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Abstract 

Background 

Persistence of respiratory symptoms—particularly breathlessness—after acute COVID-19 infection has 

emerged as a significant clinical problem. We aimed to characterise and identify risk factors for patients 

with persistent breathlessness following COVID-19 hospitalisation. 

 

Methods 

PHOSP-COVID is a multi-centre prospective cohort study of UK adults hospitalised for COVID-19. 

Clinical data were collected during hospitalisation and at a follow-up visit. Breathlessness was measured 

by a numeric rating scale of 0-10. We defined post-COVID breathlessness as an increase in score of 1 or 

more compared to the pre-COVID-19 level. Multivariable logistic regression was used to identify risk 

factors, and to develop a prediction model for post-COVID breathlessness. 

 

Results 

We included 1,226 participants (37% female, median age 59 years, 22% mechanically ventilated). At a 

median five months after discharge, 50% reported post-COVID breathlessness. Risk factors for post-

COVID breathlessness were socio-economic deprivation (adjusted odds ratio, 1.67; 95% confidence 

interval, 1.14–2.44), pre-existing depression/anxiety (1.58; 1.06–2.35), female sex (1.56; 1.21–2.00) and 

admission duration (1.01; 1.00–1.02). Black ethnicity (0.56; 0.35–0.89) and older age groups (0.31; 0.14–

0.66) were less likely to report post-COVID breathlessness. Post-COVID breathlessness was associated 

with worse performance on the shuttle walk test and forced vital capacity, but not with obstructive airflow 

limitation. The prediction model had fair discrimination (concordance-statistic 0.66; 0.63–0.69), and good 

calibration (calibration slope 1.00; 0.80–1.21). 

  

Conclusions 

Post-COVID breathlessness was commonly reported in this national cohort of patients hospitalised for 

COVID-19 and is likely to be a multifactorial problem with physical and emotional components.  
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Introduction 

Coronavirus disease (COVID-19) continues to have a huge impact internationally [1]. The post-acute 

COVID-19 syndrome (also known as long-COVID) usually occurs three months from the onset of 

COVID-19, with symptoms that last for at least two months and cannot be explained by an alternative 

diagnosis [2]. The term long-COVID may also be used to refer to ongoing symptomatic COVID-19 

occurring between four and 12 weeks after acute COVID-19 infection [3]. With increasing understanding 

of the debilitating longer-term effects of COVID-19 [4,5,6,7], characterising and being able to predict 

which individuals will suffer from long-COVID is a policy priority [8]. 

 

Breathlessness is one of the most common and burdensome symptoms reported by individuals, forming 

part of a complex of respiratory symptoms observed in long-COVID [9]. The prevalence of persistent 

breathlessness in hospitalised and non-hospitalised patients after acute COVID-19 is estimated between 

26-39% [10,11,12,13,14]. Breathlessness is understood as a multidimensional disease concept with 

different underlying physiological mechanisms including respiratory and cardiovascular diseases, 

deconditioning, being overweight, and emotional factors such as anxiety [15,16].
  

 

In a community-based sample investigating the persistence of symptoms 12-weeks after acute COVID-19, 

a respiratory-predominant symptom cluster, including breathlessness, chest tightness and chest pain was 

identified. [17] Within this respiratory cluster, a higher proportion of individuals were obese, cigarette 

smokers, had more co-morbidities and considered their acute COVID symptoms severe. [17] In a single-

site study of 478 hospital survivors, new onset dyspnoea was more likely in younger patients, those treated 

in the Intensive Therapy Unit (ITU), and with pulmonary embolism; [18] yet another smaller study found 

no association with dyspnoea at three months and ITU admission [19]. A further single-site study of 119 

adults hospitalised with severe COVID-19 pneumonia found that failure to return to pre-COVID 

breathlessness a median 61 days after discharge was associated with co-morbid obstructive lung disease, 

high scores on anxiety, depression or post-COVID-19 functional status screening, but not ITU admission 

or inpatient pulmonary embolism. [20] 

 

In this study, we sought to estimate the frequency of and characterise risk factors for persisting 

breathlessness using a multi-centre cohort of patients who were discharged following hospitalisation for 

COVID-19. A secondary aim was to derive a prediction model to identify individuals most at risk of new 

or worsening breathlessness post-hospitalisation for COVID-19. 

 



Methods 

Study design, setting and population 

PHOSP-COVID is a multi-centre prospective cohort study of adults discharged from one of 53 National 

Health Service (NHS) hospitals in the United Kingdom (UK) following admission for COVID-19. Data 

were collected during hospital admission and at a research visit, between 1-8 months after discharge 

(depending on participant and investigator availability), from clinical health records and supplemented by 

questionnaires, clinical and research samples, and additional clinical assessments. Participants aged ≥18 

years who were discharged from hospital following inpatient treatment for COVID-19 based on a positive 

Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) test for SARS-CoV-2 or clinician diagnosis 

(if there was a high index of suspicion and testing was either unavailable or considered inaccurate) were 

included. Individuals were excluded if they attended the emergency department but were not admitted to 

hospital or had an existing condition with a life expectancy below six months. Recruitment occurred 

between August 2020 and November 2021. In this manuscript, we report on the patients who provided 

data for breathlessness both before COVID-19 and at their first research assessment, before January 2022. 

 

Data collection and outcome 

Patient characteristics prior to admission, during hospitalisation and at the research visit were considered. 

We included patient demographics, patient-reported past medical history, number of co-morbidities, body 

mass index (BMI) and smoking status. Hospital admission data included the level of respiratory support 

received (categorised based on the World Health Organization clinical progression scale; Table S1) [21], 

length of stay, treatments, and complications during hospitalisation. At the research visit, patient-reported 

outcomes were collected using the General Anxiety Disorder-7 Questionnaire (GAD-7) [22], Patient 

Health Questionnaire-9 (PHQ-9) [23] and Post Traumatic Stress Disorder Checklist (PCL-5) [24]. Results 

from clinical tests included full blood count, C-reactive protein (CRP), N-terminal pro B-type natriuretic 

peptide (NT-BNP) or BNP, lung function tests, and the incremental shuttle walk test (ISWT).  

 

Lung function testing was limited in certain recruiting sites due to COVID-19 restrictions [25]. Forced 

Expired Volume in 1 second (FEV1) and Forced Vital Capacity (FVC) were conducted in accordance with 

American Thoracic Society/European Respiratory Society criteria [26] and used to calculate the 

FEV1/FVC ratio. Airflow obstruction was defined by an FEV1/FVC ratio less than the lower limit of 

normal (LLN). Transfer Capacity of the Lung for the uptake of carbon monoxide (TLCO) and carbon 

monoxide transfer coefficient (KCO) were obtained using the best of two readings. Percent predicted and 

lower limit of normal values were calculated using Global Lung Initiative equations [27,28].  

 

At the research visit, participants reported their perceived breathlessness at the time of the visit and 

recalled their level of breathlessness before developing COVID-19 using a Patient Symptom 

Questionnaire (PSQ), a numeric rating scale between 0–10 (Figure S1). The availability of the PSQ 



breathlessness score at the time of the research visit and before COVID-19 allowed a new variable to be 

created, which we defined as ―post-COVID breathlessness‖; this was used as our primary outcome. In line 

with Johnson et al. (2013), we took the minimum clinically important difference for a change in 

breathlessness as one point on the 0-10 numeric rating scale [29] Thus, individuals who rated their 

breathlessness at the time of the research visit as at least one point greater than before developing COVID-

19 (i.e., they reported new or worsening breathlessness compared to baseline), were categorised as having 

post-COVID breathlessness. Sensitivity analyses were performed using breathlessness reported at the time 

of the research visit based on i) PSQ and ii) Dyspnoea-12 (which was only reported at the research visit) 

[30]. 

 

Statistical analysis 

We used descriptive statistics to describe participant characteristics. Continuous variables were presented 

as means and standard deviations, or medians and interquartile ranges, as appropriate. Binary and 

categorical variables were presented as counts and percentages. 

 

For the primary outcome, we report univariable and multivariable logistic regression with and without 

imputed data. Continuous explanatory variables were checked for linearity compared with the dependent 

variable and included with a quadratic term when necessary. Explanatory variables were assessed for 

multicollinearity. Explanatory variables collected at the research visit were not included in the 

multivariable model for two reasons. First, the model was intended to make predictions for breathlessness 

using data available at hospital discharge. Second, due to the multi-site nature of the study, certain 

variables (such as lung function) were likely to be missing at specific sites in a systematic manner, making 

imputation of these variables inappropriate. Explanatory variables were added to the model manually 

following initial descriptive analysis (though not based on a p-value threshold) and in consultation with 

the expert clinical group. Final model selection was based on a criterion-based approach intending to 

minimise the Akaike Information Criteria (AIC) and maximise the concordance statistic (C-statistic). First 

order interactions were checked and included if influential. Under the assumption that missing values 

within variables were missing at random, we used multiple imputation by chained equations to create 20 

datasets each with 10 iterations based on the following variables: sex at birth, age at admission (as a 

factor), ethnicity, socioeconomic status determined using the Index of Multiple Deprivation (IMD) 

expressed as quintiles, BMI, number of co-morbidities, pre-existing respiratory disease, pre-existing 

depression or anxiety, admission duration, level of respiratory support and post-COVID breathlessness. 

Apparent performance measures of the prediction model were evaluated using the C-statistic, 

Expected/Observed number of events (E/O), calibration slope (each calculated using the median from the 

20 imputed datasets) and calibration plot (evaluated in the first imputed dataset). To investigate 

differences between individuals according to the severity of post-COVID breathlessness, multinomial 

modelling was used in the imputed dataset (see Table S2 in the supplementary material). To assess the 



associations between clinical measures during the research visit and post-COVID breathlessness, separate 

multivariable logistic regression models were fitted, adjusting for age, sex, ethnicity and IMD.  

 

We used R (version 3.6.3) for all statistical analysis.  

 

Results 

Participants 

1,843 participants attended a research visit between 1 and 8 months, of whom 617 had no data for 

breathlessness and were excluded (Figure 1). There were no clear differences between included and 

excluded participants (Table S3). Of the 1,226 participants included in this analysis, 458 (37%) were 

female and the median age was 59 years (range 21–89 years). 873 (71%) were of White ethnicity (Table 

1). Median admission duration was 8 days (interquartile range 4–17 days, Table 2). Of those with data for 

RT-PCR, 1,039 (85%) had a positive result. 270 (22%) patients required the highest level of respiratory 

support (i.e. invasive mechanical ventilation). 714 (58%) participants were discharged between March and 

July 2020 (Figure 2). There was a higher proportion of missingness for the clinical tests at the research 

visit (Table 3) compared with data collected during hospitalisation.  

 

Main results 

615 (50%) participants reported post-COVID breathlessness at the research visit compared to their pre-

COVID baseline level, of whom 407 reported no breathlessness (a PSQ=0) at baseline (Table 1). Females 

were more likely to report post-COVID breathlessness than males (57% vs 46%; Table 1, Figure S2). 

There was little difference between individuals with and without post-COVID breathlessness in ethnicity 

(Figure S3), smoking status, or number of comorbidities including the pre-existence of respiratory or 

cardiovascular diseases. However, the prevalence of pre-existing depression or anxiety was higher in the 

group with post-COVID breathlessness (22% vs 11%), and those with post-COVID breathlessness had a 

slightly higher BMI (mean 32.7 vs 31.4). Individuals with post-COVID breathlessness had longer hospital 

admission (median 9 vs 7 days), with little or no difference in the level of respiratory support required, 

medications (including corticosteroids) received, or in-hospital complications (Table 2). 

 

The multivariable logistic regression identified that post-COVID breathlessness was associated with the 

most deprived quintile (adjusted odds ratio, 1.67; 95% confidence interval, 1.14–2.44, Table 4 and Figure 

3), pre-existing depression/anxiety (1.58; 1.06–2.35), female sex (1.56; 1.21–2.00) and admission duration 

(1.01; 1.00–1.02 per day). Individuals of Black ethnicity (0.56; 0.35–0.89) were less likely to report post-

COVID breathlessness. Compared to 50–59-year-olds, participants aged 60–69 years (0.70; 0.51–0.96), 

70-79 years (0.43; 0.28–0.64) and 80 years or older (0.31; 0.14–0.66) were less likely to report post-

COVID breathlessness. The level of respiratory support received, pre-existing respiratory disease, number 

of co-morbidities and BMI were not associated with post-COVID breathlessness. 



 

Multinomial modelling 

Of the 615 participants with post-COVID breathlessness, 213 (35%) had mild and 402 (65%) severe 

breathlessness. Compared to those with no post-COVID breathlessness, severe post-COVID 

breathlessness was associated with the two most deprived quintiles, female sex, pre-existing 

depression/anxiety, and admission duration (Table 5). Black ethnicity and older age groups were less 

likely to report severe post-COVID breathlessness. Mild post-COVID breathlessness was associated with 

having more co-morbidities and longer admission duration. 

 

Prediction model 

The multivariable model (Equation S1) had fair discriminative ability (C-statistic 0.66; 95% confidence 

interval 0.63–0.69, Figure S4) and good calibration (calibration slope 1.00; 95% confidence interval 0.80–

1.21, E/O 1.00) though some under- and over-prediction at higher probabilities (Figure S5). 

 

Clinical characteristics from the research visit 

The period between discharge and research visit was a median 4.7 months (interquartile range 3.4 to 6.0). 

Fewer participants reviewed between six and eight months after discharge were treated with steroids or 

antibiotics, and had on average a longer admission duration, and required the highest level of respiratory 

support compared to individuals who attended a research visit within six months of hospitalisation (Table 

S4-S6 and Figure S6). Despite these differences, the period between discharge and research visit was not 

associated with post-COVID breathlessness (median 4.7 vs 4.7 months; OR 1.00 (95% CI 1.00 to 1.00), 

Table 3).  

 

At the research visit, individuals with post-COVID breathlessness had higher scores on the PHQ-9 

(median 8.0 vs 3.0), GAD-7 (median 5.0 vs 2.0) and PCL-5 (median 15.0 vs 6.0) than participants without 

post-COVID breathlessness. With differences in age, sex, ethnicity, and socioeconomic status accounted 

for, individuals with post-COVID breathlessness walked shorter ISWT distances (median 350 vs 440m) 

with greater leg fatigue afterward (median 3.0 vs 2.0), but no difference in oxygen saturations (median 

96.0 vs 96.0). 

 

748 (61%) participants completed spirometry at the research visit, with gas transfer available for up to 276 

(23%) people. More individuals with post-COVID breathlessness had an FVC less than the LLN (28.0% 

vs 13.8%) and an FEV1 less than the LLN (21.5% vs 14.6%). However, there was little difference in the 

presence of obstructive lung function (based on the LLN of FEV1/FVC) between those with and without 

post-COVID breathlessness (3.9% vs 6.9%). KCO % predicted values were lower in those with post-

COVID breathlessness compared to those without (median 99.6% vs 103.5%), while little difference was 

observed for TLCO % predicted values (median 90.7% vs 90.1%). 



 

The following measures from the research visit were associated with increased risk of post-COVID 

breathlessness (Table 3): higher total scores on the PHQ-9 (adjusted odds ratio 1.09; 95% confidence 

interval 1.07–1.12), GAD-7 (1.07; 1.05–1.09) and PCL-5 (1.03; 1.02–1.04), lower haemoglobin level 

(0.88; 0.79–0.98 per 1g/dL), shorter ISWT distance (0.91; 0.85–0.97 per 100m), higher leg fatigue (1.14; 

1.06–1.23) and lower FVC % predicted value (0.98; 0.97–0.99). 

 

Sensitivity analyses 

Results from the sensitivity analyses were consistent with results from the primary outcome and are 

described in the supplementary material (Tables S7-S13, Figure S7) 

 

Discussion 

In this national cohort of 1,226 patients who required hospitalisation for COVID-19, half considered their 

breathlessness to be new or worsening at the research visit compared to before they had COVID-19. Post-

COVID breathlessness was associated with the most deprived quintile, pre-existing depression or anxiety, 

female sex, and longer admission duration. Black ethnicity and individuals aged 60 years and over were 

less likely to report post-COVID breathlessness at follow-up. There was no association between severity 

of acute COVID-19 and post-COVID breathlessness. At the research visit, participants reporting post-

COVID breathlessness had on average, worse mental health status, lower haemoglobin levels and walked 

shorter distances during- and greater leg fatigue after the ISWT. Individuals with post-COVID 

breathlessness were more likely to have an FEV1 and FVC below the LLN compared to those with no 

change or improvement in breathlessness. However, there was no clear association with TLCO or airflow 

obstruction. Sensitivity analyses supported the primary findings.  

 

Our results have similarities with a French cohort of 478 adults evaluated 3 months after hospitalisation 

for COVID-19, who found that participants with new/worsening dyspnoea were on average younger, had 

a longer hospital admission and little or no difference in pulmonary function tests compared to those 

without new/worsening dyspnoea [18]. In addition, and in keeping with our findings, having a pre-existing 

respiratory condition was not associated with post-COVID breathlessness [18] which may be explained by 

individuals with chronic lung disease being used to a background level of breathlessness which was not 

considered worse following COVID-19.  

 

In contrast to our study, Jutant et al (2022) found that individuals with new/worsening dyspnoea were 

more likely to have required ITU treatment and have a pulmonary embolism during the admission [18]. 

Participants in the study by Jutant et al., (2022) had similarities to participants in our cohort, in respect to 

median age (61 years), sex (58% male) and the proportion who were diagnosed with pulmonary embolism 

(9.1%), however, a much greater proportion were intubated (51%), compared to 22% of patients in our 



study. [18] Prior to COVID-19, Herridge et al (2011) found that patients (median age 44 years, 41% 

without co-morbidities) admitted to ITU with acute respiratory distress syndrome (ARDS) were likely to 

have ongoing limitations in exercise capacity due to ventilator induced lung injury, skeletal muscle 

wasting and deconditioning, therefore it might be anticipated that severity of COVID-19 be associated 

with post-COVID breathlessness. [31] Our cohort were older, with more co-morbidities than the sample 

studied by Herridge et al (2011) and fewer participants were intubated than the participants reported by 

Jutant et al (2022). [18,31] Therefore, a possible explanation for the lack of association observed between 

severity of acute COVID-19 and post-COVID breathlessness in our study may be that those not admitted 

to ITU had poor pre-morbid health and were more liable to suffer from acute deconditioning than those 

admitted to ITU. 

 

Our analyses suggest that post-COVID breathlessness was not associated with objective measures of 

airflow obstruction and therefore less likely a consequence of new airways disease. Similarly, we did not 

see an excess of restrictive patterns in those with post-COVID breathlessness. Individuals with post-

COVID breathlessness had, on average, a lower FVC which may suggest an element of interstitial disease. 

In the smaller number of individuals who underwent gas transfer tests, KCO % predicted values were 

lower in those with post-COVID breathlessness compared to those without, but when adjusted for age, 

sex, ethnicity and IMD, the association with post-COVID breathlessness was not statistically significant 

(i.e., the confidence intervals overlapped with the null value), making the possibility of fibrosis difficult to 

confirm. We consider it likely that several factors may have contributed to this observation. Firstly, 

pulmonary vascular involvement (e.g., pulmonary embolism and its sequelae) can contribute to ongoing 

breathless after acute COVID-19 in the absence of an ongoing clot burden. [32] One possibility is that 

some individuals with post-COVID breathlessness had sub clinical pulmonary emboli during admission. 

[32] The possible influence of selection bias should also be recognised. Although we aimed to have all 

patients undertaking all procedures as per protocol, access to more complex lung function tests such as gas 

transfer were limited and may have resulted in those with clinical features suggesting an interstitial 

process were more likely to have undergone these tests. 

 

Post-COVID breathlessness was more likely in the most deprived socio-economic group. Physical activity 

levels are known to be lowest in the most deprived groups, [33] so deprivation may have led to a low 

exercise tolerance phenotype that was compounded by acute and chronic sequelae of COVID-19. Obesity 

is also associated with deprivation, as well as chronic breathlessness. [16,34] Whilst obesity was not 

associated with post-COVID breathlessness, the mean BMI of this sample was 32.0 which may be an 

additional contributing factor to the experience of breathlessness. We speculate that post-COVID 

breathlessness is likely to be a multifactorial and therefore heterogeneous problem, which may consist of a 

decrement in lung function in combination with anxiety or depression, deconditioning, poor exercise 

tolerance, fatigue and lower haemoglobin. Post-COVID breathlessness may also be influenced by central 



nervous system perception [35] and whilst we did not collect data specifically to confirm or refute this 

hypothesis, Jutant et al (2022) found that a greater proportion of individuals reporting new/worsening 

breathlessness scored highly on the Nijmegen questionnaire suggesting a component of dysfunctional 

breathing [18,36].  

 

Regarding interventions for post-COVID breathlessness, our findings suggest that screening for, and 

addressing both the physical and emotional components of breathlessness are likely to be important. In a 

randomised controlled trial of a 6-week online breathing and wellbeing programme, Philip et al. 

demonstrated improvements in mental health and aspects of breathlessness in people with ongoing 

symptoms after COVID-19 [37]. Interestingly, the intervention led to improvements in the affective, 

rather than the physical component of the dyspnoea-12 score which may suggest that changes in 

breathlessness experience were related to the emotional impact of the wellbeing programme. Other 

rehabilitation programmes, which have tended to focus on physical conditioning, have also been shown to 

improve breathlessness [35,38], walking distance, lower limb strength and health related quality of life in 

patients with persisting symptoms after COVID-19 [35,38,39], though corroboration of these results in 

larger trials would be valuable.  

 

PHOSP-COVID is one of the largest cohorts of post-hospitalisation COVID-19 survivors in the world 

with comprehensive assessment of participants providing information on physical, psychological, and 

biochemical characteristics/exposures [6,7]. This analysis included participants discharged between March 

2020 and 31 March 2021 meaning patients treated in hospital both before and after changes in clinical 

practice for COVID-19 patients (e.g., the use of oral steroids [40] or proning during mechanical 

ventilation [41]) were represented. Limitations include the lack of viral genomic sequencing, vaccination 

and lung imaging data which meant that we could not account for vaccination status, radiological 

abnormalities [18,19] or the influence that infection with different genetic strains of SARS-CoV-2 may 

have on post-COVID breathlessness [42]. Participants in this study represent a small proportion of the 

total number of patients discharged from hospital after treatment for COVID-19 in the UK which may 

affect the generalisability of the results. Furthermore, participants in this study were younger than a larger 

sample of hospitalised COVID-19 patients [43], and only included individuals able to attend the research 

visit. Predicting the influence of this potential selection bias is challenging, because whilst more severely 

affected individuals may be under-represented, it is conceivable that those with ongoing symptoms may 

have been more willing to participate.  

 

We chose to use patient reported breathlessness from the PSQ as the primary outcome because it provided 

a measure of breathlessness both before and after admission for COVID-19. We wanted to account for 

pre-existing breathlessness in our analyses because being able to identify participants whose 

breathlessness was new or worsening after COVID-19 was most important to inform policymakers and 



health services. We acknowledge that as the PSQ breathlessness score before COVID-19 was recorded at 

the research visit, patient responses may be considered subjective and liable to recall bias. Nevertheless, as 

the sensitivity analyses supported the associations identified with the primary outcome, we feel that recall 

bias or subjectivity related to the PSQ breathlessness score has not unduly influenced the main findings. 

The model derived in this analysis has the potential to predict the probability that an individual discharged 

following treatment for COVID-19 will experience post-COVID breathlessness. However, a limitation of 

our work is the lack of model validation which should be addressed before the prediction model is used.  

 

The multi-centre nature of the study and workload pressures on sites, meant the period between discharge 

and follow-up varied. The heterogeneity introduced by considering patient reported breathlessness from 

different periods is likely to influence how individuals reported breathlessness, with those reviewed later 

since hospital discharge having longer time to recover. Compared to individuals who attended a research 

visit within six months of discharge, a higher proportion of participants attending the research visit six 

months or more after discharge had a longer admission duration and required higher levels of respiratory 

support. A possible explanation for this observation is that the majority of participants attending six to 

eight months after hospitalisation were discharged before July 2020 (Figure S6), and were therefore 

treated earlier on in the pandemic, and before the use of oral steroids was widespread. [40] However, 

overall, there was no difference in the period between discharge and the research visit between those 

reporting post-COVID breathlessness and not.  

 

In conclusion, post-COVID breathlessness was common in this national cohort of patients hospitalised for 

COVID-19. Our analysis indicates that individuals discharged following COVID-19 who are from 

deprived backgrounds, females, below 70 years of age, with pre-existing depression or anxiety and who 

had an admission of over a week, are at greatest risk of new or worsening breathlessness post-COVID-19.  
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Table 1 Patient characteristics 

 

Total N Levels 

Post-COVID breathlessness  

Total 

No (%) Yes (%) 

Total N (%)   611 (49.8) 615 (50.2) 1226 

Age at admission (years) 1213 (98.9) <30 10 (1.6) 15 (2.4) 25 (2.0) 

 30-39 38 (6.2) 41 (6.7) 79 (6.4) 

 40-49 87 (14.2) 103 (16.7) 190 (15.5) 

 50-59 151 (24.7) 203 (33.0) 354 (28.9) 

 60-69 183 (30.0) 174 (28.3) 357 (29.1) 

 70-79 107 (17.5) 61 (9.9) 168 (13.7) 

 80+ 29 (4.7) 11 (1.8) 40 (3.3) 

 (Missing) 6 (1.0) 7 (1.1) 13 (1.1) 

Sex at birth 1226 (100.0) Male 416 (68.1) 352 (57.2) 768 (62.6) 

 Female 195 (31.9) 263 (42.8) 458 (37.4) 

Ethnicity 1203 (98.1) White 422 (69.1) 451 (73.3) 873 (71.2) 

 South Asian 82 (13.4) 71 (11.5) 153 (12.5) 

 Black 52 (8.5) 40 (6.5) 92 (7.5) 

 Mixed 17 (2.8) 16 (2.6) 33 (2.7) 

 Other 27 (4.4) 25 (4.1) 52 (4.2) 

 (Missing) 11 (1.8) 12 (2.0) 23 (1.9) 

Index of multiple 

deprivation 

1204 (98.2) 1 - most deprived 112 (18.3) 154 (25.0) 266 (21.7) 

 2 135 (22.1) 131 (21.3) 266 (21.7) 

 3 116 (19.0) 112 (18.2) 228 (18.6) 

 4 111 (18.2) 103 (16.7) 214 (17.5) 

 5 - least deprived 127 (20.8) 103 (16.7) 230 (18.8) 

 (Missing) 10 (1.6) 12 (2.0) 22 (1.8) 

BMI 1090 (88.9) Mean (SD) 31.4 (7.1) 32.7 (7.1) 32.0 (7.1) 

Smoking 1213 (98.9) Never 350 (57.3) 339 (55.1) 689 (56.2) 

 Ex-smoker 246 (40.3) 260 (42.3) 506 (41.3) 

 Current smoker 7 (1.1) 11 (1.8) 18 (1.5) 

 (Missing) 8 (1.3) 5 (0.8) 13 (1.1) 

Number of comorbidities 1226 (100.0) Median (IQR) 2.0 (0.0 to 3.0) 2.0 (1.0 to 4.0) 2.0 (0.0 to 3.0) 

Pre-existing 

cardiovascular condition 

1226 (100.0) No 329 (53.8) 350 (56.9) 679 (55.4) 

 Yes 282 (46.2) 265 (43.1) 547 (44.6) 

Pre-existing respiratory 

condition 

1226 (100.0) No 449 (73.5) 444 (72.2) 893 (72.8) 

 Yes 162 (26.5) 171 (27.8) 333 (27.2) 

Pre-existing depression 

or anxiety 

1207 (98.5) No 538 (88.1) 471 (76.6) 1009 (82.3) 

 Yes 66 (10.8) 132 (21.5) 198 (16.2) 



 

Total N Levels 

Post-COVID breathlessness  

Total 

No (%) Yes (%) 

 (Missing) 7 (1.1) 12 (2.0) 19 (1.5) 

Breathlessness before 

COVID-19 (PSQ) 

1226 (100.0) 0 374 (61.2) 407 (66.2) 781 (63.7) 

 1-2 103 (16.9) 128 (20.8) 231 (18.8) 

 3 or more 134 (21.9) 80 (13.0) 214 (17.5) 

 BMI = Body Mass Index. PSQ = Patient Symptom Questionnaire 

 

  



Table 2 Patient characteristics available during hospital admission 

 
Total N Levels 

Post-COVID breathlessness 

Total 
No (%) Yes (%) 

Total N (%)   611 (49.8) 615 (50.2) 1226 

Admission duration 

(days) 
1225 (99.9) Median (IQR) 7.0 (4.0 to 14.0) 9.0 (4.0 to 22.0) 8.0 (4.0 to 17.0) 

SARS-CoV-2 PCR 

result 

1142 (93.1) Negative 47 (7.7) 51 (8.3) 98 (8.0) 

 Positive 522 (85.4) 517 (84.1) 1039 (84.7) 

 Missing 42 (6.9) 47 (7.3) 89 (7.3) 

WHO clinical 

progression scale 

1226 (100.0) WHO – class 3-4 110 (18.0) 113 (18.4) 223 (18.2) 

 WHO – class 5 252 (41.2) 225 (36.6) 477 (38.9) 

 WHO – class 6 136 (22.3) 120 (19.5) 256 (20.9) 

 WHO – class 7-9 113 (18.5) 157 (25.5) 270 (22.0) 

Proning during 

mechanical 

ventilation 

 

1102 (89.9) No 466 (76.3) 426 (69.3) 892 (72.8) 

 Yes 87 (14.2) 123 (20.0) 210 (17.1) 

 (Missing) 58 (9.5) 66 (10.7) 124 (10.1) 

Pulmonary 

Embolism 

1146 (93.5) No 518 (84.8) 507 (82.4) 1025 (83.6) 

 Yes 56 (9.2) 65 (10.6) 121 (9.9) 

 (Missing) 37 (6.1) 43 (7.0) 80 (6.5) 

Coronary 

thrombosis 

1140 (93.0) No 570 (93.3) 565 (91.9) 1135 (92.6) 

 Yes <5 (-) <5 (-) 5 (0.4) 

 (Missing) - (-) - (-) 86 (7.0) 

Antibiotic therapy 1187 (96.8) No 115 (18.8) 121 (19.7) 236 (19.2) 

 Yes 477 (78.1) 474 (77.1) 951 (77.6) 

 (Missing) 19 (3.1) 20 (3.3) 39 (3.2) 

Systemic steroids 

(Oral or IV) 

1144 (93.3) No 319 (52.2) 294 (47.8) 613 (50.0) 

 Yes 250 (40.9) 281 (45.7) 531 (43.3) 

 (Missing) 42 (6.9) 40 (6.5) 82 (6.7) 

Therapeutic dose 

anti-coagulation 

1150 (93.8) No 352 (57.6) 333 (54.1) 685 (55.9) 

 Yes 220 (36.0) 245 (39.8) 465 (37.9) 

 (Missing) 39 (6.4) 37 (6.0) 76 (6.2) 

IV = Intravenous. World Health Organisation (WHO) clinical progression scale: not requiring continuous supplemental oxygen (levels 3-4); 

continuous supplemental oxygen only (level 5); Continuous Positive Airway Pressure (CPAP) ventilation, Bi-Level Positive Airway 
Pressure or High Flow Nasal Oxygen (HFNO) (level 6); Invasive Mechanical Ventilation (IMV), Extra-Corporeal Membrane Oxygenation 

(ECMO) and acute Renal Replacement Therapy (RRT) (levels 7-9). Cell counts <5 and related sub-totals have been suppressed.  



Table 3 Patient characteristics available at the research visit 

 
Total N  Levels  

Post-COVID breathlessness  
Total  OR (95% CI)  

No (%) Yes (%)  

Total N (%)      611 (49.8) 615 (50.2) 1226 -  

Discharge to 

review period 

(months)  

1226 

(100.0) 
Median (IQR) 4.7 (3.4 to 6.0) 4.7 (3.3 to 6.0) 4.7 (3.4 to 6.0) 1.00 (1.00 to 1.00) 

Breathlessness at 

research visit 

(PSQ)  

1226 

(100.0) 
0 462 (75.6) 0 (0.0) 462 (37.7) - 

 1-2 70 (11.5) 143 (23.3) 213 (17.4) - 

 3 or more 79 (12.9) 472 (76.7) 551 (44.9) - 

PHQ-9 total score  1188 (96.9) Median (IQR) 3.0 (1.0 to 8.0) 8.0 (3.0 to 13.0) 5.0 (2.0 to 11.0) 1.09 (1.07 to 1.12) 

GAD-7 total 

score  
1187 (96.8) Median (IQR) 2.0 (0.0 to 6.0) 5.0 (1.0 to 11.0) 3.0 (0.0 to 8.0) 1.07 (1.05 to 1.09) 

PCL-5 Total 

Severity Score  
1184 (96.6) Median (IQR) 6.0 (2.0 to 15.0) 15.0 (5.0 to 31.2) 9.0 (3.0 to 23.0) 1.03 (1.02 to 1.04) 

CRP  800 (65.3) Median (IQR) 4.0 (1.4 to 5.0) 4.0 (2.0 to 5.0) 4.0 (1.8 to 5.0) 1.01 (0.99 to 1.04) 

BNP/NT-Pro-

BNP ng/L 

>threshold  

642 (52.4) No 293 (48.0) 304 (49.4) 597 (48.7) - 

 Yes 29 (4.7) 16 (2.6) 45 (3.7) 0.65 (0.32 to 1.33) 

Haemoglobin 

level All (g/dL) 
861 (70.2) Median (IQR) 14.4 (13.3 to 15.2) 14.0 (13.1 to 15.0) 14.2 (13.2 to 15.2) 0.88 (0.79 to 0.98) 

Haemoglobin 

male (g/dL) 
537 (43.8) Median (IQR) 14.7 (13.9 to 15.6) 14.6 (13.6 to 15.5) 14.7 (13.8 to 15.5) 0.90 (0.79 to 1.03) 

Haemoglobin 

female (g/dL) 
324 (26.4) Median (IQR) 13.5 (12.8 to 14.3) 13.4 (12.6 to 14.0) 13.4 (12.7 to 14.1) 0.80 (0.65 to 0.99) 

ISWT distance 

(m)  
737 (60.1) Median (IQR) 

440.0 (270.0 to 

615.0) 

350.0 (230.0 to 

540.0) 

380.0 (257.5 to 

570.0) 

0.91 (0.85 to 

0.97)* 

ISWT % 

predicted  
658 (53.7) Median (IQR) 60.5 (42.0 to 81.9) 52.5 (35.1 to 71.2) 56.3 (37.9 to 75.9) 0.99 (0.98 to 1.00) 

Oxygen 

saturations post 

ISWT  

727 (59.3) Median (IQR) 96.0 (94.0 to 98.0) 96.0 (94.0 to 98.0) 96.0 (94.0 to 98.0) 0.98 (0.94 to 1.02) 

Borg leg fatigue 

score post ISWT  
722 (58.9) Median (IQR) 2.0 (0.5 to 3.0) 3.0 (2.0 to 4.0) 3.0 (1.0 to 4.0) 1.14 (1.06 to 1.23) 

FEV1 (L) 748 (61.0) Median (IQR) 2.8 (2.3 to 3.4) 2.7 (2.2 to 3.3) 2.8 (2.2 to 3.3) 0.96 (0.81 to 1.15) 

FEV1 % 

predicted 
683 (55.7) Median (IQR) 

93.9 (83.4 to 

105.7) 

89.9 (77.9 to 

101.3) 

91.7 (79.7 to 

103.7) 
1.00 (0.99 to 1.00) 

FEV1 < LLN  683 (55.7) No 274 (85.4) 284 (78.5) 558 (81.7) - 

 Yes 47 (14.6) 78 (21.5) 125 (18.3) 1.61 (1.05 to 2.45) 

FVC (L) 746 (60.8) Median (IQR) 3.6 (2.9 to 4.3) 3.3 (2.6 to 4.0) 3.5 (2.8 to 4.2) 0.70 (0.57 to 0.86) 

FVC % predicted 681 (55.5) Median (IQR) 
93.7 (83.0 to 

105.4) 
86.8 (74.5 to 98.5) 

90.0 (78.2 to 

102.4) 
0.98 (0.97 to 0.99) 

FVC < LLN  681 (55.5) No 276 (86.2) 260 (72.0) 536 (78.7) - 

 Yes 44 (13.8) 101 (28.0) 145 (21.3) 2.43 (1.60 to 3.70) 

FEV1/FVC ratio 736 (60.0) Median (IQR) 79.4 (73.9 to 84.0) 81.6 (77.3 to 86.0) 80.6 (76.0 to 85.5) 1.04 (1.02 to 1.06) 



expressed as %  

FEV1/FVC < 

LLN  

673 (54.9) No 295 (93.1) 342 (96.1) 637 (94.7) - 

 Yes 22 (6.9) 14 (3.9) 36 (5.3) 0.58 (0.28 to 1.19) 

TLCO 272 (22.2) Median (IQR) 7.6 (6.4 to 8.7) 6.8 (5.8 to 8.3) 7.3 (6.1 to 8.4) 0.94 (0.83 to 1.07) 

TLCO % 

predicted 
252 (20.6) Median (IQR) 

90.1 (78.6 to 

102.7) 

90.7 (74.2 to 

104.2) 

90.7 (76.8 to 

103.2) 
0.99 (0.99 to 1.00) 

TLCO predicted 

<80%  

252 (20.6) No 86 (72.3) 90 (67.7) 176 (69.8)  

 Yes 33 (27.7) 43 (32.3) 76 (30.2) 1.48 (0.79 to 2.77) 

KCO 276 (22.5) Median (IQR) 1.5 (1.3 to 1.6) 1.5 (1.2 to 1.7) 1.5 (1.3 to 1.6) 0.49 (0.18 to 1.29) 

KCO % predicted  
259 (21.1) Median (IQR) 

103.5 (92.6 to 

108.7) 

99.6 (87.4 to 

112.3) 

101.8 (89.2 to 

110.1) 
0.99 (0.97 to 1.00) 

KCO predicted 

<80%  

259 (21.1) No 112 (92.6) 127 (92.0) 239 (92.3)  

 Yes 9 (7.4) 11 (8.0) 20 (7.7) 1.43 (0.53 to 3.88) 

PHQ-9  = Patient Health Questionnaire-9, GAD-7 = General Anxiety Disorder-7, PCL-5 = Posttraumatic Stress Disorder Checklist for DSM-

5, CRP = C-reactive Protein, BNP = Brain Natriuretic Peptide,  NT-Pro-BNP = N-terminal-pro hormone BNP, ISWT = Incremental Shuttle 

Walk Test, FEV1 = Forced Expiratory Volume in 1 second, LLN = Lower Limit of Normal, FVC = Forced Vital Capacity, TLCO = Transfer 

Capacity of the lung , KCO = Carbon monoxide transfer coefficient, PSQ = Patient Symptom Questionnaire. *The OR for ISWT refers to the 

risk of worsening breathlessness for each 100m achieved. 

 

  



Table 4 Multivariable logistic regression for post-COVID breathlessness 

Dependent: Post-COVID 

breathlessness 

Post-COVID breathlessness 
OR (univariable) 

OR 

(multivariable) 

OR (multiple 

imputation) No Yes 

Sex at birth Male 416 (54.2) 352 (45.8) - - - 

Female 195 (42.6) 263 (57.4) 
1.59 (1.26-2.01, 

p<0.001) 

1.44 (1.10-1.90, 

p=0.009) 

1.56 (1.21-2.00, 

p=0.001) 

Age at 

admission 

(years) 

50-59 151 (42.7) 203 (57.3) - - - 

<30 10 (40.0) 15 (60.0) 
1.12 (0.49-2.63, 

p=0.795) 

1.20 (0.47-3.12, 

p=0.706) 

1.35 (0.57-3.23, 

p=0.498) 

30-39 38 (48.1) 41 (51.9) 
0.80 (0.49-1.31, 

p=0.378) 

0.83 (0.48-1.44, 

p=0.511) 

0.86 (0.51-1.44, 

p=0.568) 

40-49 87 (45.8) 103 (54.2) 
0.88 (0.62-1.26, 

p=0.482) 

0.96 (0.64-1.44, 

p=0.832) 

0.96 (0.66-1.40, 

p=0.832) 

60-69 183 (51.3) 174 (48.7) 
0.71 (0.53-0.95, 

p=0.022) 

0.62 (0.44-0.88, 

p=0.007) 

0.70 (0.51-0.96, 

p=0.025) 

70-79 107 (63.7) 61 (36.3) 
0.42 (0.29-0.62, 

p<0.001) 

0.41 (0.26-0.64, 

p<0.001) 

0.43 (0.28-0.64, 

p<0.001) 

80+ 29 (72.5) 11 (27.5) 
0.28 (0.13-0.57, 

p=0.001) 

0.27 (0.11-0.60, 

p=0.002) 

0.31 (0.14-0.66, 

p=0.003) 

Index of 

Multiple 

Deprivation 

5 - least 

deprived 
127 (55.2) 103 (44.8) - - - 

4 111 (51.9) 103 (48.1) 
1.14 (0.79-1.66, 

p=0.480) 

1.30 (0.85-1.99, 

p=0.220) 

1.22 (0.82-1.81, 

p=0.328) 

3 116 (50.9) 112 (49.1) 
1.19 (0.82-1.72, 

p=0.352) 

1.21 (0.80-1.84, 

p=0.365) 

1.22 (0.82-1.79, 

p=0.327) 

2 135 (50.8) 131 (49.2) 
1.20 (0.84-1.71, 

p=0.321) 

1.31 (0.87-1.96, 

p=0.195) 

1.20 (0.82-1.76, 

p=0.338) 

1 - most 

deprived 
112 (42.1) 154 (57.9) 

1.70 (1.19-2.42, 

p=0.004) 

1.87 (1.24-2.84, 

p=0.003) 

1.67 (1.14-2.44, 

p=0.009) 

Ethnicity White 422 (48.3) 451 (51.7) - - - 

South Asian 82 (53.6) 71 (46.4) 
0.81 (0.57-1.14, 

p=0.231) 

0.83 (0.55-1.26, 

p=0.378) 

0.80 (0.55-1.17, 

p=0.244) 

Black 52 (56.5) 40 (43.5) 
0.72 (0.46-1.11, 

p=0.137) 

0.57 (0.34-0.95, 

p=0.031) 

0.56 (0.35-0.89, 

p=0.015) 

Mixed 17 (51.5) 16 (48.5) 
0.88 (0.44-1.77, 

p=0.720) 

0.98 (0.44-2.20, 

p=0.956) 

0.85 (0.41-1.75, 

p=0.656) 

Other 27 (51.9) 25 (48.1) 
0.87 (0.49-1.52, 

p=0.616) 

0.84 (0.44-1.62, 

p=0.606) 

0.80 (0.44-1.44, 

p=0.448) 

BMI 
Mean (SD) 31.4 (7.1) 32.7 (7.1) 

1.03 (1.01-1.04, 

p=0.002) 

1.08 (0.97-1.21, 

p=0.164) 

1.08 (0.98-1.19, 

p=0.107) 

Number of 

comorbidities 
Mean (SD) 2.0 (2.0) 2.4 (2.3) 

1.09 (1.03-1.15, 

p=0.002) 

1.09 (1.00-1.18, 

p=0.049) 

1.08 (1.00-1.17, 

p=0.049) 



Dependent: Post-COVID 

breathlessness 

Post-COVID breathlessness 
OR (univariable) 

OR 

(multivariable) 

OR (multiple 

imputation) No Yes 

Pre-existing 

respiratory 

condition 

No 449 (50.3) 444 (49.7) - - - 

Yes 162 (48.6) 171 (51.4) 
1.07 (0.83-1.37, 

p=0.611) 

0.85 (0.62-1.17, 

p=0.312) 

0.82 (0.61-1.11, 

p=0.195) 

Pre-existing 

depression or 

anxiety 

No 538 (53.3) 471 (46.7) - - - 

Yes 66 (33.3) 132 (66.7) 
2.28 (1.66-3.16, 

p<0.001) 

1.54 (1.00-2.38, 

p=0.050) 

1.58 (1.06-2.35, 

p=0.026) 

Admission 

duration (days) 
Mean (SD) 13.2 (17.2) 17.2 (22.2) 

1.01 (1.00-1.02, 

p=0.001) 

1.01 (1.00-1.02, 

p=0.064) 

1.01 (1.00-1.02, 

p=0.002) 

WHO clinical 

progression 

scale 

WHO – class 

3-4 
110 (49.3) 113 (50.7) - - - 

WHO – class 

5 
252 (52.8) 225 (47.2) 

0.87 (0.63-1.19, 

p=0.388) 

0.88 (0.61-1.29, 

p=0.522) 

0.84 (0.60-1.18, 

p=0.314) 

WHO – class 

6 
136 (53.1) 120 (46.9) 

0.86 (0.60-1.23, 

p=0.407) 

0.90 (0.58-1.38, 

p=0.619) 

0.80 (0.54-1.18, 

p=0.260) 

WHO – class 

7-9 
113 (41.9) 157 (58.1) 

1.35 (0.95-1.93, 

p=0.097) 

1.17 (0.70-1.98, 

p=0.548) 

0.92 (0.57-1.47, 

p=0.715) 

BMI = Body Mass Index. World Health Organisation (WHO) clinical progression scale: not requiring continuous supplemental oxygen (levels 3-4); 

continuous supplemental oxygen only (level 5); Continuous Positive Airway Pressure (CPAP) ventilation, Bi-Level Positive Airway Pressure or High 

Flow Nasal Oxygen (HFNO) (level 6); Invasive Mechanical Ventilation (IMV), Extra-Corporeal Membrane Oxygenation (ECMO) and acute Renal 

Replacement Therapy (RRT) (levels 7-9). The logistic regression model also included BMI2 

 

  



Table 5 Multinomial modelling for post-COVID breathlessness 

Dependent: Post-COVID breathlessness 

Post-COVID breathlessness (OR 95% 

CI) 

Mild Severe 

Sex at birth Male 1.00 1.00 

Female 1.34 (0.95-1.88) 1.67 (1.26-2.22) 

Age at admission (years) 50-59 1.00 1.00 

<30 2.22 (0.78-6.33) 0.95 (0.35-2.62) 

30-39 1.23 (0.62-2.43) 0.68 (0.38-1.22) 

40-49 1.38 (0.84-2.26) 0.78 (0.51-1.18) 

60-69 0.79 (0.51-1.23) 0.64 (0.46-0.91) 

70-79 0.44 (0.25-0.80) 0.39 (0.25-0.62) 

80+ 0.58 (0.23-1.41) 0.13 (0.04-0.44) 

Index of Multiple 

Deprivation 

5 - least deprived 1.00 1.00 

4 1.14 (0.68-1.90) 1.26 (0.79-2.00) 

3 1.05 (0.63-1.74) 1.38 (0.88-2.18) 

2 0.82 (0.49-1.36) 1.52 (0.99-2.35) 

1 - most deprived 1.02 (0.61-1.71) 2.22 (1.44-3.44) 

Ethnicity White 1.00 1.00 

South Asian 0.80 (0.49-1.33) 0.74 (0.48-1.14) 

Black 1.02 (0.61-1.71) 0.46 (0.27-0.80) 

Mixed 0.76 (0.27-2.15) 0.88 (0.39-1.98) 

Other 0.88 (0.39-1.96) 0.77 (0.39-1.49) 

BMI (kg/m2) - 0.99 (0.96-1.02) 1.01 (0.99-1.04) 

Number of comorbidities - 1.12 (1.02-1.24) 1.06 (0.98-1.16) 

Pre-existing respiratory 

condition 

No 1.00 1.00 

Yes 0.94 (0.64-1.39) 0.76 (0.55-1.07) 

Pre-existing depression or 

anxiety 

No 1.00 1.00 

Yes 1.41 (0.83-2.38) 1.64 (1.06-2.54) 

Admission duration (days) - 1.01 (1.00-1.02) 1.02 (1.01-1.02) 

WHO clinical progression 

scale 

WHO – class 3-4 1.00 1.00 

WHO – class 5 0.92 (0.59-1.45) 0.81 (0.55-1.20) 

WHO – class 6 0.76 (0.45-1.31) 0.83 (0.53-1.30) 

WHO – class 7-9 0.90 (0.48-1.69) 0.98 (0.58-1.65) 

The reference group (not shown) were those with no post-COVID breathlessness (n=611). Mild 

post-COVID breathlessness (n=213), Severe post-COVID breathlessness (n=402). 
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Supplementary material 

Figure S1 Patient Symptom Questionnaire used to collect data on participant breathlessness in the PHOSP-

COVID study 

 

  



Table S1 Level of respiratory support received during hospitalization based on the World Health 

Organization clinical progression scale [1] 

Levels Definition 

3-4 Not requiring continuous supplemental oxygen 

5 Continuous supplemental oxygen only 

6 Continuous Positive Airway Pressure ventilation, Bi-Level Positive Airway Pressure or High Flow Nasal Oxygen. 

7-9 Invasive Mechanical Ventilation, Extra-Corporeal Membrane Oxygenation and acute Renal Replacement Therapy. 

 

Table S2 Thresholds used to determine no, mild and severe post-COVID breathlessness 

To investigate potential differences between individuals according to the severity of post-COVID breathlessness, 

multinomial modelling was used. Using the change in PSQ breathlessness score at the time of the research visit 

compared to before COVID-19, we created a categorical (ordinal) variable using the following thresholds: 

Post-COVID breathlessness: Levels Definition 

No Change in PSQ ≤ 0 

Yes: Mild Change in PSQ = 1 or 2. 

Yes: Severe Change in PSQ ≥ 3 

 

  



Table S3 Characteristics of included and excluded participants  

Of the 1,843 individuals who completed a research visit between 1 and 8 months, 617 had missing data for 

breathlessness before COVID-19 or breathlessness at the first research assessment and were therefore excluded from 

this analysis.  

 

 Total N Levels 

Eligible for inclusion 

Total 

No Yes 

Total N (%)   617 (33.5) 1226 (66.5) 1843 

Age at 

admission 

(years) 
1824 (99.0) 50-59 157 (25.4) 354 (28.9) 511 (27.7) 

  <30 21 (3.4) 25 (2.0) 46 (2.5) 

  30-39 36 (5.8) 79 (6.4) 115 (6.2) 

  40-49 87 (14.1) 190 (15.5) 277 (15.0) 

  60-69 185 (30.0) 357 (29.1) 542 (29.4) 

  70-79 108 (17.5) 168 (13.7) 276 (15.0) 

  80+ 17 (2.8) 40 (3.3) 57 (3.1) 

  (Missing) 6 (1.0) 13 (1.1) 19 (1.0) 

Sex at birth 1843 (100.0) Male 372 (60.3) 768 (62.6) 1140 (61.9) 

  Female 245 (39.7) 458 (37.4) 703 (38.1) 

Ethnicity 1800 (97.7) White 440 (71.3) 873 (71.2) 1313 (71.2) 

  South Asian 74 (12.0) 153 (12.5) 227 (12.3) 

  Black 47 (7.6) 92 (7.5) 139 (7.5) 

  Mixed 9 (1.5) 33 (2.7) 42 (2.3) 

  Other 27 (4.4) 52 (4.2) 79 (4.3) 

  (Missing) 20 (3.2) 23 (1.9) 43 (2.3) 

Index of 

multiple 
deprivation 

1811 (98.3) 1 - most 
deprived 

120 (19.4) 266 (21.7) 386 (20.9) 

  2 165 (26.7) 266 (21.7) 431 (23.4) 

  3 99 (16.0) 228 (18.6) 327 (17.7) 

  4 105 (17.0) 214 (17.5) 319 (17.3) 

  
5 - least 

deprived 
118 (19.1) 230 (18.8) 348 (18.9) 



 Total N Levels 

Eligible for inclusion 

Total 

No Yes 

  (Missing) 10 (1.6) 22 (1.8) 32 (1.7) 

BMI 1509 (81.9) Mean (SD) 32.1 (7.1) 32.0 (7.1) 32.1 (7.1) 

Smoking 1622 (88.0) Never 217 (35.2) 689 (56.2) 906 (49.2) 

  Ex-smoker 181 (29.3) 506 (41.3) 687 (37.3) 

  Current smoker 11 (1.8) 18 (1.5) 29 (1.6) 

  (Missing) 208 (33.7) 13 (1.1) 221 (12.0) 

Number of 

comorbidities 
1843 (100.0) Median (IQR) 2.0 (1.0 to 3.0) 2.0 (0.0 to 3.0) 2.0 (1.0 to 3.0) 

Cardiovascular 1843 (100.0) No 310 (50.2) 679 (55.4) 989 (53.7) 

  Yes 307 (49.8) 547 (44.6) 854 (46.3) 

Respiratory 1843 (100.0) No 442 (71.6) 893 (72.8) 1335 (72.4) 

  Yes 175 (28.4) 333 (27.2) 508 (27.6) 

Depression or 
anxiety 

1821 (98.8) No 498 (80.7) 1009 (82.3) 1507 (81.8) 

  Yes 116 (18.8) 198 (16.2) 314 (17.0) 

During hospital admission 

Admission 
duration (days) 

1841 (99.9) Median (IQR) 7.0 (4.0 to 14.0) 8.0 (4.0 to 17.0) 8.0 (4.0 to 16.0) 

WHO clinical 
progression 

scale 
1843 (100.0) WHO – class 3-

4 
93 (15.1) 223 (18.2) 316 (17.1) 

  WHO – class 5 276 (44.7) 477 (38.9) 753 (40.9) 

  WHO – class 6 155 (25.1) 256 (20.9) 411 (22.3) 

  
WHO – class 7-
9 

93 (15.1) 270 (22.0) 363 (19.7) 

Proning during 

mechanical 
ventilation 

1683 (91.3) No 485 (78.6) 892 (72.8) 1377 (74.7) 

 Yes 96 (15.6) 210 (17.1) 306 (16.6) 

 (Missing) 36 (5.8) 124 (10.1) 160 (8.7) 

Pulmonary 
Embolism 

1737 (94.2) No 534 (86.5) 1025 (83.6) 1559 (84.6) 

 Yes 57 (9.2) 121 (9.9) 178 (9.7) 

 (Missing) 26 (4.2) 80 (6.5) 106 (5.8) 



 Total N Levels 

Eligible for inclusion 

Total 

No Yes 

Coronary 
thrombosis 

1729 (93.8) No 587 (95.1) 1135 (92.6) 1722 (93.4) 

  Yes <5 (-) <5 (-) 7 (0.4) 

  (Missing) - (-) - (-) 114 (6.2) 

Antibiotic 
therapy 

1789 (97.1) No 118 (19.1) 236 (19.2) 354 (19.2) 

  Yes 484 (78.4) 951 (77.6) 1435 (77.9) 

  (Missing) 15 (2.4) 39 (3.2) 54 (2.9) 

Systemic 
steroids (Oral or 
IV) 

1738 (94.3) No 258 (41.8) 613 (50.0) 871 (47.3) 

  Yes 336 (54.5) 531 (43.3) 867 (47.0) 

  (Missing) 23 (3.7) 82 (6.7) 105 (5.7) 

Therapeutic 
dose anti-

coagulation 
1740 (94.4) No 344 (55.8) 685 (55.9) 1029 (55.8) 

  Yes 246 (39.9) 465 (37.9) 711 (38.6) 

  (Missing) 27 (4.4) 76 (6.2) 103 (5.6) 

 

  



Figure S2 Breathlessness before COVID-19 and at the research visit stratified by sex, respiratory condition, 

depression/anxiety, and level of respiratory support received 

 

  



Figure S3 Breathlessness before COVID-19 and at the research visit stratified by age at admission, 

deprivation, and ethnicity 

 

 



 

Equation S1 Equation for post-COVID breathlessness logistic regression model 
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 (                        )
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Notes: 

 Age should be inputted as years 

 Ethnicity:  

o recorded as ―Black‖ if participants selected: Black, African, Caribbean, Black British 

o recorded as ―South Asian‖ if participants selected Indian, Pakistani, Bangladeshi, Other Asian background. 

o recorded Mixed if participants selected White and Black African, White and Asian, White and Black Caribbean, any other Mixed/Multiple 

ethnic background. 

o recorded as ―Other‖ if participants selected Arab, Chinese, any other ethnic group 

 Number of co-morbidities should be inputted as an integer ≥ 0.  

 BMI = Body Mass Index. 

 Admission duration should be inputted in days. 

 World Health Organization (WHO) clinical progression scale:  

o continuous supplemental oxygen only (level 5);  

o Continuous Positive Airway Pressure (CPAP) ventilation, Bi-Level Positive Airway Pressure or High Flow Nasal Oxygen (HFNO) (level 6);  

o Invasive Mechanical Ventilation (IMV), Extra-Corporeal Membrane Oxygenation (ECMO) and acute Renal Replacement Therapy (RRT) 

(levels 7-9). 

 The logistic regression model also included BMI
2 
but the regression coefficient rounded to 0.00 so not shown in the equation. 

 



Figure S4 Receiver Operating Characteristic curve for post-COVID breathlessness logistic regression model 

 

  



Figure S5 Calibration plot for post-COVID breathlessness logistic regression model based on the first 

imputed dataset 

 



Subgroup analyses: discharge to review period 

Subgroup analyses were completed based on the period between discharge and review. We grouped participants into three categories. Those who attended the 

research visit: within three months of discharge; between three and six months of discharge; between six to eight months after discharge. The characteristics of 

participants within each of the subgroups is displayed in Table S4 - Table S6. The date of discharge for each of the subgroups is displayed in Figure S6 

  

Table S4: Patient characteristics (stratified by discharge to review period) 

  Review period < 3 months Review period 3-6 months Review period 6-8 months 

  Post-COVID breathlessness Total Post-COVID breathlessness Total Post-COVID breathlessness Total 

No (%) Yes (%) No (%) Yes (%) No (%) Yes (%) 

Total N (%)  103 (47.0) 116 (53.0) 219 347 (50.0) 347 (50.0) 694 161 (51.4) 152 (48.6) 313 

Age at 
admission 

(years) 

<30 ≤5 (-) ≤5 (-) 7 (3.2) ≤5 (-) 6 (1.7) 9 (1.3) ≤5 (-) ≤5 (-) 9 (2.9) 

30-39 ≤5 (-) 9 (7.8) 12 (5.5) 15 (4.3) 23 (6.6) 38 (5.5) 20 (12.4) 9 (5.9) 29 (9.3) 

40-49 20 (19.4) 15 (12.9) 35 (16.0) 47 (13.5) 64 (18.4) 111 (16.0) 20 (12.4) 24 (15.8) 44 (14.1) 

50-59 31 (30.1) 38 (32.8) 69 (31.5) 92 (26.5) 119 (34.3) 211 (30.4) 28 (17.4) 46 (30.3) 74 (23.6) 

60-69 28 (27.2) 34 (29.3) 62 (28.3) 101 (29.1) 95 (27.4) 196 (28.2) 54 (33.5) 45 (29.6) 99 (31.6) 

70-79 15 (14.6) 14 (12.1) 29 (13.2) 67 (19.3) 31 (8.9) 98 (14.1) 25 (15.5) 16 (10.5) 41 (13.1) 

80+ ≤5 (-) ≤5 (-) 5 (2.3) 19 (5.5) 6 (1.7) 25 (3.6) 7 (4.3) ≤5 (-) 10 (3.2) 

(Missing) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) 6 (0.9) ≤5 (-) ≤5 (-) 7 (2.2) 

Sex at birth Male 76 (73.8) 67 (57.8) 143 (65.3) 231 (66.6) 191 (55.0) 422 (60.8) 109 (67.7) 94 (61.8) 203 (64.9) 

Female 27 (26.2) 49 (42.2) 76 (34.7) 116 (33.4) 156 (45.0) 272 (39.2) 52 (32.3) 58 (38.2) 110 (35.1) 

Ethnicity White 67 (65.0) 88 (75.9) 155 (70.8) 250 (72.0) 260 (74.9) 510 (73.5) 105 (65.2) 103 (67.8) 208 (66.5) 

South Asian 15 (14.6) 11 (9.5) 26 (11.9) 43 (12.4) 41 (11.8) 84 (12.1) 24 (14.9) 19 (12.5) 43 (13.7) 

Black 10 (9.7) 7 (6.0) 17 (7.8) 23 (6.6) 16 (4.6) 39 (5.6) 19 (11.8) 17 (11.2) 36 (11.5) 



Mixed ≤5 (-) ≤5 (-) 6 (2.7) 10 (2.9) 7 (2.0) 17 (2.4) ≤5 (-) 8 (5.3) 10 (3.2) 

Other ≤5 (-) ≤5 (-) 9 (4.1) 14 (4.0) 16 (4.6) 30 (4.3) 8 (5.0) ≤5 (-) 13 (4.2) 

(Missing) ≤5 (-) ≤5 (-) 6 (2.7) 7 (2.0) 7 (2.0) 14 (2.0) ≤5 (-) ≤5 (-) ≤5 (-) 

Index of 
multiple 

deprivation 

1 - most 
deprived 

20 (19.4) 29 (25.0) 49 (22.4) 65 (18.7) 83 (23.9) 148 (21.3) 27 (16.8) 42 (27.6) 69 (22.0) 

2 24 (23.3) 27 (23.3) 51 (23.3) 81 (23.3) 70 (20.2) 151 (21.8) 30 (18.6) 34 (22.4) 64 (20.4) 

3 22 (21.4) 19 (16.4) 41 (18.7) 59 (17.0) 73 (21.0) 132 (19.0) 35 (21.7) 20 (13.2) 55 (17.6) 

4 18 (17.5) 19 (16.4) 37 (16.9) 63 (18.2) 57 (16.4) 120 (17.3) 30 (18.6) 27 (17.8) 57 (18.2) 

5 - least 
deprived 

18 (17.5) 21 (18.1) 39 (17.8) 75 (21.6) 57 (16.4) 132 (19.0) 34 (21.1) 25 (16.4) 59 (18.8) 

(Missing) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) 7 (2.0) 11 (1.6) ≤5 (-) ≤5 (-) 9 (2.9) 

BMI Mean (SD) 31.9 (6.5) 33.1 (7.4) 32.6 (7.0) 31.5 (7.3) 33.1 (7.5) 32.3 (7.4) 30.8 (7.1) 31.5 (5.7) 31.1 (6.5) 

Smoking Never 60 (58.3) 68 (58.6) 128 (58.4) 188 (54.2) 194 (55.9) 382 (55.0) 102 (63.4) 77 (50.7) 179 (57.2) 

Ex-smoker 41 (39.8) 47 (40.5) 88 (40.2) 147 (42.4) 141 (40.6) 288 (41.5) 58 (36.0) 72 (47.4) 130 (41.5) 

Current 

smoker 
≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) 8 (2.3) 12 (1.7) ≤5 (-) ≤5 (-) ≤5 (-) 

(Missing) ≤5 (-) ≤5 (-) ≤5 (-) 8 (2.3) ≤5 (-) 12 (1.7) ≤5 (-) ≤5 (-) ≤5 (-) 

Number of 

comorbidities 
Median (IQR) 1.0 (0.0 to 3.0) 2.0 (1.0 to 4.0) 2.0 (0.5 to 

3.0) 
2.0 (1.0 to 

3.0) 
2.0 (1.0 to 

3.5) 
2.0 (1.0 to 

3.0) 
1.0 (0.0 to 

3.0) 
2.0 (0.0 to 

4.0) 
2.0 (0.0 to 

3.0) 

Cardiovascular No 56 (54.4) 65 (56.0) 121 (55.3) 179 (51.6) 195 (56.2) 374 (53.9) 94 (58.4) 90 (59.2) 184 (58.8) 

Yes 47 (45.6) 51 (44.0) 98 (44.7) 168 (48.4) 152 (43.8) 320 (46.1) 67 (41.6) 62 (40.8) 129 (41.2) 

Respiratory No 75 (72.8) 75 (64.7) 150 (68.5) 256 (73.8) 265 (76.4) 521 (75.1) 118 (73.3) 104 (68.4) 222 (70.9) 

Yes 28 (27.2) 41 (35.3) 69 (31.5) 91 (26.2) 82 (23.6) 173 (24.9) 43 (26.7) 48 (31.6) 91 (29.1) 

Depression or 
anxiety 

No 92 (89.3) 92 (79.3) 184 (84.0) 302 (87.0) 261 (75.2) 563 (81.1) 144 (89.4) 118 (77.6) 262 (83.7) 

Yes 10 (9.7) 22 (19.0) 32 (14.6) 42 (12.1) 79 (22.8) 121 (17.4) 14 (8.7) 31 (20.4) 45 (14.4) 



(Missing) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) 7 (2.0) 10 (1.4) ≤5 (-) ≤5 (-) 6 (1.9) 

Breathlessness 

before 
COVID-19 

(PSQ) 

0 57 (55.3) 78 (67.2) 135 (61.6) 216 (62.2) 232 (66.9) 448 (64.6) 101 (62.7) 97 (63.8) 198 (63.3) 

1-2 19 (18.4) 26 (22.4) 45 (20.5) 57 (16.4) 75 (21.6) 132 (19.0) 27 (16.8) 27 (17.8) 54 (17.3) 

3 or more 27 (26.2) 12 (10.3) 39 (17.8) 74 (21.3) 40 (11.5) 114 (16.4) 33 (20.5) 28 (18.4) 61 (19.5) 

  



Table S5: Patient characteristics available during hospital admission (stratified by discharge to review period) 

  Review period < 3 months Review period 3-6 months Review period 6-8 months 

 

l 

Post-COVID breathlessness 

Total 

Post-COVID breathlessness 

Total 

Post-COVID breathlessness 

Total 

No (%) Yes (%) No (%) Yes (%) No (%) Yes (%) 

Total N (%)  103 (47.0) 116 (53.0) 219 347 (50.0) 347 (50.0) 694 161 (51.4) 152 (48.6) 313 

Admission 
duration 

(days) 
Median (IQR) 7.0 (4.0 to 15.5) 8.5 (4.0 to 16.0) 8.0 (4.0 to 16.0) 7.0 (4.0 to 

13.0) 
8.0 (4.0 to 

19.5) 
7.0 (4.0 to 

16.0) 
8.0 (5.0 to 

20.0) 
10.5 (4.0 to 

27.0) 
9.0 (4.0 to 

24.0) 

WHO clinical 
progression 

scale 

WHO – class 

3-4 
16 (15.5) 13 (11.2) 29 (13.2) 60 (17.3) 68 (19.6) 128 (18.4) 34 (21.1) 32 (21.1) 66 (21.1) 

 
WHO – class 
5 

49 (47.6) 54 (46.6) 103 (47.0) 160 (46.1) 129 (37.2) 289 (41.6) 43 (26.7) 42 (27.6) 85 (27.2) 

 
WHO – class 

6 
25 (24.3) 28 (24.1) 53 (24.2) 73 (21.0) 70 (20.2) 143 (20.6) 38 (23.6) 22 (14.5) 60 (19.2) 

 
WHO – class 
7-9 

13 (12.6) 21 (18.1) 34 (15.5) 54 (15.6) 80 (23.1) 134 (19.3) 46 (28.6) 56 (36.8) 102 (32.6) 

Proning No 74 (71.8) 80 (69.0) 154 (70.3) 272 (78.4) 244 (70.3) 516 (74.4) 120 (74.5) 102 (67.1) 222 (70.9) 

 Yes 16 (15.5) 24 (20.7) 40 (18.3) 45 (13.0) 65 (18.7) 110 (15.9) 26 (16.1) 34 (22.4) 60 (19.2) 

 (Missing) 13 (12.6) 12 (10.3) 25 (11.4) 30 (8.6) 38 (11.0) 68 (9.8) 15 (9.3) 16 (10.5) 31 (9.9) 

Pulmonary 
Embolism 

No 81 (78.6) 101 (87.1) 182 (83.1) 304 (87.6) 284 (81.8) 588 (84.7) 133 (82.6) 122 (80.3) 255 (81.5) 

 Yes 14 (13.6) 8 (6.9) 22 (10.0) 26 (7.5) 41 (11.8) 67 (9.7) 16 (9.9) 16 (10.5) 32 (10.2) 

 (Missing) 8 (7.8) 7 (6.0) 15 (6.8) 17 (4.9) 22 (6.3) 39 (5.6) 12 (7.5) 14 (9.2) 26 (8.3) 

Coronary 

thrombosis 
No 93 (90.3) 110 (94.8) 203 (92.7) 330 (95.1) 320 (92.2) 650 (93.7) 147 (91.3) 135 (88.8) 282 (90.1) 

 Yes ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) ≤5 (-) 



 (Missing) 10 (-) 6 (-) 16 (-) 16 (-) 26 (-) 42 (-) 12 (-) 16 (-) 28 (-) 

Antibiotic 

therapy 
No 22 (21.4) 26 (22.4) 48 (21.9) 66 (19.0) 71 (20.5) 137 (19.7) 27 (16.8) 24 (15.8) 51 (16.3) 

 Yes 77 (74.8) 88 (75.9) 165 (75.3) 273 (78.7) 263 (75.8) 536 (77.2) 127 (78.9) 123 (80.9) 250 (79.9) 

 (Missing) ≤5 (-) ≤5 (-) 6 (2.7) 8 (2.3) 13 (3.7) 21 (3.0) 7 (4.3) ≤5 (-) 12 (3.8) 

Systemic 
steroids (Oral 

or IV) 
No 36 (35.0) 27 (23.3) 63 (28.8) 170 (49.0) 165 (47.6) 335 (48.3) 113 (70.2) 102 (67.1) 215 (68.7) 

 Yes 60 (58.3) 86 (74.1) 146 (66.7) 158 (45.5) 160 (46.1) 318 (45.8) 32 (19.9) 35 (23.0) 67 (21.4) 

 (Missing) 7 (6.8) ≤5 (-) 10 (4.6) 19 (5.5) 22 (6.3) 41 (5.9) 16 (9.9) 15 (9.9) 31 (9.9) 

Therapeutic 
dose anti-

coagulation 
No 46 (44.7) 67 (57.8) 113 (51.6) 207 (59.7) 180 (51.9) 387 (55.8) 99 (61.5) 86 (56.6) 185 (59.1) 

 Yes 50 (48.5) 43 (37.1) 93 (42.5) 123 (35.4) 148 (42.7) 271 (39.0) 47 (29.2) 54 (35.5) 101 (32.3) 

 (Missing) 7 (6.8) 6 (5.2) 13 (5.9) 17 (4.9) 19 (5.5) 36 (5.2) 15 (9.3) 12 (7.9) 27 (8.6) 

SARS-CoV-2 

swab 
Negative 13 (12.6) 8 (6.9) 21 (9.6) 22 (6.3) 31 (8.9) 53 (7.6) 12 (7.5) 12 (7.9) 24 (7.7) 

 Positive 81 (78.6) 89 (76.7) 170 (77.6) 302 (87.0) 298 (85.9) 600 (86.5) 139 (86.3) 130 (85.5) 269 (85.9) 

 (Missing) 9 (8.8) 19 (16.4) 28 (12.8) 23 (6.7) 18 (5.2) 41 (5.9) 10 (6.2) 10 (6.6) 20 (6.4) 

 

  



Table S6: Patient characteristics available at the research visit (stratified by discharge to review period) 

  Review period < 3 months Review period 3-6 months Review period 6-8 months 

 

 

Post-COVID breathlessness 

Total 

Post-COVID breathlessness 

Total 

Post-COVID breathlessness 

Total 

No (%) Yes (%) No (%) Yes (%) No (%) Yes (%) 

Total N (%)  103 (47.0) 116 (53.0) 219 347 (50.0) 347 (50.0) 694 161 (51.4) 152 (48.6) 313 

Discharge to 
review period 

(months) 
Median (IQR) 2.4 (2.0 to 2.8) 2.4 (2.1 to 2.8) 2.4 (2.0 to 2.8) 4.4 (3.7 to 

5.2) 
4.5 (3.8 to 5.3) 4.5 (3.7 to 

5.3) 
6.6 (6.3 to 

7.0) 
6.7 (6.3 to 7.3) 6.7 (6.3 to 

7.2) 

Breathlessness 
at research 

visit (PSQ) 

0 73 (70.9) ≤5 (-) 73 (33.3) 265 (76.4) ≤5 (-) 265 (38.2) 124 (77.0) ≤5 (-) 124 (39.6) 

1-2 12 (11.7) 28 (24.1) 40 (18.3) 39 (11.2) 86 (24.8) 125 (18.0) 19 (11.8) 29 (19.1) 48 (15.3) 

3 or more 18 (17.5) 88 (75.9) 106 (48.4) 43 (12.4) 261 (75.2) 304 (43.8) 18 (11.2) 123 (80.9) 141 (45.0) 

PHQ9 total 
score 

Median (IQR) 3.0 (0.0 to 9.0) 7.0 (3.0 to 13.0) 5.0 (2.0 to 11.0) 3.0 (1.0 to 
8.0) 

8.0 (3.0 to 
13.0) 

5.0 (2.0 to 
11.0) 

3.0 (1.0 to 
7.0) 

8.0 (3.0 to 
15.0) 

5.0 (1.0 to 
10.0) 

GAD7 total 

score 
Median (IQR) 3.0 (0.0 to 7.0) 5.0 (0.0 to 10.0) 4.0 (0.0 to 9.0) 

2.0 (0.0 to 

7.0) 
5.0 (1.0 to 

10.0) 
3.0 (0.0 to 

8.0) 
2.0 (0.0 to 

5.0) 
6.0 (2.0 to 

12.2) 
3.0 (0.0 to 

9.0) 

PCL-5 Total 
Severity Score 

Median (IQR) 6.0 (1.0 to 17.0) 14.0 (5.0 to 
32.0) 

9.0 (2.5 to 26.0) 6.0 (2.0 to 
15.0) 

14.0 (5.0 to 
30.0) 

9.0 (3.0 to 
23.0) 

7.0 (2.0 to 
15.0) 

16.0 (7.0 to 
39.8) 

10.0 (4.0 
to 23.0) 

CRP Median (IQR) 4.0 (2.0 to 5.0) 5.0 (3.4 to 6.0) 4.0 (3.0 to 5.2) 4.0 (1.5 to 
5.0) 

4.0 (2.0 to 5.4) 4.0 (2.0 to 
5.0) 

3.0 (1.0 to 
5.0) 

3.0 (1.0 to 5.0) 3.0 (1.0 to 
5.0) 

BNP/NT-Pro-

BNP ng/L 
>threshold 

No 46 (44.7) 60 (51.7) 106 (48.4) 168 (48.4) 167 (48.1) 335 (48.3) 79 (49.1) 77 (50.7) 156 (49.8) 

Yes ≤5 (-) ≤5 (-) ≤5 (-) 17 (4.9) 8 (2.3) 25 (3.6) 10 (6.2) ≤5 (-) ≤5 (-) 

(Missing) 55 (53.4) 53 (45.7) 108 (49.3) 162 (46.7) 172 (49.6) 334 (48.1) 72 (44.7) 70 (46.1) 142 (45.4) 

Haemoglobin 

level All 
(g/dl) 

Median (IQR) 14.6 (13.6 to 
15.4) 

14.1 (13.1 to 
14.8) 

14.4 (13.2 to 
15.2) 

14.3 (13.2 to 
15.2) 

13.9 (13.0 to 
15.0) 

14.1 (13.2 
to 15.2) 

14.3 (13.3 to 
15.0) 

14.1 (13.2 to 
15.0) 

14.2 (13.2 
to 15.0) 

Haemoglobin 
level male 

(g/dL) 
Median (IQR) 14.8 (14.1 to 

15.6) 
14.6 (13.6 to 

15.4) 
14.8 (13.8 to 

15.5) 
14.7 (13.9 to 

15.6) 
14.6 (13.7 to 

15.6) 
14.7 (13.8 

to 15.6) 
14.7 (13.8 to 

15.4) 
14.6 (13.7 to 

15.5) 
14.6 (13.8 

to 15.5) 



Haemoglobin 
level female 

(g/dL) 
Median (IQR) 

13.6 (13.1 to 

14.4) 
13.2 (12.8 to 

14.1) 
13.4 (13.0 to 

14.2) 
13.5 (12.8 to 

14.4) 
13.4 (12.6 to 

13.9) 
13.4 (12.6 

to 14.1) 
13.3 (12.1 to 

13.9) 
13.4 (12.2 to 

14.0) 
13.3 (12.1 

to 14.0) 

ISWT 
distance (m) 

Median (IQR) 390.0 (270.0 to 
550.0) 

345.0 (222.5 to 
540.0) 

360.0 (245.0 to 
550.0) 

440.0 (267.5 
to 622.5) 

350.0 (222.5 to 
550.0) 

380.0 
(250.0 to 

569.5) 

454.0 (322.5 
to 622.5) 

350.0 (260.0 to 
532.2) 

415.0 
(270.0 to 

600.0) 

ISWT % 
predicted 

Median (IQR) 54.8 (30.2 to 
71.4) 

53.5 (32.3 to 
69.2) 

54.0 (32.3 to 
69.3) 

61.7 (43.1 to 
81.9) 

50.4 (34.6 to 
69.5) 

56.4 (38.2 
to 75.8) 

62.8 (46.4 to 
89.8) 

53.8 (37.8 to 
73.4) 

58.7 (39.2 
to 77.7) 

Oxygen 
saturations 

post ISWT 
Median (IQR) 

96.0 (94.0 to 

98.0) 
96.0 (94.0 to 

97.0) 
96.0 (94.0 to 

97.0) 
96.0 (94.0 to 

97.0) 
96.0 (93.0 to 

97.0) 
96.0 (93.0 

to 97.0) 
97.0 (94.0 to 

99.0) 
96.0 (94.0 to 

98.0) 
97.0 (94.0 

to 98.2) 

Borg leg 

fatigure score 
post ISWT 

Median (IQR) 2.0 (0.5 to 3.0) 3.0 (0.5 to 3.0) 2.0 (0.5 to 3.0) 2.0 (0.5 to 
4.0) 

3.0 (2.0 to 4.0) 3.0 (1.0 to 
4.0) 

2.0 (0.5 to 
3.0) 

3.0 (2.0 to 5.0) 3.0 (1.0 to 
4.0) 

FEV1 (L) Median (IQR) 2.7 (2.4 to 3.2) 2.6 (2.1 to 3.1) 2.6 (2.2 to 3.2) 2.8 (2.3 to 
3.3) 

2.7 (2.2 to 3.3) 2.8 (2.2 to 
3.3) 

2.9 (2.2 to 
3.4) 

2.6 (2.1 to 3.3) 2.7 (2.1 to 
3.4) 

FEV1 % 
predicted 

Median (IQR) 94.2 (86.4 to 
107.1) 

87.2 (79.5 to 
97.1) 

89.9 (81.2 to 
101.6) 

93.9 (82.9 to 
105.2) 

90.9 (77.9 to 
101.6) 

92.1 (79.6 
to 103.4) 

93.5 (82.8 to 
105.5) 

90.0 (77.7 to 
101.8) 

92.0 (79.2 
to 104.3) 

FEV1 < LLN 
No 32 (84.2) 50 (80.6) 82 (82.0) 158 (87.8) 155 (77.9) 313 (82.6) 84 (81.6) 79 (78.2) 163 (79.9) 

Yes 6 (15.8) 12 (19.4) 18 (18.0) 22 (12.2) 44 (22.1) 66 (17.4) 19 (18.4) 22 (21.8) 41 (20.1) 

FVC Median (IQR) 3.5 (2.9 to 4.3) 3.1 (2.5 to 3.9) 3.4 (2.7 to 4.1) 3.6 (3.0 to 
4.3) 

3.4 (2.7 to 4.1) 3.5 (2.8 to 
4.2) 

3.5 (2.8 to 
4.4) 

3.2 (2.5 to 4.1) 3.4 (2.6 to 
4.3) 

FVC % 
predicted 

Median (IQR) 92.1 (83.7 to 
104.9) 

84.1 (75.8 to 
96.4) 

87.4 (79.5 to 
99.7) 

95.3 (83.5 to 
105.1) 

88.2 (75.7 to 
99.6) 

91.3 (79.4 
to 102.6) 

91.9 (78.3 to 
106.2) 

84.4 (72.5 to 
98.5) 

88.8 (75.1 
to 102.7) 

FVC < LLN 
No 34 (89.5) 45 (72.6) 79 (79.0) 158 (87.8) 145 (72.9) 303 (79.9) 84 (82.4) 70 (70.0) 154 (76.2) 

Yes ≤5 (-) 17 (27.4) 21 (21.0) 22 (12.2) 54 (27.1) 76 (20.1) 18 (17.6) 30 (30.0) 48 (23.8) 

FEV1/FVC 
ratio 

expressed as 
% 

Median (IQR) 
79.7 (75.1 to 

85.5) 
82.4 (78.0 to 

85.4) 
81.0 (76.7 to 

85.6) 
77.8 (72.6 to 

82.6) 
80.8 (77.1 to 

85.5) 
79.5 (75.3 

to 84.4) 
81.8 (76.2 to 

85.6) 
83.6 (78.7 to 

89.1) 
82.5 (77.3 

to 87.8) 

FEV1/FVC < 
LLN 

No 34 (91.9) 61 (98.4) 95 (96.0) 165 (92.2) 190 (96.4) 355 (94.4) 96 (95.0) 91 (93.8) 187 (94.4) 

Yes ≤5 (-) ≤5 (-) ≤5 (-) 14 (7.8) 7 (3.6) 21 (5.6) ≤5 (-) 6 (6.2) 11 (5.6) 



TLCO Median (IQR) 7.7 (6.7 to 8.4) 6.4 (5.2 to 8.1) 7.0 (6.0 to 8.2) 7.8 (6.8 to 
9.3) 

6.9 (5.7 to 8.2) 7.4 (6.1 to 
8.7) 

7.0 (5.7 to 
7.7) 

6.7 (6.2 to 8.6) 6.9 (5.9 to 
8.3) 

TLCO  % 
predicted 

Median (IQR) 93.8 (83.0 to 
101.5) 

90.6 (68.1 to 
101.7) 

90.7 (74.6 to 
101.9) 

94.6 (80.8 to 
103.9) 

87.5 (73.1 to 
104.1) 

91.4 (75.4 
to 104.0) 

86.8 (77.5 to 
94.9) 

93.6 (86.2 to 
106.1) 

89.7 (78.4 
to 99.1) 

TLCO 

predicted 
<80% 

No 16 (76.2) 20 (64.5) 36 (69.2) 48 (76.2) 45 (63.4) 93 (69.4) 22 (62.9) 25 (80.6) 47 (71.2) 

Yes ≤5 (-) 11 (35.5) 16 (30.8) 15 (23.8) 26 (36.6) 41 (30.6) 13 (37.1) 6 (19.4) 19 (28.8) 

KCO Median (IQR) 1.5 (1.5 to 1.7) 1.5 (1.2 to 1.6) 1.5 (1.2 to 1.7) 1.5 (1.3 to 
1.6) 

1.5 (1.3 to 1.6) 1.5 (1.3 to 
1.6) 

1.4 (1.2 to 
1.5) 

1.5 (1.3 to 1.7) 1.4 (1.2 to 
1.6) 

KCO % 

predicted 
Median (IQR) 

105.4 (97.2 to 

108.8) 
97.9 (85.6 to 

111.3) 
102.5 (92.9 to 

111.1) 
104.9 (92.7 

to 112.2) 
99.6 (86.6 to 

111.3) 
102.3 (89.2 

to 112.2) 
99.8 (90.7 to 

105.5) 
100.3 (87.5 to 

115.8) 

100.3 
(87.5 to 

108.1) 

KCO 
predicted 

<80% 

No 20 (95.2) 28 (84.8) 48 (88.9) 59 (92.2) 67 (93.1) 126 (92.6) 33 (91.7) 32 (97.0) 65 (94.2) 

Yes ≤5 (-) ≤5 (-) 6 (11.1) ≤5 (-) ≤5 (-) 10 (7.4) ≤5 (-) ≤5 (-) ≤5 (-) 

 

 



Figure S6: Discharge date of study participants stratified by the period between discharge and research visit 

 

  



Sensitivity analyses: PSQ breathlessness at the research visit as a linear outcome 

We ran a linear regression model using a complete case analysis for PSQ breathlessness score at the research visit 

modelled as a linear outcome (0-10). Consistent with results from the primary outcome, the most deprived quintiles, 

female sex and admission duration were associated with PSQ breathlessness at the research visit, though not pre-

existing anxiety/depression. Participants aged 60 years or older, but not individuals of Black ethnicity were less 

likely to report breathlessness than the reference group. The number of co-morbidities and PSQ breathlessness 

before admission were also associated with breathlessness at the research visit when modelled as a linear outcome. 

Table S7 Linear regression model using breathlessness at research visit (PSQ) as the dependent variable  

Dependent: Breathlessness  value Coefficient (univariable) Coefficient (multivariable) 

Sex at birth Male 2.4 (2.8) - - 

Female 3.2 (3.0) 0.81 (0.47 to 1.14, p<0.001) 0.52 (0.17 to 0.86, p=0.003) 

Age at admission (years) 50-59 3.1 (3.0) - - 

<30 2.6 (2.9) -0.52 (-1.69 to 0.65, p=0.384) -0.37 (-1.52 to 0.79, p=0.534) 

30-39 2.2 (2.6) -0.78 (-1.49 to -0.08, p=0.030) -0.59 (-1.29 to 0.10, p=0.095) 

40-49 2.6 (2.8) -0.61 (-1.12 to -0.10, p=0.019) -0.35 (-0.86 to 0.16, p=0.178) 

60-69 2.8 (2.9) -0.31 (-0.73 to 0.12, p=0.157) -0.73 (-1.16 to -0.29, p=0.001) 

70-79 2.3 (2.7) -0.83 (-1.36 to -0.30, p=0.002) -1.23 (-1.79 to -0.68, p<0.001) 

80+ 2.3 (3.0) -0.61 (-1.56 to 0.33, p=0.205) -1.10 (-2.07 to -0.13, p=0.027) 

Index of Multiple Deprivation 5 - least deprived 2.2 (2.5) - - 

4 2.3 (2.7) 0.15 (-0.39 to 0.68, p=0.588) 0.40 (-0.13 to 0.93, p=0.142) 

3 2.8 (2.9) 0.52 (-0.01 to 1.04, p=0.055) 0.52 (-0.00 to 1.04, p=0.051) 

2 2.8 (2.9) 0.68 (0.18 to 1.19, p=0.008) 0.66 (0.15 to 1.17, p=0.011) 

1 - most deprived 3.3 (3.1) 1.20 (0.69 to 1.71, p<0.001) 1.15 (0.63 to 1.67, p<0.001) 

Ethnicity White 2.8 (2.9) - - 

South Asian 2.5 (2.9) -0.40 (-0.90 to 0.09, p=0.111) -0.01 (-0.55 to 0.53, p=0.962) 

Black 2.5 (3.2) -0.34 (-0.96 to 0.28, p=0.287) -0.44 (-1.07 to 0.19, p=0.172) 

Mixed 2.4 (2.9) -0.15 (-1.16 to 0.85, p=0.763) -0.13 (-1.14 to 0.88, p=0.804) 

Other 2.5 (2.7) -0.44 (-1.25 to 0.37, p=0.288) -0.29 (-1.12 to 0.54, p=0.498) 

BMI [16.5,77.8] 2.7 (2.9) 0.06 (0.04 to 0.08, p<0.001) 0.11 (-0.02 to 0.24, p=0.091) 

Number of comorbidities [0.0,17.0] 2.7 (2.9) 0.33 (0.25 to 0.40, p<0.001) 0.13 (0.02 to 0.23, p=0.017) 

Pre-existing depression or 

anxiety 

No 2.5 (2.8) - - 

Yes 3.9 (2.9) 1.51 (1.07 to 1.94, p<0.001) 0.52 (-0.01 to 1.05, p=0.055) 

Pre-existing respiratory 
condition 

No 2.4 (2.8) - - 

Yes 3.6 (3.0) 1.13 (0.77 to 1.49, p<0.001) 0.22 (-0.19 to 0.63, p=0.293) 

Smoking Never 2.5 (2.8) - - 

Ex-smoker 3.0 (3.0) 0.54 (0.21 to 0.87, p=0.001) 0.28 (-0.06 to 0.62, p=0.111) 

Current smoker 3.5 (3.0) 0.96 (-0.39 to 2.32, p=0.162) 0.09 (-1.32 to 1.50, p=0.902) 

Breathlessness before admission 
(PSQ) 

[0.0,10.0] 2.7 (2.9) 0.47 (0.39 to 0.54, p<0.001) 0.40 (0.31 to 0.50, p<0.001) 

Admission duration (days) [0.0,171.0] 2.7 (2.9) 0.02 (0.01 to 0.02, p<0.001) 0.01 (0.00 to 0.03, p=0.006) 

WHO clinical progression scale WHO – class 3-4 2.8 (2.9) - - 

WHO – class 5 2.5 (2.8) -0.17 (-0.63 to 0.29, p=0.473) -0.17 (-0.65 to 0.30, p=0.477) 

WHO – class 6 2.6 (2.8) -0.19 (-0.71 to 0.33, p=0.479) -0.33 (-0.88 to 0.21, p=0.229) 

WHO – class 7-9 3.1 (3.0) 0.29 (-0.23 to 0.80, p=0.277) 0.20 (-0.45 to 0.85, p=0.549) 

BMI = Body Mass Index. IV = Intravenous. World Health Organization (WHO) clinical progression scale: not requiring continuous 

supplemental oxygen (levels 3-4); continuous supplemental oxygen only (level 5); Continuous Positive Airway Pressure (CPAP) ventilation, 

Bi-Level Positive Airway Pressure or High Flow Nasal Oxygen (HFNO) (level 6); Invasive Mechanical Ventilation (IMV), Extra-Corporeal 

Membrane Oxygenation (ECMO) and acute Renal Replacement Therapy (RRT) (levels 7-9). 

  



Sensitivity analyses: PSQ breathlessness at the research visit as a binary outcome  

As a second sensitivity analysis, the PSQ breathlessness score reported at the research visit was categorised into a 

binary variable (taking a PSQ of less than 3 as ―not breathless‖ and a PSQ of greater or equal to 3 as a ―breathless‖) 

and used as the outcome variable for a multivariable logistic regression using a complete case analysis. For 

consistency, we used the same explanatory variables as selected for the primary outcome, though we accounted for 

other characteristics likely to influence breathlessness, smoking status, and breathlessness prior to COVID-19 

recorded by the PSQ. Patient characteristics stratified by PSQ breathlessness at the research visit are available in 

Table S8-Table S10. Results of the Multivariable logistic regression with breathlessness at the research visit as the 

dependent variable are displayed in Table S11. 

 

Table S8 Patient characteristics stratified by breathlessness at the research visit (PSQ) 

 Total N Levels Not breathless Breathless Total 

Total N (%)   675 (55.1) 551 (44.9) 1226 

Age at admission 

(years) 

1213 (98.9) <30 15 (2.2) 10 (1.8) 25 (2.0) 

 30-39 47 (7.0) 32 (5.8) 79 (6.4) 

 40-49 115 (17.0) 75 (13.6) 190 (15.5) 

 50-59 176 (26.1) 178 (32.3) 354 (28.9) 

 60-69 191 (28.3) 166 (30.1) 357 (29.1) 

 70-79 102 (15.1) 66 (12.0) 168 (13.7) 

 80+ 22 (3.3) 18 (3.3) 40 (3.3) 

 (Missing) 7 (1.0) 6 (1.1) 13 (1.1) 

Sex at birth 1226 (100.0) Male 459 (68.0) 309 (56.1) 768 (62.6) 

 Female 216 (32.0) 242 (43.9) 458 (37.4) 

Ethnicity 1203 (98.1) White 456 (67.6) 417 (75.7) 873 (71.2) 

 South Asian 95 (14.1) 58 (10.5) 153 (12.5) 

 Black 58 (8.6) 34 (6.2) 92 (7.5) 

 Mixed 19 (2.8) 14 (2.5) 33 (2.7) 

 Other 34 (5.0) 18 (3.3) 52 (4.2) 

 (Missing) 13 (1.9) 10 (1.8) 23 (1.9) 

Index of multiple 
deprivation 

1204 (98.2) 1 - most deprived 125 (18.5) 141 (25.6) 266 (21.7) 

 2 141 (20.9) 125 (22.7) 266 (21.7) 

 3 128 (19.0) 100 (18.1) 228 (18.6) 

 4 131 (19.4) 83 (15.1) 214 (17.5) 

 5 - least deprived 141 (20.9) 89 (16.2) 230 (18.8) 

 (Missing) 9 (1.3) 13 (2.4) 22 (1.8) 

BMI 1090 (88.9) Mean (SD) 30.9 (6.6) 33.3 (7.5) 32.0 (7.1) 

Smoking 1213 (98.9) Never 407 (60.3) 282 (51.2) 689 (56.2) 

 Ex-smoker 253 (37.5) 253 (45.9) 506 (41.3) 

 Current smoker 8 (1.2) 10 (1.8) 18 (1.5) 

Number of 

comorbidities 
1226 (100.0) Median (IQR) 1.0 (0.0 to 3.0) 2.0 (1.0 to 4.0) 2.0 (0.0 to 3.0) 

Pre-existing 

cardiovascular 
condition 

1226 (100.0) No 391 (57.9) 288 (52.3) 679 (55.4) 

 Yes 284 (42.1) 263 (47.7) 547 (44.6) 

Pre-existing 
respiratory 

condition 

1226 (100.0) No 534 (79.1) 359 (65.2) 893 (72.8) 

 Yes 141 (20.9) 192 (34.8) 333 (27.2) 

Depression or 

anxiety 

1207 (98.5) No 598 (88.6) 411 (74.6) 1009 (82.3) 

 Yes 67 (9.9) 131 (23.8) 198 (16.2) 

Breathlessness at the research visit was taken as a PSQ <3 as ―not breathless‖ and a PSQ of ≥ to 3 as ―breathless‖. BMI = Body Mass Index.  



Table S9 Patient characteristics available during hospital admission, stratified by breathlessness at the 

research visit (PSQ) 

 Total N Levels Not breathless Breathless Total 

Total N (%)   675 (55.1) 551 (44.9) 1226 

Admission duration 
(days) 

1225 (99.9) Median (IQR) 7.0 (4.0 to 14.0) 9.0 (4.0 to 21.0) 8.0 (4.0 to 17.0) 

WHO clinical 
progression scale 

1226 (100.0) WHO – class 3-4 126 (18.7) 97 (17.6) 223 (18.2) 

 WHO – class 5 271 (40.1) 206 (37.4) 477 (38.9) 

 WHO – class 6 144 (21.3) 112 (20.3) 256 (20.9) 

 WHO – class 7-9 134 (19.9) 136 (24.7) 270 (22.0) 

Proning during 
mechanical 

ventilation 

 

1102 (89.9) No 508 (75.3) 384 (69.7) 892 (72.8) 

 Yes 104 (15.4) 106 (19.2) 210 (17.1) 

 (Missing) 63 (9.3) 61 (11.1) 124 (10.1) 

Pulmonary 
Embolism 

1146 (93.5) No 569 (84.3) 456 (82.8) 1025 (83.6) 

 Yes 63 (9.3) 58 (10.5) 121 (9.9) 

 (Missing) 43 (6.4) 37 (6.7) 80 (6.5) 

Coronary 

thrombosis 

1140 (93.0) No 629 (93.2) 506 (91.8) 1135 (92.6) 

 Yes <5 (-) <5 (-) 5 (0.4) 

 (Missing) - (-) - (-) 86 (7.0) 

Antibiotic therapy 1187 (96.8) No 135 (20.0) 101 (18.3) 236 (19.2) 

 Yes 518 (76.7) 433 (78.6) 951 (77.6) 

 (Missing) 22 (3.3) 17 (3.1) 39 (3.2) 

Systemic steroids 

(Oral or IV) 

1144 (93.3) No 353 (52.3) 260 (47.2) 613 (50.0) 

 Yes 278 (41.2) 253 (45.9) 531 (43.3) 

 (Missing) 44 (6.5) 38 (6.9) 82 (6.7) 

Therapeutic dose 
anti-coagulation 

1010 (93.8) No 349 (58.1) 276 (58.0) 625 (58.0) 

 Yes 216 (35.9) 169 (35.5) 385 (35.7) 

 (Missing) 36 (6.0) 31 (6.5) 67 (6.2) 

Breathlessness at the research visit was taken as a PSQ <3 as ―not breathless‖ and a PSQ of ≥ to 3 as ―breathless‖. IV = Intravenous. World 

Health Organization (WHO) clinical progression scale: not requiring continuous supplemental oxygen (levels 3-4); continuous supplemental 

oxygen only (level 5); Continuous Positive Airway Pressure (CPAP) ventilation, Bi-Level Positive Airway Pressure or High Flow Nasal 
Oxygen (HFNO) (level 6); Invasive Mechanical Ventilation (IMV), Extra-Corporeal Membrane Oxygenation (ECMO) and acute Renal 

Replacement Therapy (RRT) (levels 7-9). Cell counts <5 and related sub-totals have been suppressed. 

  



Table S10 Patient characteristics available at the research visit, stratified by breathlessness at the research 

visit (PSQ) 

 Total N Levels Not breathless Breathless Total 

Total N (%)   675 (55.1) 551 (44.9) 1226 

Discharge to review 

period (months) 
1226 (100.0) Median (IQR) 4.8 (3.4 to 6.0) 4.5 (3.3 to 6.0) 4.7 (3.4 to 6.0) 

PHQ9 total score 1188 (96.9) Median (IQR) 3.0 (1.0 to 7.0) 9.0 (4.0 to 15.0) 5.0 (2.0 to 11.0) 

GAD7 total score 1187 (96.8) Median (IQR) 2.0 (0.0 to 6.0) 6.0 (1.0 to 12.0) 3.0 (0.0 to 8.0) 

PCL-5 Total 
Severity Score 

1184 (96.6) Median (IQR) 6.0 (2.0 to 14.0) 18.0 (7.0 to 35.0) 9.0 (3.0 to 23.0) 

CRP 800 (65.3) Median (IQR) 4.0 (1.1 to 5.0) 4.0 (2.0 to 5.7) 4.0 (1.8 to 5.0) 

BNP/NT-Pro-BNP 
ng/L >threshold 

642 (52.4) No 330 (48.9) 267 (48.5) 597 (48.7) 

 Yes 21 (3.1) 24 (4.4) 45 (3.7) 

 (Missing) 324 (48.0) 260 (47.2) 584 (47.6) 

Haemoglobin level 
All (g/dL) 

861 (70.2) Median (IQR) 14.4 (13.4 to 15.3) 13.9 (13.0 to 14.9) 14.2 (13.2 to 15.2) 

Haemoglobin level 
male (g/dL) 

537 (43.8) Median (IQR) 14.8 (13.9 to 15.6) 14.5 (13.6 to 15.5) 14.7 (13.8 to 15.5) 

Haemoglobin level 
female (g/dL) 

324 (26.4) Median (IQR) 13.5 (12.9 to 14.2) 13.3 (12.6 to 14.0) 13.4 (12.7 to 14.1) 

ISWT distance (m) 737 (60.1) Median (IQR) 
460.0 (300.0 to 

650.0) 
320.0 (200.0 to 

460.0) 
380.0 (257.5 to 

570.0) 

ISWT % predicted 658 (53.7) Median (IQR) 62.4 (45.4 to 84.5) 48.1 (30.8 to 67.8) 56.3 (37.9 to 75.9) 

Oxygen saturations 

post ISWT 
727 (59.3) Median (IQR) 96.0 (94.0 to 98.0) 96.0 (93.0 to 98.0) 96.0 (94.0 to 98.0) 

Borg leg fatigue 
score post ISWT 

722 (58.9) Median (IQR) 2.0 (0.5 to 3.0) 3.0 (2.0 to 5.0) 3.0 (1.0 to 4.0) 

FEV1 (L) 748 (61.0) Median (IQR) 2.9 (2.5 to 3.4) 2.5 (2.0 to 3.2) 2.8 (2.2 to 3.3) 

FEV1 % predicted 683 (55.7) Median (IQR) 95.1 (85.3 to 106.8) 87.2 (74.9 to 99.3) 91.7 (79.7 to 103.7) 

FEV1 < LLN 683 (55.7) No 321 (88.4) 237 (74.1) 558 (81.7) 

 Yes 42 (11.6) 83 (25.9) 125 (18.3) 

FVC (L) 746 (60.8) Median (IQR) 3.6 (3.0 to 4.4) 3.1 (2.5 to 3.9) 3.5 (2.8 to 4.2) 

FVC % predicted 681 (55.5) Median (IQR) 94.0 (83.4 to 105.7) 84.8 (73.1 to 97.3) 90.0 (78.2 to 102.4) 

FVC < LLN 
681 (55.5) No 316 (87.5) 220 (68.8) 536 (78.7) 

 Yes 45 (12.5) 100 (31.2) 145 (21.3) 

FEV1/FVC 
expressed as a % 

736 (60.0) Median (IQR) 80.0 (75.7 to 84.8) 81.0 (76.4 to 85.9) 80.6 (76.0 to 85.5) 

FEV1/FVC < LLN 673 (54.9) No 341 (95.5) 296 (93.7) 637 (94.7) 

 Yes 16 (4.5) 20 (6.3) 36 (5.3) 

TLCO 272 (22.2) Median (IQR) 7.7 (6.6 to 8.9) 6.5 (5.5 to 8.1) 7.3 (6.1 to 8.4) 

TLCO % predicted 252 (20.6) Median (IQR) 93.5 (80.0 to 105.0) 88.1 (74.0 to 100.4) 90.7 (76.8 to 103.2) 

TLCO predicted 
<80% 

252 (20.6) No 101 (74.8) 75 (64.1) 176 (69.8) 

 Yes 34 (25.2) 42 (35.9) 76 (30.2) 



 Total N Levels Not breathless Breathless Total 

KCO 276 (22.5) Median (IQR) 1.5 (1.3 to 1.6) 1.5 (1.2 to 1.7) 1.5 (1.3 to 1.6) 

KCO % predicted 
259 (21.1) Median (IQR) 

103.0 (91.9 to 
108.9) 

100.2 (86.8 to 
112.6) 

101.8 (89.2 to 
110.1) 

KCO predicted 
<80% 

259 (21.1) No 124 (91.9) 115 (92.7) 239 (92.3) 

 Yes 11 (8.1) 9 (7.3) 20 (7.7) 

Breathlessness at the research visit was taken as a PSQ <3 as ―not breathless‖ and a PSQ of ≥ to 3 as a ―breathless‖. PHQ-9  = Patient 

Health Questionnaire-9, GAD-7 = General Anxiety Disorder-7, PCL-5 = Posttraumatic Stress Disorder Checklist for DSM-5, CRP = C-
reactive Protein, BNP = Brain Natriuretic Peptide, NT-Pro-BNP = N-terminal-pro hormone BNP, ISWT = Incremental Shuttle Walk Test, 

FEV1 = Forced Expiratory Volume in 1 second, LLN = Lower Limit of Normal, FVC = Forced Vital Capacity, TLCO = Transfer 

Capacity of the lung, KCO = Carbon monoxide transfer coefficient, PSQ = Patient Symptom Questionnaire. 

  



Table S11 Multivariable logistic regression with breathlessness at research visit (PSQ) as the dependent 

variable 

Consistent with results from the primary outcome, the most deprived quintile, female sex, pre-existing 

depression/anxiety, and admission duration were associated with PSQ breathlessness at the research visit. 

Individuals of Black ethnicity and participants aged 60 years or older were less likely to report breathlessness than 

the reference group. PSQ breathlessness before admission was also associated with PSQ breathlessness at the 

research visit. 

Dependent: Breathlessness at 

research visit (PSQ) 
Not breathless Breathless OR (univariable) OR (multivariable) 

Sex at birth Male 459 (59.8) 309 (40.2) - - 

Female 216 (47.2) 242 (52.8) 1.66 (1.32-2.10, p<0.001) 1.37 (1.03-1.83, p=0.032) 

Age at admission 

(years) 

50-59 176 (49.7) 178 (50.3) - - 

<30 15 (60.0) 10 (40.0) 0.66 (0.28-1.49, p=0.323) 0.71 (0.25-1.94, p=0.516) 

30-39 47 (59.5) 32 (40.5) 0.67 (0.41-1.10, p=0.117) 0.72 (0.40-1.28, p=0.273) 

40-49 115 (60.5) 75 (39.5) 0.64 (0.45-0.92, p=0.016) 0.81 (0.53-1.24, p=0.335) 

60-69 191 (53.5) 166 (46.5) 0.86 (0.64-1.15, p=0.313) 0.68 (0.47-0.97, p=0.035) 

70-79 102 (60.7) 66 (39.3) 0.64 (0.44-0.93, p=0.019) 0.51 (0.31-0.81, p=0.005) 

80+ 22 (55.0) 18 (45.0) 0.81 (0.42-1.56, p=0.527) 0.67 (0.29-1.53, p=0.343) 

Index of Multiple 

Deprivation 

5 - least deprived 141 (61.3) 89 (38.7) - - 

4 131 (61.2) 83 (38.8) 1.00 (0.68-1.47, p=0.985) 1.27 (0.81-1.99, p=0.302) 

3 128 (56.1) 100 (43.9) 1.24 (0.85-1.80, p=0.262) 1.30 (0.84-2.03, p=0.241) 

2 141 (53.0) 125 (47.0) 1.40 (0.98-2.01, p=0.063) 1.52 (0.99-2.36, p=0.056) 

1 - most deprived 125 (47.0) 141 (53.0) 1.79 (1.25-2.56, p=0.001) 1.95 (1.26-3.04, p=0.003) 

Ethnicity White 456 (52.2) 417 (47.8) - - 

South Asian 95 (62.1) 58 (37.9) 0.67 (0.47-0.95, p=0.025) 0.87 (0.55-1.37, p=0.560) 

Black 58 (63.0) 34 (37.0) 0.64 (0.41-0.99, p=0.049) 0.58 (0.34-0.99, p=0.049) 

Mixed 19 (57.6) 14 (42.4) 0.81 (0.39-1.62, p=0.547) 0.76 (0.31-1.79, p=0.536) 

Other 34 (65.4) 18 (34.6) 0.58 (0.32-1.03, p=0.068) 0.54 (0.25-1.10, p=0.096) 

BMI Mean (SD) 30.9 (6.6) 33.3 (7.5) 1.05 (1.03-1.07, p<0.001) 1.12 (1.00-1.26, p=0.052) 

Number of 
comorbidities 

Mean (SD) 1.7 (1.8) 2.6 (2.4) 1.24 (1.16-1.32, p<0.001) 1.05 (0.96-1.16, p=0.285) 

Pre-existing 
depression or 

anxiety 

No 598 (59.3) 411 (40.7) - - 

Yes 67 (33.8) 131 (66.2) 2.84 (2.07-3.94, p<0.001) 1.72 (1.10-2.71, p=0.019) 

Pre-existing 

respiratory 

condition 

No 534 (59.8) 359 (40.2) - - 

Yes 141 (42.3) 192 (57.7) 2.03 (1.57-2.62, p<0.001) 1.19 (0.85-1.68, p=0.307) 

Smoking Never 407 (59.1) 282 (40.9) - - 

Ex-smoker 253 (50.0) 253 (50.0) 1.44 (1.15-1.82, p=0.002) 1.21 (0.91-1.61, p=0.198) 

Current smoker 8 (44.4) 10 (55.6) 1.80 (0.70-4.78, p=0.220) 1.17 (0.36-3.94, p=0.795) 

Breathlessness 

before admission 
(PSQ) 

Mean (SD) 0.6 (1.5) 1.8 (2.4) 1.37 (1.28-1.47, p<0.001) 1.33 (1.22-1.45, p<0.001) 

Admission 
duration (days) 

Mean (SD) 13.5 (18.1) 17.3 (21.8) 1.01 (1.00-1.02, p=0.001) 1.01 (1.00-1.02, p=0.024) 

WHO clinical 
progression scale 

WHO – class 3-4 126 (56.5) 97 (43.5) - - 

WHO – class 5 271 (56.8) 206 (43.2) 0.99 (0.72-1.36, p=0.938) 0.86 (0.58-1.30, p=0.478) 

WHO – class 6 144 (56.2) 112 (43.8) 1.01 (0.70-1.45, p=0.956) 0.88 (0.55-1.39, p=0.570) 

WHO – class 7-9 134 (49.6) 136 (50.4) 1.32 (0.92-1.88, p=0.128) 1.18 (0.68-2.03, p=0.553) 



Dependent: Breathlessness at 

research visit (PSQ) 
Not breathless Breathless OR (univariable) OR (multivariable) 

BMI = Body Mass Index. PSQ = Patient Symptom Questionnaire. World Health Organization (WHO) clinical progression scale: not requiring 
continuous supplemental oxygen (levels 3-4); continuous supplemental oxygen only (level 5); Continuous Positive Airway Pressure (CPAP) 

ventilation, Bi-Level Positive Airway Pressure or High Flow Nasal Oxygen (HFNO) (level 6); Invasive Mechanical Ventilation (IMV), Extra-

Corporeal Membrane Oxygenation (ECMO) and acute Renal Replacement Therapy (RRT) (levels 7-9). The logistic regression model was also 
adjusted for BMI2. Breathlessness at the research visit was taken as a PSQ <3 as ―not breathless‖ and a PSQ of ≥ to 3 as ―breathless‖.  

 

  



Sensitivity analyses: PSQ breathlessness at the research visit assessed in a multinomial model  

As a further sensitivity analysis, we repeated the multinomial modelling using the PSQ breathlessness score reported 

at the research visit as the outcome (taking a PSQ of less than 3 as ―not breathless‖; a PSQ 3 – 6 as ―mildly 

breathless‖ and a PSQ of greater or equal to 7 as a ―severely breathless‖) as a complete case analysis.  

 

The most deprived quintiles, female sex, and admission duration were associated with severe breathlessness at the 

research visit, in addition to number of co-morbidities. Pre-existing depression/anxiety and pre-existing respiratory 

condition were associated with mild but not severe breathlessness. Individuals of Black ethnicity were less likely to 

report mild breathlessness. Participants aged 60 to 79 years were less likely to report severe breathlessness than the 

reference group.  

 

Table S12 Multinomial logistic regression for PSQ breathlessness at the research visit 

Dependent: Breathlessness at follow-up visit 
OR (95% CI) 

Mildly breathless Severely breathless 

Sex at birth Male 1.00 1.00 

Female 1.23 (0.90-1.67) 1.81 (1.21-2.71) 

Age at admission (years) 50-59 1.00 1.00 

<30 0.68 (0.22-2.10) 0.84 (0.23-3.12) 

30-39 0.94 (0.51-1.72) 0.28 (0.10-0.78) 

40-49 0.88 (0.55-1.40) 0.55 (0.30-1.01) 

60-69 0.99 (0.68-1.46) 0.53 (0.32-0.88) 

70-79 0.82 (0.50-1.35) 0.22 (0.10-0.47) 

80+ 1.04 (0.44-2.44) 0.52 (0.17-1.61) 

Index of Multiple 

Deprivation 
5 - least deprived 1.00 1.00 

4 1.14 (0.71-1.80) 1.51 (0.69-3.31) 

3 1.07 (0.67-1.70) 2.52 (1.23-5.18) 

2 1.26 (0.81-1.97) 3.02 (1.49-6.12) 

1 - most deprived 1.39 (0.87-2.21) 4.82 (2.42-9.60) 

Ethnicity White 1.00 1.00 

South Asian 0.78 (0.48-1.26) 0.77 (0.40-1.51) 

Black 0.42 (0.22-0.81) 0.89 (0.45-1.75) 

Mixed 0.67 (0.25-1.81) 1.01 (0.33-3.07) 

Other 0.47 (0.21-1.08) 0.98 (0.38-2.51) 

BMI (kg/m2) - 1.03 (1.01-1.06) 1.01 (0.98-1.04) 

Number of comorbidities - 1.09 (0.99-1.20) 1.26 (1.12-1.42) 

Pre-existing respiratory 

condition 
No 1.00 1.00 

Yes 1.54 (1.09-2.19) 1.54 (0.98-2.44) 

Pre-existing depression 
or anxiety 

No 1.00 1.00 

Yes 1.76 (1.10-2.81) 1.14 (0.62-2.09) 

Admission duration 
(days) 

- 1.00 (0.99-1.01) 1.02 (1.00-1.03) 

WHO clinical 
progression scale 

WHO – class 3-4 1.00 1.00 

WHO – class 5 0.87 (0.57-1.34) 0.89 (0.50-1.59) 

WHO – class 6 1.08 (0.67-1.75) 0.47 (0.23-0.98) 

WHO – class 7-9 1.18 (0.65-2.13) 1.06 (0.50-2.25) 

The reference group (not shown) was the Not breathless group (n=675). Mildly breathless (n=364), 
Severely breathless (n=187) 

 

  



Sensitivity analyses: Dyspnoea 12 score at the research visit as a linear outcome 

Figure S7 demonstrates the relationship between breathlessness reported at the research visit as recorded using the 

PSQ and Dyspnoea-12 scores.  

 

Figure S7 Relationship of PSQ breathlessness and Dyspnoea 12 score collected at the research visit 

 

  



Table S13 Linear regression model - Dyspnoea 12 at the research visit 

When breathlessness at the research visit, as recorded by Dyspnoea-12, was used as the dependent variable in a 

linear regression (Table S11), the most deprived quintile, female sex, admission duration, pre-existing respiratory 

condition, depression/anxiety and breathlessness prior to COVID-19 were significantly associated with a higher 

Dyspnoea-12 score. Participants 60 years or older were less likely to report breathlessness compared to the reference 

group. 

Dependent: Dyspnoea-12 score  Value Coefficient (univariable) Coefficient (multivariable) 

Sex at birth Male 5.5 (7.9) 5.5 (7.9) - 

Female 7.7 (8.9) 7.7 (8.9) 2.26 (1.27 to 3.25, p<0.001) 

Age at admission (years) 50-59 7.5 (9.2) - - 

<30 6.0 (6.6) -1.50 (-4.93 to 1.92, p=0.390) -3.41 (-6.84 to 0.03, p=0.052) 

30-39 5.2 (7.5) -2.25 (-4.36 to -0.15, p=0.036) -2.59 (-4.70 to -0.49, p=0.016) 

40-49 5.6 (7.7) -1.95 (-3.46 to -0.45, p=0.011) -1.56 (-3.09 to -0.03, p=0.046) 

60-69 6.0 (7.9) -1.49 (-2.74 to -0.24, p=0.020) -2.14 (-3.43 to -0.85, p=0.001) 

70-79 5.5 (8.4) -1.98 (-3.52 to -0.43, p=0.012) -2.94 (-4.58 to -1.30, p<0.001) 

80+ 4.8 (7.4) -2.69 (-5.46 to 0.09, p=0.058) -4.09 (-7.00 to -1.18, p=0.006) 

Index of Multiple Deprivation 5 - least deprived 4.9 (6.7) - - 

4 4.6 (6.3) -0.34 (-1.89 to 1.20, p=0.664) 0.18 (-1.40 to 1.75, p=0.825) 

3 6.5 (8.7) 1.62 (0.09 to 3.15, p=0.038) 1.32 (-0.24 to 2.87, p=0.097) 

2 6.4 (8.5) 1.50 (0.02 to 2.98, p=0.048) 1.13 (-0.40 to 2.66, p=0.148) 

1 - most deprived 8.1 (9.8) 3.23 (1.75 to 4.71, p<0.001) 3.13 (1.58 to 4.68, p<0.001) 

Ethnicity White 6.3 (8.2) - - 

South Asian 5.9 (8.7) -0.46 (-1.93 to 1.01, p=0.540) 0.38 (-1.21 to 1.98, p=0.637) 

Black 7.5 (10.0) 1.15 (-0.74 to 3.03, p=0.233) 1.10 (-0.83 to 3.03, p=0.265) 

Mixed 4.8 (7.6) -1.56 (-4.56 to 1.43, p=0.306) -1.17 (-4.22 to 1.88, p=0.451) 

Other 4.8 (7.2) -1.55 (-4.03 to 0.93, p=0.219) -0.51 (-3.11 to 2.09, p=0.700) 

BMI [16.5,77.8] 6.2 (8.3) 0.17 (0.09 to 0.24, p<0.001) 0.26 (-0.14 to 0.65, p=0.201) 

Number of comorbidities [0.0,17.0] 6.2 (8.3) 0.87 (0.64 to 1.11, p<0.001) 0.11 (-0.22 to 0.43, p=0.525) 

Pre-existing depression or 

anxiety 

No 5.7 (8.0) - - 

Yes 9.7 (9.8) 4.06 (2.75 to 5.37, p<0.001) 2.05 (0.44 to 3.65, p=0.013) 

Pre-existing respiratory condition No 5.0 (7.3) - - 

Yes 9.7 (10.0) 4.70 (3.65 to 5.75, p<0.001) 2.46 (1.24 to 3.68, p<0.001) 

Smoking Never 5.9 (8.2) - - 

Ex-smoker 6.7 (8.4) 0.82 (-0.16 to 1.80, p=0.101) 0.34 (-0.68 to 1.36, p=0.513) 

Current smoker 10.4 (10.2) 4.58 (0.45 to 8.71, p=0.030) 3.69 (-0.73 to 8.12, p=0.102) 

Breathlessness before admission 

(PSQ) 

[0.0,10.0] 6.3 (8.4) 1.25 (1.02 to 1.47, p<0.001) 0.88 (0.60 to 1.15, p<0.001) 

Admission duration (days) [0.0,171.0] 6.3 (8.4) 0.02 (-0.00 to 0.05, p=0.081) 0.03 (0.00 to 0.06, p=0.034) 

WHO clinical progression scale WHO – class 3-4 6.8 (8.3) - - 

WHO – class 5 6.0 (8.2) -0.80 (-2.17 to 0.57, p=0.250) -0.95 (-2.36 to 0.46, p=0.185) 

WHO – class 6 6.4 (8.6) -0.37 (-1.91 to 1.18, p=0.642) -0.57 (-2.19 to 1.05, p=0.488) 

WHO – class 7-9 6.2 (8.4) -0.61 (-2.13 to 0.92, p=0.436) -1.06 (-2.99 to 0.87, p=0.280) 

BMI = Body Mass Index. PSQ = Patient Symptom Questionnaire. World Health Organization (WHO) clinical progression scale: not requiring 
continuous supplemental oxygen (levels 3-4); continuous supplemental oxygen only (level 5); Continuous Positive Airway Pressure (CPAP) 

ventilation, Bi-Level Positive Airway Pressure or High Flow Nasal Oxygen (HFNO) (level 6); Invasive Mechanical Ventilation (IMV), Extra-

Corporeal Membrane Oxygenation (ECMO) and acute Renal Replacement Therapy (RRT) (levels 7-9). The linear regression model was also 
adjusted for BMI2. 

 

 

 



Reporting guidelines 

The manuscript was guided by the Strengthening the Reporting of Observational Studies in Epidemiology checklist 

(Table S3)
 
[2] and the Transparent reporting of a multivariable prediction model for individual prognosis or 

diagnosis  (Table S4)
 
[3]. 

Table S14 STROBE Statement—Checklist of items that should be included in reports of cohort studies
 
[2] 

 
Item. Recommendation Page No. 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract Title page 

(b) Provide in the abstract an informative and balanced summary  Page 1 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported Page 2 

Objectives 3 State specific objectives, including any prespecified hypotheses Page 2 

Methods  

Study design 4 Present key elements of study design early in the paper Page 2 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, 

follow-up, and data collection 

Page 2-3 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. 

Describe methods of follow-up 

Page 2 

(b) For matched studies, give matching criteria and number of exposed and unexposed - 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Page 3 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if more than one group 

Page 3 

Bias 9 Describe any efforts to address potential sources of bias Page 8-9 

Study size 10 Explain how the study size was arrived at Page 2-3 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 
groupings were chosen and why 

Page 3-4 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding Page 3-4 

(b) Describe any methods used to examine subgroups and interactions Page 4 

(c) Explain how missing data were addressed Page 4 

(d) If applicable, explain how loss to follow-up was addressed - 

(e) Describe any sensitivity analyses Page 3 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—e.g. numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and 

analysed 

Page 4-5 

(b) Give reasons for non-participation at each stage Page 2,4 

(c) Consider use of a flow diagram Figure 1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information 

on exposures and potential confounders 

Page 5; 

Table 1-3 

(b) Indicate number of participants with missing data for each variable of interest Page 4-5; 
Table 1-3 

(c) Summarise follow-up time (e.g., average and total amount) Page 4 

Outcome data 15* Report numbers of outcome events or summary measures over time Page 5 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and 
why they were included 

Page 5-6; 

Table 4 

(b) Report category boundaries when continuous variables were categorized Page 5, 

Table 1 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful 
time period 

- 

Other analyses 17 Report other analyses done—analyses of subgroups and interactions, and sensitivity analyses Page 5-6 

Discussion  

Key results 18 Summarise key results with reference to study objectives Page 7 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias 

Page 8-9 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

Page 7-8 

Generalisability 21 Discuss the generalisability (external validity) of the study results Page 8 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, 

for the original study on which the present article is based 

Page 10 



Table S15 TRIPOD reporting guidelines checklist [3] 

Domain  Reporting Item Page 

Number 

Title    

 1 Identify the study as developing and / or validating a multivariable prediction model, the target 

population, and the outcome to be predicted. 

Title 

Abstract    

 2 Provide a summary of objectives, study design, setting, participants, sample size, predictors, 

outcome, statistical analysis, results, and conclusions. 

Page 1 

Introduction    

 3a Explain the medical context (including whether diagnostic or prognostic) and rationale for 
developing or validating the multivariable prediction model, including references to existing 

models. 

Page 2 

 3b Specify the objectives, including whether the study describes the development or validation of 

the model or both. 

Page 2 

Methods    

Source of data 4a Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), 

separately for the development and validation data sets, if applicable. 

Page 2-3 

Source of data 4b Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of 
follow-up. 

Page 2-3 

Participants 5a Specify key elements of the study setting (e.g., primary care, secondary care, general population) 

including number and location of centres. 

Page 2-3 

Participants 5b Describe eligibility criteria for participants. Page 2-3 

Participants 5c Give details of treatments received, if relevant Page 2-3 

Outcome 6a Clearly define the outcome that is predicted by the prediction model, including how and when 

assessed. 

Page 4 

Outcome 6b Report any actions to blind assessment of the outcome to be predicted. - 

Predictors 7a Clearly define all predictors used in developing or validating the multivariable prediction model, 

including how and when they were measured 

Page 4 

Predictors 7b Report any actions to blind assessment of predictors for the outcome and other predictors. - 

Sample size 8 Explain how the study size was arrived at. Page 2-3 

Missing data 9 Describe how missing data were handled (e.g., complete-case analysis, single imputation, 

multiple imputation) with details of any imputation method. 

Page 4 

Statistical analysis 
methods 

10a If you are developing a prediction model describe how predictors were handled in the analyses. Page 4 

Statistical analysis 

methods 

10b If you are developing a prediction model, specify type of model, all model-building procedures 

(including any predictor selection), and method for internal validation. 

Page 4 

Statistical analysis 
methods 

10c If you are validating a prediction model, describe how the predictions were calculated. - 

Statistical analysis 

methods 

10d Specify all measures used to assess model performance and, if relevant, to compare multiple 

models. 

Page 4 

Statistical analysis 
methods 

10e If you are validating a prediction model, describe any model updating (e.g., recalibration) arising 
from the validation, if done 

- 

Risk groups 11 Provide details on how risk groups were created, if done. - 

Development vs. 

validation 

12 For validation, identify any differences from the development data in setting, eligibility criteria, 

outcome, and predictors. 

- 

Results    

Participants 13a Describe the flow of participants through the study, including the number of participants with 

and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be 

helpful. 

Page 4-5 

Figure 1 

Participants 13b Describe the characteristics of the participants (basic demographics, clinical features, available 

predictors), including the number of participants with missing data for predictors and outcome. 

Page 4-5 

Table 1-3 

Participants 13c For validation, show a comparison with the development data of the distribution of important 
variables (demographics, predictors and outcome). 

- 

Model development 14a If developing a model, specify the number of participants and outcome events in each analysis. Page 4, 

Table 4 

Model development 14b If developing a model, report the unadjusted association, if calculated between each candidate 
predictor and outcome. 

Table 4 

Model specification 15a If developing a model, present the full prediction model to allow predictions for individuals (i.e., 

all regression coefficients, and model intercept or baseline survival at a given time point). 

Table 4, 

Equation E1 

Model specification 15b If developing a prediction model, explain how to the use it. Equation S1 

Model performance 16 Report performance measures (with CIs) for the prediction model. Page 6 

Model-updating 17 If validating a model, report the results from any model updating, if done (i.e., model 

specification, model performance). 

- 



Discussion    

Limitations 18 Discuss any limitations of the study (such as non-representative sample, few events per 

predictor, missing data). 

Page 8-9 

Interpretation 19a For validation, discuss the results with reference to performance in the development data, and 

any other validation data 

- 

Interpretation 19b Give an overall interpretation of the results, considering objectives, limitations, results from 

similar studies, and other relevant evidence. 

Page 7-8 

Implications 20 Discuss the potential clinical use of the model and implications for future research - 

Other information    

Supplementary 

information 

21 Provide information about the availability of supplementary resources, such as study protocol, 

Web calculator, and data sets. 

Page 10-12 

Funding 22 Give the source of funding and the role of the funders for the present study. Page 10 
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