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Summary
Background With the ongoing COVID-19 pandemic, growing evidence shows that a considerable proportion of people 
who have recovered from COVID-19 have long-term effects on multiple organs and systems. A few longitudinal 
studies have reported on the persistent health effects of COVID-19, but the follow-up was limited to 1 year after acute 
infection. The aim of our study was to characterise the longitudinal evolution of health outcomes in hospital survivors 
with different initial disease severity throughout 2 years after acute COVID-19 infection and to determine their 
recovery status.

Methods We did an ambidirectional, longitudinal cohort study of individuals who had survived hospitalisation with 
COVID-19 and who had been discharged from Jin Yin-tan Hospital (Wuhan, China) between Jan 7 and May 29, 2020. 
We measured health outcomes 6 months (June 16–Sept 3, 2020), 12 months (Dec 16, 2020–Feb 7, 2021), and 2 years 
(Nov 16, 2021–Jan 10, 2022) after symptom onset with a 6-min walking distance (6MWD) test, laboratory tests, and a 
series of questionnaires on symptoms, mental health, health-related quality of life (HRQoL), return to work, and 
health-care use after discharge. A subset of COVID-19 survivors received pulmonary function tests and chest 
imaging at each visit. Age-matched, sex-matched, and comorbidities-matched participants without COVID-19 
infection (controls) were introduced to determine the recovery status of COVID-19 survivors at 2 years. The primary 
outcomes included symptoms, modified British Medical Research Council (mMRC) dyspnoea scale, HRQoL, 
6MWD, and return to work, and were assessed in all COVID-19 survivors who attended all three follow-up visits. 
Symptoms, mMRC dyspnoea scale, and HRQoL were also assessed in controls.

Findings 2469 patients with COVID-19 were discharged from Jin Yin-tan Hospital between Jan 7 and May 29, 2020. 
1192 COVID-19 survivors completed assessments at the three follow-up visits and were included in the final analysis, 
1119 (94%) of whom attended the face-to-face interview 2 years after infection. The median age at discharge was 
57·0 years (48·0–65·0) and 551 (46%) were women. The median follow-up time after symptom onset was 185·0 days 
(IQR 175·0–197·0) for the visit at 6 months, 349·0 days (337·0–360·0) for the visit at 12 months, and 685·0 days 
(675·0–698·0) for the visit at 2 years. The proportion of COVID-19 survivors with at least one sequelae symptom 
decreased significantly from 777 (68%) of 1149 at 6 months to 650 (55%) of 1190 at 2 years (p<0·0001), with fatigue 
or muscle weakness always being the most frequent. The proportion of COVID-19 survivors with an mMRC score of 
at least 1 was 168 (14%) of 1191 at 2 years, significantly lower than the 288 (26%) of 1104 at 6 months (p<0·0001). 
HRQoL continued to improve in almost all domains, especially in terms of anxiety or depression: the proportion of 
individuals with symptoms of anxiety or depression decreased from 256 (23%) of 1105 at 6 months to 
143 (12%) 1191 at 2 years (p<0·0001). The proportion of individuals with a 6MWD less than the lower limit of the 
normal range declined continuously in COVID-19 survivors overall and in the three subgroups of varying initial 
disease severity. 438 (89%) of 494 COVID-19 survivors had returned to their original work at 2 years. Survivors with 
long COVID symptoms at 2 years had lower HRQoL, worse exercise capacity, more mental health abnormality, and 
increased health-care use after discharge than survivors without long COVID symptoms. COVID-19 survivors still 
had more prevalent symptoms and more problems in pain or discomfort, as well as anxiety or depression, at 2 years 
than did controls. Additionally, a significantly higher proportion of survivors who had received higher-level 
respiratory support during hospitalisation had lung diffusion impairment (43 [65%] of 66 vs 24 [36%] of 66, 
p=0·0009), reduced residual volume (41 [62%] vs 13 [20%], p<0·0001), and total lung capacity (26 [39%] vs four [6%], 
p<0·0001) than did controls.

Interpretation Regardless of initial disease severity, COVID-19 survivors had longitudinal improvements in physical 
and mental health, with most returning to their original work within 2 years; however, the burden of symptomatic 
sequelae remained fairly high. COVID-19 survivors had a remarkably lower health status than the general population 
at 2 years. The study findings indicate that there is an urgent need to explore the pathogenesis of long COVID and 
develop effective interventions to reduce the risk of long COVID.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.
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Introduction
With the ongoing COVID-19 pandemic and the increasing 
number of patients recovered from the disease, growing 
evidence shows that a considerable proportion of those 
who have survived hospitalisation with COVID-19 have 
long-term effects on multiple organs and systems, 
a condition commonly termed long COVID or 
post-COVID-19 condition.1,2 Due to the high heterogeneity 
in previous follow-up studies of COVID-19 survivors, in 
terms of case definitions, assessment tools, duration of 
follow-up, and selection of the study population, the true 
prevalence of the emerging condition after acute infection 
is largely unclear. Given the huge number of individuals 
who have recovered from COVID-19 up to now, the 
sequelae after recovery from acute COVID-19 are 
undoubtedly a great health concern and might cause a big 
medical and socioeconomic burden. Several cohort 
studies have highlighted that the health effects of 
COVID-19 could persist up to 1 year after acute infection,3–12 
most of which had no control groups of individuals who 
had not contracted COVID-19 and focused only on 
symptomatic sequelae or respiratory outcomes. Hence, 
long-term (ie, beyond 1 year) and overall health outcomes 

of COVID-19 are largely unknown. Additionally, few 
studies with large sample sizes have described the 
longitudinal evolution of health outcomes in COVID-19 
survivors with differing severity;3,6 thus, large longitudinal 
cohort studies are urgently needed to systematically 
describe the natural history of long COVID, especially in 
patients stratified by initial disease severity.

The primary objective of this study was to systematically 
and comprehensively characterise the longitudinal 
progression of health outcomes in COVID-19 survivors 
with different initial disease severity up to 2 years after 
acute infection, and to establish the health impact of long 
COVID. The secondary objective was to establish 
whether COVID-19 survivors had returned to a health 
and functional status similar to that of the general 
population 2 years after infection.

Methods
Study design and participants
We did an ambidirectional, longitudinal cohort study of 
individuals who had survived hospitalisation with 
COVID-19 and who had been discharged from 
Jin Yin-tan hospital in Wuhan, China between 

Research in context

Evidence before this study
We searched PubMed for follow-up studies regarding long-term 
consequences of COVID-19 published between Jan 1, 2020, and 
March 15, 2022, without applying any language restrictions. 
The search terms we used were (“COVID-19” OR “SARS-CoV-2” 
OR “Coronavirus disease 2019” OR “2019-ncov”) AND 
(“survivor*” OR “recover*” OR “persistent” OR “follow up” OR 
“discharge*” OR “long term” OR “sequelae”). To our knowledge, 
most follow-up studies of COVID-19 are cross-sectional surveys 
(~200), and only a few longitudinal cohort studies (<10) 
described the dynamic recovery of health outcomes in people 
who had survived hospitalisation with COVID-19, of which the 
longest follow-up time was about 1 year after discharge; in 
addition, the sample sizes in these studies were generally small. 
Furthermore, most previous studies did not record baseline 
health status before COVID-19 and did not have the general 
population as a control group, making it difficult to establish 
how well COVID-19 survivors recovered. Longitudinal cohort 
studies with a longer follow-up time than that in the previous 
studies are urgently needed to fully characterise the natural 
history of long COVID.

Added value of this study
To the best of our knowledge, this is the longest longitudinal 
cohort study of individuals who had survived hospitalisation 
with COVID-19, including an age-matched, sex-matched, and 
comorbidity-matched control group of individuals who had 
never had COVID-19, to describe the dynamic recovery of health 
in the 2 years after symptom onset. The proportion of 
individuals with at least one sequelae symptom decreased 
significantly from 68% at 6 months to 55% at 2 years, with 

fatigue or muscle weakness being the most frequently reported 
symptom throughout follow-up. Long COVID symptoms at the 
2-year follow-up were related to decreased health-related 
quality of life (HRQoL) and exercise capacity, psychological 
abnormality, and increased use of health care after discharge. 
HRQoL continued to improve in almost all domains, especially 
in terms of anxiety or depression, with the proportion of 
participants reporting symptoms of anxiety or depression 
dropping significantly from 23% at 6 months to 12% at 2 years. 
The proportion of individuals with reduced walking distance 
ability declined continuously to 8% at 2 years. 89% of COVID-19 
survivors who had a job before COVID-19 have returned to their 
original work, regardless of initial disease severity. However, 
COVID-19 survivors still had more symptoms and lower HRQoL 
than controls did at 2 years.

Implications of all the available evidence
Long COVID could persistently last to 2 years after acute 
infection, indicating that ongoing longitudinal follow-up is 
urgently needed to better characterise the natural history of 
long COVID and to establish when COVID-19 survivors will fully 
recover. Future studies should further explore the pathogenesis 
of long COVID and develop effective intervention strategies to 
reduce the risk of long COVID. In addition, the increased 
proportion of restrictive ventilatory impairment during the late 
recovery period brings a concern of pulmonary interstitial 
abnormalities, especially for those COVID-19 survivors with 
acute respiratory distress syndrome. Simultaneous lung 
imaging and pulmonary function tests are required in this 
particular population.
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Jan 7 and May 29, 2020. We measured health outcomes at 
three timepoints: 6 months, 12 months, and 2 years after 
symptom onset. The inclusion and exclusion criteria, 
follow-up procedures, and the 6-month and 12-month 
health outcomes of COVID-19 survivors have been 
described previously (appendix pp 3–13).3,13 To establish 
whether COVID-19 survivors in this cohort completely 
recovered at 12 months, a dataset of the health status of 
3383 community-dwelling adults without previous 
SARS-CoV-2 infection was created, described in detail in 
the 12-month follow-up study (appendix pp 4–5).3 This 
dataset serves as a control group to establish the recovery 
status of COVID-19 survivors at 2 years. COVID-19 
survivors who attended the three follow-up visits were 
matched (1:1) by age, sex, and comorbidities (including 
cardiovascular disease, chronic respiratory disease, 
chronic kidney disease, hypertension, and diabetes) to 
control participants. The maximum allowed age difference 
between COVID-19 survivors and their matched controls 
was 5 years. The study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline for cohort studies. The 
study was approved by the Research Ethics Commission 
of Jin Yin-tan Hospital (KY-2020-78.01, KY-2020-78.03, and 
KY-2020-78.05). Written informed consent was obtained 
from controls and COVID-19 survivors who attended the 
face-to-face interview at Jin Yin-tan hospital. Verbal 
informed consent was obtained from COVID-19 survivors 
willing to participate in the telephone survey.

Follow-up assessment of COVID-19 survivors
Eligible COVID-19 survivors were invited to participate in 
a face-to-face interview at the outpatient clinic of 
Jin Yin-tan Hospital 6 months, 12 months, and 2 years 
after symptom onset (appendix pp 6–8). A telephone 
survey was available for COVID-19 survivors at the 2-year 
follow-up visit as an alternative to the face-to-face 
interview, conducted by trained clinicians using the same 
questionnaires. At each visit, COVID-19 survivors 
underwent a detailed interview, a physical examination, a 
6-min walking distance (6MWD) test, and routine 
laboratory tests, and completed a series of questionnaires, 
including a self-reported symptom questionnaire, the 
modified British Medical Research Council (mMRC) 
dyspnoea scale,14 the EQ-5D-5L questionnaire to assess 
health-related quality of life (HRQoL),15 the EuroQol 
Visual Analogue Scale (EQ-VAS; scores range from 
0 to 100, with a higher score indicating a better health 
status),16 and an ischaemic stroke and cardiovascular 
event registration form.17 Additionally, at the 12-month 
and 2-year visits, health-care use after discharge and work 
status were also collected by a questionnaire.

Notably, at the 2-year visit, a series of psychiatric 
questionnaires in Chinese were used to evaluate mental 
health, including the Generalized Anxiety Disorder 
seven-item scale (GAD-7), the Patient Health 
Questionnaire 9 (PHQ-9), and the Post-Traumatic Stress 

Disorder (PTSD) Checklist, Civilian version (PCL-C). 
GAD-7 is a seven-item, self-rated scale that is used as a 
screening tool and severity indicator for generalised 
anxiety disorder in the past 2 weeks.18 Each item is 
scored from 0 (not at all) to 3 (nearly every day). Total 
scores of 5, 10, and 15 were taken as the cutoff points for 
mild, moderate, and severe anxiety, respectively.18 
PHQ-9 was used to evaluate the severity of depressive 
symptoms during the previous 2 weeks through nine 
questions.19,20 Each item was rated from 0 (not at all) 
to 3 (nearly every day). Cutoff scores of 5, 10, 15, and 
20 indicate mild, moderate, moderately severe, and 
severe depression, respectively.20 The PCL-C is a 17-item 
self-report scale for examining post-traumatic stress 
symptoms, with each item scoring from 1 (not at all) 
to 5 (extremely) in three domains: intrusion, avoidance 
and numbing, and hyperarousal.21 PCL-C total scores of 
38 or more reflected clinically relevant post-traumatic 
stress symptoms.22,23

We used a stratified, disproportionate, random 
sampling procedure according to severity scale to select 
patients to receive high-resolution chest CT and 
pulmonary function tests at the 6-month follow-up visit.1 
COVID-19 survivors with abnormal lung images at 
follow-up were arranged to receive another high-
resolution CT scan in the next assessment. 353 COVID-19 
survivors completed high-resolution chest CT at the 
6-month visit,13 of whom 186 presented with abnormal 
CT and were further invited to receive another chest CT 
at the 12-month visit.3 At the 12-month visit, 
65 of 118 survivors who had completed a chest CT scan 
presented with abnormal CT,3 and were invited to receive 
another high-resolution CT scan at the 2-year visit. 
349 survivors had completed pulmonary function tests at 
the 6-month visit,13 and they were all invited to perform 
this test again at the 12-month and 2-year visits.

Pulmonary function tests of participants without 
COVID-19
To better evaluate the recovery of pulmonary function 
among COVID-19 survivors 2 years after acute infection, 
a subgroup from the non-COVID-19 cohort was invited 
to perform pulmonary function tests and a health check 
at Jin Yin-tan hospital during the 2-year follow-up visit, 
and they were matched by age, sex, and chronic lung 
disease with COVID-19 survivors who also completed 
pulmonary function tests at the 2-year visit.

Outcomes
The primary outcomes were sequelae symptoms, 
HRQoL, mental health, exercise capacity assessed by 
6MWD, and return to work (appendix pp 9–12). These 
outcomes were assessed in all COVID-19 survivors who 
attended three follow-up visits; symptoms, mMRC 
dyspnoea scale, and HRQoL were also assessed in non-
COVID-19 controls. Sequelae symptoms are defined as 
those that are newly occurring and persistent, or worse 

See Online for appendix
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than the status before getting COVID-19, and that cannot 
be explained by an alternative disease. COVID-19 
survivors with long COVID symptoms are defined as 
having at least one sequelae symptom, which is largely 
consistent with the case definition of post-COVID-19 
condition.2 Prevalent symptoms are defined as the 
existing symptoms at follow-up (appendix p 13) The 
secondary outcomes were lung function, imaging, and 
health-care use after discharge.

Statistical analysis
Demographic characteristics and long-term health 
consequences of COVID-19 survivors were presented as 
median (IQR) for continuous variables and expressed as 
absolute values along with percentages for categorical 
variables. Participants were categorised into three groups 
according to their severity scale during their hospital 
stay (scale 3: not requiring supplemental oxygen; scale 4: 

requiring supplemental oxygen; scale 5–6: requiring 
high-flow nasal cannula, non-invasive mechanical 
ventilation, or invasive mechanical ventilation). 
Demographic and clinical characteristics and long-term 
consequences across participants with different severity 
scales are reported here. For the comparison of 
demographic and clinical characteristics among 
participants with different disease severities, we used 
the Kruskal-Wallis test, χ² test, Fisher’s exact test, or 
Mann-Whitney U test as appropriate. For the comparison 
of symptoms, HRQoL, exercise capacity, health-care use 
after discharge, work status, and lung function between 
different follow-up visits, we used the Wilcoxon signed-
rank test or McNemar test as appropriate. For the 
comparison of symptoms, HRQoL, and lung function 
between COVID-19 survivors and their matched 
controls, we used the χ² test, Fisher’s exact test, or 
Mann-Whitney U test as appropriate. We estimated 

Figure 1: Flow chart of the study
(A) Flow diagram of COVID-19 participants. (B) Matching process of COVID-19 survivors who attended all three visits and community-dwelling participants without 
COVID-19 (1:1). (C) Matching process of COVID-19 survivors and non-COVID-19 participants who completed PFTs at the 2-year follow-up visit (1:1). PFT=pulmonary 
function tests.

A B

C

2469 patients with COVID-19 discharged from 
Jin Yin-tan hospital between Jan 7 and May 29, 2020

251 patients excluded 
218 had difficulty in attending

follow-up 
33 died before 6-month follow-up

2218 eligible for evaluation at 6-month follow-up
(June 16 to Sept 3, 2020)
1733 were evaluated at hospital
485 were lost to follow-up

5 died between 6-month and 12-month
follow-up

2213 eligible for evaluation at 12-month follow-up
(Dec 16, 2020, to Feb 7, 2021)     
1307 were evaluated at hospital
906 were lost to follow-up

 7 died between 12-month and 2-year
follow-up

2206 eligible for evaluation at 2-year follow-up
(Nov 16, 2021, to Jan 10, 2022) 
1294 were evaluated at hospital 

372 were evaluated by telephone survey 
540 were lost to follow-up 

 1192 completed three visits and were included in the
analysis
1119 were always evaluated at hospital 

73 were evaluated by telephone survey at 2 years

Matched by age, sex, and comorbidities (1:1)

1192 COVID-19 survivors who
were included in the analysis

3383 community-dwelling
participants without COVID-19 

1127 COVID-19 survivors 1127 COVID-19 survivors

230 COVID-19 survivors completed
three follow-up visits and
received PFTs at the 2-year
follow-up

275 non-COVID-19 participants
completed PFTs during the
2-year follow-up period

Matched by age, sex, and history of chronic pulmonary disease (1:1)

223 COVID-19 participants 223 non-COVID-19 participants
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correlation coefficients between different symptoms in 
COVID-19 survivors at the 6-month, 12-month, and 
2-year follow-up visits, and presented them as a heatmap.

To explore the association of long COVID symptoms 
with health outcomes and health-care use at the 2-year 
follow-up visit, we used multivariable adjusted logistic 
regression models for categorical outcomes and 
generalised linear regression models for continuous 

outcomes. We adjusted for age, sex, cigarette smoking 
(ie, never-smoker, current smoker, or former smoker), 
body-mass index, education (ie, college or higher vs high 
school or lower), self-reported comorbidities (ie, respiratory 
disease, hypertension, diabetes, coronary heart disease, 
cerebrovascular disease, tumour, chronic kidney disease, 
and neurological disease), and disease severity (based on 
the severity scale mentioned above).

Total (n=1192) Scale 3 (n=295) Scale 4 (n=806) Scale 5–6 (n=91) p value

Age at discharge, years 57·0 (48·0–65·0) 57·0 (47·0–65·0) 57·0 (48·0–65·0) 56·0 (48·0–65·0) 0·72

Sex ·· ·· ·· ·· 0·0091

Men 641 (54%) 147 (50%) 432 (54%) 62 (68%)*† ··

Women 551 (46%) 148 (50%) 374 (46%) 29 (32%)*† ··

Education ·· ·· ·· ·· 0·011

College or higher 326/1185 (28%) 82 (28%) 207/799 (26%) 37 (41%)† ··

High school or lower 859/1185 (72%) 213 (72%) 592/799 (74%) 54 (59%)† ··

Work status before COVID-19 ·· ·· ·· ·· 0·08

Retired 647/1187 (55%) 161/294 (55%) 446/803 (56%) 40/90 (44%) ··

Full-time or part-time job 494/1187 (42%) 124/294 (42%) 321/803 (40%) 49/90 (54%) ··

Jobless 42/1187 (4%) 7/294 (2%) 34/803 (4%) 1/90 (1%) ··

Homemaker 4/1187 (0%) 2/294 (1%) 2/803 (0%) 0/90 (0%) ··

Cigarette smoking ·· ·· ·· ·· 0·31

Never-smoker 976/1188 (82%) 232 (79%) 671/802 (84%) 73 (80%) ··

Current smoker 88/1188 (7%) 25 (8%) 57/802 (7%) 6 (7%) ··

Former smoker 124/1188 (10%) 38 (13%) 74/802 (9%) 12 (13%) ··

Comorbidity

Hypertension 410/1191 (34%) 106 (36%) 265/805 (33%) 39 (43%) 0·14

Diabetes 164/1191 (14%) 43 (15%) 107/805 (13%) 14 (15%) 0·77

Coronary heart diseases 104/1190 (9%) 25/294 (9%) 67 (8%) 12/90 (13%) 0·27

Cerebrovascular diseases 66/1191 (6%) 13 (4%) 51/805 (6%) 2 (2%) 0·16

Chronic kidney disease 50 (4%) 10 (3%) 35 (4%) 5 (5%) 0·64

Malignancy 31 (3%) 5 (2%) 25 (3%) 1 (1%) 0·24

COPD 18 (2%) 2 (1%) 15 (2%) 1 (1%) 0·29

Treatment received during hospital stay

Corticosteroids 295 (25%) 31 (11%) 196 (24%)‡ 68 (75%)*† <0·0001

Antivirals 656 (55%) 151 (51%) 446 (55%) 59 (65%) 0·07

Lopinavir–ritonavir 166 (14%) 26 (9%) 114 (14%) 26 (29%)*† <0·0001

Arbidol 576 (48%) 137 (46%) 390 (48%) 49 (54%) 0·46

Chloroquine phosphate 4 (0%) 0 (0%) 3 (0%) 1 (1%) 0·21

Hydroxychloroquine 1 (0%) 1 (0%) 0 0 0·32

Antibiotics 924 (78%) 170 (58%) 665 (83%)‡ 89 (98%)*† <0·0001

Thymosin 191 (16%) 39 (13%) 137 (17%) 15 (16%) 0·32

Intravenous immunoglobulin 235 (20%) 28 (9%) 153 (19%)‡ 54 (59%)*† <0·0001

Length of hospital stay, days 14·0 (10·0–20·0) 11·0 (8·0–16·0) 14·0 (11·0–19·0)‡ 39·5 (23·0–52·0)*† <0·0001

ICU admission 51 (4%) 0 18 (2%)‡ 33 (36%)*† <0·0001

Length of ICU stay, days 18·0 (6·0–30·0) NA 6·5 (2·0–18·0) 23·0 (10·0–43·0)† <0·0001

Time from symptom onset to 6-month follow-up, days 185·0 (175·0–197·0) 187·0 (174·0–198·0) 183·0 (175·0–195·0) 203·0 (184·0–216·0)*† <0·0001

Time from symptom onset to 12-month follow-up, days 349·0 (337·0–360·0) 345·0 (335·0–356·0) 349·0 (338·0–360·0)‡ 360·0 (351·0–371·0)*† <0·0001

Time from symptom onset to 2-year follow-up, days 685·0 (675·0–698·0) 681·0 (671·0–695·5) 687·0 (676·0–698·0)‡ 685·0 (676·0–698·0) 0·0009

Data are n (%), n/N (%), or median (IQR). Scale 3 indicates those who did not require supplemental oxygen during hospitalisation; scale 4 indicates those who required supplemental oxygen; and scale 5–6 
indicates those who required high-flow nasal cannula, non-invasive mechanical ventilation, or invasive mechanical ventilation. The differing denominators used indicate missing data. Data on demographic 
characteristics, smoking history, and comorbidities were confirmed at the 12-month follow-up visit and self-reported by patients. COPD=chronic obstructive pulmonary disease. ICU=intensive care unit. NA=not 
applicable. *p<0·0167 for the comparison of scale 5–6 with scale 3. †p<0·0167 for the comparison of scale 5–6 with scale 4. ‡p<0·0167 for the comparison of scale 4 with scale 3.

Table 1: Baseline characteristics of COVID-19 survivors who completed the 6-month, 12-month, and 2-year follow-up visits
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According to the longitudinal design, we used mixed-
effect regression models to explore fixed effects of risk 
factors associated with long COVID, fatigue or muscle 
weakness, anxiety or depression, and diffusion 
impairment. For the association of disease severity with 
the outcome, we adjusted for age, sex, cigarette smoking, 
education, comorbidity, corticosteroids, antivirals, and 
intravenous immunoglobulin. For the association of 
factors, including sex, corticosteroid, antivirals, and 
intravenous immunoglobulin, with the outcome, we 
included all the aforementioned variables in the model. 
When exploring associations of education with the 

outcome, we included the aforementioned variables 
except for comorbidity; for the association of smoking 
with the outcome, we included the aforementioned 
variables except for comorbidity and disease severity (due 
to the potential mediation). Only sex, smoking, and 
education were included for the association between age 
and the outcome due to the potential mediation of other 
factors. For the association of comorbidity with the 
outcome, we included the aforementioned variables 
except for disease severity.

All significance tests were two-sided, and a p value less 
than 0·05 was considered significant unless stated 
otherwise. To correct for multiple comparison of 
demographic and clinical characteristics between the 
two groups of study participants with different severity 
scales, we used a Bonferroni-corrected α threshold 
of 0·0167. To correct for multiple comparison of 
symptoms, HRQoL, exercise capacity, health-care use 
after discharge, and work status at the 6-month, 12-month, 
and 2-year follow-up visits, we used a Bonferroni-corrected 
α threshold of 4·17 × 10–³. A stringent Bonferroni correction 
was also used for comparing the lung function of 
COVID-19 survivors between different follow-up visits 
(with the α threshold set as 5·56 × 10–³) and between 
COVID-19 survivors and their matched controls (with the 
α threshold set as 0·0167) to determine statistical 
significance. The missing data were not imputed. All 
statistical analyses were done with SAS, version 9.4. The 
correlation plot and proportional Venn diagram was 
generated in R, version 4.1.2.

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

Results
2469 patients with COVID-19 were discharged from 
Jin Yin-tan Hospital between Jan 7 and May 29, 2020, 
and 2218 were eligible for evaluation at the 6-month 
follow-up between June 16 and Sept 3, 2020. 
1192 COVID-19 survivors completed assessments at the 
three follow-up visits and were included in the final 
analysis, 1119 (94%) of whom attended the face-to-face 
interview 2 years after infection, between Nov 16, 2021, 
and Jan 10, 2022 (figure 1A; appendix p 25). COVID-19 
survivors who completed pulmonary function tests and 
high-resolution chest CT at each visit are shown in the 
appendix (p 26–27). The baseline characteristics of 
COVID-19 survivors included in the final analysis were 
similar to those not included, except that the proportions 
of men, smokers, those receiving oxygen, and those 
receiving corticosteroid treatment during hospitalisation 
were slightly higher in those who were included in the 
final analysis than in those who were not (appendix p 16).

The demographic and clinical characteristics of the 
1192 COVID-19 participants who attended three visits are 

COVID-19 
survivors at 
2-year follow-
up visit 
(n=1127)

Matched 
non-COVID-19 
controls 
(n=1127)

p value

Prevalent symptoms

Any one of the 
following symptoms

736 (65%) 366 (32%) <0·0001

Sleep difficulties 354 (31%) 153 (14%) <0·0001

Fatigue or muscle 
weakness

351 (31%) 55 (5%) <0·0001

Hair loss 201 (18%) 94 (8%) <0·0001

Joint pain 202 (18%) 94 (8%) <0·0001

Palpitations 174 (15%) 50 (4%) <0·0001

Dizziness 164 (15%) 78 (7%) <0·0001

Cough 108 (10%) 41 (4%) <0·0001

Headache 110 (10%) 34 (3%) <0·0001

Sore throat or difficult 
to swallow

94 (8%) 8 (1%) <0·0001

Myalgia 94 (8%) 9 (1%) <0·0001

Chest pain 91 (8%) 18 (2%) <0·0001

Smell disorder 68 (6%) 4 (<1%) <0·0001

Skin rash 52 (5%) 4 (<1%) <0·0001

Decreased appetite 35 (3%) 11 (1%) 0·0003

Taste disorder 33 (3%) 3 (<1%) <0·0001

Nausea or vomiting 29 (3%) 4 (<1%) <0·0001

mMRC score ·· ·· 0·0004

0 980 (87%) 919 (82%) ··

≥1 147 (13%) 208 (18%) ··

EQ-5D-5L questionnaire

Pain or discomfort 254 (23%) 57 (5%) <0·0001

Anxiety or depression 131 (12%) 61 (5%) <0·0001

Mobility problem 34 (3%) 41 (4%) 0·41

Usual activity problem 27 (2%) 5 (<1%) <0·0001

Personal care problem 12 (1%) 4 (<1%) 0·045

EQ-VAS score* 80·0 
(70·0–90·0)

85·0 
(80·0–90·0)

<0·0001

Data are median (IQR) or n (%). mMRC=modified British Medical Research 
Council. EQ-5D-5L=EuroQol five-dimension five-level questionnaire. 
EQ-VAS=EuroQol Visual Analogue Scale. *EQ-VAS was used to assess quality of 
life, ranging from 0 (worst imaginable health) to 100 (best imaginable health).

Table 3: Prevalent symptoms and health-related quality of life of 
COVID-19 survivors at 2-year follow-up and matched non-COVID-19 
controls
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shown in table 1, grouped by initial disease severity. The 
median follow-up time after symptom onset was 
185·0 days (IQR 175·0–197·0) for the visit at 6 months, 
349·0 days (337·0–360·0) for the visit at 12 months, and 
685·0 days (675·0–698·0) for the visit at 2 years. The 
median age at baseline was 57·0 years (48·0–65·0) and 
551 (46%) were women. 806 (68%) participants received 
oxygen via nasal cannulas or mask during hospitalisation 
(scale 4), and 91 (8%) received higher-level respiratory 
support (scale 5–6). 51 (4%) participants had been 
admitted to an intensive care unit, with a median length 
of stay of 18·0 days (6·0–30·0).

The proportion of COVID-19 survivors with at least 
one sequelae symptom decreased from 777 (68%) of 1149 
at 6 months to 583 (49%) of 1188 at 12 months (p<0·0001), 
but increased slightly to 650 (55%) of 1190 at 2 years 
(p=0·0010); this trend was also observed in the three 
subgroups with varying disease severity (table 2). Fatigue 
or muscle weakness and sleep difficulties were the most 
commonly reported symptomatic sequelae throughout 
the 2-year follow-up, regardless of disease severity. The 

proportion of dyspnoea, defined by an mMRC score of 
1 or more, gradually decreased from 288 (26%) of 1104 at 
6 months to 168 (14%) of 1191 at 2 years. Nearly all 
domains of HRQoL significantly improved by 2 years, 
especially the domain of anxiety or depression: the 
proportion of individuals with symptoms or anxiety or 
depression decreased from 256 (23%) of 1105 at 6 months 
to 143 (12%) of 1191 at 2 years (table 2; appendix pp 17–18). 
156 (14%) of 1105 COVID-19 survivors had a reduced 
6MWD (less than the lower limit of the normal range) at 
6 months, and the proportion significantly dropped to 
89 (8%) of 1065 at 2 years (p<0·0001). As for mental 
health assessed by psychiatry-specific questionnaires, 
98 (8%) of 1187 had anxiety symptoms at 2 years, 75 (6%) 
of 1190 had depression symptoms, and 27 (2%) of 
1189 had PTSD symptoms. 226 (19%) of 1187 participants 
had outpatient clinic visits and 159 (13%) of 
1187 were admitted to hospital throughout the 2 years 
after discharge, mainly due to pre-existing illnesses 
(table 2; appendix pp 19–20). 438 (89%) of 494 participants 
who had a job before COVID-19 had returned to their 

Figure 2: Pulmonary function of COVID-19 survivors and matched non-COVID-19 controls
(A–C) Longitudinal evolution of lung function in COVID-19 survivors with different disease severity scales (scale 3: not requiring supplemental oxygen during 
hospitalisation; scale 4: requiring supplemental oxygen via nasal cannulae or mask during hospitalisation; scale 5–6: requiring high-flow nasal cannula, non-invasive 
mechanical ventilation, or invasive mechanical ventilation during hospitalisation). (D–F) Comparison of lung function between COVID-19 survivors with different 
disease severity and their controls at the 2-year follow-up visit. FEV1=forced expiratory volume in 1 s. FVC=forced vital capacity. TLC=total lung capacity. 
FRC=functional residual capacity. DLCO=diffusion capacity for carbon monoxide. *p<5·56 × 10–³ for the comparison of different time points in (A), (B), and (C). 
†p<0·0167 for the comparison of COVID-19 survivors with controls in (D), (E), and (F).
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original work at 2 years. Reported reasons for not 
returning to original work were as follows: decreased 
physical function, unwilling to return, and 
unemployment (table 2; appendix p 20). As for symptoms 
co-occurrence, taste disorder and smell disorder were 

moderately correlated at 6 months, but this correlation 
decreased over time (appendix pp 28–29).

After multivariable adjustment, COVID-19 participants 
with long COVID symptoms had an odds ratio 
(OR) of 3·81 (95% CI 1·62–8·93) for mobility problems, 

Figure 3: Risk factors for long COVID, fatigue or muscle weakness, anxiety or depression, and lung diffusion impairment
OR (95% CI) for age indicates the risk of long COVID, fatigue or muscle weakness, anxiety or depression, and diffusion impairment per 10-year age increase. OR=odds ratio.

OR (95% CI) p value

Age
Sex
   Men
   Women
Cigarette smoking
   Never-smoker
   Current or former smoker
Education
   High school or lower
   College or higher
Comorbidity
   No
   Yes
Disease severity
   Scale 3
   Scale 4
   Scale 5–6
Corticosteroids
   No
   Yes
Antivirals
   No
   Yes
Intravenous immunoglobulin
   No
   Yes

Long COVID

10·5 2

1·08 (1·02–1·15)

··
1·65 (1·41–1·92)

··
1·26 (1·04–1·54)

··
1·05 (0·89–1·24)

··
1·12 (0·96–1·30)

··
1·03 (0·88–1·21)
1·40 (1·02–1·91)

··
1·19 (0·99–1·43)

··
1·05 (0·91–1·21)

··
0·95 (0·78–1·16)

 0·0064

 <0·0001

 0·019

 0·54

 0·15

 0·69
 0·036

 0·06

 0·49

 0·63

A

OR (95% CI) p value

Age
Sex
   Men
   Women
Cigarette smoking
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Corticosteroids
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Intravenous immunoglobulin
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Anxiety or depression
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1·03 (0·95–1·11)

··
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Corticosteroids
   No
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Intravenous immunoglobulin
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4·42 (3·14–6·21) for pain or discomfort, and 7·46 
(4·12–13·52) for anxiety or depression compared 
with participants without long COVID symptoms 
(appendix p 21). The median 6MWD of symptomatic 
participants was 12·8 m shorter than that of asymptomatic 
participants (p=0·01). As for mental health, symptomatic 
participants had an OR of 4·63 (2·53–8·50) for anxiety 
symptoms and 11·43 (4·55–28·72) for depression 
symptoms, as compared with asymptomatic participants. 
Moreover, participants with long COVID symptoms had a 
higher risk of an outpatient clinic visit (OR 2·82 
[1·99–4·00]) and rehospitalisation (1·64 [1·12–2·41]) after 
discharge (appendix p 21).

1127 matched pairs of COVID-19 survivors and controls 
were derived by adopting the matching process shown in 
figure 1B. No significant differences were observed 
between the two groups in terms of age, sex, and 
comorbidities (appendix p 22). At the 2-year follow-up, 
736 (65%) COVID-19 survivors had at least one prevalent 
symptom, significantly higher than 366 (32%) in the 
matched control population (p<0·0001; table 3). 
Furthermore, the proportions of all recorded prevalent 
symptoms were significantly higher in the COVID-19 
survivor group than in the control group. Compared with 
controls, COVID-19 survivors had more problems with 
usual activity (27 [2%] vs five [<1%]), pain or discomfort 
(254 [23%] vs 57 [5%]), and anxiety or depression 
(131 [12%] vs 61 [5%]), and lower median self-assessment 
scores of quality of life (80·0 vs 85·0; all p<0·0001; table 3).

Of the 349 participants who completed pulmonary 
function tests at 6 months, 244 completed the test at 
12 months and 230 completed the test at 2 years 
(appendix p 26). Among COVID-19 survivors who were 
included in the final analysis and had pulmonary 
function tests results, there was no significant difference 
in the proportion with lung diffusion impairment 
(ie, with a diffusion capacity of carbon monoxide less 
than 80% of the predicted capacity) over time in the three 
subgroups (figure 2A–C). In subgroups with scale 3 or 4 
disease severity, the proportion with reduced residual 
volume (ie, less than 80% of the predicted residual 
volume) increased significantly between the 6-month 
and 2-year follow-ups (p<0·0001); an increasing but non-
significant trend was also seen in the proportion with 
reduced total lung capacity (ie, less than 80% of the 
predicted total lung capacity; figure 2A–B). Generally 
speaking, spirometry parameters did not differ 
significantly over time for all three subgroups 
(figure 2A–C). Of the 57 COVID-19 survivors with 
abnormal CT at 12 months who completed lung imaging 
at the 2-year follow-up, ten participants achieved 
complete imaging restoration (appendix pp 23 and 27). 
The most common remaining imaging abnormalities 
were ground glass opacity and irregular lines, mainly in 
the scale 5–6 subgroup (appendix p 23).

Of the COVID-19 survivors who participated in the 
three assessments, 230 completed pulmonary function 

tests at the 2-year follow-up. 275 participants from the 
non-COVID-19 cohort completed pulmonary function 
tests at the 2-year follow-up. 223 matched pairs were 
finally derived and were balanced in terms of age, sex, 
and chronic pulmonary disease (figure 1C; appendix p 24). 
Nearly all parameters of spirometry, lung volume, and 
diffusing capacity did not differ significantly between the 
scale 3 or 4 subgroups and their controls, except for a 
higher proportion with reduced residual volume in the 
scale 3 subgroup than in the matched control group 
(figure 2D–E). However, a significantly higher proportion 
of COVID-19 survivors with a scale of 5–6 than their 
matched controls had lung diffusion impairment 
(43 [65%] of 66 vs 24 [36%] of 66, p=0·0009), reduced 
residual volume (41 [62%] vs 13 [20%], p<0·0001), and 
total lung capacity (26 [39%] vs four [6%], p<0·0001; 
figure 2F).

After multivariable adjustment, women had an 
OR of 1·65 (95% CI 1·41–1·92) for long COVID, 
1·29 (1·10–1·52) for fatigue or muscle weakness, 
1·94 (1·59–2·37) for anxiety or depression, and 
2·86 (1·92–4·26) for lung diffusion impairment, 
compared with men, (figure 3). Participants with a 
scale of 5 or 6 had an OR of 1·40 (1·02–1·91) for long 
COVID, 1·45 (1·06–1·98) for fatigue or muscle weakness, 
1·54 (1·06–2·22) for anxiety or depression, and 
3·14 (1·77–5·59) for lung diffusion impairment, 
compared with participants with a scale of 3. 
Corticosteroid therapy at the acute phase was associated 
with an increased risk of fatigue or muscle weakness 
(OR 1·36 [1·12–1·64]). Age was positively associated with 
long COVID and diffusion impairment, with the risk of 
long COVID 8% higher (OR 1·08 [1·02–1·15]) and 
diffusion impairment 33% higher (OR 1·33 [1·14–1·54]) 
per 10-year increase of age (figure 3).

Discussion
To the best of our knowledge, this is the longest 
longitudinal follow-up study of individuals who have 
recovered from acute COVID-19, systematically and 
comprehensively describing the longitudinal evolution of 
health and functional outcomes among COVID-19 
survivors with differing severity up to 2 years. We found 
that HRQoL, exercise capacity, and mental health 
continued to improve throughout the 2 years regardless of 
initial disease severity, but about half still had symptomatic 
sequelae at 2 years. Long COVID symptoms at 2 years 
were related to decreased quality of life, lower exercise 
capacity, abnormal mental health, and increased use of 
health care after discharge. Physical health and HRQoL of 
COVID-19 participants were still poorer than those of the 
control population 2 years after acute infection. Critically 
ill patients had a significantly higher burden of restrictive 
ventilatory impairment and lung diffusion impairment 
than controls at the 2-year follow-up.

Previous data showed that COVID-19 survivors had 
sustained recovery of symptoms, exercise capacity, and 
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HRQoL throughout the 1 year after acute infection,3,4,6 
and this trajectory was observed up to 2 years in our 
study. We found that fatigue was the most frequently 
reported symptom throughout the 2 years, regardless of 
initial disease severity. Consistent with our findings, a 
high prevalence of fatigue was also observed during the 
recovery phase of severe acute respiratory syndrome 
(SARS) and could persist for up to 4 years.24,25 Notably, we 
also found that post-COVID-19 fatigue fluctuated or 
relapsed over time, but the mechanism was largely 
unclear, most probably due to a combination of central, 
peripheral, and psychological factors.26 Despite the fairly 
high burden of sequelae symptoms at 2 years, we found 
that the vast majority of COVID-19 survivors had 
returned to their original work, consistent with previous 
follow-up studies of SARS and COVID-19.24,27 The 
negative effect on quality of life, exercise capacity, and 
health-care utilisation highlights the importance of 
studying the pathogenesis of long COVID and promoting 
the exploration of targeted treatment to manage or 
alleviate the condition.

Consistent with a previous follow-up study of 
COVID-19,6 we found that the proportion of COVID-19 
survivors with restrictive ventilatory impairment was 
increased during the late recovery period. However, in the 
absence of concurrent lung imaging, it was difficult to 
establish whether this new-onset restrictive ventilatory 
impairment was due to new or worsening interstitial 
abnormalities. Previous studies of SARS and Middle East 
respiratory syndrome described the fibrotic abnormalities 
during convalescence,28–31 and this sign could also be 
observed months or even years after COVID-19 
infection,3,12,32 indicating that pulmonary fibrosis after 
COVID-19 might be a long-term outcome. Pulmonary 
fibrosis after COVID-19 might be explained by the key 
aspects of acute COVID-19 pathobiology, including 
monocyte or macrophage–T-cell circuits, profibrotic 
RNA transcriptomics, protracted increased concentrations 
of inflammatory cytokines, and duration of illness and 
mechanical ventilation.33 We also found that patients with 
COVID-19 receiving respiratory support for acute 
respiratory distress syndrome (ARDS) exhibited 
significantly more severe lung diffusion impairment, 
which was consistent with ARDS survivors unrelated to 
COVID-19.34–36 The natural history of pulmonary fibrosis 
after COVID-19, especially in those with ARDS, should be 
well described in longer longitudinal cohort studies.

Mental health disorders after acute COVID-19, including 
mainly anxiety, depression, and PTSD, have attracted 
widespread attention, but the prevalence varies widely 
among studies.7,37–43 Mental health problems after 
COVID-19 might be attributed to the direct effects of 
SARS-CoV-2 infection, isolation, physical distancing, 
incomplete recovery of physical health, and financial 
difficulties.26,44 An encouraging finding of our study was 
that the proportion of participants with anxiety or 
depression gradually decreased throughout the 2 years, 

regardless of initial disease severity. Additionally, 
differences in the prevalence of symptoms of mental 
health disorders, as assessed by the EQ-5D-5L and 
psychiatry-specific questionnaires, were observed in our 
study, suggesting that non-specific psychiatry question
naires might overestimate the actual prevalence of mental 
health problems. Different assessment methods for 
mental health might partly explain the huge variation in 
the prevalence of mental health disorders after COVID-19 
in previous studies.7,37–43 In fact, due to the high 
heterogeneity of follow-up studies of COVID-19, 
differences were also observed in long COVID prevalence 
and obscured our understanding of it.26 Hence, there is an 
urgent need to develop norms to reduce heterogeneity 
among studies, such as core outcome sets (especially for 
symptoms requiring priority evaluation), validated 
assessment tools, broadly recognised symptom 
questionnaires, and specific follow-up timepoints. 
Additionally, according to our experience, good study 
design, detailed division of tasks, close collaboration 
among team members, timely progress meetings, strict 
quality control, and earning the trust of participants and 
their families are the keys to a successful COVID-19 
follow-up study. Standardised and successful follow-up 
studies of COVID-19 will be undoubtedly invaluable in 
understanding the epidemiology and estimating the 
burden of long COVID.

The strengths of our study are the large sample size, the 
well defined longitudinal design with a long follow-up, 
recognised disease severity groupings, comprehensive in-
person assessment, and the inclusion of a control group 
of participants without COVID-19 hospitalisation to help 
determine the recovery status of COVID-19 survivors. Our 
study has several limitations. First, without a control 
group of hospital survivors of respiratory infection other 
than COVID-19, it is hard to establish whether the 
observed abnormalities are specific to COVID-19. Second, 
the moderate response rate could introduce selection bias. 
However, most baseline characteristics were balanced 
between COVID-19 survivors who were included in the 
analysis and those who were not, except for the slightly 
increased proportion of participants receiving oxygen 
therapy among the survivors included in the analysis. It is 
possible that patients who did not participate had fewer 
symptoms than those who did, which might result in an 
overestimated prevalence of long COVID symptoms. 
Third, this is a single-centre study and COVID-19 
survivors came from the early stages of the global 
pandemic, so the findings might not directly extend to the 
long-term health outcomes of patients infected with later 
SARS-CoV-2 variants. Moreover, the low proportion of 
patients who had been admitted to an intensive care unit 
in our cohort limits the generalisability of the study 
findings to this particular population. Fourth, similar to 
most follow-up studies of COVID-19, information bias 
was possible in self-reported comorbidities during the 
acute phase and several self-reported health outcomes 
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during convalescence. Finally, several outcome measures 
were not collected in all three visits, including work status, 
health-care use after discharge, and mental health as 
assessed by psychiatry-specific questionnaires, so the 
longitudinal analysis of these outcomes is not possible.

Throughout the 2 years after acute infection, hospital 
survivors with COVID-19 continued to recover in terms of 
symptomatic sequelae, exercise capacity, mental health, 
and quality of life, regardless of initial disease severity, 
but a fairly high burden of symptoms was still seen at 
2 years. The COVID-19 survivors had not returned to the 
same health status as the general population 2 years after 
acute infection, so ongoing follow-up is needed to 
characterise the protracted natural history of long COVID; 
we plan to conduct yearly follow-ups in this cohort. The 
value of rehabilitation programmes in mitigating the 
effects of long COVID and in accelerating recovery 
requires further exploration.
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