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Figure 1. VO2 during an 
incremental cycle exercise test 
(A), and heart rate (B), ventilation 
(C), tidal volume (D), breathing 
frequency (E), inspiratory capacity 
(F), inspiratory reserve volume 
(G), breathlessness intensity (H) 
and leg discomfort (I) for a given 
VO2 %predicted in hospitalized 
and non-hospitalized COVID-19 
patients three to four months 
after SARS-CoV-2 infection. Data 
presented at rest, iso-work rate 
(highest equivalent work rate 
completed by all patients within 
each group) and peak exercise. 
Values are mean+SEM. TLC, total 
lung capacity; VO2, oxygen 
consumption.
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Table 1. Demographics, baseline characteristics, admission details and symptoms in hospitalized and non-hospitalized COVID-19 

patients. 
Values are No. (%) or mean±SD.

Hospitalized (n=25) Non-hospitalized (n=38)

Age, years 59.1±13.5 42.4±12.9

Sex (%Male) 64.0 52.6

BMI, Kg/m2 30.07±7.50 28.17±5.62

Black, Asian and minority ethnic groups, n (%) 9 (36) 7 (18.4)

Cigarette smoking, n (%)

     Never smoker 17 (68.0) 28 (73.7)

     Active smoker 0 0

     Past smoker 8 (32.0) 10 (26.3)

Charlson comorbidity index 2.12±1.72 0.37±0.59

Comorbidities, n (%)

Obesity (BMI≥30) 8 (32.0) 13 (34.2)

Hypertension 10 (40.0) 4 (10.5)

Dyslipidemia 10 (40.0) 2 (5.3)

Diabetes 10 (40.0) 1 (2.6)

Asthma (self-reported) 9 (36.0) 9 (23.7)

Chronic obstructive pulmonary disease 0 1 (2.6)

Pulmonary fibrosis 1 (4.0) 0

Obstructive sleep apnea 5 (20.0) 0

Heart failure 1 (4.0) 1 (2.6)

Atrial fibrillation 3 (12.0) 3 (7.9)

Active cancer 5 (20.0) 0

COVID-19 illness

Symptom prevalence, n (%)

     Exertional breathlessness 19 (76.0) 31 (81.6)

      Mild to moderate 4 (16.0) 22 (57.9)

     Severe to very severe 15 (60.0) 9 (23.7)

     Fatigue 23 (92.0) 37 (97.4)

      Mild to moderate 7 (28.0) 13 (34.2)

     Severe to very severe 16 (64.0) 24 (63.2)

Length of hospital stay, days 17.12±17.20 --

Required ICU admission, n (%) 10 (40.0) --

Required oxygen, n (%) 21 (84.0) --

Completed rehabilitation program, n (%) 5 (20.0) 0

Days to assessment, mean ±SD (days)

Days since first positive COVID-19 test result 119.9±16.2 129.8±16.5

Days since discharge from hospital 102.3±8.4 --

Symptom persistence 3-months after COVID-19 illness, n 
(%)
Exertional breathlessness 17 (68.0) 21 (55.3)

     Much or somewhat better 15 (60.0) 17 (44.7)

     Same as during the acute phase of infection 1 (4.0) 2 (5.3)

     Worse or much worse than during the acute phase of 
infection

1 (4.0) 2 (5.3)

Fatigue 18 (72.0) 27 (71.1)

     Much or somewhat better 15 (60.0) 19 (50.0)

     Same as during the acute phase of infection 2 (8.0) 7 (18.4)

     Worse or much worse than during the acute phase of 
infection

1 (4.0) 1 (2.6)
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Table 2. Spirometry, lung volumes, diffusing lung capacity for carbon monoxide, transthoracic echocardiography and measurements at the peak 
of symptom-limited incremental cycle CPET in hospitalized and non-hospitalized COVID-19 patients three to four months after infection. 

Values are No. (%) or mean±SD. CPET, cardiopulmonary exercise test; DLCO, diffusing lung capacity for carbon monoxide; FVC, forced vital 
capacity, FEV1, forced-expiratory volume in 1-second; HR, heart rate; HRR, heart rate reserve; IC, inspiratory capacity; IRV, inspiratory reserve 
volume; LLN, lower limit of normal; LVEF, left ventricular ejection fraction; MVV, maximum voluntary ventilation; RV, residual volume; RQ, 
respiratory quotient; SPO2, oxygen saturation by pulse oximetry; TLC, total lung capacity; VA, alveolar volume; VCO2, carbon dioxide production; 
VE, minute ventilation; VO2, oxygen consumption. n=24, one patient was unable to perform DLCO. T n=24, one patient did not complete 
transthoracic echocardiography. *p<0.05, **p<0.01, ***p<0.001

Hospitalized (n=25) Non-hospitalized (n=38)
Spirometry
FEV1, %predicted 90.3±13.5 95.5±14.7
      FEV1 <LLN, n (%) 4 (16.0) 4 (10.5)
FVC, % predicted 88.6±14.5 100.7±14.3**
     FVC <LLN, n (%) 6 (24.0) 1 (2.6)*
FEV1/FVC, % 76.0±7.0 75.5±7.8
     FEV1/FVC < LLN, n (%) 1 (4.0) 6 (15.8)
Lung volumes
TLC, %predicted 84.7±14.5 95.7±12.1**
    TLC <LLN, n (%) 12 (48.0) 3 (7.9)***
RV, %predicted 76.5±21.6 79.7±17.7
    RV <LLN, n (%) 8 (32.0) 4 (10.5)
RV/TLC, %predicted 30.0±6.8 24.0±6.7***
    RV /TLC <LLN, n (%) 7 (28.0) 13 (34.2)
Diffusing capacity
DLCO, %predicted 69.1±14.9 81.5±15.1**
    DLCO < LLN, n (%) 17 (70.8) 12 (31.6)**
DLCO/VA, %predicted 90.7±14.3 96.8±17.0
    DLCO/VA <LLN, n (%) 2 (8.3) 4 (10.5)
Transthoracic echocardiography
LVEF, % 63.6±2.5T 62.7±3.7
     LVEF <55%, n (%) 0T 1 (2.6)
Measurements at the peak of symptom-limited incremental cycle CPET
Work rate, % predicted 80.2±24.8 99.2±26.1**
VO2, % predicted 64.3±19.2 83.5±17.9***
    VO2 %predicted <85%, n (%) 20 (80.0) 21 (55.2)*
VCO2, L/min 1.73±0.65 2.43±0.80***
RQ 1.24±0.11 1.24±0.09
    RQ <1.05, n (%) 1 (4.0) 1 (2.6)
HR, %predicted 86.1±15.0 97.0±9.0**
O2 pulse, %predicted 71.9±19.3 81.3±12.8*
HRR, % 65.4±24.6 87.9±18.8***
    HRR <0.8, n (%) 17 (68.0) 7 (18.4)***
SPO2, % 97.0±1.5 97.0±1.7
VE, %predicted MVV 51.0±13.1 57.8±12.2*
VE/VCO2, nadir 32.40±5.65 29.04±4.16**
IC, % predicted 80.6±17.9 92.4±15.9**
IRV, L 0.92±0.50 1.13±0.48
Symptoms, Borg scale 0-10
       Breathlessness Intensity 6.8±2.1 7.4±2.2
       Leg Discomfort 7.1±2.3 7.8±2.1
Reason for stopping, n (%)
       Breathing discomfort 3 (12.0) 12 (31.6)
       Leg discomfort 13 (52.0) 17 (44.7)
       Combination of breathing and 
legs

7 (28.0) 9 (23.7)
       Other
           Anxiety 1 (4.0) 0
           Knee pain 1 (4.0) 0
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