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Abstract
BACKGROUND 
Symptom fluctuations within and between individuals with long COVID are widely reported, but the extent to which severity varies following different types of activity and levels of exertion, and the timing of symptoms and recovery, have not previously been quantified. We aimed to characterise timing, severity, and nature of symptom fluctuations in response to effortful physical, social and cognitive activities, using Ecological Momentary Assessments.
METHODS 
We recorded activity, effort, and severity of 8 core symptoms every 3 hours for up to 24 days, in cohorts from both clinic and community settings. Symptom severities were jointly modelled using autoregressive and moving average processes. 
FINDINGS
Consent was received from 376 participants providing ≥1 week's measurements (273 clinic-based, 103 community-based). Severity of all symptoms was elevated 30 minutes after all categories of activity. Increased effort was associated with increased symptom severity. Fatigue severity scores increased by 1·8/10 (95% CI: 1·6 to 1·9) following the highest physical exertions and by 1·5 (1·4 to 1·7) following cognitive efforts. There was evidence of only mild delayed fatigue three hours (0·3, 0·2 to 0·5) or one day later (0·2, 0·0 to 0·5). Fatigue severity increased as the day progressed (1·4, 1·0 to 1·7), and cognitive dysfunction was 0·2 lower at weekends (0·1 to 0·3).  
INTERPRETATION
Cognitive, social, self-care and physical activities all triggered increased severity across every symptom, consistent with associated common pathways as potential therapeutic targets. Clear patterns of symptom fluctuations emerged that support more targeted self-management.
FUNDING
National Institute for Health and Care Research 
KEYWORDS
Long COVID; Post-Acute COVID-19 Syndrome; Physical exertion; Mental exertion; Symptoms; Ecological Momentary Analysis;  Intensive longitudinal methods

Research in context
Evidence before this study 
We searched Medline using search terms “Post-Acute COVID-19 Syndrome” and “physical exertion” or “cognitive exertion”, including MeSH terms and synonyms, between 1st January 2020 and 31st March 2021, restricted to English language. We found no previous intensive longitudinal cohorts examining exertion and subsequent symptom severity. One after that date only investigated physical activity and fatigue. Most evidence for delayed symptom response was largely anecdotal.  
Added value of this study 
The present study is the first to quantify the immediate time of the activity, and delayed increases later that day or the following day. We have shown that these associations are much the same for physical and cognitive exertions, and extend to effortful social and self-care activities. 
Implications of all the available evidence 
Our findings are consistent with current symptom management advice, but underline the importance of managing all types of effortful activity, not just physical. The wide range of symptoms with associated increased severity suggest common pathways as potential therapeutic targets. 

Introduction
An estimated 10% of COVID-19 survivors continue to report symptoms persisting past 12 weeks.1-3 Long COVID and post-COVID-19 syndrome is not restricted to people who experienced a severe acute infection or those requiring hospital admission.4 Reported symptoms can be wide ranging but frequently include fatigue, breathlessness, palpitations, dizziness, pain, cognitive dysfunction, anxiety and depression,1,2 which may fluctuate across the day and between successive days within the same individual.5-7 A characteristic aspect of many patients’ experience of long COVID is the marked and often unpredictable variation of symptoms that occurs over periods of hours and days and the heterogeneity of response to and recovery from potential triggering events.5,8 Rest or sleep during the day, or quality of sleep at night, may offer mitigation against the effects of earlier exertions, but not for all.6,9 There is no consensus on mechanism or established treatment for managing long COVID symptoms.  
Potential actions that may trigger symptoms include physical, cognitive, social or emotional effortful activities. Self-care activities such as taking a shower or cooking a meal have also been reported to provide a trigger. To date, research has focused on physical activities, or other triggers in isolation.10 Understanding the nature and timing of events that trigger subsequent reoccurrence or increased severity of symptoms, and the profile of that response, may enable individuals to better manage their long COVID and facilitate more targeted intervention.11,12 Whilst immune system dysregulation is likely involved, there is limited understanding of the underlying pathology, mechanisms and pathways to symptom presentation, and a subsequent lack of consensus on treatment beyond symptom management.13,14
Our aim was to identify underlying routes of symptom response to activities, to inform more targeted intervention for symptom management for people living with long COVID. Utilising smartphones to apply intensive longitudinal methods,15,16 we characterised how different symptoms fluctuate in response to different types of triggering activities throughout the day, over three 8-day assessment periods, each separated by several weeks, in a large cohort of individuals living with long COVID. 
 
Methods
Design and setting
This intensive longitudinal cohort study forms part of the long COVID Multi-Disciplinary Consortium to Optimise Treatments and Services across the NHS (LOCOMOTION) research programme.17 LOCOMOTION is a multisite programme, including technology-supported monitoring of condition-specific outcome measures, registered with ISRCTN (ISRCTN15022307). A detailed protocol for the current work has been published previously,18 and is summarised here focusing on our primary objective of quantifying the extent to which activities predict subsequent symptoms using Ecological Momentary Assessments (EMAs). 
Eligible participants were aged 18 years and over, recruited across ten long COVID services within the UK National Health Service participating in the LOCOMOTION consortium between February 2022 and August 2023, irrespective of whether they were hospitalised or had a positive or negative SARS‐CoV‐2 test.17,18 An additional sample was recruited in the community through general practice networks and social media. Exclusion criteria were inability to use mobile phone or wearable technology or understand the language used, known pregnancy, or known previous diagnosis of dementia or cognitive impairment.
Participants provided demographic information on recruitment including age, sex, ethnicity, employment, infection history, vaccination history. They then completed EMAs at five time points spread over the day, on eight consecutive days. This was then repeated for a further eight consecutive days, at six and then 12 weeks after recruitment (Supplemental Figure 1). Participants with less than one week's EMA data were excluded. Study data were collected and managed using REDCap electronic data capture tools hosted at the University of Exeter19 and the EMA delivered using the AthenaCX platform for mobile phones.20

Ecological Momentary Assessments
Participants were notified of each EMA through push notifications on their phone, with responses permitted within a 45-minute window. The EMA was co-designed with long COVID patients, based on previous work.8,18 Usability and acceptability were determined in a proof-of-concept phase. Each EMA collected details of the dominant activity (physical, cognitive, social, self-care, rest or sleep) during the preceding 30 minutes, the amount of effort associated with the activity (scored 0 “no effort” to 10 “most effortful”), presence of current symptoms and severity (scored 0 “no problem” to 10 “severe problem”). The list of core symptoms was adapted from the COVID-19 Yorkshire Rehabilitation Scale (C19-YRS) items,21 including fatigue, pain or discomfort, dizziness, palpitations, cognitive dysfunction, anxiety and depression. At the start of each day, participants were asked about sleep quality the night before. Example EMA screenshots are shown in Supplemental Figure 2.

Sample size
Based on data from service evaluation conducted within a COVID Rehabilitation service in the North of England,22 we anticipated 300 participants would provide approximately 80% power to detect a 20% improvement in fatigue over 12 weeks in one of three equally sized groups of participants relative to another. For example, a group with fatigue severity scores of 5 at each timepoint, compared with a group gradually improving from 5 to 4, assuming a within-person correlation of 0.7 and a residual variance 2.0, taking account of repeated measures on successive days. We anticipated up to 25% dropout across follow-up, so aimed to recruit 400 individuals to the study.

Ethical considerations
Ethical approval was provided by the Yorkshire & The Humber - Bradford Leeds Research Ethics Committee (ref: 21/YH/0276). All participants provided written informed consent to participate, and the research conforms to the Declaration of Helsinki.

Statistical analysis
Models quantifying the associations between the activities and subsequent symptom scores took account of the hierarchical data structure of times, within days, within participants, with symptom scores as joint multivariate outcomes. The best fitting model incorporated time dependency between symptoms was incorporated using a first-order moving average (MA1) process at both time and day level. Associations between activity efforts and symptoms used an autoregressive time-series of order 1 (AR1).
All models included person-level covariates: age, sex, ethnicity, employment status, location (clinic or community setting), acute infection severity, whether hospitalised, admitted to intensive care unit, dominant variant at infection, vaccination status, duration of long COVID. Models also included time-level covariates: time of day and activity exertions, and day-level covariates: rest during the day, sleep during the day, overnight sleep quality. Absence of a reported activity was assumed to imply zero exertion on that activity. Missing response data were assumed missing at random (MAR) with values generated from the posterior predictive distribution.
Confidence intervals for prevalence of symptoms and mean severity scores were derived from simple variance-components models allowing for variation at person, week, day and time-levels using Stata (version 18). Models of associations and time dependencies used Markov chain Monte Carlo (MCMC) methods in JAGS 4.3.0 using the runjags package from within R (version 4.3.1) on the High Performance Computing facilities at the University of Leeds, UK. Credible intervals (95%) and two-sided p-values were derived. Additional statistical methods are available in Supplemental Methods and Supplemental Table 1.

Subgroup analyses
To explore potential differences between predefined subgroups, the AR1 model using mean activity efforts was fitted separately for clinic and community samples, for men and women, and for younger (<50 years) and older participants (50+ years).

Patient and public involvement
This study was co-designed with people living with long COVID, ensuring aims, objectives, questionnaires, recruitment and dissemination of findings reflect the priorities of those living with long COVID. The LOCOMOTION study has a seven-member core Patient and public involvement (PPI) advisory group, which aimed to include different cultural, ethnic and socioeconomic groups. Three members trialled study methods and provided feedback on wording and implementation to ensure EMAs were straightforward and minimum burden to participants. Two members of this group are co-authors of this work.

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

Results
Recruitment
In total, 514 participants were approached (351 from clinics, 163 community), and of these 420 (82%) participants consented to take part in the daily monitoring of symptoms (301 from clinics, 119 from the community), with 376 (73%) providing at least one week's EMA data (273 from clinics, 103 community) with a median adherence rate of 75%. Mean (SD) age of participants was 47 (11) years, with 274 (73%) female. 335 (89%) reported a positive COVID-19 test. Participant characteristics are shown in Supplemental Table 2.

Descriptive statistics
Fatigue was the most frequently reported symptom of the EMA measures (83% of the time), followed by cognitive dysfunction (47%) and pain or discomfort (39%) (Table 1). Participants aged 60+ years reported breathlessness approximately twice as often as <40 years. Women reported pain or discomfort nearly twice as often as men. Participants who were admitted to hospital or ICU with initial infection experienced more frequent breathlessness, fatigue, anxiety and cognitive dysfunction. Participants able to work full-time reported lower frequency and less severe symptoms than those unable to work full-time. Participants recruited in the community reported similar frequency and severity of most symptoms as participants long COVID clinics, with fatigue more frequently reported (Tables 1 and 2).
[Insert tables 1-2 here]

Participant characteristics as predictors of symptom severity
Table 3 shows the estimated difference in mean symptom severity scores (rated 0 to 10) for each participant characteristic, with 95% credible intervals, adjusted for covariates. Older age was a significant predictor of breathlessness (0·7 for 60+ years vs <40, 0·3 to 1·1, p=0·01), with pain or discomfort and cognitive dysfunction most felt in participants aged 40 to 59. Women had more fatigue than men (difference = 0·5, 95% CI: 0·1 to 1·0, p=0·02), but less dizziness (-0·4, -0·7 to 0·0, p=0·03), anxiety (-0·7, -1·1 to -0·2, p=0·007) and depression (-0·9, -1·3 to -0·4, p<0·001) than men. There was no evidence that minority ethnic groups as a whole experienced different symptom severity than white ethnicity. Participants who were able to stay in full-time employment had less fatigue (-0·6, -1·1 to -0·2, p=0·007), pain/discomfort (-1·0, -1·6 to -0·5, p<0·001), depression (-0·6, -1·1 to -0·1, p=0·02) and cognitive dysfunction (-0·7, -1·3 to -0·1, p=0·02). Participants recruited from the community reported more fatigue than those recruited from long COVID clinics (0·5, 0·0 to 0·9, p=0·04), but there was no evidence of difference in long COVID symptom severities between those whose initial infection was asymptomatic, admitted to hospital, or ICU. Participants with longer duration of long COVID symptoms tended to have more pain or discomfort (0·8 per year, 0·2 to 1·3, p=0·004).
[Insert table 3 here]
Small month-on-month improvements over the length of the study were seen in severity of fatigue (-0·04, -0·08 to -0·00, p=0.04) and of dizziness (-0·04, -0·07 to -0·00, p=0·03). Weekdays were associated with slightly worse severity across most symptoms, particularly cognitive dysfunction (0·3, 0·2 to 0·3, p<0·001). Severity of many symptoms increased through the day, particularly fatigue (1·4, 1·0 to 1·7, p<0·001) and cognitive dysfunction (0·7, 0·4 to 1·1, p<0·001), whilst anxiety improved slightly. Need for rest or sleep during immediately prior to the EMA was associated with greater fatigue (0·6, 0·5 to 0·7, p<0·001 and 1·0, 0·9 to 1·2, p<0·001 respectively) and pain or discomfort (0·2, 0·1 to 0·3, p<0·001 and 0·3, 0·2 to 0·5, p<0·001 respectively), and rest with anxiety (0·1, 0·0 to 0·2, p=0·04) and cognitive dysfunction (0·2, 0·1 to 0·3, p=0·002). Rest 3 hours previously was associated with slightly less cognitive dysfunction (-0·1, -0·2 to 0·0, p=0·002) but sleep 3 hours previously was associated with slightly worse depression scores (0·1, 0·0 to 0·2, p=0·02).

Activity efforts as predictors of symptom severity
The model incorporating delayed influences of activity efforts on subsequent symptoms through AR1 processes for both time-level and day-level mean symptom severities and activity efforts (Model 1) and the model incorporating a moving average (MA1) for symptoms severities (Model 3) both fitted substantially better than not accounting for time-dependency (Model 5), even allowing for the additional model complexity (Supplemental Table 1). The best fitting model incorporated the moving average MA1 process symptoms, with autoregressive processes of order 1 for the association between both day and time-level mean activity efforts and symptom severity (Model 3).
Figures 1-2 and Supplemental Figures 3-4 show the association between activity efforts (scored 0 to 10) and change in symptom severity scores (scored 0 to 10) for physical, cognitive, social and self-care activities respectively, for the best fitting model. The first column of each figure shows associations between symptoms and activities in the 30 minutes immediately prior to the EMA, the second column activities 3 hours before (AR1 at time-level), and the third column 1 day before (AR1 at day-level). 
[Insert figures 1-2 here]
All measured symptom severities increased after effort on all recorded activities in the 30 minutes prior to EMA (all p<0·001)(Figures 1 and 2, Supplemental Figures 3 and 4, Supplemental Tables 3 to 6). Effortful cognitive, social and self-care activities were all associated with increased symptom severity. High physical and cognitive efforts (exertions of 8/10) were associated with fatigue severity scores increased by 1·8/10 (95% CI: 1·6 to 1·9, p<0·001) and 1·5/10 (1·4 to 1·7, p<0·001) respectively. Severity of breathlessness was most strongly associated with physical activity, but increases in fatigue were as severe after cognitive, social and self-care activities as physical activities. Worse cognitive dysfunction was noted after cognitive activity, but was also apparent immediately after other activity. Symptom severity generally increased with increasing exertion, becoming more marked following efforts rated greater than 5 out of a possible 10. 
There was evidence of small, delayed reactions to effort on all types of activities. Three hours after the high physical activity (exertion of 8/10), small, delayed increases were observed in severity of fatigue (0·3/10, 95% CI: 0·2 to 0·5, p<0·001) and pain or discomfort (0·3, 0·1 to 0·4, p=0·001). Three hours after the high cognitive effort (exertion of 8/10), further increases in fatigue (0·3, 0·2 to 0·4, p<0·001), pain or discomfort (0·2, 0·1 to 0·3, p=0·001), anxiety (0·2, 0·1 to 0·3, p<0·001) and cognitive dysfunction (0·2, 0·1 to 0·3, p=0·004) were observed. Similarly, greater fatigue emerged three hours after high-effort (exertion of 8/10) social activity efforts (0·2, 0·0 to 0·5, p=0·05). After high-effort self-care activities (exertion of 8/10), delayed fatigue (0·5, 0·3 to 0·7, p<0·001), pain or discomfort (0·4, 0·2 to 0·6, p<0·001), anxiety (0·3, 0·1 to 0·5, p=0·02) and depression (0·2, 0·1 to 0·4, p=0·02) were reported. However, delayed impacts of exertion emerging 3 hours after the effort were small relative to increased symptoms within 30 minutes of the activity. 
Efforts on some activities also had associated small, delayed changes in symptom severity emerging the following day. Effortful physical activity was associated with increased pain or discomfort and cognitive dysfunction the next day over most of the range, and decreased palpitations, though credible intervals are wide for higher efforts. Greater effort on cognitive activities was associated with more severe fatigue emerging and increased cognitive dysfunction reported the following day. Social activity the day before was associated with worse fatigue emerging the next day. Effortful self-care activity the day before was associated with increased fatigue and markedly increased severity of palpitations the following day, though mean efforts over each day were low and credible intervals were for all wide symptoms. 

Subgroup analyses
The best fitting model (Model 3) was run separately for the clinic and community (social media) samples, for men and women, and for younger (<50 years) and older participants (50+ years). Conclusions were broadly consistent across all subgroups (See supplementary material). 

Discussion
We have reported intensive longitudinal data from a large sample of people living with long COVID, prospectively monitoring exertion on physical, cognitive, social and self-care activities, and recording subsequent changes in severity of frequently reported symptoms. Our study represents the largest study of its kind in long COVID, using serial measurements of activities and symptoms throughout the day over several weeks. By recording severity of fatigue, breathlessness, pain and other symptoms every three hours over multiple days, we were able to separately quantify the impact at the time of the activity and immediately afterwards, as well as longer-term onset the following day.
Cognitive, social, self-care and physical activities were all associated with subsequent increased severity of eight different symptoms revealing a probable common pathway as a potential therapeutic target. Symptom severity was elevated 30 minutes after activities, but there was evidence of only small delayed reactions after three hours or the next day. Symptom severity increased through the day, but was lower at weekends. Symptom presentation varied across groups, with older people reporting worse breathlessness, pain or discomfort, and cognitive dysfunction, and women having more fatigue than men, but less dizziness, anxiety and depression. There was little difference in severity between broad ethnic groups, source of participants, or severity of initial infection. Participants in full-time employment had lower symptom scores, which may reflect their greater capacity to work, or socioeconomic inequalities. The clear patterns of symptom fluctuations support more targeted self-management.
A previous intensive longitudinal cohort demonstrated associations between physical activity and fatigue.8 Our findings, from a substantially larger study, also show how physical exertion is associated with increased severity, not only of fatigue and breathlessness shortly afterwards, but also a range of symptoms including dizziness and cognitive dysfunction, sometimes called “brain fog”. We also demonstrate how exertion in cognitive, social and self-care activities can all lead to worse severity across all symptoms. We found that increased severity was strongest soon after the activity, with symptom severity elevated 30 minutes after all categories of activity, but there was less evidence of delayed symptom response after 3 hours or delayed to the next day. Resting appeared to be as a response to fatigue or pain, with rest or sleep immediately prior to the EMA associated with slightly worse symptoms, and little change 3 hours later the same day.
Previous work has shown that symptoms of long COVID vary greatly between individuals but also fluctuate within the same individual.5,6 Episodes of exacerbated symptoms can follow relatively small exertions and with variable but potentially long duration of such episodes.6,8 Strong qualitative evidence for this exists from the lived experience of patients in long COVID clinics and living in the community. Our study adds to this body of evidence by quantifying the impact of a range of potential triggers, including cognitive tasks, and the extent to which some symptoms may not fully emerge until the next day.
The modelling shows that long COVID symptoms follow a pattern characterised by unexpected shifts in symptoms the day before affect the current symptoms, leading to periodic flare-ups in symptoms, typical of the moving average process. On top of this, the amount of effort exerted on physical, cognitive, social and self-care activities has an immediate impact on a wide range of symptoms, sometimes only emerging hours later or the next day, typical of an autoregressive process. Though our work offers only limited insight into discerning between proposed mechanisms of action, it is consistent with a common pathway, such as persistent viral infection leading to increased inflammatory response and symptom exacerbation, dysfunctional mitochondrial processes, or other alterations to skeletal muscle and its metabolism.23,24 Exploring how symptom fluctuations relate to potential mechanistic markers may be an important focus for future work.
In our work we have made the same modelling assumptions across all symptoms (e.g. AR1), but different symptoms may potentially be modelled better using different assumptions. This could add further insight to different mechanisms driving the severity of each symptom.
The response rate (82%) is likely to under-estimate the non-response in the community-based sample. The adherence rate (75%), whilst lower than some studies, is to be expected in people living with fatiguing chronic conditions like long COVID. Missing symptom data was generated from the posterior predictive distribution assuming MCAR, so may have under-estimated symptom severity if missingness is informative. With missing activity data, we assumed no exertion on that activity, which may have led to under-estimates of delayed symptom response. 
Use of contemporaneous EMA methods reduces participant burden, leading to improved response rates and lower propensity to recall bias than larger questionnaires administered days or weeks later. However, symptom questions asked shortly after activity questions are still vulnerable to some potential recall bias. The short nature of the assessments also facilitates collection of the intensive longitudinal data required to investigate short-term fluctuations, as seen in long COVID. 
A small proportion of participants reported pre-existing conditions that could account for the presence of some symptoms. Reviews of long COVID suggest comparison with healthy controls,1 different methods of recording symptoms,3 and whether their impacts on daily activities is taken into account,3 can influence estimated incidence rates. By contrast, we use internal controls to estimate within-person change in symptoms associated with exertion. 
Randomised controlled trials of pacing are lacking, but our results are consistent with current recommendations for recovery and rehabilitation supporting the principle of individuals reducing symptom severity by planning activity levels to stay within their available energy envelope, which is the basis of the pacing approach to rehabilitation from long COVID.25,26 We also reveal that cognitive, social and self-care activities need to be included in this. 
Long COVID research often focuses disproportionately on people who were hospitalized with the initial infection and could obtain a PCR or antibody test, and had predominantly respiratory symptoms.27,28 This leaves a substantial portion of people living with long COVID underrepresented, especially those with non-respiratory symptoms or those who were not hospitalized.29 Our study avoids this problem.
We had low minority ethnic representation, reflecting low representation across UK long COVID clinics generally.30 Analyses were therefore restricted to comparing White to all minority ethnic groups together, limiting scope for conclusions in this area. We found no evidence of major differences between white and minority ethnic groups, but other studies have revealed differences in symptom reporting and diagnosis,31 so larger samples may reveal important differences between minority ethnic groups in response to types of exertion. 
There is also evidence that socioeconomic position is relevant to long COVID prevalence,32 intersecting with gender and occupation. Our findings show those in full-time employment experienced less severe symptoms than other participants, which may point to socioeconomic inequalities, and highlights the need for definitive research to clarify this relationship.
Participants from long COVID clinics may not be representative of all people living with long COVID in their comorbidities, symptom profiles, and symptom severities. This may potentially extend to the degree that symptoms fluctuate or the degree to which efforts worsen symptom severities, or avoidance of activities that lead to severe symptom exacerbation in this observational cohort. However, they should be representative of clinic populations. By contrast, our community-based sample maybe more self-selected, and not representative of the broad spectrum of people living with long COVID who are not in the care of specialist long COVID clinics. However, findings were broadly similar across both groups of participants. Similarly, though we did not adjust for menopausal status in women, results were similar above and below age 50 years.
In conclusion, this research makes an important contribution to the growing body of knowledge on long COVID. We found clear patterns of symptoms, which include both large immediate and small delayed responses to activity, including cognitive activity. This highlights the need for randomised controlled trials of targeted self-monitoring and management of activities and symptoms, and provides a potential framework to explore underlying mechanisms more effectively, to improve the quality of life for those living with this condition. 
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Table 1. Observed prevalence of symptoms at any one time, by participant characteristics, with 95% confidence intervals
	
	Breathless-ness
	Fatigue
	Pain / discomfort
	Dizziness
	Palpitations
	Anxiety
	Depression
	Cognitive dysfunction

	All participants
	19% (16, 21)
	83% (80, 86)
	39% (34, 44)
	6% (5, 7)
	4% (3, 5)
	21% (18, 24)
	5% (4, 7)
	47% (43, 52)

	Age (years):
	
	
	
	
	
	
	
	

	   <40
	16% (12, 21)
	79% (73, 85)
	38% (30, 48)
	8% (6, 11)
	5% (4, 7)
	19% (14, 27)
	8% (5, 12)
	40% (33, 50)

	   40-49
	18% (14, 23)
	83% (78, 89)
	42% (34, 52)
	6% (4, 8)
	4% (3, 6)
	19% (15, 25)
	5% (3, 7)
	53% (45, 62)

	   50-59
	19% (15, 24)
	84% (80, 89)
	38% (31, 47)
	5% (4, 7)
	4% (3, 5)
	22% (16, 28)
	4% (3, 7)
	49% (42, 59)

	   60+
	30% (21, 43)
	88% (82, 94)
	33% (21, 51)
	6% (3, 12)
	2% (1, 5)
	26% (18, 36)
	4% (2, 8)
	43% (31, 61)

	Gender:
	
	
	
	
	
	
	
	

	   Female
	18% (16, 22)
	87% (85, 90)
	45% (40, 51)
	6% (5, 8)
	5% (4, 6)
	20% (17, 24)
	5% (4, 6)
	46% (41, 52)

	   Male
	19% (14, 25)
	73% (65, 81)
	25% (18, 34)
	6% (4, 9)
	3% (2, 4)
	22% (16, 31)
	6% (4, 10)
	49% (40, 60)

	Ethnicity:
	
	
	
	
	
	
	
	

	   White ethnicity
	19% (16, 22)
	83% (80, 86)
	37% (33, 43)
	6% (5, 8)
	4% (3, 5)
	21% (18, 24)
	5% (4, 6)
	48% (43, 54)

	   Minority ethnic
	17% (11, 25)
	87% (81, 93)
	48% (37, 62)
	5% (3, 9)
	5% (3, 9)
	21% (13, 33)
	7% (4, 13)
	40% (30, 54)

	Employment status:
	
	
	
	
	
	
	
	

	   Full-time
	18% (15, 22)
	75% (69, 81)
	32% (26, 39)
	6% (4, 8)
	3% (2, 4)
	18% (14, 23)
	4% (3, 6)
	40% (34, 48)

	   Part-time
	17% (13, 23)
	89% (86, 92)
	38% (30, 48)
	5% (3, 8)
	4% (2, 5)
	23% (18, 31)
	5% (3, 9)
	56% (48, 64)

	   Other
	21% (16, 26)
	91% (88, 94)
	53% (44, 63)
	8% (5, 11)
	6% (4, 9)
	22% (17, 29)
	7% (5, 11)
	52% (43, 62)

	Source of participants:
	
	
	
	
	
	
	
	

	   Clinics
	19% (16, 22)
	79% (75, 83)
	36% (31, 42)
	6% (4, 7)
	3% (3, 4)
	21% (18, 25)
	5% (4, 7)
	44% (39, 50)

	   Community
	18% (14, 24)
	94% (92, 96)
	46% (37, 57)
	8% (5, 11)
	6% (4, 9)
	20% (15, 26)
	5% (3, 8)
	55% (46, 65)

	Vaccination status at time of infection:
	
	
	
	
	
	
	
	

	   2+ courses
	18% (15, 22)
	85% (82, 89)
	36% (31, 43)
	6% (5, 8)
	3% (2, 4)
	25% (21, 30)
	6% (4, 8)
	50% (44, 56)

	   <2 courses
	19% (15, 23)
	80% (75, 85)
	42% (35, 50)
	6% (5, 8)
	5% (4, 7)
	17% (13, 21)
	4% (3, 6)
	44% (37, 52)

	Dominant variant at time of infection:
	
	
	
	
	
	
	
	

	   Original
	18% (14, 23)
	83% (78, 89)
	39% (31, 49)
	7% (5, 9)
	5% (3, 7)
	17% (13, 23)
	3% (2, 5)
	46% (38, 56)

	   Alpha
	29% (20, 40)
	78% (67, 91)
	41% (28, 60)
	6% (3, 13)
	8% (4, 13)
	19% (12, 32)
	5% (2, 11)
	50% (37, 67)

	   Delta
	19% (14, 24)
	83% (77, 90)
	40% (32, 52)
	6% (4, 9)
	4% (2, 5)
	21% (16, 30)
	5% (3, 9)
	58% (49, 67)

	   Omicron
	17% (13, 22)
	84% (80, 89)
	37% (30, 45)
	6% (4, 8)
	3% (2, 4)
	25% (20, 31)
	7% (5, 11)
	41% (34, 49)

	Severity of initial infection:
	
	
	
	
	
	
	
	

	   Asymptomatic
	21% (12, 37)
	60% (36, 100)
	44% (23, 83)
	5% (1, 16)
	5% (1, 18)
	6% (2, 22)
	4% (1, 15)
	36% (15, 87)

	   Admitted to hospital
	26% (18, 36)
	79% (67, 93)
	32% (20, 50)
	4% (2, 7)
	4% (2, 8)
	21% (12, 38)
	8% (4, 16)
	46% (33, 65)

	   Admitted to ICU
	30% (18, 50)
	93% (87, 100)
	36% (17, 76)
	3% (1, 9)
	1% (0, 8)
	42% (24, 74)
	8% (3, 27)
	52% (29, 95)

	Duration of long COVID (years):
	
	
	
	
	
	
	
	

	   <1
	17% (13, 22)
	80% (75, 86)
	30% (23, 38)
	4% (3, 6)
	2% (2, 4)
	23% (18, 29)
	5% (3, 8)
	39% (32, 47)

	   1+
	19% (17, 23)
	85% (81, 88)
	44% (38, 51)
	7% (6, 9)
	5% (4, 7)
	20% (16, 24)
	5% (4, 7)
	52% (47, 58)






Table 2. Mean observed symptom severity scores (0-10), by participant characteristics, with 95% confidence intervals
	
	Breathless-ness
	Fatigue
	Pain / discomfort
	Dizziness
	Palpitations
	Anxiety
	Depression
	Cognitive dysfunction

	All participants
	1·3 (1·1, 1·4)
	4·9 (4·7, 5·1)
	2·9 (2·7, 3·2)
	0·9 (0·7, 1·0)
	0·6 (0·5, 0·7)
	1·9 (1·7, 2·1)
	1·2 (1·0, 1·4)
	3·2 (2·9, 3·4)

	Age (years):
	
	
	
	
	
	
	
	

	   <40
	1·0 (0·7, 1·3)
	4·7 (4·2, 5·1)
	2·6 (2·2, 3·1)
	0·8 (0·5, 1·1)
	0·5 (0·3, 0·6)
	1·7 (1·4, 2·1)
	1·3 (0·9, 1·7)
	2·7 (2·2, 3·1)

	   40-49
	1·2 (1·0, 1·5)
	4·9 (4·5, 5·3)
	3·1 (2·7, 3·6)
	0·8 (0·6, 1·1)
	0·6 (0·4, 0·8)
	1·8 (1·4, 2·2)
	1·3 (0·9, 1·7)
	3·4 (3·0, 3·8)

	   50-59
	1·3 (1·0, 1·6)
	5·1 (4·7, 5·4)
	3·0 (2·5, 3·4)
	0·8 (0·5, 1·0)
	0·6 (0·4, 0·8)
	2·1 (1·7, 2·5)
	1·4 (1·0, 1·7)
	3·3 (2·9, 3·7)

	   60+
	2·0 (1·4, 2·5)
	5·2 (4·7, 5·8)
	2·9 (2·2, 3·6)
	1·2 (0·7, 1·7)
	0·6 (0·3, 1·0)
	1·8 (1·2, 2·3)
	0·7 (0·3, 1·2)
	3·3 (2·6, 4·1)

	Gender:
	
	
	
	
	
	
	
	

	   Female
	1·2 (1·0, 1·3)
	5·1 (4·9, 5·3)
	3·1 (2·8, 3·3)
	0·8 (0·6, 0·9)
	0·5 (0·4, 0·7)
	1·7 (1·5, 2·0)
	1·0 (0·8, 1·3)
	3·1 (2·8, 3·4)

	   Male
	1·5 (1·2, 1·9)
	4·5 (4·0, 4·9)
	2·5 (2·0, 3·0)
	1·0 (0·7, 1·4)
	0·6 (0·4, 0·9)
	2·3 (1·8, 2·8)
	1·8 (1·3, 2·2)
	3·4 (2·9, 3·9)

	Ethnicity:
	
	
	
	
	
	
	
	

	   White ethnicity
	1·3 (1·1, 1·4)
	4·9 (4·7, 5·1)
	2·8 (2·6, 3·1)
	0·8 (0·7, 1·0)
	0·6 (0·4, 0·7)
	1·8 (1·6, 2·1)
	1·2 (1·0, 1·4)
	3·2 (2·9, 3·4)

	   Minority ethnic
	1·4 (0·9, 1·8)
	5·3 (4·7, 5·8)
	3·5 (2·8, 4·3)
	1·0 (0·5, 1·5)
	0·7 (0·4, 1·0)
	2·3 (1·6, 2·9)
	1·4 (0·8, 2·0)
	3·3 (2·5, 4·0)

	Employment status:
	
	
	
	
	
	
	
	

	   Full-time
	1·2 (1·0, 1·4)
	4·6 (4·3, 4·9)
	2·6 (2·3, 3·0)
	0·8 (0·6, 1·0)
	0·5 (0·3, 0·6)
	1·9 (1·6, 2·2)
	1·1 (0·9, 1·4)
	2·9 (2·5, 3·3)

	   Part-time
	1·2 (0·9, 1·5)
	4·9 (4·5, 5·2)
	2·7 (2·3, 3·2)
	0·6 (0·4, 0·8)
	0·5 (0·3, 0·7)
	1·8 (1·4, 2·2)
	1·1 (0·8, 1·5)
	3·1 (2·7, 3·6)

	   Other
	1·5 (1·2, 1·8)
	5·5 (5·1, 5·8)
	3·6 (3·1, 4·0)
	1·1 (0·8, 1·4)
	0·8 (0·5, 1·0)
	1·9 (1·6, 2·3)
	1·5 (1·1, 1·9)
	3·6 (3·1, 4·1)

	Source of participants:
	
	
	
	
	
	
	
	

	   Clinics
	1·3 (1·1, 1·5)
	4·7 (4·5, 5·0)
	2·9 (2·6, 3·2)
	0·8 (0·6, 0·9)
	0·5 (0·4, 0·6)
	1·9 (1·7, 2·2)
	1·3 (1·1, 1·6)
	3·0 (2·7, 3·3)

	   Community
	1·2 (1·0, 1·5)
	5·5 (5·1, 5·8)
	3·1 (2·6, 3·5)
	1·1 (0·8, 1·4)
	0·7 (0·5, 0·9)
	1·8 (1·4, 2·2)
	1·1 (0·7, 1·4)
	3·6 (3·1, 4·0)

	Vaccination status at time of infection:
	
	
	
	
	
	
	
	

	   2+ courses
	1·2 (1·0, 1·4)
	4·8 (4·5, 5·1)
	2·7 (2·3, 3·0)
	0·8 (0·6, 1·0)
	0·5 (0·3, 0·6)
	1·9 (1·7, 2·2)
	1·1 (0·9, 1·4)
	3·1 (2·7, 3·4)

	   <2 courses
	1·4 (1·2, 1·6)
	5·1 (4·7, 5·4)
	3·2 (2·8, 3·6)
	0·9 (0·7, 1·1)
	0·7 (0·5, 0·9)
	1·8 (1·5, 2·1)
	1·4 (1·1, 1·7)
	3·3 (2·9, 3·7)

	Dominant variant at time of infection:
	
	
	
	
	
	
	
	

	   Original
	1·3 (1·0, 1·5)
	5·0 (4·7, 5·4)
	3·1 (2·7, 3·5)
	0·8 (0·6, 1·0)
	0·7 (0·5, 0·9)
	1·7 (1·4, 2·0)
	1·2 (0·8, 1·5)
	3·3 (2·8, 3·7)

	   Alpha
	2·1 (1·4, 2·8)
	5·4 (4·6, 6·3)
	3·6 (2·6, 4·6)
	1·4 (0·7, 2·2)
	1·1 (0·5, 1·7)
	2·5 (1·5, 3·5)
	1·9 (1·0, 2·9)
	3·9 (3·0, 4·9)

	   Delta
	1·2 (1·0, 1·5)
	4·9 (4·5, 5·4)
	3·1 (2·6, 3·6)
	0·8 (0·5, 1·1)
	0·4 (0·3, 0·6)
	2·0 (1·5, 2·4)
	1·1 (0·8, 1·5)
	3·4 (2·9, 3·9)

	   Omicron
	1·1 (0·9, 1·4)
	4·7 (4·4, 5·1)
	2·5 (2·1, 2·8)
	0·8 (0·6, 1·0)
	0·4 (0·3, 0·6)
	1·9 (1·5, 2·2)
	1·2 (0·9, 1·6)
	2·7 (2·3, 3·2)

	Severity of initial infection:
	
	
	
	
	
	
	
	

	   Asymptomatic
	0·9 (0·4, 1·4)
	4·2 (2·9, 5·6)
	3·1 (1·8, 4·3)
	0·6 (0·1, 1·2)
	0·9 (0·1, 1·8)
	1·3 (0·2, 2·5)
	1·0 (0·1, 1·9)
	2·7 (1·5, 3·9)

	   Admitted to hospital
	1·5 (0·9, 2·1)
	5·0 (4·2, 5·8)
	2·7 (1·9, 3·5)
	0·7 (0·2, 1·2)
	0·8 (0·2, 1·3)
	2·3 (1·5, 3·1)
	1·6 (0·8, 2·4)
	3·1 (2·3, 3·9)

	   Admitted to ICU
	1·9 (0·8, 3·1)
	5·6 (4·6, 6·6)
	3·2 (1·5, 4·9)
	0·8 (0, 2·1)
	1·0 (0, 2·3)
	3·2 (1·6, 4·8)
	2·0 (0·3, 3·6)
	3·8 (2·3, 5·4)

	Duration of long COVID (years):
	
	
	
	
	
	
	
	

	   <1
	1·1 (0·9, 1·4)
	4·6 (4·2, 4·9)
	2·3 (1·9, 2·7)
	0·7 (0·4, 0·9)
	0·4 (0·3, 0·6)
	1·9 (1·5, 2·2)
	1·2 (0·9, 1·5)
	2·7 (2·3, 3·1)

	   1+
	1·4 (1·2, 1·6)
	5·1 (4·8, 5·4)
	3·2 (2·9, 3·5)
	1·0 (0·8, 1·1)
	0·6 (0·5, 0·8)
	1·9 (1·6, 2·1)
	1·3 (1·0, 1·5)
	3·4 (3·1, 3·7)





Table 3. Difference in mean symptom severity scores between participant characteristics, adjusted for covariates, with 95% credible intervals
	

	Breathless-ness
	Fatigue
	Pain / discomfort
	Dizziness
	Palpitations
	Anxiety
	Depression
	Cognitive dysfunction

	Person-level characteristics*
	
	
	
	
	
	
	
	

	Age (years):
	
	
	
	
	
	
	
	

	   40-49 vs <40
	0·2 (-0·1, 0·5)
	0·4 (0·0, 0·8)
	0·9 (0·4, 1·3)
	0·1 (-0·2, 0·4)
	0·1 (-0·1, 0·4)
	0·4 (0·0, 0·8)
	0·2 (0·0, 0·6)
	0·6 (0·1, 1·1)

	   50-59 vs <40
	0·4 (0·1, 0·7)
	0·5 (0·0, 0·9)
	0·7 (0·2, 1·2)
	0·1 (-0·2, 0·5)
	0·1 (-0·2, 0·4)
	0·4 (-0·1, 0·9)
	0·0 (-0·5, 0·5)
	0·6 (0·0, 1·1)

	   60+ vs <40
	0·7 (0·3, 1·1)
	0·5 (-0·1, 1·1)
	0·0 (-0·7, 0·7)
	0·1 (-0·3, 0·6)
	0·0 (-0·4, 0·3)
	0·2 (-0·4, 0·9)
	-0·5 (-1·1, 0·2)
	0·2 (-0·6, 0·9)

	Gender:
	
	
	
	
	
	
	
	

	   Male vs female
	0·3 (0·0, 0·7)
	-0·5 (-1·0, -0·1)
	-0·4 (-0·9, 0·2)
	0·4 (0·0, 0·7)
	0·1 (-0·1, 0·4)
	0·7 (0·2, 1·1)
	0·9 (0·4, 1·3)
	0·5 (-0·1, 1·0)

	Ethnicity:
	
	
	
	
	
	
	
	

	   Minority ethnic vs White
	0·1 (-0·3, 0·6)
	0·4 (-0·2, 1·0)
	0·7 (0·0, 1·4)
	0·3 (-0·2, 0·7)
	0·2 (-0·2, 0·5)
	0·4 (-0·2, 1·0)
	0·2 (-0·4, 0·8)
	0·1 (-0·6, 0·8)

	Employment status:
	
	
	
	
	
	
	
	

	   Full-time vs none
	-0·2 (-0·5, 0·2)
	-0·6 (-1·1, -0·2)
	-1·0 (-1·6, -0·5)
	-0·3 (-0·6, 0·1)
	-0·2 (-0·5, 0·0)
	-0·3 (-0·8, 0·2)
	-0·6 (-1·1, -0·1)
	-0·7 (-1·3, -0·1)

	   Part-time vs none
	-0·2 (-0·6, 0·2)
	-0·6 (-1·1, 0·0)
	-1·1 (-1·8, -0·5)
	-0·5 (-0·9, 0·0)
	-0·3 (-0·6, 0·0)
	-0·4 (-0·9, 0·2)
	-0·5 (-1·0, 0·1)
	-0·6 (-1·3, 0·1)

	Source of participants:
	
	
	
	
	
	
	
	

	   Community vs clinics
	-0·2 (-0·5, 0·2)
	0·5 (0·0, 0·9)
	-0·4 (-1·0, 0·1)
	0·3 (-0·1, 0·7)
	0·1 (-0·2, 0·4)
	-0·2 (-0·7, 0·3)
	-0·3 (-0·8, 0·2)
	0·2 (-0·4, 0·8)

	Vaccination status at time of infection:
	
	
	
	
	
	
	
	

	   2+ courses vs not
	0·1 (-0·4, 0·6)
	0·0 (-0·7, 0·7)
	-0·1 (-0·9, 0·8)
	0·2 (-0·4, 0·7)
	0·1 (-0·3, 0·5)
	0·4 (-0·4, 1·1)
	-0·2 (-1·0, 0·5)
	0·7 (-0·2, 1·5)

	Dominant variant at time of infection:
	
	
	
	
	
	
	
	

	   Alpha vs original
	0·8 (0·2, 1·4)
	0·4 (-0·4, 1·2)
	1·2 (0·3, 2·1)
	0·8 (0·2, 1·4)
	0·5 (0·0, 0·9)
	0·7 (-0·1, 1·5)
	0·6 (-0·2, 1·4)
	1·1 (0·1, 2·0)

	   Delta vs original
	0·0 (-0·6, 0·6)
	0·2 (-0·6, 1·0)
	1·1 (0·2, 2·1)
	0·1 (-0·6, 0·7)
	-0·1 (-0·6, 0·3)
	0·1 (-0·8, 0·9)
	0·0 (-0·8, 0·8)
	0·3 (-0·7, 1·3)

	   Omicron vs original
	0·0 (-0·7, 0·7)
	0·0 (-0·9, 0·9)
	0·9 (-0·2, 2·0)
	0·1 (-0·7, 0·8)
	0·0 (-0·6, 0·5)
	0·1 (-0·9, 1·1)
	0·3 (-0·7, 1·3)
	-0·2 (-1·4, 0·9)

	Severity of initial infection:
	
	
	
	
	
	
	
	

	   Asymptomatic vs not
	-0·4 (-1·2, 0·5)
	-0·2 (-1·3, 0·9)
	0·6 (-0·8, 1·9)
	-0·2 (-1·1, 0·7)
	0·4 (-0·2, 1·1)
	-0·4 (-1·6, 0·8)
	-0·4 (-1·6, 0·8)
	-0·2 (-1·5, 1·2)

	   Admitted to hospital vs not
	0·0 (-0·6, 0·6)
	-0·1 (-0·9, 0·7)
	-0·6 (-1·5, 0·4)
	-0·3 (-0·9, 0·4)
	0·1 (-0·4, 0·6)
	0·1 (-0·8, 0·9)
	0·1 (-0·7, 1·0)
	-0·5 (-1·5, 0·6)

	   Admitted to ICU vs not
	0·3 (-0·6, 1·1)
	0·5 (-0·6, 1·7)
	0·2 (-1·2, 1·6)
	-0·2 (-1·1, 0·7)
	0·4 (-0·2, 1·1)
	0·8 (-0·4, 2·0)
	0·2 (-1·0, 1·4)
	0·2 (-1·2, 1·6)

	Duration of long COVID (per year):
	0·1 (-0·2, 0·4)
	0·1 (-0·4, 0·5)
	0·8 (0·2, 1·3)
	0·1 (-0·2, 0·5)
	0·1 (-0·1, 0·4)
	0·1 (-0·4, 0·6)
	0·0 (-0·5, 0·4)
	0·5 (0·0, 1·1)

	Day-level characteristics**
	
	
	
	
	
	
	
	

	Longer-term trend (per month):
	0·0 (-0·1, 0·0)
	0·0 (-0·1, 0·0)
	0·0 (0·0, 0·1)
	0·0 (-0·1, 0·0)
	0·0 (0·0, 0·0)
	0·0 (-0·1, 0·0)
	0·0 (0·0, 0·1)
	0·0 (0·0, 0·0)

	Day of week:
	
	
	
	
	
	
	
	

	   Weekday vs weekend
	0·0 (0·0, 0·1)
	0·2 (0·1, 0·3)
	0·1 (0·1, 0·2)
	0·1 (0·0, 0·1)
	0·0 (0·0, 0·1)
	0·1 (0·1, 0·2)
	0·1 (0·0, 0·1)
	0·3 (0·2, 0·3)

	Quality of sleep (0-10):
	
	
	
	
	
	
	
	

	   Bad (<3) vs good (5-6·9)
	0·1 (0·0, 0·2)
	0·3 (0·2, 0·4)
	0·1 (0·0, 0·3)
	0·1 (0·0, 0·1)
	0·0 (-0·1, 0·1)
	0·1 (0·0, 0·2)
	0·1 (0·0, 0·1)
	0·1 (0·0, 0·3)

	   Poor (3-4·9) vs good (5-6·9)
	0·1 (0·0, 0·1)
	0·1 (0·1, 0·2)
	0·1 (0·0, 0·2)
	0·0 (-0·1, 0·1)
	0·0 (0·0, 0·1)
	0·1 (0·0, 0·1)
	0·0 (-0·1, 0·1)
	0·0 (-0·1, 0·1)

	   Great (7+) vs good (5-6·9)
	0·0 (-0·1, 0·1)
	-0·1 (-0·2, 0·0)
	-0·1 (-0·2, 0·0)
	-0·1 (-0·1, 0·0)
	0·0 (-0·1, 0·1)
	-0·1 (-0·2, 0·0)
	-0·1 (-0·1, 0·0)
	-0·1 (-0·2, 0·0)

	   Not reported vs good (5-6·9)
	0·1 (0·0, 0·2)
	0·2 (0·1, 0·3)
	0·1 (0·0, 0·2)
	0·1 (0·0, 0·1)
	0·1 (0·0, 0·1)
	0·1 (0·0, 0·2)
	0·1 (0·0, 0·1)
	0·1 (0·0, 0·2)

	Time-level characteristics***
	
	
	
	
	
	
	
	

	Time of day:
	
	
	
	
	
	
	
	

	   12 pm vs 9am
	0·0 (-0·1, 0·1)
	0·3 (0·2, 0·4)
	0·0 (0·0, 0·1)
	0·1 (0·0, 0·1)
	0·0 (-0·1, 0·1)
	-0·1 (-0·2, 0·0)
	0·0 (0·0, 0·1)
	0·2 (0·1, 0·3)

	   3 pm vs 9am
	0·0 (-0·1, 0·1)
	0·7 (0·5, 0·9)
	0·1 (-0·1, 0·2)
	0·2 (0·1, 0·3)
	0·0 (-0·1, 0·1)
	-0·2 (-0·3, 0·0)
	0·0 (-0·1, 0·2)
	0·4 (0·2, 0·5)

	   6 pm vs 9am
	0·0 (-0·2, 0·2)
	1·1 (0·7, 1·3)
	0·1 (-0·1, 0·4)
	0·3 (0·1, 0·4)
	0·0 (-0·2, 0·2)
	-0·2 (-0·5, 0·0)
	0·0 (-0·1, 0·2)
	0·6 (0·3, 0·8)

	   9 pm vs 9am
	0·0 (-0·3, 0·3)
	1·4 (1·0, 1·7)
	0·2 (-0·1, 0·5)
	0·3 (0·1, 0·6)
	0·0 (-0·3, 0·2)
	-0·3 (-0·6, 0·0)
	0·1 (-0·1, 0·3)
	0·7 (0·4, 1·1)

	Sleep and rest:
	
	
	
	
	
	
	
	

	   Rest 30 mins before vs not
	0·1 (0·0, 0·2)
	0·6 (0·5, 0·7)
	0·2 (0·1, 0·3)
	0·0 (0·0, 0·1)
	0·0 (0·0, 0·1)
	0·1 (0·0, 0·2)
	0·1 (0·0, 0·1)
	0·2 (0·1, 0·3)

	   Sleep 30 mins before vs not
	0·0 (-0·1, 0·2)
	1·0 (0·9, 1·2)
	0·3 (0·2, 0·5)
	-0·1 (-0·2, 0·1)
	0·0 (-0·1, 0·1)
	-0·1 (-0·2, 0·1)
	0·0 (-0·1, 0·1)
	-0·1 (-0·2, 0·1)

	   Rest 3 hours before vs not
	0·0 (-0·1, 0·1)
	0·0 (0·0, 0·1)
	0·1 (0·0, 0·1)
	0·0 (0·0, 0·1)
	0·0 (-0·1, 0·0)
	0·0 (-0·1, 0·1)
	0·0 (0·0, 0·1)
	-0·1 (-0·2, 0·0)

	   Sleep 3 hours before vs not
	-0·1 (-0·2, 0·0)
	0·1 (0·0, 0·2)
	0·1 (0·0, 0·2)
	0·0 (-0·1, 0·1)
	0·0 (-0·1, 0·0)
	0·0 (-0·1, 0·1)
	0·1 (0·0, 0·2)
	-0·1 (-0·2, 0·0)



Estimates present difference in mean symptom score (rated 0 to 10) compared to reference group, adjusted for covariates at the person-level, day-level and time-level:
* Person-level covariates: age, sex, ethnicity, employment status, source of participants, vaccination status, dominant variant, whether symptomatic, admitted to hospital, admitted to ICU, duration of long COVID.
** Day-level covariates: day of week, mean efforts in physical, cognitive, social or self-care activity, quality of previous night’s sleep, mean activity efforts from previous day.
*** Time-level covariates:  time of day,  efforts in physical, cognitive, social or self-care activity, whether slept or rested, activity efforts from previous time, lagged sleep or rest at previous time.
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Figure headings

Figure 1. Change in mean symptom severity scores associated with physical activity effort (0-10), by length of time-lag, with 95% credible intervals 
Activity effort is truncated at the 99th centile for presentation

Figure 2. Change in mean symptom severity scores associated with cognitive activity effort (0-10), by length of time-lag, with 95% credible intervals 
Activity effort is truncated at the 99th centile for presentation


