Persistent Multi-System Impairments Detected by Wearable Monitoring in Long COVID Cases reporting Fatigue up to Three Years Post-Infection
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[bookmark: _Toc210259941]Supplementary Figures
[bookmark: _Toc210259942]Supplementary Figure 1. Correlations between outcome measures.
Heatmaps showing correlations (Spearman’s coefficient) between outcome measures at baseline. A black dot indicates statistical significance. CF: Cognitive function; HR: Heart rate; RR: Respiratory rate;  WT: Walk test; HRV: Heart rate variability
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[bookmark: _Toc210259943]Supplementary Figure 2. Sensitivity analysis: Deficits in cases when compared to a control group matched for BMI.
Spider plots showing differences between cases (LC+S+) and a control group (LC-S-) matched for BMI. Each case was matched to one or more controls in an iterative process that stopped when the minimum difference in BMI between cases and controls was identified (P>0.98). Panels on the left and right show results of primary analysis and analysis after matching for BMI, respectively. Circles represent standardized β coefficients for the association between participant status and aggregate outcome measures at initial assessment (upper graphs). Shaded areas represent 95% confidence intervals. Models were adjusted for age, sex, education (cognitive function only) and mean heart rate (autonomic function only).
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[bookmark: _Toc210259944]Supplementary Figure 3. Complete case analysis: Aggregate outcome measures
Spider plots showing differences between controls (LC-S-) and cases (LC+S+), and groups LC-S+ and LC+S-. Analysis was restricted to participants who were followed for ≥12 months. Circles represent standardized β coefficients for the association between participant status and aggregate system scores at baseline (upper graphs) and after 12 months (lower graphs). Shaded areas represent 95% confidence intervals. All models were adjusted for age, sex and body mass index. Models for cognitive function and autonomic function were further adjusted for education and mean heart rate.
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[bookmark: _Toc210259945]Supplementary Figure 4. Complete case analysis: single outcome measures.
Forest plots reporting standardized β coefficients and 95% confidence intervals describing the association between participant status (LC+S+, LC-S+, LC+S- compared to LC-S-) and single health parameters, grouped by physiological system. Analysis restricted to participants who were followed for 12 months. In each graph, the first 2 columns represent associations at baseline and after 12 months, while the third column reports the standardized coefficient describing the trajectory slope (interaction between time and status in mixed-effect models). Models were adjusted for age, sex and body mass index. Cognitive function and HRV models were further adjusted for education and mean HR, respectively. HR: Heart rate; HRV: HR variability; RR: Respiratory Rate; WT: Walk test
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[bookmark: _Toc210259946]Supplementary Figure 5. Complete case analysis: Trajectories
Trajectory of aggregate system scores over time estimated from adjusted mixed-effect models. The lines and shaded area represent the predicted outcome and the 95% confidence interval. Models were adjusted for age, sex and body mass index at baseline. Cognitive function and HRV models were further adjusted for education and mean HR, respectively. To reduce the effect of learning, the trajectories of cognitive function have been corrected by subtracting the LC-S- slope.
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[bookmark: _Toc210259947]Supplementary Figure 6. Trajectories of health from time of infection
Trajectory of aggregate system scores over time estimated from adjusted linear mixed-effect models. The lines and shaded area represent the predicted outcome and the 95% confidence interval. Models were adjusted for age, sex and body mass index at baseline. Cognitive function and HRV models were further adjusted for education and mean HR, respectively. Time of infection is set as time zero. In case of no infection, a random time is allocated as time zero. To reduce the effect of learning, the trajectories of cognitive function have been corrected by subtracting the LC-S- slope.
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[bookmark: _Toc210259948]Supplementary Figure 7. Extended symptoms: Aggregate outcome measures. 
Spider plots showing differences between controls (LC-S-) and cases (LC+S+), and groups LC-S+ and LC+S-. Here cases LC+S+ also include study participants who reported confusion and join pain. Circles represent standardized β coefficients for the association between participant status and aggregate system scores at baseline (upper graphs) and after 12 months (lower graphs). Shaded areas represent 95% confidence intervals. All models were adjusted for age, sex and body mass index. Models for cognitive function and autonomic function were further adjusted for education and mean heart rate.
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[bookmark: _Toc210259949]Supplementary Figure 8. Extended symptoms: Trajectories of health.
Trajectory of aggregate system scores over time estimated from adjusted mixed-effect models. The lines and shaded area represent the predicted outcome and the 95% confidence interval. Here cases LC+S+ also include study participants who reported confusion and join pain. Models were adjusted for age, sex and body mass index at baseline. Cognitive function and HRV models were further adjusted for education and mean HR, respectively. To reduce the effect of learning, the trajectories of cognitive function have been corrected by subtracting the LC-S- slope.
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[bookmark: _Toc210259950]Supplementary Figure 9. Distribution of symptoms
Distribution of symptoms reported at the initial assessment in clinic. “x”: Symptoms reported by less than 5 participants. Fatigue cluster symptoms reported in this study are shown in red.
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[bookmark: _Toc210259951]Supplementary Tables
[bookmark: _Toc210259952]Supplementary Table 1. Definition of outcome measures
HRV: Heart rate variability; Wear. T. Wearing time; CF: Cognitive function; bpm: Beat/Breath per minute.
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[bookmark: _Toc210259953]Supplementary Table 2. Definition of aggregate outcome measures. 
z( ) represents the z-score transformation (subtracting the mean value and dividing by the standard deviation)
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[bookmark: _Toc210259954]Supplementary Table 3. Association between participant status and aggregate outcome measures.
Standardized β coefficients, 95% confidence intervals and p-values were estimated by regressing aggregate outcome measures on participant status (LC-S-, LC-S+, LC+S-, LC+S+), sex, age, body mass, education (cognitive function only) and mean heart rate (ANS only). Controls (LC-S-) are used as reference group. Continuous outcomes and exposures were standardized.
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[bookmark: _Toc210259955]Supplementary Table 4. Association between participant status and single outcome measures.
Standardized β coefficients, 95% confidence intervals and p-values were estimated by regressing aggregate outcome measures on participant status (LC-S-, LC-S+, LC+S-, LC+S+), sex, age, body mass, education (cognitive function only) and mean heart rate (ANS only). Controls (LC-S-) are used as reference group. Continuous exposures were standardized, continuous outcomes were not standardized
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[bookmark: _Toc210259956]Supplementary Table 5. Association between participant status and individual cognitive tasks.
Standardized β coefficients, 95% confidence intervals and p-values were estimated by regressing aggregate outcome measures on participant status (LC-S-, LC-S+, LC+S-, LC+S+), sex, age, body mass, and level of education. Controls (LC-S-) are used as reference group. Continuous exposures and outcomes were standardized.
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[bookmark: _Toc210259957]Supplementary Table 6. Monitoring duration and details.
Duration of monitoring (in months) and number of items received per participants during the monitoring period (count). Walk tests are 6-min walk tests. Walk speed is derived from all walk activities, irrespective of their duration. Surveys were collected to monitor mental health using the Radar Base app and Cognitive function was assessed using cognitive tests (Cognitron). P value by Kruskal Wallis.
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[bookmark: _Toc210259958]Supplementary Table 7. Association between participant status and outcome measure temporal variability. 
Standardized β coefficients and 95% confidence intervals were estimated by regressing the standard deviation of the conditional residuals of the mixed-effect model on status and number of data point.
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[bookmark: _Toc210259959]Supplementary Table 8. Complete case analysis: Aggregate outcome measures
Standardized β coefficients and 95% confidence intervals were estimated using multivariable linear regression, with aggregate outcome measures as independent variable, status as exposure and age, sex and body mass index as confounding factors. Models of cognitive function and autonomic nervous systems were further adjusted for education and mean heart rate respectively. Analysis restricted to participants who were followed for 12 months.
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[bookmark: _Toc210259960]Supplementary Table 9. Complete case analysis: single outcome measures
Standardized β coefficients and 95% confidence intervals were estimated using multivariable linear regression, with aggregate outcome measures as independent variable, status as exposure and age, sex and body mass index as confounding factors. Models of cognitive function and autonomic nervous systems were further adjusted for education and mean heart rate respectively. Analysis restricted to participants who were followed for 12 months.
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[bookmark: _Toc210259961]Supplementary Table 10. Extended symptoms: Aggregate outcome measures. 
Association between participant status and aggregate outcome measures (cases defined as showing fatigue cluster symptoms or joint pain or confusion). Standardized β coefficients, 95% confidence intervals and p-values were estimated by regressing aggregate outcome measures on participant status (LC-S-, LC-S+, LC+S-, LC+S+), sex, age, body mass, education (cognitive function only) and mean heart rate (ANS only). Controls (LC-S-) are used as reference group. Continuous outcomes and exposures were standardized
 [image: ]

[bookmark: _Toc210259962]Supplementary Table 11. Extended symptoms: Single outcome measures
Association between participant status and single outcome measures (cases defined as showing fatigue cluster symptoms or joint pain or confusion). Standardized β coefficients and 95% confidence intervals were estimated using multivariable linear regression, with aggregate outcome measures as independent variable, status as exposure and age, sex and body mass index as confounding factors. Models of cognitive function and autonomic nervous systems were further adjusted for education and mean heart rate respectively.
[image: ]


[bookmark: _Toc210259963]Supplementary Text
[bookmark: _Toc210259964]ALSPAC cohort
Avon Longitudinal Study of Parents and Children ALSPAC is a multigenerational, population-based
prospective birth cohort study established in the early0 ‘90s. All pregnant women resident in Avon, UK with an expected date of delivery between 1 April 1991 and 31 December 1992 were invited to take part in the study. 13988 children from 14541 pregnancies were originally enrolled, and further recruitment phases included more eligible participants in following years. Mothers, partners and children from this recruitment have been followed up at multiple time points. The study website (http://www.bristol.ac.uk/alspac/researchers/our-data/) contains details of all available data through a fully searchable data dictionary and variable search tool. Data have also been collected on 12113 partners of the pregnant women who have been invited to take part since 2010. (Boyd et al., 2013; Fraser et al., 2013)
In April 2020, ALSPAC participants were first invited to complete a series of questionnaires focused on COVID19. A serology study was carried out in April 2021, in which SARS-CoV-2 infection status was defined based on measures of anti-N IgG and anti-S IgG. Participants from ALSPAC were recruited from those who responded positively (n=6988) to the following question in the fifth COVID-19 questionnaire (July–October 2021): ‘Would you be happy to be contacted about taking part in future studies, which may involve a trip to London (this applies regardless of whether or not you have had COVID-19)?’. Between July and December 2021, participants were asked to report the duration of their COVID-19 symptoms (less than 2 weeks, 2–3 weeks, 4–12 weeks, more than 12 weeks).
Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics Committees (ALSPAC; REC: 21/SC/0030). Informed consent for the use of all data collected was obtained from participants following the recommendations of the ALSPAC Ethics and Law Committee at the time. Participants can contact the study team at any time to retrospectively withdraw consent for their data to be used. Study participation is voluntary and during all data collection sweeps, information was provided on the intended use of data.
References
Boyd, A., Golding, J., Macleod, J., Lawlor, D. A., Fraser, A., Henderson, J., Molloy, L., Ness, A., Ring, S., & Smith, G. D. (2013). Cohort profile: The ’Children of the 90s’-The index offspring of the avon longitudinal study of parents and children. International Journal of Epidemiology, 42(1), 111–127. https://doi.org/10.1093/ije/dys064
Fraser, A., Macdonald-wallis, C., Tilling, K., Boyd, A., Golding, J., Davey smith, G., Henderson, J., Macleod, J., Molloy, L., Ness, A., Ring, S., Nelson, S. M., & Lawlor, D. A. (2013). Cohort profile: The avon longitudinal study of parents and children: ALSPAC mothers cohort. International Journal of Epidemiology, 42(1), 97–110. https://doi.org/10.1093/ije/dys066
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image10.emf
Category Param Units Description

HRV SDANN bpm

Heart rate variability - Standard deviation of 5-minute average heart rate, 

measured during daytime (7:00 - 23:00), averaged every 30 days. 

HRV SDSD bpm

Heart rate variability - Standard deviation of 15-second successive 

difference in heart rate, measured during daytime (7:00 - 23:00), averaged 

every 30 days 

Resting HR bpm

Minimum heart rate measurement during daytime (7:00 - 23:00), averaged 

every 30 days.

Resting RR bpm

Minimum respiratory rate measurement during daytime (7:00 - 23:00), 

averaged every 30 days.

HR Reserve bpm

Range (max - min) of heart rate during daytime (7:00 - 23:00), averaged 

every 30 days.

Steps in WT integer

Number of steps during a 6-minute walk test, averaged every 60 days (in 

case more than one test was done during that period).

Walk speed mps

Maximum speed registered during any walk activity recorded by the 

smartwatch (after cleaning data) over a period of 60 days

Steps/day n

Number of steps are provided every 15 minutes. The average number of 

steps per 15 minutes was computed by averaging data from 30 

consecutive days. The average number of steps per day was computed by 

adding up the average number of steps per 15 minutes.

Active Time %

Measurement of intensity of physical activity, defined as the proportion of 

time spent in active or highly active activities as defined by Garmin. This is 

given every 15 minutes. The average intensity per 15 minutes was 

computed by averaging data from 30 consecutive days.  The proportion of 

time spent in active or highly active time was computed by adding up the 

average intensity per 15 minutes.   

Sleep out of range %

Proportion of nights over 30 consecutive days during which total sleep 

duration was lower than 7 hours or greater than 9 hours.

Sleep Variability hour Standard deviation of total sleep duration over 30 consecutive days

Valid days n

Number of valid days defined as days during which heart rate data was 

recorded for at least 6 hours during daytime (7:00 - 23:00) 

Valid night n

Number of valid nights defined as nights during which heart rate data was 

recorded for at least 4 hours during night-time (23:01 - 06:59) 

Wear. T. Day %

Proportion of time during which heart rate was recorded during daytime 

(7:00 - 23:00) over 30 consecutive days

Wear. T. Night %

Proportion of time during which heart rate was recorded during night-time 

(22:59 - 06:59) over 30 consecutive days

CF Resp. Time z-score

Summary score of response time. The mean value was computed if more 

than one battery of cognitive tasks were performed over 60 days 

CF Accuracy z-score

Summary score of accuracy. The mean value was computed if more than 

one battery of cognitive tasks were performed over 60 days 

Satisfaction %

A score between 0 and 20 (2 questions, scores from 0 to 10) was derived 

from a standard ONS-2 questionnaire and normalised between 0 and 100

Anxiety %

A score between 0 and 21 (7 questions, scores from 0 to 3) was derived 

from a standard GAD-7 questionnaire and normalised between 0 and 100

Depression %

A score between 0 and 24 (8 questions, scores from 0 to 3) was derived 

from a standard PHQ-8 questionnaire and normalised between 0 and 100

Mental Health

Smartwatch

Cognitron in Mass Science App

Mass Science App

Autonomic Nervous 

System

Cardiorespiratory 

Health

Exercise Capacity

Physical Activity

Sleep

Validity

Cognitive Function
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Category Aggregate Measure Outcome

Autonomic Nervous System +z(SDANN) + z(SDSD)

Cardiorespiratory Health -z(rest HR) - z(rest RR)

Exercise Capacity +z(HR reserve) + z(Steps in WT) + z(Walk speed)

Physical Activity +z(Steps/day) + z(Active Time)

Sleep -z(sleep out of range) - z(speep variability)

Cognitive Function +z(CF Accuracy) - z(CF Resp. time)

Mental Health +z(Satisfaction) -z(Anxiety) - z(Depression)
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Initial Assessment

Systems n

LC-S- 

(n)

LC-S+ 

(n)

LC-S+ 

β (95% CI)

LC-S+ 

(p)

LC+S- 

(n)

LC+S-

β (95% CI)

LC+S- 

(p)

LC+S+ 

(n)

LC+S+

β (95% CI)

LC+S+ 

(p)

Mental Health

293 143 27 -0.46 (-0.82,-0.09)

1.4E-02

73 -0.21 (-0.46,0.04) 1.0E-01 50 -0.53 (-0.82,-0.24)

3.8E-04

Cognitive Function

263 125 25 -0.31 (-0.58,-0.04)

2.5E-02

66  0.01 (-0.18,0.19) 9.3E-01 47 -0.39 (-0.60,-0.18)

3.7E-04

Sleep

279 136 25 -0.17 (-0.54, 0.20) 3.7E-01 70 -0.07 (-0.32,0.19) 6.1E-01 48 -0.34 (-0.63,-0.04)

2.4E-02

Physical Activity

279 137 25 -0.18 (-0.55, 0.19) 3.4E-01 70  0.01 (-0.24,0.26) 9.6E-01 47 -0.34 (-0.63,-0.05)

2.3E-02

Exercise Capacity

293 146 26 -0.29 (-0.59, 0.01) 5.4E-02 73 -0.05 (-0.25,0.16) 6.6E-01 48 -0.31 (-0.55,-0.08)

9.3E-03

Autonomic Function

292 145 26 -0.24 (-0.56, 0.08) 1.4E-01 73  0.08 (-0.13,0.29) 4.7E-01 48 -0.24 (-0.49, 0.01) 6.2E-02

Cardiorespiratory function

292 145 26 -0.24 (-0.54, 0.07) 1.3E-01 73  0.03 (-0.18,0.24) 7.7E-01 48 -0.30 (-0.54,-0.06)

1.5E-02

After +12 Months

Systems n

LC-S- 

(n)

LC-S+ 

(n)

LC-S+

β (95% CI)

LC-S+ 

(p)

LC+S- 

(n)

LC+S-

β (95% CI)

LC+S- 

(p)

LC+S+ 

(n)

LC+S+

β (95% CI)

LC+S+ 

(p)

Mental Health

132 65 10 -0.74 (-1.31,-0.16)

1.2E-02

36 -0.22 (-0.57, 0.14) 2.3E-01 21 -0.49 (-0.92,-0.05)

3.0E-02

Cognitive Function

116 58 8 -0.21 (-0.74, 0.32) 4.4E-01 34 -0.08 (-0.38, 0.22) 6.0E-01 16 -0.43 (-0.83,-0.03)

3.8E-02

Sleep

147 72 14 -0.31 (-0.81, 0.19) 2.2E-01 35 -0.09 (-0.45, 0.26) 6.1E-01 26 -0.36 (-0.77, 0.04) 7.6E-02

Physical Activity

166 81 17  0.02 (-0.44, 0.48) 9.3E-01 41 -0.02 (-0.35, 0.32) 9.2E-01 27 -0.13 (-0.52, 0.27) 5.3E-01

Exercise Capacity

194 99 18 -0.35 (-0.75, 0.06) 9.2E-02 47 -0.32 (-0.60,-0.04)

2.6E-02

30 -0.49 (-0.82,-0.15)

4.6E-03

Autonomic Function

183 94 18 -0.23 (-0.62, 0.15) 2.3E-01 43 -0.01 (-0.29, 0.26) 9.3E-01 28 -0.25 (-0.58, 0.08) 1.3E-01

Cardiorespiratory function

183 94 18 -0.19 (-0.56, 0.17) 3.0E-01 43  0.11 (-0.16, 0.37) 4.2E-01 28 -0.17 (-0.49, 0.14) 2.8E-01
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LC-S-

Category Param N N2 beta P N3 beta4 P5 N6 beta7 P8

Autonomic Nervous System HRV SDANN 145 26 -0.2 (-0.95,  0.54) 0.590 730.023 (-0.48,  0.52) 0.927 48 -0.6 ( -1.2,-0.019) 0.043

Autonomic Nervous System HRV SDSD 145 26-0.38 (-0.75,-0.01) 0.044 73 0.14 ( -0.1, 0.39) 0.254 48-0.18 (-0.47, 0.11) 0.227

Cardiorespiratory Health Resting HR 145 26  2.9 ( 0.58, 5.2) 0.014 73-0.73 ( -2.3,0.82) 0.354 48  1.5 (-0.37, 3.3) 0.117

Cardiorespiratory Health Resting RR 145 26-0.063 (   -1,0.87) 0.895 73  0.14 (-0.49,0.77) 0.656 48  0.78 ( 0.04, 1.5) 0.039

Cognitive Function CF Resp. Time 125 25 0.19 ( -0.1,0.48) 0.199 660.018 (-0.18,0.22) 0.859 47  0.3 (0.064,0.53) 0.013

Cognitive Function CF Accuracy 125 25-0.26 (-0.53,0.0089) 0.058 660.028 (-0.16,  0.22) 0.769 47-0.28 ( -0.5, -0.07) 0.010

Exercise Capacity HR Reserve 145 26-3.5 ( -10, 3.4) 0.316 73 1.3 (-3.4, 5.9) 0.594 48-5.2 ( -11,0.24) 0.061

Exercise Capacity Steps in WT 115 20 -46 (-77,  -14) 0.004 56-3.1 (-24,   18) 0.772 35 -26 (-52,-0.74) 0.044

Exercise Capacity Walk speed 125 21-0.039 ( -0.15,  0.068) 0.475 61-0.027 (-0.098,  0.043) 0.446 40-0.091 ( -0.17,-0.0063) 0.035

Mental Health Satisfaction 143 27-0.89 ( -1.5,-0.29) 0.004 73-0.31 (-0.72,  0.1) 0.142 50-0.58 ( -1.1,-0.11) 0.016

Mental Health Anxiety 140 270.58 (-0.94,2.1) 0.453 720.35 ( -0.7,1.4) 0.514 50 1.7 ( 0.52,2.9) 0.005

Mental Health Depression 140 27 2.5 ( 0.81,4.1) 0.003 720.89 (-0.24,  2) 0.123 50 2.9 (  1.6,4.2) 0.000

Physical Activity Steps per day 137 25-9.3e+02 (-2.2e+03,3.7e+02) 0.159 70 4.5e+02 (-4.4e+02,1.3e+03) 0.321 47-7.7e+02 (-1.8e+03,2.5e+02) 0.137

Physical Activity Active Time 137 25-0.0021 (-0.014, 0.0098) 0.730 70-0.0035 (-0.012, 0.0045) 0.385 47 -0.013 (-0.022,-0.0032) 0.008

Sleep Sleep Out of range 136 25  0.058 ( -0.03, 0.15) 0.197 70-0.0019 (-0.062,0.058) 0.951 48  0.036 (-0.033,  0.1) 0.310

Sleep Sleep Variability 133 250.044 ( -0.14,0.23) 0.649 700.079 (-0.049,0.21) 0.226 46  0.2 ( 0.049,0.35) 0.009

Validity Valid days 145 26-0.11 (-2.1, 1.9) 0.909 73-0.84 (-2.2,0.48) 0.212 48   -1 (-2.6,0.55) 0.205

Validity Valid night 145 26  0.3 (-3.3,3.9) 0.868 73 -0.6 (  -3,1.8) 0.623 48-0.08 (-2.9,2.7) 0.956

Validity Wear. T. Day 145 260.0071 (-0.034, 0.048) 0.731 73-0.025 (-0.053,0.0023) 0.073 48-0.016 (-0.049, 0.016) 0.317

Validity Wear. T. Night 145 26 0.021 (-0.084, 0.13) 0.688 73-0.017 (-0.088,0.054) 0.641 48 0.015 (-0.068,0.098) 0.730

LC-S-

Category Param N N2 beta P N3 beta4 P5 N6 beta7 P8

Autonomic Nervous System HRV SDANN 94 18-0.18 ( -1.1,0.74) 0.694 43-0.19 (-0.85,0.47) 0.568 28-0.58 ( -1.4,0.21) 0.149

Autonomic Nervous System HRV SDSD 94 18-0.43 (-0.94,0.073) 0.093 430.078 (-0.28, 0.44) 0.669 28-0.25 (-0.68, 0.18) 0.245

Cardiorespiratory Health Resting HR 94 18 3.9 ( 0.82,7.1) 0.014 430.51 ( -1.7,2.8) 0.654 28 1.9 (-0.81,4.5) 0.170

Cardiorespiratory Health Resting RR 92 17 -0.7 ( -2.1,0.66) 0.311 42-0.75 ( -1.7,0.21) 0.125 28 0.22 (-0.91, 1.4) 0.701

Cognitive Function CF Resp. Time 58 80.22 ( -0.27,0.71) 0.377 340.11 ( -0.17,0.38) 0.449 16 0.3 (-0.074,0.67) 0.115

Cognitive Function CF Accuracy 58 8 -0.074 (-0.62,0.48) 0.790 34-0.0068 (-0.32,0.31) 0.966 16  -0.33 (-0.74,0.09) 0.124

Exercise Capacity HR Reserve 94 18-5.6 ( -13, 2.1) 0.151 43-2.6 (-8.1,   3) 0.362 28-9.9 ( -17,-3.3) 0.003

Exercise Capacity Steps in WT 50 8-65 (-1.2e+02,-5.7) 0.032 23-30 (     -68, 8.2) 0.123 11-17 (     -69,  34) 0.497

Exercise Capacity Walk speed 65 11 -0.14 (-0.34,0.066) 0.182 32-0.025 (-0.16, 0.11) 0.707 17  -0.1 (-0.27,0.071) 0.249

Mental Health Satisfaction 65 10 -1.5 ( -2.5,-0.52) 0.003 36-0.25 (-0.87, 0.37) 0.420 21-0.54 ( -1.3, 0.23) 0.166

Mental Health Anxiety 64 10 1.5 (-0.86,3.9) 0.210 360.51 (-0.94,  2) 0.488 21 1.3 (-0.49,3.1) 0.153

Mental Health Depression 64 10  3 (0.48,5.5) 0.020 361.3 (-0.3,2.8) 0.113 212.7 (0.75,4.6) 0.007

Physical Activity Steps per day 81 17-3.2e+02 (  -2e+03,1.4e+03) 0.707 41 1.5e+02 (-1.1e+03,1.4e+03) 0.808 27 1.4e+02 (-1.3e+03,1.6e+03) 0.845

Physical Activity Active Time 81 17  0.004 (-0.011, 0.019) 0.605 41-0.0024 (-0.013,0.0086) 0.672 27-0.0088 (-0.022,0.0041) 0.179

Sleep Sleep Out of range 72 14  0.11 ( -0.02,0.25) 0.095 350.0079 (-0.087, 0.1) 0.870 26 0.047 ( -0.06,0.15) 0.387

Sleep Sleep Variability 71 140.054 (-0.25,0.36) 0.727 340.094 (-0.12,0.31) 0.397 25 0.31 (0.064,0.56) 0.014

Validity Valid days 94 18-0.013 (  -3,  3) 0.993 43  0.13 (-2.1,2.3) 0.910 28 -0.15 (-2.7,2.4) 0.909

Validity Valid night 94 180.94 (-4.2,6.1) 0.717 43 2.6 (  -1,6.3) 0.157 28 1.2 (-3.2,5.5) 0.601

Validity Wear. T. Day 94 18-0.027 (-0.098,0.044) 0.452 430.0093 (-0.042, 0.06) 0.721 28-0.031 (-0.092, 0.03) 0.317

Validity Wear. T. Night 94 180.022 ( -0.13,0.18) 0.777 430.099 (-0.012,0.21) 0.081 280.039 (-0.094,0.17) 0.565

LC-S+ LC+S- LC+S+

Associations between status and outcome measures at initial assessment. Controls used as reference

Associations between status and outcome measures at 12 months. Controls used as reference

LC-S+ LC+S- LC+S+
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Associations between status and cognitive outcome measures at initial assessment. Controls used as reference

Category & Param NEI 2B beta - -1 - [ 5 o ol beta7 B3~
|Cognitive Function (ACC) _Mental manipulation 125 25 -0.14(-039,012) 0288 -0.0096 (-0.18,0.16) 0913 47 -0.13(-0.33,0071) 0.205|
|Cognitive Function (RT)  Mental manipulation 125 25 011(-021042) 0510 66 0077(-0.14029) 0487 47 0.22(-0.028,0.47) 0.081
|Cognitive Function (ACC) _Motor control 125 25 -0.14(-038, 0.1) 0251 66 0016(-0.15018) 0850 47 -0.1(-0.3,0087) 0282
|Cognitive Function (RT) _ Motor control 125 25 016(-0.13046) 0264 66 0032(-0.17023) 0755 47 023(0.0029,0.46) 0.047
|Cognitive Function (ACC) Delayed memory 125 25 -0.38(-0.73-0029) 0034 66 -0.19(-0.43,0056) 0132 47 -03(-057-0.021) 0.035
|Cognitive Function (RT) _ Delayed memory 125 25 034(0051,062) 0021 66 -0079(-0.280.12) 0436 47 0.22(-0.0094,045) 0.060|
|Cognitive Function (ACC) _Immediate memory 125 25 -0.37(-0.67,-0.075) 0015 66 -0.0088(-022, 02) 0933 47 -0.24(-0.48,-0.0043) 0.046|
|Cognitive Function (RT)  Immediate memory 125 25 0093(-0.22,04) 0553 66 0011(-02,023) 0916 47 0.26(0.0094,05) 0.042
|Cognitive Function (ACC) _Spatial working memory 125 25 027(-017,072) 0230 66 0.11(-02,042) 0473 47 -0.057(-0.41,03) 0.753
|Cognitive Function (RT) _Spatial working memory 125 25 0068(-027,041) 0696 66 0.13(-0.11,037) 0278 47 0.29(0.016,0.56) 0.038|
|Cognitive Function (ACC) _Processing speed 125 25 -0.24(-0580097) 0160 66 0064(0.17, 03) 0592 47 -0.17(-0.44, 0.1) 0.215
|Cognitive Function (RT) _ Processing speed 125 25 00069(-0.29,031) 0964 66 0077(-0.13,029) 0464 47 0.24(0.006,0.48) 0.044|
|Cognitive Function (ACC) _Spatial planning 125 25 -0099(-0.36, 0.16) 0451 66 005(-0.13, 023) 0583 47 -0.23(043,-0022) 0.030|
|Cognitive Function (RT) _ Spatial planning 125 25 011(-021044) 0490 66 -0.023(-0.25,02) 0842 47 0.24(-0.021049) 0072
|Cognitive Function (ACC) _Verbal reasoning. 125 25 -0.14(-037,0099) 0255 66 0.089(-0.075,025) 0286 47 -0.12(-0.3,007) 0218
|Cognitive Function (RT) _ Verbal reasoning. 125 25 02(-0.13,053) 0231 66 -0.12(03501) 0290 47 0.0026(-0.26,0.26)  0.984]
Associations between status and cognitive outcome measures at 12 months. Controls used as reference
Category & Param - 7 T - - 13- ] o ol beta7 63~
|Cognitive Function (ACC) _Mental manipulation 8 -0.11(-052,03) 0.60 -0077(-031,016) 052 16 -0.15(-0.46,0.17) 0.36|
|Cognitive Function (RT)  Mental manipulation 58 8 0.29(-0.41,099) 041 34 011(-0.28051) 058 16 0.15(-0.38,067) 058
|Cognitive Function (ACC) _Motor control 58 8 -0.097(045025) 058 34 -0017(-0.21,018) 086 16 -0.41(-0.670.14) 0.00|
|Cognitive Function (RT) _ Motor control 58 8 0.11(-057,0.78) 076 34 0.1(-0.280.49) 060 16 0.048(-0.46,0.56) 085
|Cognitive Function (ACC) Delayed memory 58 8 -038( -1,028) 026 34 -0.11(-0.49,027) 056 16 -0.44(-0.94,0.064) 0.09
|Cognitive Function (RT) _ Delayed memory 58 8 0052(-04,05) 082 34 0039(-0.22,029) 076 16 0.11(-023,045) 052
|Cognitive Function (ACC) _Immediate memory 58 8 0.022(-0.54,059) 094 34 018(-0.14,05) 027 16 -0.3(-0.72,013) 017,
|Cognitive Function (RT)  Immediate memory 58 8 03(-022082) 026 34 0.21(-0.087,05) 017 16 0.053(-0.34,045) 079
|Cognitive Function (ACC) _Spatial working memory 58 8 015(-099,13) 080 34 -0.26(-09,039) 043 16 0.047(-0.81,09) 091
|Cognitive Function (RT) _Spatial working memory 58 8 0.67(0.065,13) 003 34 022(-012,057) 020 16 055(0.089, 1) 0.02
|Cognitive Function (ACC) _Processing speed 58 8 -023(-079, 034) 042 34 -0066(-0.39, 025) 068 16 -0.43(-0.86-0.00014) 0.05|
|Cognitive Function (RT) _ Processing speed 58 8 -0.14(-054,025) 047 34 -017(-04,005) 013 16 0.083(-0.21,0.38) 0.58|
|Cognitive Function (ACC) _Spatial planning 58 8 0.042(-0.45,053) 087 34 0.18(-0.1045) 021 16 -0.11(-0.480.26) 055
|Cognitive Function (RT) _ Spatial planning 58 8 033(-0.17,083) 019 34 013(-0.15042) 036 16 0.34(-0.039,072) 0.08|
|Cognitive Function (ACC) _Verbal reasoning. 58 8 031(-038 1) 037 34 003(-0.36,042) 088 16 0.25(-0.27,078) 034
|Cognitive Function (RT) _ Verbal reasoning. 58 8 -0.37(-097,023) 022 34 -0.045(-0.38,03) 080 16 0.34(-0.12,079) 0.14
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A. DURATION

Param Units N med (iqr) N med (iqr) N med (iqr) N med (iqr) P

Watch (day) months 14512.0 (10.0, 12.0) 2612.0 (9.0, 12.0) 7312.0 (8.0, 12.0) 4812.0 (7.0, 12.0) 0.638

Watch (nigh) months 14512.0 (6.8, 12.0) 2612.0 (9.0, 12.0) 7312.0 (7.0, 12.0) 4812.0 (6.0, 12.0) 0.895

Walk test months 10610.0 (6.0, 12.0) 179.0 (1.8, 12.0) 4910.0 (4.8, 12.0) 298.0 (3.0, 11.0) 0.440

Walk speed months 12111.0 (6.0, 12.0) 2111.0 (1.8, 12.0) 5610.5 (5.5, 12.0) 359.0 (6.0, 12.0) 0.745

Surveys months 1498.0 (4.0, 12.0) 276.0 (2.5, 12.0) 749.0 (4.0, 12.0) 5011.0 (4.0, 12.0) 0.420

Cognitive tests months 1189.0 (4.0, 12.0) 228.0 (1.0, 12.0) 6211.0 (5.0, 12.0) 438.0 (4.0, 12.0) 0.606

B. NUMBER

Param Units N med (iqr) N med (iqr) N med (iqr) N med (iqr) P

Walk test number 1219.0 (3.0, 16.0) 218.0 (1.8, 15.0) 5610.0 (3.0, 20.0) 357.0 (1.3, 11.0) 0.251

Walk speed number 12115.0 (7.0, 32.0) 2118.0 (5.0, 71.3) 5618.0 (6.5, 45.0) 3513.0 (6.0, 22.0) 0.504

Surveys number 14911.0 (2.0, 25.0) 277.0 (2.0, 27.3) 7414.5 (3.0, 33.0) 509.5 (4.0, 18.0) 0.413

Cognitive tests number 11813.0 (4.3, 22.0) 229.0 (4.5, 19.5) 6213.0 (5.0, 30.0) 4310.0 (4.3, 16.8) 0.295

LC-S- LC-S+ LC+S- LC+S+
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Associations between status and temporal variability of aggregate outcome measures. Controls used as reference

LC-S-

System

N N Beta P N Beta P N Beta P

Autonomic Function

135 22 -0.06 (-0.50,0.39) 0.805 70 -0.07 (-0.36,0.21) 0.609 41 -0.18 (-0.52,0.17) 0.314

Cardiorespiratory function

135 22  0.47 ( 0.02,0.92) 0.042 69  0.15 (-0.14,0.44) 0.315 41 -0.09 (-0.44,0.26) 0.631

Cognitive Function

93 16  0.01 (-0.51,0.53) 0.961 49 -0.19 (-0.53,0.15) 0.275 31  0.44 ( 0.04,0.84) 0.033

Exercise Capacity 89 13 -0.22 (-0.81,0.36) 0.449 41 -0.22 (-0.59,0.15) 0.239 23 -0.40 (-0.85,0.06) 0.090

Mental Health 112 17 0.60 ( 0.09,1.10) 0.022 55 0.15 (-0.18,0.47) 0.370 36 0.06 (-0.31,0.44) 0.745

Physical Activity 124 22 -0.33 (-0.78,0.13) 0.160 65  0.02 (-0.28,0.32) 0.900 39  0.20 (-0.16,0.56) 0.279

Sleep 122 23 -0.09 (-0.52,0.34) 0.679 66 -0.16 (-0.45,0.13) 0.275 41 -0.04 (-0.38,0.30) 0.814

LC-S+ LC+S- LC+S+
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Complete Cases - Initial assessment

Systems n

LC-S- 

(n)

LC-S+ 

(n)

LC-S+                 

beta (CI)

LC-S+ 

(p)

LC+S- 

(n)

LC+S-                 

beta (CI)

LC+S- 

(p)

LC+S+ 

(n)

LC+S+                 

beta (CI)

LC+S+ 

(p)

Mental Healh

130 65 10 -0.53 (-1.12,0.07) 8.3E-02 35 -0.17 (-0.54,0.19) 3.5E-01 20 -0.55 (-1.00,-0.09)

1.9E-02

Cognitive Function

107 53 8 -0.49 (-1.00,0.02) 5.9E-02 32 -0.13 (-0.43,0.17) 4.0E-01 14 -0.51 (-0.91,-0.10)

1.5E-02

Sleep

139 70 13 -0.19 (-0.69,0.31) 4.5E-01 32 -0.05 (-0.41,0.30) 7.7E-01 24 -0.37 (-0.77, 0.03) 7.2E-02

Physical Activity

160 80 16 -0.12 (-0.59,0.36) 6.3E-01 39  0.26 (-0.08,0.60) 1.3E-01 25 -0.30 (-0.71, 0.10) 1.4E-01

Exercise Capacity

188 97 18 -0.07 (-0.47,0.33) 7.4E-01 45 -0.11 (-0.39,0.17) 4.4E-01 28 -0.43 (-0.77,-0.09)

1.4E-02

Auntonomic Function

177 92 18 -0.30 (-0.68,0.08) 1.2E-01 41  0.12 (-0.15,0.40) 3.8E-01 26 -0.28 (-0.61, 0.05) 9.5E-02

Cardiorespiratory function

177 92 18 -0.21 (-0.58,0.15) 2.5E-01 41  0.09 (-0.18,0.36) 5.1E-01 26 -0.28 (-0.60, 0.05) 9.2E-02

Complete Cases +12 Months

Systems n

LC-S- 

(n)

LC-S+ 

(n)

LC-S+                 

beta (CI)

LC-S+ 

(p)

LC+S- 

(n)

LC+S-                 

beta (CI)

LC+S- 

(p)

LC+S+ 

(n)

LC+S+                 

beta (CI)

LC+S+ 

(p)

Mental Healh

130 65 10 -0.74 (-1.31,-0.16)

1.2E-02

35 -0.21 (-0.56,0.15) 2.5E-01 20 -0.51 (-0.95,-0.07)

2.2E-02

Cognitive Function

107 53 8 -0.31 (-0.81, 0.20) 2.3E-01 32 -0.06 (-0.35,0.24) 7.0E-01 14 -0.35 (-0.75, 0.06) 9.0E-02

Sleep

141 70 13 -0.28 (-0.81, 0.24) 2.8E-01 34 -0.07 (-0.43,0.30) 7.1E-01 24 -0.37 (-0.79, 0.05) 8.4E-02

Physical Activity

161 80 16  0.05 (-0.43, 0.53) 8.5E-01 40  0.02 (-0.32,0.36) 9.1E-01 25 -0.08 (-0.49, 0.33) 7.1E-01

Exercise Capacity

189 97 18 -0.35 (-0.76, 0.05) 8.7E-02 46 -0.28 (-0.57,0.00) 5.4E-02 28 -0.52 (-0.87,-0.18)

3.3E-03

Auntonomic Function

178 92 18 -0.24 (-0.63, 0.15) 2.2E-01 42 -0.06 (-0.34,0.22) 6.8E-01 26 -0.26 (-0.60, 0.09) 1.4E-01

Cardiorespiratory function

178 92 18 -0.20 (-0.57, 0.18) 3.0E-01 42  0.11 (-0.16,0.38) 4.2E-01 26 -0.17 (-0.49, 0.16) 3.2E-01
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LC-S-

Category Param N N beta P N beta P N beta P

Autonomic Nervous System HRV SDANN 94 18 -0.16 ( -1.1,0.75) 0.727 42  0.03 (-0.63,0.69) 0.929 28 -0.54 ( -1.3,0.23) 0.170

Autonomic Nervous System HRV SDSD 94 18 -0.55 ( -0.99,-0.11) 0.015 42  0.22 (-0.098, 0.54) 0.175 28 -0.28 ( -0.66,0.091) 0.138

Cardiorespiratory Health Resting HR 94 18  4.3 ( 1.5,7.1) 0.003 42 0.11 (-1.9,2.1) 0.917 28  1.2 (-1.2,3.6) 0.324

Cardiorespiratory Health Resting RR 92 17 -0.66 ( -1.7,0.43) 0.235 41 -0.33 ( -1.1,0.45) 0.407 28  0.72 (-0.19, 1.6) 0.122

Cognitive Function CF Resp. Time 56 8  0.38 (-0.11,0.88) 0.129 33 0.097 (-0.19,0.38) 0.499 16  0.42 (0.039, 0.8) 0.031

Cognitive Function CF Accuracy 56 8  -0.25 (-0.72, 0.22) 0.290 33 -0.043 (-0.31, 0.23) 0.753 16  -0.31 (-0.67,0.052) 0.093

Exercise Capacity HR Reserve 94 18   -2 (-10, 6.1) 0.632 42  1.8 ( -4, 7.6) 0.535 28 -5.9 (-13,0.99) 0.093

Exercise Capacity Steps in WT 49 8  -43 (-98,11) 0.115 22 -9.1 (-45,26) 0.611 11  -16 (-63,31) 0.495

Exercise Capacity Walk speed 64 11 -0.067 ( -0.2, 0.066) 0.320 29 -0.058 (-0.15, 0.032) 0.202 17  -0.13 (-0.25,-0.023) 0.018

Mental Health Satisfaction 65 10  -1.1 (   -2,-0.25) 0.011 36 -0.16 (-0.68, 0.37) 0.558 21 -0.33 (-0.98, 0.32) 0.315

Mental Health Anxiety 64 10 0.19 ( -2.1,2.5) 0.870 36 0.56 (-0.85,  2) 0.434 21  1.5 (-0.22,3.3) 0.085

Mental Health Depression 64 10  2.4 (-0.094,4.9) 0.059 36 0.87 ( -0.68,2.4) 0.268 21  3.2 (   1.2,5.1) 0.001

Physical Activity Steps per day 81 17 -9.3e+02 (-2.4e+03,5.2e+02) 0.208 40  1.2e+03 ( 1.5e+02,2.3e+03) 0.026 27 -6.3e+02 (-1.9e+03,6.1e+02) 0.319

Physical Activity Active Time 81 17 0.0042 (-0.0096,   0.018) 0.551 40 0.0016 (-0.0084,   0.012) 0.753 27 -0.012 ( -0.024,-0.00039) 0.043

Sleep Sleep Out of range 71 14 0.097 (-0.011, 0.2) 0.079 33 0.026 (-0.052, 0.1) 0.508 26 0.028 (-0.059,0.12) 0.523

Sleep Sleep Variability 70 14 0.021 ( -0.22,0.27) 0.869 32 0.027 ( -0.15,0.21) 0.769 25  0.19 (-0.013,0.39) 0.067

Validity Valid days 94 18    0.33 (-1.1, 1.7) 0.642 42 -0.0043 (  -1,   1) 0.993 28   -0.32 (-1.5,0.88) 0.597

Validity Valid night 94 18 0.84 (-2.5,4.2) 0.626 42 0.61 (-1.8,3.1) 0.625 28 0.34 (-2.6,3.2) 0.815

Validity Wear. T. Day 94 18  0.0048 ( -0.03, 0.04) 0.785 42  0.0094 (-0.016,0.035) 0.462 28 -0.0022 (-0.032,0.028) 0.883

Validity Wear. T. Night 94 18 0.022 (-0.079, 0.12) 0.664 42 0.026 (-0.047,0.099) 0.486 28  0.02 (-0.067, 0.11) 0.655
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Initial Assessment (cases as fatigue + joint pain + confusion)

Systems n

LC-S- 

(n)

LC-S+ 

(n)

LC-S+

LC-S+ 

(p)

LC+S- 

(n)

LC+S-

LC+S- 

(p)

LC+S+ 

(n)

LC+S+

LC+S+ 

(p)

Mental Healh

293 141 29 -0.47 (-0.83,-0.12)

9.1E-03

69 -0.17 (-0.42,0.09) 2.0E-01 54 -0.58 (-0.86,-0.30)

5.4E-05

Cognitive Function

263 123 27 -0.38 (-0.64,-0.12)

4.5E-03

63 -0.00 (-0.19,0.19) 1.0E+00 50 -0.39 (-0.60,-0.19)

2.3E-04

Sleep

279 134 27 -0.23 (-0.59, 0.14) 2.2E-01 66 -0.14 (-0.40,0.11) 2.7E-01 52 -0.24 (-0.52, 0.04) 9.7E-02

Physical Activity

279 135 27 -0.09 (-0.45, 0.27) 6.3E-01 66  0.05 (-0.21,0.30) 7.2E-01 51 -0.33 (-0.62,-0.05)

2.0E-02

Exercise Capacity

293 144 28 -0.34 (-0.63,-0.05)

2.1E-02

69 -0.06 (-0.26,0.15) 5.8E-01 52 -0.30 (-0.53,-0.07)

9.5E-03

Auntonomic Function

292 143 28 -0.23 (-0.54, 0.08) 1.4E-01 69  0.08 (-0.14,0.30) 4.7E-01 52 -0.22 (-0.46, 0.02) 7.5E-02

Cardiorespiratory function

292 143 28 -0.25 (-0.55, 0.05) 1.0E-01 69  0.00 (-0.21,0.21) 9.8E-01 52 -0.25 (-0.48,-0.01)

3.9E-02

Assessment at 12 months (cases as fatigue + joint pain + confusion)

Systems n

LC-S- 

(n)

LC-S+ 

(n)

LC-S+

LC-S+ 

(p)

LC+S- 

(n)

LC+S-

LC+S- 

(p)

LC+S+ 

(n)

LC+S+

LC+S+ 

(p)

Mental Healh

132 63 12 -0.85 (-1.38,-0.33)

1.6E-03

33 -0.19 (-0.54, 0.17) 3.0E-01 24 -0.60 (-1.01,-0.19)

4.4E-03

Cognitive Function

116 56 10 -0.57 (-1.03,-0.10)

1.8E-02

31 -0.16 (-0.47, 0.14) 2.9E-01 19 -0.40 (-0.77,-0.03)

3.6E-02

Sleep

147 70 16 -0.38 (-0.86, 0.09) 1.1E-01 33 -0.15 (-0.51, 0.21) 4.2E-01 28 -0.32 (-0.72, 0.07) 1.1E-01

Physical Activity

166 79 19  0.17 (-0.27, 0.61) 4.5E-01 39  0.06 (-0.28, 0.40) 7.3E-01 29 -0.16 (-0.54, 0.23) 4.2E-01

Exercise Capacity

194 97 20 -0.45 (-0.84,-0.07)

2.2E-02

44 -0.37 (-0.65,-0.08)

1.2E-02

33 -0.46 (-0.78,-0.14)

4.9E-03

Auntonomic Function

183 92 20 -0.21 (-0.58, 0.16) 2.6E-01 41 -0.00 (-0.28, 0.28) 9.8E-01 30 -0.25 (-0.57, 0.07) 1.2E-01

Cardiorespiratory function

183 92 20 -0.20 (-0.55, 0.15) 2.7E-01 41  0.08 (-0.19, 0.35) 5.5E-01 30 -0.13 (-0.44, 0.18) 4.0E-01


image20.emf
LC-S-

Category Outcome Measure N N beta P N beta P N beta P

Autonomic Nervous System HRV SDANN 143 28 -0.17 (-0.89,  0.55) 0.644 69 0.048 (-0.46,  0.56) 0.854 52 -0.58 ( -1.2,-0.015) 0.044

Autonomic Nervous System HRV SDSD 143 28 -0.38 (-0.74,-0.019) 0.039 69  0.14 (-0.12,  0.39) 0.292 52 -0.15 (-0.44,  0.13) 0.281

Cardiorespiratory Health Resting HR 143 28   2.7 (0.47,  5) 0.018 69 -0.56 (-2.2,  1) 0.489 52   1.1 (-0.7,2.9) 0.233

Cardiorespiratory Health Resting RR 143 28 0.056 (-0.86,0.97) 0.903 69  0.21 (-0.44,0.85) 0.531 52  0.69 (-0.03, 1.4) 0.060

Cognitive Function CF Resp. Time 123 27  0.21 (-0.075,0.49) 0.149 63 0.013 ( -0.19,0.22) 0.903 50   0.3 ( 0.073,0.53) 0.010

Cognitive Function CF Accuracy 123 27 -0.34 ( -0.6,-0.081) 0.010 63 0.011 (-0.18,   0.2) 0.912 50 -0.29 (-0.49,-0.077) 0.008

Exercise Capacity HR Reserve 143 28 -4.1 ( -11,2.7) 0.234 69 0.54 (-4.2,5.3) 0.823 52 -4.1 (-9.4,1.2) 0.133

Exercise Capacity Steps in WT 113 22  -46 (-76, -16) 0.003 52 -2.9 (-24,  19) 0.790 39  -26 (-51,-1.7) 0.036

Exercise Capacity Walk speed 123 23 -0.068 ( -0.17, 0.034) 0.190 57 -0.026 (-0.098, 0.046) 0.484 44   -0.1 ( -0.18,-0.019) 0.016

Mental Health Satisfaction 141 29 -0.88 ( -1.5, -0.3) 0.003 69 -0.24 (-0.65, 0.18) 0.265 54 -0.68 ( -1.1,-0.22) 0.004

Mental Health Anxiety 138 29 0.68 ( -0.8,2.2) 0.365 68 0.21 (-0.86,1.3) 0.704 54  1.9 (  0.7,  3) 0.002

Mental Health Depression 138 29  2.5 ( 0.94,4.1) 0.002 68 0.66 (-0.48,1.8) 0.258 54  3.1 (  1.9,4.4) 0.000

Physical Activity Steps per day 135 27 -6.6e+02 (-1.9e+03,6.1e+02) 0.309 66  5.3e+02 (-3.7e+02,1.4e+03) 0.248 51 -7.1e+02 (-1.7e+03,2.9e+02) 0.161

Physical Activity Active Time 135 27 0.00064 (-0.011,  0.012) 0.913 66 -0.0019 ( -0.01, 0.0062) 0.642 51  -0.013 (-0.022,-0.0039) 0.005

Sleep Sleep Out of range 134 27 0.073 (-0.013, 0.16) 0.096 66 0.016 (-0.045,0.077) 0.607 52 0.017 ( -0.05,0.085) 0.613

Sleep Sleep Variability 131 27 0.064 ( -0.12,0.25) 0.491 66  0.11 (-0.019,0.24) 0.093 50  0.15 (0.0082, 0.3) 0.038

Validity Valid days 143 28 0.089 (-1.8,   2) 0.927 69 -0.61 (  -2,0.74) 0.377 52  -1.2 (-2.7,0.28) 0.109

Validity Valid night 143 28  0.74 (-2.7,4.2) 0.676 69  -0.4 (-2.9,2.1) 0.748 52 -0.21 (  -3,2.5) 0.881

Validity Wear. T. Day 143 28  0.014 (-0.026,0.053) 0.500 69 -0.021 (-0.049,0.007) 0.140 52  -0.02 (-0.051,0.012) 0.214

Validity Wear. T. Night 143 28  0.031 (-0.071, 0.13) 0.547 69 -0.013 (-0.085, 0.06) 0.728 52  0.011 (-0.069,0.092) 0.783

LC-S-

Category Outcome Measure N N beta P N beta P N beta P

Autonomic Nervous System HRV SDANN 92 20 -0.099 (-0.99,0.79) 0.827 41  -0.15 (-0.83,0.52) 0.658 30  -0.58 ( -1.4,0.19) 0.137

Autonomic Nervous System HRV SDSD 92 20 -0.43 (-0.92,0.055) 0.081 41 0.078 (-0.29, 0.45) 0.678 30 -0.25 (-0.67, 0.17) 0.236

Cardiorespiratory Health Resting HR 92 20  3.9 ( 0.9,6.9) 0.011 41 0.91 (-1.4,3.2) 0.434 30  1.4 (-1.2,  4) 0.295

Cardiorespiratory Health Resting RR 90 19 -0.62 ( -1.9,0.67) 0.344 40 -0.78 ( -1.8, 0.2) 0.119 30  0.19 (-0.92, 1.3) 0.734

Cognitive Function CF Resp. Time 56 10 0.39 (-0.049,0.82) 0.081 31 0.14 ( -0.15,0.42) 0.341 19  0.3 (-0.042,0.65) 0.084

Cognitive Function CF Accuracy 56 10 -0.44 (-0.93,0.047) 0.076 31  -0.1 (-0.42, 0.22) 0.537 19 -0.27 (-0.66, 0.11) 0.165

Exercise Capacity HR Reserve 92 20 -6.9 ( -14,0.52) 0.068 41 -3.1 (-8.8, 2.5) 0.276 30 -9.5 ( -16,  -3) 0.004

Exercise Capacity Steps in WT 48 10 -76 (-1.3e+02,-23) 0.005 20 -38 (     -77,1.3) 0.058 14 -19 (     -64, 26) 0.412

Exercise Capacity Walk speed 63 13  -0.18 (-0.37,0.0036) 0.054 29 -0.049 (-0.19, 0.088) 0.477 20 -0.082 (-0.24, 0.077) 0.308

Mental Health Satisfaction 63 12  -1.5 ( -2.4, -0.55) 0.002 33 -0.14 (-0.77,   0.5) 0.670 24 -0.77 ( -1.5,-0.042) 0.038

Mental Health Anxiety 62 12  2.2 (0.043,4.4) 0.046 33 0.44 (   -1,1.9) 0.556 24  1.7 (0.029,3.4) 0.046

Mental Health Depression 62 12 3.7 (  1.4,  6) 0.002 33 1.3 (-0.29,2.9) 0.108 24   3 (  1.2,4.8) 0.001

Physical Activity Steps per day 79 19      30 (-1.6e+03,1.6e+03) 0.971 39 3.4e+02 (-8.9e+02,1.6e+03) 0.584 29      13 (-1.4e+03,1.4e+03) 0.985

Physical Activity Active Time 79 19  0.0098 (-0.0046, 0.024) 0.181 39 0.00061 (  -0.01, 0.012) 0.914 29 -0.0096 ( -0.022,0.0029) 0.133

Sleep Sleep Out of range 70 16  0.15 ( 0.027,0.28) 0.018 33 0.028 (-0.069,0.12) 0.571 28 0.044 (-0.061,0.15) 0.411

Sleep Sleep Variability 69 16 0.043 (-0.25,0.33) 0.770 32  0.11 (-0.11,0.34) 0.325 27  0.27 (0.028,0.52) 0.030

Validity Valid days 92 20  0.47 (-2.4,3.4) 0.751 41 0.086 (-2.1,2.3) 0.939 30  0.13 (-2.4,2.7) 0.917

Validity Valid night 92 20 1.9 (  -3,6.8) 0.453 41 2.5 (-1.2,6.3) 0.182 30 1.9 (-2.4,6.1) 0.392

Validity Wear. T. Day 92 20 -0.014 (-0.083,0.054) 0.678 41   0.01 (-0.042,0.062) 0.704 30 -0.025 (-0.085,0.034) 0.405

Validity Wear. T. Night 92 20 0.047 (  -0.1, 0.2) 0.531 41 0.097 (-0.017,0.21) 0.094 30 0.058 (-0.072,0.19) 0.379

Associations between status and outcome measures at 12 months. Controls used as reference

LC-S+ LC+S- LC+S+

Associations between status and outcome measures at initial assessment. Controls used as reference

LC-S+ LC+S- LC+S+
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