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Abstract
Background: Identifying and addressing long-term health and societal challenges after COVID-19 is a research priority.

Objectives: To create an international, multidisciplinary COVID-19 database, and synthesise long-term outcomes, 
predictors and costs.

Design: Systematic identification of COVID-19 data sets and meta-analysis of individual participant data on long-term 
outcomes after COVID-19.

Setting: Contributed data were collected in clinical, community and research settings.

Interventions: Interventions from original studies were included as covariates in models.

Data sources: MEDLINE, Cochrane Central Register of Controlled Trials, EMBASE, Web of Science, PsycInfo® 
(American Psychological Association, Washington, DC, USA), Cumulative Index to Nursing and Allied Health Literature, 
World Health Organization Global Index Medicus, Epistemonikos, LitCOVID; World Health Organization International 
Clinical Trials Registry Platform; ClinicalTrials.gov and supplementary searches for studies (November 2019–November 
2021) were searched for studies on > 10 people from cohort, case-control, survey or randomised controlled trial studies, 
across any setting, describing validated assessment instruments, symptoms, hospitalisation, discharge destination or 
mortality beyond 28-days after COVID-19 onset. Data were extracted by two independent reviewers.

Methods: Principal investigators contributed fully anonymised individual participant data. Demography, equity and 
symptoms were described. Assessment instruments were mapped to the International Classification of Functioning, 
Disability and Health. Factors associated with outcomes at 3–6 months, 9–12 months and beyond 12 months of 
index infection, for n > 500 individual participant data and > 1 data set were described using ratio of difference, point 
estimates, odds ratio and 95% confidence interval, as appropriate. The Mixed Methods Appraisal Tool described study 
quality; models were appraised using a Grading of Recommendations Assessment, Development and Evaluation-
informed approach; heterogeneity was described using I2.

Outcome measures: Included overall perception of health, multidomain cognitive function, anxiety, depression, 
stress, post-traumatic stress disorder, fatigue, strength, walking ability, mobility, coping with daily life, breathlessness, 
mortality, later hospitalisation and health-related quality of life.

Results: PRECIOUS collated 116 data sets from 40 countries (individual participant data = 62,849), comprising 20 
randomised controlled trials, 13 case-control, 60 cohort 2 longitudinal, 1 survey and 20 other study types. Participants’ 
median age was 58 years interquartile range (45–68); 34,185 (54.4%) were female; 158 unique symptoms and 137 
unique assessment instruments were captured, predominantly describing International Classification of Function, 
Disability and Health-body functions. Women had poorer outcomes across 30/37 models, compared with men. In 
15/37 models, pre-existing lung disease and increasing age were associated with poorer outcomes; hospitalisation, 
diabetes and chronic kidney disease were each associated with poorer outcomes in 8/37 models. Initial hospitalisation 
resulted in lower health-related quality of life that did not recover for up to 2 years after initial infection. Heterogeneity 
was low in 34/37 models; 22/37 models were of moderate and 11/37 were of low quality.

Limitations: Use of secondary data limits available covariates, outcomes and time points to those included in primary 
data sets; evidence was primarily based on high-income countries. There was a lack of data on longer-term healthcare 
resource use to estimate the costs to the healthcare system.

Conclusions: PRECIOUS contributes to the overall picture of long-term COVID-19 outcomes beyond the long-COVID 
condition and highlights poorer long-term outcomes in women and people with pre-existing comorbidities.

Future work: Evidence gaps included healthcare resource use, isolation, loneliness, societal participation and return to 
work outcomes. Data are needed on the role of health inequity on long-term outcomes.

Study registration: This study is registered as PROSPERO (CRD42020224323, IRAS ID: 293578).
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Glossary
COVID-19 outcome Describes an impact of COVID-19. In PRECIOUS, this was operationalised, for example using 
clinical scales (e.g. the Barthel Index) capturing activities of daily living and can include, but is not limited to, end points 
such as death, hospital discharge, discharge location, return to work and quality of life.

COVID-positive Defined as described in each contributed data set; common definitions were grouped together. 
Definitions included but were not limited to:

•	 diagnosis as COVID-positive on a polymerase chain reaction test;
•	 diagnosis as COVID-positive with a lateral flow test;
•	 suspected COVID-positive
•	 multiple methods of diagnosis.

Long-COVID Describes signs and symptoms extending beyond the acute phase of infection [Office for National 
Statistics. The Prevalence of Long COVID Symptoms and COVID-19 Complications. URL: www.ons.gov.uk/news/
statementsandletters/theprevalenceoflongcovidsymptomsandcovid19complications (accessed 29 April 2022)] that are 
not explained by an alternative diagnosis [NICE, SIGN, RCGP. NICE, SIGN and RCGP Set Out Further Details about the 
UK Guideline on Management of the Long-Term Effects of COVID-19. URL: https://www.sign.ac.uk/covid-19-guideline-
management-of-the-long-term-effects-of-covid-19/ (accessed 17 June 2026)].

Long-term Defined as a time point ≥ 28 days of initial symptom onset (Sudre CH, Murray B, Varsavsky T, Graham MS, 
Penfold RS, Bowyer RC, et al. Attributes and predictors of long COVID. Nat Med 2021;27:626–31) for the purposes of 
our analyses. Assessment ≥ 28 days was used as it aligns with symptom manifestation and an infectious period of ~2–3 
weeks [Maxwell E. Living with COVID19. A Dynamic Review of the Evidence Around Ongoing COVID19 Symptoms (Often 
Called Long COVID). URL: https://evidence.nihr.ac.uk/wp-content/uploads/2020/10/Living-with-Covid-Themed-Review.
pdf (accessed 29 April 2022)], after which, recovery is expected and presence of ongoing problems could be considered 
‘longer-term’.

www.ons.gov.uk/news/statementsandletters/theprevalenceoflongcovidsymptomsandcovid19complications
www.ons.gov.uk/news/statementsandletters/theprevalenceoflongcovidsymptomsandcovid19complications
https://www.sign.ac.uk/covid-19-guideline-management-of-the-long-term-effects-of-covid-19/
https://www.sign.ac.uk/covid-19-guideline-management-of-the-long-term-effects-of-covid-19/
https://evidence.nihr.ac.uk/wp-content/uploads/2020/10/Living-with-Covid-Themed-Review.pdf
https://evidence.nihr.ac.uk/wp-content/uploads/2020/10/Living-with-Covid-Themed-Review.pdf
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Plain language summary

As yet, we know little about the long-term effects of COVID-19. With better information, we can provide the right 
health care and support to the people that need it most.

We aimed to create and analyse a global COVID-19 healthcare database that describes long-term effects of COVID-19.

We searched for studies involving people with COVID-19, including information on their age, health, well-being, work 
and long-term recovery. We analysed data from this database including on overall perception of health, thinking and 
memory, anxiety, depression, stress, post-traumatic stress disorder, tiredness, strength, walking ability, mobility, ability 
to cope with daily life, breathlessness, death, the chances of later hospitalisation and health-related quality of life 
(a measure of how people viewed their health and quality of life).

Our database included more than 62,000 people from 40 countries. We described 158 unique COVID-19 symptoms 
and 137 unique measurements of its impacts. Women and vulnerable populations were particularly impacted by 
COVID-19. In most of our analyses, women had poorer outcomes compared with men. We also saw indications that 
some outcomes were poorer as a person got older, or if they had existing lung disease, were hospitalised for COVID-19, 
or had diabetes or chronic kidney problems, when compared to people without these problems. Being hospitalised with 
COVID-19 resulted in lower health-related quality of life that did not appear to recover for up to 2 years after the initial 
COVID-19 infection.

Our findings highlighted that women and people with pre-existing health problems were particularly impacted as a 
consequence of COVID-19 infection compared to men and previously healthy people. We also identified the need for 
more targeted research on isolation, loneliness and return to work after COVID-19.
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Scientific summary

Background

Identifying and addressing the long-term health and societal challenges after COVID-19 is a research priority. Capturing 
the full range of COVID-19 long-term outcomes is essential to support accurate screening and assessment to establish 
rehabilitation needs of people facing persistent problems in everyday life, measure change over time, and optimise 
rehabilitation interventions and service provision.

Objectives

To create an international, multidisciplinary COVID-19 database, and synthesise long-term outcomes, predictors and 
costs.

Research questions

1.	 What are the long-term outcomes of people after COVID-19 in relation to the International Classification of Func-
tioning, Disability and Health (ICF) and over time?

2.	 What are the predictors of long-term COVID-19 outcomes across the ICF?
3.	 What are the financial costs associated with COVID-19 for individuals, health services and society?

Methods

We conducted systematic identification of COVID-19 data sets and meta-analysis of individual participant data (IPD) on 
long-term outcomes after COVID-19.

Data sources

We searched MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, Web of Science, PsycInfo® 
(American Psychological Association, Washington, DC, USA), Cumulative Index to Nursing and Allied Health Literature 
(CINAHL), World Health Organization (WHO) Global Index Medicus, Epistemonikos, LitCOVID; from November 2019 
to November 2021; CENTRAL, MEDLINE, EMBASE, CINAHL, WHO International Clinical Trials Registry Platform; 
ClinicalTrials.gov and supplementary searches for relevant studies reporting on > 10 people from cohort, case-control, 
survey or randomised controlled trial (RCT) studies, across any setting, describing validated assessment instruments, 
symptoms, hospitalisation, discharge destination or mortality beyond 28 days after COVID-19 onset.

Methods

Principal investigators were invited to contribute data. Data were originally collected in clinical, community and 
research settings in the primary studies. Study descriptors, demography, equity, symptoms and outcomes of interest 
were extracted by two independent reviewers and cross-checked by data contributors. We described demography, 
equity, mapped outcome assessment tools to the International Classification of Functioning, Disability and Health 
(ICF), and described symptom prevalence over time. A one-stage meta-analysis approach described factors associated 
with available outcomes at 3–6 months, 9–12 months and beyond 12 months, for n > 500 IPD and > 1 data set. 
Interventions in original studies were included as covariates in long-term outcome models where appropriate. Findings 
were presented as ratio of difference (RoD), point estimates or odds ratio (OR) and 95% confidence interval (95% CI). 
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Study quality was described using the Mixed Methods Appraisal Tool; individual models were appraised using a Grading 
of Recommendations Assessment, Development and Evaluation (GRADE)-informed approach and heterogeneity was 
described using the I2 statistic.

Main outcome measures

Outcomes examined included physical functioning and mental health in the context of quality-of-life instruments, 
overall perception of health, sleep, multidomain cognitive function, anxiety, depression, stress, post-traumatic stress 
disorder (PTSD), fatigue, strength, walking ability, mobility, coping with daily life, breathlessness, mortality, later 
hospitalisation and health-related quality of life (HRQoL).

Results

We collated 116 data sets from 40 countries (IPD = 62,849), comprising 20 RCTs, 13 case-control, 60 cohort 2 
longitudinal, 1 survey and 20 other study types. Median age of participants was 58 [interquartile range (IQR) (45, 68)], 
34,185 (54.4%) were female. We described 158 unique symptoms. Individual studies reported between 1 and 37 
symptoms. We categorised 137 unique assessment instruments, predominantly describing ICF-body functions.

After COVID-19 infection: Lower overall perception of health by EuroQoL visual analogue scale (EuroQoL VAS) was 
associated with increasing age [RoD = 1.006, 95% CI (1.004 to 1.009)], increasing body mass index [BMI, RoD = 0.983, 
95% CI (0.978 to 0.988)], female sex [RoD = 1.15, 95% CI (1.07 to 1.24)], initial hospitalisation for COVID-19 
[RoD = 0.70, 95% CI (0.60 to 0.82)], presence of existing immunosuppression [RoD = 0.75, 95% CI (0.67, 0.83)], cardiac 
conditions [RoD = 0.73, 95% CI (0.63 to 0.86)] and lung disease [RoD = 0.89, 95% CI (0.83 to 0.97)] at 3–6 months 
(D = 3, IPD = 1766); initial hospitalisation for COVID-19 [RoD = 0.66, 95% CI (0.58 to 0.75)], female sex [RoD = 1.17, 
95% CI (1.10 to 1.25)], unemployment [RoD = 0.78, 95% (0.70 to 0.87)], presence of existing obesity [RoD = 0.79, 
95% CI (0.73 to 0.85)], immunosuppression [RoD = 0.74, 95 CI (0.67, 0.83)], diabetes [RoD = 0.79, 95% CI (0.70 to 
0.90)], lung disease [RoD = 0.89, 95% CI (0.82 to 0.96)] and chronic kidney disease [RoD = 0.72 (0.57 to 0.90) at 9–12 
months (D = 4, IPD = 2818); initial hospitalisation for COVID-19 [RoD = 0.61, 95% CI (0.51 to 0.73)], lower education 
level [RoD = 0.89, 95% CI (0.82 to 0.97)], presence of existing mental/behavioural disorders [RoD = 0.66, 95% CI (0.60 
to 0.72)], immunosuppression [RoD = 0.72, 95% CI (0.64 to 0.82)], diabetes [RoD = 0.76, 95% CI (0.68 to 0.86)], lung 
disease [RoD = 0.88, 95% CI (0.81 to 0.95)] and chronic kidney disease [RoD = 0.75, 95% CI (0.61 to 0.93)], beyond 12 
months (D = 3, IPD = 1932).

Poorer cognitive function by Montreal Cognitive Assessment was associated with increasing age [RoD = 0.992, 95% CI 
(0.989 to 0.995)], other ethnicity [RoD = 0.76, 95% CI (0.67 to 0.85)], lower education level (did not complete primary 
education RoD = 0.54, 95% CI (0.41 to 0.71)] and presence of existing mental/behavioural disorders [RoD = 0.87, 95% 
CI (0.78 to 0.96)] at 3–6 months (D = 2, IPD = 839); and increasing age [RoD = 0.989, 95% CI (0.984 to 0.994)], Black 
[RoD = 0.53, 95% CI (0.40 to 0.72)], Asian [RoD = 0.80, 95% CI (0.68 to 0.95)] and other ethnicities [RoD = 0.63, 95% 
CI (0.45 to 0.90)] and lower education level (did not complete primary education RoD = 0.67, 95% CI (0.47 to 0.94)] 
beyond 12 months (D = 2, IPD = 566).

Higher anxiety by Hospital Anxiety and Depression-A scale was associated with female sex [RoD = 0.80, 95% CI (0.74 
to 0.87)], younger age [RoD = 0.988, 95% CI (0.985 to 0.991)], presence of existing lung disease [RoD = 1.28, 95% 
CI (1.17 to 1.40)] and neurological conditions [RoD = 1.32, 95% CI (1.10 to 1.58)] in initially hospitalised populations 
at 3–6 months (D = 5, N = 1394); female sex [RoD = 0.78, 95% CI (0.70 to 0.87)] and presence of existing circulatory 
disorders [RoD = 1.24, 95% CI (1.06 to 1.45)] in initially non-hospitalised populations at 3–6 months (D = 2, N = 569); 
initial hospitalisation for COVID-19 [RoD = 1.20, 95% CI (1.08 to 1.33)], female sex [RoD = 0.82, 95% CI (0.78 to 0.87)], 
presence of existing lung disease [RoD = 1.19, 95% CI (1.07 to 1.33)] and in unemployed smokers [RoD = 1.19, 95% CI 
(1.04 to 1.36)] at 9–12 months (D = 3, IPD = 1679); initial hospitalisation for COVID-19 [RoD = 1.30, 95% CI (1.17 to 
1.45)], female sex [RoD = 0.84, 95% CI (0.79 to 0.88)], younger age [RoD = 0.988, 95% CI (0.985 to 0.991)] and those 
not in employment [RoD = 1.18, 95% CI (1.10 to 1.26)] beyond 12 months (D = 4, IPD = 1340).
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Higher depression by Hospital Anxiety and Depression-D scale was associated with younger age [RoD = 0.990, 95% 
CI (0.987 to 0.994)], female sex [RoD = 0.78, 95% CI (0.71 to 0.86)], presence of existing lung disease [RoD = 1.24, 
95% CI (1.12 to 1.37)] and mental/behavioural disorders [RoD = 1.61, 95% CI (1.44 to 1.81)] at 3–6 months (D = 3, 
IPD = 1001); younger age [RoD = 0.998, 95% CI (0.996 to 0.999)], female sex [RoD = 0.89, 95% CI (0.86 to 0.93)], 
people not in employment [RoD = 1.30, 95% CI (1.20 to 1.42)], presence of existing diabetes [RoD = 1.33, 95% CI (1.17 
to 1.51)], cancer [RoD = 1.19 [1.07, 1.32)] or smoking [RoD = 1.11, 95% CI (1.06 to 1.18)] at 9–12 months (IPD = 1722, 
D = 4); and initial hospitalisation for COVID-19 [RoD = 1.15, 95% CI (1.06 to 1.24)], female sex [RoD = 0.91, 95% CI 
(0.88 to 0.95)], obesity [RoD = 1.08, 95% CI (1.02 to 1.13)], smoking [RoD = 1.09, 95% CI (1.02 to 1.17)] and for people 
not in employment [RoD = 1.07, 95% CI (1.02 to 1.13)], beyond 12 months (D = 4, IPD = 1286).

Higher stress by Depression, Anxiety and Stress Scale-21 was associated with smoking [RoD = 1.26, 95% CI (1.12 to 
1.42)], presence of diabetes [RoD = 1.42, 95% CI (1.02 to 1.97)], immunosuppression [RoD = 1.55, 95% CI (1.12 to 
2.15)] and female sex [RoD = 0.64, 95% CI (0.57 to 0.72)] at 9–12 months (D = 2, IPD = 1344); female sex [RoD = 0.66, 
95% CI (0.56 to 0.78)], smoking [RoD = 1.34, 95% CI (1.13 to 1.59)] and not being in employment [RoD = 1.50, 95% CI 
[1.15 to 1.97)] beyond 12 months (D = 2, IPD = 698).

Worse PTSD by revised Impact of Event Scale was associated with younger age [RoD = 0.991, 95% CI (0.985 to 0.996)], 
female sex [RoD = 0.72, 95% CI (0.62 to 0.83)] and presence of existing lung disease [RoD = 1.30, 95% CI (1.10 to 
1.53)] at 3–6 months (D = 5, IPD = 1036).

Greater fatigue by Fatigue Assessment Scale was associated with younger age [RoD = 0.997, 95% CI (0.995 to 0.998)], 
female sex [RoD = 0.87, 95% CI (0.83 to 0.90)], presence of existing lung disease [RoD = 1.12, 95% CI (1.08 to 1.17)], 
neurological conditions [RoD = 1.21, 95% CI (1.10 to 1.33)] and musculoskeletal conditions [RoD = 1.10, 95% CI 
(1.04 to 1.16)] at 3–6 months (D= 3, IPD= 1030); younger age [RoD = 0.998, 95% CI (0.997 to 0.999)], female sex 
[RoD = 0.90, 95% CI (0.88 to 0.93)], presence of existing immunosuppression [RoD = 1.15, 95% CI (1.06 to 1.24)] and 
lung disease [RoD = 1.08, 95% CI (1.03 to 1.13)] at 9–12 months (D = 5, IPD = 1594); and female sex [RoD = 0.90, 95% 
CI (0.85 to 0.94)] and presence of existing mental/behavioural disorders [RoD = 1.26, 95% CI (1.18 to 1.34)] beyond 12 
months (D = 2, IPD = 722).

Poorer ability to cope with daily life by Nottingham Extended Activities of Daily Living Scale was associated with female 
sex [RoD = 1.30, 95% CI (1.18 to 1.43)], presence of existing lung disease [RoD = 0.72, 95% CI (0.65 to 0.80)], chronic 
kidney disease [RoD = 0.82, 95% CI (0.67 to 0.995)], increasing age [RoD = 0.995, 95% CI (0.992 to 0.999)] and certain 
lower education strata (completed high school RoD = 0.82, 95% CI (0.74 to 0.89)] at 3–6 months (D = 2, IPD = 1086); 
and increasing age [RoD = 0.990, 95% CI (0.984 to 0.996)], female sex [RoD = 1.24, 95% CI (1.07 to 1.45)] and certain 
lower education strata (did not complete primary education RoD = 0.53, 95% CI (0.33 to 0.84)] beyond 12 months 
(D = 2, IPD = 574).

Poorer walking ability by 6-minute walk test was associated with increasing age [estimate of difference = −1.54, 
95% CI (−2.18 to −0.91)], female sex [estimate of difference = 46.25, 95% CI (27.80 to 64.71)], increasing BMI 
[estimate of difference = −4.22, 95% CI (−5.81 to −2.62)], presence of existing cardiac conditions [estimate of 
difference = −77.46, 95% CI (−113.39 to −41.53)], lung disease [estimate of difference = −31.71, 95% CI (−53.73 to 
−9.70)] and female sex without cardiac conditions [estimate of difference = 56.73, 95% CI (14.05 to 99.42)] at 3–6 
months (D = 6, IPD = 567).

Poorer mobility by Short Physical Performance Battery was associated with increasing age [RoD = 0.989, 95% CI (0.986 
to 0.992)], female sex [RoD = 1.35, 95% CI (1.25 to 1.47)], presence of existing lung disease [RoD = 0.78, 95% CI 
(0.72 to 0.85)], chronic kidney disease [RoD = 0.72, 95% CI (0.59 to 0.88)], neurological conditions [RoD = 0.67, 95% 
CI (0.54 to 0.83)], musculoskeletal conditions [RoD = 0.79, 95% CI (0.71 to 0.89)] and diabetes at 3–6 months (D = 2, 
IPD = 1080).

Worse breathlessness was associated with increasing COVID-19 severity (ventilated population RoD = 1.29, 95% CI 
(1.08 to 1.54)], presence of existing lung disease [RoD = 1.11, 95% CI (1.02 to 1.20)], immunosuppression [RoD = 1.33, 
95% CI (1.15 to 1.54)], obesity [RoD = 1.19, 95% CI (1.10 to 1.29)] and female sex [RoD = 0.91 [0.87, 0.96)] at 3–6 
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months (D = 3, IPD = 744); increasing age [RoD = 1.002, 95% CI (1.001 to 1.003)], increasing age in the presence of 
existing lung disease [RoD = 1.005, 95% CI (1.002 to 1.008)], presence of obesity [RoD = 1.18, 95% CI (1.12 to 1.25)], 
existing circulatory disorders [RoD = 1.11, 95% CI (1.06 to 1.16)], immunosuppression [RoD = 1.21, 95% CI (1.11 
to 1.32)], female sex [RoD = 0.91, 95% CI (0.88 to 0.94)] and initial hospitalisation for COVID-19 [RoD = 1.18, 95% 
CI (1.11 to 1.25)] at 9–12 months (D = 3, IPD = 1277); increasing age [RoD = 1.003, 95% CI (1.002 to 1.005)], initial 
hospitalisation for COVID-19 [RoD = 1.24, 95% CI (1.14 to 1.36)], presence of obesity [RoD = 1.21, 95% CI (1.11 to 
1.31)] circulatory disorders [RoD = 1.10, 95% CI (1.03 to 1.18)] and female sex [RoD = 0.88, 95% CI (0.84 to 0.92)], 
beyond 12 months (D = 3, IPD = 655).

Mortality was associated with increasing age [RoD = 1.068, 95% CI (1.052 to 1.074)], male sex [RoD = 1.31, 95% CI 
(1.15 to 1.50)], existing cancer [RoD = 1.23, 95% CI (1.04 to 1.46)], chronic kidney disease [RoD = 1.49, 95% CI (1.19 
to 1.72)], dementia/Alzheimer’s [RoD = 1.56, 95% CI (1.31 to 1.86)] and lung disease [RoD = 1.25, 95% CI (1.07 to 
1.46)] in hospitalised non-ventilated populations (D = 5, IPD = 5027); and increasing age [RoD = 1.036, 95% CI (1.028 
to 1.044)], male sex [RoD = 1.27, 95% CI (1.05 to 1.54)], existing diabetes [RoD = 1.56, 95% CI (1.30 to 1.87)], chronic 
kidney disease [RoD = 1.47, 95% CI (1.08 to 2.00)] and liver disease [RoD = 2.10, 95% CI (1.37 to 3.22)] in hospitalised 
and ventilated populations (D = 9, IPD = 969).

Later hospitalisation after infection was associated with increasing age [OR = 1.02, 95% CI (1.01 to 1.02)], existing 
cerebrovascular disease [OR = 1.68, 95% CI (1.12 to 2.53)], diabetes [OR = 1.56, 95% CI (1.23 to 1.98)], chronic kidney 
disease [OR = 1.67, 95% CI (1.23 to 2.26)], cancer [OR = 2.64, 95% CI (2.02 to 3.44)] and current smoking status 
[OR = 0.76, 95% CI (0.61 to 0.94)] (D = 2, IPD = 1336). We observed no significant impact of COVID-positivity on later 
hospitalisation, compared with COVID-negative participants. We were therefore unable to calculate the additional costs 
of COVID-19 rehospitalisation.

Worse HRQoL by EuroQoL-derived health utilities was associated with exposure to COVID-19 [estimate = −0.03, 
95% CI (−0.06 to −0.01)] female sex [estimate = −0.054, 95% CI (−0.07 to −0.04)] initial hospitalisation for COVID-19 
[estimate = −0.07, 95%CI [−0.1 to −0.04)], presence of diabetes [estimate = −0.06, 95% CI (−0.09 to −0.04)], obesity 
[estimate = −0.05, 95% CI (−0.06 to −0.04)], existing lung disease [estimate = −0.05, 95% CI (−0.07 to −0.04)], chronic 
kidney disease [estimate = −0.05, 95% CI (−0.09 to −0.01)]; better HRQoL was seen in non-smokers [estimate = 0.02, 
95% CI (0.01 to 0.04)], people with a higher education status [0.02, 95% CI (0.01 to 0.04)] and those in employment 
[estimate = 0.04, 95% CI (0.03 to 0.05)]. Initial hospitalisation with COVID-19 consistently resulted in lower HRQoL 
that did not appear to recover for up to 2 years after the initial COVID-19 infection.

Heterogeneity was low for 34/37 models; using a GRADE-informed assessment of models, 22/37 were of moderate 
and 11/37 were of low quality.

Limitations

Data were primarily collated from high-income countries; we lacked adequate data on ethnicity and measures of health 
inequity, which would have enhanced our analyses. No data on healthcare resource use, apart from later hospitalisation, 
were available; therefore, we were unable to calculate additional costs to the healthcare system for those with COVID-
positivity. Use of secondary data for IPD meta-analyses limited available covariates for adjusted analyses to those 
included in primary data sets. The final models reflected variable significance within the context of data availability and 
were limited to long-term outcomes of interest to the primary research.

Conclusions

PRECIOUS contribute to the overall picture of long-term COVID-19 outcomes beyond the long-COVID condition 
and highlights the disproportionate impact of poorer long-term outcomes in female sex, and those with pre-existing 
comorbidities.
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Future work

Gaps in evidence included isolation, loneliness, societal participation and return to work outcomes. Future work should 
examine the role of health inequity on long-term outcomes.

Study registration

This study is registered as PROSPERO (CRD42020224323, IRAS project ID: 293578).
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Vol. 14, No. 29. See the NIHR Funding and Awards website for further award information.
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Chapter 1 Introduction

The impact of COVID-19

COVID-19 is a multisystem disease caused by the severe acute respiratory syndrome coronavirus 2 virus (SARS-CoV-2). 
Globally, COVID-19 has now affected more than 779 million people,1 with more than 6.9 million deaths recorded, 
costing the global economy more than US$12.5 trillion.2 As of 9 May 2024, there have been 24.9 million cases in the 
UK alone and more than 232,000 deaths.1 Globally, the highest mortality rates have been reported in the USA, Brazil 
and India.1

As a novel virus, initial efforts focused on characterising COVID-19 infection, distinguishing symptoms, methods 
of transmission, risk of infection and quantifying its impact, for example, on hospitalisation and mortality. The 
effectiveness of treatments were investigated,3–7 and vaccinations were developed to mitigate transmission,8–10 
decrease the severity of infection, reduce hospitalisation and death. Within 7 months of the start of the pandemic, the 
first vaccination was developed and administered, with use outside a clinical trial context commencing in December 
2020.11 Two years after the start of the pandemic, it was estimated that almost 56% of the global population had 
received at least one dose of a COVID-19 vaccine,12 and more than 13.59 billion doses have been delivered.1 Despite 
heterogeneous access to vaccinations, supply issues, and differing transmission profiles,11 the administration of 
COVID-19 vaccinations has decreased mortality,13 while a reduced rate of transmission (and viral load) was supported 
by public health initiatives such as mask-wearing and physical distancing.14 With the immediate priority of reducing 
transmission and mortality being addressed, research efforts now focus more on the novel impacts of COVID-19 and 
the interventions required to address them.

Persistent consequences of COVID-19
Several early research studies highlighted the persistence of symptoms following COVID-19.15–20 Typically, the 
symptoms of COVID-19 last for a mean of 11 days.21 Long-COVID, post-COVID condition or post-COVID syndrome 
refers to symptom persistence after initial infection and virus clearance that remains ongoing, commonly after 
12 weeks, which cannot be attributed to alternative diagnoses.22 The reported length of persistent symptoms frequently 
differs across studies – from 4 weeks to 3 months – but here we use the term long-COVID in reference to ongoing 
symptoms beyond the 12-week period. Long-COVID likely affects up to 10% of people with COVID-19,23 with 
additional literature suggesting that 31–69% may experience symptoms for varying lengths of time.24–26 An estimated 
2 million people in the UK now live with long-COVID.27 This multisystem condition is not limited to severe infection,23 
although persistence is associated with severity,28 female sex, socioeconomic status,29,30 age < 50 years,31 higher body 
mass index (BMI), and history of smoking32 and substance abuse.33

The presentation of long-COVID is heterogeneous, with common symptoms including fatigue, shortness of breath, 
arthralgia, cough and chest pain.34 It is also thought to involve elements of post-intensive care syndrome, post-viral 
fatigue syndrome and permanent organ damage.35 Reports from Germany indicate that up to 36% of people with 
COVID-19 may have persistent problems for more than 2 months after onset,36 while the Office for National Statistics 
in the UK estimates that 1-in-5 and 1-in-10 will have persistent symptoms for 5 and 12 weeks or longer, respectively.37 
At 4 months post onset, data collected on symptoms reported in the UK included fatigue (98%), muscle aches (88%), 
breathlessness (87%), headaches (83%), cardiorespiratory (92%) and gastrointestinal (73%) problems; 70% described 
impairment in one or more organs.38

Literature has suggested that around 14% of the COVID-19 population develops new symptoms requiring medical 
attention: 1.65% higher than other viral conditions affecting the lungs.15,16 New symptoms are more common in people 
who are hospitalised with COVID-19 than in community-based cohorts.15,16,39 A study of non-critical COVID-19 patients 
also reported symptom persistence in 66% of people at 2 months, with 33% reporting feeling worse than at the onset 
of COVID-19.40 Data also suggest that the proportion of people developing long-COVID is smaller in those who have 
received a vaccination before contracting COVID-19.32,41 However, existing evidence is mainly from hospitalised 
populations in single countries38,42,43 reflecting the most severe COVID-19 cases. Community-based COVID-19 



Introduction

2

NIHR Journals Library www.journalslibrary.nihr.ac.uk

populations or those with milder symptoms are typically under-represented in such data.44 The persistence of symptoms 
remains only one facet of the range of COVID-19 impact. A better understanding of the evidence base for long-term 
impact beyond novel symptoms and symptom profiles needs to be developed to meet the continued diagnostic, 
intervention, and service challenges posed by the pandemic.

Recurrent waves and continuing impact
COVID-19 overwhelmed health systems worldwide;45 despite the end of the pandemic being declared in May 
2023,46 significant disruptions to healthcare systems remain. The effects include exacerbation of existing health 
inequalities, impacts on hospital waiting times, sick leave that reduces healthcare capacity, re-prioritised resources 
and delays in seeking care, impacts on mental health and employment,47 health behaviours48 and disrupted livelihoods 
and education.49 Infections are still prevalent, with more than 500,000 cases reported in the first month of 2024.1 
Reinfection with COVID-19 also carries an increased risk of mortality in older people,50 and hospitalisation in those 
aged over 60 years.51 New waves of infection have resulted from mutations of the original Alpha (Wuhan) strain52 into 
variants of concern, and these variants have increased the risk of severe infection, ongoing health impacts, and even 
death compared with non-variants of concern.53–57 Thus, continued research into the long-term impacts of COVID-19 is 
still required to address the continuing risks to health and well-being and associated service challenges.

Impact beyond symptoms
As research and understanding of long-COVID have improved, healthcare services continue to face increased burden 
due to additional morbidity and the emergence of long-term impacts of COVID-19.58 This potentially includes service 
reorganisation, with impacts on follow-up, the development of specialist clinics and multidisciplinary rehabilitation 
teams.58 Long-term data that extend beyond persistent symptoms are required to describe their impact on everyday 
life. Identifying and addressing the long-term health and societal challenges and costs of COVID-19 are research 
priorities.59,60 These wider, long-term impacts include but extend beyond long-COVID as a condition, affecting domains 
such as activities of daily living (ADL), participation and return to work. Capturing the full range of COVID-19 long-term 
outcomes is essential to support accurate screening and assessment to establish the rehabilitation needs of people 
facing persistent problems in everyday life, measure change over time, and optimise rehabilitation interventions and 
service provision.

In the initial stages of the COVID-19 pandemic, many research studies used mortality as a primary outcome 
measure.61,62 As the focus shifted beyond the emergency COVID-19 public health response, optimising the 
rehabilitation efforts delivered mainly by the allied health professional (AHP), nursing, primary care and social care 
services in hospital and community settings became critical. The resulting demand for health and social care services 
may be long-standing or permanent.35 Redeployment of existing services and tailored management of the emerging 
complex, multidomain consequences of COVID-19 are required to avoid or limit significant impact for individuals 
and society35 and should be informed by a robust evidence base. However, significant gaps exist in the evidence 
underpinning long-term COVID-19 rehabilitation efforts, identification of those that have the greatest rehabilitation 
needs and what those needs are. The volume of people affected by COVID-19 and the prevalence of long-term 
consequences pose an urgent need for health policy-makers, society and healthcare services to understand and develop 
interventions that address the needs of this population.63

Comprehensive mapping of the full range and longevity of long-term COVID-19 outcomes across the International 
Classification of Functioning, Disability, and Health (ICF)64 is urgently needed to describe impact on ADL, participation 
in society, return to work, quality of life (QoL), overall health and emotional well-being, and relationships. The relevance 
of demographics (e.g. ethnicity, sex, age, socioeconomic status and comorbidities)65 and COVID-19 history (e.g. severity, 
hospitalisation, ventilation) on long-term outcomes remain unclear. It is vital to establish the factors related to poorer 
long-term outcomes, thereby enabling the rehabilitation response to be tailored, ensuring that services and resources 
are focused on individuals with the greatest need and experiencing the greatest impacts, and when the greatest 
gains might be made. The representativeness and generalisability of the COVID-19 populations recruited to current 
studies need to be established, along with outcomes from typically under-represented populations, such as those who 
were never hospitalised. The National Institute for Health and Care Excellence (NICE) and the Scottish Intercollegiate 
Guidelines Network recommend the investigation of the natural history, trajectory and predictors of long-COVID, and 
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development of personalised rehabilitation and management plans.66 Examining the full scope of potential rehabilitation 
needs, establishing the most prevalent needs, evidence gaps, and factors associated with poor long-term outcomes 
would inform future research priorities and service planning.

The use of data in response to the pandemic

COVID-19 required rapid decision-making at the clinical, health, research and policy levels.67 However, this was 
impeded by a lack of available, co-ordinated and relevant data.67,68 In response, a wealth of data have been collected 
from electronic health records, registries and research data sets. Clinical data sets have complemented those 
from clinical trials,69 providing valuable information from populations that were typically excluded from clinical 
trials due to multimorbidity, incapacity, or disease severity. Data from every stage of the pandemic are needed to 
aid in planning and inform future pandemic preparedness.67 Aggregation across a range of study designs permits 
the collation of greater data quantity and supports comparisons across international settings, health systems and 
population groups.69

Individual participant data meta-analysis approaches

One approach to harness the potential of existing COVID-19 data is the use of an individual participant data meta-
analysis (IPDMA). Examination of IPD within common domains of assessment permits exploration of larger sample 
sizes, supporting identification of long-term impacts on independence, physical and psychological outcomes and 
QoL following COVID-19. IPD meta-analysis supports the description of factors related to long-term outcomes, 
and recovery potentials. An IPD meta-analysis approach offers an important opportunity to address questions 
relevant to the health and social care of those affected by COVID-19, including evidence gaps relating to COVID-19 
associated impairment, activity and participation limitations across the ICF, examination of long-term outcomes and 
inclusion of data from hospitalised and community cases of COVID-19. Collation and meta-analysis of international 
IPD permit individual adjustment of covariates, greater statistical power, improved participant representation, 
examination of patterns of impaired function and participant subgroups, and reduction of ecological bias in a time- and 
cost-efficient manner.

Research on long-term outcomes

Maxwell et al.70 reported an overview of IPD meta-analyses related to COVID-19. Of the 31 meta-analyses identified, 
over half (n = 16) focused on interventions for COVID-19. The remaining IPDMA examined windows for detection in 
one study,71 three focused on the presentation of COVID-19,6,72–89 four explored population-specific outcomes,75–78 
long-COVID in one study,79 multiple outcomes in three studies80–82 and mortality in one study.83 Many of these 
IPDMA are still ongoing. Of the IPD meta-analyses that are reported in Maxwell et al., only PRECIOUS is focused on 
long-term outcome.

Several individual studies have also examined long-term health outcomes, reporting that symptoms were generally 
resolved within 1 year of diagnosis,84 while another study in the long-COVID population reported mild to moderate 
symptoms at 3 years after hospital discharge, with reinfections contributing to increased symptom prevalence.85 In a 
study of 1276 previously hospitalised participants, physical and functional recovery at 1 year was reported in most 
participants, along with a return to usual work and life activities.86 Another study reported persistent symptoms, poor 
QoL, exercise ability, and low return to work rates despite good physical recovery 1 year after discharge.87 Participants 
who required mechanical ventilation reported poorer QoL at 3 months after discharge, but improvement by 1 year in 
one study, and another reported on the factors associated with incomplete recovery, including female sex, obesity 
and requirement for mechanical ventilation in a hospitalised cohort.88 Problems with swallowing (dysphagia) and 
communication have also been reported in previously hospitalised populations between 10 months and 14 months 
after discharge.89 The UK Coronavirus Clinical Characterisation Consortium (ISARIC-4C) examined the mechanisms of 
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COVID-19 spread, diagnosis and screening, immune response, duration of contagiousness, risk of severe illness and 
pharmacological treatments. Prediction modelling described mortality risk90 and recovery after critical illness.91 The 
ISARIC-4C follow-up study aims to follow up previously hospitalised participants as long as a need exists and resources 
are available, with scheduled follow-up post-hospital discharge at 1–3 months, > 3–6 months, > 6–9 months and 
> 9–12 months and beyond, if applicable.92

Thus, long-term follow-up data exist but from disparate populations. These data could be combined to permit 
IPDMA, enabling detailed modelling benefiting from a more diverse, international, participant sample and permitting 
examination of the wider health, disability and functioning impacts beyond routinely collected health data.

Research priorities for people with COVID-19 and carers

The World Health Organization (WHO) has identified the need for research into the long-term effects of COVID-19, 
how these problems affect patients, the clinical course and the likelihood of full recovery.93 Unanswered research 
questions including the trajectory of people recovering from COVID-19, the proportion of people who will experience 
problems, the length of time that problems can be expected, and those who will need intensive reconditioning. The 
predictors of long-term problems were identified based on clinical impressions.59

The Cochrane Rehabilitation and WHO Rehabilitation Program published priority research questions for COVID-19 
rehabilitation research based on multidisciplinary consensus, highlighting the need to explore impairments, activity 
limitations and participation restrictions following COVID-19 at the individual, service, and system levels.60 Specific 
priority questions include an examination of the natural history of functional limitations and the factors associated with 
these limitations.60

Furthermore, the post-hospital COVID-19 study employed a James Lind Alliance approach to identify research priorities 
related to long-COVID, highlighting the need for information on the long-term trajectory of the illness and the impact 
on function, activity and exercise.94 The lived experience of COVID-19, including input from our own patient and 
public involvement (PPI) group, highlighted several areas for further investigation, including documenting the varied 
symptoms; dealing with uncertain prognosis and difficulty identifying, accessing and navigating appropriate services.44 
Long-term outcomes, trajectory and factors related to prognosis have been highlighted as priority areas by people with 
COVID-19, multidisciplinary researchers and health organisations.

PRECIOUS sought to bring together the wealth of disparate IPD gathered in primary studies and clinical registries 
to create a clearer picture of the COVID-19 impact, outcomes and costs to inform rehabilitation efforts. PRECIOUS 
complements existing work by expanding our understanding of long-term COVID-19 outcomes beyond the symptoms 
and time points at which they occur, by also examining the impact at individual and population levels, through 
characterisation according to the ICF, and describing societal and personal costs experienced by the COVID-19 
population in an international context.

Aim

To create an international, multidisciplinary COVID-19 IPD database, and synthesise long-term outcomes, predictors 
and costs.

Objectives

•	 To describe long-term COVID-19 outcomes and factors associated with long-term outcomes (≥ 28 days after index 
infection), across ICF domains and time.
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•	 To describe the costs of COVID-19.
•	 To disseminate findings through peer-reviewed papers, a website, conference presentations, social media and 

project partners.

Research questions

1.	 What are the long-term outcomes of people after COVID-19 in relation to the ICF and over time?
2.	 What are the predictors of long-term COVID-19 outcomes across the ICF?
3.	 What are the financial costs associated with COVID-19 for individuals, health services and society?
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Chapter 2 Methods

Overview

This chapter provides an overview of the IPDMA methods used to address the PRECIOUS research questions, including 
selection and involvement of the PPI group, identification, invitation, and contribution of eligible data sets, data 
management, data preparation, cleaning and quality checks, data transformation and analyses.

Registrations and approvals

The PRECIOUS IPD protocol was registered with PROSPERO (CRD42020224323). Establishment of the PRECIOUS 
database was registered with the Integrated Research Application System (IRAS project ID 293578). The Glasgow 
Caledonian University Ethics Committee granted approval for the PRECIOUS study (HLS/NCH/20/04, October 2021). 
Inclusion in PRECIOUS required that primary research data sets adhered to the national or regional ethical agreements 
at the time of data collection.

Design

Systematic identification of COVID-19 data sets and meta-analysis of IPD on long-term outcomes after COVID-19.

Patient and public involvement

Aim of patient and public involvement in PRECIOUS
The aim of PPI in PRECIOUS was to conduct research which is of direct relevance to people with COVID-19 and 
their carers.

Patient and public involvement methods

Recruitment
Patient and public involvement partners were sought via an advertisement on www.peopleinresearch.org. Parties 
submitted their interests to the website. PPI for PRECIOUS was led by a co-applicant with lived experience of COVID-
19 and caring for a person with COVID-19.

Eligibility
Patient and public involvement partners were asked to confirm eligibility, complete a consent form (see Report 
Supplementary Material 1) and return the form to the PRECIOUS group. Eligible PPI partners included those who had 
COVID-19 or were closely involved in the care of those with COVID-19 infection, who experienced, or cared for 
someone who experienced persistent problems due to COVID-19.

Meetings
Five online PPI meetings took place using Zoom (Zoom Video Communications, San Jose, CA, USA; September 2021, 
June 2022, October 2022, October 2023 and January 2024) to ensure that PPI partners could contribute to each 
stage of data gathering, analysis and interpretation. Prior to each PPI meeting, PPI partners were sent documents for 
review and comment and invited to take an active role in disseminating the findings via social media. Partners were 
remunerated based on guidance from the Department of Health in 2009.

Group composition
The PRECIOUS PPI group included eight partners who met the eligibility criteria.

www.peopleinresearch.org
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Patient and public involvement tasks
Our PPI group reviewed the proposed activities and documents and advised on selecting and refining the PRECIOUS 
research questions. PPI involvement included the following:

•	 refining data set selection criteria
•	 refining outcomes for assessment, drawing on their experiences with persistent COVID impacts
•	 informing content, delivery, and accessibility of project communication and emerging findings on the project website
•	 identifying the health professions, time points, methods and settings most relevant for effective dissemination
•	 informing dissemination strategy, messaging and accessibility of all outputs.

Evaluation and reflections
Patient and public involvement partners were sent brief forms adapted from an existing framework to evaluate PPI,95 
evaluate how PPI recommendations were implemented throughout the project, and highlight areas for improvement. 
This was administered from 11 months into the project to allow course correction, where necessary.

Target population

PRECIOUS sought data from studies that included people with COVID-19 who met the criteria set out in Table 1.

Search strategy and information sources
COVID-19 resulted in an unprecedented number of publications. In order to capture the most relevant evidence in a 
systematic and efficient manner, we conducted our searches using a hierarchical stepped approach.

•	 Step 1: involved the searches for all relevant systematic reviews and meta-analyses which include studies which met 
our eligibility criteria. In step 1 we searched nine electronic databases for relevant reviews [MEDLINE, Cochrane 
Central Register of Controlled Trials (CENTRAL), EMBASE, Web of Science, PsycInfo® (American Psychological 
Association, Washington, DC, USA), Cumulative Index to Nursing and Allied Health Literature (CINAHL), WHO 
Global Index Medicus, Epistemonikos, LitCOVID; from November 2019 to July 2021; date of last search: 15 July 
2021]. We used these high-level studies to rapidly identify any relevant study included within these publications that 
met the eligibility criteria, so that invitations could be sent to potential collaborators as quickly as possible. Searches 
for step 1 were run on 15 July 2021.

TABLE 1 Eligibility criteria

Inclusion
•	 Cohort studies, case-control studies, surveys and randomised controlled trials with more than one time point for assessment
•	 Any setting
•	 Minimum IPD of 10 people
•	 Adults with COVID-19 reflecting a range of severities, symptoms and durations with outcomes assessed at ≥ 28 days post onset
•	 Outcomes assessments including (but not limited to) presence of:

o	 A formal tool capturing an ICF domain
o	 Reporting of presence of a post-COVID complication (e.g. fatigue) ≥ 28 days of initial symptom onset
o	 Morbidity or continued hospitalisation beyond ≥ 28 days of initial symptom presentation
o	 Residence in, or discharge to, a long-term care/rehabilitation facility ≥ 28 days of initial symptom presentation, or discharge to 

another location 

Exclusion
•	 Studies with no available IPD
•	 Single case studies
•	 Studies of COVID-19 in children
•	 Studies focused only on the impact on caregivers
•	 Healthcare process evaluations
•	 Qualitative data



Methods

8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

•	 Step 2: involved supplementary and targeted searches conducted between 19 August 2021 and 15 November 2021 
for relevant studies that met the eligibility criteria. This included: targeted searches of selected electronic databases 
(CENTRAL, MEDLINE, EMBASE, and CINAHL); clinical trial registers [WHO International Clinical Trials Registry 
Platform (ICTRP); ClinicalTrials.gov], backward, and forward citation tracking; preprints on MedRxiv, open data 
repositories and funding agencies. No language restrictions were applied.

The systematic search was developed by an information specialist (JC) and peer reviewed in accordance with Peer 
Review of Electronic Search Strategies (PRESS) guidelines.96 The search was adapted for each of the electronic 
databases. Further details of the search strategies are available in Appendix 1.

Selection process
Records identified were deduplicated in EndNote (Clarivate Analytics (formerly Thomson Reuters), Philadelphia, PA, 
USA), and imported into Covidence (see Appendix 1) and two researchers independently screened record titles and 
abstracts against the selection criteria (see Table 1). Full texts were obtained for all studies that met the inclusion criteria 
and reviewed independently by two researchers. Where there was a lack of consensus that could not be resolved 
through discussion, a third researcher (MA) screened the records or the full text and made the final decision.

Studies that were not able to be electronically downloaded, for example, pre-print studies on MedRxiv were screened 
by one researcher (PC, SR) and the data and weblinks were documented in Microsoft Excel® (Microsoft Corporation, 
Redmond, WA, USA).

Data collection processes
Individual participant data from primary research studies was sought. Principal investigators (PIs) of eligible studies 
were sent an invitation e-mail, PRECIOUS study information sheet (see Report Supplementary Material 2), were asked 
to confirm data set eligibility, and invited to contribute anonymised IPD data sets. They were contacted a maximum of 
three times. Where they expressed an interest, they were asked to confirm ethical approvals to share data, complete 
a Data Contribution Form, sign a Data-Sharing Agreement, and contribute fully anonymised IPD using a secure file 
transfer protocol (https://transfer.gla.ac.uk/security). Communication with the primary research data set PIs was 
managed using an Excel database, in which contacts made, decisions on eligibility, and inclusion, and a file transfer 
checklist were recorded. Contributing PIs formed the PRECIOUS wider Collaborative Group.

Data items
Data were extracted into a pre-piloted data extraction form (DEF) using all available published and unpublished material 
and information relating to the research, ascertained through close collaboration with the contributing PIs. This DEF 
provided an overview of the availability and location of variables relevant to planned analyses.

The following data fields were extracted by one reviewer (PC, SR) and checked by a second reviewer:

•	 data set demographics: author, year, geographical region, income group
•	 study aim and design: as reported by authors
•	 participant demography: medical condition, comorbidities and equity factors
•	 assessments tools: as reported by authors
•	 intervention details: profiled using the Template for Intervention Description and Replication checklist and guide 

(www.equator-network.org/reporting-guidelines/tidier/)
•	 reported outcomes (as stated by authors)
•	 health economics data.

Data cleaning

Data cleaning was performed using SAS v9.4 (SAS Institute Inc., Cary, NC, USA), Excel, and SPSS v29 (IBM Corporation, 
Armonk, NY, USA). Data were formatted to match prespecified variable names and codes. Data cleaning was 
cross-checked within the project group to discuss, review and harmonise coding decisions. All extracted data were 

https://transfer.gla.ac.uk/security
www.equator-network.org/reporting-guidelines/tidier/
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summarised at the data set level and sent to each contributing PI to cross-check. Data sets from the public domain 
were cross-checked by a team member who was not involved in cleaning the data set.

Items for extraction
Data were extracted on demography, active interventions administered to treat COVID-19, resource use within hospital 
[including use of ventilation, length of stay, intensive care unit (ICU) requirement and corresponding length of stay], 
and out-with hospital (e.g. use of aids or long-term medication use). Data on mortality (time to death) and outcome 
measurement instruments and outcomes (such as return to work) were extracted at each available follow-up period. We 
sought data at the IPD level; for data that were only available at summary level, and where this could not be attributed 
to any specific individuals, variables were marked as ‘not reported’ at the IPD level.

Standardised conventions for data description
Where possible, we used standard conventions to code the data.

This included:

•	 Medical history/concomitant conditions: we used the International Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision (ICD-10) to describe (see Report Supplementary Material 5) at baseline.

•	 Health equity data: profiled using PROGnosis RESearch Strategy partnership Plus.97

•	 Study design: categorised according to recommendations from the Cochrane Effective Practice and Organisation of 
Care group.98 

•	 Countries and income categories: described according to the World Bank list of economies (www.isca.org/files/
World_Bank_List_of_Economies_(July_2025_-_July_2026).pdf).

•	 COVID positivity was described as follow:
o	 COVID-positive at study inclusion
o	 COVID-negative at study inclusion
o	 COVID-negative at study inclusion but with documentation of prior COVID.

Where data on BMI were available in continuous form, these were also converted into a categorical format according to 
the WHO classification.99

The time from onset to study inclusion was standardised across studies to reflect the time since COVID-19 onset 
[defined as positive polymerase chain reaction (PCR) test/symptom onset, where available]. Follow-up times were 
standardised across data sets relative to COVID-19 onset before the analyses. The intervention data were categorised 
into common groups (Box 1).

BOX 1 Categorisation of interventions

•	 Corticosteroids group=‘Combined group of corticosteroids, cortisone, dexamethasone, methyl prednisolone, glucocorticoids, 
prednisone’

•	 Anticoagulants group=‘Combined group of anticoagulants, enoxaparine, heparin, LMWH’
•	 Renal therapy group=‘Combined group of dialysis, CVVH, haemodialysis, haemodiafiltration, renal replacement therapy’
•	 Antibiotics group=‘Combined group of antibiotics, Azithromycin, Amoxicillin, Ampicillin, Cefoperazone, Cefotaxime, 

Ceftaroline, Ceftriaxone, Clarithromycin, Doxycycline, Clofazimine, Ivermectin and doxycycline’
•	 Antiviral group=‘Combined group of antiviral, combination therapy Favipiravir (10 days) + Hydroxychloroquine (5 days), 

Favipravir, Tenofovir, Emtricitabine/Tinofovir, Ganciclovir, Lopinavir/Ritonavir, Oseltamivir, Remdesivir, Ribavirin, Umifenavir, 
Darunavir, Ritonavir, Aciclovir’

•	 Antiplatelets group=‘Combined group of antiplatelets, aspirin, clopidogrel, platelet antiaggregant’
•	 Immunosuppressant group=‘Combined group of cyclosporine, IL-6 Inhibitors, interferon, immunosuppressants, 

immunosuppressive therapy, interferons, peginterferon lambda 1a, TNF antagonist therapy, anticytokine therapy, infliximab, 
tocilizumab’

•	 Blood products group=‘Combined group of convalescent plasma, immunoglobulin, PCV transfusion, therapeutic 
plasma exchange’

•	 Antihypertensive group=‘Combined group of antihypertensives, ace inhibitor, alpha blocker, beta blocker, ARB, calcium 
channel blockers’,

•	 Opioid/benzodiazepine group=‘Combination of opiates, opioid, opioids and/or benzodiazepines’
•	 Ivermectin=‘Ivermectin, including Ivermectin with doxycycline’

www.isca.org/files/World_Bank_List_of_Economies_(July_2025_-_July_2026).pdf
www.isca.org/files/World_Bank_List_of_Economies_(July_2025_-_July_2026).pdf
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Variables with a range
Where age and time since COVID-19 onset were provided as categorical variables that included a range, the mean 
was taken.

Method of COVID-19 diagnosis
After discussion and consensus, the following COVID-19 diagnosis descriptions were adopted:

•	 PCR (includes nucleic acid, antigen/lateral flow and swab tests).
•	 Antibody testing.
•	 Clinical diagnosis – includes COVID probability/suspected COVID.
•	 Diagnostic method not reported – includes not reported, other, multiple methods (if indeed the multiple methods of 

diagnosis are not described).
•	 PCR or serology reported together.

COVID-19 severity
COVID-19 severity was defined as follows:

•	 non-hospitalised
•	 hospitalised
•	 hospitalised and ventilated.

The hospitalised and ventilated category included patients who received mechanical ventilation, extra-corporeal 
membrane oxygenation (ECMO), unspecified ventilation, tracheotomy, intubation, or the use of high-flow oxygen 
devices. Low-flow oxygen or high-flow/non-invasive ventilation were classed as ‘hospitalised’.

Outcome selection
The long-term outcomes of interest were prespecified. These included formal, validated assessment instruments, 
reporting of the presence of a post-COVID symptom, morbidity or continued hospitalisation beyond ≥ 28 days of 
initial symptom presentation, residence in or discharge to a long-term care/rehabilitation facility, discharge to another 
location, death and details of resource use. Biomarkers and radiological-related outcomes were excluded.

Mortality data were supplied as status (alive/dead) and/or time to death. As it was not possible to utilise these data in 
survival analyses, the latest date when data were recorded was considered as the last known time to be alive. When no 
additional data were available, these partial data were excluded from the analysis of mortality.

Categorisation of outcomes by International Classification of Functioning, Disability and Health 
domains
We mapped available outcome measurement instruments to the ICF. Mortality, hospitalisation, length of hospital stay 
and time variables (time to recovery, time in hospital, time to discharge) were not included in the ICF mapping. Single-
domain and composite outcome measurement (i.e. those that covered multiple domains of assessment) instruments 
were identified, symptoms were described verbatim, and outcome measurement instruments were linked to the 
appropriate ICF domain (https://icd.who.int/dev11/l-icf/en; Figure 1).

Three team members (PC, SR, MA) met regularly to reach consensus on mapping the outcome tools to the ICF 
constructs using the linking rules published in Patel (2022).100 Where possible, we mapped to level three of the ICF to 
ensure that sufficient detail was provided.

International Classification of Functioning, Disability and Health domains were:

Body functions: mental functions, sensory functions and pain, voice and speech functions, functions of the cardiovas-
cular, haematological, immunological and respiratory systems, functions of the digestive, metabolic and endocrine 
systems, genitourinary and reproductive functions, neuromusculoskeletal and movement-related functions, func-
tions of the skin, and related structures.

https://icd.who.int/dev11/l-icf/en
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Activities and participation: learning and applying knowledge, general tasks and demands, communication, mobility, 
self-care, domestic life, interpersonal interactions and relationships, major life areas, community, social and 
civic life.

Environmental factors: products and technology, natural environment, human-made changes to the environment, 
support and relationships, attitudes, services, systems and policies.

Body structures: structures of the nervous system, eye, ear and related structures, structures involved in voice and 
speech, structures of the cardiovascular, immunological and respiratory systems, structures related to the digestive, 
metabolic and endocrine systems, structures related to the genitourinary and reproductive systems, structures 
related to movement and skin, and related structures.102

Data transformation
We used a data transformation algorithm [RELEASE (HS&DR–14 April 2022)103], which involved grouping outcome 
measurement instruments within common categories (e.g. independence, ADL, cognition, psychological outcomes, 
QoL and cardiorespiratory outcomes). The ICF categories were deemed inappropriate to implement this algorithm, as 
each assessment instrument could be mapped to multiple levels and domains of the ICF. Therefore, we grouped similar 
assessment instruments within a common domain.

Consensus
We generated a consensus between the Collaborative and PPI groups on these descriptive outcome domains. We 
held successive rounds of consensus discussions with our PPI, co-applicant and wider Collaborative Group, as well as 
a smaller group of experts for specific outcome domains, such as cognition, where data aggregation was particularly 
complex. Finally, the placement of each outcome measurement instrument under each broad outcome domain was 
reviewed and approved by the wider PRECIOUS Collaborative Group, comprising more than 116 contributing PIs, and 
the PPI group. The placement of the outcome measurement instruments within the broad outcome domain is described 
in Table 2.

Each outcome domain was informed by the ICF and refined further to allow for similar outcome measurement 
instruments to be pooled without compromising the contents of each measurement instrument. For example, pain was 
commonly measured using a severity scale, or could also include a measure of the impact of pain on everyday life. As 
the impact of pain on one measure and the severity of pain on another measure constituted two different assessment 
parameters, the investigative team decided to include ‘Pain’ as an overarching outcome domain, within which severity 
and impact could be examined separately. The outcome measurement instruments within each category were then 
pooled. The most commonly used measurement instrument (by number of data sets) within each outcome category [e.g. 
the Hospital Anxiety and Depression Scale-A (HADS-A) for Anxiety] served as an ‘anchor measure’ to which all other 
measures within the same category [e.g. the Beck Anxiety Inventory (BAI)] were transformed (matching value ranges 

Health condition
(disorder or disease)

Body functions
and structure

Environmental
factors

Personal
factors

Activity Participation

FIGURE 1 International Classification of Functioning, Disability and Health.101
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TABLE 2 Summary of outcome assessment instrument and available time to follow-up

Broad 
outcome 
domain Subdomain

Subdomain 
follow-up time 
[median (IQR]) Assessment instrument

Number of 
data sets IPD (n, %)

Anxiety and 
depression

Anxiety and 
depression

12 (0–31) Patient Health Questionnaire-4 1 168 (0.3%)

Anxiety only 184 (83–278) Short Form Geriatric Anxiety Index 1 279 (0.4%)

DASS21 2 1525 (2.4%)

Beck Anxiety Inventory 1 99 (0.2%)

HADS-A 9 3058 (4.9%)

General Anxiety Disorder 7 3 2588 (4.1%)

Postpartum Anxiety Scale 1 200 (0.3%)

Depression only 182 (88–278) DASS21 2 1524 (2.4%)

Depression in the Medically Ill 1 193 (0.3%)

HADS-D 9 3069 (4.9%)

Patient Health Questionnaire-2 1 50 (0.1%)

Short Form Geriatric Depression Scale 1 279 (0.4%)

Beck Depression Inventory 3 161 (0.3%)

Patient Health Questionnaire-9 5 3108 (4.9%)

Edinburgh Postnatal Depression Scale 1 200 (0.3%)

Breathing Impact of breathing 
problems

198 (122–278) COPD Assessment Test 1 34 (0.1%)

Leicester Cough Questionnaire 1 378 (0.6%)

St George Respiratory Questionnaire 2 59 (0.1%)

Wisconsin Upper Respiratory Symptom Survey 1 30 (0.0%)

Shortness of breath 180 (76–276) Dyspnea 12 1 2237 (3.6%)

Modified Medical Research Council 17 2748 (4.4%)

MRC 4 1872 (3.0%)

Nijmegen Score 1 35 (0.1%)

Self-Evaluation of Breathing Questionnaire 1 208 (0.3%)

Transfer factor 135 (87–192) DLCO 6 445 (0.7%)

DLCOVA 3 304 (0.5%)

TLCO 1 173 (0.3%)

COVID 
severity and 
recovery

COVID severity and 
recovery

19 (14–25) 7 Point Ordinal Scale 1 258 (0.4%)

WHO Ordinal Scale for Clinical Improvement Level 5 1 533 (0.8%)

WHO Clinical Status Scale 1 333 (0.5%)

WHO-9 COVID Severity Score 2 191 (0.3%)
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Broad 
outcome 
domain Subdomain

Subdomain 
follow-up time 
[median (IQR]) Assessment instrument

Number of 
data sets IPD (n, %)

Cognition 
and thinking

Attention and 
alertness

204 (124–312) Test of Attentional Performance 1 41 (0.1%)

NIH Attention 1 80 (0.1%)

Multidomain assess-
ment instruments

191 (115–270) Cogstate Global Deficit Score 1 185 (0.3%)

Mini Mental State Examination (MMSE) 1 73 (0.1%)

Montreal Cognitive Assessment (MoCA) 7 3222 (5.1%)

Short Orientation–Memory–Concentration Test 1 48 (0.1%)

Short Portable Mental Status Questionnaire (SPMSQ) 1 4 (0.0%)

Symbol Digits Modality Test 1 25 (0.0%)

Ease of word 
production

167.5 (118–211) PMR Task 1 38 (0.1%)

CERAD Verbal Fluency 1 15 (0.0%)

Executive function 203 (124–313) NIH Toolbox: Executive Function 1 80 (0.1%)

Trail Making Test B 1 50 (0.1%)

Figure copy 235 (200–312) CERAD Figure Copy 1 15 (0.0%)

Figure recall 234 (200–304) CERAD Figure Recall 1 14 (0.0%)

Naming 220 (110–322) CERAD Boston Naming Test 1 49 (0.1%)

Orientation 155 (112–201) Barcelona Test 1 38 (0.1%)

Processing speed 203 (124–313) NIH Toolbox: Processing 1 80 (0.1%)

Trail Making Test A 1 50 (0.1%)

Verbal learning, 
memory and recall

112 (102–192) Rey Auditory Verbal Memory Test 2 102 (0.2%)

Verbal Learning Memory Test 1 36 (0.1%)

Working memory 165.5 (110–257) Digit Span Backwards 3 110 (0.2%)

Digit Span Forwards 3 110 (0.2%)

Stroop Test 1 34 (0.1%)

NIH Toolbox: Working Memory 1 80 (0.1%)

Cognitive 
failures

Cognitive failures 181 (112–204) Cognitive Failure Questionnaire 1 458 (0.7%)

Coping with 
daily living

Coping with daily 
living

164 (102–217) Barthel Index 5 1154 (1.8%)

Functional Independence Measure 1 40 (0.1%)

Katz Activities of Daily Living 1 279 (0.4%)

Nottingham Extended Activities of Daily Living Scale 1 2223 (3.5%)

Post COVID Functional Status Scale (PCFS) 4 894 (1.4%)

Reintegration with Normal Living Index 1 148 (0.2%)

WHO Disability Assessment Schedule 2.0 1 12 (0.0%)

Occu
pational 
gaps

Occupational gaps 128 (114–162) Occupational Gaps 1 145 (0.2%)

continued

TABLE 2 Summary of outcome assessment instrument and available time to follow-up (continued)
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Broad 
outcome 
domain Subdomain

Subdomain 
follow-up time 
[median (IQR]) Assessment instrument

Number of 
data sets IPD (n, %)

Frailty Frailty 0 (0–1) Clinical Frailty Scale 3 928 (1.5%)

Hospital Frailty Risk Score 1 1700 (2.7%)

Morning 
and evening 
Preference

Morning and evening 
preference

214 (176–383) Morningness–Eveningness Questionnaire 1 921 (1.5%)

Nutrition Nutrition 102 (102–192) SF NMA 1 292 (0.5%)

Overall 
health 
status

General health 37.4 (19–54.5) PROMIS-57 1 33 (0.1%)

PROMIS-57 1 237 (0.4%)

Illness perception 360 (360–360) Illness Perception Questionnaire 1 96 (0.2%)

Pain Pain severity 193 (147–340.5) Brief Pain Inventory 1 1926 (3.1%)

Pain Numeric Rating Scale 1 18 (0.0%)

Pain Visual Analogue Scale 1 34 (0.1%)

Pain severity and 
impact

194 (150–343) Brief Pain Inventory 1 1926 (3.1%)

Physical 
activity and 
performance

Fitness 205 (157–339) Incremental Shuttle Walk Test (ISWT) 1 1622 (2.6%)

Exercise tolerance 112 (67.5–196) 30-second chair stand 4 408 (0.6%)

1-minute sit to stand 1 453 (0.7%)

2-minute step test 1 25 (0.0%)

Mobility 193 (138–253) DeMorton Mobility Index 1 452 (0.7%)

Functional Ambulation Category 2 425 (0.7%)

Functional Status Score for the ICU 1 70 (0.1%)

SARC F 1 2253 (3.6%)

Short Physical Performance Battery (SPPB) 3 2358 (3.8%)

Oxygen consumption 119.5 (77–137) VO2 peak 2 131 (0.2%)

Perception of 
exertion

121.9 (71–185) Borg 6-minute walk test (0–10) 4 697 (1.1%)

Borg 6-minute walk test (6–20) 1 26 (0.0%)

CR10 6-minute walk test 3 236 (0.4%)

Physical activity 71 (30–134) Duke Activity Status Index 1 112 (0.2%)

International Physical Activity Question 1 213 (0.3%)

Saltin-Grimby Physical Activity Level Scale 1 209 (0.3%)

Moderate vigorous physical activity per day 1 37 (0.1%)

Walking ability 136 (102–197) Walking speed test 1 160 (0.3%)

6-minute walk test 15 2470 (3.9%)

10-metre walk test 1 172 (0.3%)

TABLE 2 Summary of outcome assessment instrument and available time to follow-up (continued)
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Broad 
outcome 
domain Subdomain

Subdomain 
follow-up time 
[median (IQR]) Assessment instrument

Number of 
data sets IPD (n, %)

Resilience 
and 
self-efficacy

Resilience and 
self-efficacy

360 (360–360) Brief Resilient Coping Scale 1 100 (0.2%)

Generalized Self-Efficacy Scale 1 102 (0.2%)

Short Form Sense of Coherence 1 94 (0.1%)

Sexual 
function

Sexual function 42 (42–42) Female Sexual Functioning Index 1 101 (0.2%)

Sleep Sleep 167 (90–229) Pittsburgh Sleep Quality Index 6 1266 (2.0%)

Insomnia Severity Index 2 416 (0.7%)

Epworth Sleepiness Scale 4 379 (0.6%)

Smell Smell 146 (105–233) University of Pennsylvania Smell Identification Test (UPSIT) 1 100 (0.2%)

Brief Smell Identification Test (BSITC) 1 95 (0.2%)

Connecticut Chemosensory Clinical Research  
Center – Olfactory test

1 147 (0.2%)

16-second Sniffin Stick Test 1 50 (0.1%)

Total diagnostic interval 2 139 (0.2%)

Hyposmia Rating Scale 1 82 (0.1%)

Strength Strength 108 (102–192) Handgrip strength 7 1346 (2.1%)

MRC muscle strength 2 496 (0.8%)

Static Squat Test 1 119 (0.2%)

Maximum voluntary contraction 1 17 (0.0%)

Muscle Quality Index 1 34 (0.1%)

General 
stress

Stress 94 (29–277) DASS-21 stress 2 1523 (2.4%)

Perceived Stress Scale 4 1 102 (0.2%)

PTSD 167 (102–211) Post-traumatic Stress Disorder Checklist 3 2753 (4.4%)

Impact of Event Scale – Revised 4 834 (1.3%)

Tiredness 
and fatigue

Lack of energy 60 (30–270) DePaul Symptom Questionnaire – Post-Exertional 
Malaise (DSQ)

1 213 (0.3%)

Fatigue 182 (42–275) Functional Assessment of Chronic Illness Therapy (FACIT) 2 2443 (3.9%)

Brief Fatigue Inventory 1 105 (0.2%)

Chalder Fatigue Scale 1 342 (0.5%)

Fatigue Assessment Scale (FAS) 4 2045 (3.3%)

Fatigue Scale for Motor Cognitive Function 1 41 (0.1%)

Fatigue Severity Scale (FSS) 4 642 (1.0%)

Fatigue Visual Analogue Scale 2 190 (0.3%)

Modified Fatigue Impact Scale 1 39 (0.1%)

Multidimensional Fatigue Inventory 1 155 (0.2%)

Daily Fatigue Impact Scale 1 18 (0.0%)

TABLE 2 Summary of outcome assessment instrument and available time to follow-up (continued)

continued
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for the HADS-A but preserving the original BAI distribution). Therefore, all usable data were pooled within the common 
outcome categories and presented on a clinically relevant assessment scale.

Standardisation checks
Checks were performed on the data, including a review of the measurement instrument values to ensure that they 
fell within acceptable ranges. We queried instances where the values were entered as zero with contributing PIs 
to ascertain whether values were truly zero or if they were missing. Where multiple measurement instruments 
assessing the same outcome domain were captured within the same participants, we investigated the relationships 
between measurement instruments to ensure that they were behaving in the same manner. As per the established 
algorithm, we generated thresholds for minimum, quartile 1, median, quartile 3, and maximum for each measurement 
instrument and examined whether standardisation of other measurement instruments to the anchor measure 
would be affected by floor and ceiling effects. Where ceiling effects existed, the most commonly used assessment 
instrument by IPD (rather than by data set) was selected as the anchor measure or the thresholds were adjusted 
to take into account the heavily skewed distribution. Finally, we checked the distributions of the transformed 
assessment instruments to the standard anchor measure, to ensure that the values and distributions were consistent 
with the underlying data.

Finally, assessment that included instruments that did not comprise a sum score/overall score, questionnaires with yes/
no answers, or included domains that could not be aggregated with other data and were omitted from further analyses.

All analyses were dependent on the description of the time between COVID-19 onset, study inclusion, and assessment 
of each outcome domain, as well as the availability of covariates for adjusted analyses.

Broad 
outcome 
domain Subdomain

Subdomain 
follow-up time 
[median (IQR]) Assessment instrument

Number of 
data sets IPD (n, %)

Well-being 
and life

Domain-specific QoL 183 (102–287.8) SF12 2 325 (0.5%)

SF36 6 1593 (2.5%)

WHO-QoL 1 39 (0.1%)

Mental well-being 
and happiness

227 (94–343) SPHERE 1 195 (0.3%)

Warwick and Edinburgh Mental Wellbeing Scores 
(WEMWBS)

1 111 (0.2%)

QoL 225 (114–358) 15D 1 205 (0.3%)

EQ-5D – 3 level 2 18,624 
(29.6%)

EQ-5D – 5 level 12 6415 (10.2%)

EQ-5D – 5 level index 1 518 (0.8%)

Recovery After INtensive care (RAIN) questionnaire 1 105 (0.2%)

Somatic Symptom Disorder Scale 1 101 (0.2%)

VQ11 1 37 (0.1%)

CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; COPD, chronic obstructive pulmonary disease; DASS-21, Depression, 
Anxiety and Stress Scale-21; DLCO, Diffusing capacity of the Lungs for Carbon monOxide; DLCOVA, Diffusing capacity of the Lungs for 
Carbon monOxide divided by the Alveolar Volume; EQ-5D, EuroQol-5 Dimensions; HADS-A, Hospital Anxiety and Depression Scale-A; 
HADS-D, Hospital Anxiety and Depression Scale-D; IQR, interquartile range; MRC, Medical Research Council; NIH, National Institutes 
of Health; PMR, Spanish Version of the FAS letter fluency task, where participants are requested to orally produce as many words that 
start with the letters P, M, R as possible within 1 minute; PROMIS-57, Patient Reported Outcomes Measurement Information System-57; 
PTSD, post-traumatic stress disorder; SARC F, Strength, Assistance with walking, Rising from a chair, Climbing Stairs, and Falls; SF NMA, 
Short-Form Mini Nutritional Assessment; SF-12, Short Form questionnaire-12 items; SF-36, Short Form questionnaire-36 items; SPHERE, 
Somatic and Psychological HEalth REport; TLCO, Transfer Factor for Carbon Monoxide.

TABLE 2 Summary of outcome assessment instrument and available time to follow-up (continued)
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Study risk-of-bias assessment

Data set quality was initially planned to include the Cochrane Risk of Bias (RoB) tool,104 the Checklist for Analytical 
Cross-Sectional Studies,105 and Critical Approval Skills Programme Risk of Bias checklist for cohort studies.106 
However, appraisal of the included data sets and data types highlighted that the Mixed Methods Appraisal Tool 
(MMAT)107,108 would be a more inclusive approach to describe data set-level RoB in a manner that would also permit 
consideration of RoB across data sets. RoB was performed by two independent reviewers (MA, KV), and the results 
of the RoB assessment were sent to study authors to provide missing details to ensure that the assessments were as 
comprehensive as possible.

Assessment of the certainty of the evidence at the level of the model
There is currently no specific guidance for assessing the certainty of evidence for IPDMA, and the impact of pooling 
data from various study designs is unclear.109 Following extensive discussion with the PRECIOUS project team, it was 
decided to assess the certainty of evidence using a modified (informed) Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) approach at the level of each final model.110

We used a GRADE-informed approach, assessing the evidence across four domains:

•	 Imprecision of results [i.e. width of the generated confidence intervals (CIs), the number of underlying studies 
contributing to the model and where applicable, the number of events for categorical variables].

•	 Inconsistency of results (i.e. heterogeneity, assessed using the I2 statistic).
•	 Indirectness of evidence (i.e. data from subsets of the COVID-19 population, validity of the assessment instrument 

to describe the outcome under investigation).
•	 Publication bias.

We used these assessments to arrive at an overall judgement regarding QoL evidence for each outcome, downgrading 
the evidence by one level for each criterion. Thus, the confidence in each model was graded as high, moderate, low or 
very low, depending on the underlying data. We did not include an assessment of RoB in our approach because of a 
wide range of different study designs.109 The quality assessment was performed independently by two review authors 
(MA, KV), with a third reviewer (MB) involved when consensus was required.

Data management

All the identified IPD data sets were collated into a single database. Variables were cleaned and decisions were recorded 
to ensure consistency across data sets and researchers (e.g. age in years).

A master database was compiled from all contributed data using SAS; common and overlapping variables were 
standardised. Data samples for each research question were generated based on the availability of the prespecified 
variables. An analysis data set was created for each research question; each data set included all eligible patients’ data, 
for whom data were available for each of the essential variables.

Data management systems were implemented at the start of the study. The existing infrastructure at Glasgow 
Caledonian University (GCU) accommodated these data management systems. The Data Management Plan is provided 
in Report Supplementary Material 3.

The data sets provided for the PRECIOUS database were tracked and saved on the GCU server. A working copy of each 
data set was created and saved using a unique ID along with supporting documents in a unique ID folder accessible to 
the Project Management Team. In accordance with GCU practice, all files were backed up daily.

Recruitment management
We documented all invitations to participate and the subsequent expressions of interest. Each study was tracked using 
the author’s name and study digital object identifier reference.
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Data documentation
Each data set that was contributed electronically was accompanied by an annotated data collection form which detailed 
each of the variables collected, the time points for collection and the codes used for each of these variables. A full 
publication was requested along with the data set, where available. These documents were used to clean the data 
and apply standard data labels to the master data set(s). These documents were also available as data descriptors on a 
common drive which can be accessed by the analyst/statistician.

Formatting data and data conversions
The data manager and statistician oversaw the conversion of data sets into compatible formats, liaising with 
contributing PIs to ensure the completeness of contributed data, and to check variable ranges for accuracy. Data were 
collected in various formats, including SAS, SPSS, Excel and Access. Before commencing the secondary analyses, all data 
were converted into a uniform format (e.g. SAS). This was determined by the data manager, bearing in mind the future 
use, long-term storage, and compatibility with other forms of data storage. All contributed data sets were combined into 
a single master database, merging common variables, such as patient age, sex and medical history variables.

Anonymisation
We requested the contribution of fully anonymised participant data. A unique database-wide identifier was allocated to 
each participant, comprising their unique study number and study identifier. This ensured that the inclusion of specific 
participants in subsequent analysis data sets could be traced back to the original trial source for quality assurance and 
data verification.

Data storage
Data were stored at the Nursing, Midwifery, and Allied Health Professions (NMAHP) Research Unit, GCU, UK, 
according to the university procedures. All original data sets were stored on a secure, encrypted and hard drive. A single 
anonymised project master database was generated from the original data sets and stored separately on the designated 
portion of the NMAHP Research Unit of the university server. Adjustment to this database did not affect the original 
study data. The analytical data sets were generated using the master data set.

Version control and backups
Version control was used for the analysis of data sets that were stored on a common hard drive. The milestone data 
sets were identified and updated as necessary (e.g. <Filename version 1.0 date>). The analysis data sets were stored 
in a folder separate from the master data set. The master data sets were updated only if and when new data were 
contributed. In this case, the master data set was renamed using a new filename, version number and date. The analyst 
saved their ongoing work under the new analysis data set file names rather than re-naming existing master data sets.

Encryption
All the university hardware was encrypted. Offsite access to shared folders was only possible through appropriate 
university IT permissions.

Data retention and disposal
After the completion of the initial PRECIOUS analyses, researchers who had contributed data could choose to lodge 
their data in a central repository hosted at GCU, UK, for additional data-sharing activities. In this way, data could 
be reused beyond the scope of the current application and made available to a wider research community for novel 
exploratory analyses (see Security and access control). Anonymised data would be preserved within these databases 
for at least 15 years for further reuse. These potential secondary analysis activities could include re-use in validation 
studies, teaching, exploratory analyses and prognostic modelling.

Security and access control
During the project, the data were not accessible to those outside of the project collaboration. Access to data in a legacy 
database can only occur at the end of the project and will be governed by a PRECIOUS Steering Committee comprising 
contributing PIs and co-applicants of the current proposal. The PRECIOUS Steering Committee will govern the use of 



DOI: 10.3310/GJMA0602� Health and Social Care Delivery Research 2026 Vol. 14 No. 29

Copyright © 2026 Ali et al. This work was produced by Ali et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open Access 
publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any medium and 
for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR Journals 
Library, and the DOI of the publication must be cited.

19

research data, participate in analyses, and review the manuscripts based on planned analyses. Contributing PIs thereby 
retain control of the use of their data and will have an opportunity to contribute to planned secondary analyses using 
this legacy database.

Copyright and intellectual property

Each researcher, funder, or research group is named as a coauthor or acknowledged in subsequent publications from 
the PRECIOUS study as appropriate, provided that they meet the authorship criteria.

Analyses

Findings are reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
for IPD.

Profiling long-term COVID-19 outcomes
The long-term outcomes after COVID-19 were described in terms of availability of long-term outcome assessments 
by ICF domain, prevalence of symptoms at different time points and individual outcome domain standardised scores, 
at different time points. For all outcome domains, descriptive statistics were tabulated, showing proportions for binary 
and categorical data (e.g. proportions for each level of care) and means and standard deviations (SDs), or medians 
and interquartile ranges (IQRs) for continuous data as appropriate. Data within each domain were transformed into 
appropriate standardised measures. As part of the outcome transformation process, we examined the distributions of 
the assessment instrument values within each overarching domain to establish that they fell within the expected ranges. 
This allowed us to check that each study scored the assessment instrument in the same way.

Assessment instruments were mapped to the ICF using linking rules111,112 and presented as an Eppi map to visualise the 
capture of ICF categories by the assessment instruments in the PRECIOUS database. We identified areas where there 
was low or no capture of the ICF domain and described these as current gaps in the evidence base for the PRECIOUS 
database, which could be used to inform future research priorities.

Prevalence of COVID-19 symptoms at different time points
We described the prevalence of COVID-19 symptoms at each time point. Data were extracted verbatim from the 
original data sets, and where appropriate, variable names were standardised to identify distinct symptoms. For example, 
wet and dry coughs were presented together, double vision and visual distortion were presented with vision problems; 
nausea and vomiting were presented together, and joint pain was presented with arthralgia. This was an iterative 
process that involved the contributing PIs and expert co-applicant group to ensure that the groupings were accurate.

Where possible, we stratified the analyses by COVID-19 positivity at the study baseline. Participants were categorised 
as being COVID-positive at the study baseline, COVID-negative at the study baseline but with a history of prior COVID 
(e.g. participation in a follow-up study for people who had previously had COVID), or COVID-negative at study baseline. 
For the latter group, when examining symptom prevalence data over time, we excluded participants who went on to 
develop COVID-19 by follow-up assessment time, as symptoms reported at follow-up time points could reflect recent 
COVID exposure, rather than a negative population.

As this was an IPD meta-analysis, we excluded symptoms that were only reported at baseline in a single data set, and 
presented data on symptom prevalence where the sample size exceeded 500 participants to provide a more robust 
estimate of prevalence and prevent confounding due to the small sample size. We described symptom data in terms 
of prevalence rather than persistence, as it was challenging to ascertain whether the symptom occurrence was due 
to initial infection, persistence, or newly acquired symptoms. We could not assume that the presence of the same 
symptom at two time points within the same individual indicated persistence.
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Factors associated with poorer long-term outcomes
Report Supplementary Material 68 describes the Logic Models used for analyses. The primary IPD meta-analyses 
adopted a one-stage method rather than a two-stage meta-analysis approach, as this was more appropriate in the 
context of small data sets (< 30 participants) or where the outcome is binary or time to event.113 The one-stage method 
involved data from all included and relevant data sets combined in a single analysis. Individual data sets and countries 
were assessed as random effects. Appropriate generalised linear models were used (e.g. analysis of covariance where 
outcome measures were continuous, and binary logistic regression for dichotomous outcomes).

Owing to the nature of the data, all potentially significant variables at the univariable level may not have been available 
across all data sets. The first step of each analysis was to explore the variables that were significant at p < 0.1. The 
variables with the strongest signal (e.g. smallest p-value) with the greatest IPD and availability in the greatest number 
of data sets (D) started the model building. Thereafter, variables were added one at a time, taking into account not 
only the additional value they offered the model (e.g. those that made the largest significant contribution) but also the 
available IPD and number of data sets. As each variable was added, the available IPD and number of included data sets 
(D) decreased. Where IPD ≤ 500 or D < 2, modelling ceased.

Effect sizes [e.g. mean differences, ratio of differences, point estimates or odds ratios (ORs)] were estimated and 
reported with the corresponding 95% CI. Models were adjusted for baseline demography and intervention variables 
where possible. We considered performing sensitivity analyses restricted to RCTs if time permitted. The main 
analyses were complete case analysis, although missing data were addressed in secondary analyses using multiple 
imputation methods, and missing at-random assumptions were relaxed using sensitivity analyses. We analysed pooled, 
international, anonymised COVID-19 data sets, including cohort, case-control, RCT, observational studies, and registry 
data sets. Analyses took the form of meta-analyses of subsets of the pooled available IPD specific to the research 
question. The proposed analyses were quantitative in nature, employing generalised linear regression models (of the 
form appropriate to the outcome) and summary statistics of the complete raw data sets.

We explored the effect of baseline variables (age, sex, ethnicity, deprivation, comorbidities, persistent symptoms and 
type of healthcare system, where available) on the health state ≥ 1 month after COVID-19 onset. In discussion with 
the clinicians in our investigative group, we prioritised the presentation of outcomes between 3 months and 6 months, 
9 months and 12 months, and > 12 months following COVID-19 onset. The first time point was one at which people 
may be discharged from clinical care or follow-up after treatment for initial COVID-19 infection and sequelae, and 
the latter 2 time points represented longer-term time points where people may be expected to resume pre-COVID 
levels of activity. We also considered whether we could develop and validate a prediction algorithm that could provide 
prognostic information on the outcome trajectory. We also described the data availability for other outcomes that did 
not meet the threshold for meta-analysis.

Costs of poorer long-term outcomes
Depending on the available IPD, we sought to describe resource use, including length of hospital stay, use of primary 
and secondary health care, social care services, return to work, and informal care, and describe associated costs using 
UK sources.114 Additionally, we examined individual, health service and societal impacts of COVID-19 in terms of later 
hospitalisation, return to work and impact of health utilities.

Factors associated with later hospitalisation
We mirrored the methodologies employed in the primary IPD meta-analyses described in the previous section. Our 
focus was on participants who were rehospitalised or later hospitalised, whether due to COVID-related complications or 
other causes. Summary statistics were used to describe the demographic profile of the participants in accordance with 
the variables appearing in all included studies.

Following the one-stage meta-analysis model, we integrated data from all relevant studies and treated each study as a 
random effect in our analysis. This approach allowed us to maintain the integrity of participant clustering within data 
sets while assessing the impact of baseline characteristics, including demography and initial COVID-19 severity, on 
factors associated with later hospitalisation. For the statistical examination of later hospitalisation risks, we employed 
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logistic regression models. These models were preferred given the dichotomous nature of the later hospitalisation 
outcome (e.g. whether later hospitalisation or rehospitalisation occurred), and allowed us to control for personal 
characteristics and baseline COVID outcomes.

Factors associated with return to work
We extracted data on return to work/school and the time of return-to-work/school assessment. Where appropriate, 
we described the availability of return-to-work/school data narratively. We used univariable regression analyses to 
describe the factors associated with returning to work/school; significant factors at univariable level were retained in 
the multivariable model, describing OR and 95% CIs.

Examination of health utilities and health-related quality of life
We extracted health state utility data from assessment instruments such as the EuroQol-5 Dimensions (EQ-5D) in 
both its 3-Level (EQ-5D-3L) and 5-Level (EQ-5D-5L) versions,115,116 and the Rand 36-item Short Form Survey (SF-36).117 
The EuroQoL EQ-5D, a widely recognised tool for measuring health-related quality of life (HRQoL),118 comprises a 
descriptive system and a visual analogue scale (VAS), allowing respondents to rate their overall health. The SF-36 
is not preference-based and, as such, could not have been used to calculate utilities without prior conversion to 
EuroQoL EQ-5D values. Data from these QoL measures were harmonised and categorised by study and time point 
of assessment. This categorisation allowed the examination of changes in health state utilities over time in an IPD 
meta-analysis framework.

EuroQoL questionnaire responses were converted into utility values. This was done by following the recommended 
practice of using country-specific tariffs, where available. In cases where a specific country’s tariff was not available, we 
defaulted using the UK tariff.116 This decision aligns with common practices in health economics for utility calculations. 
Moreover, following the guidance of the NICE, we mapped all EQ-5D-5L questionnaire responses into the EQ-5D-3L 
format, considering factors such age and sex, as recommended by NICE.119 SF-36 data were converted to EQ-5D using 
Model EQ (1) from Ara and Brazier.120 This model was originally designed for mean cohort data, but it was adapted here 
to predict individual-level data.

To address the known issues around the EQ-5D-3L distribution, we employed an adjusted limited dependent variable 
mixture model utilising maximum likelihood estimation for the analysis. This model choice, a C-component mixture 
of densities, was specifically tailored to manage the complexities of EQ-5D-3L data distribution.121 Throughout our 
analysis, all models controlled for personal characteristics and were adjusted for clustering within studies, ensuring 
that our findings were robust and reflective of the studies included in this analysis. Models were run separately for the 
EQ-5D data, SF-36 data, and a model containing all available data.

This methodology provided us with a comprehensive understanding of utility loss related to poor outcomes in this 
population. By employing these analytical techniques and using the EQ-5D instruments as primary tools for measuring 
HRQoL, we were able to quantify the impact of COVID-19 on participants’ health states over time. As described 
earlier, we prioritised the presentation of outcomes between 3 months and 6 months, 9 months and 12 months, and 
> 12 months following COVID-19 onset.

Heterogeneity

Given the data set diversity, we expected to observe statistical heterogeneity (τ1) in our proposed analyses. Where 
statistical heterogeneity was identified, we considered the magnitude of the inconsistencies observed, as significance 
depended on the number of available studies, and, where appropriate, we adopted the following strategies:

•	 identified the source of heterogeneity and excluded studies that caused significant heterogeneity in a 
sensitivity analysis

•	 considered the clinical importance of identified heterogeneity and whether it was important to the outcome
•	 considered sensitivity analysis and explored the impact of a fixed-effects model.
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The difficulty of not having a set ‘treatment’ as in traditional meta-analysis meant that I2 was calculated based on the 
variable with the largest effect in the final model.

Sample size

Sample size calculations are primarily used in primary research studies and are of lower importance in meta-analyses, 
where there is less ability to control the number of participants being examined. As our data sets had multiple domains, 
and levels within multiple predictors, we set a conservative significance level of 1% and a power of 90%. Thus, for each 
domain, we required 121 participants per level to explore a difference of 0.5 SD, where the SD is the square root of 
the joint variance within and between studies and the correlation between variables. Thus, we would need 500 IPD per 
meta-analysis, with approximately equal proportions of IPD per group.

Analyses considered setting; definition of COVID-19 population (positive, negative, or history of prior COVID, 
documenting method of diagnosis); data set design (RCT, cohort, case-control); time post-symptom onset, follow-up 
time; healthcare system (e.g. developed and developing countries), and level of evidence (preprint vs. published, if 
appropriate). The published RCT data on confirmed COVID-19 cases represent the highest level of evidence. Many of 
these were fixed for all participants within a study, and thus could not be estimated using meta-analysis methods due to 
lack of within-study comparisons.

Analyses data sets were selected where more than one data set and > 500 IPD contributed to the planned analyses. 
They were then assessed for collinearity, where there was no crossover between variables and the study. For example, 
if no study included more than one country, and no country was included in more than one study, then the variable was 
not included in the analyses.
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Chapter 3 The PRECIOUS database: 
representativeness, data capture, evidence and gaps

Overview

This chapter describes the PRECIOUS database, including the results of the systematic search, the data sets 
identified from research networks, and a description of the data that were extracted and included in the final 
analysis data sets.

Systematic identification of data sets

From the hierarchical screening of 10 electronic databases, clinical trial registries, pre-prints, funding agency 
notifications, communication through personal networks, and the use of forward and backward citations comprising 
65,296 records, 1748 data sets were identified as potentially relevant. Further screening to remove duplicate studies 
and ascertain contact information resulted in invitations being sent to 1682 PIs. Of the responses to these invitations, 
340 studies were screened for eligibility and availability of variables of interest. This corresponded to 225,108 IPD. 
From these studies, 116 were included in PRECIOUS, corresponding to 62,849 IPD (Figure 2).

Overview of studies

Of 116 data sets (see Report Supplementary Material 4), 20 (IPD = 3140; 5.0%) were from RCTs, 60 (IPD = 49,749; 
79.2%) were from cohort studies and 13 (IPD = 6632; 10.6%) were from case-control studies (Table 3). The majority of 
participants were enrolled in the UK (10 studies; IPD = 26,159); however, Italian-based studies contributed the highest 
number of data sets (n = 13). Data within PRECIOUS were predominantly from countries with a ‘high’ income category 
according to the World Bank, and almost all studies commenced in 2020 [IPD = 60,936 (97.3%)]. Hospital-based studies 
were the most common, accounting for 58 data sets (IPD = 22,527), but community-based studies contributed the 
highest number of IPD (36 data sets, IPD = 31,373) (see Table 3).

Overview of participants within PRECIOUS

Participants’ median age was 58.0 (IQR 45.0–68.0, from 111 data sets; IPD = 60,743). More participants were female 
[data sets = 112; IPD = 34,185 (54.4%)] and the median BMI was 26.1 (IQR 23.2–30.0, 52 data sets, IPD = 37,465; 
Tables 4 and 5).

Overview of COVID-19 presentation

The median time since COVID-19 onset was 5 days (IQR 1–30, 108 data sets, IPD = 41,627). At study enrolment, 
33,230 (52.9%) participants from 91 data sets were COVID-positive. A further 6128 (9.8%) from 26 studies were 
COVID-negative but had COVID-19 prior to study enrolment; 28,017 (44.6%) were hospitalised for initial COVID-19 
infection. The vast majority of COVID-19 diagnoses were made using PCR/antigen-based methods [45,607 (72.7%), 
data sets = 99].

The severity of COVID-19 was originally described using a range of different methods including published guidelines,122 
assessment scales, symptoms and clinical presentation,123 and probability.124 According to our defined criteria 
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studies)

Declined, n = 82
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Other (e.g. duplicates, on-going studies), n = 158

Number of studies for which IPD met the eligibility criteria provided: n = 340

[First invitation (n = 159), subsequent invitation (n = 143), open data repositories (n = 8), personal networks (n = 9),
other (n = 21)]

Number of studies for which IPD were provided: n = 116; IPD = 62,849
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FIGURE 2 Preferred Reporting Items for Systematic Reviews and Meta-Analyses for IPD flow diagram. aClinical trial registers: US National 
Institutes of Health Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov) (n = 2470) Simple search function: In condition: Covid19 
or long Covid or Covid-19. World Health Organization International Clinical Trials Registry Platform (apps.who.int/trialsearch) search strategy. 
Multiple attempts to search this database were made between 15 July and 30 August 2021. However, the platform was unstable due to the 
volume of Covid-19 related studies. We were finally able to download an excel file dated 16 August 2021 which contained the contents of 
the WHO ICTRP database and searched this file for relevant studies.
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TABLE 3 Description of studies included in the PRECIOUS database

IPD = 62,845; D = 116 Parameter Number of data sets IPD (n, %)

Study design Case-control 13 6632 (10.6%)

Cohort 60 49,749 (79.2%)

Longitudinal study 2 716 (1.1%)

Other 20 2320 (3.7%)

RCT 20 3140 (5.0%)

Survey 1 288 (0.5%)

Recruitment country Argentina 4 1785 (2.8%)

Australia 2 253 (0.4%)

Austria 1 145 (0.2%)

Bangladesh 3 1358 (2.2%)

Belgium 2 271 (0.4%)

Brazil 10 872 (1.4%)

Canada 1 78 (0.1%)

Chile 1 44 (0.1%)

China 3 384 (0.6%)

Colombia 1 17 (0.0%)

Denmark 3 728 (1.2%)

Egypt, Arab rep. 3 796 (1.3%)

Finland 1 2 (0.0%)

France 5 476 (0.8%)

Germany 5 814 (1.3%)

Greece 1 161 (0.3%)

Hong Kong SAR, China 1 620 (1.0%)

Iceland 1 1788 (2.9%)

India 4 546 (0.9%)

Islamic Republic of Iran 2 195 (0.3%)

Ireland 1 2 (0.0%)

Israel 2 922 (1.5%)

Italy 13 1834 (2.9%)

Mexico 1 10 (0.0%)

Moldova 1 45 (0.1%)

Multiple countries 3 10,069 (16.1%)

The Netherlands 3 931 (1.5%)

Nigeria 1 1 (0.0%)

Norway 2 370 (0.6%)

Not reported 1 7 (0.0%)

continued
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IPD = 62,845; D = 116 Parameter Number of data sets IPD (n, %)

Poland 6 249 (0.4%)

Portugal 1 25 (0.0%)

Qatar 1 1 (0.0%)

Romania 2 247 (0.4%)

Russia 4 460 (0.7%)

Saudi Arabia 1 269 (0.4%)

Spain 7 2520 (4.0%)

Sweden 3 731 (1.2%)

Switzerland 2 1543 (2.5%)

Turkey 5 571 (0.9%)

UK 10 26,159 (41.8%)

USA 12 4338 (6.9%)

Income category High 77 49,134 (78.2%)

Lower-middle 12 2746 (4.4%)

Not reported 2 68 (0.1%)

Upper-middle 29 4501 (7.2%)

Upper-middle and lower-middle 1 6396 (10.2%)

Year of recruitment start 2020 101 60,936 (97.3%)

2021 11 1680 (2.7%)

Recruitment setting Community 36 31,373 (49.9%)

Contact tracing 2 1543 (2.5%)

Hospital 58 22,527 (35.8%)

Mixed 12 2248 (3.6%)

Multiple 1 3578 (5.7%)

Not reported 4 750 (1.2%)

Outpatient clinic 5 826 (1.3%)

TABLE 3 Description of studies included in the PRECIOUS database (continued)

for severity, 3734 (6.3% from 43 data sets) participants identified as having severe COVID-19, as they required 
hospitalisation and ventilation (see Table 5).

Overview of equity measures

Residence prior to COVID-19 was not routinely captured; 61,294 (97.6% from 114 data sets) participants’ residence 
were not reported. The participants were most commonly Caucasian/White [24,971 (40.0% from 34 data sets)]. In 
the data sets where employment status was reported, 22.5% (22 data sets, IPD = 14,110) were employed at the time 
of COVID-19 onset, 9199 (15 data sets, 14.6%) were retired, and 547 (3 data sets, 0.9%) were unemployed due to 
health reasons or disability (Table 6). Religion was not reported in 62,268 (99.1%) participants. Data on educational 
level were reported for approximately 44% of the database, and 30.5% (19 data sets, IPD = 19,091) had completed 
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TABLE 4 Participant characteristics

Variable Descriptor Number of data sets IPD (n, %) Median (IQR)

Age 111 60,743 (96.7%) 58.00 (45.00–68.00)

Sex Female 112 34,185 (54.4%)

Male 110 27,922 (44.4%)

Not reported 14 738 (1.2%)

Ethnicity Aboriginal/first nations 4 12 (0.0%)

Arab 5 301 (0.5%)

Asian – not specified 16 755 (1.2%)

Black 17 922 (1.5%)

East Asian 2 210 (0.3%)

Hispanic/Latinx 4 33 (0.1%)

Jewish 1 791 (1.3%)

Mixed 8 339 (0.5%)

Not reported 95 32,670 (52.3%)

Not specified 3 87 (0.1%)

Other 15 571 (0.9%)

Pacific Islander 1 1 (0.0%)

South Asian 5 794 (1.3%)

continued

TABLE 5 Clinical presentation

Variable Descriptor Data sets IPD (%) Median (IQR)

Clinical presentation COVID positivity at baseline No, with prior COVID 26 6128 (9.8%)

No, with unknown prior 
COVID

15 4577 (7.3%)

Not recorded 11 18,910 (30.1%)

Yes 91 33,230 (52.9%)

Diagnosis method Antibody test 1 238 (0.4%)

Clinical diagnosis 1 5 (0.0%)

Method not reported 21 16,814 (26.8%)

PCR or serology test 1 88 (0.1%)

PCR/antigen-based 
method

99 45,607 (72.7%)

Time since onset in days 108 41,627 (66.2%) 5.00 (1.00–30.00)

COVID-19 severity reported by 
study

No 88 31,895 (50.8%)

Yes 28 30,950 (49.2%)
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Variable Descriptor Data sets IPD (%) Median (IQR)

Hospitalised with COVID No 44 31,338 (49.9%)

Not reported 24 3490 (5.6%)

Yes 98 28,017 (44.6%)

COVID-19 severity Hospitalised 94 24,283 (40.9%)

Hospitalised, ventilated 43 3734 (6.3%)

Not hospitalised 44 31,338 (52.8%)

Comorbidities 
informed by 
the ICD-10 
classification

Other infections

Cancer

No

Not reported

Yes

No

Not reported

Yes

4

114

5

59

73

54

818 (1.3%)

61,997 (98.7%)

30 (0.0%)

43,009 (68.4%)

16,476 (26.2%)

3360 (5.3%)

Diseases of the blood No 18 26,481 (42.1%)

Not reported 102 34,160 (54.4%)

Yes 21 2204 (3.5%)

Diabetes No 80 45,574 (72.5%)

Not reported 55 9397 (15.0%)

Yes 84 7874 (12.5%)

Obesity No 69 32,479 (51.7%)

Not reported 76 19,927 (31.7%)

Yes 74 10,438 (16.6%)

Other endocrine, nutritional 
and metabolic diseases

No 17 24,559 (39.1%)

Not reported 100 37,405 (59.5%)

Yes 25 881 (1.4%)

BMI 52 37,465 (59.6%) 26.06 (23.18–29.95)

Mental and behavioural 
disorders

No 18 21,365 (34.0%)

Not reported 99 38,494 (61.3%)

Yes 22 2986 (4.8%)

Dementia/Alzheimer’s disease No 25 33,214 (52.9%)

Not reported 99 29,109 (46.3%)

Yes 17 522 (0.8%)

Sleep disorders No 10 1624 (2.6%)

Not reported 108 61,035 (97.1%)

Yes 12 186 (0.3%)

TABLE 5 Clinical presentation (continued)
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Variable Descriptor Data sets IPD (%) Median (IQR)

Neurological conditions No 26 25,940 (41.3%)

Not reported 94 36,039 (57.3%)

Yes 30 866 (1.4%)

Diseases of the eye and adnexa No 3 555 (0.9%)

Not reported 113 62,278 (99.1%)

Yes 5 12 (0.0%)

Disease of the ear and mastoid 
process

No 5 693 (1.1%)

Not reported 111 62,149 (98.9%)

Yes 3 3 (0.0%)

Cardiac conditions No 71 41,916 (66.7%)

Not reported 59 13,038 (20.7%)

Yes 75 7891 (12.6%)

Cerebrovascular disease No 38 40,470 (64.4%)

Not reported 86 20,816 (33.1%)

Yes 34 1559 (2.5%)

Diseases of the circulatory 
system

No 59 31,914 (50.8%)

Not reported 73 16,994 (27.0%)

Yes 67 13,936 (22.2%)

Lung disease No 73 42,709 (68.0%)

Not reported 60 12,212 (19.4%)

Yes 80 7923 (12.6%)

Liver disease No 33 12,001 (19.1%)

Not reported 92 50,533 (80.4%)

Yes 32 311 (0.5%)

Gastrointestinal conditions No 13 4817 (7.7%)

Not reported 102 57,264 (91.1%)

Yes 18 764 (1.2%)

Chronic kidney disease No 59 45,471 (72.4%)

Not reported 72 14,290 (22.7%)

Yes 58 3082 (4.9%)

Immunosuppressant medication 
use or condition

No 40 37,398 (59.5%)

Not reported 89 23,148 (36.8%)

Yes 34 2299 (3.7%)

Frailty No 4 219 (0.3%)

Not reported 111 60,626 (96.5%)

See frailty outcome data set 1 1996 (3.2%)

TABLE 5 Clinical presentation (continued)

continued



The PRECIOUS database: representativeness, data capture, evidence and gaps

30

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Variable Descriptor Data sets IPD (%) Median (IQR)

Skin conditions No 5 18,705 (29.8%)

Not reported 112 42,686 (67.9%)

Yes 6 1454 (2.3%)

Musculoskeletal conditions No 16 4570 (7.3%)

Not reported 101 57,620 (91.7%)

Yes 21 655 (1.0%)

Other genitourinary conditions No 4 593 (0.9%)

Not reported 112 62,212 (99.0%)

Yes 9 40 (0.1%)

Pregnancy, childbirth and the 
puerperium

N/A 110 27,922 (44.4%)

No 16 17,736 (28.2%)

Not reported 102 16,945 (27.0%)

Yes 7 242 (0.4%)

Certain conditions originating in 
the perinatal period

No 4 689 (1.1%)

Not reported 112 62,156 (98.9%)

Congenital malformations, 
deformations and chromosomal 
abnormality

No 4 689 (1.1%)

Not reported 112 62,153 (98.9%)

Yes 3 3 (0.0%)

Other conditions No 16 2699 (4.3%)

Not reported 103 59,778 (95.1%)

Yes 19 368 (0.6%)

Injury, poisoning and certain 
other consequences of external 
cause

No 6 995 (1.6%)

Not reported 110 61,840 (98.4%)

Yes 2 10 (0.0%)

External causes of morbidity 
and mortality

No 6 20,419 (32.5%)

Not reported 112 42,350 (67.4%)

Yes 4 76 (0.1%)

Factors influencing health 
status and contact with health 
services

No 7 1207 (1.9%)

Not reported 111 61,356 (97.6%)

Yes 7 282 (0.4%)

Codes for special purposes Not reported 114 62,337 (100%)

TABLE 5 Clinical presentation (continued)
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TABLE 6 Sociodemographic characteristics

Variable Description Data sets IPD (%)

Occupation Benefits 1 21 (0.0%)

Employed 22 14,110 (22.5%)

Managing household/caregiving 8 133 (0.2%)

Never employed 2 25 (0.0%)

Not reported 108 36,525 (58.2%)

Other 8 673 (1.1%)

Retired 15 9199 (14.6%)

Student 11 633 (1.0%)

Unemployed 16 772 (1.2%)

Unemployed due to disability/ill health 3 547 (0.9%)

Unemployed/retired 1 168 (0.3%)

Religion Buddhism 1 3 (0.0%)

Christianity 2 164 (0.3%)

Hinduism 1 27 (0.0%)

Islam 2 60 (0.1%)

Judaism 1 2 (0.0%)

None 2 283 (0.5%)

Not reported 116 62,268 (99.1%)

Other 2 32 (0.1%)

Education level Completed high school 18 7093 (11.3%)

Completed higher education/professional training 19 19,091 (30.5%)

Completed primary school 17 829 (1.3%)

Did not complete high school 4 397 (0.6%)

Did not complete higher education 4 56 (0.1%)

Did not complete primary school 3 74 (0.1%)

First degree 1 27 (0.0%)

No formal education 10 128 (0.2%)

Not reported 109 34,952 (55.8%)

People in household Multiperson household 15 20,902 (33.3%)

Not reported 113 36,558 (58.2%)

Other 7 620 (1.0%)

Single-person household 14 4765 (7.6%)

Residence Assisted living 2 3 (0.0%)

Home 5 1445 (2.3%)

Hospital 2 31 (0.0%)

Not reported 114 61,294 (97.6%)

Other 4 12 (0.0%)
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higher education or professional training. Only 9 data sets contained data on socioeconomic status comprising 26,951 
IPD and were most commonly captured using the Index of Multiple Deprivation (IMD). Data on socioeconomic status 
were additionally captured using income (personal and household), minimum wage, presence of sufficient income, and 
whether the individual was benefiting from welfare support. Where data were reported, most participants lived in a 
multiperson household (15 data sets, IPD = 20,902; 33.3%).

Pre-existing comorbidities were described according to the ICD-10 classification (see Report Supplementary Material 5); 
7874 (84 data sets,12.5%) had diabetes, 10,438 (74 data sets, 16.6%) were obese, 7891 from 75 data sets (12.6%) had 
cardiac conditions, 13,936 from 67 data sets (22.2%) had circulatory disorders, and 7923 from 80 data sets (12.6%) had 
lung disease (see Table 5).

Time to recovery

The time to COVID-19 recovery was reported in two data sets (IPD = 839), with a median time of 12 days (IQR 8–15).

Mortality data

Death was reported in 35 data sets, with a total of 22,956 participants. Data on death took the form of time to death 
(23 data sets, IPD = 10,576) or survival status at a fixed follow-up time point. Three-month mortality from the study 
baseline was reported in 24 data sets (IPD = 9304) and 1-year mortality from the study baseline was reported in 21 
data sets (IPD = 5515).

Intervention data

The intervention data were available for the selected data sets. The most commonly reported intervention was 
corticosteroid group medications, which were reported in 35 data sets (IPD = 10,361), followed by antiviral group 
medications (28 data sets, IPD = 7239; Table 7).

Healthcare resource use including later hospitalisation

Data on later hospitalisation after COVID-19 were available in 10 data sets, totalling 4881 IPD. Data were primarily 
captured in an acute setting, precluding analysis at longer follow-up times. In total, 589/4881 (12.1%) were hospitalised 
during the course of follow-up; 545/4270 (12.8%) were initially hospitalised with COVID-19 and were rehospitalised, 
while 44/607 who were not initially hospitalised for COVID-19 infection were later hospitalised during the course 
of follow-up. Data on other resource use categories including use of primary and secondary health care, social care 
services or use of informal care were not available. Length of hospital stay was available in 57 data sets (IPD = 12,919) 
but was related to the acute admission and not to long-term outcomes.

Health utilities

EQ-5D-3L125 and EQ-5D-5L126 data were available for 11 data sets (IPD = 7880). A further 6 data sets and 1164 IPD 
reported on the SF-36.127

Impact on work

Data on the impact on working patterns were selectively available, and included return to work, affected ability to 
work, missed work, burnout, type of work, adjustment to working conditions, employment pre- and post-COVID-19, 
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TABLE 7 Interventions reported in the PRECIOUS database

Intervention Number of data sets IPD

Hydroxychloroquine 21 7602

Antiepileptics 1 533

Catecholamine 1 301

Paracetamol 1 206

Non-steroidal anti-inflammatory drug 1 206

Pembrolizumab 1 620

Statin 4 1329

Thiazolidinedione 1 620

Ivermectin 6 2006

Rehabilitation 7 365

Upamostat 1 61

Inhaler 1 500

Opaganib 1 463

Placebo 1 333

Muscle_relax 1 144

Proning 9 4154

Vasopressors 6 4480

Monoclonal_ab 1 144

_1MNA_supplementation 1 50

Aerobic_exercise 1 30

Anti_fungal_treatment 1 72

Catecolamine 0 0

Cytosorb 1 132

Ecmo 9 4379

Low_dose_pharmacological_venous 0 0

Metamizol__dipirone_ 2 208

Multidisciplinary_rehabiltation 0 0

Neuromuscular_blocking_agents 3 608

Olfactory_training 0 0

Oxygen_therapy 20 5818

Physiotherapy 0 0

Pulmonary_rehabilitation 0 0

Rehabilitation_and_treatment 0 0

Respiratory_physiotherapy 0 0

Shenhuang_granule 1 171

continued
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Intervention Number of data sets IPD

Transcranial_direct_stim 0 0

Nox66 1 45

Corticosteroids_group 35 10,361

Anticoagulants_group 26 10,745

Renal_group 7 6862

Antibiotics_group 27 10,625

Antiviral_group 28 7239

Antiplatelets_group 8 2571

Immunosuppressant_group 22 10,410

Bloodproducts_group 11 2727

Antihypertensive_group 6 2021

Diabetes_group 1 620

AFO_202_BETA_GLUCAN_group 1 24

Opioid_group 2 739

Vitamins_group 3 655

TABLE 7 Interventions reported in the PRECIOUS database (continued)

hours worked, and work rhythm (discussed further in Chapter 12). Return to work or school was available from two data 
sets (IPD = 851). Affected ability to work or requirements for adjustments to work were available from four data sets 
(IPD = 516).

Research question 1: long-term outcomes after COVID-19, by International Classification of 
Functioning, Disability and Health

Assessment instruments included in PRECIOUS
We conducted an inventory for each of the assessment instruments included in contributed studies. We identified 
137 unique assessment instruments; Table 2 describes available assessment instruments, allocated to an overarching 
outcome domain. Briefly, outcome assessment data were available across the domains of anxiety and depression, 
breathing, COVID-19 severity and recovery, cognition and thinking, cognitive failures, coping with daily life, frailty, 
morning and evening preference, nutrition, occupational gaps, overall health status, pain, physical activity and 
performance, resilience and self-efficacy, sexual function, sleep, smell, strength, stress, tiredness and fatigue, and well-
being and life. Assessment of long-term outcomes varied across studies and domains; anxiety outcomes had a median 
follow-up time of 184 days (IQR 83–278); breathlessness had a median follow-up time of 180 days (IQR 76–276); 
cognition multidomain assessment was assessed at a median of 191 days (IQR 115–270); pain severity was assessed at 
a median of 193 days (IQR 147–340.5); mobility was assessed at a median of 193 days (IQR 138–253); and quality of 
life was assessed at a median of 225 days (IQR 114–358).

Long-term outcomes, by International Classification of Functioning, Disability and Health domain: 
evidence availability and gaps
Figure 3 summarises the evidence available by ICF domain. The majority of the outcome data were mapped to the 
domain of body functions, including measures of anxiety and depression, breathing, cognition and thinking, energy and 
fatigue. Fewer studies included assessment instruments that mapped to the domain of activity and participation, and 
evidence gaps were evident for environmental factors and body structure. Report Supplementary Material 6 describes the 
full placement of assessment instruments within the ICF framework, grouped by the domain of analysis.
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FIGURE 3 Image of the interactive evidence gap map.

PRECIOUS: An evidence gap map of outcome tools mapped to domains of the ICF
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Long-term outcomes at different time points
Data on each of the long-term outcomes available for meta-analyses, transformation of assessment instruments into 
a standardised format and presentation of scores at different time points are presented in Chapters 4–9, stratified by 
domain of assessment, alongside analysis of RQ2 for convenience.

COVID-19 symptom data
The PRECIOUS database collated information on 158 unique COVID-19 symptoms across 71/116 data sets, including 
31,210 IPD. A full list of symptom data, sorted by highest prevalence at baseline, is available in Report Supplementary 
Material 7. As this was a meta-analysis, we selected those symptoms that were reported across more than one data 
set, and where more than 500 participants experienced symptom, to reduce variability due to very small sample sizes. 
The resultant population described 34 unique symptoms, with the most prevalent at 0–7 days after COVID-19 onset 
being weakness (IPD = 5397/6553; 82.4%) (Table 8). The remaining 5 most common symptoms experienced at 0–7 days 
of onset were fever (6183/8815; 70.1%), cough (9597/14,650; 65.5%), fatigue (1636/3053; 53.6%) and dyspnoea 
(6142/12,135; 50.6%). We observed heterogeneity in the reporting of symptom data across different studies; the range 
of symptoms captured varied between 1 and 37 per data set (Figure 4).

Symptom data availability over time
Symptom data were available from 0 day to 7 days post-COVID-19 onset to > 1 year post onset. Overall, 71/116 
data sets (IPD = 27,670) reported on participants who were COVID-positive at the time of original study inclusion or 
who had prior COVID. Among those who were COVID-19 positive at the original study baseline/had prior COVID, 
symptoms were reported in 44 data sets (IPD = 14,544) between 0 day and 7 days post-COVID-19 onset, 33 data sets 
(IPD = 6042) at 3 months, 27 data sets (IPD = 5812) at 6 months, and 24 data sets (IPD = 7163) beyond 12 months of 
COVID-19 onset.

Data from nine studies included participants with a COVID-negative result at the original study’s baseline (IPD = 3540). 
In this population between 0 day and 7 days, IPD was available from 1865 participants in 6 data sets; at 3 months, IPD 
was available from 2358 participants from 5 data sets; at 6 months IPD was available from 2427 participants from 3 
data sets and beyond 12 months, IPD was available from 2539 participants from 2 data sets.

Two data sets reported on the subsequent development of COVID-19 during the follow-up period. Where this was 
reported, we accounted for COVID-19 development before follow-up assessment by excluding those participants from 
the prevalence analysis at the corresponding follow-up time points.

Symptom prevalence by COVID-positivity
Symptom prevalence at different time points, stratified by COVID-19 positivity at original study inclusion, is described 
in Report Supplementary Material 67, Figure S1 for the 34 unique symptoms that were observed in the meta-analysis 
population (see Table 8). Trends in prevalence varied over time; confounding was evident, particularly in the COVID-
negative population, due to sparse data or the development of newly acquired COVID-19 during the follow-up period. 
This meant that symptom prevalence could not be solely attributed to the original infection/negative status but could 
be due to newly developed or persistent COVID.

Risk of bias

Data on RoB at data set level are described using MMAT, which is available in Report Supplementary Material 8; this is 
categorised by RCTs, non-randomised comparative studies and qualitative descriptive studies (non-comparator studies). 
Using the MMAT criteria, 20 studies were characterised as RCTs, 43 studies were described as non-randomised 
comparison studies, and 53 were described as qualitative descriptive studies (including surveys, cross-sectional studies 
and non-comparison studies).
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TABLE 8 Prevalence of unique symptoms in meta-analysis population, where IPD > 500

Unique symptom
Percentage reporting symptoms at 
0–7 days post onset

Number reporting symptoms at 
0–7 days post onset

Number of usable IPD 
at 0–7 days post onset

Weakness 82.36 5397 6553

Fever 70.14 6183 8815

Cough 65.51 9597 14,650

Fatigue 53.59 1636 3053

Dyspnoea 50.61 6142 12,135

Headache 48.80 2282 4676

Sleep_problems 38.70 197 509

Chills 36.85 213 578

Nasal_congestion 36.56 242 662

Lethargy 32.28 164 508

Myalgia 30.00 3136 10,452

Anosmia_ageusia 27.50 3907 14,207

Appetite_prob 22.34 162 725

Sore_throat 20.77 2060 9918

Arthralgia 20.12 452 2247

Chest_pain_tight_indrawing 19.47 1923 9876

Nausea_vomit 18.17 637 3506

Pain 17.91 200 1117

Sputum 15.61 1179 7551

Diarrhoea 14.27 1949 13,654

Cognitive_confusion 12.49 222 1777

Abdominal_pain 12.26 239 1950

Asthma_wheezing 10.92 152 1392

Rhinorrhea 10.81 926 8568

Eye_irritation 10.42 69 662

Palpitations 10.36 695 6706

Haemoptysis 4.05 50 1235

Ear_pain 2.11 28 1329

Rash 1.689 23 1361

Bleeding 1.201 17 1407

Seizures 1.049 15 1430

Conjunctivitis 0.77 64 8345

Lymphadenopathy 0.67 9 1344

Skin_ulcer 0.44 6 1366
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Discussion

Representativeness of participants
The PRECIOUS database synthesised data from 116 COVID-19 studies, including more than 62,000 individuals. We 
built on prior studies that typically included hospitalised participants128–130 to include community-based participants 
representing a range of COVID-19 severities. Additionally, data were collected from 40 countries, including across 
Europe, South America, North America, East and Southeast Asia, and the Middle East. The data are heavily weighted 
to high-income countries and Caucasian ethnicity. Given the established disparity in health outcomes across certain 
ethnicities,131–133 PRECIOUS would benefit from the increased representation of non-Caucasian ethnicities to enable 
stronger ethnicity-adjusted analyses.

Comparable with other cohorts,128 the median age of the PRECIOUS participants was 58 years, which represented 
an older working-age cohort. PRECIOUS included a higher proportion of women (54.4%) than observed in previous 
cohorts (36.8–44%),128,129 but a much lower proportion of very severe cases (6.3% in PRECIOUS vs. 25–30.5% in 
previous cohorts.128,129 The majority of participants in PRECIOUS (52.8%) were not hospitalised, which reflected our 
wide eligibility criteria. Thus, we achieved a good representation of the range of COVID-19 severities. The median BMI 
in PRECIOUS was 26.1 kg/m2: indicative of an overweight population.134 Gao et al.135 reported that an increase in BMI 
> 23 kg/m2 was associated with an increased risk of severe COVID-19. Thus, using this metric, the PRECIOUS median 
BMI could represent a high-risk population.

Socioeconomic status was captured across a range of measures, but was not routinely captured across the majority 
of data sets. As the literature has established the impact of socioeconomic inequity on risk, severity and COVID-19 
outcomes,136,137 the capture of socioeconomic status in future studies is critical to allow for appropriate adjustment in 
analyses, particularly in international populations.

We also found heterogeneity in the capture of comorbidities across data sets; while existing core outcome set have 
focused on recommendations for the collection of COVID-19 outcomes,138,139 additional work may be needed to refine 
and recommend standardised collection of data on comorbidities.

Interventions
We searched all available studies up to December 2021 and included 20 RCTs. Available interventions include the 
use of corticosteroids, anticoagulants, renal therapy, antibiotics, antivirals, antiplatelet agents, immunosuppressants, 
blood products, antihypertensives, opioids and ivermectin. While many COVID-19 intervention studies were recruited 
from hospital-based settings, a majority of IPD were from community-based settings and included interventions such 
as rehabilitation. While the overall aim of PRECIOUS was not to examine the efficacy of COVID-19 interventions, the 
capture of intervention data permits the inclusion of these data in covariate-adjusted analyses.
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Long-term outcomes
As early efforts were focused on stopping COVID-19 infections and developing acute interventions for people with 
COVID-19, initial studies examined the efficacy of interventions.3,4,6,7,129,140,141 As such, establishing long-term outcomes 
was not an immediate priority and the PRECIOUS database may not reflect emerging studies that report on long-
term outcomes. Nevertheless, COVID-19 outcomes were captured across 137 different assessment instruments that 
spanned 21 broad outcome domains within PRECIOUS. Most assessment instruments could be mapped to the ICF 
domain of body functions. We observed a dearth of evidence on the ICF domains of body structures and environmental 
factors. Evidence was available on measures of activity limitation and participation but not at the same level as body 
function. Clusters of evidence availability were found for breathing, physical activity and performance, and well-being 
and life. Recent literature has highlighted the unequal impacts of COVID-19 that lasted beyond lockdown, including 
impacts on access to services, systems and policy issues, and social functioning outcomes such as loneliness, isolation, 
concerns about health, reduction in usual activities and impacts on motivation.142 This finding is congruent with the 
observed evidence gaps in the PRECIOUS database. Selected outcomes were available beyond 1 year of index COVID-
19 for certain domains; however, more high-quality data are required to fully ascertain the impact of socioeconomic and 
intervention factors on these outcomes.

Time to recovery and mortality
Data on time to recovery were sparse, only being captured in two data sets (IPD = 839); this could be a reflection of 
the challenges in defining recovery This variable is of particular importance when capturing data on the long-COVID 
population.138 In contrast, mortality has been well documented, reflecting the immediate priority at the start of the 
pandemic to reduce transmission and death. These outcomes are discussed in more detail in Chapter 10.

Later hospitalisation
Data on later hospitalisation were not recorded in most studies with little data on the reasons for re-admission.

Symptoms
The unknown nature of COVID-19 necessitated a broad approach to data collection, including inventorying symptoms 
as they emerged, assessing persistence, and generating definitions of acute and chronic COVID conditions. Similar to 
the case of long-term outcomes, many of the initial studies took a long-term perspective on symptom persistence,142 
rather than the long-term effects of COVID-19 symptoms on wider outcomes. Observations from PRECIOUS also 
highlighted the need to standardise the collection of symptom data items and to apply uniform definitions to different 
symptoms. Existing data collection reflected the novel pathogen nature of COVID-19; however, planning and use of 
uniform definitions and data items would facilitate future research and reduce national and international variability in 
data collection practices.

While previous work has described fatigue,18 cognitive problems and dyspnoea19,144 as the most prevalent post-COVID 
symptoms, we observed weakness as the most common, with fatigue and dyspnoea as fourth and fifth most common, 
respectively. We aimed to build on previous studies by examining symptom prevalence by COVID positivity, but were 
unable to accurately account for the subsequent development of COVID-19 in the negative population, nor were we 
able to account for the number of reinfections. Future data collection should include these variables to permit more 
accurate and informative analyses.

Similarly, the lack of standardisation in data collection of comorbidities145 meant that we were unable to accurately assess 
whether symptoms were attributable to COVID-19 or underlying conditions. Similarly, we were unable to confidently 
assume that symptom persistence was due to the initial COVID-19 infection, subsequent infection, or an underlying 
condition. Therefore, we coded symptoms as present or absent at a given time point, without inferring persistence.

PRECIOUS brings together data for more than 62,000 participants, describing 137 unique assessment instruments and 
158 unique COVID-19 symptoms. Data reflect the initial focus on the impact of COVID-19 on body functions; few data 
are available for body structure or environmental factors. We observed heterogeneity in the description of pre-existing 
comorbidities, definition and standardisation of symptoms. Each of these elements would benefit from standardisation. 
Nevertheless, PRECIOUS data can be used to examine certain long-term outcomes, inform service provision, and plan 
for future pandemics.
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Summary of key findings

•	 We build on previous work to describe both hospitalised and community-based populations.
•	 We require more consistent data collection on ethnicity to enable stronger adjusted analysis.
•	 The impact of socioeconomic status is known from the literature; this should be collected in a standardised way.
•	 Collection of comorbidity data should be standardised.
•	 Time to recovery is important and should be routinely collected, particularly in the context of long-COVID.
•	 Symptom data collection should be standardised.
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Chapter 4 Factors associated with long-term overall 
health, well-being and life, and sleep after COVID-19

Overview

In this chapter, we present our findings on the factors associated with long-term overall health, well-being and life, and 
sleep after COVID-19. The analyses used a one-stage IPD meta-analysis approach, including only variables that were 
significant at univariable level. The absence of a variable in the final model does not necessarily mean that it was not a 
significant factor; it may also indicate that there were insufficient data to be included in the modelling process.

Overall health data availability

Data on overall health were available for the domains of general health and perception of illness.

Subdomain: general health
Data on general health were captured using the PROMIS-57 and PROMIS-29. Data could not be aggregated into a 
single sum score across these two outcome measurement instruments; therefore, they were not taken forward for 
further analysis.

Subdomain: illness perception data availability
The Illness Perception Questionnaire was captured in a single data set. As this did not meet our prespecified criteria for 
meta-analysis, this outcome was not considered in further analysis.

Subdomain: physical functioning data availability
Data on physical functioning, as captured by QoL assessments, were described across eight data sets (IPD = 1511). 
Outcomes at 3–6 months were described across eight data sets (IPD = 798), 9–12 months for five data sets (IPD = 404), 
and beyond 12 months for four data sets (IPD = 309, Figure 5). There were insufficient data at 9–12 months and beyond 
12 months to permit meta-analyses at these time points.

Data transformation
Table 2 describes the outcome measurement instruments that contributed to QoL physical functioning domain. The 
anchor measure was the physical functioning domain of the SF-36, and all other measures were converted to fit the 
range of this score. Report Supplementary Material 9 describes the scores transformed by study.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where assessments were conducted between 3 months and 6 months (eight data sets, IPD = 798), the population’s 
median physical functioning score by SF-36 was 76 (IQR 52–89). For the population where follow-up was conducted 
between 9 months and 12 months (five data sets, IPD = 404), the median score was 67 (IQR 40–87) and for the 
population in whom follow-up was conducted beyond 12 months (four data sets, IPD = 309), the median score was 71 
(IQR 48–89).

Report Supplementary Material 10 describes the availability of covariates for this domain across each follow-up time 
point. Country, study design, setting, year of study initiation, and country income were always collinear. For an IPD 
meta-analysis to be performed, there needed to be comparisons within individual data sets; therefore, factors such as 
the above were typically fixed by study.
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FIGURE 5 Outcome IPD available for analysis, at different long-term time points.
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FIGURE 5  Continued
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FIGURE 5  Continued
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FIGURE 5  Continued
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FIGURE 5  Continued
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Report Supplementary Material 67, Figure S2a describes the physical functioning domain scores at different time points; 
and Report Supplementary Material 67, Figure S2b-ui describes scores stratified by demographic and intervention 
variables. We observed differences in scores over time for sex, BMI category, occupation, year of enrolment, COVID 
positivity at study baseline, hospitalisation for COVID-19, presence of blood disorders, diabetes, obesity, other 
endocrine conditions, cardiac conditions, cerebrovascular disease, circulatory disorders, lung disease, chronic kidney 
disease, factors influencing health status and contact with health services, and use of antivirals. Each of these variables 
was used in further analyses.

Research question 2: predictors of long-term outcomes

Univariable analysis
For outcomes assessed at 3–6 months, the median age of the population was 56 years, 401 (50.4%) were male, and 
328 (42.2%) were community-based participants. At the univariable level, age, sex, COVID-19 positivity at baseline, 
presence of obesity and lung disease were associated with physical functioning (see Report Supplementary Material 11). 
These were used for multivariable analysis.

Multivariable regression analyses
Where outcomes were available at 3–6 months, in the final multivariable model (six data sets, IPD = 571), physical 
functioning scores were 0.24 points lower for every year increase in age [p = 0.001, 95% CI (−0.37 to −0.10)]; 
men had greater physical functioning scores by 6.12 points compared with women [p = 0.001, 95% CI (2.57 to 
9.68)], and the presence of obesity was associated with 8.73 lower points scored on the physical functioning 
scale compared with the absence of obesity [p < 0001, 95% CI (−12.91 to −4.54)] (Table 9). The participants 
who contributed to this final model had a median age of 55 years; 303 (53.1%) were female, and 44 (7.7%) were 
hospitalised with ventilation.

Assessment of certainty
I2 based on obesity (as the largest effect size) was 2.55%, indicating a low heterogeneity. GRADE-informed assessment 
indicated that the quality of the evidence was low certainty downgraded for imprecision and indirectness because 
of the inclusion of selected populations including hospitalised/critically ill/long-COVID populations; see Report 
Supplementary Material 69, Table a).

Subdomain: mental health
Mental health, as reported in QoL assessments, was available for eight data sets (IPD = 1509). Data were available at 
3–6 months for eight data sets (IPD = 796), at 9–12 months for five data sets (IPD = 404), and beyond 12 months for 
four data sets (IPD = 309; see Figure 5).

TABLE 9 Final multivariable regression model for factors associated with poorer quality of life physical functioning domain scores

3–6 months
D = 6, IPD = 571
I2 (obesity) = 2.55% Estimate of difference (95% CI) p-value

Age −0.24 (−0.37 to −0.10) 0.001

Sex (ref = female) 6.12 (2.57 to 9.68) 0.001

Obesity (ref = no) −8.73 (−12.91 to −4.54) < 0.001

Note
No evidence of an interaction.
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Data transformation
Table 2 describes the outcome measurement instruments that contributed to this domain. All mental health data were 
standardised using the SF-36 mental health domain score. Report Supplementary Material 12 describes the standardised 
scores by study.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
For the population in whom mental health was assessed between 3 months and 6 months (eight data sets, IPD = 796), 
the median mental health score by SF-36 was 77 (IQR 58–89). Where mental health was assessed at 9–12 months 
(five data sets, IPD = 404), the population’s median score was 74 (IQR 48–87). Where mental health was assessed 
beyond 12 months (four data sets, IPD = 309), the population’s median score was 76 (IQR 52–89). Report Supplementary 
Material 67, Figure S3 describes mental health scores at different follow-up time points.

Report Supplementary Material 13 describes covariate availability for this outcome. Report Supplementary Material 
67, Figure S3b-si shows the mental health scores at different follow-up time points, stratified by demographic and 
intervention groups. We observed differences in scores over time for sex, year of recruitment into the study, presence 
of blood disorders, circulatory disorders, factors influencing health status and contact with health services, and the use 
of corticosteroids or antivirals. Each of these variables was used for further analysis.

Research question 2: predictors of long-term outcomes

Univariable analysis
Sufficient data for meta-analyses were only available only for outcomes at 3–6 months. At the univariable level, only sex 
and obesity were significantly associated with mental health scores (see Report Supplementary Material 14).

Multivariable regression analyses
Where outcomes were assessed at 3–6 months, in the final multivariable model (data sets = 8, IPD = 794), men had 
better mental health scores than women by 6.8 SF-36 domain points [p < 0.001, 95% CI (3.67 to 9.87)], and no other 
variables were significant at the 1% level (Table 10). The median age of participants in this final model was 56 years (IQR 
46–64), 53 (6.9%) were initially hospitalised, requiring ventilation, and 400 (50.4%) were male.

Assessment of certainty
The I2 value based on sex was 0.87%, indicating low heterogeneity. GRADE-informed assessment indicated that the 
quality of evidence was low certainty (downgraded for imprecision and indirectness because of the inclusion of selected 
populations including hospitalised/critically ill/long-COVID populations; see Report Supplementary Material 69, Table b).

Subdomain: overall perception of health data availability
Participants’ overall perception of health was captured across 17 data sets (IPD = 11,334); data were available at 
3–6 months in 14 data sets (IPD = 3974), at 9–12 months in 13 data sets (IPD = 3689), and beyond 12 months in 11 
data sets (IPD = 3668; see Figure 5).

Data transformation
Table 2 describes the outcome measurement instruments that contributed to this domain. All perception of health data 
were standardised and presented on the EuroQoL-5L VAS. Report Supplementary Material 15 describes the transformed 
measures, by study.

TABLE 10 Final multivariable regression model for factors associated with quality-of-life mental health domain scores

3–6 months
D = 8, IPD = 794
I2 (sex) = 0.87% Estimate of difference (95% CI) p-value

Sex (ref = female) 6.77 (3.67 to 9.87) < 0.001
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Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where assessments were available between 3 months and 6 months (14 data sets, IPD = 3974), the population’s 
median EQ VAS score was 80 (IQR 70–90). Where assessment was available between 9 months and 12 months (13 
data sets, IPD = 3689), the median score was 85 (IQR 75–92), and where assessment was conducted beyond 12 months 
(11 data sets, IPD = 3668), the median score was 84 (IQR 74–90).

Report Supplementary Material 16 describes the covariates available for analysis of this outcome. Report Supplementary 
Material 67, Figure S4a shows the EQ-VAS scores at different time points. Report Supplementary Material 67, Figure S4b-
eii describes scores at different time points, stratified by demographic and intervention groups, where available. We 
observed differences across settings, age groups, sex, ethnicities, education level, BMI categories, smoking status, 
occupation, number of people in the household, COVID-19 positivity at baseline, hospitalisation with COVID-19, 
overall COVID severity, COVID-19 vaccination status at baseline, presence of other infections, cancer, diabetes, 
obesity, other endocrine conditions, mental/behavioural disorders, dementia/Alzheimer’s, neurological conditions, 
cerebrovascular diseases, circulatory disorders, lung disease, chronic kidney disease, immunosuppressant conditions, 
external causes of morbidity/mortality and use of rehabilitation. Each was taken forward for further analysis.

Research question 2: predictors of long-term outcomes

Population description
Where follow-up was available at 3–6 months (14 data sets, IPD = 3974), the population’s median age was 56 years, 
1723 (44.1%) were male, and 348 were hospitalised and ventilated (8.8%). Where follow-up was conducted at 
9–12 months (13 data sets, IPD = 3689), the median age of the population was 54 years, 1382 (39%) were male 
and 45 (1.2%) were hospitalised and ventilated. Where follow-up was conducted beyond 12 months (11 data sets, 
IPD = 3668), the population’s median age was 55 years, 1504 (41.3%) were male, and 325 (8.9%) were hospitalised with 
ventilation requirements.

Univariable analysis
At 3–6 months at the univariable level, age, sex, education level, BMI, smoking status, employment status, number of 
people in the household, hospitalisation, presence of blood disorders, diabetes, obesity, other endocrine conditions, 
mental/behavioural disorders, neurological conditions, cardiac conditions, circulatory disorders, lung disease, chronic 
kidney disease, immunosuppression, musculoskeletal conditions and use of oxygen therapy were each associated with 
QoL (see Report Supplementary Material 17).

At 9–12 months, sex, education, smoking status, employment status, number of people in the household, COVID-19 
positivity at baseline, presence of cancer, diabetes, obesity, mental/behavioural disorders, cardiac conditions, circulatory 
disorders, lung disease, chronic kidney disease and immunosuppression were all associated with QoL (see Report 
Supplementary Material 17).

Beyond 12 months, sex, education, smoking status, occupation, employment status, number of people in the household, 
COVID-19 positivity at baseline, hospitalisation, vaccination status at baseline, presence of diabetes, obesity, mental/
behavioural disorder, neurological conditions, cardiac conditions, circulatory disorders, lung disease, chronic kidney 
disease, immunosuppression and use of renal therapy were each associated with QoL (see Report Supplementary 
Material 17).

Multivariable regression analyses
Where follow-up was available at 3–6 months, in the final multivariable model (three data sets, IPD = 1766) for every 
year increase in age, EQ VAS was lower by 0.6%; for every unit increase in BMI, EuroQoL-VAS was lower by 1.7%. 
Men had a 15% higher EQ VAS score than women; those hospitalised had a 30% lower EuroQoL-VAS than those who 
were not hospitalised. People with immunosuppression, cardiac conditions and lung disease had lower EuroQoL-VAS 
scores by 25%, 27% and 11%, respectively (Table 11), than those without these conditions. The median age of the 
population that contributed to this final model was 57 years; 505 (28.6%) were male and 181 (10.3%) were hospitalised 
and ventilated.
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Where outcomes were assessed at 9–12 months, in the final multivariable model (four data sets, IPD = 2818) patients 
who were hospitalised for COVID-19 had a 34% lower mean EuroQoL-VAS score than those who were not, men had 
a 17% higher EuroQoL-VAS score compared to women, and the unemployed had a 22% lower EuroQoL-VAS score 
compared to the employed, students, or retired people. Those with obesity had a score that was 21% lower than that 
of the non-obese participants. Participants with immunosuppression, diabetes, lung disease and chronic kidney disease 
had lower mean EuroQoL-VAS scores (by 26%, 21%, 11% and 28%, respectively) than those without these conditions 
(see Table 11). The median age of the population that contributed to this final model was 54 years; 1004 (35.6%) were 
male, and one person was hospitalised and ventilated (0.04%).

TABLE 11 Final multivariable models for factors associated with poorer overall perception of health scores

Estimate (95% CI) Ratio (95% CI) p-value

3–6 months
D = 3, IPD = 1766
I2a

Age 0.006 (0.004 to 0.009) 1.006 (1.004 to 1.009) < 0.001

Hospitalised (ref = no) −0.35 (−0.51 to −0.19) 0.70 (0.60 to 0.82) < 0.001

BMI −0.017 (−0.022 to −0.012) 0.983 (0.978 to 0.988) < 0.001

Sex (ref = female) 0.14 (0.06 to 0.21) 1.15 (1.07 to 1.24) < 0.001

Immunosuppression (ref = no) −0.30 (−0.40 to −0.19) 0.75 (0.67 to 0.83) < 0.001

Cardiac conditions −0.31 (−0.47 to −0.16) 0.73 (0.63 to 0.86) < 0.001

Lung disease (ref = no) −0.11 (−0.19 to −0.04) 0.89 (0.83 to 0.97) 0.004

9–12 months
D = 4, IPD = 2818
I2 (hospitalised) = 0.00%

Hospitalised (ref = no) −0.42 (−0.54 to −0.29) 0.66 (0.58 to 0.75) < 0.001

Obesity (ref = no) −0.24 (−0.31 to −0.16) 0.79 (0.73 to 0.85) < 0.001

Immunosuppression (ref = no) −0.30 (−0.41 to −0.19) 0.74 (0.67 to 0.83) < 0.001

Sex (ref = female) 0.16 (0.09 to 0.22) 1.17 (1.10 to 1.25) < 0.001

Employed (ref = employed/retired/student) −0.25 (−0.36 to −0.14) 0.78 (0.70 to 0.87) < 0.001

Diabetes (ref = no) −0.23 (−0.36 to −0.11) 0.79 (0.70 to 0.90) < 0.001

Lung disease (ref = no) −0.12 (−0.20 to −0.04) 0.89 (0.82 to 0.96) 0.003

Chronic kidney disease (ref = no) −0.33 (−0.56 to −0.10) 0.72 (0.57 to 0.90) 0.004

12 + months
D = 4, IPD = 1932
I2b

Hospitalised (ref = no) −0.49 (−0.67 to −0.32) 0.61 (0.51 to 0.73) < 0.001

Mental behavioural disorder (ref = no) −0.42 (−0.52 to −0.32) 0.66 (0.60 to 0.72) < 0.001

Immunosuppression (ref = no) −0.33 (−0.45 to −0.20) 0.72 (0.64 to 0.82) < 0.001

Diabetes (ref = no) −0.27 (−0.38 to −0.16) 0.76 (0.68 to 0.86) < 0.001

Lung disease (ref = no) −0.13 (−0.21 to −0.05) 0.88 (0.81 to 0.95) 0.002

Education (ref = higher ed) −0.12 (−0.20 to −0.03) 0.89 (0.82 to 0.97) 0.005

Chronic kidney disease (ref = no) −0.29 (−0.50 to −0.07) 0.75 (0.61 to 0.93) 0.009

a	 Unable to calculate I2 based on hospitalised, as that is a network variable (not all comparisons are available in all studies). As the next 
largest effect, I2 will be calculated on cardiac conditions: I2 = 0.00%.

b	 Unable to calculate I2 based on hospitalised, as that is a network variable (not all comparisons are available in all studies). As the next 
largest effect, I2 will be calculated on mental behavioural disorder: I2 = 0.00%.



Factors associated with long-term overall health, well-being and life, and sleep after COVID-19

52

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Where outcomes were available beyond 12 months, in the final multivariable model (three data sets, IPD = 1932) 
participants who were initially hospitalised had 39% lower mean EQ VAS scores than those who were not, and those 
who did not attain higher education had 11% lower scores than those who had completed higher education. People 
with mental/behavioural disorders (34% lower), immunosuppression (28% lower), diabetes (24% lower), lung disease 
(12% lower) and chronic kidney disease (25% lower) all had lower QoL compared to their non-comorbid counterparts 
(see Table 11). The median age of the population that contributed to the final model was 58.1 years, 663 (34.4%) were 
male, and 159 (8.2%) were hospitalised and ventilated.

Assessment of certainty
For the final model at 3–6 months, I2 was calculated based on cardiac conditions (I2 0.00%), indicating no heterogeneity. 
GRADE-informed assessment indicated that the quality of evidence was of moderate certainty (downgraded once for 
indirectness for inclusion of selected populations, see Report Supplementary Material 69, Table c).

For the model at 9–12 months, I2 based on hospitalisation was 0.00%, indicating no heterogeneity. GRADE-informed 
assessment indicated that the quality of evidence was low (downgraded for imprecision and indirectness because of the 
inclusion of selected populations, see Report Supplementary Material 69, Table c).

For the model beyond 12 months, we were unable to calculate I2 based on hospitalised participants as the largest effect 
size, as this was a network variable. As the next largest effect, I2 was calculated based on mental/behavioural disorder 
(I2 was 0.00%), indicating no heterogeneity. GRADE-informed assessment indicated that the quality of evidence was 
low certainty (downgraded for imprecision and indirectness because of inclusion of selected populations, see Report 
Supplementary Material 69, Table c).

Subdomain: mental well-being and happiness
Two data sets (IPD = 496) captured data on mental well-being. Data were available at 3–6 months from both data sets 
(IPD = 193), at 9–12 months (IPD = 155) and beyond 12 months (IPD = 148, see Figure 5).

Data transformation
Data on mental well-being were standardised to the Somatic and Psychological HEalth REport (SPHERE), with a higher 
score indicating poorer mental well-being (see Report Supplementary Material 18). Table 2 describes the outcome 
measurement instruments that contributed to this domain.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where follow-up was available between 3 months and 6 months (two data sets, IPD = 193), the population’s median 
SPHERE score was 5 (IQR 1–12). Where follow-up was conducted at 9–12 months (two data sets, IPD = 155), the 
population’s median score was 5 (IQR 1–11). Where follow-up was available beyond 12 months (two data sets, 
IPD = 148), the population’s median score was 6 (IQR 1–11). Report Supplementary Material 67, Figure S5 a shows 
SPHERE scores at different time points. We observed lower mental well-being scores within the first month of COVID-
19 onset, and higher mental well-being scores after 1 month of onset. We also observed lower mental well-being scores 
around 10 months after onset. Report Supplementary Material 67, Figure S5b-gi describes SPHERE scores at different 
time points, stratified by demographic and intervention groups were available. There were insufficient data for inclusion 
in meta-analysis.

Sleep

Sleep data availability
Data were available on sleep assessments from five data sets (IPD = 1106). Data were available at 3–6 months in four 
data sets (IPD = 620), between 9 months and 12 months in four data sets (IPD = 77), and beyond 12 months from three 
data sets (IPD = 409) Figure 5. Data were only available in sufficient numbers to permit meta-analysis for 3–6 months’ 
follow-up.
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Data transformation
Table 2 describes the outcome measurement instruments that contribute to the sleep outcome domain. All data were 
standardised the Pittsburgh Sleep Quality Index (PSQI) (see Report Supplementary Material 19).

Population description
Where follow-up was conducted at 3–6 months (four data sets, IPD = 620), the median age of the population was 
59 years, 369 (64.9%) were male, 30 (4.9%) were initially hospitalised and ventilated. Meta-analyses were not possible 
for data beyond 9 months.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where data were reported between 3 months and 6 months (four data sets, IPD = 620), the population’s median PSQI 
score was 6, (IQR 3–10). Where data were reported between 9 months and 12 months (four data sets, IPD = 77), 
the population’s median PSQI score was 8, (IQR 5–12), and outcomes were reported beyond 12 months (three 
data sets, IPD = 409), the population’s median PSQI score was 7 (IQR 4–10). Applying a cut-off point of ≥ 5 on the 
PSQI145,146 to indicate poor sleep, we observed that when assessment was available at 3–6 months, 412 (66.5%) had 
poor sleep quality; where assessment was available at 9–12 months, 61 (79.2%) had poor sleep quality; and where 
assessment was available beyond 12 months, 302 (73.8%) had poor sleep quality. Report Supplementary Material 20 
describes the covariates available used for the analyses. Report Supplementary Material 67, Figure S6 shows the PSQI 
scores at different time points. We observed differences over time in PSQI score across countries, education levels, 
BMI categories, occupation, number of people in the household, presence of obesity, immunosuppression and use of 
antihypertensives. Each of these variables was further examined using univariable and multivariable analyses.

Research question 2: predictors of long-term outcomes

Univariable and multivariable analysis
Only sex was significant at the univariable and multivariable levels (see Report Supplementary Material 21). A higher score 
indicates poorer sleep quality. No transformation of the data was performed to normalise the data, so the estimates 
could be interpreted directly. In the final multivariable model (three data sets, IPD = 569). men had a lower PSQI score, 
indicative of greater sleep quality compared with women, by 1.27 points on the PSQI scale (Table 12). In this final model, 
369 were male (64.9%), 29 were hospitalised and ventilated (5.1%) and the median age was 59 (IQR 50–68).

Assessment of certainty
The I2 based on sex was 0.67%, indicating a low heterogeneity. GRADE-informed assessment indicated that the quality 
of evidence was low certainty (downgraded for imprecision and indirectness because of the inclusion of selected 
populations in the final model; see Report Supplementary Material 69, Table d).

Discussion

Domains of physical functioning and mental health
Physical functioning and mental health domain scores were available from 1511 IPD (eight studies) within PRECIOUS. 
However, we lacked data on sufficient covariates to allow meaningful analyses. This represents a gap in the evidence 
available from the PRECIOUS database. We described significantly poorer physical functioning domain scores in women 

TABLE 12 Final multivariable regression model for factors associated with sleep

3–6 months
D = 3, IPD = 569
I2 (sex) = 0.67% Estimate (95% CI) p-value

Sex (ref = female) −1.27 (−2.02 to −0.53) 0.001
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at 3–6 months; this is supported by the work of Milesavic et al.148 Our observed lower physical functioning scores in 
women were comparable to the sex differences seen in non-COVID populations.149 Our aim was not to limit analyses to 
the long-COVID population, but to describe long-term outcomes after COVID-19 infection. We were unable to account 
for the impact of persistent COVID-19 symptoms, as these data could not be reliably ascertained. Nevertheless, we 
established the association of poorer outcomes in the physical functioning domain with female sex, increasing age and 
the presence of obesity in the COVID-19 infected population.

Previous work has described deterioration across all domains of the SF-36 at 3 months and 12 months after COVID-19 
compared to the general population, with the greatest differences seen in the physical and emotional domains.150 This 
is supported by other work,148 which described substantially lower physical functioning domain scores compared with 
the general population before and during the pandemic. The importance of these domains of assessment has been 
highlighted in a recent consensus activity to develop a core outcome set for the post-COVID condition, where the 
SF-36 was mentioned as a potential instrument that should be considered for further discussion.138 Further research is 
needed to ascertain the impact of COVID-19 on the long-term QoL domains of physical functioning and mental health, 
including adjustment for the presence of long-COVID.

Overall perception of health
Quality of life emerged as a prominent outcome of interest after COVID-19, reflected in the depth of data available 
for analysis. Initial hospitalisation for COVID-19, the presence of lung disease, and immunosuppression remained 
significantly associated with poorer perception of health at each long-term follow-up time point. Beyond 9 months, 
markers of socioeconomic status, such as unemployment and lower education level, were significantly associated with 
poorer overall perception of health. Socioeconomic status is related to health literacy151,152 and unhealthy behaviours.153 
Additional work is needed to examine which aspects of overall health are affected across different socioeconomic 
levels. This will also inform the development of support strategies to improve overall QoL. We observed that female 
sex was associated with poorer overall perception of health at 3–6 and 9–12 months, but not beyond 12 months of 
initial infection. Despite the known sex differences in health-related QoL154 across a range of conditions, further work 
is needed in the context of COVID-19 to ascertain the factors associated with such sex differences. In particular, living 
conditions and levels of dependency appear to play a role, with women with children under the age of 14 years and 
single mothers reporting poorer QoL.155 While we were able to examine the impact of the number of people in the 
household on QoL, we did not examine marital status or number of dependents. Previous studies have determined 
that the presence of a family and partnership is associated with better QoL.155,156 The adverse impacts of COVID-19 on 
women have been linked to increased housework and child care owing to the pandemic.157

Long-COVID has been identified as a specific target for intervention, with rehabilitation interventions having a positive 
impact on a range of outcomes, including exercise capacity and QoL.158 While our analysis did not differentiate between 
those with and without long-COVID, we highlighted the impact of infection on overall perception of health, as well as the 
important and changing roles of comorbidities throughout long-term follow-up. We highlight populations who may benefit 
from extra monitoring such as those with lung disease or those who are immunosuppressed, and the different comorbidity 
profiles that are significantly associated with poorer outcomes at each time point. We built on previous work to examine 
an international population using a large sample size and a validated and clinically meaningful assessment instrument.126

Mental well-being and happiness
For our purposes, the mental well-being, and happiness domains included the SPHERE, which assesses mental 
distress and fatigue,159 and the WEMWBS, which includes affective-emotional, cognitive-evaluative and psychological 
functioning.160 Each aspect of mental health requires further investigation in the context of COVID-19.

Sleep
Only four studies included in the PRECIOUS database reported outcomes related to sleep. Thus, sex was available 
across the three data sets, but we lacked adequate data on covariates for meaningful analyses. Therefore, the impact of 
COVID-19 on long-term sleep quality remains unclear.

Sleep disturbances are common following any-cause hospital admissions.161 Pandemic-related lockdown is known 
to have an impact on sleep disturbances, and links have been established with poorer mental health.162 In particular, 
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isolation has been linked to poor sleep quality.163,164 A previous analysis of 843 participants described ongoing 
COVID-19 symptoms, mental health issues, sex and rating of general health as being associated with changes in sleep 
patterns.162 However, these findings were based on a cross-sectional study. Previous work has also found links between 
long-COVID and sleep disturbances165,166 with 41% of people with long-COVID reporting mild-to-moderate sleep 
issues.167 Additionally, sleep disturbance has been linked with breathlessness, anxiety and muscle weakness.168 Future 
research should include covariate-adjusted analyses to ascertain the relationship between long-term sleep disturbances, 
long-COVID and mental health in the context of COVID-19.

Summary of key findings

•	 In the COVID-positive population, we observed that women had poorer QoL-related physical function, mental health 
and overall perception of health compared with men, across each time point examined.

•	 Hospitalisation for initial COVID-19 infection was consistently associated with poorer overall perception of health 
compared with non-hospitalisation.

•	 We identified several vulnerable populations, including those with immunosuppression and lung disease, who had 
poorer overall perception of health compared to their unaffected counterparts. These populations may benefit from 
additional monitoring or support.

•	 We observed that people with lower levels of education had poorer overall perception of health beyond 12 months 
of COVID-19 infection, compared to those with higher education levels, potentially indicating a long-term impart of 
equity and socioeconomic status.
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Chapter 5 Factors associated with long-term 
cognition and thinking after COVID-19

Overview

This chapter describes the factors associated with COVID-19 outcomes in the overarching domain of cognition and 
thinking. The absence of a variable in the final model does not necessarily mean that it was not a significant factor; it 
may also indicate that there were insufficient data to be included in the modelling process. For the most part, country, 
study design, setting, year of study initiation and country income were always collinear. For a meta-analysis to be 
performed, there needs to be comparisons within studies, so factors such as the above were fixed by study.

Cognition and thinking

Subdomain: attention alertness data availability
Data on attention and alertness was captured using Test of Attentional Performance and the National Institute of Health 
(NIH) Toolbox: Attention. Attentional Performance data included phasic alertness, intrinsic alertness, reaction times, 
and errors, while available NIH Toolbox Attention data included a single sum score for the domain. Data from these two 
assessment instruments could not be aggregated. Thus, the data for each measurement instrument were informed by a 
single data set that did not meet our minimum sample size; therefore, this outcome was not taken forward for further 
analysis (see Figure 5).

Subdomain: orientation data availability
Orientation was captured using the Barcelona Test in a single data set (IPD = 37) and was therefore not considered for 
further analysis (see Figure 5).

Subdomain: naming data availability
Naming was captured using the Boston Naming Test from the Consortium to Establish a Registry for Alzheimer’s 
Disease – Plus Battery (CERAD) in a single data set (IPD = 49). This outcome was therefore not taken forward in further 
analysis (see Figure 5).

Subdomain: figure copying and recall data availability
The figure copying and recall data were captured in a single data set (IPD = 15) and were therefore omitted from further 
analyses (see Figure 5).

Subdomain: ease of word production data availability
Data were available from 2 data sets on 35 IPD on the ease of word production. Thus, there were insufficient data to 
perform further analysis (see Figure 5).

Subdomain: processing speed data availability
Processing speed was assessed using 2 data sets, including 80 IPD. Two data sets (IPD = 37) captured processing speed 
at 3–6 months, two data sets captured outcomes at 9–12 months (IPD = 28), and two data sets captured outcomes 
beyond 12 months (IPD = 15). There were insufficient data to take forward for further analyses (see Figure 5).

Subdomain: verbal learning, memory and recall data availability
Data were available on delayed recall for 110 participants from 3 studies, immediate recall for 83 participants from 2 
studies, and recognition for 54 participants from 2 studies (see Figure 5).

Delayed recall was standardised to the Rey Auditory Verbal Memory (delayed) test, immediate recall was standardised 
to the Rey Auditory Verbal Memory (immediate) test, and recognition was standardised to the Rey Auditory Verbal 
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Memory (recognition) test. Examination of data availability across each follow-up time point and the variables available 
for analysis concluded that there were insufficient IPD to permit further analysis.

Subdomain: cognitive failures data availability
The Cognitive Failures Questionnaire was captured in a single data set and therefore omitted from further analysis (see 
Figure 5).

Subdomain: working memory data availability
Data on working memory were available from three studies (IPD = 104); outcomes were available at 3–6 months from 
three data sets (IPD = 66); at 9–12 months for two data sets (IPD = 23) and beyond 12 months from two data sets 
(IPD = 15). There were insufficient data for further analysis (see Figure 5).

Subdomain: executive function data availability
Data on executive function were available from two studies (IPD = 80). Outcomes were available at 3–6 months for two 
studies (IPD = 37); at 9–12 months for two studies (IPD = 28), and beyond 12 months for two studies (IPD = 15). Thus, 
insufficient data were available for further analyses (see Figure 5).

Subdomain: multidomain cognitive assessment data availability
Data were available from 10 studies with a multidomain cognitive assessment. One study that used the Short Portable 
Mental Status Questionnaire only captured data for four IPD observations, which was insufficient to enter into the 
transformation algorithm. This study was excluded, leaving nine studies (IPD = 2699) on multidomain cognitive 
assessment instruments (see Figure 5) in the analysis data set.

Data transformation
The anchor measure for multidomain cognitive assessment was the Montreal Cognitive Assessment (MoCA). Table 2 
presents the assessment instruments that have contributed to this domain. All data are presented in terms of the points 
on the MoCA. Report Supplementary Material 22 describes the transformed values of the MoCA, by study. A higher 
MoCA score indicates a better outcome.

Population description
Within the population for whom outcome data were available at 3–6 months (eight studies; IPD = 1597), the median 
age was 58 years; 987 (64.3%) were male and 170 (10.6%) required hospitalisation with ventilation. There were 
insufficient data to carry out a meta-analysis of outcomes between 9 months and 12 months (see Report Supplementary 
Material 23). Within the population for whom multidomain cognitive assessment data were available beyond 12 months 
(six studies; IPD = 786), the median age was 58 years, 488 (64.2%) were male, and 169 (21.5%) required hospitalisation 
with ventilation.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S7a shows the MoCA scores at different time points. The median MoCA score 
where the outcome was assessed between 3 months and 6 months was 26 (IQR 24–28), the median MoCA score in 
the population that was assessed at 9–12 months was 26 (IQR 23–28), and in the population in which assessment 
was available beyond 12 months, the median MoCA score was 27 (IQR 25–28). Using a cut-off of 26 on the MoCA 
to indicate mild cognitive impairment,169 we observed that when outcomes were available between 3 months and 
6 months, 647 (40.5%) had MoCA < 26. When outcomes were available between 9 months and 12 months, 141 
(44.6%) had MoCA < 26, and when assessments were available beyond 12 months, 254 (32.3%) had MoCA < 26. Report 
Supplementary Material 67, Figure S7b-eii shows the MoCA scores at different time points stratified by demographic 
groups and interventions. Differences in MoCA scores were observed across countries, age groups, ethnicities, 
education levels, occupations, income categories, presence of diabetes and other endocrine conditions, cardiac 
conditions, cerebrovascular diseases, circulatory disorders, external causes of morbidity and mortality, and use of 
antivirals. Each of these steps was considered for further analysis.
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Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 23 describes the availability of covariates for the analyses. Country, study design, setting, 
year of study initiation and country income were always collinear. In order for a meta-analysis to be performed, there 
needs to be comparisons within studies, so factors such as the above were fixed by study. At the univariable level 
between 3 months and 6 months post onset, age, ethnicity, education level, number of people in the household, 
diabetes, mental/behavioural disorders, cardiac conditions, cerebrovascular disease, liver disease, chronic kidney 
disease and anticoagulant use were each associated with MoCA scores (see Report Supplementary Material 24). 
Beyond 12 months, age, ethnicity, education, presence of diabetes, neurological, cardiac, cerebrovascular conditions 
and corticosteroid treatment use were each associated with cognitive functioning at the univariable level (see Report 
Supplementary Material 24). These factors were examined using a multivariable analysis.

Multivariable regression analyses
Table 13 presents the results of the final multivariable model. A ratio above one indicates a higher level than the 
reference level of functioning, and a ratio below one indicates a lower level of functioning compared to the reference 
level. Where data were available at 3–6 months, in the final model (two data sets, IPD = 839), as age increased, there 
was a slight but highly significant decline in cognitive levels (of 0.8% per year of increasing age; p ≤ 0.001, ratio of 
difference = 0.992, 95% CI (0.989 to 0.995)]. Other ethnicities (Arab, Asian, Hispanic/Latinx and other; p ≤ 0.001, 

TABLE 13 Final multivariable regression model for factors associated with cognitive impairment scores

      Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

3–6 months
D = 2, IPD = 839
I2 = 0.00%

Age (years) −0.008 (−0.01 to −0.005) 0.992 (0.989 to 0.995) < 0.001

Ethnicity (ref = White)

Black −0.33 (−0.66 to 0.003) 0.72 (0.52 to 1.00) 0.052

Other −0.28 (−0.40 to −0.16) 0.76 (0.67 to 0.85) < 0.001

Education (ref = higher ed)

Did not complete primary −0.18 (−0.50 to 0.13) 0.83 (0.61 to 1.14) 0.246

Primary/some high −0.61 (−0.88 to −0.34) 0.54 (0.41 to 0.71) < 0.001

High/some higher −0.11 (−0.20 to −0.03) 0.89 (0.82 to 0.97) 0.009

Mental behavioural disorder (ref = no) −0.14 (−0.25 to −0.04) 0.87 (0.78 to 0.96) 0.005

12+ months
D = 2, IPD = 566
I2 = 55.75%

Age (years) −0.011 (−0.015 to −0.006) 0.989 (0.984 to 0.994) < 0.001

Cardiac conditions (ref = no) −0.11 (−0.23 to 0.003) 0.89 (0.80 to 1.00) 0.056

Ethnicity (ref = White)

Black −0.62 (−0.92 to −0.33) 0.53 (0.40 to 0.72) < 0.001

Asian −0.22 (−0.39 to −0.05) 0.80 (0.68 to 0.95) 0.013

Other −0.46 (−0.81 to −0.10) 0.63 (0.45 to 0.90) 0.012

Education (ref = higher ed)

Did not complete primary −0.41 (−0.75 to −0.06) 0.67 (0.47 to 0.94) 0.023

Primary/some high −0.54 (−0.97 to −0.11) 0.58 (0.38 to 0.90) 0.014

High/some higher −0.20 (−0.31 to −0.08) 0.82 (0.73 to 0.92) 0.001
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ratio of difference = 0.76, 95% CI (0.67 to 0.85)] had significant decreases in cognitive functioning compared to White 
ethnicity. Those with only a primary education [p ≤ 0.001, ratio of difference = 0.54, 95% CI (0.41 to 0.71)] scored lower 
on measures of cognitive functioning than those who completed high school [p = 0.009, ratio of difference = 0.89, 95% 
CI (0.82 to 0.97)], which in turn, was poorer than those who completed higher or professional training. Participants with 
mental/behavioural disorders also had significantly poorer cognitive functions [p = 0.005, ratio of difference = 0.87, 
95% CI (0.78 to 0.96)]. The median age of participants in the final model was 57 years (IQR 47–66), 484 (60.4%) were 
male, and 45 (5.4%) were hospitalised with ventilation.

Where data were available beyond 12 months, in the final model (two data sets, IPD = 566) as age increased, there 
was a slight but highly significant decline in cognitive levels on this scale (decline of 1.1% per year of increasing age; 
p ≤ 0.001, ratio of difference = 0.989; 95% CI (0.984 to 0.994)]. Black, Asian, and Other (Arab, Hispanic/Latinx, other) 
ethnicities each have significant decreases in cognitive levels compared to White ethnicity. However, the sample sizes 
were very small in the final data set (IPD = 20, 65, and 13, respectively, compared to 468 White); therefore, the findings 
should be treated with caution, but noted as marked differences. The median age of the participants who contributed to 
this model was 59 years; 354 (64.1%) were male and 143 (25.3%) were hospitalised and initially ventilated.

Assessment of certainty
The I2 based on mental behavioural disorders was 0.00% for follow-up at 3–6 months, indicating no heterogeneity. 
GRADE-informed assessment indicated that the quality of evidence was low (downgraded for imprecision and 
inclusion of selected populations). I2 based on cardiac conditions at follow-up beyond 12 months was 55.75%, 
indicating moderate heterogeneity.37 GRADE-informed assessment indicated that the quality of evidence was very low 
(downgraded for imprecision, inclusion of selected populations and inconsistency, see Report Supplementary Material 69, 
Table e).

Discussion

Older age, certain ethnicities and lower levels of education were associated with lower cognitive functioning scores 
on the MoCA. At 3–6 months, the presence of mental/behavioural disorders was associated with poorer function. 
Caution is needed when interpreting ethnicity and educational findings, as these were based on small sample sizes. 
Nevertheless, these findings provide avenues for future research. Data were not widely available on cognitive 
subdomains of attention and alertness, orientation, naming, figure copying and recall, ease of word production, 
processing speed, verbal learning, memory and recall, cognitive failures, working memory or executive function; each of 
these themes also represents areas of further research need.

Post-COVID cognitive dysfunction (PCCD) is a recognised condition arising from an initial infection.170 Impairments 
in attention, memory, executive function, processing speed and learning are known complications of COVID-19.171–174 
Each of these subdomains of cognition was represented in the PRECIOUS database, but not in sufficient numbers 
to allow meta-analysis. A key characteristic of PCCD is its occurrence at least 3 months from the initial onset.172,173 
Additionally, cognitive decline has been linked with severe COVID-19175 and long-COVID.176 While COVID-19 severity 
(non-hospitalised vs. hospitalised participants) was available in our data set and examined for significance as part of 
univariable analyses, the presence of long-COVID was not examined in the analyses. Future work should include the 
presence of long-COVID.

Cognitive failure refers to errors during the performance of everyday tasks that ordinarily can be completed 
successfully.177,178 Only a single data set in the PRECIOUS database reported cognitive failures, precluding this domain 
from our meta-analysis. However, this represents an important area for further investigation, as it provides a direct 
link between cognitive impairment and its impact on everyday life. A recent study demonstrated that people with 
COVID-19 reported more cognitive failures in the workplace than compared with people who were COVID negative.174 
The median age of participants in the 3–6 months follow-up group was 58 years, with the median ages of participants 
who contributed to the final model being 57 and 59 years at 3–6 months and beyond 12 months, respectively. This 
represents a population that will generally remain in the workforce. At 3–6, we observed that, for this population, the 
median MoCA score was 26, which was the threshold for mild cognitive impairment.169 In addition, repeated lockdowns 
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and social isolation have been found to affect cognitive function.179,180 Further analyses should adjust for loneliness and 
isolation in the context of post-COVID cognitive functioning.

Analysable data within PRECIOUS were in the form of multidomain cognitive assessments; the data were standardised 
to the MoCA sum score. The MoCA includes the domains of executive function, naming, memory/recall, attention, 
language, abstraction and orientation.169 While subdomain scores are typically scored individually in our sample, only 
the sum scores were available from the contributed data sets. Therefore, we were unable to synthesise evidence from 
the individual components of MoCA. Furthermore, we were unable to ascertain which components of the MoCA drive 
changes in cognitive function.

Studies from early in the pandemic identified changes in brain structure, potentially associated with COVID-19,181 
including effects on the hippocampus and grey matter in people with long-COVID.182 Further work is needed to examine 
long-term multidomain cognitive outcomes, supplemented by examination of structural changes in the brain, to provide 
an evidence base to support rehabilitation.183

We observed that for the populations in whom cognitive function was assessed at 3–6 months and 9–12 months 
respectively, median MoCA was 26, whereas for the population in whom cognitive assessment was conducted beyond 
12 months, the median MoCA score was 27. Continued screening of people who have had COVID-19 and have a 
subclinical score on cognitive functioning may be beneficial.

Summary of key findings

•	 Future work should include examination of cognitive function in the context of long-COVID.
•	 We need data on cognitive failures as they provide a link between functioning and impact on everyday life.
•	 Our models included participants aged 57–59 years, and represented a working age population. Median MoCA 

where follow-up was conducted at 3–6 months was 26, which is the cut-off for mild cognitive impairment.
•	 We need additional information on which domains of cognitive function drive changes in cognition.
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Chapter 6 Factors associated with long-term anxiety 
and depression after COVID-19

Overview

This chapter describes the factors associated with long-term outcomes in the overarching domains of anxiety, 
depression and stress. The latter domain includes assessments of both general stress and post-traumatic stress disorder 
(PTSD). The absence of a variable in the final model does not necessarily mean that it was not a significant predictor; it 
may also indicate that there were insufficient data to be included in the modelling process.

Anxiety

Data availability
Data on measures of anxiety alone were available from 15 studies (IPD = 6921). Outcomes at 3–6 months were 
available for 2784 participants (data sets = 14), at 9–12 months for 2031 participants (10 data sets), and beyond 
12 months for 2106 participants (nine data sets; see Figure 5).

Population description
Outcomes were assessed between 3 months and 6 months (14 data sets, IPD = 2784), the median age of the 
population was 60 years, 1654 (60.7%) were male, and 306 (11%) had the highest level of COVID-19 severity and 
were hospitalised with ventilation. Where outcomes were assessed between 9 months and 12 months (10 data sets, 
IPD = 2031), the median age of the population was 51 years, 996 (49.7%) were male, and 53 (2.6%) were hospitalised 
with ventilation. Where outcomes were assessed beyond 12 months (nine data sets, IPD = 2106 participants), 
the median age of the population was 53.5 years, 1080 (52.1%) were male, and 184 (8.8%) were hospitalised 
with ventilation.

Data transformation
Data were standardised to the HADS-A. Table 2 describes the outcome measurement instruments that contributed 
to this domain. The transformed HADS-A score distributions for each study are described in Report Supplementary 
Material 25. Higher scores on the HADS-A indicate a higher level of anxiety.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S8a shows the prevalence of anxiety scores at different follow-up time points. 
The median (IQR) anxiety scores for the population in whom anxiety was assessed at 3–6 months was 4 (IQR 1–7); the 
median score was the same for the populations in whom anxiety was assessed at 9–12 and beyond 12 months. When 
applying a threshold of HADS-A score > 8 to indicate mild anxiety,184 567 (20.8%) in whom follow-up was conducted 
at 3–6 months had mild anxiety; where follow-up was conducted at 9–12 months, 320 (15.8%) had mild anxiety and 
where follow-up was conducted beyond 12 months, 363 (17.2%) had mild anxiety. Report Supplementary Material 67, 
Figure S8b-cii describes HADS-A scores by demographic groups and intervention category; differences in HADS-A 
scores were apparent across age categories, sex, religion, BMI categories, smoking status, occupation, number of people 
in the household, initial hospitalisation for COVID-19, COVID-19 severity, diabetes, obesity, presence of mental/
behavioural disorders, dementia/Alzheimer’s, neurological conditions, circulatory disorders, lung disease, conditions, 
chronic kidney disease, immunosuppressant condition and anticoagulant use. Each of these factors was further 
investigated using univariable and multivariable analyses.
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Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 26 describes the variables available for analysis at each time point. Significant univariable 
associations with anxiety scores at each follow-up time point are described in Report Supplementary Material 27. At 
3–6 months follow-up, age, sex, smoking status, occupation, number of people in the household, hospitalisation for 
COVID-19, presence of a mental or behavioural disorder, neurological conditions, circulatory disorder, lung disease, 
gastrointestinal and musculoskeletal conditions were each significantly associated with greater anxiety at univariable 
level. At 9–12 months, sex, smoking history, occupation, number of people in the household, hospitalisation, COVID-
19 severity at baseline, diabetes, obesity, presence of a circulatory disorder, lung disease and immunosuppression 
were significantly associated with increased anxiety. Beyond 12 months, age, sex, smoking status, employment status, 
number of people in the household, initial hospitalisation for COVID-19, COVID-19 severity at baseline, presence of 
neurological conditions and immunosuppression were each significantly associated with increased anxiety (see Report 
Supplementary Material 27). These variables were taken forward to stepwise multivariable modelling, where p < 0.1.

Multivariable regression analyses
The final models for each follow-up period are listed in Table 14. A ratio below one indicates that the effective (non-
reference) group is lower than the reference group, and a ratio above one indicates that the effective group is greater 
than the reference group.

For the group in which follow-up was available at 3–6 months, we observed an interaction between hospitalisation and 
age and therefore performed separate subgroup analyses for initially hospitalised and non-hospitalised participants. In 
this model (five data sets, IPD = 1394) for the initially hospitalised subgroup, men had lower anxiety scores than women 
[p ≤ 0.001; ratio of difference = 0.8, 95% CI (0.74 to 0.87)]; anxiety scores decreased with increasing age [p < 0.001, 
ratio of difference = 0.99, 95% CI (0.985 to 0.991)]; those with lung disease had higher scores (worse anxiety) than 
those without [p < 0.001; ratio of difference = 1.28; 95% CI (1.17 to 1.40)]; and people with neurological conditions had 
higher anxiety scores than those without [p = 0.003; ratio of difference = 1.32; 95% CI (1.10 to 1.58)]. The median age 
of the population that contributed to this final model was 59 years, and 884 (63.4%) patients were male. For the final 
model (two data sets, IPD = 569) in the initially non-hospitalised subgroup, men had lower anxiety scores than women 
(p ≤ 0.001, ratio of difference = 0.78; 95% CI of the ratio of 0.70 to 0.87), and people with a circulatory disorder had 
higher anxiety scores than those without (p = 0.008, ratio of difference = 1.24, 95% CI 1.06 to 1.44). For the population 
that contributed to this model, the median age was 47 years and 281 (49.4%) patients were male.

Where data were available between 9 months and 12 months, in this final model (three data sets, IPD = 1679) 
initially hospitalised participants had higher anxiety scores compared with non-hospitalised participants [p = 0.001, 
ratio of difference = 1.2, 95% CI (1.08 to 1.33)]. Men had lower anxiety scores than women [p < 0.001, ratio of 
difference = 0.82; 95% CI (0.78 to 0.87)]. People with presence of lung disease had higher anxiety scores than those 
without lung disease [p = 0.002, ratio of difference = 1.19; 95% CI (1.07 to 1.33)]. Those not in employment (including 
retired, students, unemployed, household managers, or not working due to ill health) had higher anxiety scores than 
those in employment [p = 0.049, ratio of difference = 1.08; 95% CI (1.0 to 1.17)]. We also observed an interaction 
between employment and smoking status such that a person who was unemployed had an 8% higher anxiety score 
than an employed person. Smokers had a 7% higher anxiety score than non-smokers. However, an unemployed person 
who smoked had a 38% higher score than employed non-smokers. In the population that contributed to this model, the 
median age was 49 years, 820 (48.8%) were male, and 135 (8%) were hospitalised.

Beyond 12 months in the final model (four data sets, IPD = 1340), participants who were initially hospitalised had worse 
anxiety scores compared with non-hospitalised participants [p < 0.001, ratio of difference = 1.3, 95% CI (1.17 to 1.45)]. 
Men had lower anxiety scores compared with women [p < 0.001, ratio of difference = 0.84; 95% CI (0.79 to 0.88)]. 
Anxiety scores decreased with increasing age [p < 0.001, ratio of difference = 0.996; 95% CI (0.994 to 0.998)], and 
non-employed people had higher anxiety scores than those in employment [p < 0.001, ratio of difference = 1.18, 95% 
CI (1.10 to 1.26)]. For the population that contributed to this model, median age was 49 years, 610 (45.5%) were male 
and 106 (7.9%) were hospitalised.
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Assessment of certainty
At 3–6 months, I2 was 0% based on neurological conditions in the hospitalised population and 13.3% based on sex in 
the non-hospitalised population. At 9–12 months, I2 based on sex was 1.35%, and beyond 12 months, I2 based on sex 
was 0%, indicating low heterogeneity across studies in each model. GRADE-informed assessment indicated that the 
quality of evidence was low in the hospitalised model at 3–6 months (downgraded for imprecision and indirectness) and 
high in the non-hospitalised population at 3–6 months (see Report Supplementary Material 69, Table f). GRADE-informed 
assessments of the models at 9–12 months and beyond 12 months were of high and low quality, respectively, with the 
latter model being downgraded for imprecision and indirectness.

TABLE 14 Final multivariable regression model for factors associated with anxiety

  Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

Hospitalised

3–6 months
D = 5, IPD = 1394
I2 (neuro) = 0.00%

Sex (ref = female) −0.22 (−0.30 to −0.14) 0.80 (0.74 to 0.87) < 0.001

Age (as year increase) −0.012 (−0.016 to −0.009) 0.988 (0.985 to 0.991) < 0.001

Lung disease (ref = no) 0.25 (0.16 to 0.34) 1.28 to (1.17 to 1.40) < 0.001

Neurological conditions (ref = no) 0.28 (0.09 to 0.46) 1.32 (1.10 to 1.58) 0.003

Non-hospitalised

D = 2, IPD = 569
I2 (sex) = 13.29%

Sex (ref = female) −0.25 (−0.36 to −0.14) 0.78 (0.70 to 0.87) < 0.001

Circulatory disorder (ref = no) 0.21 (0.05 to 0.37) 1.24 (1.06 to 1.45) 0.008

9–12 months
D = 3, IPD = 1679
I2 (sex) = 1.35

Hospitalised (ref = no) 0.18 (0.07 to 0.29) 1.20 (1.08 to 1.33) 0.001

Sex (ref = female) −0.20 (−0.25 to −0.14) 0.82 (0.78 to 0.87) < 0.001

Lung disease (ref = no) 0.18 (0.07 to 0.28) 1.19 (1.07 to 1.33) 0.002

Employed (ref = employed) 0.08 (0.0004 to 0.15) 1.08 (1.00 to 1.17) 0.049

Smoker (ref = non-smoker) 0.07 (−0.005 to 0.15) 1.07 (0.99 to 1.16) 0.067

Employed/smoker interaction
(not employed and current/ex smoker)a

0.18 (0.04 to 0.31) 1.19 (1.04 to 1.36) 0.01

12+ months
D = 4, IPD = 1340
I2 (sex) = 0.00

Hospitalised (ref = no) 0.26 (0.16 to 0.37) 1.30 (1.17 to 1.45) < 0.001

Sex (ref = female) −0.18 (−0.23 to −0.12) 0.84 (0.79 to 0.88) < 0.001

Age (years) −0.004 (−0.006 to −0.002) 0.996 (0.994 to 0.998) < 0.001

Employed (ref = yes) 0.16 (0.09 to 0.23) 1.18 (1.10 to 1.26) < 0.001

a	 A person who is unemployed has an 8% higher score than an employed person. A smoker has an 8% higher score than a non-smoker. 
However someone unemployed and a smoker has 38% higher score than an employed non-smoker [exp(0.08 + 0.07 + 0.18) or 1.08 × 
1.07 × 1.19], rather than just the additive (from the estimates) or multiplicative (ratio) effects of the two factors on their own.
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Depression

Data availability
Data on measures of depression were available from 18 studies (IPD = 7114). At 3–6 months, 2784 IPD were available 
from 17 data sets, at 9–12 months, 2149 IPD were available from 14 data sets, and beyond 12 months, 2181 IPD were 
available from 12 data sets (see Figure 5).

Population description
Where outcomes were assessed between 3 months and 6 months (data sets = 17, IPD = 2784), the median age of the 
population was 57 years, 1620 (59.4%) were male and 306 (11%) were hospitalised with ventilation. For outcomes 
that were assessed between 9 months and 12 months (14 data sets, IPD = 2149), the median age was 51 years; 1060 
(50%) were male and 54 (2.5%) required hospitalisation with ventilation. For outcomes assessed beyond 12 months (12 
data sets, IPD = 2181), the median age of the population was 53 years, 1121 (52.2%) were male, and 184 (8.5%) were 
hospitalised with mechanical ventilation.

Data transformation
Data were standardised to the Hospital Anxiety and Depression Scale-D (HADS-D). Table 2 shows the outcome 
measurement instruments that contributed to this domain. The transformed HADS-D score distributions for each study 
are described in Report Supplementary Material 28. A higher HADS-D score indicates worse depression.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S9 shows the depression scores at different time points. Where assessments 
were available at 3–6 months (17 data sets, IPD = 2784), median depression score was 4.33 (IQR 1.5–7), and where 
depression scores were available at 9–12 months (14 data sets, IPD = 2149 IPD), and beyond 12 months (12 data sets, 
IPD = 2181), median score was 5 (IQR 1.5–7). Applying a cut-off point of HADS-D > 8 to indicate mild impairment,184 at 
3–6 months 495 (17.8%), at 9–12 months 333 (15.5%), and beyond 12 months, 341 (15.6%) reported mild impairment.

Depression scores differed by country, age group, sex, religion, education level, BMI category, smoking status, 
occupation, number of people in the household, COVID-19 positivity at study entry, initial hospitalisation for COVID-
19, COVID-19 severity, diabetes, obesity, presence of mental/behavioural disorders, neurological conditions, circulatory 
disorders, lung disease, chronic kidney disease, use of proning and oxygen therapy.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 29 describes the covariates available for the analysis at different time points. Report 
Supplementary Material 30 describes the significant univariable associations between each variable and depression 
at follow-up. At 3–6 months age, sex, smoking status, employment, number of people in the household, COVID-19 
severity at baseline, presence of other endocrine conditions, mental/behavioural disorders, neurological conditions, 
lung disease, gastrointestinal conditions, musculoskeletal conditions and antibiotic treatment were each significantly 
associated with depression. At 9–12 months, age, sex, smoking status, occupation, number of people in the household, 
initial hospitalisation for COVID-19, presence of cancer, diabetes, obesity, circulatory disorders, lung disease and 
immunosuppression were each significantly associated with depression. Beyond 12 months, sex, smoking status, 
employment status, number of people in the household, initial hospitalisation for COVID-19, obesity, mental/
behavioural disorders, neurological conditions, lung disease, immunosuppression and musculoskeletal condition were 
each associated with increased depression.

Multivariable regression analyses
The final models for each follow-up time point are listed in Table 15. Where outcomes were available at 3–6 months 
(three data sets, IPD = 1001), depression scores decreased with every year increase in age [p < 0.001, ratio of 
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difference = 0.99, 95% CI (0.987 to 0.994)]. Men had lower depression scores than women [p < 0.001, ratio of 
difference = 0.78, 95% CI (0.71 to 0.86)]. People with lung disease [p < 0.001, ratio of difference = 1.24, 95% CI (1.12 
to 1.37)], and people with a mental/behavioural disorders [p < 0.001, ratio of difference = 1.61; 95% CI (1.44 to 1.81)] 
had higher depression scores than those without lung disease and mental/behavioural disorders, respectively. For the 
participants who contributed to this model, the median age was 58 years, 609 (60.8%) were male, and 80 (8%) were 
hospitalised and ventilated.

Where follow-up was available at 9–12 months, in the final model (four data sets, IPD = 1722) as age increased by 
1 year, depression scores decreased [p = 0.001, ratio of difference = 0.998, 59% CI (0.996 to 0.999)]. Men had lower 
depression scores than women [p < 0.001, ratio of difference = 0.89, 95% CI (0.86 to 0.93)]. Non-employed people had 
higher depression scores than those employed, retired or a student [p ≤ 0.001, ratio of difference = 1.30, 95% CI (1.20 
to 1.42)]. People with diabetes [p < 0.001, ratio of difference = 1.33, 95% CI (1.17 to 1.51)], cancer [p = 0.002, ratio of 
difference = 1.19, 95% CI (1.07 to 1.32)] and people with a history of smoking [p < 0.001, ratio of difference = 1.11, 
95% CI (1.06 to 1.18)] had higher depression scores than those without these conditions. For the population that 
contributed to this model, the median age was 49 years, 841 (48.8%) were male, and 1 (0.1%) was hospitalised 
and ventilated.

TABLE 15 Final multivariable regression model for factors associated with depression

Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

3–6 months
D = 3, IPD = 1001
I2 (mental behavioural) 19.12%

Age (year increase) −0.01 (−0.013 to −0.006) 0.990 (0.987 to 0.994) < 0.001

Sex (ref = female) −0.24 (−0.34 to 0.15) 0.78 (0.71 to 0.86) < 0.001

Lung disease (ref = no) 0.22 (0.12 to 0.32) 1.24 (1.12 to 1.37) < 0.001

Mental behavioural disorder 0.48 (0.37 to 0.59) 1.61 (1.44 to 1.81) < 0.001

9–12 months
D = 4, IPD = 1722
I2 (diabetes) = 0%

Age (unit change, year) −0.002 (−0.004 to −0.001) 0.998 (0.996 to 0.999) 0.001

Sex (ref = female) −0.11 (−0.16 to −0.07) 0.89 (0.86 to 0.93) < 0.001

Employed status2 (ref = employed, retired, 
studenta)

0.27 (0.18 to 0.35) 1.30 (1.20 to 1.42) < 0.001

Diabetes (ref = no) 0.29 (0.16 to 0.42) 1.33 (1.17 to 1.51) < 0.001

Cancer (ref = no) 0.17 (0.06 to 0.28) 1.19 (1.07 to 1.32) 0.002

Smoker (ref = never)b 0.11 (0.05 to 0.17) 1.11 (1.06 to 1.18) < 0.001

12+ months
D = 4, IPD = 1286
I2 (hospitalised) = 0%

Hospitalised with COVID (ref = no) 0.14 (0.0 to 0.22) 1.15 (1.06 to 1.24) < 0.001

Sex (ref = female) −0.09 (−0.13 to −0.05) 0.91 (0.88 to 0.95) < 0.001

Obesity (ref = no) 0.07 (0.03 to 0.12) 1.08 (1.02 to 1.13) 0.002

Employed (ref = employed) 0.07 (0.02 to 0.12) 1.07 (1.02 to 1.13) 0.006

Smoker (ref = never)b 0.09 (0.02 to 0.16) 1.09 (1.02 to 1.17) 0.009

a	 Grouped employed, retired, and student together, and all the other categories as unemployed.
b	 Never vs. current and ex combined.
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Where data were available beyond 12 months, in the final model (four data sets, IPD = 1286) initially hospitalised 
participants had higher depression scores than those not initially hospitalised [p < 0.001, ratio of difference = 1.15, 
95% CI (0.85 to 0.94)]. Men had lower depression scores than women [p < 0.001, ratio of difference = 0.91, 95% CI 
(0.88 to 0.95)]. Obese participants had higher scores than non-obese participants [p = 0.002, ratio of difference = 1.08, 
95% CI (1.02 to 1.13)]. Non-employed participants (including unemployed, those retired, students, or managing 
households) had higher depression scores than those in employment [p = 0.006, ratio of difference = 1.07, 95% CI 
(1.02 to 1.13)] and people with a history of smoking had higher depression scores than non-smokers [p = 0.009, ratio of 
difference = 1.09, 95% CI (1.02 to 1.17)]. For the participants who contributed to the final model, the median age was 
48 years, 600 (46.7%) were male and none were hospitalised with ventilation.

Assessment of certainty
At 3–6 months, I2 based on mental/behavioural disorder was 19.12%; at 9–12 months, I2 based on diabetes was 
0%, and beyond 12 months, I2 based on hospitalisation was 0%, indicating low heterogeneity among studies that 
contributed to each model. GRADE-informed assessment indicated that the certainty of evidence was moderate in each 
model, with each being downgraded for indirectness (see Report Supplementary Material 69, Table g).

Subdomain: anxiety and depression data availability
One assessment instrument (Patient Health Questionnaire-4) captured measures of both anxiety and depression in 
a single data set. As this did not meet our prespecified criteria for meta-analysis, this outcome was not considered in 
further analysis.

Stress

Subdomain: general stress

Data availability
Data were available from three studies (IPD = 2801) on measures of general stress. Outcomes at 3–6 months were 
available for 582 participants from one data set, at 9–12 months for 1514 participants from three data sets and at 
beyond 12 months for 705 participants from two data sets (see Figure 5).

Population description
As data on the 3–6 months outcomes were derived from a single study, these data were not analysed further. For 
outcomes that were assessed between 9 months and 12 months (data sets = 3, IPD = 1514), the median age of the 
population was 51 years, 700 (49.6%) were male, and IPD = 1317 (87%) were not hospitalised for COVID-19. For 
outcomes assessed beyond 12 months (two data sets, IPD = 705), the median age of the population was 48 years, 334 
(47.4%) were male, and 645 (91.5%) were not hospitalised.

Data transformation
Data were standardised to the Depression, Anxiety and Stress Scale-21 (DASS-21). Table 2 describes the outcome 
measurement instruments that contributed to this domain. A higher DASS-21 stress score indicated a higher stress 
level. The transformed DASS-21 stress scale scores are presented in Report Supplementary Material 31.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S10a shows the transformed general stress scores at different time points. 
Where general stress scores were assessed at 9–12 months (three data sets, IPD = 1514) and beyond 12 months 
(two data sets, IPD = 705), the median general stress scores for each of these separate populations was 4 (IQR 0–10). 
Applying a cut-off of DASS-21-stress > 15,185 for the population assessed at 3–6 months, 53 (9.1%) had mild stress; 
where participants were assessed at 9–12 months, 153 (10.1%) had mild stress and 76 (10.8%) had mild stress beyond 
12 months.
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Report Supplementary Material 67, Figure S10b-ei describes the general stress scores at different time points stratified 
by demographic groups. Significant differences in general stress were evident across participants’ sex, level of 
education, occupation, initial hospitalisation due to COVID-19, COVID-19 severity, presence of lung disease, 
chronic kidney disease and immunosuppression. Each of these factors was further investigated in univariable and 
multivariable analyses.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 32 describes the variables available for analysis at each time point. At the univariable 
level at 9–12 months, sex, smoking status, employment status, initial hospitalisation, diabetes, presence of a circulatory 
disorder, lung disease and immunosuppression were associated with stress by DASS-21 (see Report Supplementary 
Material 33). For outcomes beyond 12 months at the univariable level, sex, smoking status, employment status, initial 
hospitalisation and immunosuppression were each significantly associated with stress. Each of these factors was 
examined in multivariable regression analyses.

Multivariable regression analyses
At the multivariable level where data were available at 9–12 months, in the final model (two data sets, IPD = 1344) men 
had lower stress scores than females [p < 0.001, ratio of difference = 0.64, 95% CI (0.57 to 0.72)]. Smokers had higher 
stress scores than non-smokers and ex-smokers [p < 0.001, ratio of difference = 1.26, 95% CI (1.12 to 1.42)]. People 
with diabetes had a higher stress score than those without [p = 0.037, ratio of difference = 1.42, 95% CI (1.02 to 1.97)], 
and those with immunosuppression had higher stress scores than those without [p = 0.009, ratio of difference = 1.55, 
95% CI (1.12 to 2.15)]. For the population that contributed to this model, the median age was 49 years, 668 (49.7%) 
were male, and 1 (0.1%) individual was hospitalised and ventilated.

Where data were available beyond 12 months, in the final model (two data sets, IPD = 698) men had lower stress scores 
than women [p < 0.001, ratio of difference = 0.66, 95% CI (0.56 to 0.78)]. Smokers had higher stress scores than non-
smokers and ex-smokers [p = 0.001, ratio of difference = 1.34, 95% CI (1.13 to 1.59)], and the unemployed had higher 
stress scores than the employed, retired and students [p = 0.003, ratio of difference = 1.50, 95% CI (1.15 to 1.97)], 
Table 16). The median age of the population that contributed to this model was 48 years; 332 (47.6%) were male, and 
none were hospitalised and ventilated.

Assessment of certainty
At 9–12 months and beyond 12 months, sex contributed the greatest effect size to the model, and I2 was 0% across 
both models, indicating low heterogeneity across studies in each model. GRADE-informed assessment indicated that 

TABLE 16 Final multivariable regression model for factors associated with general stress

Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

9–12 months
D = 2, IPD = 1344
I2 (sex) = 0.00%

Smoker (ref = never) 0.23 (0.12 to 0.35) 1.26 (1.12 to 1.42) < 0.001

Diabetes (ref = no) 0.35 (0.02 to 0.68) 1.42 (1.02 to 1.97) 0.037

Immunosuppression (ref = no) 0.44 (0.11 to 0.76) 1.55 (1.12 to 2.15) 0.009

Sex (ref = female) −0.45 (−0.56 to −0.33) 0.64 (0.57 to 0.72) < 0.001

12+ months
D = 2, IPD = 698
I2 (sex) = 0.00%

Sex (ref = female) −0.41 (−0.58 to −0.25) 0.66 (0.56 to 0.78) < 0.001
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the certainty of evidence was moderate for each model, and was downgraded for imprecision (see Report Supplementary 
Material 69, Table h).

Subdomain: post-traumatic stress disorder data availability
Post-traumatic stress disorder data were available from seven studies (IPD = 1694). Outcomes at 3–6 months were 
available from seven studies (IPD = 1324); three studies reported on outcomes between 9 months and 12 months 
(IPD = 134) and three studies (IPD = 236) reported PTSD outcomes beyond 12 months post onset (see Figure 5). Only 
one study included a non-hospitalised population, making it difficult to separate the hospitalisation effect from the 
study effect. Meta-analysis requires there to be comparisons within studies and for there to be more than one study 
with populations in each level; there is strong evidence that the hospitalised population is different from the non-
hospitalised population. There were insufficient data to be able to statistically test for a difference, so a single data set 
with a non-hospitalised population was omitted from further analysis.

Population description
Only the 3- to 6-month outcome population had sufficient data to further analyse PTSD scores. The median age in this 
population (six data sets, IPD = 1302) was 60 years, 853 (66.8%) were male; all participants were hospitalised, with 187 
(14.4%) requiring hospitalisation with ventilation.

Data transformation
Table 2 presents the outcome measurement instruments that contribute to the PTSD domain. Data were standardised 
to the revised Impact of Event Scale (IESR), where a higher score indicates poorer outcome. The transformed IESR 
scores are presented in Report Supplementary Material 34.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S11a shows the PTSD scores at different time points. The median PTSD score 
for the population in whom assessment was available at 3–6 months (data sets = 7, IPD = 1324) was 9.4, (IQR 4–20.2). 
Applying a cut-off score of 33 to indicate the presence of PTSD,186 we observed that for the population that was 
assessed at 3–6 months (7 data sets, IPD = 1324), 186 (14.1%) had a score indicative of PTSD. For the population at 
9–12 months (three data sets, IPD = 134), 20 (14.9%) had a score indicative of PTSD, and in the population assessed 
beyond 12 months (three data sets, IPD = 236), 30 (12.7%) had a score indicative of PTSD.

Report Supplementary Material 67, Figure S11b-cii shows the scores at different time points stratified by demographic 
groups. We observed differences in the PTSD scores by country, study design, age group, sex, ethnicity, religion, 
education level, COVID-19 severity, presence of mental/behavioural disorders, neurological condition, cardiac 
conditions, lung disease and immunosuppression.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 35 describes the variables available for analysis at each time point. At the univariable 
level at 3–6 months post onset, age, sex, number of people in the household, COVID-19 severity at baseline, 
presence of lung disease, musculoskeletal conditions and renal therapy were each associated with PTSD (see Report 
Supplementary Material 36). Each of these factors was included in multivariable analysis.

Multivariable regression analyses
Table 17 shows the multivariable regression analyses for PTSD at 3–6 months. In the final model (five data sets, 
IPD = 1036), men had lower PTSD scores than women [p < 0.001, ratio of difference = 0.72, 95% CI (0.62 to 0.83)]. 
PTSD decreased with increasing age [p = 0.001, ratio of difference = 0.991, 95% CI (0.985 to 0.996)] and people with 
lung disease had higher PTSD scores than people without lung disease [p = 0.002; ratio of difference = 1.30, 95% CI 
(1.10 to 1.53)]. In the population that contributed to this model, the median age was 60 years, 678 (65.4%) were male, 
and 173 (16.7%) were initially hospitalised and ventilated.
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Assessment of certainty
At 3–6 months, I2 (sex) was 0.00%, indicating a low level of heterogeneity. GRADE-informed assessment indicated 
that the certainty of evidence was low (downgraded due to imprecision and inclusion of only previously hospitalised 
participants, see Report Supplementary Material 69, Table i).

Discussion

Women reported consistently worse anxiety, depression, stress and PTSD at each time examined time point. We 
observed that different comorbidities were associated with poor outcomes at each time point. One year after COVID-
19 onset, baseline non-employment was significantly associated with poorer performance on measures of anxiety, 
depression and general stress. Our findings are consistent with previous work that identified vulnerable groups 
including women, healthcare professionals, older people and people with an existing mental health condition.187 While 
some data sets described participants’ occupations or specified healthcare workers, specific occupations were not 
considered in our analyses. Rather, we described employment status, finding associations with later long-term anxiety, 
depression and stress. Employment status can infer socioeconomic status, which is also associated with COVID-19 
incidence.188 Additionally, employment contributes to security, and economic uncertainty was prevalent during 
COVID-19.189 While we were unable to aggregate sufficient data on other markers of socioeconomic status or levels of 
deprivation, our findings suggest that these factors continue to play a role beyond the initial infection and can adversely 
affect mental health after COVID-19.

Additionally, we observed that the presence of mental/behavioural disorders was significantly associated with worse 
depression scores at 3–6 months. This is congruent with existing work that reports the impact of loneliness and 
isolation on people with existing mental health problems.190 COVID-19 necessitated lockdowns and enforced social 
isolation, which had a profound impact even in other populations,191,192 but especially on those with an existing mental 
health condition.193

Data on anxiety and depression were captured well in the PRECIOUS database, with more than 14,000 IPD available 
and ~6000–7000 participants’ data available at long-term time points. This permitted IPD meta-analyses of more than 
1000 participants in each model, spanning early to late long-term follow-up and including both community-based and 
hospitalised populations. Stress and PTSD were less well captured in the PRECIOUS database. Nevertheless, sufficient 
data were available to permit analyses beyond 9 months for general stress and between 3 months and 6 months 
for PTSD.

Anxiety and depression are known consequences of COVID-19, with an estimated global prevalence increasing by 25% 
since the start of the pandemic.194 We observed that in those who were assessable at 3–6 months, 9–12 months and 
beyond 12 months, scores indicating mild anxiety were prevalent in 20.8%, 15.8% and 17.2% of patients, respectively. 
The pooled prevalence of depression during COVID-19 in community-based samples was estimated to be 25%,195 and 
23.3% in hospitalised populations196 and is not limited to people with COVID-19 alone, with an impact on family and 
friends, especially in the context of severe infection.197 In our sample, we observed that the prevalence of depression 
in the populations assessable at 3–6 months, 9–12 months and beyond 12 months was 17.8%, 15.5% and 15.6%, 
respectively.

TABLE 17 Final multivariable regression model for factors associated with PTSD

3–6 months
D = 5, IPD = 1036
I2 (sex) = 0.00% Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

Age (year increase) −0.010 (−0.015 to −0.004) 0.991 (0.985 to 0.996) 0.001

Sex (ref = female) −0.33 (−0.48 to −0.18) 0.72 (0.62 to 0.83) < 0.001

Lung disease (ref = no) 0.26 (0.10 to 0.43) 1.30 (1.10 to 1.53) 0.002
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There is a pressing need to provide services for the increased population of people with mental health conditions due 
to COVID-19.198 We identified populations that may benefit from additional screening for anxiety, depression, general 
stress and PTSD at different time points in the COVID-19 recovery trajectory. Although the majority of participants 
exhibited subclinical levels of anxiety, depression, general stress and PTSD, support should be offered to ensure that 
these do not progress to levels of clinical concern. We provide models that extend beyond 1 year of index infection in 
international populations and highlight the populations of interest for screening and monitoring.

Summary of key findings

•	 Women reported consistently lower scores on anxiety, depression, stress and PTSD at each time examined 
time point.

•	 One year after COVID-19 onset, baseline non-employment was significantly associated with poorer performance on 
measures of anxiety, depression and general stress.
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Chapter 7 Factors associated with long-term energy, 
fatigue and strength after COVID-19

Overview

Decreased fatigue and strength have been commonly reported as consequences of COVID-19. We examined factors 
associated with fatigue and strength, for which data were available during long-term follow-ups. The absence of a 
variable in the final model does not necessarily mean that it was not a significant predictor; it may also indicate that 
there were insufficient data to be included in the modelling process.

Energy and fatigue

Subdomain: lack of energy data availability
Lack of Energy was captured using the DePaul Symptom Questionnaire in a single data set and was therefore not 
included in further analysis.

Subdomain: tiredness and fatigue data availability
Data were available from 15 studies (IPD = 5872) on fatigue. Data were available at 3–6 months for 14 data sets 
(IPD = 2586), at 9–12 months for 9 data sets (IPD = 1761), and beyond 12 months for 7 data sets (IPD = 1525; see 
Figure 5).

Population description
For those in whom follow-up was available at 3–6 months (14 data sets, IPD = 2586), the median age was 57 years, 
1033 (40.8%) were female, and 304 (12.1%) were hospitalised and ventilated. Where data were available between 
9 months and 12 months (9 data sets, IPD = 1761), the median age was 51 years, 888 (51%) were male and 53 
were hospitalised, and ventilated (3.1%). Where follow-up data were available beyond 12 months (seven data 
sets, IPD = 1525), the median age was 55 years, with 849 (56.5%) being male, and 179 (11.7%) were hospitalised 
requiring ventilation.

Data transformation
All fatigue data were standardised to the Fatigue Assessment Scale (FAS), with higher scores indicating worse fatigue. 
Report Supplementary Material 37 describes the standardised fatigue scores by data set. Table 2 presents the assessment 
instruments that contributed to this domain.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where data were assessed at 3–6 months, the median fatigue score by FAS was 21 (IQR 18–25); where data were 
available at 9–12 months, the median score for the population was 21 (IQR 18–24) and where data were available 
beyond 12 months, the median score for the population was 21 (IQR 18–23). Applying a threshold of ≥ 22 to indicate 
significant fatigue,199 we observed that where follow-up was available at 3–6 months, 1124 (43.5%) had significant 
fatigue; where follow-up was available at 9–12 months, 738 (41.1%) had significant fatigue, and where follow-up was 
available beyond 12 months, significant fatigue was present in 585 (38.4%) patients.

Report Supplementary Material 67, Figure S12 shows fatigue scores by FAS at different time points, stratified by 
demographic and intervention data. We observed differences by setting, age group, sex, religion, BMI category, 
smoking, occupation, number of people in the household, year of recruitment, hospitalisation with COVID-19, initial 



Factors associated with long-term energy, fatigue and strength after COVID-19

72

NIHR Journals Library www.journalslibrary.nihr.ac.uk

severity, presence of diabetes, obesity, neurological conditions, circulatory disorders, lung disease, gastrointestinal 
conditions, immunosuppression and use of antibiotics. Each of these variables was used in further analysis.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 38 describes the covariates available for analysis of this domain. Where data were 
available at 3–6 months, age, sex, ethnicity, education, smoking history, employment status, number of people in 
the household, hospitalisation, presence of a mental/behavioural disorder, neurological conditions, lung disease, 
immunosuppression, musculoskeletal conditions and use of oxygen therapy were each associated with fatigue at the 
univariable level (see Report Supplementary Material 39).

Where data were available at 9–12 months at the univariable level, age, sex, BMI, employment status, presence of 
cancer, diabetes, lung disease and immunosuppression were each associated with fatigue (see Report Supplementary 
Material 39).

Where data were available beyond 12 months, age, sex, BMI, smoking history, hospitalisation, COVID-19 
severity, presence of diabetes, mental/behavioural disorders, neurological conditions, chronic kidney disease, 
immunosuppression and use of renal therapy were each significantly associated with fatigue (see Report Supplementary 
Material 39). Each of these variables was used for multivariable analyses.

Multivariable regression analyses
Where data were available at 3–6 months, in the final multivariable model (three data sets, IPD = 1030), as age 
increased, the FAS score decreased by 0.3% (ratio of difference = 0.997, 95% CI (0.995 to 0.998)], indicating that 
younger people had greater levels of fatigue. Men reported 13% lower levels of fatigue than women [ratio of 
difference = 0.87, 95% CI (0.83 to 0.90)], while the presence of lung disease (12% higher score than without lung 
disease; ratio of difference = 1.12, 95% CI 1.08 to 1.17), neurological conditions (21% higher score than without 
neurological conditions; ratio of difference = 1.21, 95% CI 1.10 to 1.33) and musculoskeletal conditions (10% higher 
score than without musculoskeletal conditions; ratio of difference = 1.10; 95% CI 1.04 to 1.16) were each associated 
with higher levels of fatigue (Table 18). In the population that contributed to the final model at 3–6 months, the median 
age was 59 years, 619 (60.1%) were male, and 90 (8.7%) were hospitalised and ventilated.

Where data were available at 9–12 months, in the final multivariable model (data sets = 5, IPD = 1594) as age 
increased, the FAS score decreased by 0.2% (ratio of difference = 0.998, 95% CI 0.997 to 0.999), indicating that 
younger people reported higher levels of fatigue. Men reported 10% lower levels of fatigue than women (ratio of 
difference = 0.90, 95% CI 0.88 to 0.93), while the presence of immunosuppression (15% higher scores than absence 
of immunosuppression, ratio of difference = 1.,5; 95% CI 1.06 to 1.24) and lung disease (8% higher scores than 
absence; ratio of difference = 1.08, 95% CI 1.03 to 1.13) were associated with higher levels of fatigue (see Table 18). 
In this final model, the median age of the population was 52 years; 829 (52.0%) were male and 46 (2.9%) were 
hospitalised and ventilated.

Where data were available beyond 12 months, in the final model (data sets = 2, IPD = 722), men reported 10% lower 
levels of fatigue than females (ratio of difference = 0.90; 95% 0.85 to 0.94), while the presence of mental/behavioural 
disorders was associated with 26% higher levels of fatigue (ratio of difference = 1.26, 95% CI 1.18 to 1.34) than in the 
absence of mental/behavioural disorders (see Table 18). In the population that contributed to the final model beyond 
12 months, the median age was 58 years, 453 (62.7%) were male, and 170 (23.6%) were hospitalised and ventilated.

Assessment of certainty
The I2 for the final model at 3–6 months (neurological conditions) was 8.97%. The I2 for the model at 9–12 months 
(immunosuppression) was 0.00%. I2 for the model beyond 12 months of onset (mental/behavioural disorder) was 7.94%. 
This indicated low heterogeneity across all models. GRADE-informed assessment indicated that the quality of evidence 
was moderate for each model, with each downgraded for indirectness (see Report Supplementary Material 69, Table j).



DOI: 10.3310/GJMA0602� Health and Social Care Delivery Research 2026 Vol. 14 No. 29

Copyright © 2026 Ali et al. This work was produced by Ali et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open Access 
publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any medium and 
for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR Journals 
Library, and the DOI of the publication must be cited.

73

Strength

Strength data availability
Data were available from eight studies (IPD = 1142) on measures of strength; follow-up was reported at 3–6 months in 
eight data sets (IPD = 963), at 9–12 months in two data sets (IPD = 109), and at 12+ months in one data set (IPD = 70; 
Figure 5). As data availability at 9–12 months and beyond 12 months did not meet the prespecified requirements for 
meta-analyses, only follow-up at 3–6 months was considered.

Data transformation
The anchor measure for strength was handgrip strength, with higher scores indicating better functioning. Table 2 
describes the assessment instruments that contributed to this domain. Data were standardised and presented as 
handgrip strength (kg). Report Supplementary Material 40 presents the value transformed, by study.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where assessments took place between 3 months and 6 months, the median handgrip strength was 32 kg (IQR 23–42); 
where assessments took place at 9–12 months, median score was 39 kg (IQR 27–47), and where assessments were 
available beyond 12 months, the median score was 35 kg (IQR 28–42).

Handgrip strength was assessed according to age and sex parameters.200 In the population where assessment was 
available at 3–6 months, 205 (23.6%) were deemed to have decreased handgrip strength compared with these age- and 
sex-matched norms;200 where assessment was available at 9–12 months, 15 (16.9%) had decreased handgrip than age- 
and sex-matched norms; and beyond 12 months, 11 (17.2%) had decreased handgrip than age- and sex-matched norms.

TABLE 18 Final multivariable regression model for factors associated with fatigue

Estimate (95% CI) Ratio (95% CI) p-value

3–6 months
D = 3, IPD = 1030
I2 (neurological conditions) = 8.97%

Age −0.003 (−0.005 to −0.002) 0.997 (0.995 to 0.998) < 0.001

Sex (ref = female) −0.14 (−0.18 to −0.10) 0.87 (0.83 to 0.90) < 0.001

Lung disease (ref = no) 0.12 (0.07 to 0.16) 1.12 (1.08 to 1.17) < 0.001

Neurological conditions (ref = no) 0.19 (0.09 to 0.29) 1.21 (1.10 to 1.33) < 0.001

Musculoskeletal conditions (ref = no) 0.10 (0.04 to 0.15) 1.10 (1.04 to 1.16) 0.001

9–12 months
D = 5, IPD = 1594
I2 (immunosuppression) = 0.00%

Age −0.0016 (−0.0024 to −0.0008) 0.998 (0.997 to 0.999) < 0.001

Sex (ref = female) −0.10 (−0.13 to −0.08) 0.90 (0.88 to 0.93) < 0.001

Immunosuppression (ref = no) 0.14 (0.06 to 0.21) 1.15 (1.06 to 1.24) < 0.001

Lung disease (ref = no) 0.08 (0.03 to 0.12) 1.08 (1.03 to 1.13) 0.001

12+ months
D = 2, IPD = 722
I2 (mental/behavioural disorder) = 7.94%

Sex (ref = female) −0.11 (−0.16 to −0.06) 0.90 (0.85 to 0.94) < 0.001

Mental behavioural disorder (ref = no) 0.23 (0.17 to 0.30) 1.26 (1.18 to 1.34) < 0.001
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Report Supplementary Material 67, Figure S13a shows the handgrip strength scores over time, and Report Supplementary 
Material 67, Figure S13b-cii presents the strength scores stratified by demographic and intervention groups. We 
observed differences in the scores over time across age groups, sex, religion, occupation, COVID-19 severity, presence 
of cardiac conditions, lung disease, use of blood products, rehabilitation, proning and neuromuscular blocking agents. 
These were used for further analysis.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 41 describes the covariates available for analyses. Sufficient data were available for 
analysis of outcomes between 3 months and 6 months; the median age for this population was 59 years, 298 (31.5%) 
were female, and the population was mainly hospitalised, with only 34 (3.5%) community-based participants. At the 
univariable level, age, sex, COVID-19 severity at baseline, requirement for ventilation, presence of diabetes, lung 
disease and use of corticosteroids were each associated with handgrip strength (see Report Supplementary Material 42). 
These were used for multivariable analyses.

Multivariable regression analyses
At the multivariable level at 3–6 months follow-up, in the final model (seven data sets, IPD = 918), only age and sex 
were significantly associated with outcomes. No other variables met the threshold for statistical significance. Men had 
a greater handgrip strength than women by 15.48 kg [p < 0.001, 95% CI (14.04 to 16.91)], and increasing age was 
associated with decreased handgrip strength of 0.27 kg per year (Table 19). No interactions were observed, indicating 
that there was no evidence to suggest that there were differences in the behaviours of variables due to sex differences. 
The median age of the population in this final model was 59 years; 635 (69.2%) were male and 317 (34.5%) were 
hospitalised and ventilated.

Assessment of certainty
I2 based on sex was 11.3%, indicating low heterogeneity. GRADE-informed assessment indicated that the quality of 
evidence was moderate with downgrading for indirectness (see Report Supplementary Material 69, Table k).

Discussion

Fatigue
Up to 12 months, we observed that reported fatigue decreased with increasing age, women had consistently higher 
levels of fatigue than men, and people with lung disease had consistently higher fatigue than those without lung 
disease. The presence of musculoskeletal and neurological conditions, immunosuppression and mental/behavioural 
disorders contributed to higher levels of fatigue at different time points.

Fatigue is a known consequence of COVID-19, with COVID-positive patients having a 1.68 times higher risk of fatigue 
than those without COVID-19.201 Fatigue is a prominent component of long-COVID.202–204 In our sample, we were 
unable to adequately describe the presence of long-COVID, as we could not reliably ascertain whether symptom 
persistence was attributable to the initial infection. Nevertheless, we observed a decreasing prevalence of fatigue in 
each of the populations examined at each time point (43.5% in the population in which follow-up was available at 
3–6 months, and 38.4% in the population where follow-up was available beyond 12 months). Our prevalence was 
higher than previous estimates of 12.8% at 6 months205 after COVID-19 infection, and 19% at 9 months after onset,206 

TABLE 19 Final multivariable regression model for factors associated with strength

3–6 months
D = 7, IPD = 918 Estimate of difference (95% CI) p-value

Age −0.27 (−0.33 to −0.21) < 0.001

Sex (ref = female) 15.48 (14.04 to 16.91) < 0.001
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but lower than estimates generated at 7 months in hospitalised populations.207 Our estimate of notable fatigue beyond 
12 months was congruent with the existing literature, reporting a prevalence of 34% at 12 months.208

While previous studies have reported an association between COVID-19 severity and fatigue,209–212 we observed 
that COVID-19 severity (by hospitalisation) was not significantly associated with higher levels of reported long-term 
fatigue in our sample. We were able to establish comorbidity profiles associated with higher levels of long-term fatigue; 
however, we were unable to examine other psychosocial factors associated with fatigue, such as availability of a partner, 
resilience, contact with primary care, use of medications and neuroticism, which were examined in other studies.213 
Konig et al.213 established a link between fatigue and low levels of education; while education was available for analysis 
in our data set, we found that this covariate was not significantly associated with long-term fatigue. Similarly, we did not 
examine baseline symptom profiles and their relationship with long-term fatigue; the number of acute symptoms has 
been linked to long-term fatigue.206 Nevertheless, our observations of worse long-term fatigue in women and younger 
people are congruent with existing literature.206

Notably, at least 38.4% of people assessed beyond 12 months of initial infection had a FAS score ≥ 22, indicating 
significant fatigue.199 We observed that fatigue significantly affected younger people, which may also have an impact on 
functioning, work, ADL214 and QoL. A recent study by Stapleton et al. highlighted the potential benefits of occupational 
therapy-based approaches for post-COVID fatigue.215 Exercise-based resistance and endurance training interventions 
have also been examined in people with long-COVID, decreasing fatigue levels.216 The implementation of interventions 
and support is required for this population.

Strength
Where data were available at 3–6 months, our multivariable analysis demonstrated that only age and sex were 
associated with handgrip strength. There are known sex differences in handgrip strength.217 We observed no interaction 
or evidence to suggest that there were sex differences in the behaviours of covariates in our analyses; therefore, we did 
not investigate strength outcomes stratified by sex. Additionally, there were only 298 women in whom strength was 
assessed at 3–6 months, which fell below the IPD meta-analysis criteria. We lacked available covariates for a range of 
comorbidities, and therefore could not include these in our univariable and multivariable analyses. Nevertheless, we 
were able to investigate the role of education, BMI, initial hospitalisation, presence of diabetes, lung disease, obesity, 
corticosteroid use and immunosuppressive therapy.

Handgrip strength is lower in people with COVID-19 than in COVID-negative participants.218 Conditions such as 
long-COVID are known to affect muscle mass and strength;219 handgrip strength in people with long-COVID is an 
indicator of poor functioning.220 Loss of muscle strength and deconditioning was associated with ICU admission and 
use of ventilation.220 Despite the availability of data on hospitalisation and ventilation in our data set, we found this was 
not significantly associated with strength in our sample. Handgrip strength remains an important outcome measure, 
particularly in the COVID-19 population, as it is a low-cost measurement tool that is easy to administer across a range 
of settings and may be considered a proxy for functional ability in people with long-COVID.220 Further data are needed 
at longer follow-up times to allow for more in-depth covariate-adjusted analyses.

Summary of key findings

•	 38.4% of people who were assessed beyond 12 months of initial infection had a FAS score ≥ 22, indicating 
significant fatigue.

•	 Fatigue significantly affected younger people.
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Chapter 8 Factors associated with long-term coping 
with daily life, physical activity� and performance 
outcomes after COVID-19

Overview

We investigated factors associated with the ability to cope with daily life (ADL), physical activity and performance. Data 
availability was explored in relation to outcome assessment between 3 months and 6 months, 9 months and 12 months, 
and beyond 12 months of COVID-19 onset. Inclusion in the final multivariable model reflected the available data. The 
absence of a variable in the final model does not necessarily mean that it was not a significant predictor; it may also 
indicate that there were insufficient data to be included in the modelling process.

Coping with daily life

Measures of coping with daily life were captured across 10 data sets (IPD = 3158); data were available between 
3 months and 6 months for 10 data sets (IPD = 2206), at 9–12 months for six data sets (IPD = 234), and beyond 
12 months in six data sets (IPD = 718; see Figure 5).

Data transformation
The anchor measure for coping with daily life was the Barthel Index, which was used by the greatest number of data 
sets. However, the exploration of the transformation algorithm revealed a ceiling effect, with 78% of the scores being 
at the maximum of 100. This resulted in the algorithm thresholds set at 100 for the 25% quartile, the median, 75% 
quartile, and maximum. This prevented the meaningful application of the transformation algorithm, as standardisation 
of other assessment instruments to the Barthel Index would have distorted and misrepresented the original scores. As 
per the established convention, if the most commonly used assessment instrument by data set could not be used, the 
most commonly used assessment instrument by the IPD was used. Our anchor measure for coping with daily life was 
therefore selected as the Nottingham Extended Activities of Daily Living (NEADL) scale, where a higher score indicates 
better functioning. Table 2 shows the assessment instruments that contributed to this domain. Report Supplementary 
Material 43 describes the standardised scores, by data set.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S14a shows coping with daily life scores at different time points, and Report 
Supplementary Material 67, Figure S14b-dii presents scores over time stratified by demographic and intervention 
groups. The median NEADL score at 3–6 months (10 data sets, IPD = 2206) was 21 (IQR 17–21), 20 (IQR 16–21) at 
9–12 months (six data sets, IPD = 234), and 21 (IQR 18–22) beyond 12 months (six data sets, IPD = 718). The coping 
with daily life scores appeared to vary by setting, age group, sex, education level, occupation, initial hospitalisation, 
COVID-19 severity, presence of blood conditions, diabetes, mental/behavioural disorders, neurological conditions, 
cardiac conditions, cerebrovascular disease, lung disease, gastrointestinal conditions, chronic kidney disease, 
musculoskeletal conditions, use of renal therapy and hydroxychloroquine. All of these variables were included in the 
meta-analysis.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 44 describes the covariates available for the analyses. Where participants were followed 
up between 3 months and 6 months (10 data sets, IPD = 2206), the median age was 62 years, 1353 (63.2%) were 
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male, and 1765 (80%) were initially hospitalised. At the univariable level, age, sex, education, the requirement for 
mechanical ventilation, presence of cardiac conditions, cerebrovascular, lung, or chronic kidney disease, musculoskeletal 
conditions, and use of anticoagulants or renal therapy were associated with the ability to cope with daily life (see 
Report Supplementary Material 45). There were insufficient data at 9–12 months to take forward to meta-analysis. In the 
population that was assessed beyond 12 months (6 data sets, IPD = 718), the median age was 59 years, 454 (65.61%) 
were male, and 526 (73.26%) were initially hospitalised. At univariable level, age, sex and level of education were 
associated with the ability to cope with daily life (see Report Supplementary Material 45).

Multivariable regression analyses
In the final model at 3–6 months (two data sets, IPD = 1086), men [p < 0.001, ratio of difference = 1.30, 95% CI (1.18 
to 1.43)] reported better ability to cope with daily life than women, and the presence of lung disease [p < 0.001, ratio of 
difference = 0.72, 95% CI (0.65 to 0.80)] or chronic kidney disease [p = 0.045, ratio of difference = 0.82, 95% CI (0.67 to 
0.995)] were each associated with poorer scores on ability to cope with daily life. As age increased, ability to cope with 
daily life decreased [p = 0.024, ratio of difference = 0.995, 95% CI (0.992 to 0.999)]. The median age of the population 
that contributed to the final model was 59 years; 699 (64.4%) were male and 144 (13.3%) were initially hospitalised 
and ventilated.

Beyond 12 months, in the final model (two data sets, IPD = 574) as age increased, ability to cope with daily life 
decreased [p = 0.001, ratio of difference = 0.990, 95% CI (0.984 to 0.996)], men had better scores than women 
[p = 0.006, ratio of difference = 1.24, 95% CI (1.07 to 1.45)], and people who did not complete primary school had 
poorer scores than those who completed higher education [p = 0.007, ratio of difference = 0.53, 95% CI (0.33 to 0.84)], 
although this needs to be treated with caution due to the very small IPD for those who did not complete primary 
education (Table 20). The median age of the population that contributed to this final model was 59 years; 371 (64.6%) 
were male and 158 (27.5%) were hospitalised and ventilated.

Assessment of certainty
In the model at 3–6 months, I2 based on lung disease was 3.46%, indicating low heterogeneity. In the model beyond 
12 months, I2 based on sex was 0.00%, indicating no heterogeneity. GRADE-informed assessment indicated that the 
quality of evidence was moderate (see Report Supplementary Material 69, Table l).

Physical activity and performance

Subdomain: fitness availability
Fitness data were captured in a single data set using the Incremental Shuttle Walk Test; as this did not meet the 
minimum requirement for our IPD meta-analysis, this outcome was not considered for further analysis.

Subdomain: oxygen consumption data availability
Data were available from two data sets, totalling 71 IPD, where oxygen consumption (VO2 Peak) was recorded. 
Outcomes were reported at 3–6 months for two data sets (IPD = 66), at 9–12 months in one data set (IPD = 4) and in 
one data set (IPD = 1) beyond 12 months. As both studies described peak flow using VO2 Peak, data transformation 
was not required. The median VO2 Peak was 28 (IQR 24–35) at 3–6 months and 25 (IQR 21–28) at 9–12 months. There 
were insufficient data to permit meta-analysis.

Subdomain: walking ability data availability
Data on walking ability were available from 15 data sets; 1 data set captured data out-with the predefined long-term 
follow-up periods. Data from 14 data sets (IPD = 1701) were used for the analyses. At 3–6 months, data were available 
from 12 data sets (IPD = 1298), at 9–12 months, data were available from 8 data sets (IPD = 275), and beyond 
12 months, data were available from 4 data sets (IPD = 128, see Figure 5).

Data transformation
Table 2 presents the assessment instruments that contributed to this domain. The anchor measure for walking ability was the 
6-minute walk test (6-MWT). All other measures were standardised to this measure (see Report Supplementary Material 46).
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Population description
Meta-analyses were possible for the 3–6 months post-COVID onset. The median age was 57.4 years, 801 (61.8%) were 
male, and 335 (26.9%) required hospitalisation with ventilation.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Where participants were assessed at 3–6 months (12 data sets, IPD = 1298), the median 6-MWT score was 480 m 
(IQR 390–560 m); where participants were assessed at 9–12 months (eight data sets, IPD = 275), the median score 
was 542 m (IQR 465–606 m), and where assessment was available beyond 12 months (four data sets, IPD = 128), the 
median score was 420 m (IQR 330–527 m). Report Supplementary Material 67, Figure S15a-mii describes the walking 
ability scores at different time points, stratified by demographic and intervention groups, where available. Recruitment 
setting, age group, sex, religion, education level, BMI category, occupation, hospitalisation status, COVID-19 severity, 
presence of diabetes, obesity, neurological conditions, cardiac conditions, lung disease, chronic kidney disease, use of 
antibiotics and rehabilitation interventions were each associated with walking ability.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 47 describes the covariates available for analyses. At univariable level, age, sex, education, 
BMI, diabetes, obesity, cardiac conditions and lung disease were associated with walking ability at 3–6 months (see 
Report Supplementary Material 48). Each of these variables was taken forward to the multivariable model.

TABLE 20 Final multivariable regression model for factors associated with ability to cope with daily life

Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

3–6 months
D = 2, IPD = 1086
I2 (lung disease) = 3.46%

Sex (ref = female) 0.26 (0.17 to 0.36) 1.30 (1.18 to 1.43) < 0.001

Lung disease (ref = no) −0.33 (−0.43 to −0.22) 0.72 (0.65 to 0.80) < 0.001

Age −0.005 (−0.008 to −0.001) 0.995 (0.992 to 0.999) 0.024

Chronic kidney disease (ref = no) −0.20 (−0.40 to −0.005) 0.82 (0.67 to 0.995) 0.045

Education simplified (ref = higher ed)

Did not complete primary −0.04 (−0.47 to 0.39) 0.96 (0.63 to 1.48) 0.863

Completed primary −0.14 (−0.36 to 0.08) 0.87 (0.70 to 1.08) 0.205

Completed high −0.20 (−0.30 to −0.11) 0.82 (0.74 to 0.89) < 0.001

12+ months
D = 2, IPD = 574
I2 (sex) = 0.00%

Age −0.010 (−0.016 to −0.004) 0.990 (0.984 to 0.996) 0.001

Sex (ref = female) 0.22 (0.06 to 0.37) 1.24 (1.07 to 1.45) 0.006

Education (ref = higher ed)

Did not complete primary −0.64 (−1.10 to −0.17) 0.53 (0.33 to 0.84) 0.007

Completed primary 0.11 (−0.45 to 0.67) 1.11 (0.64 to 1.96) 0.704

Completed high −0.11 (−0.27 to 0.04) 0.89 (0.77 to 1.04) 0.143
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Multivariable regression analyses
A higher score on the 6-MWT score indicated better functioning (greater walking distance). These data did not require 
transformation to the log scale, and were therefore presented on the original scale. In the final model at 3–6 months 
(six data sets, IPD = 567), for every increase by 1 year in age, the average distance covered in 6 minutes (the 6-MWT) 
decreased by 1.54 m [95% CI (−2.18 to −0.91)]. Men walked 46 m further than women [95% CI (27.80 to 64.71)]; 
for a unit increase in BMI, the distance walked decreased by 4.22 m [95% CI (−5.81 to −2.62)], people with cardiac 
conditions walked 77.46 m less than those without cardiac conditions [95% CI (−113.39 to −41.53)] and people with 
lung disease walked 31.71 m less than those without lung disease [95% CI (−53.73 to −9.70)]. There was an interaction 
between sex and cardiac condition, such that a man with a cardiac condition walked 25.52 m further than a female 
without a cardiac condition (Table 21). Median age of participants in this model was 57, 339 (59.8%) were male and 135 
(23.9%) were hospitalised and ventilated.

Assessment of certainty
In the 3–6 months model, I2 based on cardiac conditions was 0.00%, indicating no heterogeneity. GRADE-informed 
assessment indicated that the quality of evidence was low (downgraded due to imprecision and inclusion of selected 
populations, see Report Supplementary Material 69, Table m).

Subdomain: mobility availability
Data on mobility were available from six data sets (IPD = 2563). Data were available at 3–6 months from six data 
sets (IPD = 1618), at 9–12 months from three data sets (IPD = 212), and at beyond 12 months from three data sets 
(IPD = 733, see Figure 5). Only data at 3–6 months were included in the meta-analysis; there were insufficient data at 
9–12 months and 99.2% of data at beyond 12 months came from a single study.

Population description
At 3–6 months (six data sets, IPD = 1618), the median age was 59 years, 1008 (64.7%) were male, and 232 (14.3%) 
required hospitalisation with ventilation.

Data transformation
Table 2 describes the outcome measurement instruments that contributed to this domain. Data were standardised to the 
Short Physical Performance Battery (see Report Supplementary Material 49). A higher score indicates better functioning.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Report Supplementary Material 67, Figure S16 shows the mobility scores at different time points. The median mobility 
score for the populations available at each follow-up time point was 11 (9, 12). Report Supplementary Material 67, 
Figure S16b-aii describes the scores over time, stratified by the demographic and intervention categories. We observed 
significant differences in mobility scores for different age groups, sex, ethnicity, education levels, occupations, number 

TABLE 21 Final multivariable regression model for factors associated with walking ability

3–6 months
D = 6, IPD = 567
I2 (cardiac conditions) = 0.00% Estimate of difference (95% CI) p-value

Age (unit change, year) −1.54 (−2.18 to −0.91) < 0.001

Sex (ref = female) 46.25 (27.80 to 64.71) < 0.001

BMI (unit increase) −4.22 (−5.81 to −2.62) < 0.001

Cardiac conditions (ref = no) −77.46 (−113.39 to −41.53) < 0.001

Sex*cardiac (M*yes) 56.73 (14.05 to 99.42) 0.009

Lung disease (ref = no) −31.71 (−53.73 to −9.70) 0.005
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of people in the household, COVID-19 positivity at baseline, presence of other infection, cancer, diabetes, mental/
behavioural disorders, dementia/Alzheimer’s, neurological or cardiac conditions, cerebrovascular disease, circulatory 
disorders, lung disease, gastrointestinal conditions, chronic kidney disease, immunosuppression, musculoskeletal 
conditions, or use of antihypertensive interventions.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 50 describes covariates available for the analysis. Univariable analysis (see Report 
Supplementary Material 51) revealed that age, sex, ethnicity, education, number of people in the household, COVID-19 
severity, presence of cancer, diabetes, neurological conditions, cardiac conditions, cerebrovascular disease, circulatory 
disorders, lung disease, chronic kidney disease, musculoskeletal conditions and use of renal therapy were significantly 
associated with mobility at 3–6 months. These variables were included in the multivariable analysis.

Multivariable regression analyses
Table 22 shows the variables that were significantly associated with mobility at 3–6 months. A higher score is indicative 
of better functioning. In this final model (two data sets, IPD = 1080), increasing age led to a decrease in functioning 
[1.1% per year; ratio of difference = 0.989, 95% CI (0.986 to 0.992), p < 0.001]. Men had 35% higher mobility than 
women [ratio of difference = 1.35, 95% CI (1.25 to 1.47)]. The presence of lung disease [ratio of difference = 0.78, 95% 
CI (0.72 to 0.85)], chronic kidney disease [ratio of difference = 0.72, 95% CI (0.59 to 0.88)], neurological conditions 
[ratio of difference = 0.67, 95% CI (0.54 to 0.83)], musculoskeletal conditions [ratio of difference = 0.79, 95% CI (0.71 to 
0.89)] and diabetes (ratio of difference = 0.82, 95% CI (0.74 to 0.89)] were all associated with decreased mobility.

Assessment of certainty
I2 at 3–6 months was 0%. GRADE-informed assessment indicated that the certainty of evidence was moderate and was 
downgraded for indirectness (see Report Supplementary Material 69, Table n).

Subdomain: physical activity data availability
Two data sets captured information on physical activity (IPD = 184); data were available between 3 months and 
6 months in two data sets (IPD = 175), in one data set (IPD = 5) between 9 months and 12 months, and in two data sets 
(IPD = 4) beyond 12 months of COVID-19 onset. Physical activity scores were transformed to fit the range of the Saltin-
Grimby Physical Activity Level Scale. Median physical activity score was 2 (IQR 1–2) where follow-up was conducted 
between 3 months and 6 months and 9 and 12 months, and 2 (IQR 1–3) beyond 12 months. There were insufficient 
data available to permit meta-analysis.

TABLE 22 Final multivariable regression model for factors associated with mobility

3–6 months
D = 2, IPD = 1080
I2 (neurological conditions) = 0.00 Estimate of difference (95% CI) Ratio of difference (95% CI) p-value

Age (unit change, year) −0.011 (−0.014 to −0.008) 0.989 (0.986 to 0.992) < 0.001

Sex (ref = female) 0.30 (0.22 to 0.38) 1.35 (1.25 to 1.47) < 0.001

Lung disease (ref = no) −0.25 (−0.33 to −0.16) 0.78 (0.72 to 0.85) < 0.001

Chronic kidney disease (ref = no) −0.33 (−0.52 to −0.13) 0.72 (0.59 to 0.88) 0.001

Neurological conditions (ref = no) −0.41 (−0.62 to −0.19) 0.67 (0.54 to 0.83) < 0.001

Musculoskeletal conditions (ref = no) −0.23 (−0.34 to −0.12) 0.79 (0.71 to 0.89) < 0.001

Diabetes (ref = no) −0.20 (−0.30 to −0.11) 0.82 (0.74 to 0.89) < 0.001
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Subdomain: exercise tolerance data availability
Data on exercise tolerance were captured across five data sets; two data sets captured data at an early follow-up 
(< 3 months). Data were available between 3 months and 6 months for three data sets (IPD = 372) and for one data 
set (IPD = 6) between 9 months and 12 months. Data were standardised to the 30-second sit-to-stand. The median 
sit-to-stand scores were 12 (IQR 9–14) and 10 (IQR 9–14) at 3–6 months, and 9–12 months, respectively. There were 
insufficient data to be considered in the meta-analysis.

Subdomain: perception of exertion data availability
Data on the perception of exertion were reported in five data sets (IPD = 331). Data were available between 3 months 
and 6 months for five data sets (IPD = 274), at 9–12 months in three data sets (IPD = 43), and beyond 12 months for 11 
participants in a single data set.

Data transformation
Table 2 describes the assessment instruments that contributed to this domain. The anchor measure for the 
perception of exercise was the Borg RPE. The median perception of exercise score at 3–6 months was 1 (IQR 0–3); at 
9–12 months, the median score was 0 (IQR 0–2) and at beyond 12 months, the median score was 1 (IQR 0–3). There 
were insufficient data to proceed with the IPD meta-analyses.

Discussion

Coping with daily life
We observed that across both 3–6 and beyond 12 months, men had a better ability to cope with daily life compared 
to women, and that ADL were poorer as age increased. In the 3–6 months model, the presence of comorbidities (lung 
or chronic kidney disease) was associated with a poorer ability to cope with daily life, whereas beyond 12 months, a 
surrogate socioeconomic marker (lower level of education) appeared to be associated with poorer ADLs.

Sex differences in activities have been reported in chronic obstructive pulmonary disease populations for items related 
to home management,221 and in stroke populations, where women are more dependent than men.222 Decreases in ADLs 
are common with ageing populations. However, COVID-19 has accelerated this decline.223 A previous study identified 
a reduction in ADLs following COVID-19, with pre-COVID functional status being associated with COVID-19 severity 
and mortality.224 We were unable to examine the impact of pre-COVID functional status in our analyses. Nevertheless, 
our findings of age-related decreases in the ability to cope with daily life were congruent with those of previous work.29 
COVID-19 was found to particularly affect those in care homes; older adults in long-term care had particularly poorer 
ADLs even if the clinical course of COVID-19 was mild.225 This population not only experienced disproportionate 
mortality but also diminished functioning even in mild infections. Maintaining independence in ADLs in this population 
is an important target for enhancing QoL.226

While others have found an association between mechanical ventilation and poorer ADLs,227 we observed that 
ventilation was only significant at the univariable level. Our observations may reflect a population that is typically 
accepted for ventilation, who are typically not frail and have good exercise tolerance. Selected data were available in 
PRECIOUS on the number of people in participants’ households; however, these data were only available for those 
in whom follow-up was conducted at 3–6 months and was not found to be significant at univariable or multivariable 
level. Previous work has established that older adults who live alone report difficulties with ADLs.228 COVID-19-related 
isolation may have impacted functional activities in older adults;229 for each additional month spent in physical or 
social isolation, independence in ADLs decreased.230 More data are needed to examine the long-term impacts on social 
functioning, isolation, socioeconomic status and ADLs.

We also observed an association between lower education levels and ADLs beyond 12 months. There is an established 
link between lower socioeconomic status and disability in older adults.231 This may also be linked to inequalities 
in health literacy151,152 and unhealthy behaviours.153 Previous work has established that those with poor physical 
functioning and lower socioeconomic status are less likely to receive support for their ADLs.232
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Walking ability
We observed that at 3–6 months, walking ability decreased with increasing age and BMI, in women compared with 
men, and in people with cardiac and lung conditions compared to those without.

Walking ability was measured using the 6-MWT, which is an established measure of exercise capacity in people with 
lung conditions,233 and was found to correlate with COVID-19 severity,233,234 and chronic functional impairment.233 We 
investigated the association between COVID-19 severity and walking distance at 3–6 months. While previous work 
established differences in 6-MWT distances in mild versus moderate/severe COVID-19 at around 2 months follow-up, 
we observed no significant impact of severity on walking distance. Further work is needed to establish the impact of 
COVID-19 on the 6-MWT beyond 6 months of index infection, as well as the impact of pre-COVID walking ability on 
post-COVID outcomes.

We observed no interaction or evidence to suggest that there were differences in the behaviours of variables due to sex 
differences. Therefore, we decided not to examine walking ability stratified by sex. Additionally, as there were only 495 
women in whom walking ability was assessed at 3–6 months, the application of this stratification would have failed to 
meet our prespecified IPD meta-analysis criteria.

Mobility
We observed that at 3–6 months increasing age by 1 year was associated with decreased mobility; men had better 
mobility than women, and the presence of lung, chronic kidney, neurological or musculoskeletal conditions, or 
diabetes were each associated with decreased mobility. Previous data reporting on the first 5 months of the pandemic 
highlighted a history of falls, unpleasant surrounding neighbourhoods, and the presence of musculoskeletal pain 
as being associated with mobility.235 While this study did not specifically include people with COVID-19, similar 
environmental issues arise in the COVID-affected population; mobility after COVID-19 should be considered in the 
context of functioning environmental factors and pre-existing conditions.

Evidence gaps
Despite data being recorded on fitness, oxygen consumption (VO2 Peak), physical activity, exercise tolerance and 
perception of exertion, data were not present in sufficient numbers to permit meta-analysis. Several studies have found 
that short-term assessment of physical activity after COVID-19 has been challenging, because of participants’ inability 
to perform common assessment components.227,236,237

Summary of key findings

•	 Men had a better ability to cope with daily life compared to women.
•	 Further data are needed on exercise tolerance, physical activity and oxygen consumption/peak flow.
•	 We observed an association between lower education levels and ADLs beyond 12 months.
•	 Further work is needed to establish the impact of COVID-19 on the 6-MWT beyond 6 months of index infection, as 

well as the impact of pre-COVID walking ability on post-COVID outcomes.
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Chapter 9 Factors associated with long-term 
breathlessness after COVID-19

Overview

This chapter describes the available outcomes describing breathlessness, impact of breathing problems, and transfer 
factor within PRECIOUS. The absence of a variable in the final model does not necessarily mean that it was not a 
significant predictor; it may also indicate that there were insufficient data to be included in the modelling process.

Breathing

Subdomain: breathlessness data availability
Table 2 shows the assessment instruments that were used to capture breathlessness. Data on breathlessness were 
available for 5532 participants from 20 data sets. Data were available at 3–6 months from 15 data sets (IPD = 2243), at 
9–12 months from 11 data sets (IPD = 1754), and beyond 12 months from 8 data sets (IPD = 1535, see Figure 5).

Population description
For those in whom outcomes were available at 3–6 months (15 data sets, IPD = 2243), the median age of the 
population was 56 years, 1126 (55.3%) were male and 623 (28.1%) were not hospitalised for COVID-19. For those 
in whom outcomes were available at 9–12 months (11 data sets, IPD = 1754), median age was 52 years, 819 (49.9%) 
were male, and 1270 (74.1%) were not initially hospitalised for COVID-19. Where outcomes were available beyond 
12 months (8 data sets, IPD = 1535), the median age of the population was 56 years, 852 (56.4%) were male, and 639 
(41.7%) were not initially hospitalised for COVID-19.

Data transformation
All breathlessness data were standardised using the modified Medical Research Council Dyspnoea (mMRC) score. 
Table 2 shows the assessment instruments that have contributed to this domain. Report Supplementary Material 52 
describes the transformed mMRC scores, by study. A higher score indicated greater breathlessness.

Research question 1: long-term outcomes

Exploration of prevalence at different time points
Median mMRC scores where assessments took place at 3–6 months, 9–12 months and beyond 12 months was 0 
(IQR 0–1). Report Supplementary Material 67, Figure S17 presents the long-term breathlessness scores at different time 
points. Country of recruitment, age group, sex, BMI category, occupation, number of people in the household, initial 
hospitalisation with COVID-19, COVID-19 severity, presence of diabetes, obesity, mental/behavioural disorders, 
neurological conditions, cardiac conditions, cerebrovascular disease, circulatory disorders, lung disease, chronic kidney 
disease, immunosuppression, musculoskeletal conditions, use of antibiotics, rehabilitation and oxygen therapy were all 
associated with mMRC scores. These variables were included in the meta-analysis.

Research question 2: predictors of long-term outcomes

Univariable analysis
Report Supplementary Material 53 describes the covariates available for analyses. At 3–6 months at univariable level, age, 
sex, education level, BMI, occupation, employment status, number of people in the household, hospitalisation, COVID-
19 severity at baseline, the presence of diabetes, obesity, other endocrine conditions, mental/behavioural disorders, 
neurological conditions, lung disease, gastrointestinal conditions, immunosuppression and musculoskeletal conditions 
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were each associated with worse breathlessness (see Report Supplementary Material 54). At 9–12 months, age, sex, BMI, 
smoking history, occupation, employment, initial hospitalisation, COVID-19 severity at baseline, the presence of cancer, 
diabetes, obesity, circulatory disorders, lung disease, chronic kidney disease and immunosuppression were all associated 
with shortness of breath at the univariable level. Beyond 12 months, age, sex, education, BMI, occupation, employment 
status, hospitalisation, COVID-19 severity at baseline, the presence of cancer, diabetes, obesity, cardiac conditions, 
circulatory disorders, lung disease, chronic kidney disease, immunosuppression and use of renal therapy were all 
associated with breathlessness. These were included in multivariable analysis.

Multivariable regression analyses
At 3–6 months (Table 23), in the final multivariable model (three data sets, IPD = 744) hospitalised and ventilated 
participants [p = 0.006, ratio of difference = 1.29, 95% CI (1.08 to 1.54)] and hospitalised participants [p < 0.001, 
ratio of difference = 1.27, 95% CI (1.13 to 1.44)] had higher mMRC scores (worse breathlessness) than those who 
were not hospitalised. Those with lung disease [p = 0.014; ratio of difference = 1.11, 95% CI (1.02 to 1.20)] had 
worse breathlessness than those who did not. Those with immunosuppression [p < 0.001, ratio of difference = 1.33, 

TABLE 23 Final multivariable regression model for factors associated with breathlessness

Ratio of difference (95% CI) p-value

3–6 months
D = 3, IPD = 744
I2 (sex) = 4.59%

Severity (ref = not hospitalised) hospitalised 1.27 (1.13 to 1.44) < 0.001

Hospitalised and ventilated 1.29 (1.08 to 1.54) 0.006

Lung disease (ref = no) 1.11 (1.02 to 1.20) 0.014

Immunosuppression (ref = no) 1.33 (1.15 to 1.54) < 0.001

Sex (ref = female) 0.91 (0.87 to 0.96) < 0.001

Obesity (ref = no) 1.19 (1.10 to 1.29) < 0.001

9–12 months
D = 3, IPD = 1277
I2 (based on sex) = 0.00% (most other factors are highly unbalanced)

Age (years) 1.002 (1.001 to 1.003) 0.001

Obesity (ref = no) 1.18 (1.12 to 1.25) < 0.001

Lung disease (ref = no) 0.91 (0.77 to 1.07) 0.241

Lung disease*age interaction 1.005 (1.002 to 1.008) 0.002

Sex (ref = female) 0.91 (0.88 to 0.94) < 0.001

Hospitalised (ref = no) 1.18 (1.11 to 1.25) < 0.001

Circulatory disorder (ref = no) 1.11 (1.06 to 1.16) < 0.001

Immunosuppression (ref = no) 1.21 (1.11 to 1.32) < 0.001

12+ months
D = 3, IPD = 655
I2 (based on sex) = 0.00% (most other factors are highly unbalanced)

Age (years) 1.003 (1.002 to 1.005) < 0.001

Hospitalised (ref = no) 1.24 (1.14 to 1.36) < 0.001

Sex (ref = female) 0.88 (0.84 to 0.92) < 0.001

Obesity (ref = no) 1.21 (1.11 to 1.31) < 0.001

Circulatory disorder (ref = no) 1.10 (1.03 to 1.18) 0.005



DOI: 10.3310/GJMA0602� Health and Social Care Delivery Research 2026 Vol. 14 No. 29

Copyright © 2026 Ali et al. This work was produced by Ali et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open Access 
publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any medium and 
for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR Journals 
Library, and the DOI of the publication must be cited.

85

95% CI (1.15 to 1.54)] had worse breathlessness than those without immunosuppression. Men [p ≤ 0.001, ratio of 
difference = 0.91, 95% CI (0.87 to 0.96)] had 9% lower mMRC scores (better functioning) than women and people 
with obesity [p < 0.001, ratio of difference = 1.19, 95% CI (1.10 to 1.29)] had worse mMRC scores than those without 
obesity. In this final model, the median age of the population was 52 years, 393 (52.8%) were male and 86 (11.6%) were 
hospitalised and ventilated.

In the final model at 9–12 months (three data sets, IPD = 1277), we observed an interaction between age and lung 
disease such that the average breathlessness score increased by 0.2% per year for those without lung disease and by 
0.7% for those with lung disease (exp{0.002 + 0.005} or 1.002 × 1.005, see Table 23). The presence of obesity increased 
the mMRC score by 18% [p < 0.001, ratio of difference = 1.18, 95% CI (1.12 to 1.25)]. Men had lower mMRC scores by 
9% [p < 0.001, ratio of difference = 0.91, 95% CI (0.88 to 0.94)], compared with women, People who were hospitalised 
had greater breathlessness than those who were not hospitalised [p < 0.001, ratio of difference = 1.18, 95% CI (1.11 to 
1.25)]. People with a circulatory disorder [p < 0.001, ratio of difference = 1.11, 95% CI (1.06 to 1.16)], and those with 
immunosuppression [p < 0.001, ratio of difference = 1.21, 95% CI (1.11 to 1.32)] each had greater breathlessness than 
those without these conditions. In this final model, participants’ median age was 49 years, 625 (48.9%) were male, and 
only 1 person was hospitalised and ventilated (0.1%).

Beyond 12 months, in the final model (three data set, IPD = 655), as age increased by 1 year, mMRC scores increased 
by 0.3% [p < 0.001, ratio of difference = 1.003, 95% CI (1.002 to 1.005)]. Hospitalisation was associated with an 
increased breathlessness score by 24% [p < 0.001, ratio of difference = 1.24, 95% CI (1.14 to 1.36)]. The presence of 
obesity was associated with an increased mMRC score by 21% [p < 0.001, ratio of difference = 1.21, 95% CI (1.11 to 
1.31)]. Presence of circulatory disorders was associated with an increase in mMRC scores by 10% [p = 0.005, ratio of 
difference = 1.10, 95% CI (1.03 to 1.18)]. Male sex was associated with a decreased mMRC score of 12% [p < 0.001, 
ratio of difference = 0.88, 95% CI (0.84 to 0.92)]. In this final model, the median age of the participants was 48 years, 
312 (47.6%) were male, and no participant required ventilation.

Assessment of certainty
Where assessment took place at 3–6 months, sex contributed the greatest effect size to the model, and the I2 based 
on sex was 4.59%, indicating low heterogeneity. Where assessment took place at 9–12 months, I2 based on sex was 
0.00%. When the assessments took place beyond 12 months, I2 based on sex was 0.00%. GRADE-informed assessment 
indicated that the certainty of evidence was moderate for each model and was downgraded for indirectness (see Report 
Supplementary Material 69, Table o).

Subdomain: impact of breathing problems data availability
Data on the impact of breathing problems were captured using a range of assessment instruments that could not be 
standardised. Therefore, these data were not considered in further analysis.

Subdomain: transfer factor data availability
Data were available from eight data sets (IPD = 362). At 3–6 months, data were available from seven data sets 
(IPD = 293), at 9–12 months from three data sets (IPD = 21) and beyond 12 months from two data sets (IPD = 48). 
There were insufficient data to perform meta-analyses. Where data were available at 3–6 months, the median transfer 
factor score was 76 (IQR 61–89), where data were available at 9–12 months, median score was 90 (IQR 84–101), and 
where data were available beyond 12 months, the median transfer factor was 87 (IQR 80–98).

Discussion

We observed that at each follow-up time point, women, those who were hospitalised, and those with obesity had 
consistently greater breathlessness scores than men and non-hospitalised and non-obese participants, respectively. 
Additionally, at 3–6 months and 9–12 months, lung disease and immunosuppression were associated with poorer 
breathlessness, while at 9–12 and beyond 12 months, circulatory disorders were associated with increased 
breathlessness. Data were standardised and presented according to the mMRC, which was recommended for collection 
as part of a core outcome set for people with post-COVID conditions.138
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Our findings were congruent with previous reports of an increased prevalence of breathlessness in women and those 
with severe COVID infection.238 Similarly, previous work has described improved recovery from breathlessness at 
1 year in men compared to women, younger people239 and non-obese participants.239 Previous studies have reported 
associations between socioeconomic status, length of hospitalisation and breathlessness.240 Socioeconomic status was 
available in our data set through surrogate measures such as the recruiting country’s World Bank income category or 
participants’ employment status. Income category was affected by collinearity across our data sets and therefore the 
analyses could not be used, and we observed that employment status was not significant in any of our final models.

Breathlessness is a continuing issue for many previously hospitalised people with COVID-19, with one in four reporting 
persistent breathing problems beyond 1 month of initial infection.238 Potential interventions for early post-COVID 
breathlessness include sofosbuvir/daclatasvir and hydroxychloroquine241 and tele-rehabilitation.242 Tailored information 
for longer-term breathlessness is needed; existing treatment recommendations in the context of long-COVID include 
breathing techniques, breathing positions, chest clearance exercises, healthy living and pulmonary rehabilitation.243

Summary of key findings

•	 Women, those who were hospitalised, and those with obesity had consistently worse breathlessness scores.
•	 At 3–6 months and 9–12 months, lung disease and immunosuppression were associated with poorer breathlessness.
•	 At 9–12 and beyond 12 months, circulatory disorders were associated with increased breathlessness.



DOI: 10.3310/GJMA0602� Health and Social Care Delivery Research 2026 Vol. 14 No. 29

Copyright © 2026 Ali et al. This work was produced by Ali et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open Access 
publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any medium and 
for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR Journals 
Library, and the DOI of the publication must be cited.

87

Chapter 10 Long-term outcome domains not taken 
forward for further analysis

Overview

Data were compiled across a range of broad outcome domains. We prespecified that the meta-analysis would involve 
more than one data set and include more than 500 IPD. While we described subdomains that did not meet these meta-
analysis criteria in the preceding chapters, there were additional domains that did not meet these criteria and therefore 
could not be analysed; these are detailed below.

Frailty
Data on frailty were reported across three data sets; however, investigation of the distributions of data across two 
frailty measures captured within the same data set revealed that they appeared to capture two different aspects of 
frailty. Therefore, it was therefore decided that data across the different frailty assessment instruments could not be 
confidently aggregated.

Nutrition
As nutrition was captured in a single data set using the Mini Nutritional Assessment Short Form, this outcome was not 
considered in further analysis.

Sexual function
Sexual function was captured using the Female Sexual Function Index in a single data set, and was therefore not 
considered in further analysis.

Resilience and self-efficacy
Measures of reliance and self-efficacy were captured using the Brief Resilience Coping Scale, Short Form Sense of 
Coherence Scale 9, and Generalised Self-Efficacy Scale in a single data set. This outcome did not meet our prespecified 
criteria for meta-analysis and was therefore not considered in further analysis.

Morning and evening preference
The Morningness–Eveningness Questionnaire was described in one data set and was not considered in further analysis.

Occupational gaps
Data on occupational gaps were captured in a single data set and was therefore not used in further analyses.

Smell
Data on smell were captured across four data sets, totalling 220 IPD. Data were available at 3–6 months for three data 
sets (IPD = 130), at 9–12 months in two data sets (IPD = 71), and beyond 12 months in one data set (IPD = 19). There 
were insufficient data to be included in meta-analysis.

Pain

Subdomain: impact of pain data availability
The impact of pain was captured using the Brief Pain Inventory in a single data set and was, therefore, not considered in 
further meta-analysis.

Subdomain: pain severity data availability
Pain severity, along with the time point for assessment relative to study baseline, was captured in two data sets. Only 
18 IPD (< 1%) were available from one data set and was assessed less than 3 months from onset. Thus, analysable data 
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on pain severity were available only from a single data set at the follow-up time points of interest. As this did not meet 
our prespecified criteria for meta-analyses, these data were not used in further analyses.

Additional analyses not considered

Prediction algorithms for poor outcomes
Upon reviewing the available data, the generation of prediction algorithms was infeasible for a number of reasons. 
We observed that each data set captured different variables, leading to a lack of consistency across the data sets 
and missing or non-aggregatable data. Thus, although we observed significant factors associated with each outcome 
domain, variables available for one domain may not have been available in others, making the generation of an overall 
algorithm challenging. Secondly, there was difficulty in defining a ‘poor outcome’ across each domain; creation of a 
definition of poor outcome for each assessment instrument was challenging as some assessment instruments did not 
include threshold values for ‘poor health’ or had different thresholds for different populations (e.g. MoCA). Finally, 
considerably more data were collated than expected (more than an eightfold increase in expected data sets), leaving 
insufficient time to create individual algorithms for each outcome domain.

Costs of resource use
While we had intended to describe the costs associated with poorer long-term outcomes after COVID-19, we were 
unable to do so due to the lack of data on healthcare resource use beyond the initial COVID-19 episode. We described 
the individual, health service and societal impact of COVID-19 through later hospitalisation, return to work and impact 
on health utilities.

Discussion

Frailty is a crucial outcome measure for in ageing populations. It describes vulnerability after a stressor and is associated 
with age-related decline across a range of physiological systems over time.244 This decline can erode resilience and 
reserve such that a smaller stressor can create a disproportionate change in health.244 Frailty is of particular concern for 
hospitalised populations, where deconditioning may also play a role in progressing frailty, and critically ill patients share 
common characteristics with older, frail populations, including changes in mobility, muscle mass, strength, nutrition 
and endurance.245 Existing work has described a 12.4% change from ‘robust’ to ‘frail’ status at 6 months in older people 
who were hospitalised for COVID-19, compared with a 4.5% change to ‘frail’ status at 3.9 years in pre-pandemic 
conditions.246,247 Further investigation of long-term post-COVID frailty and its associated impact on health resources 
are warranted.

Anosmia was identified as a defining characteristic of COVID-19 early in the pandemic,248,249 with approximately 40% of 
people with, COVID-19 reporting an impacted taste or smell.249 Anosmia may persist after acute infection250 although 
the underlying mechanisms remain to be elucidated.251 The impact of anosmia on everyday life, particularly on QoL and 
nutrition, remains unclear.

COVID-19-related sequelae such as anosmia and ageusia affect appetite and nutritional status, with malnutrition 
emerging as a common complication of COVID-19 infection.252 COVID-19 has disproportionately affected older 
people,253,254 with worse severity due to existing comorbidities and decreased immune function.255 Those with the 
most severe form of infection may require ICU support, which further exacerbates immobilisation and malnutrition.252 
Malnutrition in nursing home residents during the first wave of COVID-19 has increased by approximately 36.8%.256 
Malnutrition is affected by the complex interaction between pre-existing conditions, age-related weight loss, COVID-19 
infection and immobilisation due to existing poor functional capacity or ICU stay and remains an important outcome to 
capture in future studies, particularly as those most profoundly affected by COVID-19 were older adults.

Existing literature describing sexual function after COVID-19 reports on the impact of COVID-19 lockdowns and 
restrictions on sexual function257 and a greater impact on women than men.257 Other studies have reported erectile 
dysfunction258,259 after COVID-19 infection with a high prevalence at 3 months after recovery, and associations with 
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depression during initial infection.259 Further, sexual dysfunction has been reported in people with long-COVID;260 
however, further work is needed to fully examine the long-term impact of COVID-19 on sexual function in patients 
with and without long-COVID.

Resilience and self-efficacy are important factors that enable individuals to adapt to challenging circumstances. The 
COVID-19 pandemic requires resilience on the part of individuals and healthcare systems and is therefore an important 
outcome measure. Examination of the mechanisms of resilience is critical to permit health systems to adapt to a future 
pandemic and should be studied further at organisational and personal levels.

Experience from the River Ross virus, Coxiella burnetti and Epstein–Barr virus have identified typical responses that 
include post-viral syndromes of pain.261 Thus, a range of infections can trigger widespread regional chronic pain.262 
Such pain syndromes are emerging in people with long-COVID263 and can include chronic pain,264 testicular pain,265 
headaches266 and chest pain.267 Post-COVID pain is expected to increase both in the short and long term.262 Further 
work is needed to examine long-term post-COVID pain, particularly considering the complex interactions between 
infection, biological responses, and psychological and social factors.268 This includes the consideration of pre-existing 
conditions, and physical and emotional trauma.269 Thus, each of these broad outcome domains represents an area in 
which further research is needed.

Summary of key findings

•	 Post-COVID frailty, nutrition, sexual function, resilience and self-efficacy, impact on morning and evening routine, 
occupational gaps, smell and pain each represent areas of research need in IPD meta-analyses.
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Chapter 11 Factors associated with COVID-19 
severity, recovery and death after COVID-19

Overview

In addition to outcomes that aligned with ICF domains, we examined the impact on measures of clinical severity 
reduction and mortality, as these measurements were common outcomes in the early stages of COVID-19, when the 
focus was to reduce mortality and morbidity.

Measures of COVID-19 severity

Data availability
There were 8992 data points where COVID-19 severity was reported as an outcome; data on both time since onset 
and a formal outcome measurement instrument of severity were available from five studies. Data from one study used 
the WHO Ordinal Scale for Clinical Improvement level five tool and was excluded, as the data range was outside the 
published guidelines and clarification could not be sought in time to permit analyses.

As all measures in this domain were categorical, the transformation algorithm used for other domains was not 
appropriate. Thus, the seven-point ordinal scale and the WHO Clinical Status Scale were mapped to the WHO-9 scale 
(Table 24). Report Supplementary Material 55 describes the standardised values by study.

Where there were multiple entries within one of the time groups, the average score was kept. Data on long-term 
outcomes were available at 3–6 months for 316 participants from 2 data sets and did not meet the minimum criteria for 
the meta-analysis. Therefore, we did not take these data forward for further analysis.

Time to clinical recovery

Data availability
Data on time to recovery were available and usable from only one data set. As this did not meet the meta-analysis 
criteria, these data were not included in the analysis.

Time to death

Data availability
Data on the time to death were available from 23 studies (IPD = 10,576) (see Figure 5). Three data sets did not report 
any deaths and were therefore excluded. There were insufficient data on those who were not initially hospitalised for 
the meta-analysis (two data sets, IPD = 312). We also observed an interaction between baseline COVID-19 severity and 
age. This suggested that a separate analysis of hospitalised participants with and without ventilation was warranted. 
For participants who were initially hospitalised but not ventilated, data on death were available from 17 data sets 
(IPD = 8347). For participants who were initially hospitalised and required ventilation, data on death were available (14 
data sets, IPD = 1751).

Population description
In the initially hospitalised but not ventilated population (17 data sets, IPD = 8347), the median age was 64 years, and 
4870 (58.35%) were male. In the population that required hospitalisation and ventilation (data sets = 14, IPD = 1751), 
the median age was 63 years, and 1258 (71.8%) were male.
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Research question 2: predictors of long-term outcomes

Survival curves by covariate
Report Supplementary Material 67, Figure S18 shows survival stratified by available demography, comorbidity and 
intervention. Each of these factors was considered in univariable and multivariable analyses.

Data availability for regression analyses
Report Supplementary Material 56 describes the covariates available for the analyses. These included age, sex, ethnicity, 
BMI, smoking status, presence of cancer, diabetes, obesity, other endocrine conditions, mental/behavioural disorders, 
dementia/Alzheimer’s, sleep disorders, neurological conditions, cardiac conditions, cerebrovascular diseases, circulatory 
disorders, lung disease, liver disease, gastrointestinal conditions, chronic kidney disease, immunosuppression, other 
conditions, use of corticosteroids, anticoagulants, renal therapy, antibiotics, antivirals, immunosuppressant therapy, 
hydroxychloroquine and vasopressors. Each was examined in the meta-analysis.

Univariable analyses
For the hospitalised and non-ventilated population, at the univariable level age, sex, ethnicity, smoking status, presence 
of cancer, diabetes, dementia/Alzheimer’s, neurological or cardiac conditions, cerebrovascular disease, circulatory 
disorders, lung or chronic kidney disease, immunosuppression and use of corticosteroids were each associated with risk 
of death (see Report Supplementary Material 57).

In the hospitalised and ventilated population, age, sex, smoking status, presence of cancer, diabetes, cardiac conditions, 
cerebrovascular disease, circulatory disorders, lung disease, liver disease, chronic kidney disease, use of renal 
therapy, antibiotics, immunosuppressants and vasopressors were each associated with the risk of death (see Report 
Supplementary Material 57).

Multivariable regression analyses
In the final model for the hospitalised and non-ventilated population (five data sets, IPD = 5027), as age increased by 
1 year, we observed a 6.8% increase in the risk of death. Males had 31% increased risk of death [hazard ratio (HR) 1.31, 
95% CI (1.15 to 1.50)], while the presence of cancer, chronic kidney disease, dementia/Alzheimer’s and lung disease 
conferred a 23%, 49%, 56% and 25% increased risk of death, respectively. In this final model, the median age of the 
population was 64 years and 2898 (57.6%) were male.

TABLE 24 Transformation of COVID-19 severity data

WHO9 (Anchor) WHO Clinical Scale 7 point Ordinal Scale

0 = no clinical or virological evidence of infection 
1 = ambulatory, no activity limitation

6 = discharged with full return to baseline 
physical function

1 = not hospitalised with 
resumption of normal activities

2 = ambulatory, activity limitation 5 = discharged without full return to 
baseline physical function

2 = not hospitalised but unable to 
resume normal activities

3 = hospitalised, no oxygen therapy 4 = hospitalised without supplemental 
oxygen requirement

3 = hospitalisation not requiring 
supplemental oxygen

4 = hospitalised, oxygen mask or nasal prongs 3 = hospitalised with supplemental 
oxygen requirement

4 = hospitalisation requiring 
oxygen

5 = hospitalised, non-invasive mechanical ventilation or 
high-flow nasal cannula (HFNC)

5 = hospitalisation requiring nasal 
high-flow oxygen

6 = hospitalised, intubation and invasive mechanical 
ventilation (IMV)

2 = invasive ventilatory support

7 = hospitalised, IMV + additional support such as 
pressors or extra-corporeal membranous oxygenation 
(ECMO)

6 = hospitalisation requiring 
ECMO

8 = death 1 = death 7 = death
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In the final model for the hospitalised and ventilated population (data sets = 9, IPD = 969), men had a 27% greater 
risk of death compared to women [HR = 1.27, 95% CI (1.05 to 1.54)]. The risk of death also increased by 3.6% with 
each year increase in age [HR = 1.036, 3.6% with each year; 95% CI (1.028 to 1.044)]. The presence of diabetes (56% 
increased risk), chronic kidney disease (47% increased risk) and liver disease (110% increased risk) were significantly 
associated with the risk of death (Table 25). In this final model, the median age of the included participants was 64 years 
and 686 (70.8%) were male.

Assessment of certainty
I2 for the hospitalised and non-ventilated population based on sex was 18.1%, whereas I2 in the hospitalised population 
was based on liver disease and was 21.1%. These values were indicative of low heterogeneity. GRADE-informed 
assessment indicated that the quality of evidence was moderate. Models were developed for hospitalised populations 
only; therefore, the models were not downgraded based on indirectness (see Report Supplementary Material 69, Table p).

Discussion

COVID-19 severity reduction
Reduction in COVID-19 severity was an initial target of COVID-19 interventions; vaccination was found to reduce the 
severity of symptoms in the general population,270 as well as in people with long-COVID.271 Selected data were available 
within PRECIOUS on COVID-19 severity as an outcome. However, these data did not meet the prespecified criteria 
for meta-analysis. Other studies have reported factors such as age, sex, presence of comorbidities45,272 and vaccination 
status as being associated with COVID-19 severity,272 which remains an area of importance, particularly when 
examining the efficacy of interventions. Agrawal et al. highlighted the need for continued COVID-19 immunisation in 
people with multimorbidity and comorbidities to decrease the risk of severe COVID-19 infection.270

Time to recovery
In general, the estimated time to recovery from COVID-19 is 3 weeks,273 although for a diagnosis of long-COVID, 
symptoms should have lasted at least 2 months from the index infection.274 Consequently, time to recovery is a 

TABLE 25 Factors associated with mortality

Estimate (95% CI) HR (95% CI) p-value 

Hospitalised and non-ventilated
D = 5, IPD = 5027
I2 (sex) = 18.1% 

Age 0.065 (0.060 to 0.071) 1.068 (1.052 to 1.074) < 0.001

Cancer 0.21 (0.04 to 0.38) 1.23 (1.04 to 1.46) 0.015

Chronic kidney disease 0.40 (0.25 to 0.54) 1.49 (1.19 to 1.72) < 0.001

Dementia/Alzheimer’s 0.44 (0.27 to 0.62) 1.56 (1.31 to 1.86) < 0.001

Sex (ref = female) 0.27 (0.14 to 0.41) 1.31 (1.15 to 1.50) < 0.001

Lung disease 0.23 (0.07 to 0.38) 1.25 (1.07 to 1.46) 0.004

Hospitalised and ventilated
D = 9 IPD = 969
I2 (liver disease) = 21.1%

Sex (ref = female) 0.24 (0.05 to 0.43) 1.27 (1.05 to 1.54) 0.014

Age 0.035 (0.027 to 0.043) 1.036 (1.028 to 1.044) < 0.001

Diabetes 0.44 (0.26 to 0.63) 1.56 (1.30 to 1.87) < 0.001

Chronic kidney disease 0.38 (0.08 to 0.69) 1.47 (1.08 to 2.00) 0.014

Liver disease 0.74 (0.31 to 1.17) 2.10 (1.37 to 3.22) 0.001
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recommended parameter for collection as part of a core outcome set in people with long-COVID.138 Previous studies 
have ascertained that age, sex, severe COVID-19 and the presence of chronic disease were each associated with 
time to recovery.275–278 Within PRECIOUS, data on time to recovery were available from two studies but could not be 
reliably analysed. Non-resolution of COVID-19 symptoms leads to a diagnosis of long-COVID. Although symptom 
data at follow-up were available for certain studies, we often could not be certain that symptoms had persisted at later 
follow-up due to initial COVID-19 infection, a new infection, or presence of a pre-existing condition. Time to long-
COVID recovery was therefore not examined in the current analysis, although emerging work suggests that recovery 
from long-COVID is rare in the first 2 years after infection.279 Future work should document the development of both 
long-COVID, the time to recovery from long-COVID and factors associated with long-COVID recovery.

Mortality
We quantified the risk of death in our international population stratified by hospitalisation with or without ventilation. 
We observed that in both the hospitalised and ventilated, and hospitalised without ventilation populations, increasing 
age, male sex and presence of chronic kidney disease were consistently associated with increased mortality. The risk 
of death was also worse in people with cancer, Alzheimer’s disease/dementia, and lung disease for those who were 
hospitalised without a requirement for ventilation compared to people without these comorbidities.

The high mortality rate in hospitalised participants (6.8% per increase in age by 1 year) compared with 3.6% per 
increase in age by 1 year in hospitalised and ventilated participants may reflect the highly selected group that received 
ventilation based on the likelihood of survival. It should also be noted that data on the presence of dementia/
Alzheimer’s were only available for the hospitalised and non-ventilated population, perhaps reflecting the fact that 
patients with dementia would not have been likely to be accepted for ventilation. In the ventilated population, the 
presence of diabetes and liver disease conferred a greater risk of death than their absence.

Our observation of higher mortality in men,280–282 older people and those with chronic kidney disease282,283 was 
consistent with the existing literature. Those with existing kidney disease were more likely to be hospitalised with 
COVID-19,284 and the mortality rate in those with COVID-19 and kidney disease was estimated to be 20%.284 Thus, the 
presence of kidney disease creates a high-risk population and is an important factor associated with mortality in both of 
the hospitalised (non-ventilated and ventilated) populations.284

Diabetes is a known risk factor for COVID-19, and the pandemic has disrupted care for people with diabetes, similar 
to many other health conditions.285 Consistent with the existing literature, we observed an increased risk of death in 
people with diabetes,285 specifically in the hospitalised and ventilated population. This is consistent with data from 
smaller studies of 193286 and 650 patients,287 that reported an increased need for mechanical ventilation in people 
with diabetes. Similarly, we observed that liver disease was significantly associated with increased mortality in the 
hospitalised and ventilated population only, which is consistent with previous literature that describe a significant 
increase in COVID-19-related mortality in people with alcohol-associated liver disease and non-alcoholic fatty liver 
disease,288 with certain ethnicities disproportionately affected.

Other studies have examined the role of deprivation measures, noting worse mortality in areas of greater 
deprivation281,289 and disproportionate death in certain ethnicities.281,289,290 In our sample, ethnicity was only readily 
available as a covariate in the hospitalised population and was significantly associated with mortality in univariable 
but not multivariable analyses. Further examination of mortality in an international context, including the impact of 
socioeconomic status and ethnicity, is warranted.

Mortality was an important outcome of early COVID-19 studies. Nab et al. reported that the initial crude COVID-19 
mortality rate between March and May 2020 was 4.48/1000 person-years and decreased to 0.67/person-years 
between June and August 2022.291 The reduced mortality rate was attributed to the introduction of vaccinations 
for COVID-19.291 Within PRECIOUS, we only had sparse data on vaccination status and the number of vaccinations 
received; there were no corresponding data available on vaccination status and mortality. Thus, we could not fully 
examine the effect of vaccination on mortality. Future studies should examine the impact of vaccination on the 
long-term outcomes.
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Summary of key findings

•	 Increasing age, male sex and presence of chronic kidney disease were consistently associated with 
increased mortality.

•	 Data are needed on time to recovery, particularly for the long-COVID population.
•	 We also need data on risk of death in community-based cohorts.
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Chapter 12 Individual factors associated with later 
hospitalisation after COVID-19 infection

Overview

This chapter describes the individual factors associated with later hospitalisation (rehospitalised after initial 
hospitalisation for COVID-19, or later hospitalisation for those not initially hospitalised) after index COVID-19 infection. 
Data included in the final model reflects availability of covariates for analyses. The absence of a variable in the final 
model does not necessarily mean that it was not a significant predictor; it may also indicate that there was insufficient 
data to include within the modelling process.

Research question 3: individual, health service and societal impact of COVID-19

Later hospitalisation

Data availability
From 10 data sets (IPD = 5737) where later hospitalisation was captured at follow-up, complete data were available for 
4881 participants (see Figure 5). In total, 589/4881 (12.1%) were hospitalised during the course of follow-up; 545/4270 
(12.8%) were initially hospitalised with COVID-19 and were rehospitalised, while 44/607 who were not initially 
hospitalised for COVID-19 infection were later hospitalised during the course of follow-up.

Two studies captured re-admission as due to COVID-19, six studies described generic hospital re-admission, one study 
described general re-admission as well as COVID-19-specific re-admission, and one study only described re-admission 
involving ICU.

Population description
For those in whom data on later hospitalisation was captured, median age was 61 years (IQR 49–72), 2756 (57.1%) 
were male and 503 (10.3%) were initially hospitalised and required ventilation. Report Supplementary Material 58 
describes covariate availability for the sample in whom data were available for analysis. These were each examined in 
univariable analyses.

Univariable analyses
At univariable level, age, smoking status, initial hospitalisation, COVID-19 severity, presence of cancer, diabetes, 
dementia/Alzheimer’s disease, cardiac conditions, cerebrovascular, lung or chronic kidney disease, use of renal therapy, 
hydroxychloroquine or vasopressors were each significantly associated with later hospitalisation at univariable level (see 
Report Supplementary Material 59). These were taken forward to multivariable analysis.

Multivariable analyses
In total, two data sets (IPD = 1336) contributed to the final multivariable model. As age increased by 1 year, the odds 
of later hospitalisation increased by 2% [p < 0.0001, OR = 1.02, 95% CI (1.01 to 1.02)]; presence of pre-existing 
cerebrovascular disease [p = 0.01, OR = 1.68, 95% CI (1.1 to 2.5)], diabetes [p < 0.0001, OR = 1.56, 95% CI (1.23 to 
1.98)], chronic kidney disease [p = 0.001, OR = 1.67, 95% CI (1.23 to 2.26)] and cancer [p < 0.0001, OR = 2.64, 95% CI 
(2.02 to 3.43)] had higher odds of later hospitalisation than absence of these comorbidities, respectively; non-smokers 
had lower odds of later hospitalisation than current smokers [p = 0.01, OR = 0.76, 95% CI (0.61 to 0.94)] (Table 26). 
Median age of participants who contributed to this model was 61 years (IQR 49–73), 1742 (56.6%) were male and 324 
(10.5%) were initially hospitalised and ventilated.
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Assessment of certainty
I2 (age) was 0% in this model, indicating no evidence of statistical heterogeneity. GRADE-informed assessment indicated 
that the quality of evidence was moderate (downgraded due to imprecision). As all participants in this model were 
drawn from hospital-based settings and the outcome was later hospitalisation, the inclusion of selected populations 
(hospitalised) did not contribute to a downgrading (see Report Supplementary Material 69, Table q).

Discussion

Clinical status at discharge and presence of existing comorbidities helps to inform risk of re-admission.292 We observed 
that 12.1% of people initially hospitalised for COVID-19 infection were rehospitalised during follow-up; 7.2% of people 
not initially hospitalised were later hospitalised. Increasing age and presence of cerebrovascular disease, diabetes, 
chronic kidney disease, cancer and current smokers were each associated with increased odds of later hospitalisation.

Hospitalisation for initial COVID-19 infection and later rehospitalisation is common.292 However, COVID positivity 
was not associated with later hospitalisation outcomes in any of the models presented. COVID-19 severity showed 
significance at the univariable level, yet this association did not remain significant when age was controlled for, 
indicating that the initial univariable model may have captured a spurious relationship. Our models suggest that COVID-
19 does not have an impact on later hospitalisation which implies a minimal impact on post initial infection resource 
use. Given this result, we do not present an economic analysis of the impact of COVID-19 on secondary care post the 
initial COVID-19 episode. These results need to be interpreted with caution due to the small number of studies that 
included information on later hospitalisation. Studies did not routinely report the reason for later hospitalisation, so this 
important context was not explored. There was a sizeable imbalance in the data that contained very few individuals 
who were not COVID-positive at baseline. There may be selection bias in the results if there were unmeasured effects 
that impacted both the inclusion in the studies and the likelihood of being hospitalised. These models did not take 
into account risk of death which may have been higher in the COVID-19 group and at the same time affecting later 
hospitalisation. Our sample included 44 people who were not initially hospitalised due to COVID-19, but were later 
hospitalised during the course of follow-up. As this was a relatively small sample and meaningful comparisons with 
those who were initially hospitalised with COVID-19 could not be made, we combined rehospitalisation and later 
hospitalisation as a single outcome.

The rate of later hospitalisation in our sample was comparable with previous estimates, that ranged between 4.2%293 
and 19.9%.294 Previous work described an association between presence of cardiovascular conditions, pulmonary 
disease, and risk or re-admission after COVID infection.292,295 While data on lung disease were available in our sample, 
we observed that this was significant at univariable level but not in the final multivariable model.

Our findings are congruent with previous work describing an increased risk in people with end-stage renal disease or 
diabetes,296,297 cancer298,299 and in older people.300,301 Literature has also suggested additional factors such as cognitive 
impairment302 and BMI301 as factors associated with post-COVID hospital admission. We observed that in our sample, 

TABLE 26 Final multivariable regression model for factors associated with later hospitalisation

D = 2, IPD = 1336
I2 (age) = 0.00% p-value OR 95% confidence limits

Age < 0.0001 1.017 1.010 1.024 

Cerebrovascular disease Yes vs. no 0.012 1.684 1.119379 2.533186

Diabetes Yes vs. no < 0.0001 1.56337 1.23468 1.979558

Chronic kidney disease Yes vs. no 0.001 1.669278 1.234284 2.257577

Smoker Current vs. non-smoker 0.012 0.7553611 0.6075233 0.9391745

Cancer Yes vs. no < 0.0001 2.635096 2.018694 3.439715



DOI: 10.3310/GJMA0602� Health and Social Care Delivery Research 2026 Vol. 14 No. 29

Copyright © 2026 Ali et al. This work was produced by Ali et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care. This is an Open Access 
publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any medium and 
for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original author(s), the publication source – NIHR Journals 
Library, and the DOI of the publication must be cited.

97

BMI did not meet the threshold for significance at univariable level. Previous work has also established disproportionate 
COVID-19 admissions in the immunocompromised population;303 immunosuppression was captured in the PRECIOUS 
data set but was not present in significant numbers to permit inclusion in analyses. We observed a significant 
association between current smokers and later hospitalisation compared to non-smokers. Others have reported a 
higher proportion of former smokers being initially hospitalised than current or non-smokers,304 and a link between 
history of smoking and hospital re-admission.299 While we did not observe any sex differences in hospital re-admission, 
others have reported on associations between male sex and rehospitalisation.299

Factors that warrant further analysis include markers of socioeconomic status and re-admission; others have suggested 
links between rehospitalisation and use of government insurance299 and homelessness.298 We were unable to examine 
markers of socioeconomic status on re-admission, as these were not present in sufficient quantity or in formats to 
support data synthesis.

Summary of key findings

•	 Our findings highlight a vulnerable population (increasing age, pre-existing cerebrovascular disease, diabetes, chronic 
kidney disease, cancer, current smoking), with increased odds of later hospitalisation.
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Chapter 13 Factors associated with return to work 
after COVID-19

Overview

This chapter examines the associations between demographic, intervention factors and return to work after COVID-19 
infection. Data were captured across a range of variables related to returning to work, including burnout, employment 
before and after COVID-19, whether an individual was in full-time or part-time employment, receipt of a pension, 
hours currently worked, number of full-time and part-time hours worked, whether work required sitting, light physical 
exertion, moderate physical exertion and heavy physical exertion. Where appropriate, these were aggregated into 
common groups to facilitate analyses.

Research question 3: individual, health service and societal impact of COVID-19

Return to work
Data on repeated measures of return to work or school were available for three data sets. Only one data set included 
data on work rhythm and was, therefore, not analysed. Two data sets captured return to work or school and work 
adjustments, respectively, and were therefore not analysed in trajectory analyses, as they did not meet the criteria for 
meta-analysis (> 2 data sets capturing variable).

Single data sets captured burnout, employment before and after COVID-19, whether an individual was in full-time or 
part-time employment, receipt of a pension, hours currently worked, number of full-time and part-time hours worked, 
whether work required sitting, light physical exertion, moderate physical exertion, and heavy physical exertion. These 
variables did not meet the criteria for meta-analyses and were therefore considered.

Return to work or school was captured in two data sets (IPD = 851), and missed work was captured in two data 
sets (IPD = 2321 only captured for those who actually missed work and were therefore omitted from analyses), and 
impacted working ability or requirement for work adjustment was captured in four data sets (IPD = 516, Figure 5).

Return to work or school
For those in whom return-to-work/school data were available, all participants (two data sets; IPD = 851) were COVID-
19 positive at baseline; the median age was 59 years, 564 (66.4%) were male, and 147 (17.3%) required hospitalisation 
with mechanical ventilation. (Report Supplementary Material 60 describes available covariates for analyses.) Return to 
work/school was treated as a single binary outcome variable, which was independent of the time point for assessment; 
490 (57.6%) participants in whom data were captured had returned to work. At the univariable level, age (p < 0.0001) 
and sex (p = 0.002) were significantly associated with return to work. In the final model (data sets = 2; IPD = 844), age 
(p < 0.0001) and sex (p = 0.0038) were significantly associated with returning to work or school, such that for a 1-year 
increase in age, the OR for returning to work or school was 0.958 [95% CI (0.947 to 0.969)]; as age increased, the odds 
of returning to work/school decreased. Women had lower odds of returning to work/school [OR = 0.64, 95% CI (0.47 to 
0.86)] compared with men, such that 52.8% of women returned to work/school compared with 63.8% of men (Table 27). 
Median age of participants in this final model was 59 (IQR 51–68) and 559 (66.2%) were male.

Affected ability to work or requirement for adjustments
Report Supplementary Material 61 describes the covariates available for the analyses. Affected ability to work and 
requirements for adjustments were treated as a single binary outcome variable that was independent of the follow-up 
time point. From four data sets (IPD = 516), the median age was 53 (IQR 44.5–63), 151 (29.7%) were male, 140 (27.6%) 
were COVID-positive at the study inclusion, 214 (42.1%) were confirmed as having COVID-19 before study baseline, 
and 37 (12.3%) required hospitalisation with ventilation. At the univariable and multivariable levels, only age was 
associated with an affected ability to work or requirement for adjustments (p = 0.0159). As age increased, the impacted 
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ability to work or requirement for adjustments decreased [OR = 0.978, 95% CI (0.96 to 0.996); see Table 27]. The final 
model included four data sets (IPD = 513).

Assessment of certainty

The I2 for the final return-to-work/school model was 44.4%, indicating moderate heterogeneity.305 The I2 for the final 
adjustments to work analysis was 90%, indicating considerable heterogeneity305 GRADE-informed assessment indicated 
that the quality of evidence was very low for return to work/school, downgraded for imprecision, inconsistency and 
indirectness (see Report Supplementary Material 69, Table r) and low for affected ability to work, downgraded for 
inconsistency and indirectness (see Report Supplementary Material 69, Table s).

Discussion

Work has been significantly affected by COVID-19, with some workplaces adapting and implementing flexible working 
measures, while others became severely impacted.306 Based on our limited sample, older people and women were 
less likely to return to work after COVID-19, and we also observed that age contributed to impacted ability to work/
requirement for adjustments, such that older people were less likely to require adjustments or report that their work 
had been affected, perhaps due to fewer returning to work.

The covariates available for inclusion in the analyses precluded detailed investigation of the personal health factors 
and impact of interventions on return to work, affected ability to work, or requirement for adjustments to work. We 
observed that 17.3% of the population included in the return-to-work analysis were hospitalised and mechanically 
ventilated, with the remaining being hospitalised with no requirement for mechanical ventilation; there were no 
community-based participants in our return-to-work sample. Literature suggests that return to work is typically low 
in patients who have required intensive care.307 We observed that 57.6% of people with COVID-19 in our sample had 
returned to work, which was comparable with estimates of return to work 1 year after discharge from the ICU.308 A 
nationwide registry study on return to work after COVID-19 has highlighted a return to work in 81.9% of participants 
at 1 month, 98.4% at 6 months,309 and 5.5% as being absent for longer than 3 months.306 Later return to work was 
observed in people with COVID-19 compared to those with flu.306 Hospitalised patients also had a lower prevalence of 
returning to work, with 92.6% of hospitalised participants returning to work at 6 months and 36% of the ICU population 
not returning to work by 6 months.309 Data were not available during the assessment period for return to work in our 
sample; however, the inclusion of COVID-19 severity (hospitalised/hospitalised and ventilated) at the univariable 
level did not yield significant associations with a return to work. Before the pandemic, health-related work absences 
increased with age, but after COVID-19, this skewed to include younger people.310 Consistent with our findings, 
previous studies reported an association between older age and female sex with delayed return to work.306 Shortness of 
breath and fatigue have been similarly reported to be associated with a later return to work.306 Our analyses would have 
benefitted from the examination of such corresponding symptom profiles and ADLs in relation to returning to work, but 
this was not possible due to insufficient corresponding data on ADLs.

TABLE 27 Final multivariable regression model for factors associated with return to work

Variable I2 = 44.4% p-value OR 95% CI Proportion estimate

Return to work
D = 2; IPD = 844

Age < 0.0001 0.958 0.947 0.969 0.5279

Sex (female vs. male) 0.0038 0.636 0.468 0.863 0.6377

Variable I2 = 90% p-value OR 95% CI

Affected work/
adjustments needed
D = 4; IPD = 513

Age 0.0159 0.978 0.960 0.996 –
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COVID-19 has had a significant impact not only on individuals, healthcare systems and societies, but also on health 
insurance systems311 and employers. It is estimated that the average employment absence due to COVID-19 costs 
approximately US$9000,310 with annual lost-labour costs of US$62 billion310 and QoL losses due to the consequences 
of COVID-19 totalling US$2.6 trillion.312 Thus, the full impact, factors associated with, and costs of COVID-19 on work 
must be further examined.

The impact of socioeconomic status remains to be fully elucidated,311 along with the role of ethnicity, previous work 
established that health-related work absences were greater in Asian, Hispanic, and non-Hispanic Black employees 
than in non-Hispanic White populations.310 Important aspects such as type of occupation, requirements for moderate 
physical activity, hours and type of employment, and burnout were captured across single data sets, thereby precluding 
analysis in PRECIOUS, but representing important aspects of the impact of COVID-19 on work and should be examined 
further in meta-analyses. Crucially, COVID-19 affected not only working-age people, but also students. We examined 
return to work or school as this had been jointly categorised in data sets; further work should examine return to work 
and school separately, as these are often two very different populations with differing demographics and comorbidities. 
Future work should also examine return to work in the context of symptom profiles, long-COVID, time to return to 
work, ability to perform ADLs, type of employment, socioeconomic factors, and costs to employers and employees to 
adequately capture the impact of COVID-19 on work.

Summary of key findings

•	 Older people and women were less likely to return to work after COVID-19; however, more data are needed to 
explore this further.

•	 We also need to establish the link between ADLs, persistent symptoms and return to work.
•	 We require further information on return to work in community-based participants.
•	 Data on costs of COVID-19 in relation to return to work require further data.
•	 Return to school should be examined separately.
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Chapter 14 Factors associated with health-related 
quality of life after COVID-19

Overview

Health-related quality of life or utility describes personal preference assessments of overall health status and can be 
used to compare participant outcomes across different health conditions.313 We describe HRQoL in the COVID-19 
population and the factors associated with health valuation.

Research question 3: individual, health service and societal impact of COVID-19

Health-related quality of life

Data availability
Health utilities (HRQoL herein) were derived from the EuroQoL EQ-5D and SF-36 separately. From 11 data sets and 
8091 IPD where EuroQoL EQ-5D-3L and EuroQoL EQ-5D-5L were reported, data were available for analysis from 11 
data sets and 7880 IPD (see Figure 5). From 6 data sets and 1164 IPD where SF-36 was reported, data were available 
for analysis from 5 data sets and 958 IPD. Data were available from COVID-19 onset to 24 months post onset. Data 
were available from Australia, Germany, Iceland, the Netherlands, Russia, Switzerland, Italy, Canada, USA and UK. 
Covariates available for analyses are described in Report Supplementary Materials 62 and 63.

EuroQol-5 Dimensions-derived health-related quality of life

Population description
The median age of participants in whom data were available on EQ-5D-derived HRQoL was 55 years (IQR 43.4–65), 
2836 (36%) were male and 1260 (16%) were initially hospitalised and 205 (2.6%) ventilated. Where HRQoL values 
were available at 4–6 months, median health valuation was 0.840 (IQR 0.691–0.987); where HRQoL was available at 
10–12 months, median value was 0.883 (IQR 0.759–1), and where HRQoL was available at beyond 12 months, median 
value was 0.860 (IQR 0.725–1).

Report Supplementary Material 64 describes EQ-5D-derived HRQoL values at different time points, stratified by COVID 
exposure and initial hospitalisation. We observed poorer HRQoL in initially hospitalised participants.

Univariable analyses
Individual factors that were significantly associated with EQ-5D-derived HRQoL are described in Report Supplementary 
Material 65. At univariable level sex, education level, smoking status, employment status, number of people in 
household, requirement for ventilation, COVID positivity at study inclusion, initial hospitalisation for COVID, 
vaccination status at baseline, presence of diabetes, obesity, other endocrine conditions, mental/behavioural disorders, 
neurological conditions, cardiac conditions, cerebrovascular disease, circulatory disorders, lung disease, gastrointestinal 
conditions, chronic kidney disease, immunosuppression and musculoskeletal conditions were each associated with 
health valuation.

Multivariable analysis
We examined data in two models; model 1 focused on the impact of COVID positivity and infection severity on 
HRQoL. A second model investigated how the results change in the presence of comorbidities, socioeconomic and 
other characteristics such as diabetes, lung disease, education level, employment and smoking status. The second 
model excludes the most serious cases of COVID for whom we did not have information on these characteristics, so 
the results may not be directly comparable between models. In model 1 (11 data sets and 7880 IPD), women had a 
HRQoL value of 0.06 points lower than men [p < 0.001, 95% CI (−0.07 to −0.05)], COVID positivity was significantly 
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associated with poorer HRQoL [p = 0.031, point estimate = −0.028, 95% CI (−0.05 to −0.003)]. Hospitalisation with 
COVID accounted for a reduction in health valuation of 0.08 points [p < 0.0001, 95% CI (−0.11 to −0.06)]. We would 
typically expect a recovery over time for many health conditions; however, we did not observe a statistically significant 
interaction between hospitalisation with COVID and time, indicating that people initially hospitalised for COVID may 
experience a moderate recovery in HRQoL, but did not experience significant recovery to their original health valuations 
in the 2-year period we examined. We also observed a general improvement, irrespective of COVID-19 positivity, in 
HRQoL over time, but these increments were small (Table 28). Median age of the participants who contributed to this 
model was 55 (IQR 43–65), 36% were male and 15.3% were initially hospitalised.

Our second model included comorbidities (data sets = 6; IPD = 4642). Women experienced a 0.05-point decrease in 
HRQoL when compared with men [p < 0.0001, 95% CI (−0.06 to −0.04)], COVID positivity accounted for a decrease 
in 0.03 points [p = 0.006, 95% CI (−0.06 to −0.01)] which did not change over time. In addition to the effect of 
hospitalisation on poorer HRQoL, presence of diabetes [p < 0.0001, point estimate = −0.06, 95% CI (−0.09 to −0.04)], 
obesity [p < 0.0001, point estimate = −0.05, 95% CI (−0.06 to −0.04)], lung disease [p < 0.0001, point estimate = −0.05, 
95% CI (−0.07 to −0.04)] and chronic kidney disease [p = 0.010, point estimate = −0.05, 95% CI (−0.09 to −0.01)] 
were each associated with worse HRQoL. Higher education status, employment and non-smoking status were each 
associated with better HRQoL. We observed small but significant improvements in HRQoL over time beyond 7 months 
(see Table 28). Median age of the participants who contributed to this model was 54 (IQR 42–64), 31% were male and 
4% were initially hospitalised.

Rand 36-Item Short Form Health Survey-derived health-related quality of life

Population description
Where HRQoL was derived from the SF-36, median age of the population was 58 (IQR 48–65), 517 (54%) were 
male and 498 (52%) were initially hospitalised with COVID-19. Where HRQoL values were available at 4–6 months, 
median health valuation was 0.883 (IQR 0.722–0.972); where HRQoL was available at 10–12 months, median value 
was 0.789 (IQR 0.636–0.916), and where HRQoL was available at beyond 12 months, median value was 0.825 (IQR 
0.634–0.956).

Report Supplementary Material 64 describes HRQoL values at different time points, stratified by initial hospitalisation. 
We observed poorer HRQoL in initially hospitalised participants.

Univariable analyses
Individual factors that were significantly associated with SF-36-derived HRQoL are described in Report Supplementary 
Material 66. At univariable level sex, age, education status, smoking status, BMI, employment status, ventilation, 
initial hospitalisation with COVID-19, diabetes, obesity, presence of cardiac conditions, circulatory disorders, lung, or 
chronic kidney disease, immunosuppression, blood disorders and cerebrovascular disease were each associated with 
health valuation.

Multivariable analyses
The final model included 5 data sets and 958 IPD (see Table 28). Increasing age [p < 0.0001, point estimate = 0.002, 
95% CI (−0.003 to −0.001)] and female sex [p < 0.0001, point estimate = −0.06, 95% CI (−0.08 to −0.04)] were each 
associated with poorer HRQoL. Initial hospitalisation [p = 0.003, point estimate = −0.11, 95% CI (−0.18 to −0.04)] and 
need for ventilation [p = 0.001, point estimate = −0.09, 95% CI (−0.14 to −0.04)] were each associated with poorer 
HRQoL (see Table 28). Participants that contributed to this final model had a median age of 58 (IQR 48–65), 54% were 
male and 52% were initially hospitalised with COVID-19.

Assessment of certainty
I2 for EQ-5D-derived HRQoL in model 1 was 29.99% and for model 2 was 26.44%. For the SF36-derived HRQoL, I2 was 
18.57%, indicating low heterogeneity between studies throughout. GRADE-informed assessment of models indicated 
moderate quality for each model, with downgrading for indirectness (see Report Supplementary Material 69, Table t).
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TABLE 28 Final multivariable regression model for factors associated with lower health utilities

EuroQoL EQ-5D-derived utility  
D = 11 IPD = 7880 p > |z| Point estimate (95% CI)

Model 1 Female < 0.0001 −0.0623762 −0.0717476 −0.0530049 

COVID positivity* 0.031 −0.0280673 −0.0535431 −0.0025914

COVID positivity*period

1*4–6 months 0.650 0.002712 −0.0090102 0.0144343

1*7–9 months 0.687 −0.0021749 −0.0127452 0.0083955

1*10–12 months 0.323 −0.0055596 −0.0165884 0.0054691

1*13–15 months 0.124 −0.009469 −0.0215358 0.0025978

1*16–18 months 0.532 −0.0061413 −0.0254111 0.0131284

1*19–24 months 0.064 −0.0287439 −0.0592059 0.0017182

Hospitalisation < 0.0001 −0.0849237 −0.1113849 −0.0584626

Hospitalisation*period

1*4–6 months 0.070 −0.0200569 −0.0417422 0.0016283

1*7–9 months 0.649 −0.004783 −0.025395 0.015829

1*10–12 months 0.196 −0.0153452 −0.0385949 0.0079044

1*13–15 months 0.679 −0.0047339 −0.0271293 0.0176614

1*16–18 months 0.908 −0.0019217 −0.0343631 0.0305197

1*19–24 months 0.615 −0.0120591 −0.059077 0.0349588

Ventilated < 0.0001 −0.0623407 −0.0827187 −0.0419627

Period

4–6 months 0.572 0.0021828 −0.0053805 0.0097462

7–9 months 0.009 0.0102469 0.0025151 0.0179788

10–12 months < 0.0001 0.0159572 0.0078536 0.0240608

13–15 months < 0.0001 0.0187187 0.0098114 0.0276261

16–18 months < 0.0001 0.0191501 0.0085473 0.0297529

19–24 months 0.013 0.0282609 0.005875 0.0506469

_cons 0.000 0.8903863 0.8410821 0.9396905

Reference category for time interactions and period is utility at 0–3 months
COVID positivity refers to COVID exposure at baseline

EuroQoL-derived utility
D = 6
IPD = 4642 p > |z| Point estimate (95% CI)

Model 2 Female < 0.0001 −0.0538096 −0.0647699 −0.0428493

COVID positivity* 0.006 −0.0328078 −0.0560787 −0.0095369

COVID positivity *period

1*4–6 months 0.865 0.0010523 −0.0111144 0.013219

1*7–9 months 0.829 −0.0011774 −0.0118926 0.0095378

continued
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1*10–12 months 0.434 −0.0044512 −0.0156053 0.0067028

1*13–15 months 0.175 −0.0084162 −0.0205852 0.0037528

1*16–18 months 0.338 −0.0095438 −0.0290812 0.0099936

1*19–24 months 0.077 −0.0289994 −0.0611929 0.0031942

Hospitalised < 0.0001 −0.0694563 −0.0995272 −0.0393853

Hospitalised*period

1*4–6 months 0.206 −0.0211628 −0.0539421 0.0116165

1*7–9 months 0.086 −0.0262585 −0.0562459 0.0037289

1*10–12 months 0.417 −0.0123056 −0.0420456 0.0174345

1*13–15 months 0.344 0.0152362 −0.0162951 0.0467676

1*16–18 months 0.664 0.0096739 −0.033953 0.0533009

1*19–24 months 0.808 −0.0069487 −0.0628469 0.0489495

higher_education 0.002 0.0214614 0.0079026 0.0350202

non_smoker < 0.0001 0.024398 0.0131546 0.0356415

employed < 0.0001 0.0437317 0.0325173 0.0549461

diabetic < 0.0001 −0.0646733 −0.0877324 −0.0416141

obese < 0.0001 −0.0488602 −0.0618952 −0.0358252

lung_dis < 0.0001 −0.0501326 −0.0651853 −0.0350799

kidney_dis 0.010 −0.0495184 −0.0871346 −0.0119021

Period

4–6 months 0.528 0.0024184 −0.0050851 0.0099219

7–9 months 0.009 0.010271 0.0026114 0.0179305

10–12 months < 0.0001 0.0157425 0.0077208 0.0237642

13–15 months < 0.0001 0.0186451 0.0098357 0.0274545

16–18 months < 0.0001 0.0189157 0.0084292 0.0294023

19–24 months 0.013 0.0280928 0.0058998 0.0502859

_cons 0.000 0.8446646 0.7862023 0.903127

Reference category for time interactions and period is utility at 0–3 months
COVID positivity refers to COVID exposure at baseline

SF-36-derived utilities D = 5
IPD = 958 p > |z| Point estimate (95% CI)

Model 1 Age 0.000 −0.0019573 −0.0027641 −0.0011505

Female 0.000 −0.0594639 −0.0822067 −0.0367212

COVID positivity 0.171 0.0329537 −0.0142344 0.0801417

COVID positivity*period

1*7–9 months 0.931 0.0048797 −0.1053417 0.1151011

TABLE 28 Final multivariable regression model for factors associated with lower health utilities (continued)

EuroQoL-derived utility
D = 6
IPD = 4642 p > |z| Point estimate (95% CI)
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1*10–12 months 0.106 −0.0317411 −0.0702765 0.0067943

1*12 + months 0.829 0.0044154 −0.0356162 0.0444469

Hospitalised 0.003 −0.1099873 −0.1825349 −0.0374397

Hospitalised *period

1*0–3 months 0.305 0.1752366 −0.1598555 0.5103287

1*7–9 months 0.486 0.0165219 −0.0300044 0.0630481

1*10–12 months 0.000 0.0764645 0.0343158 0.1186131

1*12 + months 0.003 0.0611429 0.0207999 0.1014859

Ventilated 0.001 −0.089158 −0.1402573 −0.0380586

Ventilated *period

1*0–3 months 0.034 −0.0822087 −0.1580586 −0.0063588

1*7–9 months 0.045 0.0528147 0.0011966 0.1044327

1*10–12 months 0.971 002513 −0.1323518 0.1373777

1*12 + months 0.503 0.0513938 −0.0989448 0.2017324

Period

0–3 months 0.297 −0.177446 −0.5106075 0.1557155

7–9 months 0.601 −0.0272155 −0.1292021 0.0747712

10–12 months 0.000 −0.060211 −0.0862363 −0.0341858

12 + months 0.000 −0.0750937 −0.1016678 −0.0485196

_cons 0.000 0.9778638 0.8985667 1.057161

TABLE 28 Final multivariable regression model for factors associated with lower health utilities (continued)

SF-36-derived utilities D = 5
IPD = 958 p > |z| Point estimate (95% CI)

Discussion

Across both derivation methods and all three models, hospitalisation with COVID-19, during the initial episode 
consistently resulted in lower HRQoL that did not appear to recover for up to 2 years after the initial COVID-19 
infection. COVID positivity was associated with poorer HRQoL in the EQ-5D-derived models. Irrespective of the 
method of HRQoL derivation (EQ-5D or SF-36), women had worse HRQoL when compared with men. Additional 
populations reporting health utility loss included people with diabetes, obesity, lung or chronic kidney disease. 
Employment, higher levels of education and non-smoking status were associated with better HRQoL when compared 
with lower education, non-employment or a smoking history, respectively.

COVID-19 is unlikely to be completely eradicated, so the long-term impact and costs of COVID-19 will continue to be 
necessary to inform resource allocation and planning.314 The overall burden of COVID-19 would be underestimated if 
solely based on mortality.315 Decision-making requires consideration of QoL, morbidity and mortality.316 HRQoL forms 
an important aspect of quantifying the impact of COVID-19, and includes the effects of the pandemic, environment and 
the impact of infection.

Previous work has estimated health utilities of 0.78 in non-hospitalised, 0.82 in hospitalised and 0.71 in ICU 
populations.317 Beyond the direct impact of COVID-19 infection, the impact of light pandemic restrictions was 
estimated to be associated with a utility of 0.71, while severe restrictions were associated with a utility of 0.65.316 



Factors associated with health-related quality of life after COVID-19

106

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Consistent with other health conditions,318 we observed sex differences in health utilities. We built on existing work by 
examining health utilities at different post-COVID time points, up to 2 years post-COVID-19 infection and the specific 
impact of pre-existing comorbidities. Our findings are strengthened by our use of country-specific value sets, where 
these were available.317 Data were available from an international data set, mainly reflecting high-income countries. 
Additional work is needed to profile health utilities from lower- and lower-middle-income countries.

Summary of key findings

•	 Hospitalisation with COVID-19 consistently resulted in lower HRQoL that did not appear to recover for up to 2 years 
after the initial COVID-19 infection.

•	 Women had worse HRQoL when compared with men.
•	 Utility loss was seen in people with diabetes, obesity, lung or chronic kidney disease.
•	 Employment, higher levels of education and non-smoking status were associated with better HRQoL.
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Chapter 15 Confidence in cumulative evidence

Overview

In this chapter, we discuss the methodological quality of the PRECIOUS study, considering our meta-synthesis 
methodological approach, RoB and the confidence in the evidence generated from our analyses. RoB for the underlying 
data sets that contributed to our secondary meta-analyses are described in each chapter (4–14) using a GRADE-
informed method (see Report Supplementary Material 69, Tables a–t). Here, we discuss our overall methodological and 
model quality.

Methodological duality of data sets contributing to PRECIOUS

All data were derived from recent data sets, reflecting the novel pathogen nature of COVID-19. Relevant research 
data sets on COVID-19 included a range of designs to facilitate rapid generation of knowledge and thus included RCTs 
and non-randomised cohort studies. With the lack of widespread testing available early in the pandemic and few data 
sets including data on previously negative participants who subsequently tested positive for COVID-19, evidence 
was mainly available from observational/cohort study designs. Thus, while we had originally aimed to base our meta-
analyses on data from published RCTs (as the highest level of evidence), only 20/116 of eligible contributed data sets 
were RCTs. Where data were available on RCTs, we assessed the quality of these data sets using the MMAT tool (see 
Report Supplementary Material 8).

Ten of 20 RCTs used blinded assessment of outcomes, 11/20 RCTs described concealment of group allocation, and 
17/20 studies described adherence to the assigned intervention. From 43 non-randomised comparator studies, 32 
studies reported that interventions were administered as intended. For qualitative descriptive studies, 44/53 studies 
reported on use of validated outcome assessment instruments/outcomes. Only 3/53 studies reported on piloting the 
use of questionnaires prior to commencing the studies.

Methodological quality of model assessment

The quality of each model was assessed using a GRADE-informed approach, describing imprecision (width of the 
generated CIs, the number of underlying studies contributing to the model and where applicable, the number of 
events for categorical variables), inconsistency (heterogeneity, assessed using the I2 statistic), indirectness (inclusion 
of data on subsets of the COVID-19 population, validity of the assessment instrument to describe the outcome under 
investigation) and publication bias. Thus, the confidence in each model was graded as high, moderate, low or very low, 
depending on the underlying data. Additionally, for each model we provided information on the underlying population, 
to facilitate the application of findings to an appropriate population. These are detailed in our summary of findings 
(Table 29).

Meta-synthesis and risk of bias

Selection bias
PRECIOUS employed broad eligibility criteria to maximise representativeness of the COVID-19 population. Long-term 
outcomes included validated assessment instruments, symptom data, morbidity, mortality, hospitalisation, or discharge 
destination/residence reported beyond 28 days of index COVID-19 infection.

Our systematic review-based identification of data sets yielded 65,296 records, which were screened for eligibility by 
two independent reviewers. Our use of systematic data set identification using a priori eligibility criteria supported 
the identification of data sets that would otherwise may have been difficult to identify; this was supported through 
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TABLE 29 Summary of findings

Evidence gaps •	 Impact of socioeconomic status on outcomes
•	 Impact of ethnicity on long-term outcomes
•	 Outcomes in low-middle-income countries
•	 Impact on specific outcomes: frailty, nutrition, sexual function, resilience and self-efficacy, morning/evening pref-

erence, occupational gaps, smell, pain severity and impact of pain, general health, illness perception, attention and 
alertness, orientation, naming, figure copying and recall, ease of word production, processing speed, verbal learn-
ing, memory and recall, cognitive failures, working memory, executive function, combined anxiety and depression, 
lack of energy, fitness, oxygen consumption, physical activity, exercise tolerance, perception of exercise, impact of 
breathing problems and examination of transfer factor

•	 Impact of interventions on long-term outcomes
•	 Impact on activities and participation outcomes
•	 Impact on social functioning, isolation, social networks and resilience
•	 Impact on healthcare resource use and costs to the healthcare system

Recommendations •	 A need to define and capture an exposed vs. non-exposed population for future pandemic preparedness
•	 A need for methodologies to facilitate rapid development of a core data set for future pandemics that reflects 

both acute and long-term perspectives
•	 Long-term, consistent outcome monitoring for COVID-19 populations and for future pandemics
•	 Standardisation of comorbidity description
•	 Standardisation of symptom definitions
•	 Standardisation of symptom data collection

Outcome domain Who does worse?

QoL domain: phys-
ical functioning

3–6 months
D = 6, IPD = 571
I2 (obesity) = 2.55%
GRADE = low
Population
Median age = 55 years
Male = 46.9%
Hospitalised and ventilated = 7.7%
Increasing age
Women
Obesity 

QoL domain: 
mental health

3–6 months
D = 8, IPD = 794
I2 (sex) = 0.87%
GRADE = low
Population
Median age = 56 years
Male = 50.4%
Hospitalised and ventilated = 6.9%
Women

Overall perception 
of health

3–6 months
D = 3, IPD = 1766
I2 (cardiac conditions) = 0.00%
GRADE = moderate
Population
Median age = 57 years
Male = 28.6%
Hospitalised and ventilated = 10.3%
Increasing age
Increasing BMI
Women
Hospitalisation
Immunosuppression
Cardiac conditions
Lung disease

9–12 months
D = 4, IPD = 2818
I2 (hospitalised) = 0.00%
GRADE = low
Population
Median age = 54 years
Male = 35.6%
Hospitalised and ventilated =  
0.004%
Hospitalisation
Women
Unemployment
Obesity
Immunosuppression
Diabetes
Lung disease
Chronic kidney disease 

12± months
D = 3, IPD = 1932
I2 (mental/behavioural 
disorder) = 0.00%
GRADE = low
Population
Median age = 58.1 years
Male = 34.4%
Hospitalised and ventilated = 8.2%
Hospitalisation
Lower education levels
Mental/behavioural disorders
Immunosuppression
Diabetes
Lung disease
Chronic kidney disease 
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Sleep 3–6 months
D = 3, IPD = 569
I2 (sex) = 0.67%
GRADE = low
Population:
Median age = 59
Male = 64.9%
Hospitalised and ventilated = 5.1%
Women

Multidomain cog-
nitive functioning

3–6 months
D = 2, IPD = 839
I2 (mental/behavioural 
disorders) = 0.00%
GRADE = low
Population
Median age = 49 years
Male = 60.4%
Hospitalised and ventilated = 5.4%
Increasing age
Other ethnicity
Lower education
Mental/behavioural disorders

12+ months
D = 2, IPD = 566
I2 (cardiac conditions) = 55.75%
GRADE = very low
Population
Median age = 59 years
Male = 64.1%
Hospitalised and ventilated = 25.3%
Increasing age
Black, Asian and other ethnicity
Lower education

Anxiety 3–6 months (hospitalised)
D = 5, IPD = 1394
I2 (neurological conditions) = 0.00%
GRADE = low
3–6 months (non-hospitalised)
D = 2, N = 569
I2 (sex) = 13.29%
GRADE = high
Population (hospitalised)
Median age = 59 years
Male = 63.4%
Population (non-hospitalised)
Median age = 47 years
Male = 49.4%
Hospitalised:
Women
Younger age
Lung disease
Neurological conditions
Non-hospitalised:
Women
Circulatory disorders

9–12 months
D = 3, IPD = 1679
I2 (sex) = 1.35%
GRADE = high
Population
Median age = 49
Male = 48.8%
Hospitalised and ventilated = 0.1%
Hospitalised
Women
Lung disease
Unemployed and a smoker

12+ months
D = 4, IPD = 1340
I2 (sex) = 0.00%
GRADE = low
Population
Median age = 49 years
Male = 45.5%
Hospitalised and ventilated = 0%
Hospitalised
Women
Younger age
Non-employment

Depression 3–6 months
D = 3, IPD = 1001
I2 (mental behavioural) 19.12%
GRADE = moderate
Population
Median age = 58 years
Male = 60.8%
Hospitalised and ventilated = 8%
Younger age
Women
Lung disease
Mental/behavioural disorders

9–12 months
IPD = 1722, D = 4
I2 (diabetes) = 0%
GRADE = moderate
Population
Median age = 49 years
Male = 48.8%
Hospitalised and ventilated = 0.1%
Younger age
Women
Non-employment
Diabetes
Cancer
Smoker

12+ months
IPD = 1286, D = 4
I2 (hospitalised) = 0%
GRADE = moderate
Population
Median age = 48 years
Male = 46.7%
Hospitalised and ventilated = 0%
Hospitalised
Women
Obesity
Non-employment
Smoker

TABLE 29 Summary of findings (continued)

continued
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Stress 9–12 months
D = 2, IPD = 1344
I2 (sex) = 0.00%
GRADE = moderate
Population
Median age = 49 years
Male = 49.7%
Hospitalised and ventilated = 0.1%
Smoker
Diabetes
Immunosuppression
Women

12+ months
D = 2, IPD = 698
I2 (sex) = 0.00%
GRADE = moderate
Population
Median age = 48 years
Male = 47.6%
Hospitalised and ventilated = 0%
Women
Smoker
Non-employment

PTSD 3–6 months
D = 5, IPD = 1036
I2 (sex) = 0.00%
GRADE = low
Population
Median age = 60 years
Male= 65.4%
Hospitalised and ventilated = 16.7%
Younger age
Women
Lung disease

Fatigue 3–6 months
D = 3, IPD = 1030
I2 (neurological conditions) = 8.97%.
GRADE = moderate
Population
Median age = 59 years
Male = 60.1%
Hospitalised and ventilated = 8.7%
Younger people
Women
Lung disease
Neurological conditions
Musculoskeletal conditions

9–12 months
D = 5, IPD = 1594
I2 (immunosuppression) = 0.00%.
GRADE = moderate
Population
Median age = 59 years
Male = 52%
Hospitalised and ventilated = 2.9%
Younger people
Women
Immunosuppression
Lung disease

12+ months
D = 2, IPD = 722
I2 (mental/behavioural 
disorder) = 7.94%
GRADE = moderate
Population
Median age = 58 years
Male = 62.7%
Hospitalised and ventilated = 23.6%
Women
Mental/behavioural disorders

Strength 3–6 months
D = 7, IPD = 918
I2 (sex) = 11.34%
GRADE = moderate
Population
Median age = 59 years
Male = 69.2%
Hospitalised and ventilated = 34.5%
Increasing age
Women

Coping with daily 
life

3–6 months
D = 2, IPD = 1086
I2 (lung disease) = 3.46%
GRADE = moderate
Population
Median age = 59 years
Male = 64.4%
Hospitalised and ventilated = 13.3%
Women
Lung disease
Increasing age
Chronic kidney disease
Certain lower education strata

12+ months
D = 2, IPD = 574
I2 (sex) = 0.00%
GRADE = moderate
Population
Median age = 59 years
Male = 64.6%
Hospitalised and ventilated = 27.5%
Increasing age
Women
Certain lower education strata

TABLE 29 Summary of findings (continued)
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Walking ability 3–6 months
D = 6, IPD = 567
I2 (cardiac conditions) = 0.00%
GRADE = low
Population
Median age = 57 years
Male = 59.8%
Hospitalised and ventilated = 23.9%
Increasing age
Women
Increasing BMI
Cardiac conditions
Lung disease
Women without cardiac conditions

Mobility 3–6 months
D = 2, IPD = 1080
I2 (neurological conditions) = 0.00%
GRADE = moderate
Population
Median age = 59 years
Male = 61.3%
Hospitalised and ventilated = 8.9%
Increasing age
Women
Lung disease
Chronic kidney disease
Neurological conditions
Musculoskeletal conditions
Diabetes

Breathlessness 3–6 months
D = 3, IPD = 744
I2 (sex) = 4.59%
GRADE = moderate
Population
Median age = 52 years
Male = 52.8%
Hospitalised and ventilated = 11.6%
Increasing COVID-19 severity
Lung disease
Immunosuppression
Women
Obesity

9–12 months
D = 3, IPD = 1277
I2 (sex) = 0.00%
GRADE = moderate
Population
Median age = 49 years
Male = 48.9%
Hospitalised and ventilated = 0.1%
Increasing age
Increasing age + lung disease
Obesity
Women
Hospitalisation
Circulatory disorders
Immunosuppression

12+ months
D = 3, IPD = 655
I2 (based on sex) = 0.00%
GRADE = moderate
Population
Median age = 48 years
Male = 47.6%
Hospitalised and ventilated = 0%
Increasing age
Hospitalisation
Obesity
Circulatory disorder
Women

Mortality Hospitalised non-ventilated
D = 5, IPD = 5027
I2 (sex) = 18.1%
GRADE = moderate
Population (hospitalised 
non-ventilated)
Median age = 64
Male = 57.6%
Increasing age
Men
Cancer
Chronic kidney disease
Dementia/Alzheimer’s
Lung disease

Hospitalised and ventilated
D = 9 IPD = 969
I2 (liver disease) = 21.1%
GRADE = moderate
Population (hospitalised and 
ventilated)
Median age = 64
Male = 70.8%
Increasing age
Men
Diabetes
Chronic kidney disease
Liver disease

TABLE 29 Summary of findings (continued)

continued
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Later 
hospitalisation

D = 2, IPD = 1336
I2 = 0%
GRADE = moderate
Population
Median age = 61 years
Male = 56.9%
Hospitalised and ventilated = 11.8%
Increasing age
Cerebrovascular disease
Diabetes
Chronic kidney disease
Cancer
Current smokers

Return to 
work/school

D = 2, IPD = 844
I2 = 44.4%
GRADE = very low
Population
Median age = 59
Male = 66.4%
Hospitalised and ventilated = 17.3%
Increasing age
Women

Affected ability to 
work/adjustments 
required

D = 4, IPD = 513
I2 = 90%
GRADE = low
Population
Median age = 53 years
Male = 29.7%
Hospitalised and ventilated = 12.3%
Younger age

HRQoL EuroQoL-derived model 1
D = 11, IPD = 7880
I2 = 29.99%
GRADE = moderate
Population
Median age = 55 years
Male = 36%
Hospitalised and ventilated = 15.3%
Women
COVID exposure
Hospitalisation
Ventilation
Up to 7 months after infection

EuroQoL-derived model 2
D = 6, IPD = 4642
I2 = 26.44%
GRADE = moderate
Population
Median age = 54 years
Male = 31%
Hospitalised and ventilated = 4%
Women
COVID-19 exposure
Hospitalisation
Diabetes
Obesity
Lung disease
Chronic kidney disease
Lower education status
Non-employment
Smoking history
Up to 7 months after infection

SF-36-derived model
D = 5, IPD = 958
I2 = 18.6%
GRADE = moderate
Population
Median age = 58 years
Male = 54%
Hospitalised = 52%
Women
Increasing age
Hospitalisation
Ventilation

TABLE 29 Summary of findings (continued)
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investigation of grey literature and inclusion of data sets available in the public domain. This reduced the risk of 
selection bias.

Study PIs identified in our systematic searching were invited to contribute data sets. Being a novel pathogen, we did 
not have an established COVID-19 research network to facilitate communication; only two data contributors had prior 
collaborations with the PRECIOUS PI.

Our use of a priori eligibility criteria (see Table 1) was reflective of our research questions, available data sets and 
methods of data collection. Early in the pandemic, COVID-19 testing was not routinely available. We therefore 
accepted data sets that used symptom-based diagnosis of COVID-19. Exclusions were data that were qualitative, 
healthcare processes, insufficient IPD and paediatric populations. No language, country, recruitment date, or setting 
exclusions were applied.

Data set identification and selection; availability bias
We aimed to identify all potentially available data sets for inclusion in PRECIOUS. This was reflected in our inclusive 
search strategy (see Appendix 1) which included public domain data sets and grey literature. Of 1682 data sets where 
IPD were sought, 340 met the eligibility criteria, 224 did not provide eligible data; 1354 data sets could not be included 
in the database due to no response (n = 1099), declined participation (n = 82), ineligibility (n = 3) or other reasons 
(n = 158). Inclusion of these data sets would have strengthened our analyses, potentially permitting examination of 
outcome domains where we lacked data, examination of participant subgroups or time points. Nevertheless, the data 
sets and IPD that were collated to support the analyses conducted in PRECIOUS permitted us to examine each of our 
proposed research questions and highlighted important factors associated with long-term outcomes.

We noted that contributed data were derived predominantly from high-income countries (77 data sets, IPD = 49,134) 
with well-developed healthcare systems; further data are needed on low- and lower-middle-income countries (lower-
middle-income countries included in 12 data sets, IPD = 2746).

Availability bias
Data were contributed from 6.9% of invited studies. This was reflective of the vast scope and volume of COVID-
19 research to date, the initial priority to reduce mortality and transmission, and within the context of an ongoing 
pandemic, where many researchers were often active healthcare professionals. As our study was focused on long-term 
outcomes, it is possible that many studies that were reporting on long-term outcomes were unavailable at the time 
of our systematic search. Nevertheless, we were able to analyse data from more than 62,000 IPD, in 37 different 
multivariable models and describing outcomes across a range of domains.

Detection bias
Detection bias refers to potential bias arising from differences in the methods, rigour or criteria by which outcomes 
are determined across the data sets.319 In PRECIOUS, COVID-positivity was described using antibody tests, clinical 
diagnosis, PCR or serology tests (combined category), or PCR/antigen-based methods (combined category). As 
widespread testing was not available at the start of the pandemic, we accepted clinical/symptom-based diagnosis of 
COVID-19. Clinicians and researchers in our investigative and wider collaborative groups discussed the various testing 
and diagnosis methods and agreed on the above categorisation. Additional communication with contributing PIs 
reassured the investigative team of the COVID-positive diagnoses within each data set.

Additionally, outcomes of interest were described using a range of methods. Data were excluded from analyses where 
assessments included a non-validated questionnaire, or categorical data that could not be aggregated with other 
similar measurement instruments using our algorithm. Thus, only data from validated assessment instruments were 
standardised and included in analyses. While we had specified in our protocol that we would consider examination 
of detection bias, in practice, this would only have been possible where COVID-19 interventions had been present in 
sufficient numbers and remained significantly associated with outcomes at multivariable level. As this was not the case 
in our analyses, we did not examine detection bias as it was not applicable to our analyses.
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Performance bias
Similarly, performance bias refers to systematic differences in the care/interventions provided between groups.320 As 
the impact of interventions could not be fully examined in our study, we did not assess performance bias.

Attrition bias
Across PRECIOUS, data were derived from COVID-19 studies with different aims, across a range of settings and including 
different conditions. Many studies within PRECIOUS reported on a single follow-up outcome data point per participant. 
Therefore, reporting the attrition data with respect to a data set or specific outcomes was not possible. Limited availability 
of repeated-measures data contributed to our decision to examine outcomes at static follow-up time points, rather than 
analysing longitudinal outcomes, which would have been more informative. Some studies were observed to have potential 
follow-up bias with follow-up focused on selected populations, for example, those in whom symptoms persisted, or in 
whom particular symptoms warranted specialist investigation. Nevertheless, for RCTs, follow-up ranged between 54.1% 
and 100% of participants, with 11/20 RCTs reporting on 100% of participants at follow-up. Median follow-up times for 
each outcome domain of are described in Table 2. For non-randomised studies, follow-up ranged between 43.2% and 
100% of participants, with 20/43 non-RCTs reporting on 100% of participants at follow-up. For qualitative descriptive 
studies, 24/53 were described as having low risk of non-response bias. For the purposes of RoB analyses, we applied 
the recommended 30% allowance for dropout in long-term outcome studies;321 thus, studies that completed long-term 
follow-up in at least 70% of participants were awarded the highest level of judgement.

Data extraction
We employed double data extraction, with checking of data set summaries, outputs and RoB by each contributing PI. 
The PPI, co-applicant and wider collaborative groups informed development and categorisation of each assessment 
instrument under a broad outcome domain, strengthening the robustness of our analyses.

Analysis and model quality
Individual/primary study quality was apprised using MMAT (see Report Supplementary Material 8) and model quality was 
informed by GRADE (see Report Supplementary Material 69, Tables a-t). RoB and appraisal of models were completed 
by two independent investigators and cross-checked by each contributing PI. All generated models were generally 
of moderate (22/37 models) or low (11/37 models) quality with ratings most commonly downgraded due to wide 
confidence limits (imprecision) and inclusion of selected participant groups (indirectness).

Synthesis and examination of results
The PRECIOUS study commenced in the context of the rapid and parallel implementation of several initiatives to collect 
data on the COVID-19 population. There was a high risk of uncoordinated data collection, lack of overlap in common 
data elements322 and use of diverse definitions of COVID-positive participants. Such issues are common across health 
and social care research, and limit the ability to compare research findings across different studies and meta-analyses to 
inform evidence-based decision-making.139 We mitigated some of these issues through use of existing frameworks to 
classify outcomes (e.g. ICF111,112), categorisation of comorbidities according to the ICD-10,323 and using an existing core 
outcome set to inform reporting of outcomes.138,139

Data synthesis
Data contributed to PRECIOUS were representative of the wider COVID-19 population and included hospitalised 
participants, those requiring ventilation, and those who were not hospitalised. Settings included hospitals, outpatient 
clinics, community and mixed settings across 40 countries, representing a range of personal socioeconomic status, 
employment status and incomes. For each analysis, we used a one-stage meta-analysis approach, on data that met our 
prespecified eligibility criteria of at least 2 data sets and > 500 IPD. Models reflected appropriate subgroups, where 
analyses indicated an interaction between certain variables.

Heterogeneity

Heterogeneity between studies included in each model was assessed using the I2 statistic and for 34/37 models were 
deemed to be low.305 Where heterogeneity was moderate or high, we identified these as research areas in need of 
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further evidence. Data sets were most commonly hospital- (58 data sets, IPD = 22,527) or community-based (36 data 
sets, IPD = 31,373). While 33,230 (52.9%) were COVID-positive at primary study enrolment, 6128 (9.8%) had COVID-
19 prior to primary study enrolment. Thus, we included a mix of mild and moderate–severe COVID-19 infection, 
including both acute and chronic populations.

Missing data

Where possible, we liaised with contributing trialists to ascertain missing data items. Where appropriate, these were 
imputed into analyses data sets and reviewed by contributing PIs. Analyses were based on complete cases.

Publication and other bias

We included published and unpublished data sets; use of funnel plots was inappropriate for our purposes. Seventeen 
of 20 RCTs were published and 1 was available as a pre-print; 35/43 non-randomised comparison studies and 50/53 
qualitative descriptive studies were published.

Modelling
The model was checked with respect to the addition and removal of variables by comparing the size and CIs of the 
variables that were already in the model with those in the next step, to ensure that they remained independent of the 
new variable, and were not affected by the loss of data sets.

Summary

Models generated in the PRECIOUS outcomes analyses were of moderate or low quality based on GRADE-informed 
assessment (see Report Supplementary Material 69, Tables a–t). We mitigated common issues with selection, availability, 
data collection, study quality assessment and data synthesis bias. We observed low statistical heterogeneity in all but 
3 models.
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Chapter 16 Discussion

Summary of findings

A summary of research findings related to long-term COVID-19 outcomes is described in Table 29. Below we discuss 
our key findings and recommendations.

Representation in the PRECIOUS database
Following a systematic identification of data sets, we amassed data from 116 studies, totalling more than 62,000 IPD. 
Data were derived from both hospital-based and community settings from across 40 countries, reflecting a range of 
COVID-19 severities. Data were heavily weighted towards cohort study design, with only 20 RCTs included in the 
database. In intervention trials, investigative agents were primarily pharmacological in nature with only selected studies 
describing rehabilitation approaches. As a result, there were insufficient data to fully examine the impact of specific 
interventions on long-term COVID-19 outcomes. We documented 137 different outcome measurement instruments 
and 158 unique symptoms related to COVID-19.

Evidence gaps in outcome assessment
Available outcomes were weighted heavily to the body function domain of the ICF. Data captured in a single data set, 
where follow-up was conducted before 3 months, where the format of the data prevented aggregation and analyses, or 
in insufficient numbers to permit covariate-adjusted meta-analyses are detailed in Table 29. Thus, while our inventory 
indicated that relevant data were present, these data did not meet the threshold for meta-analysis and represent an 
evidence gap in PRECIOUS.

Beyond the outcome measurement instruments described and meta-analysed in PRECIOUS, we lacked data on 
social functioning, isolation, social networks and resilience. Societal participation is associated with enhanced 
sense of identity, improved sense of value, belonging, and a sense of belonging within a community.324 As such, the 
improvement of societal participation has been highlighted as an important target for healthcare professionals.325 
The impact of enforced restrictions on individuals’ movements and the need for social distancing on psychosocial 
health is yet to be fully elucidated.326 The negative effects of home confinement on societal participation were 
previously found to be associated with lower satisfaction with life.326 While data on overall perception of health 
were widely available within PRECIOUS, we were unable to investigate corresponding links with measures of 
societal participation.

In particular, the impact of COVID-19 on societal participation in the elderly should be examined further, as this 
population may be especially vulnerable as they are less likely to be in regular contact with others through activities 
such as employment.327 Furthermore, home confinement has been found to impact on physical activity levels,328 
sleep,329 diet328 and emotional disorders. While data were available in PRECIOUS on physical activity, this was 
in insufficient quantity to permit meta-analysis. Similarly, data on nutrition (captured using the Mini Nutritional 
Assessment Short Form) were only available in a single included data set and, therefore, could not be analysed further. 
These represent further evidence gaps that should be examined in future research.

Across each of the domains examined, we described factors associated with poorer outcomes in the COVID-19 
population. Where data permitted, we included COVID-19 positivity at study inclusion as a covariate in adjusted 
analyses; however, in most cases, analyses were based on only those with COVID-19. Long-term comparison 
studies are required to fully elucidate differences in outcomes between COVID-positive and -negative populations.

Data on healthcare resource use beyond the initial COVID-19 episode were restricted to data on later hospitalisations. 
The lack of data precluded the calculation of costs associated with the longer-term outcomes of COVID-19 for 
healthcare systems.
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Impact of COVID-19 on outcomes

Across many domains of assessment, we observed similar vulnerable populations that had consistently poorer 
long-term outcomes after COVID-19 infection; those hospitalised, those with diabetes, lung disease, chronic kidney 
disease, immunosuppression and obesity. Such populations with pre-existing and ongoing health conditions are often 
subjected to disrupted routine care, overburdened health systems330 and the impact of lockdowns, which may delay 
detection of, and exacerbate potential complications.331,332 Vulnerable populations333 have been found to experience 
significant impacts on long-term QoL, anxiety, depression, stress, PTSD, fatigue, ability to cope with daily life, mobility, 
breathlessness, mortality, rehospitalisation and overall health valuation. Many such vulnerable populations in our 
analysis were later hospitalised (e.g. those with a history of smoking, presence of cerebrovascular disease, diabetes, 
chronic kidney disease, increasing age and cancer). With notable increases in the cost of COVID inpatient care (from 
US$10,394 in March 2020 to US$13,072 in March 2022),334 and significant burden on health systems worldwide, 
preventative measures and improved routine care are needed. Our findings support the need to increase resource for 
the long-term physical and mental impacts of COVID-19.330

We also observed a disproportionate impact on poorer long-term outcomes in women when compared with men. 
We noted an increased mortality risk in men when compared to women. This may indicate that, as with many other 
health conditions,335 men may be more likely to die, while the burden of long-term impairments impacts women, as 
more women survive. Despite this, we observed that when adjusting for sex and other demographic factors, women 
had poorer overall perception of health (3–6 months and 9–12 months), worse anxiety, depression, stress, PTSD 
(3–6 months), fatigue, ability of cope with daily life (3–6 months, 12+ months), breathlessness and lower HRQoL 
compared with men.

Existing work has highlighted a disproportionate impact of COVID-19 on women including on carers, single mothers, 
those with chronic health conditions, income and employment and those from ethnic minority backgrounds.336 
Postulated mechanisms of impact include family and relationship dynamics, working conditions, loss of income and 
unemployment, or changes to employment status.336

Furthermore, existing literature has highlighted that COVID-19 has exacerbated existing inequalities.157,289,337 Good 
population health and financial security that is equitably distributed across all members of society330 is critical to 
successful navigation of the next pandemic. The British Medical Association recommends that pandemic recovery 
efforts should take into account groups who were disproportionately affected by reduced access to care.330 We 
identified such populations and our analyses included measures of socioeconomic status such as employment and 
education level and their impacts on long-term outcomes where these were available. Socioeconomic status has a 
direct impact on health outcomes, health literacy,152 resilience338 and everyday life. It is therefore an important measure 
that should be captured in health research. However, measurement of socioeconomic status is complex, with a range 
of different markers such as race,339 the IMD, income amount and neighbourhood disadvantage339 being indicative of 
poorer outcomes. A uniform method to characterise socioeconomic status would be beneficial for use in future studies.

COVID-19 disrupted routine care and overburdened health systems; delivery of non-COVID care became challenging, 
resulting in unmet needs.339 Lockdowns and social restrictions affected mental health. Based on our analyses, we set out 
further recommendations for research.

Strengths

Our study has several strengths. We employed a systematic search to identify potential data sets with COVID-19 long-
term outcomes. We did not restrict our search to any particular outcome assessment, but included use of any validated 
assessment instrument that could be linked to the ICF, presence of post-COVID complications, rehospitalisation, 
resource use, discharge destinations or mortality. Thus, we were able to combine and categorise a breadth of 
outcomes across a range of different domains. Our use of systematically sourced IPD increased sample sizes, reduced 
research waste and reduced the risk of ecological bias (with no additional burden on COVID-19 survivors). We built a 
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collaboration of more than 100 COVID-19 researchers across acute respiratory care, infectious diseases, neurology, 
rehabilitation and internal medicine. Analysis of IPD facilitated the identification of clinically relevant interactions and 
specific clinical populations than could be found with aggregated data alone, which in turn can inform the development, 
and implementation of timely rehabilitation and social care approaches.

Data represented 40 countries, including a range of incomes, socioeconomic status, and demography and healthcare 
resources and contexts. Analyses included complete cases, adjusting for confounding variables such as comorbidities, 
and included more than 1 data set and > 500 IPD for each model, lending strength to the findings. Data items that were 
selected for inclusion in the analysis data set were informed by the core outcome sets developed by Munblit et al.139 
These consensus efforts concluded that further work was needed to establish which assessment instruments were 
most appropriate to measure the core outcomes. PRECIOUS offers data presented according to the most commonly 
used assessment instruments within each overarching outcome domain and could inform decisions on the appropriate 
assessment instruments that should be used to measure the core outcomes.

Limitations

Our study had several limitations. Data were primarily from high-income countries; further data are needed that 
reflect lower-middle and lower-income countries. Literature has established the impact of COVID-19 on different 
ethnicities.130–132 While we endeavoured to include ethnicity in adjusted analyses, often sample sizes for different ethnic 
groups were insufficient to permit reliable interpretation of results. Use of existing data sets limits analyses to those 
variables that were already included in the primary studies.

The unprecedented volume of published COVID-19 literature, the unstable clinical trials platforms coupled with the 
lack of reported time frames for outcome measures in many of the papers mean that it is likely that we will have 
missed some potentially relevant studies. Additionally, the shift from immediate COVID-19 priorities of reducing 
transmission and mortality to examination of the long-term impact of COVID-19 meant that some studies with 
longer-term follow-up may not have been published at the time of our systematic search. These newer studies may 
contain additional data of relevance to PRECIOUS. A majority of data sets within PRECIOUS recruited participants in 
2020, where widespread testing was not commonplace. Nevertheless, we were able to confirm COVID positivity using 
confirmed PCR tests or through symptom onset data. Data were also not readily available on whether participants who 
initially tested negative for COVID-19 then developed COVID-19 test positivity during the course of follow-up. Further 
data are needed on a confirmed COVID-negative population.

Additionally, while we systematically searched for potentially eligible data sets, we were only able to secure the 
contribution of 6.9% of available data sets. This forms a small proportion of potentially available data sets. We 
acknowledge the challenges involved with systematic identification of data sets, particularly due to the volume 
of COVID-19 studies that were being published, as well as the limited indexing systems through which to identify 
potential data sets. Nevertheless, we amassed data on more than 62,000 participants from 116 studies, thereby greatly 
contributing to the available body of evidence.

We were unable to examine long-term costs associated with COVID-19 as data on resource use were primarily 
collected in an acute setting. Potential cost data could have been inferred from sources such as rehospitalisation or 
later hospitalisation, data on loss of income or later use of primary care and support services; however, these data 
were either not available or could not be aggregated. For example, occupational data were present, but not in sufficient 
quantity or detail to permit calculations of loss of income. This lack of long-term data represents a key research need.

Statistical considerations
Unfortunately, the data we received from our collaborators had very few patients with no exposure to COVID. Of the 
62,845 patients, from 116 studies, 33,230 (53%) were confirmed positive at baseline; 6128 (10%) were negative, but 
had had prior COVID; 4577 (7%) were negative with unknown prior COVID and 18,810 (30%) had unknown COVID 
status. Much of our data came from the early days of the pandemic, when the aim was to treat, rather than explore 
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the natural history of the disease. Attempts to compare groups under the assumption that ‘unknown’ was ‘not COVID’ 
would have resulted in too many caveats to permit informative analyses.

Potential analysis methods could have included calculation of relative risk or hazard ratio. However, the majority of 
outcomes for the measurement types were continuous variables, a majority of which did not have validated thresholds 
by which we could easily compare proportions by group/exposure. Thus, relative risk was not a useable option. In 
those few cases where data could be summarised as a proportion, ORs were used, as relative risk with covariates is 
computationally complex, particularly for meta-analysis. The continuous data were often right or left skewed, and in 
order to get a reasonably symmetric distribution, the natural log of the score was applied (either positively or negatively, 
depending on the direction of the tail). Thus, when the data were meta-analysed, the ratio of difference was presented. 
Those rare outcomes that did not require transformation to then are reported as actual differences. Similarly, time-to-
event data were not available, as the event (COVID) had already happened, and the majority of outcome measures were 
continuous and could not be considered as events. Time itself was also difficult, with some very short-term studies and 
some long-term studies; many studies reported follow-up time periods, rather than actual time since start of study. For 
example, several studies reported the follow-up time point as ‘1 month’, but actually meant 1 month ±1 week, so we 
had no precise data for a many of participants.

Ratio of difference was used when the continuous data were not symmetric. Actual differences were reported in the 
cases that had non-skew data, but these were rare. Very few metrics of QoL were binary within our study, and those 
that were could not be used as they could not be fit to the transformation anchor measure.

Data were often sparse, with studies usually having baseline (i.e. first visit within the trial, rather than baseline as in 
the patient’s normal status) and one follow-up time point. Occasionally, only baseline data were available, and were 
not necessarily taken at study entry. Therefore, we decided against any form of repeated-measures analysis, as the 
covariance matrix would be sparse and likely struggle to converge. In order to explore early, medium and late effects, 
the data were split by time and analysed separately. The rare patients who had more than one data point within a time 
period had the average taken.

A one-stage versus two-stage modelling approach was considered, whereby the potential impact of combining our IPD 
results with reported results of identified studies that address the research question but did not provide IPD could be 
examined. However, resources did not permit additional analyses beyond the vast number of models already completed. 
The data are available for future research, and this could be examined separately.

Patient and public involvement

Involvement of PPI in PRECIOUS, including aims, recruitment, group composition, tasks and reflections, is described 
in Chapter 2. Chapters 3–14 reflect PPI-informed decisions. Five PPI meetings were held during the research period. 
All were online meetings with the first meeting serving as an introduction to the project. PPI group members were 
instrumental in contributing to decisions on which ICF categories COVID-19-related outcomes related to and provided 
meaningful suggestions on the language used for outcomes. They read and provided comments on the papers 
produced, and suggested formatting, outcome summaries and posters to make the information more accessible and 
meaningful to the lay audience. Their input was essential in ensuring that the output of the research was valuable to 
them in relation to their lived experience of COVID-19.

Reflections/critical perspective
We started with eight PPI group members, and this had reduced to five by the end of a 2-year period. There was no 
further contact with those who left before the end of the project, despite attempts to make contact with them. From 
the evaluation, time was built in for PPI members to get to know each other and share their experience of COVID-
19. An evaluation of PPI group member experience of the first two meetings indicated that the PPI members felt 
comfortable sharing their thoughts and that they felt listened to. There was uncertainty on whether their contributions 
affected change to the project.
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From the first meeting, expectations of the PPI members were clarified as the IPD meta-analysis methodology had 
already been established. All had been involved in previous research and possibly had input into the design. There 
was also new learning through the need to become familiar with the ICF framework and how it related to COVID-19 
outcomes. Early contributions included comments on papers and providing opinion on outcome classifications, but by 
the fifth meeting, this had developed into drafting summary and poster formats and providing comment on the impact 
that some outcomes may have on sections of the audience, for example the outcome that women experienced greater 
anxiety than men and emphasising the need for some meaning to be behind some of these outcomes. Our project was 
conducted during the pandemic, where meeting face-to-face was prohibitive. We endeavoured to include a wide range 
of people in our PPI group; however, this was inevitably restricted to those versed in PPI participation and who had 
access to the technology to enable them to participate in virtual meetings. This is a limitation to our PPI.

Equality, diversity and inclusion

Language and terminology used in PRECIOUS were reviewed and refined by our PPI group to ensure that concepts 
and reporting were understandable and informative. We also sought IPD from a wide range of studies, employing no 
language restrictions in our systematic search. We included data from 40 countries, from community, hospital-based 
and mixed settings, as well as those that were focused on specific subpopulations of people with COVID-19, thereby 
increasing representation. We extracted data on settings and populations and presented assessments of evidence 
quality for each model. We additionally provided information on the number of data sets, IPD, median age, proportion 
of men and women, and proportion who were initially hospitalised, thereby providing an indication of the population 
on whom evidence is based, to inform appropriate application of our findings. We inventoried all available outcome 
assessments and the time points at which data were available. We identified gaps in available evidence and highlighted 
areas were more data were needed.

Our research team also reflected EDI, including people with lived experience of COVID-19, experienced, mid-career and 
early-career researchers; development opportunities were identified and supported through mentorship.

Implications

The UK House of Commons Health and Social Care Committee reported on lessons learnt from the COVID-19 
pandemic, highlighting the narrow focus of the UK’s pandemic planning that did not take into account lessons from 
severe acute respiratory syndrome, Ebola and Middle Eastern Respiratory Syndrome. Additionally, the lack of data 
gathered and shared in the UK was highlighted as a major issue limiting adequate planning.340 The PRECIOUS database 
is a resource with which to inform future pandemic planning.

Decision-makers may be interested in our finding of consistently poorer long-term outcomes in women, compared with 
men, and in those with existing comorbidities, compared to those without certain comorbidities. We also observed 
signals of the impact of socioeconomic status such as employment and education level on certain outcomes. Thus, 
vulnerable populations and those with poorer health outcomes due to inequity may benefit from additional support.

Research recommendations

Recommendations emerging from PRECIOUS include:

•	 A need to define and capture an exposed versus non-exposed population for future pandemic preparedness.
•	 A need for methodologies to facilitate rapid development of a core data set for future pandemics that reflects both 

acute and long-term perspectives.
•	 Long-term, consistent outcome monitoring for COVID-19 populations and for future pandemics.
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•	 Inclusion of ethnicity and socioeconomic status variables in a core data set and inclusion in future analysis.
•	 Description of existing comorbidities should be collected using a standard language, for example by ICD-10323 and 

included in a core data set.
•	 Further data that represent low-middle income countries as well as a wider range of ethnicities to enable 

examination of ethnicity differences in long-term outcomes.
•	 Standardisation of symptom data with respect to specific items to include in data collection, and standard definitions 

that can be applied internationally.
•	 Aspects of long-term mental health including mental distress, affective-emotional aspects, cognitive-evaluative 

dimensions and psychological functioning, and sleep disturbances require further investigation in the context of 
COVID-19.

•	 Further analyses of specific domains of cognitive functioning are warranted, including on executive function, naming, 
memory/recall, attention, language, abstraction and orientation.

•	 Continued screening of people who have had COVID-19, and who have a subclinical score on cognitive functioning 
may be beneficial.

•	 Further characterisation of the apparent associations between socioeconomic status, anxiety, depression, stress and 
PTSD in the context of COVID-19 may further highlight populations requiring support.

•	 The greater impact of fatigue on younger people may warrant further support in this population as it may have 
implications for overall functioning, work and QoL.

•	 Additional strength data at longer-term follow-up time points are needed, along with in-depth availability of 
covariates to fully examine post-COVID strength outcomes.

•	 The role of socioeconomic status on ability to cope with daily life warrants further investigation.
•	 Targeted examination of the impact of poor ability to complete ADLs, exercise tolerance, perception of exercise, 

peak performance and fitness, as clinical measures in isolation on functioning and impact on daily life.
•	 Time to recovery should be captured not just for the COVID-19 clinical population but also for the 

long-COVID population.
•	 It is known that vaccinations reduced mortality.291 Further research is needed to examine the impact of vaccination 

on long-term outcomes.
•	 Description of length of recovery from index COVID-19, development of long-COVID and time to recovery from 

long-COVID as per Gorst et al.,138 should be routinely collected.
•	 Further research is needed on the impact of interventions on long-term outcomes.
•	 Data are needed on the cost of not returning to work; this requires pre- and post-COVID employment status and 

occupation data to be collected.
•	 Additional areas of future work that have been identified include the long-term consequences by variant, and 

lessons for management of long-COVID from other viral diseases (e.g. Epstein-Barr virus).

Impact and learning

Lay summaries and posters of our main findings have been generated by our PPI group, and will be available on the 
PRECIOUS website (www.preciouscovidoutcomes.org). PPI-informed accessible findings will be shared with clinical and 
AHP leads at health board level, research advisory groups, COVID-19 Mutual Aid & PPI groups, COVID-19 Twitter (e.g. 
@COVIDSolidarity, @COVID-Rehab #LongCovid; #COVIDPersistente), Royal Colleges of Nursing, Physicians, Surgeons, 
Speech and Language Therapists, Ophthalmology, Occupational Therapists, Chartered Society of Physiotherapists, 
British Psychological Society, Rehabilitation Workers’ Professional Network and Health and Social Care Alliance. Our 
dissemination strategy also includes publication of our findings across at least five papers in peer-reviewed journals.

Areas of learning have been highlighted in the recommendations above; these form the basis of future plans to examine 
the impact on societal participation, isolation and mental health outcomes and issues surrounding return to work in a 
further IPD meta-analysis. We will seek to expand on the existing PRECIOUS database to address these research areas. 
Further, data from the PRECIOUS database will be made available upon application, for novel exploratory analyses and 
future pandemic planning.

www.preciouscovidoutcomes.org
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Conclusions

Effective rehabilitation after COVID-19 requires a whole-person approach, considering impacts on a range of outcomes. 
We provide data on a clinically relevant population, including hospitalised and community-based participants. We 
comprehensively mapped available outcomes using the ICF framework, and generated evidence to inform rehabilitation 
needs. We identified particularly vulnerable populations who may benefit from support or early intervention.
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Appendix 1 Search strategy
The core search strategy consisted of coronavirus (COVID-19) terms (see lines 1–11 below) and a relevant study 
design filter to locate systematic reviews and meta-analyses for step 1 (see search strings) and another filter to 
identify randomised controlled trials for step 2 [(37)]. Our searches were peer reviewed in accordance with PRESS 
guidelines (38).

1.	 coronavirus/ or betacoronavirus/ or betacoronavirus 1/ or middle east respiratory syndrome coronavirus/ or sars 
virus/

2.	 coronavirus infections/ or severe acute respiratory syndrome/
3.	 (coronavirus$ or corona virus$ or OC43 or NL63 or 229E or HKU1 or HCoV$ or ncov$ or covid$ or sars-cov$ or 

sarscov$ or Sars-coronavirus$ or Severe Acute Respiratory Syndrome Coronavirus$).mp.
4.	 1 or 2 or 3
5.	 (20191$ or 202$).dp. or 20191117 : 20301231.(ep).
6.	 4 and 5
7.	 sars-cov-2/ or covid-19/
8.	 (2019-ncov or ncov19 or ncov-19 or 2019-novel CoV or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus$ or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or coronavirus$ or corona virus or Pan-
demi$2)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic$2)) or (coronavirus$ and pneumo-
nia)).mp.

9.	 COVID-19.rx,px,ox. or severe acute respiratory syndrome coronavirus 2.os.
10.	 7 or 8 or 9
11.	 6 or 10

Step 1: Search strings

Cochrane Database of Systematic Reviews Issue 7 of 12 July 2021 (last searched 15 July 2021) n = 42

#1	 MeSH descriptor: [Coronavirus] this term only
#2	 MeSH descriptor: [Betacoronavirus] this term only
#3	 MeSH descriptor: [Betacoronavirus 1] this term only
#4	 MeSH descriptor: [Middle East Respiratory Syndrome Coronavirus] this term only
#5	 MeSH descriptor: [Middle East Respiratory Syndrome Coronavirus] this term only
#6	 MeSH descriptor: [Coronavirus Infections] this term only
#7	 MeSH descriptor: [Coronavirus Infections] this term only
#8	 (coronavirus* or corona virus* or OC43 or NL63 or 229E or HKU1 or HCoV* or ncov* or covid* or sars-cov* or 

sarscov* or Sars-coronavirus* or Severe Acute Respiratory Syndrome Coronavirus*):ti,ab,kw (Word variations have 
been searched)

#9	 {or #1-#8} with Cochrane Library publication date from Oct 2019 to present
#10	MeSH descriptor: [COVID-19] this term only
#11	MeSH descriptor: [SARS-CoV-2] explode all trees
#12	(“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or covid-19 or 
covid 2019 or ((novel or new or nouveau) near/2 (CoV or nCoV or covid or coronavirus* or corona virus or pan-
demi*)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneumo-
nia)):ti,ab,kw

#13	{or #9-#12}
#14	#9 OR #13
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Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations, Daily and 
Versions(R) 1946 to 13 July 2021 (“NOT Children” filter added; last searched 15 July 2021) (n = 3547)

1.	 coronavirus/ or betacoronavirus/ or betacoronavirus 1/ or middle east respiratory syndrome coronavirus/ or sars 
virus/

2.	 coronavirus infections/ or severe acute respiratory syndrome/
3.	 (coronavirus$ or corona virus$ or OC43 or NL63 or 229E or HKU1 or HCoV$ or ncov$ or covid$ or sars-cov$ or 

sarscov$ or Sars-coronavirus$ or Severe Acute Respiratory Syndrome Coronavirus$).mp.
4.	 1 or 2 or 3
5.	 (20191$ or 202$).dp. or 20191117 : 20301231.(ep).
6.	 4 and 5
7.	 sars-cov-2/ or covid-19/
8.	 (2019-ncov or ncov19 or ncov-19 or 2019-novel CoV or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus$ or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or coronavirus$ or corona virus or Pan-
demi$2)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic$2)) or (coronavirus$ and pneumo-
nia)).mp.

9.	 COVID-19.rx,px,ox. or severe acute respiratory syndrome coronavirus 2.os.
10.	 7 or 8 or 9
11.	 6 or 10
12.	 meta-analysis/ or “systematic review”/
13.	 systematic reviews as topic/
14.	 exp meta-analysis as topic/
15.	 (meta analy$ or metaanaly$ or meta synthes$).ti.
16.	 (systematic adj3 (review$1 or overview$1)).ti.
17.	 or/12-16
18.	 exp animals/ not humans.sh.
19.	 17 and 11
20.	 19 not 18
21.	 exp Adolescent/
22.	 exp Child/
23.	 exp Infant/
24.	 exp Minors/
25.	 exp Pediatrics/
26.	 exp Puberty/
27.	 exp Schools/
28.	 (baby$ or babies or infant$ or infancy or neonat$ or newborn$ or postmatur$ or prematur$ or preterm$).ti.
29.	 (boy$ or girl$ or teen$).ti.
30.	 (child$ or kid or kids or preschool$ or school age$ or schoolchild$ or toddler$).ti.
31.	 (elementary school$ or high school$ or highschool$ or kindergar$ or nursery school$ or primary school$ or sec-

ondary school$).ti.
32.	 minors$.ti.
33.	 (paediatric$ or peadiatric$ or pediatric$).ti.
34.	 (prepubescen$ or pubescen$ or pubert$).ti.
35.	 (youth or adolescen$).ti.
36.	 or/21-35
37.	 20 not 36

EMBASE 1980 to 2021 Week 27 (last searched 15 July 2021) (n = 6812)

1.	 betacoronavirus/ or coronavirinae/ or betacoronavirus 1/ or middle east respiratory syndrome coronavirus/ or 
sars-related coronavirus/

2.	 coronavirus infection/ or severe acute respiratory syndrome/
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3.	 (coronavirus$ or corona virus$ or OC43 or NL63 or 229E or HKU1 or HCoV$ or ncov$ or covid$ or sars-cov$ or 
sarscov$ or Sars-coronavirus$ or Severe Acute Respiratory Syndrome Coronavirus$).mp.

4.	 1 or 2 or 3
5.	 (20191$ or 202$).dp.
6.	 limit 5 to dd= 20200118-20200626
7.	 5 or 6
8.	 4 and 7
9.	 exp severe acute respiratory syndrome coronavirus 2/ or coronavirus disease 2019/
10.	 (2019-ncov or ncov19 or ncov-19 or 2019-novel CoV or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus$ or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or coronavirus$ or corona virus or Pan-
demi$2)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic$2)) or (coronavirus$ and pneumo-
nia)).mp.

11.	 9 or 10
12.	 8 or 11
13.	 evidence based medicine/ or exp meta analysis/ or “systematic review”/
14.	 exp meta analysis/ or “systematic review”/
15.	 methodology/ or “meta analysis (topic)”/ or “systematic review (topic)”/
16.	 (meta analy$ or metaanaly$).ti.
17.	 (systematic adj3 (review$1 or overview$1)).ti.
18.	 or/13-17
19.	 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)
20.	 18 not 19
21.	 12 and 20
22.	 exp *adolescence/
23.	 exp *adolescent/
24.	 exp *child/
25.	 *high school/
26.	 *kindergarten/
27.	 *middle school/
28.	 exp *newborn/
29.	 *nursery school/
30.	 exp *pediatrics/
31.	 *primary school/
32.	 exp *puberty/
33.	 *school/
34.	 adoles*.ti.
35.	 (baby* or babies or infant* or infancy or neonat* or newborn* or postmatur* or prematur* or preterm*).ti.
36.	 (boy* or girl* or teen*).ti.
37.	 (child* or kid or kids or preschool* or school age* or schoolchild* or toddler*).ti.
38.	 (elementary school* or high school* or highschool* or kindergar* or nursery school* or primary school* or second-

ary school*).ti.
39.	 minors*.ti.
40.	 (paediatric* or peadiatric* or pediatric*).ti.
41.	 (prepubescen* or pubescen* or pubert*).ti.
42.	 or/22-41
43.	 21 not 42

CINAHL EBSCO (Cumulative Index to Nursing and Allied Health Literature; 1982 to present) (‘Limiters – Publication 
Year: 2019-2021’; last searched 15 July 2021) (n = 1181)

S1	 (MH “Coronavirus”) OR (MH “Coronavirus Infections”) OR (MH “Severe Acute Respiratory Syndrome”) OR (MH 
“SARS Virus”)
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S2	 TI (coronavirus* or corona virus* or OC43 or NL63 or 229E or HKU1 or HCoV* or ncov* or covid* or sars-cov* or 
sarscov* or Sars-coronavirus* or Severe Acute Respiratory Syndrome Coronavirus*) OR AB (coronavirus* or corona 
virus* or OC43 or NL63 or 229E or HKU1 or HCoV* or ncov* or covid* or sars-cov* or sarscov* or Sars- 
coronavirus* or Severe Acute Respiratory Syndrome Coronavirus*)

S3	 S1 OR S2
S4	 (MH “COVID-19”) OR (MH “COVID-19 Pandemic”) OR (MH “SARS-CoV-2”)
S5	 TI ((“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 

or Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or covid-19 or 
covid 2019 or ((novel or new or nouveau) N2 (CoV or nCoV or covid or coronavirus* or corona virus or pandemi*)) 
or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneumonia))) OR AB 
((“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 
Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or covid-19 or 
covid 2019 or ((novel or new or nouveau) N2 (CoV or nCoV or covid or coronavirus* or corona virus or pandemi*)) 
or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneumonia)))

S6	 S4 OR S5
S7	 S3 OR S6
S8	 (MH “Scoping Review”) OR (MH “Systematic Review”)
S9	 (MH “Meta Analysis”) OR (MH “Meta Synthesis”)
S10	TI ((systematic N3 (review* or overview*))) OR TI (meta analy* or metaanaly* or meta synthes*)
S11	S8 OR S9 OR S10
S12	S7 AND S11

APA PsycArticles Full Text (last searched 15 July 2021) (n = 109)

1.	 coronavirus/ or severe acute respiratory syndrome/
2.	 (coronavirus$ or corona virus$ or OC43 or NL63 or 229E or HKU1 or HCoV$ or ncov$ or covid$ or sars-cov$ or 

sarscov$ or Sars-coronavirus$ or Severe Acute Respiratory Syndrome Coronavirus$).mp.
3.	 limit 2 to yr=“2019 -Current”
4.	 (2019-ncov or ncov19 or ncov-19 or 2019-novel CoV or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus$ or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or coronavirus$ or corona virus or Pan-
demi$2)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic$2)) or (coronavirus$ and pneumo-
nia)).mp.

5.	 1 or 3 or 4
6.	 “systematic review”/ or “literature review”/ or meta analysis/
7.	 (meta analy$ or metaanaly$ or meta synthes$).ti.
8.	 (systematic adj3 (review$1 or overview$1)).ti.
9.	 6 or 7 or 8
10.	 5 and 9

Web of Science – Book Citation Index – Science (BKCI-S), Book Citation Index – Social Sciences and Humanities 
(BKCI-SSH), Conference Proceedings Citation Index – Science (CPCI-S), Emerging Sources Citation Index (ESCI), 
Science Citation Index Expanded (SCI-EXPANDED) (last searched 15 July 2021) (n = 2863)

#1	 TS=(coronavirus* or corona virus* or OC43 or NL63 or 229E or HKU1 or HCoV* or ncov* or covid* or sars-cov* 
or sarscov* or Sars-coronavirus* or Severe Acute Respiratory Syndrome Coronavirus*) and 2019 or 2020 or 2021 
(Publication Years)

#2	 TS=(“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 
or Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or covid-19 or 
“covid 2019” or ((novel or new or nouveau) NEAR/2 (CoV or nCoV or covid or coronavirus* or “corona virus” or pan-
demi*)) or ((covid or covid19 or “covid-19”) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneumonia))

#3	 (#1) OR #2
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#4	 TI=((meta analy* or metaanaly* or meta synthes*))
#5	 TI=((systematic near/3 (review* or overview*)))
#6	 #4 OR #5

WHO Global Index Medicus (last searched 15 July 2021) (n = 119, n = 400)

Updated 15 July 2021_PRECIOUS_final search Search strategy is pre-written by World Health Organization Global 
Index Medicus

(((“2019-2020” OR 2019 OR da:202*) (“New Coronavirus” OR “Novel Coronavirus” OR “Nuevo Coronavirus” OR “Novo 
Coronavirus” OR “Coronavirus disease” OR “Enfermedad por Coronavirus”)) OR (2019-ncov OR covid19 OR covid-
19 OR covid2019 OR covid-2019 OR “COVID 2019”) OR ((srag-cov-2 OR sars2 OR sars-cov-2 OR coronavirus OR 
mh:betacoronavirus OR mh:”Coronavirus infections”) AND (tw:2019 OR da:202*) AND NOT da:201*) OR ((srag-cov-2 
OR sars2 OR sars-cov-2 OR coronavirus* OR mh:betacoronavirus OR mh:”Coronavirus infections”) AND (tw:2019 OR 
da:202*) AND NOT da:201*) OR (“Coronavirus 2” da:202*) OR (wuhan market virus) OR (virus mercado wuhan) OR 
“Wuhan Coronavirus” OR “Coronavirus de Wuhan”) AND NOT (ti:”Middle East respiratory syndrome” OR ti:mers-cov 
OR mh:”Middle East Respiratory Syndrome Coronavirus”) AND (type_of_study:(“systematic_reviews” OR “policy_brief” 
OR “overview”))

WHO COVID-19 Global literature on coronavirus disease

db:(“COVIDWHO”) AND type_of_study:(“systematic_reviews” OR “overview”)

LitCovid-19 (www.ncbi.nlm.nih.gov/research/coronavirus/; last searched 15 July 2021) n = 4110;

LitCovid-19 (www.ncbi.nlm.nih.gov/research/coronavirus/)

Chen Q, Allot A, Lu Z. Keep up with the latest coronavirus research. Nature. 2020 Mar;579(7798):193. doi: 10.1038/
d41586-020-00694-1. PMID: 32157233.

systematic review OR systematic overview OR meta-analysis OR meta-synthesis

Epistemonikos: Database of the best Evidence-Based Healthcare (www.epistemonikos.org/; last searched; 15 July 
2021) n = 4840;

(title:((title:((coronavirus* OR corona virus* OR HCoV* OR ncov* OR covid* OR sars-cov* OR sarscov* OR sars-
coronavirus*)) OR abstract:((coronavirus* OR corona virus* OR HCoV* OR ncov* OR covid* OR sars-cov* OR sarscov* 
OR sars-coronavirus*)))) OR abstract:((title:((coronavirus* OR corona virus* OR HCoV* OR ncov* OR covid* OR sars-
cov* OR sarscov* OR sars-coronavirus*)) OR abstract:((coronavirus* OR corona virus* OR HCoV* OR ncov* OR covid* 
OR sars-cov* OR sarscov* OR sars-coronavirus*)))))

Added to Database: From: 1-11-2019 to 15-7-2021 Publication Type: systematic Review.

Step 2: Search strings

Cochrane Database of Systematic Reviews Issue 9 of 12 July 2021 (last searched 15 September 2021) (n = 7339)

#1	 MeSH descriptor: [Coronavirus] this term only
#2	 MeSH descriptor: [Betacoronavirus] this term only
#3	 MeSH descriptor: [Betacoronavirus 1] this term only
#4	 MeSH descriptor: [Middle East Respiratory Syndrome Coronavirus] this term only

www.ncbi.nlm.nih.gov/research/coronavirus/
www.ncbi.nlm.nih.gov/research/coronavirus/
www.epistemonikos.org/
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#5	 MeSH descriptor: [Coronavirus Infections] this term only
#6	 (coronavirus* or corona virus* or OC43 or NL63 or 229E or HKU1 or HCoV* or ncov* or covid* or sars-cov* or 

sarscov* or Sars-coronavirus* or Severe Acute Respiratory Syndrome Coronavirus*):ti,ab,kw
#7	 {or #1-#6}
#8	 MeSH descriptor: [COVID-19] this term only
#9	 MeSH descriptor: [SARS-CoV-2] explode all trees
#10	(“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or covid-19 or 
covid 2019 or ((novel or new or nouveau) near/2 (CoV or nCoV or covid or coronavirus* or corona virus or pan-
demi*)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneumo-
nia)):ti,ab,kw

#11	{or #8-#10}
#12	#7 OR #11

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review and Other Non-Indexed Citations, Daily and 
Versions(R) (last searched 25 August 2021) (Ovid) (n = 8373)

1	 sars-cov-2/ or covid-19/
2	 (2019-ncov or ncov19 or ncov-19 or 2019-novel CoV or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus$ or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or coronavirus$ or corona virus or Pan-
demi$2)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic$2)) or (coronavirus$ and pneumo-
nia)).mp.

3	 COVID-19.rx,px,ox. or severe acute respiratory syndrome coronavirus 2.os.
4	 1 or 2 or 3
5	 randomized controlled trial.pt.
6	 controlled clinical trial.pt.
7	 randomized.ab.
8	 placebo.ab.
9	 clinical trials as topic.sh.
10	 random$.ab.
11	 trial.ti.
12	 5 or 6 or 7 or 8 or 9 or 10 or 11
13	 exp animals/ not humans.sh.
14	 12 not 13
15	 4 and 14

EMBASE (Ovid) (last searched 25 August 2021) (n = 9901)

1	 exp severe acute respiratory syndrome coronavirus 2/ or coronavirus disease 2019/
2	 (2019-ncov or ncov19 or ncov-19 or 2019-novel CoV or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 or 

Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus$ or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) adj2 (CoV or nCoV or covid or coronavirus$ or corona virus or Pan-
demi$2)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic$2)) or (coronavirus$ and pneumo-
nia)).mp.

3	 1 or 2
4	 Clinical Trial/
5	 Randomized Controlled Trial/
6	 controlled clinical trial/
7	 multicenter study/
8	 Phase 3 clinical trial/
9	 Phase 4 clinical trial/
10	 exp RANDOMIZATION/
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11	 Single Blind Procedure/
12	 Double Blind Procedure/
13	 Crossover Procedure/
14	 PLACEBO/
15	 randomi?ed controlled trial$.tw.
16	 rct.tw.
17	 (random$ adj2 allocat$).tw.
18	 single blind$.tw.
19	 double blind$.tw.
20	 ((treble or triple) adj blind$).tw.
21	 placebo$.tw.
22	 Prospective Study/
23	 or/4-22
24	 Case Study/
25	 case report.tw.
26	 abstract report/ or letter/
27	 Conference proceeding.pt.
28	 Conference abstract.pt.
29	 Editorial.pt.
30	 Letter.pt.
31	 Note.pt.
32	 or/24-31
33	 23 not 32
34	 3 and 33

CINAHL EBSCO (Cumulative Index to Nursing and Allied Health Literature; 1982 to present; last searched 14 
November 2021) (n = 12,916)

S1	 (MH “COVID-19”) OR (MH “COVID-19 Pandemic”) OR (MH “SARS-CoV-2”)
S2	 TI ((“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or sarscov-2 

or Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or covid-19 
or covid 2019 or ((novel or new or nouveau) N2 (CoV or nCoV or covid or coronavirus* or corona virus or pan-
demi*)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneumo-
nia))) OR AB ((“2019-ncov” or ncov19 or ncov-19 or “2019-novel CoV” or sars-cov2 or sars-cov-2 or sarscov2 or 
sarscov-2 or Sars-coronavirus2 or Sars-coronavirus-2 or SARS-like coronavirus* or coronavirus-19 or covid19 or 
covid-19 or covid 2019 or ((novel or new or nouveau) N2 (CoV or nCoV or covid or coronavirus* or corona virus 
or pandemi*)) or ((covid or covid19 or covid-19) and (outbreak or crisis or pandemic*)) or (coronavirus* and pneu-
monia)))

S3	 S1 OR S2
S4	 (MH “Clinical Trials+”)
S5	 PT Clinical trial
S6	 TX clinic* n1 trial*
S7	 TX ((singl* n1 blind*) or (singl* n1 mask*)) or TX ((doubl* n1 blind*) or (doubl* n1 mask*)) or TX ((tripl* n1 blind*) or 

(tripl* n1 mask*)) or TX ((trebl* n1 blind*) or (trebl* n1 mask*))
S8	 TX randomi* control* trial*
S9	 (MH “Random Assignment”)
S10	TX random* allocat*
S11	TX placebo*
S12	(MH “Placebos”)
S13	(MH “Quantitative Studies”)
S14	TX allocat* random*
S15	S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14
S16	S3 AND S15
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Clinical trial registers*

US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov) (n = 2470)

Simple search function: In condition: Covid19 or long Covid or Covid-19

*World Health Organization International Clinical Trials Registry Platform (apps.who.int/trialsearch) search strategy

Multiple attempts to search this database were made between 15 July and 30 August 2021.However, the platform 
was unstable due to the volume of COVID-19 related studies. We were finally able to download an excel file dated 16 
August 2021 which contained the contents of the WHO ICTRP database and searched this file for relevant studies.

Pre-prints MedRxiv (n = 5105 records, of which 156 were potentially relevant)

www.medrxiv.org

Simple search function: Covid-19 or long Covid

Open repository datasets (n = 6044 records, of which 27 were potentially relevant) (date of last search: 25 
August 2021)

Simple search function: Covid, Covid-19, SARS-COV-2, long Covid

•	 https://figshare.com
•	 https://zenodo.org
•	 https://datamendeley.com
•	 https://dataverse.harvard.edu

Personal networks, funding agencies, citation tracking (backward and forward) (date of last search: 15 November 
2021; potentially relevant studies 91)

Personal networks including members of the PRECIOUS collaboration were asked to identify any potentially relevant 
study that met the selection criteria.

We also conducted supplementary searches of the following funding agencies for potentially relevant studies:

•	 www.nihr.ac.uk
•	 https://reporter.nih.gov
•	 https://cihr-irsc.gc.ca/e/193.html
•	 https://ukcdr.org.uk/data-tool/covid-19-research-project-tracker-by-ukcdr-glopid-r/ (downloaded excel file data 29 

October 2021).

We also searched the reference list of all studies that were invited to contribute data and used Google Scholar (https://
scholar.google.com) for forward citation tracking of included record.

www.clinicaltrials.gov
www.apps.who.int/trialsearch
www.medrxiv.org
https://figshare.com
https://zenodo.org
https://datamendeley.com
https://dataverse.harvard.edu
www.nihr.ac.uk
https://reporter.nih.gov
https://cihr-irsc.gc.ca/e/193.html
https://ukcdr.org.uk/data-tool/covid-19-research-project-tracker-by-ukcdr-glopid-r/
https://scholar.google.com
https://scholar.google.com
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