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Prior cardiometabolic burden and incident loss of basic activities of daily living independent of current status: a prospective cohort study among middle-aged and older adults in China
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[bookmark: nav_SM3]SM1 Variable definitions and risk sets
SM1.1 Cardiometabolic components and multi-wave average burden
The five components were hypertension, diabetes, central obesity, questionnaire-defined heart disease, and stroke. Status was coded as positive, negative, or unknown. Hypertension incorporated measured blood pressure, diagnosis, and medication use; diabetes used diagnosis and medication information; heart disease and stroke used reported diagnoses. Negative status required the corresponding explicit negative response; other records remained unknown. Previously confirmed histories of diabetes, heart disease, and stroke were carried forward at subsequent completed interviews, with revision permitted after explicit correction. Wave validity was determined from information available at that wave. Under response-only coding, each wave was coded independently from its responses. A sensitivity analysis applying a strictly persistent-positive rule coded all available source records after the first positive report of these three diseases as positive. Definitions and coverage are provided in Tables S1A–S1B.
Up to three blood pressure measurements were available per wave; the arithmetic mean was calculated from at least two valid paired readings. Valid readings required systolic pressure of 60–300 mmHg, diastolic pressure of 30–200 mmHg, and systolic pressure greater than diastolic pressure. The valid waist circumference range was 40–200 cm; special codes 993/999 were treated as missing. Hypertension combined mean systolic pressure ≥140 mmHg, mean diastolic pressure ≥90 mmHg, diagnosis, and medication use using three-valued OR logic. Central obesity was defined as waist circumference ≥90 cm in men or ≥85 cm in women. Separate sensitivity analyses required three valid blood pressure pairs or restricted valid waist circumference to 50–150 cm.
Let k denote the number of components with known status and z the number of positive components at a wave. The wave-specific score was T = 5z/k when k ≥4 and was otherwise unknown. Average burden B was the arithmetic mean of at least two valid T scores from 2011, 2013, and 2015; 2848 participants had two valid waves and 6739 had three. Analyses restricted to common waves with complete component data assessed sensitivity to prorated scoring [S1].
SM1.2 ADL ascertainment and verified questionnaire routing
The six ADLs were dressing, bathing, eating, getting into or out of bed, toileting, and continence. Direct responses distinguished no difficulty, difficulty but independent performance, need for assistance, and inability to perform the activity. Negative status was derived from verified nested routing in the official questionnaires when all required screening responses were available. Original responses and derived status were retained separately. Wave-specific original item identifiers, classification rules, and handling of unknown status are provided in Table S1F. Eligibility in 2015 required confirmed negative status for all six items.
An explicitly positive response for any item defined ADL difficulty. Negative status required all six items to be confirmed difficulty-free through direct responses or verified routing; otherwise, status was unknown. The secondary outcome, “multiple ADL difficulties or need for assistance,” was defined as difficulty in at least two items or needing help with or being unable to perform any item. Negative status required all six items to be known and the threshold not to be met. This secondary outcome used the same 2015 eligibility criterion of no difficulty in any of the six ADLs.
Difficulty at both waves was defined as ADL difficulty at both the 2018 and 2020 visits among participants observed at both waves. The primary outcome was the first recorded ADL difficulty after the 2015 landmark. In the main sample, 914 participants had prior difficulty and 131 had unknown ADL status in 2011; the corresponding counts in 2013 were 889 and 486. The 2015 sample comprised 6228 participants confirmed negative by direct responses and 3359 by verified routing. Prior functional history and outcome counts are reported in Table S2C; analyses imposing stricter functional-history and direct-response entry criteria are reported in Table S5.
SM1.3 Mortality ascertainment and risk sets
Mortality was harmonized across exit interviews, verbal autopsies, and sample records. Conflicting status was resolved using later reliable evidence of survival, with subsequent status determined from later records. Deaths were assigned to the follow-up intervals supported by the evidence. The timing of death in the first interval was unresolved for 46 main-sample participants, whose outcomes in that interval were coded as unknown. Both mortality sensitivity analyses began with 9581 core complete cases. Assignment to the earliest supported death interval classified these 46 participants as deaths, retaining 9581 participants and 538 deaths; exclusion of these participants retained 9535 participants and 492 deaths. Both analyses included 2166 ADL events (Table S5).
Participants previously confirmed event-free entered the next interval risk set. They left the risk set after the first ADL event or death; those with unknown outcomes were censored at their last confirmed event-free visit. The potential two-wave dataset comprised 19174 = 9587 × 2 records. The actual interval-start risk sets comprised 17031 = 9587 + 7444 records, including 16072 observed and 959 unknown outcomes (Tables S2A–S2B). The main multiply imputed cohort included 9587 participants, whereas the core complete-case sample included 9581; the difference was six participants with missing education. In binary endpoint-specific models, a competing event in the current interval was coded 0 for that endpoint’s event indicator, and the participant was then removed from the risk set.
[bookmark: nav_SM15]SM2 Estimation and uncertainty
SM2.1 Adjustment variables and multiple imputation
Core covariates were age, sex, education, and urban/rural classification in 2011. The natural cubic spline for age had internal knots at 54 and 61 years and boundary knots at 46 and 75 years. Original education codes 1–4 were classified as primary school or less, 5 as middle school, and 6–11 as high school or vocational education or higher. Extended adjustment in 8050 complete cases additionally included smoking, alcohol consumption, six-category marital status, and tertiles of per capita household consumption, with cut points of 3468 and 7038 yuan. A core model was also fitted in the same 8050 participants, using the same risk records, observation weights, and weight influence functions. Urban/rural classification used the 2011 community variable urban_nbs. Smoking and alcohol consumption were categorized as never, former, or current; current drinking indicated alcohol use in the past year. Marital status comprised married and cohabiting, married but temporarily apart, separated, divorced, widowed, and never married. Per capita household consumption was calculated by annualizing and summing all 23 expenditure items and dividing by household size. Weekly and monthly expenditures were multiplied by 52 and 12, respectively; medical and durable-goods expenditures were included. Figure S1 depicts hypothesized associations assembled after the analyses and the inclusion and follow-up observation processes.
Education was multiply imputed for the six participants with missing core education data. The jomo/mitml multilevel categorical latent-normal model included community random intercepts, with 2000 burn-in iterations, 200 iterations between retained datasets, and m = 20. The main seed was 20260919; diagnostic chains used seeds 20260920 and 20260921. Congenial specifications were used for linear and spline analyses. Three chains were used for convergence diagnostics; primary inference used the 20 datasets from the main chain. Observed exposures, outcome categories, the original unknown-education category in the observation model, and risk records were held fixed. Extended adjustment used complete cases.
SM2.2 Follow-up observation weights
The denominator model for interval-specific outcome observability R included interval, average burden, age splines, sex, original education status, urban/rural classification, 2015 burden and cognition, 2011 ADL status, and lagged self-rated health, depressive symptoms, and physical activity. Lagged values came from 2015 and 2018 for the two intervals, respectively; cognition was measured in 2015 for both intervals. Missing numeric predictors were coded using fixed medians and missingness indicators; unknown education was a separate category. Item scoring, missing counts across risk records, and model coding are detailed in Tables S1D–S1E.
The denominator model used all interval-start risk records, including R = 0; the numerator was the proportion observed in each interval’s full risk set. Stabilized cumulative weights were the product of numerator-to-denominator ratios through the current interval. Reliably ascertained deaths were treated as observed. After the initial unpenalized logistic fit proved numerically unstable, a standardized ridge model with fixed λ = 1 was used for the main cohort. Main analyses used untruncated cumulative weights. Weights were re-estimated within each analytical subset; models within a same-sample comparison used identical risk records and weights.
Observation weighting relies on conditional ignorability, positivity, and an adequately specified observation model. Main analyses used untruncated cumulative weights. The truncation sensitivity analysis used pooled 1st and 99th percentiles of cumulative weights across all observed risk records, calculated using R quantile type 7; cut points were 0.9353290915 and 1.1692810776, and point estimates are reported. Diagnostics for observation weights, exposure-selection weights, and imputation are provided in Tables S3A, S3B, and S3C, respectively; the processes addressed by each method are summarized in Table S3D.
SM2.3 Association scale and variance estimation
Discrete-time binary cloglog models estimated the probability q of a given endpoint during an interval, conditional on membership in the interval-start risk set and covariates. The exponentiated contrast was the cloglog-scale ratio, CSR = [−log(1−)]/[−log(1−)]. Main continuous effects were scaled using the fixed SD of 0.8933574559252815; component-specific and historical-burden effects were reported per component unit. Models included interval-specific intercepts and a common exposure coefficient across the two intervals.
Within each imputed dataset, community-level stacked estimating equations propagated uncertainty from observation-model coefficients, standardization quantities, interval-specific stabilization numerators, and cumulative weight products to the outcome estimates. Sandwich variances retained cross-covariances and incorporated a finite-cluster correction. The main cohort comprised 446 communities; subsets used their actual community counts. Complete-case inference used a t distribution with degrees of freedom equal to the number of communities minus 1. Imputed results were combined using Rubin’s rules with small-sample degrees of freedom.
SM2.4 Splines and standardized absolute risks
The natural cubic spline for exposure had boundary knots at 0 and 2.75 and internal knots at 2/3 and 4/3, giving three basis-function degrees of freedom. The linear constraint beyond the boundary knots applied to the linear predictor, that is, the log-CSR scale. Overall and nonlinear associations were evaluated using D1 contrast tests with three and two degrees of freedom, respectively. Figure 2A displays the curve and pointwise 95% confidence interval over the observed range, relative to zero burden, with the upper boundary knot and linear tail marked. There were 468 participants with burden >2.75, and the maximum observed burden was 4.67.
Absolute risks were estimated using a joint multinomial logit model for the probabilities of no event, ADL difficulty, and death in each interval. Individual cumulative risks were calculated recursively as (3) =  and (5) =  +  × , then averaged over the empirical covariate distribution of all 9587 landmark participants. Variance estimation propagated uncertainty from the joint model, weights, and standardization distribution while retaining cross-covariances. CIFs were pooled on the logit scale; risk differences and their paired-contrast variances were pooled on the original scale. The 3- and 5-year horizons corresponded to the 2018 and 2020 visits, respectively.
Figure 3 and Table S4A report standardized risks from the continuous model with average burden fixed at 0, 1, 2, or 3 component units. A supporting four-category model is presented in Table S4B. Marginal support and support within strata of age, sex, urban/rural classification, and education are reported in Table S4C. Descriptive first-event probabilities and within-sample observed and fitted proportions from the joint model are reported in Tables S4D and S4E, respectively.
[bookmark: nav_SM30]SM3 Component-specific historical and supportive analyses
Component comparisons, historical versus current-component comparisons, and conditional variation are reported in Tables S6A, S6B, and S6C, respectively. Each comparison family used the same sample, risk records, and observation weights, with weights re-estimated when the subset changed. Observation models for component comparisons additionally included risk-factor and available disease components; historical comparisons included current components. The common-sample D3/D4 comparison used the union of variables from both coding approaches.
SM3.1 Component models
The component-analysis sample  comprised 8786 core complete cases with complete data on all five components at at least two common waves. Average risk-factor burden RF comprised hypertension, diabetes, and central obesity; average pre-existing disease burden VD comprised heart disease and stroke. Both used the same valid waves, such that RF + VD = . A0a and A0b used the original average burden B and , respectively. A1 included RF; A2 included RF and VD; A3 included RF and separate average heart disease and stroke scores. A4 included RF and average heart disease among 8206 participants with explicitly negative stroke histories at all three waves. A5 included RF among 6736 participants with explicitly negative heart disease and stroke histories at all three waves. Unknown histories remained unknown.
SM3.2 Historical burden and current components
The historical-analysis sample  comprised 5084 participants with complete data on all five components at all three waves. Historical burden was H = ( + )/2, current total burden was C = , and the three-wave average was (2H + C)/3. B0 included the five separate 2015 components; B1 additionally included H. A bridge model re-estimated the association of the original average burden in the same historical sample. B0s used observed patterns of the five current binary components, and B1s additionally included H. Specifications with outcome separation were classified as non-estimable (NE).
Response-only disease-history coding (D3) and carried-forward coding (D4) were compared in 5036 common complete cases. B0d/B1d used D3 current components and historical burden; matched D4 models used the corresponding D4 variables. Each paired comparison shared risk records and re-estimated observation weights. The ADL tests for the A2 risk-factor block and B1 historical burden were the two primary supplementary tests and were adjusted using Holm’s method. Mortality, bridge, shape, and secondary comparisons were supportive. The supplementary analysis plan was finalized after preliminary main results became available. Of 32 endpoint–model specifications, 28 were fitted and four saturated-pattern specifications were classified as NE because of separation (Table S6).
In B1, the conditional residual SD of historical burden was 0.5222, R² was 0.6594, and the VIF was 2.9364. The B0s/B1s design matrices had full rank, but their maximum-likelihood estimates were classified as NE because of outcome separation. Conditional-variation diagnostics are reported in Table S6C.
SM3.3 Landmark selection and exposure-data availability
Selection was considered in stages: survival and interview participation before the landmark, eligibility based on no ADL difficulty, exposure-data availability, and subsequent outcome observability. Figure S2A compares 9587 included participants with the other 7623 age- and sex-eligible participants using variable-specific observed denominators. SMDs for continuous and binary variables used pooled two-group variance and pooled Bernoulli variance, respectively.
Exposure-selection weighting began with 10892 participants meeting the 2015 clinical entry criteria. After exclusion of 14 with unknown education, the target population T comprised 10878 participants: 9581 with sufficient exposure data and 1297 additional participants contributing to the selection model. The logistic selection model included 2011 demographic variables and three-state coding of reported/treated hypertension, reported/treated diabetes, heart disease, stroke, ADL difficulty, lung disease, and arthritis, totaling 22 parameters. With q = 9581/10878, the selection weight was q/P(S = 1 | L). Observation weights were compared with selection × observation weights in the same 9581 participants, 17020 risk records, and 16061 observed records.
Selection coefficients, q, the observation model, and outcome scores were included in a single influence-function system across 446 communities, retaining contributions from all target-population participants and cross-covariances. Figure S2B uses fixed SDs from the full target population. This sensitivity analysis addressed exposure-data availability among participants meeting the 2015 clinical entry criteria with complete education and relied on conditional ignorability and positivity [S2].
SM3.4 Secondary outcomes and exploratory cognition analyses
Multiple ADL difficulties or need for assistance was analyzed as a separate first-event process among 9581 participants with complete education and no difficulty in any ADL in 2015. The analysis of difficulty at both follow-up visits included 7980 core complete cases observed at both waves and used ordinary logistic regression to estimate conditional ORs (Table S7). Definitions are provided in SM1.2.
The analysis of effect modification by baseline cognition included 5891 core complete cases and used continuous 2011 cognition and its interaction with burden, with observation weights re-estimated within the subset. The interaction was reported as the ratio of CSRs per burden unit × cognition SD. The exploratory longitudinal cognition analysis during 2011–2015 included 5794 participants and 14759 measurements. A random-intercept and random-slope model was fitted: cognition score = time + burden + time × burden + core covariates, using REML and community-level sandwich inference. Both burden and cognition were measured during 2011–2015. Both cognition analyses were exploratory (Tables S8A and S8B, respectively); P values are unadjusted and two-sided.
SM3.5 Functional-history and scoring sensitivity analyses
The strict functional-history sample comprised 7457 participants confirmed negative for all six ADLs in 2011, 2013, and 2015; 7454 core complete cases entered the model. The direct-response entry analysis included 6224 core complete cases. Scoring analyses compared the original prorated score with the complete-component average in the same 8786 core complete cases with complete data on all five components at at least two common waves. The two scores were identical for the 5084 participants with complete components at all three waves. Under the strictly persistent-positive disease-history rule, available source records for diabetes, heart disease, and stroke were coded positive after the first positive report; average scores changed for 510 participants. All effects remained scaled to the fixed main-cohort SD (Table S5).
[bookmark: nav_SM47]SM4 Software
Analyses used R 4.4.1. Multiple imputation used jomo 2.7-6 and mitml 0.4-5; longitudinal mixed-effects models used lme4 1.1-35.5.
Supplementary references
S1. Mazza GL, Enders CK, Ruehlman LS. Addressing item-level missing data: a comparison of proration and full information maximum likelihood estimation. Multivariate Behav Res. 2015;50(5):504–519. doi:10.1080/00273171.2015.1068157.
S2. Hernán MA, Hernández-Díaz S, Robins JM. A structural approach to selection bias. Epidemiology. 2004;15:615–625. doi:10.1097/01.ede.0000135174.63482.43.
[image: ]
[bookmark: nav_F53]Figure S1. Hypothesized associations and the inclusion and follow-up observation processes
This diagram was assembled after the analyses. A: Arrows indicate hypothesized directions of influence. B denotes multi-wave average cardiometabolic burden during 2011–2015; Y denotes the follow-up interval outcome; L comprises 2011 age, sex, education, and urban/rural classification. The dashed node U represents unmeasured common factors. Death denotes death before the first recorded ADL difficulty. B: S denotes inclusion at the fixed baseline, and R denotes outcome observability in each interval. Participants with observed, event-free outcomes entered the next interval; those with a first ADL event or death left the risk set; participants with unknown outcomes were censored at their last confirmed event-free visit. Observation and exposure-selection weights are described in SM2.2 and SM3.3, respectively.
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[bookmark: nav_F56]Figure S2. Differences at landmark entry and balance in exposure-data availability
A: Absolute standardized mean differences (SMDs) between 9587 included participants and the other 7623 age- and sex-eligible participants, using variable-specific nonmissing denominators and pooled two-group SDs. B: Comparisons of 9581 participants with sufficient exposure data with the clinical target population of 10878 participants with complete education, before and after selection weighting, using target-population SDs. Panels A and B show 8 and 10 demographic and health variables, respectively, ordered separately and displayed on separate horizontal scales; dashed lines mark 0.10. The maximum absolute SMD across all exposure-selection diagnostic terms is reported in Table S3B.
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	Variable or domain
	Wave
	Definition and handling

	Hypertension
	2011, 2013, 2015
	Positive diagnosis or medication use, or mean systolic BP ≥140 mmHg or diastolic BP ≥90 mmHg; at least two valid reading pairs. Status coded as positive, negative, or unknown.

	Diabetes
	2011, 2013, 2015
	Based on diagnosis or medication use. Prior histories carried forward at completed interviews, with revision after explicit correction.

	Central obesity
	2011, 2013, 2015
	Waist circumference ≥90 cm in men or ≥85 cm in women; valid range 40–200 cm; special codes invalid.

	Heart disease and stroke
	2011, 2013, 2015
	Scored separately from questionnaire responses, with histories carried forward and explicit corrections permitted.

	Wave-specific score and average burden
	2011–2015
	With at least 4/5 components known, wave-specific score = 5 × positive components / known components; arithmetic mean across at least two valid waves.

	ADL difficulty-free entry
	2015
	All six items confirmed negative by direct responses or verified CAPI gates; unverified skips remained unknown.

	Any ADL difficulty
	2018, 2020
	Positive if any item explicitly indicated difficulty; negative if all six were confirmed negative by direct responses or verified routing; otherwise unknown.

	Multiple ADL difficulties or need for assistance
	2018, 2020
	Positive if at least two items indicated difficulty, or any item required help/could not be performed; negative if all six were known and below the threshold; otherwise unknown.

	Difficulty at both waves
	2018 and 2020
	ADL difficulty at both visits among participants observed in both 2018 and 2020.

	Death
	Through 2020
	Harmonized exit interviews, verbal autopsies, and sample records; assigned to the visit interval supported by the evidence.

	Core adjustment
	2011
	Age splines, sex, three-category education, and urban/rural classification; only education multiply imputed.


Disease and outcome status were coded as positive, negative, or unknown; detailed rules are provided in SM1–SM3. CAPI, computer-assisted personal interviewing; BP, blood pressure.
[bookmark: nav_T60]Table S1B. Component measurement coverage
	Wave
	Component
	N
	Known
	Unknown
	Positive

	2011
	Hypertension
	9587
	8833
	754
	3681

	2011
	Diabetes
	9587
	9507
	80
	501

	2011
	Heart disease
	9587
	9529
	58
	1009

	2011
	Stroke
	9587
	9560
	27
	133

	2011
	Central obesity
	9587
	8308
	1279
	3389

	2013
	Hypertension
	9587
	8018
	1569
	3902

	2013
	Diabetes
	9587
	9093
	494
	648

	2013
	Heart disease
	9587
	9128
	459
	1173

	2013
	Stroke
	9587
	9132
	455
	172

	2013
	Central obesity
	9587
	7461
	2126
	3581

	2015
	Hypertension
	9587
	8838
	749
	4254

	2015
	Diabetes
	9587
	9499
	88
	848

	2015
	Heart disease
	9587
	9405
	182
	1399

	2015
	Stroke
	9587
	9529
	58
	171

	2015
	Central obesity
	9587
	8283
	1304
	3834


The denominator at each wave was the 9587 main-cohort participants; positive counts are included within known-status counts. There were 6739 participants with valid exposure waves in 2011/2013/2015, 1469 in 2011/2015 only, 723 in 2013/2015 only, and 656 in 2011/2013 only. Scores were prorated from four components for 725, 837, and 1006 person-waves in 2011, 2013, and 2015, respectively; waist circumference was unknown in 585, 670, and 688 of these person-waves, respectively.
[bookmark: nav_T62]Table S1C. Missing baseline covariate data
	2011 variable
	N
	Missing
	Percentage

	Age
	9587
	0
	0.00%

	Per capita household consumption
	9587
	1393
	14.53%

	Depressive symptom score
	9587
	819
	8.54%

	Cognition score
	9587
	3695
	38.54%

	Sex
	9587
	0
	0.00%

	Education
	9587
	6
	0.06%

	Urban/rural classification
	9587
	0
	0.00%

	Smoking
	9587
	181
	1.89%

	Alcohol consumption
	9587
	12
	0.13%

	Marital status
	9587
	0
	0.00%


Missingness is reported for 2011 baseline variables. Missing core education was multiply imputed; extended adjustment used complete cases. Missing observation-model predictors across risk records are reported in Table S1E.
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	Variable
	Time point
	Item scoring and handling of missingness

	2015 cognition
	2015
	Total 0–21: mean immediate/delayed recall, 0–10; date/day/season, 0–5; five serial subtractions of 7, 0–5; figure copying, 0–1. Fields: dc006s*, dc027s*, dc001s1–3, dc002/003, dc019–023, dc025. Incomplete information in any domain remained unknown. The 2015 score was used for both follow-up intervals.

	Lagged depressive symptoms
	2015 / 2018
	CES-D items dc009–dc018, valid original values 1–4; scored x−1, except hope (dc013) and happiness (dc016), reverse-scored as 4−x. Summed only when all ten items were complete; range 0–30, with higher scores indicating more symptoms. From the 2015 health and 2018 cognition modules.

	Lagged self-rated health
	2015 / 2018
	da002: 1 very good, 2 good, 3 fair, 4 poor, 5 very poor; 4/5 classified as poor health. Invalid or missing responses remained unknown.

	Lagged physical activity
	2015 / 2018
	da051_1_, da051_2_, and da051_3_ indicated vigorous, moderate, and light activity lasting at least 10 minutes. Coded 1 for any explicit yes, 0 for three explicit no responses, and otherwise unknown.

	Prior ADL status
	2011
	Any difficulty reconstructed using three-state rules for the six items; used as a predictor in observation and selection models.

	Lung disease and arthritis
	2011
	Harmonized diagnosis information from the wide-format dataset; selection-model predictors retaining yes, no, and unknown states.

	Hypertension and diabetes in the selection model
	2011
	Based on reported diagnosis or treatment, retaining yes, no, and unknown states.


Indeterminate cognition values due to missing responses, refusal, or proxy interviews remained unknown.
[bookmark: nav_T66]Table S1E. Missing observation-model predictors and their coding across risk records
	Variable
	Missing risk records
	Missing (%)
	Coding median

	2015 cognition
	6456
	37.91%
	12.5

	2015 burden
	1166
	6.85%
	1

	2011 prior ADL status
	239
	1.40%
	0

	Lagged poor self-rated health
	5187
	30.46%
	0

	Lagged CES-D
	2067
	12.14%
	6

	Lagged physical activity
	4898
	28.76%
	1


The denominator was 17031 interval-start risk records. Missing predictor values were coded using fixed medians and missingness indicators in the observation model.
[bookmark: nav_T68]Table S1F. Wave-specific ADL item identifiers and questionnaire routing rules
	Wave
	Original six ADL item IDs
	Conditions for routing-derived negative status

	2011, 2013, 2015, 2018
	DB010–DB015
	All six original ADL items unanswered; DB001 = 1 and all DB004–DB009 = 1; DB002 and DB003 structurally blank. When these conditions were met, all six items were derived as difficulty-free.

	2020
	DB001, DB003, DB005, DB007, DB009, DB011
	Six direct responses used; no routing-derived negative classification applied.


Nested routing was applied in 2011–2018: DB001 = 1 first routed the interview to DB004; responses of 1 to all items DB004–DB009 then skipped the six ADLs. A value of 1 indicated no difficulty with the corresponding activity. In the printed 2011, 2013, and 2015 questionnaires, the summary gate included DB003, which had already been skipped by the preceding routing step; coding followed the sequential routing between adjacent items. The 2018 summary gate explicitly listed DB004–DB009. Existing ADL responses were classified from their original values. Other blanks, age-based routing alone, or insufficient evidence from proxy/telephone pathways remained unknown. Relevant physical pages of the official questionnaires were 76–77 (2011), 98–99 (2013), 81–82 (2015), and 95–96 (2018).
[bookmark: nav_T70]Table S2A. Interval-specific risk sets and outcome ascertainment
	Interval and entry source
	Initial risk set
	Observed
n (%)
	ADL
	Death
	Unknown
n (%)
	No event

	2015–2018 overall
	9587
	8967 (93.53)
	1192
	331
	620 (6.47)
	7444

	  Direct responses
	6228
	5806 (93.22)
	1047
	244
	422 (6.78)
	4515

	  Verified routing
	3359
	3161 (94.11)
	145
	87
	198 (5.89)
	2929

	2018–2020 overall
	7444
	7105 (95.45)
	975
	161
	339 (4.55)
	5969

	  Direct responses
	4515
	4303 (95.30)
	777
	104
	212 (4.70)
	3422

	  Verified routing
	2929
	2802 (95.66)
	198
	57
	127 (4.34)
	2547


The two follow-up visits corresponded to 19174 potential person-interval records, of which 17031 entered interval-start risk sets. The 959 unknown outcomes comprised 951 missing health interviews and 8 indeterminate ADL assessments, including the 46 records with unresolved mortality intervals. Percentages use the interval-start risk set as the denominator; event and no-event columns report participant counts. ADL denotes difficulty in activities of daily living; death denotes death before any recorded ADL difficulty.
[bookmark: nav_T72]Table S2B. Clinical entry criteria and overlapping analytical samples
	Population or category
	N

	Interviewed in 2015 and age-/sex-eligible
	14148

	ADL difficulty
	3167

	Unknown ADL status
	89

	Clinical entry: all six ADLs difficulty-free
	10892

	Insufficient exposure data within clinical-entry sample
	1305

	Main analytical sample
	9587

	Directly confirmed difficulty-free / CC subset
	6228 / 6224

	Complete core education
	9581

	All six ADLs negative in 2011/2013/2015 / CC subset
	7457 / 7454

	Complete cases for extended adjustment
	8050

	Common complete-component subset
	8786

	Historical subset with all three waves complete
	5084

	Common D3/D4 subset
	5036

	Observed at both waves with complete education
	7980


Analytical samples overlap. The 2015 clinical-entry sample included 6938 participants confirmed negative by direct responses and 3954 by routing; after application of exposure requirements, the corresponding counts were 6228 and 3359. Strict functional history required all six ADLs to be confirmed negative in 2011, 2013, and 2015. CC denotes core complete cases with known education; the main analysis used multiple imputation of education.
[bookmark: nav_T74]Table S2C. Pre-baseline functional history and follow-up outcomes
	Functional history in 2011/2013
	N
	Average burden
Mean (SD)
	ADL
	Death
	Unknown
	Event-free in 2020

	All six ADLs negative in both 2011 and 2013
	7457
	1.05 (0.87)
	1395
	348
	710
	5004

	Difficulty at either wave
	1568
	1.30 (0.98)
	681
	120
	145
	622

	No positive history; at least one wave unknown
	562
	1.07 (0.91)
	91
	24
	104
	343


All three groups belonged to the main sample with no difficulty in any of the six ADLs in 2015. Outcome columns give mutually exclusive counts of first events and terminal status through 2020; participants with unknown outcomes were censored at their last confirmed event-free visit. SD, standard deviation.
[bookmark: nav_T76]Table S3A. Observation-weight diagnostics
	Interval
	Observed
	Minimum weight
	Maximum weight
	ESS
	ESS / observed n
	Minimum P(observed)

	1
	8967
	0.935
	1.248
	8954.2
	99.86%
	0.725

	2
	7105
	0.893
	1.406
	7080.4
	99.65%
	0.808


Values describe untruncated cumulative stabilized observation weights. The main observation model used standardized ridge regression with fixed λ = 1. Weight effective sample size was ESS = (Σw)²/Σw², calculated across risk records. P(observed) is the probability of observation predicted by the denominator model.
[bookmark: nav_T78]Table S3B. Exposure-selection diagnostics and truncation cut points
	Diagnostic
	Result

	Exposure-selection target / included n
	10878 / 9581

	Minimum selection probability
	0.2751

	Maximum selection weight
	3.202

	Selection-weight ESS
	9480.4 (98.95%)

	Maximum absolute target-standardized SMD
	0.0659 before; 0.0048 after weighting

	Pooled truncation cut points across observed risk records
	0.9353290915 / 1.1692810776


The selection target comprised participants meeting the 2015 clinical entry criteria with complete education. Truncation cut points were based on cumulative weights across all observed risk records. After truncation, per-SD point estimates were 1.24351 for ADL and 1.11652 for death (N = 9587; m = 20). SMD, standardized mean difference; ESS, weight effective sample size.
[bookmark: nav_T80]Table S3C. Three-chain imputation diagnostics
	Specification
	Scope
	Chains
	m
	Maximum R-hat
	Minimum bulk ESS
	Maximum MCSE/SD

	Core
	Global
	3
	20
	1.0065
	682.5
	0.0379

	Core
	Local
	3
	20
	1.0017
	3160.4
	0.0178

	RCS
	Global
	3
	20
	1.0043
	593.1
	0.0405

	RCS
	Local
	3
	20
	1.0017
	3214.5
	0.0176


Three chains were used to assess parameter convergence; primary inference used the 20 datasets from the main chain. The FMI for the core target was approximately 0.0045. R-hat is the between-chain convergence statistic; bulk ESS is the MCMC effective sample size; MCSE/SD is the ratio of Monte Carlo standard error to posterior SD. Global/local denote global/local parameters; RCS denotes the exposure-spline specification; m is the number of retained imputed datasets.
[bookmark: nav_T82]Table S3D. Methods addressing missingness and selection
	Method
	Purpose and population
	Implementation

	Observation weights
	All interval-start risk records; addresses follow-up outcome observability
	Cumulative stabilized weights based on interval-specific observation probabilities

	Exposure-selection weights
	10878 clinical-target participants with complete education, including 9581 with sufficient exposure data
	Selection weights based on exposure-data availability in the target population

	Education MI
	6 participants with missing education in the main sample of 9587
	Multilevel categorical model producing 20 sets of imputed education values


Death was treated as a competing event in first-event analyses.
[bookmark: nav_T84]Table S4A. Standardized ADL risks and risk differences at fixed burden values
	Nominal years
	Measure
	Fixed score or contrast
	Estimate (95% CI)

	3
	Risk (%)
	0
	10.16 (9.26–11.15)

	5
	Risk (%)
	0
	19.50 (18.08–20.99)

	3
	Risk (%)
	1
	12.77 (11.89–13.70)

	5
	Risk (%)
	1
	24.01 (22.83–25.22)

	3
	Risk (%)
	2
	15.89 (14.71–17.15)

	5
	Risk (%)
	2
	29.19 (27.57–30.86)

	3
	Risk (%)
	3
	19.57 (17.68–21.60)

	5
	Risk (%)
	3
	34.99 (32.25–37.83)

	3
	Risk difference (pp)
	1 vs 0
	2.60 (2.11–3.10)

	3
	Risk difference (pp)
	2 vs 0
	5.73 (4.52–6.93)

	3
	Risk difference (pp)
	3 vs 0
	9.40 (7.25–11.55)

	5
	Risk difference (pp)
	1 vs 0
	4.51 (3.65–5.37)

	5
	Risk difference (pp)
	2 vs 0
	9.69 (7.68–11.71)

	5
	Risk difference (pp)
	3 vs 0
	15.50 (12.07–18.93)


N = 9587, with core adjustment, observation weighting, and m = 20. Joint multinomial probabilities were recursively calculated for each participant before standardization. Fixed burden is expressed in component units. CIF intervals were pooled on the logit scale and risk differences on the original scale. Risk differences are in percentage points; CIs are 95% confidence intervals. The main text and Figure 3 use the continuous model in this table; conditional data support is provided in Table S4C.
[bookmark: nav_T86]Table S4B. Standardized risks from the supporting categorical model
	Nominal years
	Measure
	Category or contrast
	Estimate (95% CI)

	3
	Risk (%)
	0
	10.68 (9.52–11.97)

	5
	Risk (%)
	0
	20.43 (18.51–22.50)

	3
	Risk (%)
	>0–1
	11.70 (10.71–12.78)

	5
	Risk (%)
	>0–1
	22.18 (20.67–23.78)

	3
	Risk (%)
	>1–2
	14.15 (12.90–15.49)

	5
	Risk (%)
	>1–2
	26.27 (24.44–28.18)

	3
	Risk (%)
	>2
	19.98 (17.88–22.25)

	5
	Risk (%)
	>2
	35.72 (32.67–38.89)

	3
	Risk difference (pp)
	>0–1 vs 0
	1.02 (-0.29–2.33)

	3
	Risk difference (pp)
	>1–2 vs 0
	3.46 (2.00–4.92)

	3
	Risk difference (pp)
	>2 vs 0
	9.29 (7.07–11.52)

	5
	Risk difference (pp)
	>0–1 vs 0
	1.75 (-0.55–4.05)

	5
	Risk difference (pp)
	>1–2 vs 0
	5.84 (3.32–8.35)

	5
	Risk difference (pp)
	>2 vs 0
	15.29 (11.77–18.81)


N = 9587. This supporting four-category model used categories representing observed burden intervals. The main text and Figure 3 use the continuous fixed-burden model in Table S4A. Inference for risks and risk differences followed Table S4A. CIs are 95% confidence intervals.
[bookmark: nav_T88]Table S4C. Marginal and conditional data support for fixed burden values
	Fixed burden
	Exactly at value, n
	Within ±0.5, n
	Participants in strata with local n <20
	Participants outside stratum range

	0
	1972
	3211
	239
	2

	1
	1477
	4120
	166
	2

	2
	792
	2493
	306
	0

	3
	177
	666
	4046
	2


The marginal denominator was N = 9587. Conditional diagnostics were restricted to 9581 participants with known education, divided into 36 strata by age (45–54, 55–64, or ≥65 years), sex, urban/rural classification, and three-category education. Neighborhoods were defined as the target value ±0.5 and could overlap. “Participants in strata with local n <20” denotes the total number of participants whose stratum contained fewer than 20 observations in the target neighborhood. “Participants outside stratum range” denotes participants for whom the target lay outside the observed minimum–maximum range of their stratum. Across the 12 age × sex × urban/rural strata, all four target values had local support of at least 20 participants.
[bookmark: nav_T90]Table S4D. Descriptive discrete-time first-event probabilities
	Observed burden group
	Nominal years
	Observed n in interval
	ADL CIF, %
	Death CIF, %
	Neither first event, %

	Overall
	3
	8967
	13.29
	3.69
	83.02

	Overall
	5
	7105
	24.69
	5.57
	69.74

	0
	3
	1850
	9.62
	2.92
	87.46

	0
	5
	1568
	18.71
	4.37
	76.92

	>0–1
	3
	3242
	11.63
	3.42
	84.95

	>0–1
	5
	2640
	21.99
	5.39
	72.62

	>1–2
	3
	2804
	14.94
	4.21
	80.85

	>1–2
	5
	2150
	27.28
	6.46
	66.26

	>2
	3
	1071
	20.35
	4.48
	75.16

	>2
	5
	747
	36.66
	5.89
	57.45


Crude cumulative incidence point estimates for the full sample and observed burden groups were calculated using discrete Aalen–Johansen-type product recursion, with event proportions based on observed participants in each interval. The probabilities of first-recorded ADL difficulty, death before recorded ADL difficulty, and neither first event sum to 100%; unknown records were retained separately. CIF, cumulative incidence function.
[bookmark: nav_T92]Table S4E. Within-sample observed and fitted proportions from the joint model
	Interval
	Observed burden group
	Observed n
	ADL observed / fitted (%)
	Death observed / fitted (%)

	2015–2018
	0
	1850
	9.59 / 9.21
	2.76 / 2.82

	2015–2018
	>0–1
	3242
	11.62 / 11.91
	3.22 / 3.36

	2015–2018
	>1–2
	2804
	14.99 / 15.37
	3.92 / 3.69

	2015–2018
	>2
	1071
	20.44 / 19.26
	4.09 / 4.16

	2018–2020
	0
	1568
	10.38 / 9.81
	1.60 / 1.83

	2018–2020
	>0–1
	2640
	12.15 / 12.48
	2.19 / 2.12

	2018–2020
	>1–2
	2150
	15.21 / 15.89
	2.66 / 2.27

	2018–2020
	>2
	747
	21.74 / 19.89
	1.78 / 2.67


Denominators were observed risk records in the corresponding interval. Observed and fitted proportions were weighted by untruncated cumulative observation weights; fitted probabilities were averaged across the 20 imputed models. Values are interval-specific conditional event proportions. Models and weights are described in SM2.
[bookmark: nav_T94]Table S5. Sensitivity analyses
	Analytical specification
	N
	ADL / death events
	ADL CSR (95% CI)
	Death CSR (95% CI)

	Core complete cases
	9581
	2166/492
	1.243 (1.189–1.300)
	1.116 (1.023–1.218)

	All six ADLs negative at three waves (CC)
	7454
	1395/348
	1.221 (1.153–1.293)
	1.053 (0.952–1.165)

	Directly confirmed difficulty-free entry (CC)
	6224
	1823/348
	1.180 (1.127–1.235)
	1.108 (1.000–1.227)

	Core adjustment in extended-model sample (CC)
	8050
	1801/408
	1.253 (1.195–1.315)
	1.123 (1.023–1.233)

	Extended adjustment in the same sample (CC)
	8050
	1801/408
	1.256 (1.196–1.319)
	1.159 (1.050–1.280)

	Original score in complete-component subset (CC)
	8786
	1985/447
	1.237 (1.181–1.295)
	1.119 (1.024–1.223)

	Complete-component score in the same subset (CC)
	8786
	1985/447
	1.225 (1.172–1.282)
	1.125 (1.031–1.227)

	Persistent-positive disease histories (CC)
	9581
	2166/492
	1.241 (1.189–1.296)
	1.104 (1.015–1.200)

	Equal weights
	9587
	2167/492
	1.240 (1.186–1.296)
	1.124 (1.031–1.227)

	Waist circumference 50–150 cm (CC)
	9581
	2166/492
	1.243 (1.189–1.300)
	1.116 (1.023–1.218)

	Three valid BP pairs (CC)
	9580
	2166/492
	1.244 (1.190–1.301)
	1.117 (1.024–1.218)

	Earliest supported death interval (CC)
	9581
	2166/538
	1.242 (1.188–1.299)
	1.121 (1.031–1.220)

	Unresolved mortality intervals excluded (CC)
	9535
	2166/492
	1.243 (1.189–1.300)
	1.117 (1.024–1.219)

	Observation × exposure-selection weights (CC)
	9581
	2166/492
	1.244 (1.190–1.301)
	1.119 (1.026–1.221)


Effects are per fixed SD of 0.893357 component units. CC denotes core complete cases; observation weights were re-estimated within each subset. The two models in 8050 participants used the same sample, risk records, and weights. The two scoring methods in 8786 participants used the same sample and risk records, with observation weights re-estimated for each exposure definition. Strict functional history required negative status for all six ADLs in 2011, 2013, and 2015. The mortality-boundary analysis classified 46 participants with unresolved death timing as deaths; the exclusion analysis omitted them. Equal-weight analyses retained core adjustment. Selection-weight comparisons used the same 9581 core complete cases. CSR, cloglog-scale ratio; CI, 95% confidence interval.
[bookmark: nav_T96]Table S6A. Component models
	Model
	Variable
	N
	ADL CSR (95% CI)
	Death CSR (95% CI)
	Holm P for ADL

	A0a
	Average burden
	8786
	1.269 (1.205–1.336)
	1.134 (1.027–1.252)
	—

	A0b
	Total complete-component burden
	8786
	1.256 (1.194–1.320)
	1.140 (1.035–1.256)
	—

	A1
	Average risk-factor burden
	8786
	1.234 (1.163–1.310)
	1.147 (1.024–1.284)
	—

	A2
	Average risk-factor burden
	8786
	1.187 (1.118–1.261)
	1.131 (1.006–1.271)
	<0.001

	A2
	Average pre-existing disease burden
	8786
	1.515 (1.338–1.714)
	1.171 (0.883–1.553)
	—

	A3
	Average risk-factor burden
	8786
	1.187 (1.118–1.260)
	1.132 (1.007–1.272)
	—

	A3
	Average heart disease score
	8786
	1.466 (1.283–1.676)
	1.231 (0.906–1.673)
	—

	A3
	Average stroke score
	8786
	1.807 (1.339–2.438)
	0.914 (0.451–1.854)
	—

	A4
	Average risk-factor burden
	8206
	1.198 (1.126–1.275)
	1.139 (1.010–1.286)
	—

	A4
	Average heart disease score
	8206
	1.426 (1.240–1.639)
	1.328 (0.964–1.829)
	—

	A5
	Average risk-factor burden
	6736
	1.183 (1.099–1.273)
	1.210 (1.053–1.391)
	—


Effects are per component unit. Models and same-sample comparison families are described in SM3. The Holm column reports adjusted P values for the two primary supplementary tests; other entries are shown as “—”. The supplementary plan was finalized after preliminary main results became available. CSR, cloglog-scale ratio; CI, confidence interval; RF, multi-wave average of the sum of hypertension, diabetes, and central obesity; VD, multi-wave average of the sum of heart disease and stroke.
[bookmark: nav_T98]Table S6B. Historical burden and current-component models
	Model
	Variable
	N
	ADL CSR (95% CI)
	Death CSR (95% CI)
	Holm P for ADL

	B_bridge
	Average burden
	5084
	1.270 (1.195–1.350)
	1.085 (0.948–1.242)
	—

	B0
	Hypertension in 2015
	5084
	1.047 (0.931–1.178)
	1.549 (1.192–2.013)
	—

	B0
	Diabetes in 2015
	5084
	1.375 (1.157–1.634)
	1.307 (0.837–2.039)
	—

	B0
	Central obesity in 2015
	5084
	1.143 (1.011–1.293)
	0.489 (0.368–0.649)
	—

	B0
	Heart disease in 2015
	5084
	1.460 (1.248–1.708)
	1.504 (1.071–2.111)
	—

	B0
	Stroke in 2015
	5084
	1.530 (1.056–2.218)
	0.598 (0.229–1.559)
	—

	B1
	Hypertension in 2015
	5084
	0.933 (0.808–1.077)
	1.406 (1.053–1.878)
	—

	B1
	Diabetes in 2015
	5084
	1.208 (0.991–1.473)
	1.184 (0.738–1.900)
	—

	B1
	Central obesity in 2015
	5084
	1.029 (0.888–1.192)
	0.438 (0.321–0.599)
	—

	B1
	Heart disease in 2015
	5084
	1.300 (1.086–1.555)
	1.347 (0.946–1.919)
	—

	B1
	Stroke in 2015
	5084
	1.363 (0.936–1.983)
	0.541 (0.207–1.414)
	—

	B1
	Historical burden H
	5084
	1.177 (1.056–1.313)
	1.159 (0.946–1.420)
	0.003

	B0s
	Current 32-pattern factor
	5084
	NE
	NE
	—

	B1s
	Current-pattern factor + H
	5084
	NE
	NE
	—


Effects are per one-component-unit increase in historical burden or for the presence versus absence of a current component. B0 included the five 2015 components; B1 additionally included historical burden H, the mean total burden in 2011 and 2013. B_bridge re-estimated the original average-burden association in the same subset. B0s/B1s used current component patterns; both ADL and death specifications were non-estimable (NE) because of outcome separation. The Holm column reports the adjusted P value for the primary supplementary test. CSR, cloglog-scale ratio; CI, confidence interval.
Table S6B. Historical burden and current-component models (continued)
	Model
	Variable
	N
	ADL CSR (95% CI)
	Death CSR (95% CI)
	Holm P for ADL

	B0d
	Hypertension in 2015 (D3)
	5036
	1.040 (0.924–1.171)
	1.545 (1.188–2.009)
	—

	B0d
	Diabetes in 2015 (D3)
	5036
	1.340 (1.108–1.619)
	1.237 (0.764–2.003)
	—

	B0d
	Central obesity in 2015 (D3)
	5036
	1.134 (1.003–1.281)
	0.500 (0.377–0.663)
	—

	B0d
	Heart disease in 2015 (D3)
	5036
	1.580 (1.343–1.858)
	1.652 (1.157–2.358)
	—

	B0d
	Stroke in 2015 (D3)
	5036
	1.515 (0.990–2.318)
	0.219 (0.030–1.602)
	—

	B1d
	Hypertension in 2015 (D3)
	5036
	0.931 (0.805–1.076)
	1.376 (1.032–1.835)
	—

	B1d
	Diabetes in 2015 (D3)
	5036
	1.184 (0.956–1.467)
	1.103 (0.662–1.837)
	—

	B1d
	Central obesity in 2015 (D3)
	5036
	1.022 (0.880–1.186)
	0.438 (0.321–0.598)
	—

	B1d
	Heart disease in 2015 (D3)
	5036
	1.408 (1.170–1.694)
	1.449 (0.999–2.103)
	—

	B1d
	Stroke in 2015 (D3)
	5036
	1.352 (0.881–2.075)
	0.194 (0.026–1.425)
	—

	B1d
	Historical burden H (D3)
	5036
	1.169 (1.048–1.303)
	1.191 (0.975–1.456)
	—

	B0
D4match
	Hypertension in 2015
	5036
	1.039 (0.923–1.169)
	1.539 (1.184–2.001)
	—

	B0
D4match
	Diabetes in 2015
	5036
	1.368 (1.146–1.633)
	1.342 (0.859–2.095)
	—

	B0
D4match
	Central obesity in 2015
	5036
	1.126 (0.996–1.274)
	0.494 (0.373–0.655)
	—

	B0
D4match
	Heart disease in 2015
	5036
	1.485 (1.266–1.741)
	1.552 (1.105–2.180)
	—

	B0
D4match
	Stroke in 2015
	5036
	1.593 (1.099–2.309)
	0.665 (0.258–1.712)
	—

	B1
D4match
	Hypertension in 2015
	5036
	0.931 (0.805–1.076)
	1.391 (1.043–1.855)
	—

	B1
D4match
	Diabetes in 2015
	5036
	1.208 (0.985–1.480)
	1.206 (0.749–1.943)
	—

	B1
D4match
	Central obesity in 2015
	5036
	1.018 (0.877–1.181)
	0.440 (0.322–0.601)
	—

	B1
D4match
	Heart disease in 2015
	5036
	1.328 (1.106–1.594)
	1.383 (0.972–1.967)
	—

	B1
D4match
	Stroke in 2015
	5036
	1.430 (0.982–2.084)
	0.600 (0.233–1.543)
	—

	B1
D4match
	Historical burden H
	5036
	1.168 (1.045–1.305)
	1.169 (0.954–1.432)
	—


D3 denotes response-only disease-history coding; D4 denotes carried-forward histories with explicit corrections permitted. D4match denotes the 5036 participants common to both coding approaches. B0d and B0_D4match included the five 2015 components; the corresponding B1 models additionally included historical average burden. Effect scales and core adjustment are as described for Table S6B. Each paired comparison used identical risk records and observation weights. CSR, cloglog-scale ratio; CI, confidence interval.
[bookmark: nav_T102]Table S6C. Conditional-variation diagnostics for historical burden
	Model
	N
	SD of H
	Residual SD of H
	R² for H
	VIF for H

	B1
	5084
	0.8948
	0.5222
	0.6594
	2.9364

	B1s
	5084
	0.8948
	0.5185
	0.6643
	2.9787

	B1d
	5036
	0.8902
	0.5335
	0.6408
	2.7843

	B1_D4match
	5036
	0.8903
	0.5218
	0.6565
	2.9114


H is the average burden in 2011 and 2013; SD denotes standard deviation. Residual SD is the sample SD of residuals from regressing historical burden on current components; VIF = 1/(1−R²). Conditional-variation diagnostics for B1s used regression on current component patterns; its outcome models were non-estimable because of separation.
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	Outcome
	Contrast
	N
	Events
	Estimate (95% CI)
	Scale

	Multiple difficulties or need for assistance
	Per 1 SD
	9581
	1141
	1.282 (1.205–1.364)
	CSR

	Death before this outcome
	Per 1 SD
	9581
	512
	1.125 (1.033–1.226)
	CSR

	Multiple difficulties or need for assistance
	>0–1 vs 0
	9581
	1141
	1.144 (0.939–1.393)
	CSR

	Multiple difficulties or need for assistance
	>1–2 vs 0
	9581
	1141
	1.374 (1.127–1.675)
	CSR

	Multiple difficulties or need for assistance
	>2 vs 0
	9581
	1141
	2.181 (1.765–2.695)
	CSR

	Death before this outcome
	>0–1 vs 0
	9581
	512
	1.157 (0.886–1.510)
	CSR

	Death before this outcome
	>1–2 vs 0
	9581
	512
	1.464 (1.118–1.917)
	CSR

	Death before this outcome
	>2 vs 0
	9581
	512
	1.318 (0.936–1.858)
	CSR

	ADL difficulty at both visits
	Per 1 SD
	7980
	549
	1.386 (1.262–1.523)
	OR

	ADL difficulty at both visits
	>0–1 vs 0
	7980
	549
	1.102 (0.835–1.454)
	OR

	ADL difficulty at both visits
	>1–2 vs 0
	7980
	549
	1.742 (1.310–2.316)
	OR

	ADL difficulty at both visits
	>2 vs 0
	7980
	549
	2.500 (1.813–3.446)
	OR


“Multiple difficulties or need for assistance” denotes difficulty in at least two ADLs, or needing help with or being unable to perform any item. Eligibility required no difficulty in any of the six ADLs in 2015; negative outcome status required all six items to be known and the threshold not to be met. Continuous burden is reported per fixed SD (0.89 component units); categorical contrasts use 0 as the reference. Difficulty at both visits was restricted to participants observed in both 2018 and 2020 and analyzed using logistic regression to report ORs. N and event counts are totals for the corresponding model. Core adjustment included 2011 age splines, sex, education, and urban/rural classification; CSR models additionally included interval and subset-specific re-estimated observation weights. CI, 95% confidence interval.
[bookmark: nav_T106]Table S8A. Exploratory effect modification by baseline cognition
	Outcome
	Variable
	N
	Estimate (95% CI)
	P

	ADL
	Average burden
	5891
	1.332 (1.244–1.425)
	<0.001

	ADL
	Cognition z score
	5891
	0.789 (0.709–0.879)
	<0.001

	ADL
	Burden × cognition z score
	5891
	1.040 (0.978–1.105)
	0.215

	Death
	Average burden
	5891
	1.145 (1.010–1.297)
	0.034

	Death
	Cognition z score
	5891
	1.015 (0.848–1.214)
	0.874

	Death
	Burden × cognition z score
	5891
	0.940 (0.828–1.067)
	0.340


This analysis was exploratory. The main effect of burden is the per-component-unit association at a cognition z score of 0; the main effect of cognition is the per-SD association at burden 0. The interaction is the ratio of CSRs corresponding to their product term. Models used core adjustment and subset-specific re-estimated weights; P values are unadjusted and two-sided. CSR, cloglog-scale ratio; CI, confidence interval; SD, standard deviation.
[bookmark: nav_T108]Table S8B. Exploratory longitudinal cognition model
	Variable
	Coefficient (95% CI)
	P
	N
	Measurements

	Time
	-0.099 (−0.144, −0.055)
	<0.001
	5794
	14759

	Average burden
	0.129 (0.040, 0.217)
	0.005
	5794
	14759

	Time × burden
	-0.010 (−0.037, 0.016)
	0.434
	5794
	14759


This exploratory analysis reports regression coefficients on the cognition-score scale and unadjusted two-sided P values. Time is years since 2011; burden is expressed in component units. Exposure and cognition were both measured during 2011–2015. The random-intercept and random-slope model used REML estimation and community-level sandwich SEs, adjusting for 2011 age splines, sex, education, and urban/rural classification. REML, restricted maximum likelihood; SE, standard error; CI, confidence interval.
Abbreviations: ADL, activities of daily living; CSR, cloglog-scale ratio; CIF, cumulative incidence function; CI, confidence interval; IPCW, inverse probability of observation/censoring weighting; MI, multiple imputation; SD, standard deviation; SMD, standardized mean difference; ESS, effective sample size; OR, odds ratio; NE, non-estimable; pp, percentage points.
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