Activity–rest patterns and skin disease
Additional file 1 Supplementary material
Seven-day wrist-accelerometer activity–rest patterns and subsequently recorded inflammatory skin diseases in UK Biobank: a prospective cohort study
Scope
This appendix preserves the full prespecified and sensitivity-analysis record for the cohort study of seven-day wrist-accelerometer activity–rest patterns and subsequently recorded inflammatory skin diseases. It includes corrected positive, nominal, null, stopped, and withheld analyses. No supplementary result replaces the 24-test core hospital-outcome family.
eMethods 1. Identifier linkage and source integrity
All formal analyses used the project-specific anonymized participant identifier supplied across the local data sources. Assessment, accelerometer summary, hourly acceleration, hourly wear duration, sleep and quality indicators, accelerometer request/start/end dates, hospital diagnosis/date arrays, first-occurrence dates/source codes, and death dates were linked directly. Each source was checked for identifier uniqueness. The 501,936-person outcome-linked cohort was the anchor; required analytic sources covered 100% of those identifiers.
An earlier provisional cohort that relied on an inferred identifier translation was invalidated. No provisional event count, outcome date, or estimate was carried into the formal results.
eMethods 2. Accelerometer eligibility and phenotype construction
Eligibility required a valid overall-acceleration value; official good-wear and good-calibration indicators; no unresolved accelerometer data-problem flag; all 24 hourly acceleration values; positive wear duration in each clock hour; and chronologically ordered request, wear-start, and wear-end dates. Hourly acceleration fields 90027–90050 and hourly wear-duration fields 90060–90083 were used. Fields 90003, 90010, and 90011 supplied request, start, and end dates. Fields 40046–40049 were not treated as a four-part composition of sleep, sedentary time, light activity, and moderate-to-vigorous activity because those fields were not present in the applicable data index.
The eight core tests were overall acceleration, first-harmonic cosinor amplitude, circular acrophase, day/night activity ratio, most-active 10-hour activity (M10), least-active 5-hour activity (L5), relative amplitude, and weekend-minus-weekday acceleration. Relative amplitude was (M10−L5)/(M10+L5). Except for the joint two-degree-of-freedom acrophase test, effects were scaled per standard deviation calculated across the 94,406 eligible accelerometer participants. Observed peak hour and M10/L5 start times were descriptive.
Principal components were derived from raw 24-hour curves and from within-person centered/scaled curves. Four curve clusters were fitted under two random seeds. These seven functional tests per disease formed a separate 21-test family. Wear-duration-weighted metrics and Fourier representations were fixed sensitivity analyses.
eMethods 3. Risk sets, outcomes, censoring, and covariates
Time zero was wear completion. For each disease, participants were excluded for a record on or before time zero, an unusable first-occurrence date, death before time zero, or no positive follow-up. Hospital outcomes were ICD-10 L20 for atopic dermatitis, L40 for psoriasis, and L50 for urticaria. Follow-up ended at the earliest qualifying disease record, death, or prespecified country cutoff: March 31, 2023, for England; August 31, 2022, for Scotland; and May 31, 2022, for Wales. Assessment center served as the country proxy; event-level provider location and independently verifiable local-release metadata were unavailable.
The full psoriasis model included age at time origin, sex, body mass index, smoking, White/non-White ethnicity, alcohol frequency, household income, education, sleep duration, sleep outside 7–9 hours, sine/cosine season terms, and assessment-center-stratified baseline hazards. Reduced adjustment used age, sex, body mass index, smoking, and season with country strata. Minimal adjustment used age and sex with country strata.
Model depth was fixed by the smaller raw event count across hospital and first-occurrence definitions, before exposure coefficients were inspected: at least 200 events allowed full adjustment, 50–199 reduced adjustment, 20–49 minimal adjustment, and fewer than 20 events descriptive analysis only. This yielded full adjustment for psoriasis, minimal adjustment for atopic dermatitis, and reduced adjustment for urticaria. Interaction models required at least 100 events.
eMethods 4. Multiplicity and evidence hierarchy
The eight core tests across three hospital-recorded diseases formed one 24-test Benjamini–Hochberg family. The seven functional tests across three diseases formed a separate 21-test family. First-occurrence outcome-definition analyses, landmarks, robustness checks, and clinical-translation summaries were sensitivities and did not define replacement multiplicity families. Exact probability values are retained to show estimation and uncertainty, but interpretation follows the prespecified family and the analysis hierarchy.
The focal psoriasis relative-amplitude work was data-informed after scalar results had been viewed. It was therefore used to examine construct specificity, bias, magnitude, and prediction plausibility rather than to claim an independent confirmatory discovery.
eMethods 5. Baseline-disease and covariate-timing audit
The original risk set excluded disease recorded on or before wear completion in hospital or first-occurrence fields. For psoriasis, records were resolved by primary-care, self-report, and hospital source. Self-reported noncancer illness code 1453 was assessed at each available assessment date; only records dated on or before wear completion were eligible for the strict sensitivity. Impossible raw dates were excluded and reported rather than interpreted.
Main covariates came from assessment instance 0. The timing sensitivity selected the most recent valid value from instances 0–3 whose assessment date was on or before wear completion. A common-sample estimate separated timing from sample-composition changes. A primary-care-coverage subset was prespecified only if person-level registration intervals independently bracketed wear completion. Such intervals were not present; disease-source codes were conditional on a recorded event, so that subset analysis stopped to avoid conditioning on morbidity.
One-, two-, and three-year landmarks required participants to remain event-free and under follow-up through the fixed landmark. The five-year landmark required at least 200 complete-case psoriasis events; the threshold was not met, so no hazard ratio was estimated.
eMethods 6. Harmonized outcome-definition and sparse-event analyses
Hospital and all-source first-occurrence outcomes were compared on the same eligible risk set and with the same disease-specific adjustment tier. This prevents changes in both source and covariate depth from being mistaken for a source effect. Alternative-definition probability values were descriptive and were not assigned a newly selected false-discovery-rate family.
Because hospital-recorded atopic dermatitis had 25 events, additional diagnostics included 1st/99th-percentile winsorization of each implicated exposure and 25 leave-one-event-out refits. Direction reversal, confidence-interval crossing, and maximum probability values were tabulated. Firth Cox regression was gated on availability of a prespecified implementation; the dependency was unavailable, so the analysis stopped without post hoc installation.
eMethods 7. Missing data, competing events, assumptions, and influence
The primary analysis used complete cases. Multiple imputation by chained equations included the event indicator and Nelson–Aalen cumulative hazard. The final locked implementation used 30 imputations and passively recomputed the derived sleep-problem indicator from the imputed sleep-duration value. It included 91,832 participants and 344 events; the pooled relative-amplitude hazard ratio was 0.89154 (95% confidence interval, 0.81177–0.97913; P=0.01651), the fraction of missing information was 0.00698, and the maximum R-hat diagnostic was 1.0758. No warnings or incoherent completed values were logged. These diagnostics do not prove the missing-at-random assumption.
Cause-specific Cox models used elapsed days from wear completion and Efron handling of tied event times. Schoenfeld-residual diagnostics assessed the proportional-hazards assumption. For the focal psoriasis model, diagnostic P values were 0.209 for relative amplitude and 0.335 globally; these tests did not indicate a departure from proportional hazards. Fine–Gray regression adjusted for country in place of assessment-center strata because sparse center-by-event cells caused a singular subdistribution-hazard information matrix; comparison with the main model therefore involves a change in both estimand and geographic adjustment.
Death was treated as censoring in cause-specific Cox models and as a competing event in Fine–Gray sensitivity models; the latter estimates a subdistribution hazard ratio and was not equated with the cause-specific estimand. Proportional-hazards tests, restricted splines, nonlinear age/body-mass-index terms, DFBETA influence diagnostics, and E-values were reported. E-values quantify the minimum joint strength of an unmeasured confounder association under their assumptions; they do not establish causality.
eMethods 8. Measured accelerometer-participation weighting
Selection into the 94,406-person accelerometer cohort was modeled in the 501,936-person outcome-linked UK Biobank anchor using baseline age, sex, body mass index, ethnicity, smoking, alcohol, income, education, assessment center, and assessment year. Continuous missing values were median-imputed with missingness indicators; categorical missingness was represented as a level. Stabilized inverse-probability weights were truncated at the 1st and 99th percentiles.
The weighted psoriasis Cox model was restricted to the same 81,582 complete cases and 304 events as the unweighted model. In that exact subset, effective sample size was 68,718.0; the median absolute standardized mean difference decreased from 0.04127 to 0.00927 and the number of balance rows above 0.10 decreased from 10 to 3. The maximum remained 0.42581 because the anchor represented missing-income and missing-education categories that were absent by definition among complete cases. The analysis addresses measured predictors of accelerometer participation only; it does not correct complete-case selection, transport the cohort to the general population, or remove initial UK Biobank volunteer selection.
eMethods 9. Functional curve-shape analysis
Each hourly curve was decomposed as X_i(h)=mean_i+Z_i(h), where the 24 centered values Z_i(h) sum to zero. The primary conditional shape representation projected Z_i(h) onto sine/cosine bases for 24- and 12-hour periods. A four-degree-of-freedom likelihood-ratio test compared models with and without the four shape terms while retaining exact 24-hour mean activity and identical covariates. Fixed sensitivities used three harmonics, proportional shape, and one- and two-year landmarks. Hourly weights were descriptive manifestations of one global model rather than 24 separate tests.
eMethods 10. Absolute risk and discrimination
Cause-specific psoriasis and death models were combined to estimate cumulative incidence at five and eight years. Relative amplitude was set to the median of quartile 1 or quartile 4 while all other covariates were standardized over the same complete-case population. The five-year contrast was designated the primary clinical horizon because it had broader follow-up support. Of 1,000 requested nonparametric bootstrap samples, 990 succeeded; failures were retained in the audit trail.
Four prediction models used the same participants and events: clinical covariates; clinical plus mean activity; clinical plus relative amplitude; and clinical plus mean activity plus four shape scores. All 500 paired bootstrap samples succeeded in estimating optimism in assessment-center-stratified Harrell concordance. These summaries tested clinical magnitude and screening plausibility after phenotype selection; they were not intervention effects or formal prediction-model development.
eMethods 11. Effect modification and stopping rules
Prespecified modifiers were sex, obesity, sleep, and shift work. Interaction inference required at least 100 outcome events, and reported subgroup estimates were secondary to interaction tests. The threshold permitted psoriasis analyses but stopped atopic-dermatitis and urticaria interactions. Night-shift information was not used as a routine confounder because approximately 92% was missing; shift-work sensitivity analyses were explicitly available-case analyses.
eMethods 12. Reproducibility and validation
Analyses were performed in R version 4.6.0; the principal survival and imputation implementations used the survival package version 3.8-6 and mice version 3.19.0, respectively. Versioned scripts produced each analytic CSV and figure. Independent validators checked identifier uniqueness and coverage, cohort flow, event counts, effect scaling, model formulas, multiplicity calculations, source harmonization, strict baseline exclusions, temporal stopping rules, sparse-event refits, absolute-risk bootstrap construction, prediction bootstrap pairing, passive imputation, and final-subset selection balance. The final post-audit statistical lock passed 77 of 77 checks with 0 warnings. A passed computational check establishes reproducibility of the implemented calculation, not freedom from residual confounding, selection, or measurement error.

Supplementary table inventory
eTable 1: Formal accelerometer-cohort flow.
eTable 2: Covariate missingness before complete-case restriction.
eTable 3: Disease-specific risk sets, event counts, competing deaths, and adjustment tiers.
eTable 4: Complete 24-test core hospital-outcome family.
eTable 5: Complete 21-test functional-curve family.
eTable 6: Atopic-dermatitis sparse-event robustness and Firth availability gate.
eTable 7: Relative-amplitude quartile and nonlinear psoriasis analyses.
eTable 8: Effect-modification estimates and event-support status.
eTable 9: First-occurrence source composition and harmonized outcome-definition estimates.
eTable 10: Psoriasis baseline-disease and covariate-timing audit.
eTable 11: Landmark analyses and stopping decisions.
eTable 12: Psoriasis construct, model, selection, geography, and influence sensitivities.
eTable 13: Standardized absolute risks and incremental discrimination.
eTable 14: Final-subset participation-weight diagnostics and covariate balance.
eTable 15A: Thirty-dataset multiple-imputation estimates, fraction of missing information, R-hat diagnostics, and passive-variable coherence checks.
eTable 15B: Independent validation summaries, including the final 77-of-77 post-audit statistical-lock checks.
eTable 16: Evidence triangulation for selected disease–phenotype associations.

Supplementary figure inventory
eFigure 1: Restricted-spline association between relative amplitude and hospital-recorded psoriasis.
eFigure 2: Psoriasis effect-modification estimates with interaction probability values.
eFigure 3: Exploratory 24-hour activity-curve clusters and stability diagnostics.
eFigure 4: Descriptive hourly weight function from the conditional two-harmonic model.
eFigure 5: Optimism-corrected concordance increments.
eFigure 6: Mean 24-hour acceleration curves by relative-amplitude quartile.
Reporting constraints
Relative amplitude is an activity–rest contrast, not a direct measure of endogenous circadian phase. Subsequently recorded disease is not necessarily biological onset. Hospital and first-occurrence definitions are not interchangeable. Sparse-event results, stopped analyses, null findings, and unavailable methods remain visible. Absolute-risk contrasts are not intervention effects. No analysis supports prescribing an increase in relative amplitude, clinical screening, or individual risk reclassification.

eTable 1. Formal accelerometer-cohort flow
	Stage
	N
	Excluded at stage

	Outcome-cohort anchor
	501,936
	0

	Overall acceleration available
	103,567
	398,369

	Official good-wear flag
	96,587
	6,980

	Official good-calibration flag
	96,583
	4

	No unresolved data-problem indicator
	94,414
	2,169

	All 24 hourly acceleration values available
	94,414
	0

	All 24 clock-hours represented by wear
	94,407
	7

	Valid request/start/end wear dates
	94,406
	1



eTable 2. Covariate missingness before complete-case restriction
	Variable
	Missing, n
	Missing, %

	age_at_wear
	0
	0.00

	sex
	0
	0.00

	ethnicity
	329
	0.35

	bmi
	217
	0.23

	smoking
	254
	0.27

	alcohol_frequency
	78
	0.08

	income
	9,711
	10.29

	education
	946
	1.00

	sleep_hours
	275
	0.29

	insomnia_code
	91
	0.10

	daytime_dozing_code
	196
	0.21

	shift_work
	36,289
	38.44

	night_shift_work
	86,713
	91.85



eTable 3. Disease-specific risk sets, event counts, competing deaths, and adjustment tiers
	Disease
	Definition
	Risk set N
	Raw events
	Deaths
	Adjustment

	Atopic dermatitis
	hospital
	92,039
	25
	4,280
	minimal

	Atopic dermatitis
	first occurrence
	92,039
	174
	4,271
	minimal

	Psoriasis
	hospital
	91,832
	344
	4,173
	full

	Psoriasis
	first occurrence
	91,832
	497
	4,169
	full

	Urticaria
	hospital
	92,547
	81
	4,257
	reduced

	Urticaria
	first occurrence
	92,547
	204
	4,256
	reduced



eTable 4. Complete 24-test core hospital-outcome family
All q values derive from one family; no outcome or phenotype was suppressed.
	Disease
	Model tier
	Phenotype
	N/events
	HR per SD (95% CI) or test
	P
	BH q

	Atopic dermatitis
	Minimal
	Overall acceleration
	92,039/25
	1.057 (0.712, 1.569)
	0.782
	0.816

	Atopic dermatitis
	Minimal
	Cosinor amplitude
	92,039/25
	0.655 (0.402, 1.069)
	0.090
	0.217

	Atopic dermatitis
	Minimal
	Acrophase
	92,039/25
	Joint 2-df test
	0.210
	0.394

	Atopic dermatitis
	Minimal
	Day/night ratio
	92,039/25
	0.520 (0.317, 0.853)
	0.010
	0.077

	Atopic dermatitis
	Minimal
	M10
	92,039/25
	0.861 (0.553, 1.339)
	0.507
	0.640

	Atopic dermatitis
	Minimal
	L5
	92,039/25
	1.243 (1.108, 1.395)
	<0.001
	0.005

	Atopic dermatitis
	Minimal
	Relative amplitude
	92,039/25
	0.708 (0.578, 0.868)
	<0.001
	0.011

	Atopic dermatitis
	Minimal
	Weekend–weekday difference
	92,039/25
	1.097 (0.948, 1.269)
	0.213
	0.394

	Psoriasis
	Full
	Overall acceleration
	81,582/304
	0.857 (0.748, 0.982)
	0.026
	0.126

	Psoriasis
	Full
	Cosinor amplitude
	81,582/304
	0.871 (0.763, 0.995)
	0.042
	0.126

	Psoriasis
	Full
	Acrophase
	81,582/304
	Joint 2-df test
	0.267
	0.422

	Psoriasis
	Full
	Day/night ratio
	81,582/304
	0.870 (0.763, 0.993)
	0.039
	0.126

	Psoriasis
	Full
	M10
	81,582/304
	0.858 (0.750, 0.982)
	0.026
	0.126

	Psoriasis
	Full
	L5
	81,582/304
	1.020 (0.914, 1.139)
	0.718
	0.783

	Psoriasis
	Full
	Relative amplitude
	81,582/304
	0.899 (0.812, 0.995)
	0.039
	0.126

	Psoriasis
	Full
	Weekend–weekday difference
	81,582/304
	1.020 (0.916, 1.136)
	0.717
	0.783

	Urticaria
	Reduced
	Overall acceleration
	92,096/80
	0.765 (0.581, 1.008)
	0.057
	0.153

	Urticaria
	Reduced
	Cosinor amplitude
	92,096/80
	0.854 (0.655, 1.112)
	0.241
	0.414

	Urticaria
	Reduced
	Acrophase
	92,096/80
	Joint 2-df test
	0.290
	0.422

	Urticaria
	Reduced
	Day/night ratio
	92,096/80
	0.909 (0.709, 1.166)
	0.455
	0.606

	Urticaria
	Reduced
	M10
	92,096/80
	0.807 (0.614, 1.059)
	0.121
	0.265

	Urticaria
	Reduced
	L5
	92,096/80
	0.945 (0.725, 1.232)
	0.676
	0.783

	Urticaria
	Reduced
	Relative amplitude
	92,096/80
	0.902 (0.742, 1.096)
	0.299
	0.422

	Urticaria
	Reduced
	Weekend–weekday difference
	92,096/80
	0.981 (0.774, 1.243)
	0.873
	0.873



eTable 5. Complete 21-test functional-curve family
This was a separate prespecified 21-test family. The AD raw-PC2 result is retained despite sparse events.
	Disease
	Functional phenotype
	Adjustment
	N/events
	HR (95% CI) or test
	P
	BH q

	Atopic dermatitis
	raw pc1
	minimal
	92,039/25
	1.082 (0.732, 1.600)
	0.691
	0.904

	Atopic dermatitis
	raw pc2
	minimal
	92,039/25
	1.155 (1.061, 1.258)
	<0.001
	0.018

	Atopic dermatitis
	raw pc3
	minimal
	92,039/25
	0.671 (0.413, 1.089)
	0.107
	0.373

	Atopic dermatitis
	shape pc1
	minimal
	92,039/25
	0.732 (0.474, 1.129)
	0.159
	0.424

	Atopic dermatitis
	shape pc2
	minimal
	92,039/25
	1.017 (0.662, 1.563)
	0.938
	0.959

	Atopic dermatitis
	shape pc3
	minimal
	92,039/25
	0.655 (0.442, 0.971)
	0.035
	0.279

	Atopic dermatitis
	shape cluster
	minimal
	92,039/25
	Joint test
	0.162
	0.424

	Psoriasis
	raw pc1
	full
	81,582/304
	0.869 (0.759, 0.993)
	0.040
	0.279

	Psoriasis
	raw pc2
	full
	81,582/304
	1.029 (0.927, 1.143)
	0.593
	0.889

	Psoriasis
	raw pc3
	full
	81,582/304
	0.960 (0.848, 1.087)
	0.523
	0.889

	Psoriasis
	shape pc1
	full
	81,582/304
	0.967 (0.860, 1.087)
	0.578
	0.889

	Psoriasis
	shape pc2
	full
	81,582/304
	1.008 (0.890, 1.142)
	0.898
	0.959

	Psoriasis
	shape pc3
	full
	81,582/304
	1.017 (0.907, 1.140)
	0.775
	0.904

	Psoriasis
	shape cluster
	full
	81,582/304
	Joint test
	0.280
	0.654

	Urticaria
	raw pc1
	reduced
	92,096/80
	0.788 (0.601, 1.033)
	0.084
	0.373

	Urticaria
	raw pc2
	reduced
	92,096/80
	0.915 (0.687, 1.219)
	0.542
	0.889

	Urticaria
	raw pc3
	reduced
	92,096/80
	0.994 (0.786, 1.257)
	0.959
	0.959

	Urticaria
	shape pc1
	reduced
	92,096/80
	0.923 (0.733, 1.163)
	0.497
	0.889

	Urticaria
	shape pc2
	reduced
	92,096/80
	0.944 (0.744, 1.198)
	0.636
	0.891

	Urticaria
	shape pc3
	reduced
	92,096/80
	1.039 (0.831, 1.299)
	0.738
	0.904

	Urticaria
	shape cluster
	reduced
	92,096/80
	Joint test
	0.096
	0.373



eTable 6. Atopic-dermatitis sparse-event robustness
Based on 25 hospital events. Firth Cox was stopped because the prespecified dependency was unavailable.
	Phenotype
	Analysis
	Attempted
	Succeeded
	HR min
	HR max
	CI crossed 1, n
	Direction reversal, n
	Maximum P

	L5
	Original 1.243; winsorized 1.505
	25
	25
	1.185
	1.252
	1
	0
	0.053

	Relative amplitude
	Original 0.708; winsorized 0.646
	25
	25
	0.697
	0.756
	0
	0
	0.027



eTable 7. Relative-amplitude quartile and nonlinear psoriasis analyses
	Analysis
	Contrast/test
	Estimate
	P

	Quartile
	Q2 vs Q1
	0.783 (0.578, 1.061)
	0.115

	Quartile
	Q3 vs Q1
	0.759 (0.553, 1.043)
	0.089

	Quartile
	Q4 vs Q1
	0.694 (0.493, 0.976)
	0.036

	Quartile
	Per 0.1 increase in quartile median
	0.723 (0.546, 0.957)
	0.023

	Spline
	Global nonlinearity
	Restricted cubic spline
	0.934



eTable 8. Effect-modification estimates and event-support status
Subgroup estimates are descriptive; inference rests on interaction tests. Sparse disease interactions were withheld.
	Modifier/disease
	Level/status
	N
	Events
	HR (95% CI)
	Interaction P
	BH q

	sex
	Female
	44,831
	153
	0.838 (0.729, 0.964)
	0.205
	0.601

	sex
	Male
	36,751
	151
	0.950 (0.826, 1.092)
	0.205
	0.601

	obesity
	Not obese
	65,906
	230
	0.866 (0.770, 0.974)
	0.451
	0.601

	obesity
	Obese
	15,676
	74
	0.938 (0.785, 1.122)
	0.451
	0.601

	sleep_problem
	No
	63,031
	233
	0.872 (0.776, 0.979)
	0.336
	0.601

	sleep_problem
	Yes
	18,551
	71
	0.968 (0.798, 1.175)
	0.336
	0.601

	shift_work
	Never or rarely
	45,149
	141
	0.907 (0.766, 1.075)
	0.667
	0.667

	shift_work
	Sometimes to always
	6,728
	22
	0.966 (0.757, 1.233)
	0.667
	0.667

	Atopic dermatitis: sex
	Fewer than 100 outcome events; interaction model withheld
	92039
	25
	Not estimated
	—
	—

	Atopic dermatitis: obesity
	Fewer than 100 outcome events; interaction model withheld
	92039
	25
	Not estimated
	—
	—

	Atopic dermatitis: sleep_problem
	Fewer than 100 outcome events; interaction model withheld
	92039
	25
	Not estimated
	—
	—

	Atopic dermatitis: shift_work
	Fewer than 100 outcome events; interaction model withheld
	92039
	25
	Not estimated
	—
	—

	Urticaria: sex
	Fewer than 100 outcome events; interaction model withheld
	92547
	81
	Not estimated
	—
	—

	Urticaria: obesity
	Fewer than 100 outcome events; interaction model withheld
	92547
	81
	Not estimated
	—
	—

	Urticaria: sleep_problem
	Fewer than 100 outcome events; interaction model withheld
	92547
	81
	Not estimated
	—
	—

	Urticaria: shift_work
	Fewer than 100 outcome events; interaction model withheld
	92547
	81
	Not estimated
	—
	—



eTable 9. Harmonized hospital and first-occurrence estimates
Alternative-definition P values are descriptive and were not assigned a new FDR family.
	Disease
	Definition
	Phenotype
	Adjustment
	N/events
	HR (95% CI)
	Nominal P

	Atopic dermatitis
	hospital
	Overall acceleration
	minimal
	92,039/25
	1.057 (0.712, 1.569)
	0.782

	Atopic dermatitis
	hospital
	Cosinor amplitude
	minimal
	92,039/25
	0.655 (0.402, 1.069)
	0.090

	Atopic dermatitis
	hospital
	Day/night ratio
	minimal
	92,039/25
	0.520 (0.317, 0.853)
	0.010

	Atopic dermatitis
	hospital
	M10
	minimal
	92,039/25
	0.861 (0.553, 1.339)
	0.507

	Atopic dermatitis
	hospital
	L5
	minimal
	92,039/25
	1.243 (1.108, 1.395)
	<0.001

	Atopic dermatitis
	hospital
	Relative amplitude
	minimal
	92,039/25
	0.708 (0.578, 0.868)
	<0.001

	Atopic dermatitis
	hospital
	Weekend–weekday difference
	minimal
	92,039/25
	1.097 (0.948, 1.269)
	0.213

	Atopic dermatitis
	first occurrence
	Overall acceleration
	minimal
	92,039/174
	1.085 (0.940, 1.253)
	0.265

	Atopic dermatitis
	first occurrence
	Cosinor amplitude
	minimal
	92,039/174
	1.003 (0.863, 1.165)
	0.972

	Atopic dermatitis
	first occurrence
	Day/night ratio
	minimal
	92,039/174
	0.994 (0.854, 1.157)
	0.938

	Atopic dermatitis
	first occurrence
	M10
	minimal
	92,039/174
	1.044 (0.903, 1.206)
	0.563

	Atopic dermatitis
	first occurrence
	L5
	minimal
	92,039/174
	1.114 (1.015, 1.223)
	0.023

	Atopic dermatitis
	first occurrence
	Relative amplitude
	minimal
	92,039/174
	0.873 (0.771, 0.989)
	0.033

	Atopic dermatitis
	first occurrence
	Weekend–weekday difference
	minimal
	92,039/174
	0.947 (0.812, 1.105)
	0.490

	Psoriasis
	hospital
	Overall acceleration
	full
	81,582/304
	0.857 (0.748, 0.982)
	0.026

	Psoriasis
	hospital
	Cosinor amplitude
	full
	81,582/304
	0.871 (0.763, 0.995)
	0.042

	Psoriasis
	hospital
	Day/night ratio
	full
	81,582/304
	0.870 (0.763, 0.993)
	0.039

	Psoriasis
	hospital
	M10
	full
	81,582/304
	0.858 (0.750, 0.982)
	0.026

	Psoriasis
	hospital
	L5
	full
	81,582/304
	1.020 (0.914, 1.139)
	0.718

	Psoriasis
	hospital
	Relative amplitude
	full
	81,582/304
	0.899 (0.812, 0.995)
	0.039

	Psoriasis
	hospital
	Weekend–weekday difference
	full
	81,582/304
	1.020 (0.916, 1.136)
	0.717

	Psoriasis
	first occurrence
	Overall acceleration
	full
	81,582/447
	0.894 (0.801, 0.997)
	0.044

	Psoriasis
	first occurrence
	Cosinor amplitude
	full
	81,582/447
	0.916 (0.824, 1.018)
	0.102

	Psoriasis
	first occurrence
	Day/night ratio
	full
	81,582/447
	0.863 (0.775, 0.961)
	0.007

	Psoriasis
	first occurrence
	M10
	full
	81,582/447
	0.906 (0.814, 1.009)
	0.072

	Psoriasis
	first occurrence
	L5
	full
	81,582/447
	1.013 (0.924, 1.112)
	0.781

	Psoriasis
	first occurrence
	Relative amplitude
	full
	81,582/447
	0.930 (0.851, 1.017)
	0.112

	Psoriasis
	first occurrence
	Weekend–weekday difference
	full
	81,582/447
	1.040 (0.964, 1.122)
	0.316

	Urticaria
	hospital
	Overall acceleration
	reduced
	92,096/80
	0.765 (0.581, 1.008)
	0.057

	Urticaria
	hospital
	Cosinor amplitude
	reduced
	92,096/80
	0.854 (0.655, 1.112)
	0.241

	Urticaria
	hospital
	Day/night ratio
	reduced
	92,096/80
	0.909 (0.709, 1.166)
	0.455

	Urticaria
	hospital
	M10
	reduced
	92,096/80
	0.807 (0.614, 1.059)
	0.121

	Urticaria
	hospital
	L5
	reduced
	92,096/80
	0.945 (0.725, 1.232)
	0.676

	Urticaria
	hospital
	Relative amplitude
	reduced
	92,096/80
	0.902 (0.742, 1.096)
	0.299

	Urticaria
	hospital
	Weekend–weekday difference
	reduced
	92,096/80
	0.981 (0.774, 1.243)
	0.873

	Urticaria
	first occurrence
	Overall acceleration
	reduced
	92,096/203
	0.811 (0.686, 0.959)
	0.014

	Urticaria
	first occurrence
	Cosinor amplitude
	reduced
	92,096/203
	0.847 (0.719, 0.997)
	0.046

	Urticaria
	first occurrence
	Day/night ratio
	reduced
	92,096/203
	0.897 (0.769, 1.046)
	0.165

	Urticaria
	first occurrence
	M10
	reduced
	92,096/203
	0.833 (0.706, 0.983)
	0.031

	Urticaria
	first occurrence
	L5
	reduced
	92,096/203
	0.924 (0.777, 1.100)
	0.376

	Urticaria
	first occurrence
	Relative amplitude
	reduced
	92,096/203
	0.960 (0.837, 1.100)
	0.554

	Urticaria
	first occurrence
	Weekend–weekday difference
	reduced
	92,096/203
	0.969 (0.838, 1.120)
	0.670



eTable 10. Psoriasis baseline-disease and covariate-timing audit
	Domain
	Model
	N/events
	HR (95% CI)
	P
	Definition

	Baseline
	Existing baseline definition
	81,582/304
	0.899 (0.812, 0.995)
	0.039
	Hospital and first-occurrence baseline exclusions

	Baseline
	Strict baseline plus pre-wear Field 20002 code 1453 exclusion
	81,573/302
	0.896 (0.810, 0.992)
	0.035
	Hospital, first-occurrence and dated Field 20002 baseline exclusions

	Covariate timing
	Original instance-0 comprehensive model
	81,582/304
	0.899 (0.812, 0.995)
	0.039
	All time-varying covariates from assessment instance 0

	Covariate timing
	Original instance-0 covariates on common temporality sample
	81,582/304
	0.899 (0.812, 0.995)
	0.039
	Instance 0, restricted to complete data under both definitions

	Covariate timing
	Latest available pre-wear covariates on common temporality sample
	81,582/304
	0.900 (0.813, 0.997)
	0.043
	Most recent valid assessment value dated on/before wear end

	Covariate timing
	Latest available pre-wear covariates, available-case sample
	82,196/307
	0.900 (0.814, 0.996)
	0.042
	Most recent valid assessment value dated on/before wear end



eTable 11. Landmark analyses and stopping decisions
	Landmark
	N/events
	HR (95% CI)
	P
	Status

	0-year
	81,582/304
	0.899 (0.812, 0.995)
	0.039
	Estimated

	1-year
	81,349/279
	0.897 (0.806, 0.998)
	0.046
	Estimated

	2-year
	81,014/248
	0.895 (0.800, 1.001)
	0.052
	Estimated

	3-year landmark
	80,620/219
	0.908 (0.803, 1.027)
	0.124
	ESTIMATED

	5-year landmark
	79,700/149
	Not estimated
	—
	STOP_BELOW_200_COMPLETE_CASE_EVENTS



eTable 12. Psoriasis construct, model, selection, and geography sensitivities
	Model
	Estimand
	N/events
	HR (95% CI)
	P
	Note

	M1 age, sex, season
	Total association of relative amplitude under the stated covariate set
	81,582/304
	0.863 (0.787, 0.948)
	0.002
	

	M2 plus sociodemographic factors
	Total association of relative amplitude under the stated covariate set
	81,582/304
	0.866 (0.788, 0.950)
	0.002
	

	M3 plus adiposity and health behaviours
	Total association of relative amplitude under the stated covariate set
	81,582/304
	0.900 (0.813, 0.996)
	0.041
	

	M4 plus sleep (primary comprehensive set)
	Total association of relative amplitude under the stated covariate set
	81,582/304
	0.899 (0.812, 0.995)
	0.039
	

	M5 plus total activity (separation estimand)
	Relative amplitude conditional on total activity
	81,582/304
	0.933 (0.829, 1.049)
	0.244
	Total activity is part of the rhythm phenotype; this model changes the estimand.

	M6 plus shift work (available-case subset)
	Relative-amplitude association among participants with shift-work information
	51,877/163
	0.927 (0.807, 1.066)
	0.288
	Available-case occupational sensitivity; not population-representative on its own.

	Inverse-probability-of-accelerometer-participation weighted
	Association standardized to measured baseline characteristics of the full UK Biobank anchor
	81,582/304
	0.941 (0.849, 1.043)
	0.246
	Weights model measured participation predictors only and were truncated at the 1st and 99th percentiles.

	England-only hospital follow-up
	Association in the country contributing most hospital-recorded psoriasis events
	73,096/291
	0.899 (0.810, 0.998)
	0.046
	Scotland and Wales were excluded because their event counts were sparse and administrative cutoffs differed.



eTable 13. Standardized absolute risks and incremental discrimination
These are post-selection clinical-magnitude summaries, not intervention effects or formal prediction-model validation.
	Domain
	Horizon/model
	Estimate
	Contrast (interval)
	Bootstrap/interpretation

	Absolute risk
	5-year
	1.948 vs 1.634 per 1,000
	-0.314 (-0.568, -0.013) per 1,000
	990 successful

	Absolute risk
	8-year
	3.831 vs 3.231 per 1,000
	-0.600 (-1.055, -0.009) per 1,000
	990 successful

	Discrimination
	clinical covariates
	Corrected C=0.613
	ΔC=0.0000 (0.0000, 0.0000)
	Reference clinical model

	Discrimination
	clinical plus mean activity
	Corrected C=0.616
	ΔC=0.0040 (-0.0064, 0.0093)
	Negligible optimism-corrected discrimination change (<0.005)

	Discrimination
	clinical plus mean and shape
	Corrected C=0.610
	ΔC=-0.0021 (-0.0180, 0.0065)
	Negligible optimism-corrected discrimination change (<0.005)

	Discrimination
	clinical plus relative amplitude
	Corrected C=0.615
	ΔC=0.0028 (-0.0058, 0.0070)
	Negligible optimism-corrected discrimination change (<0.005)



eTable 14A. Final-subset participation-weight diagnostics
Weights address measured predictors of accelerometer participation only; they do not correct complete-case selection or transport estimates to the general population.
	Metric
	Value

	Target anchor population, n
	501,936

	Final psoriasis complete-case population, n
	81,582

	Psoriasis events, n
	304

	Final subset as percentage of anchor
	16.25%

	Truncated stabilized weight, minimum
	0.490

	Truncated stabilized weight, median
	0.817

	Truncated stabilized weight, 99th percentile
	2.576

	Truncated stabilized weight, maximum
	2.839

	Truncated-weight effective sample size
	68,718.0

	Maximum absolute SMD, unweighted
	0.4258

	Maximum absolute SMD, weighted
	0.4258

	Median absolute SMD, unweighted
	0.0413

	Median absolute SMD, weighted
	0.0093

	Predictor-level contrasts with |SMD| >0.10, unweighted
	10

	Predictor-level contrasts with |SMD| >0.10, weighted
	3



eTable 14B. Twenty largest unweighted imbalances
The largest residual imbalance reflects missing-income and missing-education categories present in the anchor but absent by definition from the complete-case subset.
	Predictor
	Level
	Anchor value
	Final subset, unweighted
	Final subset, weighted
	|SMD| unweighted
	|SMD| weighted

	Income
	Missing
	0.153
	0.000
	0.000
	0.426
	0.426

	Education
	University
	0.321
	0.452
	0.355
	0.281
	0.073

	Education
	None listed
	0.170
	0.074
	0.145
	0.255
	0.066

	Income
	4
	0.172
	0.252
	0.208
	0.213
	0.097

	Income
	3
	0.220
	0.288
	0.265
	0.162
	0.108

	Bmi
	Mean
	27.43
	26.68
	27.36
	0.160
	0.014

	Education
	Missing
	0.020
	0.000
	0.000
	0.143
	0.143

	Income
	5
	0.046
	0.073
	0.055
	0.131
	0.046

	Income
	1
	0.194
	0.146
	0.216
	0.121
	0.057

	Smoking
	2
	0.105
	0.069
	0.102
	0.119
	0.012

	Alcohol
	6
	0.081
	0.054
	0.070
	0.099
	0.038

	Ethnicity
	1001
	0.881
	0.911
	0.893
	0.092
	0.037

	Center
	10003
	0.008
	0.000
	0.000
	0.087
	0.087

	Baseline Year
	2006
	0.008
	0.000
	0.000
	0.087
	0.087

	Alcohol
	2
	0.230
	0.264
	0.240
	0.082
	0.024

	Age
	Mean
	56.53
	55.90
	56.13
	0.079
	0.050

	Bmi Missing
	0
	0.994
	1.000
	1.000
	0.079
	0.079

	Bmi Missing
	1
	0.006
	0.000
	0.000
	0.079
	0.079

	Smoking
	Missing
	0.006
	0.000
	0.000
	0.077
	0.077

	Alcohol
	1
	0.203
	0.233
	0.213
	0.076
	0.025



eTable 15A. Thirty-fold multiple-imputation result and diagnostics for the psoriasis relative-amplitude analysis
Sleep-problem status was passively recomputed from imputed sleep duration; the event indicator and Nelson–Aalen cumulative hazard were retained in all imputation equations.
	Metric
	Value
	Interpretation

	Analysis population
	91,832/344
	Participants/psoriasis events

	Imputation runs
	30/5
	Imputations/iterations

	Relative-amplitude association
	0.892 (0.812, 0.979)
	P=0.017

	Fraction of missing information
	0.0070
	Rubin-rule focal coefficient

	Between-imputation variance
	0.00000202
	Log-hazard-ratio scale

	Passive sleep-rule incoherence
	0
	Sleep-problem indicator recomputed from imputed sleep duration

	Maximum summary-trace R-hat
	1.076
	Thirty chains across five iterations; prespecified warning threshold 1.10

	R-hat rows above 1.10
	0
	Dependency-free chain-trace diagnostic

	Logged imputation events
	0
	No logged warnings or collinearity events



eTable 15B. Independent validation summaries
	Module
	Passed
	Total
	Critical failures
	Warnings/high failures
	Status

	Original
	25
	25
	0
	0
	PASS

	Advanced
	22
	22
	0
	0
	PASS

	Post-rejection
	33
	33
	0
	0
	PASS

	Baseline/temporality
	51
	51
	0
	0
	PASS

	Post-audit strengthening
	77
	77
	0
	0
	PASS

	Harmonized outcome definitions
	32
	32
	0
	0
	Independent refits completed



eFigure 1. Restricted-spline association between relative amplitude and hospital-recorded psoriasis among UK Biobank adults in England, Scotland, and Wales. Accelerometry was measured in 2013-2015, and follow-up ran from wear completion to country-specific administrative cutoffs. The comprehensively adjusted analysis was restricted to the central 98% of the exposure distribution (79,950 participants; 300 events); the median relative amplitude was the reference, the shaded area is the 95% confidence band, and the likelihood-ratio P value for nonlinearity was .934.
[image: ]
Alt text: A restricted-spline curve declines gradually across most of the relative-amplitude range, with hazard ratio 1 at the median reference near 0.87. The 95% confidence band widens substantially at both exposure extremes. The nonlinearity P value of .934 provides no evidence that the association departs from linearity.

eFigure 2. Prespecified effect-modification estimates for relative amplitude and hospital-recorded psoriasis among UK Biobank adults in England, Scotland, and Wales. Accelerometry was measured in 2013-2015, and follow-up ran from wear completion to country-specific administrative cutoffs. Points and horizontal lines are subgroup hazard ratios per 1-SD higher relative amplitude and 95% confidence intervals. Interaction P values were .20 for sex, .45 for obesity, .34 for sleep problem, and .67 for shift work; no interaction was estimated for outcomes with fewer than 100 events.
[image: ]
Alt text: Forest plot showing broadly overlapping subgroup estimates for women and men, participants with and without obesity, participants with and without sleep problems, and shift-work categories. All four interaction P values exceed .05. The sometimes-to-always shift-work subgroup has only 22 psoriasis events and a wide confidence interval.

eFigure 3. Exploratory four-cluster solution for 24-hour wrist-acceleration curves in 94,406 UK Biobank adults from England, Scotland, and Wales, measured in 2013-2015. The cluster sizes were 15,651, 28,462, 33,312, and 16,981; the adjusted Rand index across independent seeds was .994. These data-driven profiles are descriptive and were not treated as confirmatory outcome predictors.
[image: ]
Alt text: Four mean 24-hour acceleration curves share low overnight activity but differ in the timing of their morning rise and daytime or evening peak. One cluster rises earliest near 7 AM, another peaks near 9 to 10 AM, one has a broad midday plateau, and one peaks in the early evening. Independent-seed agreement is high, but the clusters remain exploratory.

eFigure 4. Descriptive hourly weight function from the conditional two-harmonic Cox model for hospital-recorded psoriasis among UK Biobank adults in England, Scotland, and Wales. Accelerometry was measured in 2013-2015, and follow-up ran from wear completion to country-specific administrative cutoffs. The line is the fitted log-hazard weight per mg and the shaded area is a pointwise 95% confidence band. The prespecified 4-df global curve-shape test was null (P=.849); the pointwise band does not represent multiplicity-corrected hour-specific inference.
[image: ]
Alt text: The fitted hourly log-hazard weight oscillates modestly around zero across the day, while the pointwise confidence band includes zero at every hour. The global curve-shape P value is .849, providing no evidence that the conditional 24-hour shape contributes beyond mean activity.

eFigure 5. Incremental optimism-corrected concordance for hospital-recorded psoriasis among 81,582 UK Biobank adults with 304 events in England, Scotland, and Wales. Accelerometry was measured in 2013-2015, and follow-up ran from wear completion to country-specific administrative cutoffs. The reference clinical model had optimism-corrected Harrell C=0.613. Points and horizontal lines are changes in C and 95% paired-bootstrap intervals from the validated 500-of-500 paired-resample analysis.
[image: ]
Alt text: Compared with clinical covariates alone, adding mean activity changed optimism-corrected C by +0.0040, adding relative amplitude changed it by +0.0028, and adding mean activity plus curve shape changed it by -0.0021. Every 95% paired-bootstrap interval crosses zero, so the wearable additions show no clear incremental discrimination.

eTable 16. Evidence triangulation for selected disease–phenotype associations
First-occurrence P values are descriptive; sensitivity analyses are not independent replications.
	Disease/analysis
	N/events
	Estimate (95% CI)
	P, q, or decision
	Interpretive role

	Psoriasis RA, hospital primary
	81,582/304
	HR 0.899 (0.812, 0.995)
	P=0.039; q=0.126
	Nominal focal estimate

	Psoriasis RA, 1-year landmark
	81,349/279
	HR 0.897 (0.806, 0.998)
	P=0.046
	Temporal sensitivity

	Psoriasis RA, 2-year landmark
	81,014/248
	HR 0.895 (0.800, 1.001)
	P=0.052
	Temporal sensitivity

	Psoriasis RA, 3-year strict landmark
	80,620/219
	HR 0.908 (0.803, 1.027)
	P=0.124
	Temporal sensitivity

	Psoriasis RA, 5-year strict landmark
	79,700/149
	Not estimated
	STOP: <200 events
	Prespecified event gate

	Psoriasis RA, strict baseline
	81,573/302
	HR 0.896 (0.810, 0.992)
	P=0.035
	Known-record sensitivity

	Psoriasis RA, latest pre-wear covariates
	81,582/304
	HR 0.900 (0.813, 0.997)
	P=0.043
	Timing sensitivity

	Psoriasis RA, participation weighted
	81,582/304
	HR 0.941 (0.849, 1.043)
	P=0.246
	Measured-selection sensitivity

	Psoriasis RA, plus total activity
	81,582/304
	HR 0.933 (0.829, 1.049)
	P=0.244
	Conditional estimand

	Psoriasis curve shape beyond mean
	81,582/304
	LR χ²=1.37 (4 df)
	P=0.849
	Construct-specific global test

	Psoriasis Relative amplitude, first occurrence
	81,582/447
	HR 0.930 (0.851, 1.017)
	P=0.112
	Definition sensitivity; nominal P

	Atopic dermatitis L5, hospital
	92,039/25
	HR 1.243 (1.108, 1.395)
	P<0.001; q=0.005
	Core family

	Atopic dermatitis L5, first occurrence
	92,039/174
	HR 1.114 (1.015, 1.223)
	P=0.023
	Definition sensitivity; nominal P

	Atopic dermatitis Relative amplitude, hospital
	92,039/25
	HR 0.708 (0.578, 0.868)
	P<0.001; q=0.011
	Core family

	Atopic dermatitis Relative amplitude, first occurrence
	92,039/174
	HR 0.873 (0.771, 0.989)
	P=0.033
	Definition sensitivity; nominal P

	Urticaria Overall acceleration, hospital
	92,096/80
	HR 0.765 (0.581, 1.008)
	P=0.057; q=0.153
	Core family

	Urticaria Overall acceleration, first occurrence
	92,096/203
	HR 0.811 (0.686, 0.959)
	P=0.014
	Definition sensitivity; nominal P

	Urticaria Cosinor amplitude, hospital
	92,096/80
	HR 0.854 (0.655, 1.112)
	P=0.241; q=0.414
	Core family

	Urticaria Cosinor amplitude, first occurrence
	92,096/203
	HR 0.847 (0.719, 0.997)
	P=0.046
	Definition sensitivity; nominal P

	Urticaria M10, hospital
	92,096/80
	HR 0.807 (0.614, 1.059)
	P=0.121; q=0.265
	Core family

	Urticaria M10, first occurrence
	92,096/203
	HR 0.833 (0.706, 0.983)
	P=0.031
	Definition sensitivity; nominal P

	Psoriasis RA, source-audited clinical first occurrence
	81,582/363
	HR 0.915 (0.831, 1.007)
	P=0.068
	Clinical-source sensitivity; nominal P

	Psoriasis standardized 5-year risk difference
	81,582/304
	-0.314 per 1,000 (-0.568, -0.013)
	Descriptive bootstrap interval
	Post-selection clinical magnitude

	Psoriasis standardized 8-year risk difference
	81,582/304
	-0.600 per 1,000 (-1.055, -0.009)
	Descriptive bootstrap interval
	Post-selection clinical magnitude

	Psoriasis RA, optimism-corrected C-index increment
	81,582/304
	ΔC 0.0028 (-0.0058, 0.0070)
	Paired bootstrap interval
	Screening plausibility



eFigure 6. Mean 24-hour acceleration curves by relative-amplitude quartile in the 94,406-participant accelerometer cohort. Curves describe wrist-acceleration patterns and do not identify an endogenous circadian rhythm.
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