 (41.2)

Characteristic (%) Discharged 
Pneumonia 

(2019)

Matched 
General 

Population 
(2019)

Discharged 
COVID-19

Former 67638 (52.8) 166214 
(43.0)

38441 (49.7)

Current 22665 (17.7) 47955 
(12.4)

7056 (9.1)

Index of Multiple 
Deprivation

1 (least deprived) 25788 (20.1) 77594 
(20.1)

15576 (20.1)

2 25656 (20.0) 78028 
(20.2)

15377 (19.9)

3 25555 (20.0) 77010 
(19.9)

15561 (20.1)

4 25684 (20.1) 77054 
(19.9)

15442 (20.0)

5 (most deprived) 25304 (19.8) 76983 
(19.9)

15391 (19.9)

Comorbidities

Hypertension 72497 (56.6) 160834 
(41.6)

38508 (49.8)

Chronic respiratory 
disease

37418 (29.2) 31526 (8.2) 12431 (16.1)

Asthma

With no oral steroid 
use

102662 
(80.2)

333549 
(86.3)

62628 (81.0)

With oral steroid use 18063 (14.1) 45910 
(11.9)

11360 (14.7)

Chronic heart 
disease

43369 (33.9) 61886 
(16.0)

19295 (24.9)

Diabetes

With HbA1c≥58 
mmol/mol

23960 (18.7) 46677 
(12.1)

14221 (18.4)

With HbA1c<58 
mmol/mol

11735 (9.2) 16809 (4.3) 8913 (11.5)

With no recent 
HbA1c measure

2100 (1.6) 3888 (1.0) 1498 (1.9)

Cancer (non-
haematological)

Diagnosed <1 year 
ago

6637 (5.2) 3512 (0.9) 2079 (2.7)

Diagnosed 1-4.9 
years ago

6464 (5.1) 9463 (2.4) 2585 (3.3)

Diagnosed ≥ 5 years 
ago

12847 (10.0) 25033 (6.5) 5785 (7.5)

Haematological 
malignancy

Diagnosed <1 year 
ago

1067 (0.8) 379 (0.1) 370 (0.5)

Diagnosed 1-4.9 
years ago

1419 (1.1) 1201 (0.3) 513 (0.7)
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Characteristic (%) Discharged 
Pneumonia 

(2019)

Matched 
General 

Population 
(2019)

Discharged 
COVID-19

Diagnosed ≥ 5 years 
ago

2223 (1.7) 2459 (0.6) 813 (1.1)

Reduced kidney 
function

Estimated GFR 
30–60

34228 (26.7) 66214 
(17.1)

15876 (20.5)

Estimated GFR 
15–29

5312 (4.2) 5338 (1.4) 2262 (2.9)

Estimated GFR < 15 
or dialysis

1925 (1.5) 778 (0.2) 1086 (1.4)

Chronic Liver 
Disease

3169 (2.5) 2677 (0.7) 1559 (2.0)

Dementia 13520 (10.6) 16968 (4.4) 6753 (8.7)

Other neurological 
disease

5714 (4.5) 5987 (1.5) 2965 (3.8)

Asplenia 759 (0.6) 803 (0.2) 347 (0.4)

Rheum arthritis/
lupus/psoriasis

12619 (9.9) 23762 (6.1) 6413 (8.3)

Other immuno 
suppressive  
disease

643 (0.5) 900 (0.2) 325 (0.4)

History of

DVT 8452 (6.6) 9459 (2.4) 4080 (5.3)

Stroke 15547 (12.1) 16394 (4.2) 7640 (9.9)

PE 9439 (7.4) 6229 (1.6) 5264 (6.8)

MI 15922 (12.4) 18835 (4.9) 6882 (8.9)

AKI 39614 (31.0) 14449 (3.7) 19722 (25.5)

Heart failure 35233 (27.5) 22784 (5.9) 13193 (17.1)

Table 2. Patient characteristics amongst patients admitted 
with COVID-19 and non-COVID pneumonia.

Characteristic (%) Admitted 
Pneumonia (2019)

Admitted 
COVID-19

Total 149597 98209

Age

Median 77 72

18 – 49 13331 (8.9) 16065 (16.4)

50 – 59 12624 (8.4) 13065 (13.3)

60 – 69 21517 (14.4) 15003 (15.3)

70 – 79 37773 (25.2) 21177 (21.6)

Characteristic (%) Admitted 
Pneumonia (2019)

Admitted 
COVID-19

80 + 64352 (43.0) 32899 (33.5)

Sex

Male 74342 (50.3) 52188 (53.1)

Female 75255 (49.7) 46021 (46.9)

Ethnicity

White 100284 (67.0) 62449 (63.6)

Mixed 527 (0.4) 820 (0.8)

Asian /Asian British 5104 (3.4) 8917 (9.1)

Black 1343 (0.9) 2588 (2.6)

Other 825 (0.6) 1353 (1.4)

Unknown 41514 (27.8) 22082 (22.5)

Body mass index 
(kg/m2)

Not obese 109483 (73.2) 62613 (63.8)

30–34.9 (Obese class I) 24323 (16.3) 20399 (20.8)

35–39.9 (Obese class II) 10125 (6.8) 9444 (9.6)

≥40 (Obese class III) 5666 (3.8) 5753 (5.9)

Smoking Status

Never 43727 (29.2) 38209 (38.9)

Former 80018 (53.5) 51305 (52.2)

Current 25852 (17.3) 8695 (8.9)

Index of Multiple 
Deprivation

1 (least deprived) 25788 (20.3) 19709 (20.1)

2 29633 (19.8) 19695 (20.1)

3 30339 (20.3) 19739 (20.1)

4 29584 (19.8) 19669 (20.0)

5 (most deprived) 29744 (19.9) 19397 (19.8)

Comorbidities

Hypertension 86795 (58.0) 52456 (53.4)

Chronic respiratory 
disease

43816 (29.3) 17521 (17.8)

Asthma

With no oral steroid use 121227 (81.0) 80159 (81.6)

With oral steroid use 20357 (13.6) 13901 (14.2)

Chronic heart disease 52405 (35.0) 27669 (28.2)

Diabetes

With HbA1c·58 mmol/
mol

28511 (19.1) 19332 (19.7)
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Characteristic (%) Admitted 
Pneumonia (2019)

Admitted 
COVID-19

With HbA1c<58 mmol/
mol

13725 (9.2) 11783 (12.0)

With no recent HbA1c 
measure

2474 (1.7) 1920 (2.0)

Cancer (non-
haematological)

Diagnosed <1 year ago 8159 (5.5) 2774 (2.8)

Diagnosed 1-4.9 years 
ago

7923 (5.3) 3608 (3.7)

Diagnosed ≥ 5 years 
ago

15477 (10.3) 8163 (8.3)

Haematological 
malignancy

Diagnosed <1 year ago 1320 (0.9) 514 (0.5)

Diagnosed 1-4.9 years 
ago

1714 (1.1) 766 (0.8)

Diagnosed ≥ 5 years 
ago

2628 (1.8) 1208 (1.2)

Reduced kidney 
function

Estimated GFR 30–60 41764 (27.9) 23437 (23.9)

Estimated GFR 15–29 7091 (4.2) 3845 (3.9)

Estimated GFR < 15 or 
dialysis

2402 (1.6) 1581 (1.6)

Chronic Liver Disease 3840 (2.6) 2101 (2.1)

Dementia 16627 (11.1) 10297 (10.5)

Other neurological 
disease

6771 (4.5) 4182 (4.3)

Asplenia 862 (0.6) 434 (0.4)

Rheum arthritis/lupus/
psoriasis

14710 (9.8) 8426 (8.6)

Other 
immunosuppressive 
disease

759 (0.5) 409 (0.4)

History of

DVT 9977 (6.7) 5636 (5.7)

Stroke 19344 (12.9) 11094 (11.3)

PE 11199 (7.5) 7053 (7.2)

MI 19805 (13.2) 10192 (10.4)

AKI 51343 (34.3) 30837 (31.4)

Heart failure 44730 (29.9) 20415 (20.8)

patients compared to both discharged COVID-19 patients and the  
matched general population group (Table 3, Figure 1). Across 
all three cohorts, the largest absolute rates were for AKI and 
heart failure. Overall rates stratified by age, sex and ethnicity are  
presented in the Extended Data (Supplemental Tables 5–11).

For COVID-19 patients, rates of stroke were higher amongst 
the over 80 group compared to the other comparison groups, 
although the pattern was not consistent across other ages groups.  
Similarly, rates were not constant by ethnic group, for example, 
the rate of new T2DM diagnoses were slightly higher amongst  
black patients discharged following an admission with COVID-19.

Stratified overall rates in 30-day time windows are shown in  
Figure 1. For discharged COVID-19 patients, we observed the  
highest rates for all outcomes in the first 30 days post-discharge,  
with a gradual decline in subsequent periods, consistent with 
the pattern of rates observed for patients discharged with  
pneumonia in 2019. For the discharged COVID-19 and  
pneumonia groups, we observed pronounced rates of AKI and  
heart failure in the first 30 days post-discharge (Figure 1).

After age and sex adjustment, the discharged COVID-19 group 
had markedly higher risk for all outcomes compared to the  
matched general population group (Table 4, Figure 2). The larg-
est increase in risk was observed for PE (SHR 11.05; 95% CI: 
10.26 - 11.90) and AKI (SHR 6.15; 95% CI: 5.93 - 6.37). For the  
comparison with discharged pneumonia patients, discharged 
COVID-19 patients had similar risks for the majority of outcomes.  
We observed higher risk of new T2DM (SHR 1.46; 95%  
CI: 1.31 - 1.63) and PE (SHR 1.20; 95% CI: 1.10 - 1.30) in  
patients discharged with COVID-19 compared to patients  
discharged with pneumonia.

Results from a sensitivity analysis investigating robustness of  
absolute and relative rates to outcome definition are presented 
in the Extended Data. Change in outcome definitions did not  
meaningfully alter conclusions.

Finally, given evidence of non-proportional subdistribution  
hazards we present SHRs in 30-day periods (Figure 3). For all  
outcomes, we observed substantially higher SHRs in the first  
30-days post-discharge for COVID-19 patients compared to the  
general population group which gradually reduced in  
subsequent periods. Furthermore, during the first 30-days  
post-discharge we observed higher risk of AKI and PE in the  
discharged COVID-19 group compared to the pneumonia group.

Discussion
Key findings
In this descriptive study, we set out to report the overall rates 
of seven cardiometabolic and pulmonary outcomes in three 
cohorts: 1) patients discharged following hospitalisation with  
COVID-19 (in the year from 1st Febraury 2020), 2) patients  
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Table 3. Overall rates of outcomes (events per 1,000 person years) amongst patients discharged 
with COVID-19, all patients discharged with non-COVID pneumonia and a matched (age, sex 
and region) general population comparator group.

Outcome Analysis Group Person time (x 1,000 
person years)

Number 
of events

Rate (95% CI)

Stroke Discharged COVID-19 22.3 1128 50.5(47.7–53.6)

General Population 375.9 3938 10.5(10.2–10.8)

Discharged Pneumonia 52.6 2939 55.8(53.9–57.9)

DVT Discharged COVID-19 22.3 529 23.7(21.8–25.8)

General Population 376.5 1357 3.6(3.4–3.8)

Discharged Pneumonia 52.7 1248 23.7(22.4–25.0)

PE Discharged COVID-19 22.2 1270 57.2(54.1–60.4)

General Population 376.6 1327 3.5(3.3–3.7)

Discharged Pneumonia 52.5 2316 44.1(42.3–45.9)

Heart Failure Discharged COVID-19 21.3 5152 241.7(235.2–248.4)

General Population 371.1 14123 38.1(37.4–38.7)

Discharged Pneumonia 47.9 18566 387.5(381.9–393.1)

MI Discharged COVID-19 22.4 593 26.5(24.5–28.7)

General Population 376.1 2797 7.4(7.2–7.7)

Discharged Pneumonia 52.7 1985 37.7(36.0–39.3)

AKI Discharged COVID-19 21.2 4522 213.0(206.9-219.3)

General Population 373 10277 27.6(27.0–28.1)

Discharged Pneumonia 49.2 12631 256.6(252.1–261.1)

T2DM Discharged COVID-19 15.2 670 44.1(40.9–47.6)

General Population 310.9 2763 8.9(8.6–9.2)

Discharged Pneumonia 37.1 1360 36.6(34.7–38.6)

Figure 1. Rate of outcomes (events per 1,000 person years) in time periods following hospital discharge for COVID-19 and 
pneumonia patients.
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Figure 2. Age and sex adjusted subdistribution hazard ratios (SHRs) for risk of outcomes in patients who were hospitalised with 
COVID-19 and then discharged, compared to 1) patients who were hospitalised with pneumonia and then discharged, and 2) 
an age, sex and region matched general population comparator group.

discharged following hospitalisation with pneumonia (in the year 
from 1st February 2019) and 3) a frequency-matched group of  
patients from the general population in 2019. We found that the 
rate of cardiometabolic and pulmonary complications follow-
ing discharge from hospitalisation with COVID-19 was notably  
higher compared to an age, sex and region matched general  
population cohort, especially for PE and AKI. However, 
patients discharged with COVID-19 followed a broadly similar  
pattern of elevated risk to those discharged from hospital  
after pneumonia in 2019. In post-hoc analyses, further adjustment 
for comorbidities and lifestyle information resulted in similar, 
though slightly attenuated associations (Table 4).

The pattern of change in the rate of outcomes over time follow-
ing discharge from hospital was broadly similar between the  
COVID-19 and pneumonia patients, with the highest rate in 
the initial 30 days of follow-up, then a 2–3-fold drop in the next  
30 days, followed by a more gradual decline. In both  
discharge-based cohorts, rates remained substantial even after  
more than 120 days. This highlights an additional short-term and 
potential long-term burden on healthcare services19.

We did not attempt to determine the casual nature of any  
observed differences. In the context of the rapidly changing  
pandemic, we aimed to provide a description of the burden of 

outcomes after discharge from hospitalisation with COVID-19,  
compared to cohorts discharged from hospitalisation with  
pneumonia and the general population, to inform health services 
and provision. Any study aiming to draw causal conclusions would 
require careful investigation and adjustment for features of the 
pathophysiology associated with SARS-CoV-2 infection, changes 
in healthcare provision during the pandemic and potentially  
differential likelihood of ascertainment of pre-existing  
conditions; especially in light of the observed higher in-hospital 
mortality rate for hospitalised COVID-19 patients compared to 
patients hospitalised with pneumonia.

Strengths and limitations
We were able to source our cohorts from the OpenSAFELY  
platform, which contains data on over 17m adults. This gave us 
a population who were discharged following hospitalisation with 
COVID-19 of 77,347, allowing us to obtain precise estimates  
of the rate of each outcome. We were also able to draw on mul-
tiple linked data sources, including primary care records,  
hospitalisations and death certificates. This allows a more complete 
picture to be presented of the clinical activity surrounding each  
outcome.

Much of the research characterising cardiometabolic outcomes 
in COVID-19 patients to date has focused on in-hospital clinical  
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Figure 3. Post-hoc estimated time-period specific subdistribution hazard ratios (SHRs) from age and sex adjusted Fine and 
Gray models comparing the risk of outcomes in patients who were hospitalised with COVID-19 and then discharged, compared 
to 1) patients who were hospitalised with pneumonia and then discharged, and 2) an age, sex and region matched general 
population comparator group.
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activity and describing the proportion of events in a narrow  
time-window post-discharge9,10,20–23. However, our use of both  
a general population and active control population of patients  
hospitalised with pneumonia in 2019 provides useful context  
for the rates of these outcomes in COVID-19 patients who  
survive hospitalisation. Furthermore, presenting the rates in this  
context is more informative than within a general population alone 
and offers an important comparison with a cohort experiencing  
exposure to another acute respiratory illness event requiring  
hospitalisation.

Our study aimed to describe clinical events that occurred after  
discharge from hospital, and not the total additional morbidity  
burden of COVID-19 hospitalisation: specifically, we did not set 
out to describe events that occurred during hospital admission 
with COVID-19 or pneumonia. However, in our view reliable  
analysis of in-hospital events may only be achievable with bespoke 
collections of detailed hospital data, due to shortcomings in  
routinely collected administrative data that are widely used  
for such analyses. For example, SUS and HES data contain a 
list of diagnostic codes associated with each hospitalisation, but 
they do not contain sufficient information to determine the exact  
timing of all events within each hospitalisation episode. This 
means that time-to event analyses are not possible. Similarly, it is  
not possible to reliably determine the sequence of events during  
hospitalisation: so, a patient hospitalised with COVID-19,  
who later had a stroke, may be coded in a similar way to a patient 
who was hospitalised with a stroke, and then infected with  
SARS-CoV-2 while in hospital. In addition, routine PCR testing 
on hospitalised patients during the pandemic may lead to very  
high ascertainment of infection with SARS-CoV-2, which may  
not have occurred to the same extent in the comparison population 
for pneumonia admissions.

It has been reported that there was a marked reduction in GP 
and hospital activity during the first wave of the pandemic, for  
example a 40% reduction in admissions for acute coronary  
syndrome24–26. This may be in part explained by a reluctance of 
patients to present at healthcare services for fear of contracting 
the virus. As a result, we believe population-level rates of many  
outcomes will be under-ascertained during 2020 compared with 
2019. It is unknown whether this applies in the same way to  
patients who have already had severe COVID-19; if ascertainment  
is lower, then this would result in a possible under-estimate  
of outcome rates associated with COVID-19 in our study.

A recent observational study measured similar outcome events 
in a population of patients discharged from hospital following  
COVID-1927. They observed elevated rates in the COVID-19  
population compared to a matched general population control 
group. Our findings are consistent in showing similarly higher 
rates of outcomes in patients post-discharge with COVID-19.  
However, importantly we further show that these higher rates of 
outcomes are broadly comparable, if not slightly lower, when  

compared to people discharged from hospital following  
pneumonia, selected as a major non-COVID respiratory infection.

Conclusion
In this study, the rate of cardiometabolic and pulmonary  
events in COVID-19 survivors discharged from hospitalisation 
was elevated in a similar manner to patients discharged from  
hospitalisation with pre-pandemic pneumonia. Furthermore, the 
impact of the post COVID-19 hospitalisation events described in 
this study upon the NHS in England is substantial. Future work 
should investigate any association between non-hospitalised  
SARS-CoV-2 infection and these outcomes, and quantify any  
likely population level impact.

Data and software availability
Underlying data
All data were linked, stored and analysed securely within the 
OpenSAFELY platform (https://opensafely.org/). Data include 
pseudonymized data such as coded diagnoses, medications 
and physiological parameters. No free text data are included.  
All code is shared openly for review and re-use under MIT  
open license. Detailed pseudonymized patient data are  
potentially re-identifiable and therefore not shared.

For security and privacy reasons, OpenSAFELY is very different  
to other approaches for EHR data analysis. The platform does  
not give researchers unconstrained access to view large  
volumes of pseudonymised and disclosive patient data, either 
via download or via a remote desktop. Instead we have produced  
a series of open source tools that enable researchers to use  
flexible, pragmatic, but standardised approaches to process raw 
electronic health records data into “research ready” datasets,  
and to check that this has been done correctly, without needing 
to access the patient data directly. Using this data management  
framework we also generate bespoke dummy datasets. These 
dummy datasets are used by researchers to develop analysis 
code in the open, using GitHub. When their data management  
and data analysis scripts are capable of running to completion, 
and passing all tests in the OpenSAFELY framework, they are 
finally sent through to be executed against the real data inside  
the secure environment, using the OpenSAFELY jobs runner,  
inside a container using Docker, without the researcher  
needing access to that raw potential disclosive pseudonymised  
data themselves. The non-disclosive summary results output  
tables, logs, and graphs are then manually reviewed, as in other 
systems, before release.

As part of building that resource for the community, we are  
working with NHS England to cautiously on-board a small 
number of external pilot users to develop their analyses on  
OpenSAFELY. This process is described in further detail on  
our webpage.
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Extended data
Analysis code available from: https://github.com/opensafely/ 
post-covid-outcomes-research

Archived analysis code at time of publication: https://doi.org/ 
10.5281/zenodo.647580828

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Zenodo: Extended data: Supplemental tables and figures for  
post-covid paper. https://doi.org/10.5281/zenodo.647582329

This project contains the following extended data:

     -     Supplemental Material.pdf

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements
We are very grateful for all the support received from the 
TPP Technical Operations team throughout this work; for  
generous assistance from the information governance and  
database teams at NHS England / NHSX.

References

1. Nopp S, Moik F, Jilma B, et al.: Risk of venous thromboembolism in patients 
with COVID-19: A systematic review and meta-analysis. Res Pract Thromb 
Haemost. 2020; 4(7): 1178–1191.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2. Hasan SS, Radford S, Kow CS, et al.: Venous thromboembolism in critically ill 
COVID-19 patients receiving prophylactic or therapeutic anticoagulation: 
a systematic review and meta-analysis. J Thromb Thrombolysis. 2020; 50(4): 
814–821.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3. Zhang R, Ni L, Di X, et al.: Systematic review and meta-analysis of the 
prevalence of venous thromboembolic events in novel coronavirus 
disease-2019 patients. J Vasc surgery Venous Lymphat Disord. 2021; 9(2):  
289–298.e5.  
PubMed Abstract | Publisher Full Text | Free Full Text 

4. Delabranche X, Helms J, Meziani F: Immunohaemostasis: a new view on 
haemostasis during sepsis. Ann Intensive Care. 2017; 7(1): 117.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5. Gabrielli M, Lamendola P, Esperide A, et al.: COVID-19 and thrombotic 
complications: Pulmonary thrombosis rather than embolism? Thromb Res. 
2020; 193: 98.  
PubMed Abstract | Publisher Full Text | Free Full Text 

6. National Institute for Health and Care Excellence: Clinical Guidelines: COVID-19 
rapid guideline: managing the long-term effects of COVID-19.  
PubMed Abstract 

7. Dhawan RT, Gopalan D, Howard L, et al.: Beyond the clot: perfusion imaging 
of the pulmonary vasculature after COVID-19. Lancet Respir Med. 2021; 9(1): 
107–116.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. Mitrani RD, Dabas N, Goldberger JJ: COVID-19 cardiac injury: Implications 
for long-term surveillance and outcomes in survivors. Hear Rhythm. 2020; 
17(11): 1984–1990.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. Chan L, Chaudhary K, Saha A, et al.: AKI in Hospitalized Patients with COVID-19. 
J Am Soc Nephrol. 2021; 32(1): 151–160.  
PubMed Abstract | Publisher Full Text | Free Full Text 

10. Drake TM, Riad AM, Fairfield CJ, et al.: Characterisation of in-hospital 
complications associated with COVID-19 using the ISARIC WHO Clinical 
Characterisation Protocol UK: a prospective, multicentre cohort study. 
Lancet. 2021; 398(10296): 223–237.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11. Williamson EJ, Walker AJ, Bhaskaran K, et al.: Factors associated with COVID-19-
related death using OpenSAFELY. Nature. 2020; 584(7821): 430–436.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. NHS England: OpenSAFELY - the Coronavirus (COVID-19) Research Platform. 
2020.  
Reference Source

13. Dey T, Mukherjee A, Chakraborty S: A Practical Overview and Reporting 
Strategies for Statistical Analysis of Survival Studies. Chest. 2020; 158(1S): 
S39–S48.  
PubMed Abstract | Publisher Full Text 

14. Li J, Scheike TH, Zhang MJ: Checking Fine and Gray subdistribution hazards 
model with cumulative sums of residuals. Lifetime Data Anal. 2015; 21(2): 
197–217.  
PubMed Abstract | Publisher Full Text | Free Full Text 

15. NHS Digital: BETA - Data Security Standards.  
Reference Source

16. NHS Digital: Data Security and Protection Toolkit.  
Reference Source

17. NHS Digital: ISB1523: Anonymisation Standard for Publishing Health and 
Social Care Data.  
Reference Source

18. Secretary of State for Health-UK Government: Coronavirus (COVID-19): 
notification to organisations to share information.  
Reference Source

19. Leung TYM, Chan AYL, Chan EW, et al.: Short- and potential long-term 
adverse health outcomes of COVID-19: a rapid review. Emerg Microbes Infect. 
2020; 9(1): 2190–2199.  
PubMed Abstract | Publisher Full Text | Free Full Text 

20. Bode B, Garrett V, Messler J, et al.: Glycemic Characteristics and Clinical 
Outcomes of COVID-19 Patients Hospitalized in the United States. J Diabetes 
Sci Technol. 2020; 14(4): 813–821.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. Hittesdorf E, Panzer O, Wang D, et al.: Mortality and renal outcomes of 
patients with severe COVID-19 treated in a provisional intensive care unit. 
J Crit Care. 2021; 62: 172–175.  
PubMed Abstract | Publisher Full Text | Free Full Text 

22. Yan Y, Yang Y, Wang F, et al.: Clinical characteristics and outcomes of 
patients with severe covid-19 with diabetes. BMJ Open Diabetes Res Care. 
2020; 8(1): e001343.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23. Sechi LA, Colussi G, Bulfone L, et al.: Short-term cardiac outcome in survivors 
of COVID-19: a systematic study after hospital discharge. Clin Res Cardiol. 
2021; 110(7): 1063–1072.  
PubMed Abstract | Publisher Full Text | Free Full Text 

24. Mafham MM, Spata E, Goldacre R, et al.: COVID-19 pandemic and admission 
rates for and management of acute coronary syndromes in England. 
Lancet. 2020; 396(10248): 381–389.  
PubMed Abstract | Publisher Full Text | Free Full Text 

25. Mansfield KE, Mathur R, Tazare J, et al.: Indirect acute effects of the COVID-19 
pandemic on physical and mental health in the UK: a population-based 
study. Lancet Digit Health. 2021; 3(4): e217–e230.  
PubMed Abstract | Publisher Full Text | Free Full Text 

26. Walker AJ, Tazare J, Hickman G, et al.: Changes in the rate of cardiometabolic 
and pulmonary events during the COVID-19 pandemic. medRxiv. 2021; 
2021.02.17.21251812.  
Publisher Full Text 

27. Ayoubkhani D, Khunti K, Nafilyan V, et al.: Post-covid syndrome in individuals 
admitted to hospital with covid-19: retrospective cohort study. BMJ. 2021; 
372: n693.  
PubMed Abstract | Publisher Full Text | Free Full Text 

28. Tazare J, Walker A: opensafely/post-covid-outcomes-research: Release for 
Wellcome Open (1.0.0). Zenodo. 2022.  
http://www.doi.org/10.5281/zenodo.6475808

29. Tazare J, Walker A: Extended data: Supplemental tables and figures for post-
covid paper. Zenodo. [dataset]. 2022.  
http://www.doi.org/10.5281/zenodo.6475823

Page 14 of 19

Wellcome Open Research 2022, 7:142 Last updated: 16 FEB 2024

https://github.com/opensafely/post-covid-outcomes-research
https://github.com/opensafely/post-covid-outcomes-research
https://doi.org/10.5281/zenodo.6475808
https://doi.org/10.5281/zenodo.6475808
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.6475823
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/33043231
http://dx.doi.org/10.1002/rth2.12439
http://www.ncbi.nlm.nih.gov/pmc/articles/7537137
http://www.ncbi.nlm.nih.gov/pubmed/32748122
http://dx.doi.org/10.1007/s11239-020-02235-z
http://www.ncbi.nlm.nih.gov/pmc/articles/7396456
http://www.ncbi.nlm.nih.gov/pubmed/33309903
http://dx.doi.org/10.1016/j.jvsv.2020.11.023
http://www.ncbi.nlm.nih.gov/pmc/articles/7725061
http://www.ncbi.nlm.nih.gov/pubmed/29197958
http://dx.doi.org/10.1186/s13613-017-0339-5
http://www.ncbi.nlm.nih.gov/pmc/articles/5712298
http://www.ncbi.nlm.nih.gov/pubmed/32534328
http://dx.doi.org/10.1016/j.thromres.2020.06.014
http://www.ncbi.nlm.nih.gov/pmc/articles/7278638
http://www.ncbi.nlm.nih.gov/pubmed/33555768
http://www.ncbi.nlm.nih.gov/pubmed/33217366
http://dx.doi.org/10.1016/S2213-2600(20)30407-0
http://www.ncbi.nlm.nih.gov/pmc/articles/7833494
http://www.ncbi.nlm.nih.gov/pubmed/32599178
http://dx.doi.org/10.1016/j.hrthm.2020.06.026
http://www.ncbi.nlm.nih.gov/pmc/articles/7319645
http://www.ncbi.nlm.nih.gov/pubmed/32883700
http://dx.doi.org/10.1681/ASN.2020050615
http://www.ncbi.nlm.nih.gov/pmc/articles/7894657
http://www.ncbi.nlm.nih.gov/pubmed/34274064
http://dx.doi.org/10.1016/S0140-6736(21)00799-6
http://www.ncbi.nlm.nih.gov/pmc/articles/8285118
http://www.ncbi.nlm.nih.gov/pubmed/32640463
http://dx.doi.org/10.1038/s41586-020-2521-4
http://www.ncbi.nlm.nih.gov/pmc/articles/7611074
https://www.england.nhs.uk/contact-us/privacy-notice/how-we-use-your-information/covid-19-response/coronavirus-covid-19-research-platform/
http://www.ncbi.nlm.nih.gov/pubmed/32658651
http://dx.doi.org/10.1016/j.chest.2020.03.015
http://www.ncbi.nlm.nih.gov/pubmed/25421251
http://dx.doi.org/10.1007/s10985-014-9313-9
http://www.ncbi.nlm.nih.gov/pmc/articles/4386671
https://digital.nhs.uk/about-nhs-digital/our-work/nhs-digital-data-and-technology-standards/framework/beta---data-security-standards
https://www.dsptoolkit.nhs.uk/
https://digital.nhs.uk/data-and-information/information-standards/information-standards-and-data-collections-including-extractions/publications-and-notifications/standards-and-collections/isb1523-anonymisation-standard-for-publishing-health-and-social-care-data
https://www.gov.uk/government/publications/coronavirus-covid-19-notification-of-data-controllers-to-share-information
http://www.ncbi.nlm.nih.gov/pubmed/32940572
http://dx.doi.org/10.1080/22221751.2020.1825914
http://www.ncbi.nlm.nih.gov/pmc/articles/7586446
http://www.ncbi.nlm.nih.gov/pubmed/32389027
http://dx.doi.org/10.1177/1932296820924469
http://www.ncbi.nlm.nih.gov/pmc/articles/7673150
http://www.ncbi.nlm.nih.gov/pubmed/33385774
http://dx.doi.org/10.1016/j.jcrc.2020.12.012
http://www.ncbi.nlm.nih.gov/pmc/articles/7834533
http://www.ncbi.nlm.nih.gov/pubmed/32345579
http://dx.doi.org/10.1136/bmjdrc-2020-001343
http://www.ncbi.nlm.nih.gov/pmc/articles/7222577
http://www.ncbi.nlm.nih.gov/pubmed/33481096
http://dx.doi.org/10.1007/s00392-020-01800-z
http://www.ncbi.nlm.nih.gov/pmc/articles/7820534
http://www.ncbi.nlm.nih.gov/pubmed/32679111
http://dx.doi.org/10.1016/S0140-6736(20)31356-8
http://www.ncbi.nlm.nih.gov/pmc/articles/7429983
http://www.ncbi.nlm.nih.gov/pubmed/33612430
http://dx.doi.org/10.1016/S2589-7500(21)00017-0
http://www.ncbi.nlm.nih.gov/pmc/articles/7985613
http://dx.doi.org/10.1101/2021.02.17.21251812
http://www.ncbi.nlm.nih.gov/pubmed/33789877
http://dx.doi.org/10.1136/bmj.n693
http://www.ncbi.nlm.nih.gov/pmc/articles/8010267
http://www.doi.org/10.5281/zenodo.6475808
http://www.doi.org/10.5281/zenodo.6475823


Open Peer Review
Current Peer Review Status:    

Version 1

Reviewer Report 21 June 2023

https://doi.org/10.21956/wellcomeopenres.19626.r56249

© 2023 Morales D. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Daniel R. Morales   
Division of Population Health and Genomics, School of Medicine, Ninewells Hospital and Medical 
School, University of Dundee, Dundee, UK 

The authors have performed an interesting and robust study. 
 
Minor comments for consideration would include:

Clarifying whether outcomes were identified from hospitalization using codes in any 
position or as a primary reason for admission.  
 

1. 

In the discussion section it states "especially in light of the observed higher in-hospital 
mortality rate for hospitalised COVID-19 patients compared to patients hospitalised with 
pneumonia." The authors could consider adding a specific example from the results as to 
why this might be important (e.g. the lower SHR for heart failure if people with covid19 & 
pre-existing heart failure were more likely to die). 

2. 

 
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?

 
Page 15 of 19

Wellcome Open Research 2022, 7:142 Last updated: 16 FEB 2024

https://doi.org/10.21956/wellcomeopenres.19626.r56249
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0063-8069


Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Primary care, clinical epidemiology

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 31 May 2022

https://doi.org/10.21956/wellcomeopenres.19626.r50352

© 2022 Christiansen C et al. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Christian Fynbo Christiansen   
Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark 

Simon Kok Jensen   
Department of Clinical Epidemiology, Aarhus University and Aarhus University Hospital, Aarhus, 
Denmark 

This well-written manuscript by Tazare et al. describes the rates of seven clinical outcomes in 
patients surviving a hospitalization with COVID-19 and compares these to rates in a general 
population cohort and a cohort surviving a hospitalization with pneumonia. The study found that 
patients with COVID-19 have higher rates of adverse outcomes when compared with the general 
population, but similar rates of adverse outcomes when compared to patients surviving a 
hospitalization with pneumonia. 
 
The study is well-designed, and the findings highlight the importance of the selection of 
comparison cohort when studying the prognosis of COVID-19. 
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It could be described why these seven outcomes were selected. Most were acute events, but 
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The increased rate of T2DM in patients with COVID-19 compared with patients with 
pneumonia is mentioned in the abstract, but the rate of 15.2 per 1,000 person-years cannot 
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The comparison with both a general population cohort and a pneumonia cohort is an 
important strength of the study. The known association between influenza and 
cardiovascular events is mentioned in the introduction and it could be considered also to 
include a third comparison cohort of patients hospitalized with influenza. This would allow 
for a comparison of adverse outcomes between a common and well-known viral infection 
and COVID-19. 
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In “outcomes and follow-up”: “AKI” should be written out the first time it is used. 
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The rationale for using a Fine and Grey regression could be mentioned and the challenges 
with the interpretation of subdistributional hazards could be discussed (Austin and Fine, 
20171). 
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In the primary analysis patients with a recorded outcome within three months before the 
index are excluded. Is it possible that this could result in including patients with prevalent 
disease, e.g., heart failure or T2DM, if that patient has not seen a physician during the three 
months before index? This may contribute to the high rate of heart failure after discharge 
(Table 3). Have the authors considered doing a sensitivity analysis only including incident 
outcomes with e.g. a 5 year look-back period?
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Minor comment:

AKI should be spelled out in the abstract and in the “Outcomes and follow-up” in the 
methods section.
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gender and region adjusted results somewhat. The post-hoc analyses address this worry to some 
extent, but the implications of measuring recurrent vs incident events should still be mentioned in 
the Discussion. 
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