Supplementary Appendix
This appendix contains the Supplementary Methods, Supplementary Results, and Supplementary Tables accompanying the main manuscript.




Supplementary Methods
SM1. Medication initiation/escalation proxy outcome
In the baseline asthma cohort, a medication initiation/escalation proxy event was additionally defined as transition from no asthma medication use at the previous wave to medication use at the current wave, to examine whether lower iron status was associated with subsequent treatment intensification. The primary analysis used logistic regression within the risk set of participants not using asthma medication at the previous wave to assess the association between previous-wave log2 ferritin and subsequent medication initiation/escalation risk. Models were adjusted for previous-wave symptom burden, age, sex, smoking status, body mass index (BMI), heart disease, diabetes, and log2-transformed C-reactive protein (CRP). Additional models further adjusted for hemoglobin to assess independence from anemia, and ferritin×smoking interaction models were used to assess heterogeneity by smoking status. Discrete-time survival analysis was conducted as a supplementary approach.



SM2. Item-specific symptom analyses
In addition to the composite outcome of any asthma-like symptom, we further examined individual symptom items, including wheeze, night waking, and asthma attack. All item-specific symptom models used the same generalized estimating equation (GEE) framework as in the main text, with a logit link and an exchangeable working correlation structure. Models were uniformly adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). Alongside the IFI models, ferritin coefficient of variation (CV), ferritin slope, and the cumulative number of ferritin measurements <30 μg/L were also examined in separate parallel models.


SM3. Detailed subgroup analyses by grip strength and functional status
To further characterize heterogeneity in the association between ferritin coefficient of variation (CV) and repeated FEV₁, we conducted subgroup analyses according to grip strength and functional status. Grip-strength-related analyses used linear mixed-effects models to examine subgroup-specific associations between ferritin CV and repeated FEV₁ and to formally test ferritin CV×grip interaction terms in both the full sample and participants aged 60 years or older. Models were then refitted within grip-defined strata to estimate the direction and magnitude of associations separately in the strong-grip and weak-grip groups.
To examine whether the broader ferritin CV–muscle strength–lung function pattern differed across functional-status subgroups, supplementary structural equation models were fitted within prespecified ADL and IADL limitation groups. These models were used as supportive analyses to assess whether the relationships among ferritin CV, grip strength, and FEV₁ were directionally similar across functional-status strata. All subgroup analyses used the same covariate-adjustment framework as in the main text, including age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), as applicable.



SM4. Iron–muscle phenotype construction and extended analyses
This section examined iron–muscle phenotype analyses and related grip-strength extensions. First, we constructed four iron–muscle phenotype groups based on ferritin coefficient of variation (CV) and mean grip strength and compared mean forced expiratory volume in 1 second (FEV₁) and related clinical characteristics across phenotype groups. Second, using participant-level summary data, we fitted structural equation models to assess whether the association between ferritin CV and mean FEV₁ was partly mediated by mean grip strength and to estimate the direct, indirect, and total effects, together with the proportion mediated. Additional analyses were conducted across functional-status subgroups defined by ADL and IADL limitation status. For functional-status-stratified analyses of repeated FEV₁, linear mixed-effects models were fitted separately within ADL- and IADL-defined strata using the same covariate-adjustment framework as in the main text. Formal interaction models were also used to assess whether the associations between dynamic iron-related measures and repeated FEV₁ differed according to ADL or IADL limitation status. 

SM5. Domain-specific ADL and gross/fine motor analyses
This section further characterized the domain-specific pattern of severe activities of daily living deterioration (severe ADL deterioration). Time-to-first-event datasets were constructed for individual ADL items, which were further classified into gross motor/power domains and fine motor/low-energy domains. Cox proportional hazards models were then used to examine the associations of ferritin coefficient of variation (CV), ferritin slope, the cumulative number of ferritin measurements <30 μg/L, the iron fragility index (IFI), and iron–muscle phenotype with the risk of first events across specific ADL domains and gross/fine motor functional clusters. All models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). Additional analyses examined selected domain-specific associations according to grip strength, formal grip interaction terms for motor-related ADL domains, and phenotype-specific risk patterns for first severe ADL deterioration. Proportional hazards assumptions were also assessed for the corresponding Cox models.















SM6. Time-varying and lagged analyses for FEV₁ and binary decline outcomes
This section examined whether current ferritin status and recent ferritin change were associated with concurrent or subsequent lung function outcomes. Time-varying exposure measures included current ferritin level, recent change in ferritin between adjacent waves, current low ferritin status, and cumulative ferritin coefficient of variation (CV), as applicable. For continuous outcomes, linear mixed-effects models were used to evaluate the associations of these measures with current forced expiratory volume in 1 second (FEV₁), and lagged models were further used to assess their associations with next-wave FEV₁. Additional lagged analyses further adjusted for current FEV₁ to examine whether any observed associations with subsequent FEV₁ were independent of contemporaneous lung function status.
For binary lung-function outcomes, generalized linear mixed models (GLMMs) or lagged logistic regression models were used to examine associations with current or next-wave marked FEV₁ decline and low FEV20, as applicable. Additional models further adjusted for current FEV₁ or included joint sets of current ferritin-related measures to assess the robustness of these findings. All models were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). 



SM7. Time-dependent Cox analyses
Using the same time-varying exposure definitions as in SM6, we further examined the associations between ferritin-related time-varying measures and the risk of proximal adverse lung-function events. Time-dependent Cox datasets were constructed in start–stop counting-process format. The primary event outcomes were decline in forced expiratory volume in 1 second (FEV₁) by at least 10% relative to baseline FEV₁ and incident low FEV. Separate time-dependent Cox models were used to evaluate the associations of current ferritin level, recent ferritin change, cumulative ferritin variability, current low ferritin status, and high-variability intervals with proximal event risk. All models were adjusted for current age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). 



SM8. All-cause mortality analyses
This section examined whether dynamic iron dysregulation was associated with the risk of all-cause mortality. Participant-level survival follow-up data were constructed using year-of-death information. Cox proportional hazards models were then fitted using ferritin coefficient of variation (CV), ferritin slope, the cumulative number of ferritin measurements <30 μg/L, the iron fragility index (IFI), and iron–muscle phenotype as the primary exposure variables. All models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). Because the number of mortality events was limited, formal inference was not emphasized when model estimation was unstable, and descriptive results were used to summarize the overall pattern.


SM9. CLPM, RI-CLPM, and parallel-process growth models
This section examined directional relationships and shared trajectories between ferritin and forced expiratory volume in 1 second (FEV₁). Traditional cross-lagged panel models (CLPMs) and random-intercept cross-lagged panel models (RI-CLPMs) were used to evaluate cross-temporal paths and potential within-person directional relationships between ferritin and FEV₁. Parallel-process growth models were further used to assess whether long-term ferritin and FEV₁ trajectories showed coordinated change over time.
All structural equation and growth models were estimated using full information maximum likelihood to account for missing data and robust maximum likelihood estimation. Model fit was evaluated using χ², comparative fit index (CFI), Tucker–Lewis index (TLI), root mean square error of approximation (RMSEA), standardized root mean square residual (SRMR), Akaike information criterion (AIC), and Bayesian information criterion (BIC), as applicable. Additional adjusted RI-CLPM and growth-model analyses were used to assess whether the overall directional pattern remained consistent after incorporation of baseline covariates and hemoglobin.




SM10. Robustness of IFI construction under alternative weighting schemes
This section evaluated whether the iron fragility index (IFI) depended materially on a specific weighting scheme. In addition to the equal-weight IFI used in the main analyses, alternative IFI constructions were generated using principal component analysis (PCA) weighting, leave-one-out formulations, and β-based weighting schemes. Each derived IFI variant was re-standardized and then entered into the same analytic framework as the main analyses. Associations with repeated forced expiratory volume in 1 second (FEV₁) and with any asthma-like symptom were examined separately to assess whether the primary IFI-related findings were robust to alternative weighting strategies.



SM11. Missingness and inverse probability weighting analyses
This section details the complete-case analyses and inverse probability weighting (IPW) sensitivity analyses. For the principal analytic pathways, including IFI→FEV₁, ferritin CV→FEV₁, and IFI→symptom, separate complete-case datasets were constructed together with inclusion-versus-exclusion comparison tables and probability models for entering the complete-case sample. Stabilized inverse probability weights were calculated using baseline information and were truncated at the 1st and 99th percentiles. Weighted repeated-measures analyses were then performed using the same analytic framework as in the primary models to evaluate whether the principal findings remained robust after accounting for potential selection related to complete-case inclusion. Weight-distribution diagnostics were additionally examined to assess the practical performance of the IPW models. 



SM12. Family-wise false discovery rate correction
This section details the multiple-comparison correction strategy. A single overall false discovery rate (FDR) correction was not applied across all analyses in the manuscript. Instead, analyses were prespecified into separate analysis families according to the underlying research question, and Benjamini–Hochberg family-wise FDR correction was applied within each family. Symptom outcomes, lung-function outcomes, age-modification analyses, mediation analyses, sex-by-age heterogeneity analyses, smoking-related analyses, and hemoglobin- or inflammation-related extension analyses were assigned to separate families. Both raw P values and family-specific q values were retained in the corresponding main and supplementary result tables.



Supplementary Results
SR1. Medication initiation/escalation proxy outcome
In the baseline asthma cohort, previous-wave ferritin was not clearly associated with subsequent medication initiation/escalation proxy events. In the primary adjusted logistic model, previous-wave log2 ferritin showed no clear association with subsequent medication initiation/escalation risk (Supplementary Table S1). 
Results from the Hb-adjusted model and the ferritin×smoking interaction model were consistent with the primary analysis. Additional adjustment for hemoglobin did not materially alter the ferritin estimate, hemoglobin itself was not clearly associated with the proxy outcome, and there was no clear evidence that the association differed by smoking status (Supplementary Tables S2–S3). Discrete-time survival analyses were directionally similar and likewise did not support a clear association between previous-wave ferritin and subsequent treatment intensification (Supplementary Table S4). 
Overall, these proxy-outcome analyses provided only limited support for an association between lower iron status and subsequent treatment intensification and are best interpreted as supplementary evidence.



SR2. Item-specific symptom analyses
Associations between dynamic iron-related measures and respiratory symptom outcomes were not uniform. For the composite outcome of any asthma-like symptom, overall associations were limited across the different dynamic iron-related measures (Supplementary Table S5). By contrast, clearer signals in the item-specific analyses were concentrated in asthma attack, whereas results for wheeze and night waking were generally weak (Supplementary Table S6). 
Among the dynamic iron-related measures, higher IFI was associated with a higher risk of asthma attack, and a greater cumulative number of ferritin measurements <30 μg/L showed a similar positive association. Ferritin CV, however, did not show a comparably clear association with asthma attack, and ferritin slope did not demonstrate a stable pattern. For wheeze and night waking, no consistent pattern was observed across the different iron-related measures (Supplementary Table S6). 
Descriptive symptom frequencies according to repeated low-ferritin exposure categories were broadly consistent with this pattern, with asthma attack showing a less favorable distribution across low-ferritin exposure groups than the other symptom items (Supplementary Table S7). Overall, these findings suggest that symptom-level signals related to dynamic iron dysregulation were concentrated mainly in an acute exacerbation-related phenotype rather than in more general respiratory symptom domains. 



SR3. Grip strength and functional-status-related subgroup analyses
In subgroup analyses by muscle strength, the association between ferritin CV and lower FEV₁ was more evident among individuals with weak grip strength, particularly in analyses restricted to participants aged 60 years or older. In that subgroup, higher ferritin CV was associated with lower FEV₁ in the weak-grip stratum, whereas the corresponding association in the strong-grip stratum was weaker and of borderline statistical support (Supplementary Table S14). Formal ferritin CV×grip interaction analyses, however, provided only limited statistical support in both the full sample and the older subgroup (Supplementary Tables S15–S16).
Functional-status-related analyses showed a broadly similar pattern but were more limited in scope. In structural equation models stratified by ADL and IADL limitation groups, the overall pattern linking ferritin CV, grip strength, and FEV₁ remained broadly similar across functional-status strata, although most path estimates were imprecise and statistical support was generally limited (Supplementary Table S17).
Overall, these subgroup analyses provide supportive evidence that the ferritin CV–FEV₁ association may be more apparent in selected vulnerable subgroups, particularly those with weaker muscle strength, although formal evidence for effect modification remained limited.



SR4. Iron–muscle phenotype construction and extended analyses
Across the four iron–muscle phenotype groups defined by ferritin CV and grip strength, the group characterized by high instability and weak grip strength showed the lowest FEV₁, whereas the group with low instability and strong grip strength showed the most favorable lung function pattern (Supplementary Table S18). These findings support a joint pattern linking dynamic iron dysregulation, reduced muscle strength, and lower lung function.
Structural equation modeling showed a directionally similar pattern. Higher ferritin CV was associated with weaker grip strength, and weaker grip strength was in turn related to lower FEV₁, although statistical support for indirect mediation was limited overall (Supplementary Table S19). Taken together, these findings are more consistent with a supportive joint-pattern interpretation than with definitive mediation.
In analyses stratified by functional status, the ferritin CV–FEV₁ association was more evident among participants with fewer ADL or IADL limitations, whereas the corresponding associations were weaker in those with more advanced functional limitation (Supplementary Tables S20–S21). Formal interaction analyses by ADL and IADL limitation status, however, provided only limited statistical support (Supplementary Table S22).
Overall, these extended analyses provide supportive evidence for an interrelated pattern linking dynamic iron dysregulation, weaker muscle strength, and lower lung function, while suggesting that this relationship may be more detectable before functional limitation becomes more advanced.










SR5. Domain-specific ADL and gross/fine motor analyses
In domain-specific ADL analyses, risk patterns related to dynamic iron dysregulation were more evident in gross motor than in fine motor domains. Ferritin CV was associated with a higher risk of gross motor ADL deterioration, and IFI showed a similar pattern, whereas evidence for fine motor domains was weaker overall. Expanded domain-level analyses were directionally similar, and formal coefficient comparisons supported this pattern but remained supplementary in nature (Supplementary Tables S24, S26, and S27).
At the individual-item level, the clearest signals were observed for bathing, with additional supportive evidence for walking across a room, whereas most other items showed weaker associations overall (Supplementary Table S24). These findings suggest that the functional extension of dynamic iron dysregulation was concentrated in selected mobility- and power-related domains rather than broadly distributed across all ADL items.
Grip-stratified analyses further suggested that selected domain-specific risks, particularly for bathing, were more evident among individuals with weak grip strength. Formal interaction analyses by grip strength, however, provided only limited statistical support (Supplementary Tables S25 and S28).
Joint phenotype analyses provided additional supportive evidence, with less favorable risk patterns for first severe ADL deterioration observed in phenotype groups characterized by greater ferritin instability together with weaker grip strength (Supplementary Table S30). Proportional hazards assumption checks did not materially alter interpretation (Supplementary Tables S29 and S31). Overall, these analyses support that the functional extension of dynamic iron dysregulation was concentrated mainly in gross motor domains rather than uniformly across all ADL items.



SR6. Time-varying and lagged analyses for FEV₁ and binary decline outcomes
In time-varying analyses of concurrent continuous outcomes, associations between current ferritin-related measures and current FEV₁ were generally weak. Current ferritin level, recent ferritin change, current low ferritin status, and cumulative ferritin variability showed no clear or consistent associations with concurrent FEV₁ in the primary time-varying models (Supplementary Table S32). Joint-model analyses showed somewhat different patterns but are better interpreted as supplementary sensitivity analyses rather than as the main basis for inference (Supplementary Table S37). 
In lagged analyses of subsequent continuous outcomes, current ferritin-related measures showed overall weak and inconsistent associations with next-wave FEV₁. After further adjustment for current FEV₁, most of these associations were attenuated and were no longer clearly supported, suggesting limited predictive value of current ferritin-related measures beyond contemporaneous lung function status (Supplementary Tables S33 and S35). 
For binary decline outcomes, the more suggestive short-term signals were observed for current ferritin-related status measures rather than for cumulative instability measures, although the overall pattern remained limited and not fully consistent across models. Additional adjustment for current FEV₁ further weakened most associations with subsequent marked FEV₁ decline, whereas joint-model analyses again showed somewhat different patterns and should be interpreted cautiously as supportive sensitivity analyses (Supplementary Tables S34, S36, and S38). 
Overall, these time-varying and lagged analyses suggest that short-term lung function fluctuation may be more closely related to current ferritin-related status than to the long-term instability signal emphasized in the main text, and that these two analytic frameworks may capture different dimensions of risk.


SR7. Time-dependent Cox analyses
In time-dependent Cox analyses, current low ferritin status showed the clearest association with incident low FEV, whereas its association with FEV₁ decline ≥10% was less evident (Supplementary Tables S39–S40). Current ferritin level also showed a weaker but statistically supported association with incident low FEV, but this pattern was not mirrored by the cumulative instability measures emphasized in the main text. 
By contrast, recent ferritin change, cumulative ferritin variability, and high-variability intervals showed overall weaker and less consistent associations across the proximal lung-function event outcomes. These results did not demonstrate the same stable event-prediction pattern as the long-term ferritin CV/IFI signal reported in the main longitudinal analyses (Supplementary Tables S39–S40). 
Overall, these findings suggest that proximal event risk may be more closely related to current low ferritin status than to cumulative instability measures and that these time-dependent event-based analyses capture a different dimension of risk from the longer-term instability pattern emphasized in the main text.



SR8. All-cause mortality analyses
In analyses of all-cause mortality, associations of ferritin CV, IFI, ferritin slope, and repeated low-ferritin exposure with mortality risk were generally weak or unstable, and most models offered limited support for formal inference because of the small number of events (Supplementary Tables S41–S42). Among the prespecified mortality models, only the cumulative low-ferritin exposure measure yielded an estimable association, and this result did not support a clear relationship with mortality. 
Descriptive mortality patterns across iron–muscle phenotype groups also suggested only limited differences in survival experience, with very small numbers of deaths in each stratum and no clear basis for strong comparative inference (Supplementary Table S43). Proportional hazards assumption checks are provided for completeness and did not materially alter interpretation of the estimable models (Supplementary Table S44). 
Overall, because the number of mortality events was limited, these findings should be regarded as exploratory.


SR9. CLPM, RI-CLPM, and parallel-process growth models
In traditional cross-lagged panel models, no stable or consistently supported bidirectional cross-lagged paths were observed between ferritin and FEV₁. Although some individual paths showed directional tendencies, the overall pattern did not support a clear and reproducible bidirectional temporal relationship (Supplementary Tables S45–S46).
In RI-CLPM analyses, which distinguished stable between-person differences from within-person fluctuations, the corresponding cross-lagged paths likewise remained non-significant overall. Additional adjusted RI-CLPM analyses yielded a similar conclusion, indicating that the lack of clear within-person directional support was not materially altered after incorporation of the adjusted model structure (Supplementary Table S45).
In parallel-process growth models, slope correlations and related growth-factor covariances also did not provide clear support for directional or coordinated long-term coupling between ferritin and FEV₁ trajectories. Model-fit indices are provided for completeness, and supplementary growth-factor summaries are directionally consistent with the overall interpretation but do not alter the main conclusion (Supplementary Tables S47–S49).
Overall, these directional analyses provide only limited supportive evidence and do not support a clear within-person bidirectional pathway between ferritin and FEV₁.




SR10. Robustness of IFI construction under alternative weighting schemes
Across alternative IFI constructions, the overall pattern of results remained highly consistent. Different IFI variants yielded closely similar directions and magnitudes of association, indicating that the observed IFI-related findings were not driven by a single weighting scheme (Supplementary Tables S50–S51). 
In repeated FEV₁ models, the equal-weight IFI, PCA-weighted IFI, leave-one-out IFI, and β-weighted IFI all showed directionally consistent associations with lower FEV₁, and the main conclusion was not materially altered by the weighting scheme used (Supplementary Table S50). 
In symptom models, associations across IFI variants were generally weak, but the overall direction remained broadly consistent with the main analysis (Supplementary Table S51). Overall, these analyses indicate that the primary IFI–lung function findings did not depend on any single weighting strategy. 




SR11. Full missingness and inverse probability weighting technical details
The complete-case analytic samples were substantially reduced relative to the source repeated-measures panel. Compared with included participants, excluded participants were generally older, had higher C-reactive protein (CRP) levels, and had lower baseline FEV₁, whereas differences in the core dynamic ferritin-related measures were more limited overall (Supplementary Table S52). 
In inverse probability weighting sensitivity analyses, the principal IFI→FEV₁ and ferritin CV→FEV₁ results remained directionally stable, and the corresponding effect sizes were not materially altered. The same general pattern was observed for the IFI→symptom pathway, although support for symptom-related findings remained weaker overall than for the lung-function results (Supplementary Table S53). Probability models for complete-case inclusion are provided as technical details (Supplementary Tables S55–S57).
Weight distributions were broadly acceptable after truncation, with limited influence of extreme values, supporting the practical implementation of the IPW framework in this setting (Supplementary Table S54). Overall, these missingness- and selection-related analyses further support the robustness of the core lung-function findings reported in the main text.



SR12. Detailed family-wise false discovery rate implementation
[bookmark: _GoBack]Across the prespecified analysis families, the lung-function family showed the most stable q-value support overall. The hemoglobin-related extension family also retained a substantial number of supported results, whereas age-modification analyses retained only limited support after family-wise correction (Supplementary Table S58; Supplementary Table S59, provided as a separate spreadsheet because of table size). 
By contrast, the symptom family, smoking-related analyses, sex-by-age heterogeneity analyses, mediation analyses, and several other interaction-related or extension families showed generally weaker FDR support, with few or no results retained after family-wise correction. The inflammation-related family likewise showed limited retention after correction despite nominally low raw P values in selected analyses (Supplementary Table S58; Supplementary Table S60, provided as a separate spreadsheet because of table size). 
Overall, these family-wise FDR results further indicate that the most statistically robust signals remained concentrated in the core lung-function analyses presented in the main text.




Supplementary Tables
The supplementary tables supporting the analyses reported in the main manuscript and supplementary sections are provided below.




Supplementary Table S1. Primary logistic model for the medication initiation/escalation proxy outcome
	Variable
	OR (95% CI)
	P value

	Previous-wave log2 ferritin
	1.14 (0.85, 1.52)
	0.393

	Previous-wave symptom burden
	1.15 (0.80, 1.66)
	0.445

	Age
	1.03 (0.99, 1.06)
	0.13

	Female sex
	1.20 (0.62, 2.32)
	0.591

	Current smoking
	1.12 (0.58, 2.16)
	0.74

	Body mass index (BMI)
	1.06 (0.99, 1.13)
	0.111

	Heart disease
	0.50 (0.20, 1.26)
	0.142

	Diabetes
	0.28 (0.06, 1.22)
	0.089

	log2(C-reactive protein)
	1.17 (0.97, 1.42)
	0.106


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from the primary logistic regression model evaluating the association between previous-wave log2 ferritin and subsequent medication initiation/escalation proxy events. The analytic sample was restricted to the risk set of participants not using asthma medication at the previous wave. Models were adjusted for previous-wave symptom burden, age, sex, smoking status, body mass index (BMI), heart disease, diabetes, and log2-transformed C-reactive protein (CRP). A medication initiation/escalation proxy event was defined as transition from no asthma medication use at the previous wave to medication use at the current wave.



Supplementary Table S2. Hb-adjusted logistic model for the medication initiation/escalation proxy outcome
	model
	Exposure
	OR (95% CI)
	P value

	Medication escalation model (Hb-adjusted)
	Previous-wave ferritin (log)
	1.14 (0.85, 1.53)
	0.371

	Medication escalation model (Hb-adjusted)
	Previous-wave hemoglobin
	0.98 (0.72, 1.35)
	0.923

	Discrete-time medication model (Hb-adjusted)
	Previous-wave ferritin (log)
	1.20 (0.88, 1.65)
	0.247

	Discrete-time medication model (Hb-adjusted)
	Previous-wave hemoglobin
	0.89 (0.64, 1.25)
	0.511


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from the logistic regression model additionally adjusted for hemoglobin (Hb). The analytic sample was restricted to participants not using asthma medication at the previous wave and may differ slightly from that of the primary model because of additional missingness in Hb. Models were adjusted for previous-wave symptom burden, age, sex, smoking status, body mass index (BMI), heart disease, diabetes, log2-transformed C-reactive protein (CRP), and Hb. This model was used to assess whether the association between previous-wave ferritin and subsequent medication initiation/escalation risk was independent of anemia.








Supplementary Table S3. Ferritin×smoking interaction model for the medication initiation/escalation proxy outcome
	Variable
	OR (95% CI)
	P value

	Previous-wave log2 ferritin
	1.22 (0.76, 1.96)
	0.399

	Current smoking
	 2.34 (0.05, 107.34)
	0.664

	Previous-wave symptom burden
	1.15 (0.80, 1.66)
	0.44

	Age
	1.03 (0.99, 1.06)
	0.138

	Female sex
	1.20 (0.62, 2.34)
	0.585

	Body mass index (BMI)
	1.06 (0.99, 1.13)
	0.119

	Heart disease
	0.50 (0.20, 1.27)
	0.144

	Diabetes
	0.28 (0.07, 1.24)
	0.094

	log2(C-reactive protein)
	1.17 (0.97, 1.42)
	0.108

	Previous-wave log2 ferritin × current smoking
	0.89 (0.50, 1.58)
	0.698


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from the logistic regression model including a ferritin×smoking interaction term. The analytic sample was restricted to participants not using asthma medication at the previous wave. Models were adjusted for previous-wave symptom burden, age, sex, smoking status, body mass index (BMI), heart disease, diabetes, and log2-transformed C-reactive protein (CRP). This model was used to assess whether the association between previous-wave ferritin and subsequent medication initiation/escalation risk differed by smoking status.








Supplementary Table S4. Discrete-time survival models for the medication initiation/escalation proxy outcome
	Variable
	OR (95% CI)
	P value

	Wave 6 (vs Wave 4)
	0.66 (0.33, 1.30)
	0.228

	Wave 8 (vs Wave 4)
	0.31 (0.13, 0.75)
	0.009

	Previous-wave log2 ferritin
	1.18 (0.86, 1.63)
	0.311

	Previous-wave symptom burden
	1.05 (0.72, 1.54)
	0.8

	Age
	1.04 (1.00, 1.07)
	0.033

	Female sex
	1.26 (0.63, 2.50)
	0.512

	Current smoking
	1.15 (0.59, 2.25)
	0.687

	Body mass index (BMI)
	1.06 (0.98, 1.14)
	0.124

	Heart disease
	0.54 (0.21, 1.35)
	0.186

	Diabetes
	0.29 (0.06, 1.35)
	0.116

	log2(C-reactive protein)
	1.18 (0.96, 1.45)
	0.118


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from discrete-time survival models evaluating the association between previous-wave log2 ferritin and subsequent medication initiation/escalation proxy events. Time was modeled by survey wave. The analytic sample was restricted to person-waves in which participants were not using asthma medication at the previous wave and remained under observation for a subsequent initiation/escalation event. The primary discrete-time model was adjusted for previous-wave symptom burden, age, sex, smoking status, body mass index (BMI), heart disease, diabetes, and log2-transformed C-reactive protein (CRP); where applicable, an additional Hb-adjusted version was fitted to examine independence from anemia. A medication initiation/escalation proxy event was defined as transition from no asthma medication use at the previous wave to medication use at the current wave.







Supplementary Table S5. GEE models for any asthma-like symptom and dynamic iron-related measures
	Exposure
	OR (95% CI)
	P value

	Iron fragility index
	1.04 (0.98, 1.11)
	0.211

	Ferritin variability (CV)
	1.13 (0.66, 1.92)
	0.657

	Ferritin slope
	0.80 (0.36, 1.76)
	0.581

	Number of ferritin <30 episodes
	1.14 (0.94, 1.38)
	0.19


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from generalized estimating equation (GEE) models evaluating the associations between dynamic iron-related measures and the composite outcome of any asthma-like symptom. Models used a logit link and an exchangeable working correlation structure and were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). Dynamic iron-related measures included the iron fragility index (IFI), ferritin coefficient of variation (CV), ferritin slope, and the cumulative number of ferritin measurements <30 μg/L.













Supplementary Table S6. GEE models for wheeze, night waking, and asthma attack according to dynamic iron-related measures
	Exposure
	Outcome
	OR (95% CI)
	P value

	Iron fragility index
	Wheeze
	1.02 (0.97, 1.08)
	0.432

	Iron fragility index
	Night waking
	1.02 (0.94, 1.11)
	0.601

	Iron fragility index
	Asthma attack
	1.09 (1.02, 1.17)
	0.012

	Ferritin variability (CV)
	Wheeze
	1.01 (0.60, 1.71)
	0.966

	Ferritin variability (CV)
	Night waking
	1.23 (0.63, 2.41)
	0.551

	Ferritin variability (CV)
	Asthma attack
	1.24 (0.67, 2.27)
	0.497

	Ferritin slope
	Wheeze
	0.74 (0.33, 1.68)
	0.474

	Ferritin slope
	Night waking
	0.86 (0.28, 2.65)
	0.794

	Ferritin slope
	Asthma attack
	0.54 (0.21, 1.40)
	0.205

	Number of ferritin <30 episodes
	Wheeze
	1.05 (0.88, 1.25)
	0.575

	Number of ferritin <30 episodes
	Night waking
	0.98 (0.78, 1.23)
	0.848

	Number of ferritin <30 episodes
	Asthma attack
	1.37 (1.12, 1.68)
	0.002


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from generalized estimating equation (GEE) models evaluating the associations between dynamic iron-related measures and individual respiratory symptom items, including wheeze, night waking, and asthma attack. Models used a logit link and an exchangeable working correlation structure and were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). The iron fragility index (IFI) and its individual component measures were entered separately into parallel models.











Supplementary Table S7. Symptom prevalence according to repeated low-ferritin exposure categories
	Low-ferritin exposure category
	Wheeze
	Night waking
	Asthma attack

	Never low
	38.70%
	17.80%
	27.30%

	Intermittently low
	36.90%
	18.00%
	33.30%

	Repeatedly low
	40.40%
	17.70%
	34.00%


Footnote:
This table presents descriptive symptom prevalence across categories defined by repeated low-ferritin exposure during follow-up. Symptom frequencies are shown for wheeze, night waking, and asthma attack according to prespecified categories of low-ferritin exposure (for example, never low, intermittently low, and repeatedly low). These results are descriptive and unadjusted and are provided to illustrate the distribution of symptom burden across low-ferritin exposure groups. They should be interpreted as supportive background information rather than as adjusted inferential results.

















Supplementary Table S8. Sex-age stratified associations between ferritin CV and repeated FEV₁
	Exposure
	Sex
	Age group
	Beta (95% CI)
	P value

	Ferritin variability (CV)
	Male
	50-59
	-0.719 (-1.545, 0.106)
	0.094

	Ferritin variability (CV)
	Male
	60-69
	-0.335 (-0.882, 0.212)
	0.232

	Ferritin variability (CV)
	Male
	70+
	-0.411 (-0.933, 0.111)
	0.126

	Ferritin variability (CV)
	Female
	50-59
	-0.125 (-0.472, 0.223)
	0.483

	Ferritin variability (CV)
	Female
	60-69
	-0.338 (-0.612, -0.063)
	0.017

	Ferritin variability (CV)
	Female
	70+
	-0.180 (-0.473, 0.113)
	0.231


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from Hb-adjusted linear mixed-effects models examining the association between ferritin coefficient of variation (CV) and repeated forced expiratory volume in 1 second (FEV₁) within prespecified sex-age strata. Age was categorized as 50–59 years, 60–69 years, and ≥70 years. Models were fitted separately within each stratum and adjusted for smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to describe the subgroup-specific pattern and magnitude of the ferritin CV–FEV₁ association.














Supplementary Table S9. Hb-adjusted three-way interaction model of ferritin CV, sex, and age group for repeated FEV₁
	Term
	Beta (95% CI)
	P value

	ferritin_cv
	-0.647 (-1.231, -0.063)
	0.03

	ferritin_cv:sexFemale
	0.402 (-0.282, 1.085)
	0.25

	ferritin_cv:age_group60-69
	0.176 (-0.388, 0.739)
	0.541

	ferritin_cv:age_group70+
	0.294 (-0.355, 0.944)
	0.374

	ferritin_cv:sexFemale:age_group60-69
	-0.255 (-0.905, 0.395)
	0.442

	ferritin_cv:sexFemale:age_group70+
	-0.152 (-0.941, 0.636)
	0.705


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from an Hb-adjusted linear mixed-effects model including ferritin coefficient of variation (CV), sex, age group, and their interaction terms for repeated forced expiratory volume in 1 second (FEV₁). Age group was defined as 50–59 years, 60–69 years, and ≥70 years. The model was adjusted for body mass index (BMI), smoking status, log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. This model was used to formally assess whether the ferritin CV–FEV₁ association differed jointly by sex and age group.











Supplementary Table S10. Age-interaction models for dynamic iron-related measures and repeated FEV₁
	Exposure
	Variable
	β (95% CI)
	P value

	Ferritin slope
	Main effect
	0.10 (-0.22, 0.41)
	0.553

	Ferritin slope
	Age (centered)
	-0.04 (-0.04, -0.03)
	<0.001

	Ferritin slope
	Ferritin slope × age
	-0.00 (-0.03, 0.02)
	0.807

	Ferritin variability (CV)
	Main effect
	-0.34 (-0.54, -0.14)
	<0.001

	Ferritin variability (CV)
	Age (centered)
	-0.04 (-0.05, -0.03)
	<0.001

	Ferritin variability (CV)
	Ferritin CV × age
	0.01 (-0.01, 0.03)
	0.312

	Number of ferritin <30 episodes
	Main effect
	-0.01 (-0.09, 0.06)
	0.716

	Number of ferritin <30 episodes
	Age (centered)
	-0.04 (-0.04, -0.04)
	<0.001

	Number of ferritin <30 episodes
	Low-ferritin count × age
	0.00 (-0.01, 0.01)
	0.701


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from Hb-adjusted linear mixed-effects models evaluating interaction terms between age and dynamic iron-related measures in relation to repeated forced expiratory volume in 1 second (FEV₁). Dynamic iron-related measures included ferritin coefficient of variation (CV), ferritin slope, and the cumulative number of ferritin measurements <30 μg/L, as applicable. Models were adjusted for sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to assess whether the associations between dynamic iron-related measures and repeated FEV₁ differed across age.










Supplementary Table S11. Sensitivity analyses for the ferritin CV–FEV₁ association across age windows
	Sensitivity model
	Age group
	β (95% CI)
	P value

	Non-smokers only
	50–59 years
	-0.34 (-0.78, 0.11)
	0.143

	Non-smokers only
	60–69 years
	-0.38 (-0.82, 0.07)
	0.097

	Non-smokers only
	≥70 years
	0.19 (-0.36, 0.74)
	0.495

	No heart disease or diabetes
	50–59 years
	-0.31 (-0.67, 0.04)
	0.088

	No heart disease or diabetes
	60–69 years
	-0.53 (-0.84, -0.22)
	<0.001

	No heart disease or diabetes
	≥70 years
	-0.31 (-0.65, 0.03)
	0.076

	Healthy non-smokers
	50–59 years
	-0.39 (-0.85, 0.08)
	0.111

	Healthy non-smokers
	60–69 years
	-0.42 (-0.92, 0.09)
	0.107

	Healthy non-smokers
	≥70 years
	0.20 (-0.52, 0.92)
	0.587


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from sensitivity analyses examining the association between ferritin coefficient of variation (CV) and repeated forced expiratory volume in 1 second (FEV₁) across prespecified age windows under selected analytic restrictions. These restrictions may include exclusion of participants with major cardiometabolic comorbidity or smoking-related subgroups, as specified in the table. Models used the same Hb-adjusted linear mixed-effects framework as the main subgroup analyses. These results are provided to assess whether the age-window-specific pattern, particularly the signal observed in the 60–69-year group, remained directionally consistent across sensitivity analyses.












Supplementary Table S12. Interaction model of ferritin CV and current smoking for repeated FEV₁
	Variable
	β (95% CI)
	P value

	Ferritin variability (CV)
	-0.22 (-0.50, 0.06)
	0.118

	Current smoking
	-0.03 (-0.19, 0.12)
	0.682

	Ferritin variability × current smoking
	-0.15 (-0.50, 0.21)
	0.419


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from an Hb-adjusted linear mixed-effects model including ferritin coefficient of variation (CV), current smoking status, and their interaction term in relation to repeated forced expiratory volume in 1 second (FEV₁). The model was adjusted for age, sex, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. This model was used to formally assess whether the association between ferritin CV and repeated FEV₁ differed by current smoking status.

















Supplementary Table S13. Sample sizes for smoking-stratified and smoking-interaction analyses of ferritin CV
	Analysis
	Repeated observations
	Participants

	Ferritin CV × smoking → FEV₁
	1,154
	532

	Ferritin CV × smoking → symptom
	1,479
	539

	Smokers-only FEV₁
	757
	359

	Smokers-only symptom
	985
	375


Footnote:
This table summarizes the numbers of repeated observations and unique participants included in the smoking-stratified and smoking-interaction analyses of ferritin coefficient of variation (CV). Counts are shown separately for ferritin CV × smoking interaction models and smokers-only analyses for repeated FEV₁ and, where applicable, symptom outcomes. These data are provided to document the analytic sample size underlying the smoking-related subgroup analyses.













Supplementary Table S14. Grip-stratified associations between ferritin CV and repeated FEV₁ in participants aged 60 years or older
	Grip group
	Beta (95% CI)
	P value

	Strong grip
	-0.332 (-0.688, 0.025)
	0.069

	Weak grip
	-0.257 (-0.483, -0.032)
	0.026


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from linear mixed-effects models examining the association between ferritin coefficient of variation (CV) and repeated forced expiratory volume in 1 second (FEV₁) stratified by grip strength in participants aged 60 years or older. Models were fitted separately within the strong-grip and weak-grip strata and were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to describe subgroup-specific patterns in the ferritin CV–FEV₁ association according to muscle strength.

















Supplementary Table S15. Interaction model of ferritin CV and grip strength for repeated FEV₁ in the full sample
	Variable
	Beta (95% CI)
	P value

	Ferritin variability (reference: strong grip)
	-0.444 (-0.698, -0.191)
	<0.001

	Weak grip
	-0.155 (-0.280, -0.031)
	0.015

	Ferritin variability × Weak grip
	0.248 (-0.033, 0.529)
	0.084


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from a linear mixed-effects model including ferritin coefficient of variation (CV), grip strength category, and their interaction term in relation to repeated forced expiratory volume in 1 second (FEV₁) in the full analytic sample. The model was adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. This model was used to formally assess whether the association between ferritin CV and repeated FEV₁ differed by grip strength.














Supplementary Table S16. Interaction model of ferritin CV and grip strength for repeated FEV₁ in participants aged 60 years or older
	Variable
	Beta (95% CI)
	P value

	Ferritin variability (reference: strong grip)
	-0.405 (-0.700, -0.111)
	0.007

	Weak grip
	-0.128 (-0.273, 0.018)
	0.087

	Ferritin variability × Weak grip
	0.181 (-0.165, 0.527)
	0.306


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from a linear mixed-effects model including ferritin coefficient of variation (CV), grip strength category, and their interaction term in relation to repeated forced expiratory volume in 1 second (FEV₁) among participants aged 60 years or older. The model was adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. This table is provided to assess whether grip-related effect modification was more evident within the older subgroup most relevant to the present study context.
















Supplementary Table S17. Structural equation models of ferritin CV, grip strength, and FEV₁ stratified by ADL and IADL limitation groups
	Functional-status subgroup
	Path
	Estimate
	95% CI
	P value

	Lower ADL limitation
	Ferritin variability → Grip
	-5.01
	-11.94 to 1.57
	0.139

	Lower ADL limitation
	Direct effect
	0.02
	-0.64 to 0.70
	0.951

	Lower ADL limitation
	Grip → FEV₁
	0.01
	-0.02 to 0.04
	0.504

	Lower ADL limitation
	Indirect effect
	-0.05
	-0.29 to 0.13
	0.629

	Lower ADL limitation
	Total effect
	-0.03
	-0.67 to 0.67
	0.936

	Lower ADL limitation
	Proportion mediated
	1.78
	-3.38 to 2.77
	0.76

	Higher ADL limitation
	Ferritin variability → Grip
	-3.94
	-8.34 to 1.05
	0.101

	Higher ADL limitation
	Direct effect
	-0.18
	-0.65 to 0.22
	0.43

	Higher ADL limitation
	Grip → FEV₁
	0.01
	-0.01 to 0.03
	0.185

	Higher ADL limitation
	Indirect effect
	-0.05
	-0.16 to 0.03
	0.331

	Higher ADL limitation
	Total effect
	-0.22
	-0.70 to 0.18
	0.305

	Higher ADL limitation
	Proportion mediated
	0.21
	-2.23 to 1.82
	0.948

	Lower IADL limitation
	Ferritin variability → Grip
	-2.04
	-6.58 to 3.13
	0.421

	Lower IADL limitation
	Direct effect
	-0.23
	-0.85 to 0.32
	0.442

	Lower IADL limitation
	Grip → FEV₁
	0.01
	-0.01 to 0.04
	0.211

	Lower IADL limitation
	Indirect effect
	-0.03
	-0.14 to 0.06
	0.585

	Lower IADL limitation
	Total effect
	-0.26
	-0.88 to 0.28
	0.383

	Lower IADL limitation
	Proportion mediated
	0.11
	-1.24 to 1.18
	0.986

	Higher IADL limitation
	Ferritin variability → Grip
	-7.51
	-14.25 to -1.96
	0.013

	Higher IADL limitation
	Direct effect
	0.1
	-0.42 to 0.41
	0.641

	Higher IADL limitation
	Grip → FEV₁
	0
	-0.02 to 0.02
	0.808

	Higher IADL limitation
	Indirect effect
	-0.02
	-0.17 to 0.14
	0.821

	Higher IADL limitation
	Total effect
	0.08
	-0.36 to 0.39
	0.673

	Higher IADL limitation
	Proportion mediated
	-0.22
	-5.35 to 4.72
	0.981


Footnote:
Path estimates, 95% confidence intervals (CIs), and P values are shown from structural equation models examining the relationships among ferritin coefficient of variation (CV), grip strength, and forced expiratory volume in 1 second (FEV₁) across subgroups defined by activities of daily living (ADL) and instrumental activities of daily living (IADL) limitation status. Models were fitted separately within the prespecified ADL and IADL limitation groups and were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), as applicable. Reported estimates include the ferritin CV→grip path, the grip→FEV₁ path, and the corresponding direct, indirect, and total effects. These analyses were used to explore whether the joint pattern linking ferritin CV, muscle strength, and lung function was directionally consistent across functional-status subgroups.






















Supplementary Table S18. Iron–muscle phenotype groups and mean FEV₁
	Iron–muscle phenotype group
	Mean FEV₁

	Low instability + Strong grip
	2.1

	High instability + Strong grip
	1.97

	Low instability + Weak grip
	1.74

	High instability + Weak grip
	1.47


Footnote:
Mean forced expiratory volume in 1 second (FEV₁) and related descriptive characteristics are shown across four iron–muscle phenotype groups defined by ferritin coefficient of variation (CV) and mean grip strength. The phenotype groups were constructed by combining lower versus higher ferritin CV with stronger versus weaker grip strength. This table was used to compare the overall lung function pattern across joint phenotype groups and to describe whether the combination of higher ferritin instability and weaker muscle strength was associated with less favorable FEV₁.
















Supplementary Table S19. Structural equation model of ferritin CV, grip strength, and FEV₁
	Path
	Estimate
	95% CI
	P value

	Ferritin variability → Grip
	-5.27
	-8.97 to -1.40
	0.005

	Direct effect
	-0.09
	-0.44 to 0.21
	0.568

	Grip → FEV₁
	0.01
	-0.00 to 0.03
	0.155

	Indirect effect
	-0.06
	-0.17 to 0.02
	0.225

	Total effect
	-0.15
	-0.47 to 0.14
	0.347

	Proportion mediated
	0.37
	-4.27 to 3.85
	0.94


Footnote:
Path estimates, 95% confidence intervals (CIs), and P values are shown from a structural equation model examining the relationships among ferritin coefficient of variation (CV), mean grip strength, and mean forced expiratory volume in 1 second (FEV₁). The model was adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), as applicable. Reported estimates include the ferritin CV→grip path, the grip→FEV₁ path, and the corresponding direct, indirect, and total effects, together with the proportion mediated. This analysis was used to evaluate whether the relationship between ferritin CV and FEV₁ was partly explained by grip strength.














Supplementary Table S20. ADL-stratified associations of dynamic iron-related measures with repeated FEV₁
	Exposure
	ADL limitation group
	β (95% CI)
	P value

	Ferritin variability (CV)
	Lower ADL limitation
	-0.34 (-0.56, -0.11)
	0.004

	Ferritin variability (CV)
	Higher ADL limitation
	-0.10 (-0.42, 0.21)
	0.529

	Ferritin slope
	Lower ADL limitation
	0.20 (-0.18, 0.57)
	0.301

	Ferritin slope
	Higher ADL limitation
	0.13 (-0.28, 0.53)
	0.549

	Number of ferritin <30 episodes
	Lower ADL limitation
	-0.03 (-0.11, 0.05)
	0.479

	Number of ferritin <30 episodes
	Higher ADL limitation
	0.07 (-0.04, 0.18)
	0.23


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from linear mixed-effects models examining the associations between dynamic iron-related measures and repeated forced expiratory volume in 1 second (FEV₁) within strata defined by activities of daily living (ADL) limitation status. Dynamic iron-related measures included ferritin coefficient of variation (CV), ferritin slope, and the cumulative number of ferritin measurements <30 μg/L, as applicable. Models were fitted separately within the prespecified ADL limitation strata and were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to assess whether subgroup-specific patterns differed according to baseline functional status.











Supplementary Table S21. IADL-stratified associations of dynamic iron-related measures with repeated FEV₁
	Exposure
	IADL limitation group
	β (95% CI)
	P value

	Ferritin variability (CV)
	Lower IADL limitation
	-0.30 (-0.51, -0.10)
	0.005

	Ferritin variability (CV)
	Higher IADL limitation
	-0.05 (-0.42, 0.32)
	0.789

	Ferritin slope
	Lower IADL limitation
	0.13 (-0.21, 0.47)
	0.459

	Ferritin slope
	Higher IADL limitation
	-0.01 (-0.45, 0.43)
	0.956

	Number of ferritin <30 episodes
	Lower IADL limitation
	-0.02 (-0.10, 0.05)
	0.54

	Number of ferritin <30 episodes
	Higher IADL limitation
	0.12 (-0.02, 0.25)
	0.086


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from linear mixed-effects models examining the associations between dynamic iron-related measures and repeated forced expiratory volume in 1 second (FEV₁) within strata defined by instrumental activities of daily living (IADL) limitation status. Dynamic iron-related measures included ferritin coefficient of variation (CV), ferritin slope, and the cumulative number of ferritin measurements <30 μg/L, as applicable. Models were fitted separately within the prespecified IADL limitation strata and were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to assess whether subgroup-specific patterns differed according to instrumental functional status.


Supplementary Table S22. Interaction models of dynamic iron-related measures with ADL and IADL limitation status for repeated FEV₁
Panel A. ADL interaction models
	Exposure
	Variable
	β (95% CI)
	P value

	Ferritin variability (CV)
	Main effect
	-0.39 (-0.60, -0.18)
	<0.001

	Ferritin variability (CV)
	Higher ADL limitation
	-0.08 (-0.22, 0.05)
	0.24

	Ferritin variability (CV)
	Ferritin CV × higher ADL limitation
	0.26 (-0.05, 0.57)
	0.102

	Ferritin slope
	Main effect
	0.18 (-0.17, 0.53)
	0.308

	Ferritin slope
	Higher ADL limitation
	0.01 (-0.06, 0.08)
	0.807

	Ferritin slope
	Ferritin slope × higher ADL limitation
	-0.24 (-0.70, 0.22)
	0.302

	Number of ferritin <30 episodes
	Main effect
	-0.04 (-0.12, 0.03)
	0.282

	Number of ferritin <30 episodes
	Higher ADL limitation
	-0.05 (-0.13, 0.02)
	0.15

	Number of ferritin <30 episodes
	Low-ferritin count × higher ADL limitation
	0.11 (0.01, 0.22)
	0.028



Panel B. IADL interaction models
	Exposure
	Variable
	β (95% CI)
	P value

	Ferritin variability (CV)
	Main effect
	-0.33 (-0.53, -0.13)
	0.002

	Ferritin variability (CV)
	Higher IADL limitation
	-0.13 (-0.31, 0.05)
	0.147

	Ferritin variability (CV)
	Ferritin CV × higher IADL limitation
	0.15 (-0.22, 0.53)
	0.418

	Ferritin slope
	Main effect
	0.09 (-0.24, 0.42)
	0.588

	Ferritin slope
	Higher IADL limitation
	-0.08 (-0.17, 0.01)
	0.098

	Ferritin slope
	Ferritin slope × higher IADL limitation
	-0.09 (-0.56, 0.39)
	0.714

	Number of ferritin <30 episodes
	Main effect
	-0.02 (-0.09, 0.05)
	0.543

	Number of ferritin <30 episodes
	Higher IADL limitation
	-0.13 (-0.22, -0.03)
	0.01

	Number of ferritin <30 episodes
	Low-ferritin count × higher IADL limitation
	0.09 (-0.02, 0.20)
	0.108


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from linear mixed-effects models including interaction terms between dynamic iron-related measures and functional-status indicators in relation to repeated forced expiratory volume in 1 second (FEV₁). Functional-status indicators were defined according to ADL and IADL limitation status. Dynamic iron-related measures included ferritin coefficient of variation (CV), ferritin slope, and the cumulative number of ferritin measurements <30 μg/L, as applicable. Models were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to formally assess whether the associations between dynamic iron-related measures and repeated FEV₁ differed by functional status. 












Supplementary Table S23. Baseline characteristics across grip-strength and functional-status strata
	Grip strength
	ADL limitation
	IADL limitation
	n
	Mean age
	Mean BMI
	Mean log(CRP)
	Mean Hb
	Mean FEV₁

	Strong grip
	Lower ADL limitation
	Lower IADL limitation
	250
	63.12
	27.77
	1.02
	14.71
	2.46

	Strong grip
	Lower ADL limitation
	Higher IADL limitation
	6
	56.67
	29.96
	1.77
	14.7
	2.66

	Strong grip
	Higher ADL limitation
	Lower IADL limitation
	43
	67.72
	31.99
	2.2
	14.8
	2.18

	Strong grip
	Higher ADL limitation
	Higher IADL limitation
	15
	62.2
	27.28
	1.17
	14.94
	2.23

	Weak grip
	Lower ADL limitation
	Lower IADL limitation
	196
	65.7
	27.56
	1.39
	13.78
	1.72

	Weak grip
	Lower ADL limitation
	Higher IADL limitation
	18
	69
	26.61
	1.22
	13.77
	1.51

	Weak grip
	Higher ADL limitation
	Lower IADL limitation
	48
	70.27
	28.88
	2.07
	13.88
	1.58

	Weak grip
	Higher ADL limitation
	Higher IADL limitation
	41
	71.85
	29.1
	2.3
	13.93
	1.58

	Missing grip data
	Lower ADL limitation
	Lower IADL limitation
	5
	68
	28.28
	2.24
	13.32
	1.62

	Missing grip data
	Higher ADL limitation
	Lower IADL limitation
	1
	68
	31.91
	3.02
	11.8
	1.68

	Missing grip data
	Higher ADL limitation
	Higher IADL limitation
	3
	57.33
	24.89
	0.29
	12.77
	2.4


Footnote:
Baseline demographic and clinical characteristics are shown across prespecified strata defined by grip strength and functional status. Functional-status strata were based on ADL and IADL limitation categories, as specified in the table. Variables may include age, sex, smoking status, body mass index (BMI), C-reactive protein (CRP), hemoglobin (Hb), ferritin-related measures, and baseline lung function, as applicable. This table is provided as descriptive background information to characterize the subgroup structure underlying the grip- and functional-status-related analyses. 



Supplementary Table S24. Cox models for specific ADL domains: selected main exposure results
	Domain
	Exposure
	HR (95% CI)
	P value

	Walking across a room
	Ferritin variability (CV)
	2.56 (0.90, 7.30)
	0.078

	Walking across a room
	Iron fragility index
	1.13 (1.00, 1.28)
	0.045

	Dressing
	Ferritin variability (CV)
	1.67 (0.89, 3.13)
	0.112

	Dressing
	Iron fragility index
	1.11 (1.03, 1.19)
	0.006

	Bathing
	Ferritin variability (CV)
	2.58 (1.28, 5.21)
	0.008

	Bathing
	Iron fragility index
	1.11 (1.02, 1.20)
	0.012

	Eating
	Ferritin variability (CV)
	0.84 (0.18, 4.01)
	0.828

	Eating
	Iron fragility index
	1.00 (0.84, 1.19)
	0.984

	Getting in/out of bed
	Ferritin variability (CV)
	1.43 (0.60, 3.39)
	0.422

	Getting in/out of bed
	Iron fragility index
	1.04 (0.94, 1.15)
	0.431


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from Cox proportional hazards models examining the associations of the main dynamic iron-related exposures with the risk of first events across specific activities of daily living (ADL) domains. Selected main exposure results included ferritin coefficient of variation (CV) and the iron fragility index (IFI), as specified in the table. Models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). These analyses were used to identify which specific ADL items contributed most clearly to the observed extension from lower lung function to subsequent functional deterioration. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.







Supplementary Table S25. Cox models for ferritin CV and specific ADL domains stratified by grip strength
	Grip group
	Domain
	HR (95% CI)
	P value

	Weak grip
	Walking across a room
	1.66 (0.41, 6.76)
	0.482

	Weak grip
	Bathing
	2.68 (1.16, 6.20)
	0.021

	Weak grip
	Getting in/out of bed
	1.47 (0.49, 4.39)
	0.493

	Weak grip
	Dressing
	1.48 (0.64, 3.40)
	0.356

	Weak grip
	Eating
	0.53 (0.07, 3.94)
	0.533

	Strong grip
	Walking across a room
	1.02 (0.05, 20.43)
	0.992

	Strong grip
	Bathing
	1.08 (0.24, 4.89)
	0.921

	Strong grip
	Getting in/out of bed
	1.15 (0.21, 6.21)
	0.87

	Strong grip
	Dressing
	2.00 (0.69, 5.75)
	0.2


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from Cox proportional hazards models examining the association between ferritin coefficient of variation (CV) and the risk of first events across specific activities of daily living (ADL) domains, stratified by grip strength. Models were fitted separately within grip-defined strata and were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). These analyses were used to assess whether selected domain-specific risks associated with ferritin CV were more evident among individuals with weaker muscle strength.











Supplementary Table S26. Cox models for gross versus fine motor ADL domains analyses
	Functional domain
	Exposure
	HR (95% CI)
	P value

	Gross motor / power
	Ferritin variability (CV)
	2.22 (1.18, 4.19)
	0.014

	Gross motor / power
	Ferritin slope
	1.20 (0.39, 3.70)
	0.748

	Gross motor / power
	Number of ferritin <30 episodes
	1.11 (0.91, 1.36)
	0.307

	Gross motor / power
	Iron fragility index
	1.08 (1.00, 1.16)
	0.038

	Gross motor / power
	Iron–muscle phenotype (high instability + weak grip)
	1.55 (0.74, 3.28)
	0.247

	Fine motor / low energy
	Ferritin variability (CV)
	1.68 (0.91, 3.13)
	0.1


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from Cox proportional hazards models examining the associations between dynamic iron-related measures and the risk of first events in gross motor/power and fine motor/low-energy activities of daily living (ADL) domains. Dynamic iron-related measures included ferritin coefficient of variation (CV), ferritin slope, the cumulative number of ferritin measurements <30 μg/L, the iron fragility index (IFI), and iron–muscle phenotype, as applicable. Models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). These analyses were used to compare whether the functional extension of dynamic iron dysregulation was concentrated more strongly in gross motor than in fine motor domains. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.









Supplementary Table S27. Coefficient comparisons between gross motor and fine motor ADL domains
	Exposure
	Comparison
	Gross motor coefficient (SE)
	Fine motor coefficient (SE)
	Z statistic
	P value

	Ferritin variability (CV)
	Gross motor / power vs fine motor / low energy
	0.797 (0.324)
	0.521 (0.316)
	0.61
	0.542

	Iron fragility index
	Gross motor / power vs fine motor / low energy
	0.077 (0.037)
	0.098 (0.036)
	-0.393
	0.694

	Number of ferritin <30 episodes
	Gross motor / power vs fine motor / low energy
	0.105 (0.102)
	0.202 (0.098)
	-0.688
	0.492

	Ferritin slope
	Gross motor / power vs fine motor / low energy
	0.185 (0.574)
	-0.465 (0.535)
	0.828
	0.408


Footnote:
This table presents statistical comparisons of effect estimates between gross motor/power and fine motor/low-energy activities of daily living (ADL) domains for the corresponding dynamic iron-related exposures. Reported statistics, gross motor coefficients, fine motor coefficients, standard errors (SEs), Z statistics, and P values are shown as specified in the table. These analyses were used as supplementary tests to evaluate whether the magnitude of associations differed materially between motor-domain groupings and should be interpreted as supportive rather than primary inferential results.










Supplementary Table S28. Interaction models of ferritin CV and grip strength for motor-related ADL domains
	Domain
	Variable
	HR (95% CI)
	P value

	Walking across a room
	Ferritin variability (CV)
	1.22 (0.18, 8.20)
	0.837

	Walking across a room
	Weak grip
	3.37 (0.79, 14.40)
	0.101

	Walking across a room
	Ferritin CV × weak grip
	1.33 (0.09, 18.88)
	0.834

	Bathing
	Ferritin variability (CV)
	2.55 (0.76, 8.59)
	0.131

	Bathing
	Weak grip
	3.66 (1.54, 8.70)
	0.003

	Bathing
	Ferritin CV × weak grip
	1.02 (0.23, 4.65)
	0.978

	Getting in/out of bed
	Ferritin variability (CV)
	1.17 (0.28, 4.87)
	0.826

	Getting in/out of bed
	Weak grip
	2.01 (0.77, 5.23)
	0.155

	Getting in/out of bed
	Ferritin CV × weak grip
	1.52 (0.24, 9.54)
	0.655


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from Cox proportional hazards models including interaction terms between ferritin coefficient of variation (CV) and grip strength in relation to motor-related activities of daily living (ADL) domains. Models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). These analyses were used to formally assess whether the domain-specific associations between ferritin CV and subsequent ADL deterioration differed by muscle-strength status. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.










Supplementary Table S29. Proportional hazards assumption checks for ferritin CV in specific ADL-domain analyses
	Domain
	Ferritin CV test: χ² (df), P value
	Global test: χ² (df), P value

	Walking across a room
	0.02 (1), 0.896
	5.38 (7), 0.613

	Dressing
	1.78 (1), 0.182
	5.66 (7), 0.579

	Bathing
	0.04 (1), 0.839
	2.31 (7), 0.941

	Eating
	0.01 (1), 0.926
	12.40 (7), 0.088

	Getting in/out of bed
	1.11 (1), 0.292
	11.64 (7), 0.113


Footnote:
This table summarizes proportional hazards assumption checks for Cox models evaluating ferritin coefficient of variation (CV) in specific activities of daily living (ADL)-domain analyses. Reported statistics and P values are shown as specified in the table. These analyses were used to assess whether the proportional hazards assumption was reasonably satisfied for the domain-specific ferritin CV models. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.
















Supplementary Table S30. Phenotype detail for first severe ADL deterioration
	Variable
	HR (95% CI)
	P value

	High instability + Weak grip
	2.94 (1.25, 6.91)
	0.013

	Low instability + Strong grip
	0.89 (0.37, 2.12)
	0.785

	Low instability + Weak grip
	1.73 (0.68, 4.45)
	0.253

	Baseline age
	1.07 (1.03, 1.12)
	<0.001

	Female sex
	0.68 (0.31, 1.46)
	0.321

	Current smoking
	1.47 (0.82, 2.65)
	0.198

	Body mass index (BMI)
	1.07 (1.02, 1.14)
	0.014

	log(C-reactive protein)
	1.24 (1.01, 1.52)
	0.042

	Baseline hemoglobin
	1.00 (0.79, 1.25)
	0.963


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from Cox proportional hazards models examining first severe activities of daily living deterioration (severe ADL deterioration) according to iron–muscle phenotype categories. Phenotype groups were defined by the combination of ferritin instability and grip-strength status, as specified in the table. Models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). These analyses were used to further characterize joint phenotype-related risk patterns underlying the extension to functional deterioration.












Supplementary Table S31. Proportional hazards assumption checks for first severe ADL deterioration models
	Model
	Exposure term test: χ² (df), P value
	Global test: χ² (df), P value

	Ferritin variability (CV)
	0.01 (1), 0.913
	4.83 (7), 0.680

	Ferritin slope
	1.06 (1), 0.302
	5.98 (7), 0.542

	Low ferritin exposure count
	0.24 (1), 0.627
	2.32 (7), 0.940

	Iron fragility index
	0.67 (1), 0.413
	5.48 (7), 0.602

	Iron–muscle phenotype
	2.50 (3), 0.476
	6.31 (9), 0.708


Footnote:
This table summarizes proportional hazards assumption checks for Cox proportional hazards models evaluating first severe activities of daily living deterioration (severe ADL deterioration). Reported statistics and P values are shown as specified in the table. These checks were used to assess whether the proportional hazards assumption was reasonably satisfied in the primary severe ADL deterioration models. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.






Supplementary Table S32. Time-varying associations of current ferritin-related measures with concurrent FEV₁
	Exposure
	β (95% CI)
	P value

	Current ferritin level (log)
	0.01 (-0.02, 0.04)
	0.345

	Recent ferritin change (absolute log-difference)
	-0.02 (-0.09, 0.05)
	0.589

	Cumulative ferritin variability so far
	-0.08 (-0.28, 0.11)
	0.408

	Current low ferritin (<30)
	0.04 (-0.05, 0.13)
	0.366


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from linear mixed-effects models examining the associations between time-varying ferritin-related measures and concurrent forced expiratory volume in 1 second (FEV₁). Time-varying ferritin-related measures included current ferritin level, recent ferritin change between adjacent waves, current low ferritin status, and cumulative ferritin coefficient of variation (CV), as applicable. Models were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to assess whether current ferritin-related status was associated with contemporaneous lung function.














Supplementary Table S33. Time-varying associations of current ferritin-related measures with next-wave FEV₁
	Exposure
	β (95% CI)
	P value

	Current ferritin level (log) predicting next-wave FEV₁
	0.04 (-0.00, 0.08)
	0.064

	Recent ferritin change predicting next-wave FEV₁
	-0.10 (-0.25, 0.04)
	0.167

	Current low ferritin (<30) predicting next-wave FEV₁
	-0.06 (-0.22, 0.10)
	0.428


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from lagged linear mixed-effects models examining the associations between current ferritin-related measures and subsequent forced expiratory volume in 1 second (FEV₁) at the next wave. Time-varying ferritin-related measures included current ferritin level, recent ferritin change between adjacent waves, current low ferritin status, and cumulative ferritin coefficient of variation (CV), as applicable. Models were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to assess whether current ferritin-related status predicted subsequent lung function.













Supplementary Table S34. Time-varying logistic models for binary lung-function outcomes
	Outcome
	Exposure
	OR (95% CI)
	P value

	Current marked FEV decline >15%
	Current ferritin level (log)
	0.783 (0.609, 1.008)
	0.058

	Current marked FEV decline >15%
	Recent ferritin change (abs log-difference)
	1.153 (0.778, 1.708)
	0.479

	Current marked FEV decline >15%
	Cumulative ferritin variability so far
	1.718 (0.625, 4.718)
	0.294

	Current marked FEV decline >15%
	Current low ferritin (<30)
	0.601 (0.241, 1.497)
	0.274

	Current marked FEV decline >15%
	High recent ferritin fluctuation interval (top quartile)
	1.065 (0.612, 1.855)
	0.823

	Current low FEV (lowest 20%)
	Current ferritin level (log)
	0.864 (0.563, 1.325)
	0.502

	Current low FEV (lowest 20%)
	Recent ferritin change (abs log-difference)
	1.620 (0.940, 2.793)
	0.082

	Current low FEV (lowest 20%)
	Cumulative ferritin variability so far
	2.540 (0.584, 11.053)
	0.214

	Current low FEV (lowest 20%)
	Current low ferritin (<30)
	0.243 (0.048, 1.224)
	0.086

	Next-wave marked FEV decline >15%
	Current ferritin level predicting next-wave FEV drop >15%
	0.949 (0.804, 1.120)
	0.536

	Next-wave marked FEV decline >15%
	Recent ferritin change predicting next-wave FEV drop >15%
	1.641 (0.950, 2.887)
	0.078

	Next-wave marked FEV decline >15%
	Current low ferritin (<30) predicting next-wave FEV drop >15%
	1.098 (0.583, 1.989)
	0.764


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from generalized linear mixed models (GLMMs) or lagged logistic regression models examining associations between time-varying ferritin-related measures and binary lung-function outcomes. Outcomes included current marked FEV₁ decline, current low FEV20, and next-wave marked FEV₁ decline, as specified in the table. Time-varying ferritin-related measures included current ferritin level, recent ferritin change, current low ferritin status, and cumulative ferritin coefficient of variation (CV), as applicable. Models were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses were used to assess whether short-term ferritin-related status was associated with binary lung-function deterioration outcomes.

























Supplementary Table S35. Lagged associations of current ferritin-related measures with next-wave FEV₁ after additional adjustment for current FEV₁
	Exposure
	β (95% CI)
	P value

	Current ferritin level (log) predicting next-wave FEV₁, adjusted for current FEV₁
	0.02 (-0.02, 0.05)
	0.32

	Recent ferritin change predicting next-wave FEV₁, adjusted for current FEV₁
	-0.07 (-0.17, 0.04)
	0.227

	Current low ferritin (<30) predicting next-wave FEV₁, adjusted for current FEV₁
	-0.04 (-0.16, 0.08)
	0.469


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from lagged linear mixed-effects models examining the associations between current ferritin-related measures and subsequent forced expiratory volume in 1 second (FEV₁) at the next wave, with additional adjustment for current FEV₁. Time-varying ferritin-related measures included current ferritin level, recent ferritin change between adjacent waves, current low ferritin status, and cumulative ferritin coefficient of variation (CV), as applicable. Models were additionally adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses were used to assess whether any lagged associations remained after accounting for contemporaneous lung function status.













Supplementary Table S36. Lagged logistic models for next-wave marked FEV₁ decline after additional adjustment for current FEV₁
	Exposure
	OR (95% CI)
	P value

	Current ferritin level predicting next-wave FEV₁ decline >15%, adjusted for current FEV₁
	0.94 (0.80, 1.12)
	0.496

	Recent ferritin change predicting next-wave FEV₁ decline >15%, adjusted for current FEV₁
	1.62 (0.93, 2.86)
	0.088

	Current low ferritin (<30) predicting next-wave FEV₁ decline >15%, adjusted for current FEV₁
	1.10 (0.59, 2.00)
	0.753


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from lagged logistic regression models examining the associations between current ferritin-related measures and next-wave marked FEV₁ decline, with additional adjustment for current FEV₁. Time-varying ferritin-related measures included current ferritin level, recent ferritin change, current low ferritin status, and cumulative ferritin coefficient of variation (CV), as applicable. Models were additionally adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses were used to evaluate whether the prediction of subsequent marked FEV₁ decline remained after accounting for current lung function status.








	









Supplementary Table S37. Joint-model analyses of current ferritin-related measures and concurrent FEV₁
	Exposure
	β (95% CI)
	P value

	Current ferritin level (log)
	0.063 (0.011, 0.114)
	0.017

	Recent ferritin change (abs log-difference)
	-0.022 (-0.090, 0.047)
	0.534

	Current low ferritin (<30)
	0.205 (0.021, 0.389)
	0.029


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from joint models examining current ferritin-related measures in relation to concurrent forced expiratory volume in 1 second (FEV₁). The table includes models in which multiple current ferritin-related measures were entered simultaneously, as specified in the table. Models were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses are provided as supplementary sensitivity analyses to assess whether results differed when multiple current ferritin-related measures were modeled jointly.























Supplementary Table S38. Joint-model analyses of current ferritin-related measures and marked FEV₁ decline
	Exposure
	OR (95% CI)
	P value

	Current ferritin level (log)
	0.740 (0.564, 0.970)
	0.029

	Recent ferritin change (abs log-difference)
	1.128 (0.777, 1.637)
	0.527

	Current low ferritin (<30)
	0.311 (0.106, 0.907)
	0.032


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from joint generalized linear mixed models examining current ferritin-related measures in relation to marked FEV₁ decline. The table includes models in which multiple current ferritin-related measures were entered simultaneously, as specified in the table. Models were adjusted for follow-up time, age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses are provided as supplementary sensitivity analyses and should be interpreted as supportive rather than primary inferential results.













Supplementary Table S39. Time-dependent Cox models for FEV₁ decline ≥10%
	Outcome
	Exposure
	HR (95% CI)
	P value

	FEV₁ decline ≥10%
	Current ferritin level (log)
	0.86 (0.72, 1.03)
	0.117

	FEV₁ decline ≥10%
	Recent ferritin change
	1.07 (0.93, 1.22)
	0.339

	FEV₁ decline ≥10%
	Cumulative ferritin variability
	0.84 (0.44, 1.61)
	0.627

	FEV₁ decline ≥10%
	Current low ferritin (<30)
	1.41 (0.88, 2.27)
	0.153

	FEV₁ decline ≥10%
	High-variability interval
	0.86 (0.51, 1.42)
	0.553


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from time-dependent Cox proportional hazards models examining the associations between ferritin-related time-varying measures and the risk of decline in forced expiratory volume in 1 second (FEV₁) by at least 10% relative to baseline FEV₁. Time-varying ferritin-related measures included current ferritin level, recent ferritin change, cumulative ferritin variability, current low ferritin status, and high-variability intervals, as applicable. Models were adjusted for current age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses were used to assess whether current ferritin-related status or recent instability predicted proximal decline events.














Supplementary Table S40. Time-dependent Cox models for incident low FEV
	Outcome
	Exposure
	HR (95% CI)
	P value

	Incident low FEV₁
	Current ferritin level (log)
	0.83 (0.70, 0.98)
	0.033

	Incident low FEV₁
	Recent ferritin change
	1.11 (0.94, 1.32)
	0.213

	Incident low FEV₁
	Cumulative ferritin variability
	0.71 (0.38, 1.33)
	0.278

	Incident low FEV₁
	Current low ferritin (<30)
	1.99 (1.30, 3.05)
	0.001

	Incident low FEV₁
	High-variability interval
	0.91 (0.55, 1.50)
	0.725


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from time-dependent Cox proportional hazards models examining the associations between ferritin-related time-varying measures and the risk of incident low forced expiratory volume in 1 second (FEV). Time-varying ferritin-related measures included current ferritin level, recent ferritin change, cumulative ferritin variability, current low ferritin status, and high-variability intervals, as applicable. Models were adjusted for current age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb). These analyses were used to assess whether proximal risk of incident low FEV was more closely related to current ferritin-related status than to cumulative instability measures.
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Supplementary Table S41. Cox models for all-cause mortality across dynamic iron-related measures
	Exposure
	HR (95% CI)
	P value

	Ferritin variability (CV)
	Not estimable
	—

	Ferritin slope
	Not estimable
	—

	Number of ferritin <30 episodes
	1.03 (0.48, 2.23)
	0.941

	Iron fragility index
	Not estimable
	—

	Iron–muscle phenotype
	Not estimable
	—


Footnote:
Hazard ratios (HRs), 95% confidence intervals (CIs), and P values are shown from Cox proportional hazards models examining the associations between dynamic iron-related measures and all-cause mortality. Dynamic iron-related measures included ferritin coefficient of variation (CV), ferritin slope, the cumulative number of ferritin measurements <30 μg/L, the iron fragility index (IFI), and iron–muscle phenotype, as applicable. Models were adjusted for baseline age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and baseline hemoglobin (Hb). Because the number of mortality events was limited, some models were unstable or not estimable, and these results should be interpreted cautiously as exploratory.













Supplementary Table S42. Summary of all-cause mortality events
	Measure
	Value

	Total participants
	673

	Total deaths
	25

	Mortality frequency
	3.71%


Footnote:
This table summarizes the number of participants, number of deaths, and overall mortality frequency in the analytic sample used for all-cause mortality analyses. These data are provided to document the limited number of mortality events underlying the mortality models and to support cautious interpretation of the corresponding Cox regression results.





















Supplementary Table S43. Descriptive all-cause mortality by iron–muscle phenotype
	Iron–muscle phenotype group
	Participants
	Deaths
	Mortality (%)

	High instability + Strong grip
	53
	0
	0

	High instability + Weak grip
	62
	1
	1.61

	Low instability + Strong grip
	54
	2
	3.7

	Low instability + Weak grip
	57
	1
	1.75


Footnote:
This table presents descriptive counts and proportions of all-cause mortality across iron–muscle phenotype groups. Phenotype groups were defined by combinations of ferritin instability and grip-strength status, as specified in the table. Because the number of deaths within each phenotype group was small, these results are descriptive only and are provided to illustrate the overall mortality pattern across phenotype-defined strata.


















Supplementary Table S44. Proportional hazards assumption checks for all-cause mortality models
	Model
	Term
	χ²
	df
	P value
	Note

	Ferritin variability (CV)
	—
	—
	—
	—
	PH check unavailable

	Ferritin slope
	—
	—
	—
	—
	PH check unavailable

	Number of ferritin <30 episodes
	n_low30
	0.61
	1
	0.434
	—

	Number of ferritin <30 episodes
	Baseline age
	0.16
	1
	0.689
	—

	Number of ferritin <30 episodes
	Female sex
	0.11
	1
	0.743
	—

	Number of ferritin <30 episodes
	Smoking
	0.29
	1
	0.588
	—

	Number of ferritin <30 episodes
	BMI
	0.12
	1
	0.733
	—

	Number of ferritin <30 episodes
	log(CRP)
	0.32
	1
	0.571
	—

	Number of ferritin <30 episodes
	Baseline hemoglobin
	0.05
	1
	0.819
	—

	Number of ferritin <30 episodes
	Global test
	5.82
	7
	0.561
	—

	Iron fragility index
	—
	—
	—
	—
	PH check unavailable

	Iron–muscle phenotype
	—
	—
	—
	—
	PH check unavailable


Footnote:
This table summarizes proportional hazards assumption checks for Cox proportional hazards models evaluating all-cause mortality in relation to dynamic iron-related measures. Reported statistics and P values are shown as specified in the table. These checks are provided for completeness and should be interpreted in the context of the limited number of mortality events and the instability of several mortality models.




Supplementary Table S45. Hb-adjusted key paths from the random-intercept cross-lagged panel model
	Path
	Estimate
	SE
	P value
	Standardized coefficient

	Ferritin autoregressive path (Wave 2 → Wave 4)
	0.513
	0.2
	0.01
	0.517

	Ferritin autoregressive path (Wave 4 → Wave 6)
	0.513
	0.2
	0.01
	0.504

	FEV₁ autoregressive path (Wave 2 → Wave 4)
	0
	0.141
	0.997
	0

	FEV₁ autoregressive path (Wave 4 → Wave 6)
	0
	0.141
	0.997
	0.001

	Ferritin → FEV₁ cross-lagged path (Wave 2 → Wave 4)
	0.05
	0.053
	0.347
	0.095

	Ferritin → FEV₁ cross-lagged path (Wave 4 → Wave 6)
	0.05
	0.053
	0.347
	0.157

	FEV₁ → Ferritin cross-lagged path (Wave 2 → Wave 4)
	0.151
	0.142
	0.286
	0.058

	FEV₁ → Ferritin cross-lagged path (Wave 4 → Wave 6)
	0.151
	0.142
	0.286
	0.079


Footnote:
Path estimates, standard errors, and P values are shown from the Hb-adjusted random-intercept cross-lagged panel model (RI-CLPM) examining directional relationships between ferritin and forced expiratory volume in 1 second (FEV₁). The reported parameters focus on the key autoregressive and cross-lagged paths after accounting for stable between-person differences. The adjusted RI-CLPM incorporated the prespecified covariate structure, including hemoglobin (Hb), as specified in the model. These analyses were used to assess whether a clear within-person directional relationship between ferritin and FEV₁ remained evident after separating stable trait-like differences from within-person fluctuations.


FEV₁



Supplementary Table S46. Fit indices for CLPM and RI-CLPM models
	Model
	N
	χ²
	df
	P value
	CFI
	TLI
	RMSEA
	SRMR
	AIC
	BIC

	Traditional CLPM
	212
	131.87
	8
	<0.001
	0.863
	0.744
	0.27
	0.064
	2652.18
	2715.95

	RI-CLPM
	212
	2.04
	4
	0.73
	1
	1
	0
	0.018
	2530.35
	2607.55

	RI-CLPM with baseline covariates + Hb
	207
	39.5
	28
	0.08
	0.989
	0.955
	0.045
	0.031
	2320.42
	2437.06


Footnote:
Model-fit statistics are shown for the traditional cross-lagged panel model (CLPM), the random-intercept cross-lagged panel model (RI-CLPM), and the adjusted RI-CLPM, as applicable. Reported indices include χ², comparative fit index (CFI), Tucker–Lewis index (TLI), root mean square error of approximation (RMSEA), standardized root mean square residual (SRMR), Akaike information criterion (AIC), and Bayesian information criterion (BIC), as available for each model. These statistics were used to compare overall model fit and to support interpretation of the directional analyses.













Supplementary Table S47. Fit indices for parallel-process growth models
	Model
	χ²
	df
	P value
	CFI
	TLI
	RMSEA
	SRMR
	AIC
	BIC

	PPGM: log ferritin + FEV₁
	32.99
	7
	<0.001
	0.987
	0.972
	0.064
	0.031
	7977.56
	8075.27

	PPGM: log ferritin + FEV₁ + baseline covariates + Hb
	55.13
	19
	<0.001
	0.982
	0.952
	0.051
	0.024
	5726.2
	5924.72

	PPGM: ferritin + FEV₁
	52.52
	7
	<0.001
	0.977
	0.955
	0.078
	0.041
	22647.09
	22744.8

	PPGM: low ferritin + FEV₁
	11.38
	7
	0.123
	0.998
	0.993
	0.021
	0.012
	3246.18
	3347.01


Footnote:
Model-fit statistics are shown for the parallel-process growth models examining coordinated longitudinal change in ferritin and forced expiratory volume in 1 second (FEV₁). Reported indices include χ², comparative fit index (CFI), Tucker–Lewis index (TLI), root mean square error of approximation (RMSEA), standardized root mean square residual (SRMR), Akaike information criterion (AIC), and Bayesian information criterion (BIC), as available for each model. These statistics were used to evaluate whether the growth-model framework provided an adequate representation of the joint ferritin–FEV₁ trajectory structure.












Supplementary Table S48. Growth-factor covariances from parallel-process growth models
	Relationship
	Estimate
	SE
	Z
	P value
	Std. coeff

	Ferritin intercept ~~ FEV intercept
	0.03
	0.03
	0.94
	0.35
	0.05

	Ferritin slope ~~ FEV slope
	0
	0.01
	0.05
	0.96
	0.01

	Ferritin intercept ~~ FEV slope
	0
	0.01
	0.25
	0.8
	0.03

	Ferritin slope ~~ FEV intercept
	0
	0.02
	-0.14
	0.89
	-0.01


Footnote:
This table presents growth-factor covariances from the parallel-process growth models, including intercept–intercept, slope–slope, and intercept–slope covariances between ferritin and forced expiratory volume in 1 second (FEV₁), as specified in the table. Estimates, standard errors, and P values are shown as available. These analyses were used as supplementary evidence to assess whether ferritin and FEV₁ trajectories showed coordinated long-term change.















Supplementary Table S49. Growth-factor means from parallel-process growth models
	Parameter
	Estimate
	SE
	Z
	P value

	Ferritin intercept mean
	4.508
	0.899
	5.014
	<0.001

	Ferritin slope mean
	1.296
	0.467
	2.773
	0.006

	FEV intercept mean
	5.901
	0.387
	15.254
	<0.001

	FEV slope mean
	-0.465
	0.195
	-2.388
	0.017


Footnote:
This table presents estimated growth-factor means from the parallel-process growth models, including intercept and slope factors for ferritin and forced expiratory volume in 1 second (FEV₁), as specified in the table. Estimates, standard errors, and P values are shown as available. These results are provided as supportive summaries of the overall ferritin and FEV₁ trajectory patterns and are not intended as primary directional evidence.


















Supplementary Table S50. Robustness of alternative IFI constructions in repeated FEV₁ models
	IFI construction
	β (95% CI)
	P value

	Equal-weight IFI
	-0.03 (-0.05, -0.00)
	0.035

	PCA-weighted IFI
	-0.03 (-0.06, -0.00)
	0.036

	Leave-one-out IFI
	-0.03 (-0.05, -0.00)
	0.037

	β-weighted IFI
	-0.04 (-0.08, -0.00)
	0.032


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from repeated forced expiratory volume in 1 second (FEV₁) models evaluating alternative constructions of the iron fragility index (IFI). Alternative IFI variants included the equal-weight IFI, PCA-weighted IFI, leave-one-out IFI, and β-weighted IFI, as specified in the table. Each IFI variant was re-standardized before analysis and entered into the same model framework as the primary IFI analysis. These analyses were used to assess whether the association between IFI and repeated FEV₁ was robust to alternative weighting schemes.
















Supplementary Table S51. Robustness of alternative IFI constructions in any asthma-like symptom models
	IFI construction
	OR (95% CI)
	P value

	Equal-weight IFI
	1.01 (0.98, 1.11)
	0.524

	PCA-weighted IFI
	1.02 (0.98, 1.11)
	0.46

	Leave-one-out IFI
	1.01 (0.98, 1.11)
	0.529

	β-weighted IFI
	1.02 (0.98, 1.11)
	0.416


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from models evaluating alternative constructions of the iron fragility index (IFI) in relation to any asthma-like symptom. Alternative IFI variants included the equal-weight IFI, PCA-weighted IFI, leave-one-out IFI, and β-weighted IFI, as specified in the table. Each IFI variant was re-standardized before analysis and entered into the same model framework as the primary IFI symptom analysis. These analyses were used to assess whether the symptom-related findings were materially affected by the choice of IFI weighting scheme.
















Supplementary Table S52. Baseline comparison of included versus excluded participants in the primary complete-case analyses
Panel A. IFI → FEV₁ and ferritin CV → FEV₁ analyses
	Variable
	Excluded
	Included
	P value

	Age
	66.04 (11.41)
	64.09 (8.53)
	0.001

	Body mass index (BMI)
	28.73 (5.56)
	28.35 (5.31)
	0.311

	log(CRP)
	1.67 (1.67)
	1.30 (1.57)
	0.004

	Hemoglobin
	14.11 (1.47)
	14.32 (1.29)
	0.053

	Baseline FEV₁
	1.82 (0.83)
	2.08 (0.77)
	<0.001

	Ferritin
	108.99 (97.57)
	105.72 (87.64)
	0.645

	Iron fragility index
	0.32 (1.39)
	0.12 (2.04)
	0.785

	Ferritin variability (CV)
	0.32 (0.20)
	0.35 (0.24)
	0.651

	Female sex
	377 (61.7%)
	327 (61.5%)
	0.983

	Current smoking
	413 (67.6%)
	346 (65.0%)
	0.395

	Any asthma-like symptom
	425 (69.6%)
	368 (69.2%)
	0.939



Panel B. IFI → any asthma-like symptom analysis
	Variable
	Excluded
	Included
	P value

	Age
	66.11 (11.41)
	64.04 (8.55)
	<0.001

	Body mass index (BMI)
	28.73 (5.55)
	28.36 (5.32)
	0.312

	log(CRP)
	1.67 (1.68)
	1.31 (1.57)
	0.004

	Hemoglobin
	14.11 (1.48)
	14.32 (1.29)
	0.044

	Baseline FEV₁
	1.81 (0.83)
	2.08 (0.77)
	<0.001

	Ferritin
	110.36 (98.01)
	105.05 (87.47)
	0.458

	Iron fragility index
	-0.62 (NA)
	0.13 (2.03)
	0.712

	Ferritin variability (CV)
	0.16 (NA)
	0.35 (0.24)
	0.412

	Female sex
	371 (61.4%)
	333 (61.8%)
	0.95

	Current smoking
	407 (67.4%)
	352 (65.3%)
	0.497

	Any asthma-like symptom
	418 (69.2%)
	375 (69.6%)
	0.944


Footnote:
Baseline demographic and clinical characteristics are shown for participants included in versus excluded from the primary complete-case analytic samples. Variables may include age, sex, smoking status, body mass index (BMI), C-reactive protein (CRP), hemoglobin (Hb), baseline forced expiratory volume in 1 second (FEV₁), and key ferritin-related measures, as specified in the table. These comparisons were used to evaluate whether complete-case inclusion was associated with systematic differences in baseline characteristics relevant to the primary analyses.



















Supplementary Table S53. Master summary of inverse probability weighting sensitivity analyses
	Analysis pathway
	Model
	Effect size (95% CI)
	P value

	IFI → FEV₁
	Complete-case GEE sensitivity
	β = -0.028 (-0.053, -0.004)
	0.023

	IFI → FEV₁
	IPW-weighted GEE sensitivity
	β = -0.029 (-0.053, -0.004)
	0.022

	IFI × time → FEV₁
	Complete-case GEE sensitivity
	β = 0.001 (-0.002, 0.004)
	0.556

	IFI × time → FEV₁
	IPW-weighted GEE sensitivity
	β = 0.001 (-0.002, 0.004)
	0.555

	Ferritin CV → FEV₁
	Complete-case GEE sensitivity
	β = -0.352 (-0.562, -0.142)
	0.001

	Ferritin CV → FEV₁
	IPW-weighted GEE sensitivity
	β = -0.358 (-0.568, -0.147)
	<0.001

	Ferritin CV × time → FEV₁
	Complete-case GEE sensitivity
	β = 0.011 (-0.011, 0.033)
	0.331

	Ferritin CV × time → FEV₁
	IPW-weighted GEE sensitivity
	β = 0.011 (-0.011, 0.033)
	0.336

	IFI → any asthma-like symptom
	Complete-case GEE sensitivity
	OR = 1.04 (0.98, 1.11)
	0.211

	IFI → any asthma-like symptom
	IPW-weighted GEE sensitivity
	OR = 1.04 (0.98, 1.11)
	0.211


Footnote:
This table summarizes the principal inverse probability weighting (IPW) sensitivity analyses for the main analytic pathways, including IFI→FEV₁, ferritin CV→FEV₁, and IFI→symptom, as applicable. Reported estimates, confidence intervals, and P values are shown as specified in the table. Stabilized inverse probability weights were constructed using baseline covariate information and truncated at the 1st and 99th percentiles. These analyses were used to assess whether the principal findings remained materially unchanged after accounting for potential selection related to complete-case inclusion.




Supplementary Table S54. Diagnostics for stabilized inverse probability weights
	Analysis
	n
	Mean weight
	SD
	Minimum
	P1
	Median
	P99
	Maximum

	IFI → FEV₁
	1,143
	0.47
	0.022
	0.465
	0.465
	0.465
	0.611
	0.614

	Ferritin CV → FEV₁
	1,143
	0.47
	0.022
	0.465
	0.465
	0.465
	0.611
	0.614

	IFI → any asthma-like symptom
	1,143
	0.472
	0
	0.472
	0.472
	0.472
	0.472
	0.472


Footnote:
This table summarizes diagnostic information for the stabilized inverse probability weights used in the IPW sensitivity analyses. Reported metrics may include summary statistics of the untruncated and truncated weights, percentile values, and other distributional indicators, as specified in the table. Weights were truncated at the 1st and 99th percentiles to reduce the influence of extreme values. These diagnostics were used to assess the practical stability and implementation of the IPW framework.















Supplementary Table S55. Probability model for complete-case inclusion in the IFI→FEV₁ analysis
	Variable
	Estimate
	95% CI
	P value

	Age
	0.011
	-0.087 to 0.128
	0.829

	Female sex
	-1.773
	-5.542 to 0.934
	0.265

	Current smoking
	-0.868
	-3.099 to 1.084
	0.395

	Body mass index (BMI)
	0.035
	-0.216 to 0.302
	0.773

	log(CRP)
	0.169
	-0.996 to 1.540
	0.784

	Hemoglobin
	-0.231
	-1.880 to 1.496
	0.772

	Baseline FEV₁
	-0.365
	-4.468 to 3.886
	0.857

	Ferritin
	0.043
	0.002 to 0.118
	0.149

	Iron fragility index
	0.465
	-0.304 to 1.667
	0.315

	Ferritin variability (CV)
	-4.359
	-12.567 to 2.458
	0.23


Footnote:
Regression coefficients, standard errors, confidence intervals, and P values are shown from the probability model used to estimate stabilized inverse probability weights for complete-case inclusion in the IFI→FEV₁ analysis. Baseline covariates included age, sex, smoking status, body mass index (BMI), C-reactive protein (CRP), hemoglobin (Hb), and other prespecified variables, as specified in the table. This model was used to estimate each participant’s probability of inclusion in the complete-case IFI→FEV₁ analytic sample.












Supplementary Table S56. Probability model for complete-case inclusion in the ferritin CV→FEV₁ analysis
	Variable
	Estimate
	95% CI
	P value

	Age
	0.011
	-0.087 to 0.128
	0.829

	Female sex
	-1.773
	-5.542 to 0.934
	0.265

	Current smoking
	-0.868
	-3.099 to 1.084
	0.395

	Body mass index (BMI)
	0.035
	-0.216 to 0.302
	0.773

	log(CRP)
	0.169
	-0.996 to 1.540
	0.784

	Hemoglobin
	-0.231
	-1.880 to 1.496
	0.772

	Baseline FEV₁
	-0.365
	-4.468 to 3.886
	0.857

	Ferritin
	0.043
	0.002 to 0.118
	0.149

	Iron fragility index
	0.465
	-0.304 to 1.667
	0.315

	Ferritin variability (CV)
	-4.359
	-12.567 to 2.458
	0.23


Footnote:
Regression coefficients, standard errors, confidence intervals, and P values are shown from the probability model used to estimate stabilized inverse probability weights for complete-case inclusion in the ferritin CV→FEV₁ analysis. Baseline covariates included age, sex, smoking status, body mass index (BMI), C-reactive protein (CRP), hemoglobin (Hb), and other prespecified variables, as specified in the table. This model was used to estimate each participant’s probability of inclusion in the complete-case ferritin CV→FEV₁ analytic sample.












Supplementary Table S57. Probability model for complete-case inclusion in the IFI→symptom analysis
	Variable
	Estimate
	95% CI
	P value

	Age
	-1.281
	-208.450 to 224.458
	0.999

	Female sex
	9.234
	-3567.327 to 3291.593
	1

	Current smoking
	9.894
	-2541.947 to 2241.318
	1

	Body mass index (BMI)
	-2.092
	-591.804 to 618.179
	1

	log(CRP)
	11.955
	-1454.324 to 1294.122
	0.999

	Hemoglobin
	7.155
	-1601.933 to 1616.244
	1

	Baseline FEV₁
	0.569
	-2253.592 to 2578.414
	1

	Ferritin
	0.065
	-13.253 to 15.295
	1

	Iron fragility index
	-1.808
	-2383.503 to 2183.973
	1

	Ferritin variability (CV)
	11.692
	-21111.990 to 19397.779
	1


Footnote:
Regression coefficients, standard errors, confidence intervals, and P values are shown from the probability model used to estimate stabilized inverse probability weights for complete-case inclusion in the IFI→symptom analysis. Baseline covariates included age, sex, smoking status, body mass index (BMI), C-reactive protein (CRP), hemoglobin (Hb), and other prespecified variables, as specified in the table. This model was used to estimate each participant’s probability of inclusion in the complete-case IFI→symptom analytic sample.













Supplementary Table S58. Family-wise false discovery rate summary across prespecified analysis families
	Analysis family
	Number of tests
	Results retained at q < 0.05
	Minimum raw P value
	Minimum q value

	Lung-function family
	28
	7
	0.001
	0.004

	Hemoglobin-related family
	212
	16
	0.001
	0.028

	Age-modification family
	48
	1
	0.001
	0.048

	Inflammation-related family
	72
	0
	0.003
	0.108

	Symptom family
	6
	0
	0.05
	0.21

	Mediation family
	12
	0
	0.022
	0.246

	Smoking-related family
	12
	0
	0.053
	0.402

	Sex-by-age family
	54
	0
	0.017
	0.45


Footnote:
This table summarizes the family-wise false discovery rate (FDR) results across prespecified analysis families. For each family, the table reports the number of tests, the number of retained results after Benjamini–Hochberg correction, and summary indicators of the strongest raw P values and corrected q values, as specified in the table. Families were defined according to the prespecified analytic structure of the study and included lung-function, symptom, age-modification, mediation, sex-by-age, smoking-related, hemoglobin-related, and inflammation-related analyses, among others. These results were used to assess the relative strength of statistical support across major analytic domains.









Supplementary Table S59. False discovery rate–adjusted results across key analysis families.
Footnote:
This table presents selected key results from family-wise false discovery rate (FDR) analyses across prespecified analysis families. Raw P values and family-specific q values are shown for selected principal and borderline findings. Benjamini–Hochberg correction was applied separately within each family. The table summarizes the relative robustness of key findings across analysis families after within-family FDR correction. Because of its size, Supplementary Table S59 is provided as a separate spreadsheet. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.




















Supplementary Table S60. Master false discovery rate–adjusted results across all analysis families.
Footnote:
This table presents family-wise false discovery rate (FDR) results across all prespecified analysis families. Raw P values and family-specific q values are shown for all included tests. Benjamini–Hochberg correction was applied separately within each family rather than across the entire manuscript. This table provides a comprehensive reference for the FDR correction framework and should be interpreted alongside the summary and key-result tables. Extended supplementary tables that are too large for inclusion in the Supplementary Appendix are provided in Supplementary Data 1.












Supplementary Table S61. Extreme-value sensitivity analyses for the association between ferritin variability and repeated FEV₁
	Analysis
	Term
	β (95% CI)
	P value

	Primary
	Ferritin variability (CV)
	-0.339 (-0.553, -0.125)
	0.002

	Primary
	Ferritin variability × Time
	0.009 (-0.019, 0.037)
	0.525

	Winsorized CV
	Ferritin variability (CV)
	-0.352 (-0.570, -0.135)
	0.002

	Winsorized CV
	Ferritin variability × Time
	0.011 (-0.017, 0.039)
	0.435

	Trimmed 1% tails
	Ferritin variability (CV)
	-0.334 (-0.564, -0.105)
	0.004

	Trimmed 1% tails
	Ferritin variability × Time
	0.011 (-0.019, 0.041)
	0.472


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from sensitivity analyses evaluating whether the association between ferritin coefficient of variation (CV) and repeated forced expiratory volume in 1 second (FEV₁) was materially influenced by extreme values. The primary model is shown together with models using winsorized ferritin CV values and models after trimming the upper and lower 1% of the ferritin CV distribution. Corresponding ferritin CV × time interaction terms are also shown to assess whether conclusions regarding longitudinal change were altered under these alternative specifications. Models were fitted using the same Hb-adjusted linear mixed-effects framework as in the main analyses.













Supplementary Table S62. Hb-adjusted associations between ferritin variability and mean log(C-reactive protein) by age group
	Age group, years
	β (95% CI)
	P value

	50–59
	0.431 (-0.350 to 1.213)
	0.281

	60–69
	0.852 (0.022 to 1.683)
	0.046

	≥70
	0.205 (-0.659 to 1.069)
	0.643


Footnote
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from Hb-adjusted linear regression models examining the association between ferritin coefficient of variation (CV) and mean log-transformed C-reactive protein (CRP) within prespecified age groups. Age groups were defined as 50–59 years, 60–69 years, and ≥70 years. Models were adjusted for sex, smoking status, body mass index (BMI), and hemoglobin (Hb), as applicable. These analyses were used to assess whether the association between ferritin variability and long-term inflammatory burden differed across age groups.

















Supplementary Table S63. Hb-adjusted indirect effects for mediation of the ferritin variability–FEV₁ association by C-reactive protein, overall and by age group
	Group
	Indirect effect (95% CI)
	P value

	Overall
	-0.0651 (-0.126 to -0.012)
	0.022

	50–59 years
	-0.0454 (-0.156 to 0.048)
	0.374

	60–69 years
	-0.1046 (-0.206 to -0.005)
	0.041

	≥70 years
	-0.0188 (-0.108 to 0.083)
	0.674


Footnote
Indirect effects, 95% confidence intervals (CIs), and P values are shown from Hb-adjusted mediation models evaluating whether mean log-transformed C-reactive protein (CRP) mediated the association between ferritin coefficient of variation (CV) and forced expiratory volume in 1 second (FEV₁). Results are shown for the overall sample and separately for prespecified age groups. Models were adjusted for sex, smoking status, body mass index (BMI), and hemoglobin (Hb), as applicable. This table is provided as a concise summary of the age-specific indirect effects underlying the mediation analyses.















Supplementary Table S64. Full mediation model output for ferritin variability, C-reactive protein, and FEV₁, overall and by age group
	Group
	Path / effect
	Estimate (95% CI)
	P value

	Overall
	Ferritin variability → mean log(CRP)
	0.5827 (0.104 to 1.050)
	0.014

	Overall
	Direct effect on FEV₁
	-0.2414 (-0.431 to -0.054)
	0.01

	Overall
	Mean log(CRP) → FEV₁
	-0.1117 (-0.144 to -0.077)
	<0.001

	Overall
	Indirect effect
	-0.0651 (-0.126 to -0.012)
	0.022

	Overall
	Total effect
	-0.3065 (-0.497 to -0.110)
	0.001

	Overall
	Proportion mediated
	0.2124 (0.042 to 0.558)
	0.634

	50–59 years
	Ferritin variability → mean log(CRP)
	0.4525 (-0.514 to 1.397)
	0.324

	50–59 years
	Direct effect on FEV₁
	-0.1622 (-0.441 to 0.142)
	0.282

	50–59 years
	Mean log(CRP) → FEV₁
	-0.1004 (-0.161 to -0.039)
	<0.001

	50–59 years
	Indirect effect
	-0.0454 (-0.156 to 0.048)
	0.374

	50–59 years
	Total effect
	-0.2076 (-0.504 to 0.112)
	0.182

	50–59 years
	Proportion mediated
	0.2188 (-1.722 to 1.975)
	0.967

	60–69 years
	Ferritin variability → mean log(CRP)
	0.8342 (0.037 to 1.557)
	0.031

	60–69 years
	Direct effect on FEV₁
	-0.3036 (-0.621 to 0.032)
	0.064

	60–69 years
	Mean log(CRP) → FEV₁
	-0.1253 (-0.173 to -0.072)
	<0.001

	60–69 years
	Indirect effect
	-0.1046 (-0.206 to -0.005)
	0.041

	60–69 years
	Total effect
	-0.4081 (-0.747 to -0.079)
	0.013

	60–69 years
	Proportion mediated
	0.2562 (-0.016 to 1.008)
	0.676

	≥70 years
	Ferritin variability → mean log(CRP)
	0.2047 (-0.749 to 1.100)
	0.66

	≥70 years
	Direct effect on FEV₁
	-0.1495 (-0.472 to 0.140)
	0.347

	≥70 years
	Mean log(CRP) → FEV₁
	-0.0920 (-0.155 to -0.013)
	0.009

	≥70 years
	Indirect effect
	-0.0188 (-0.108 to 0.083)
	0.674

	≥70 years
	Total effect
	-0.1684 (-0.489 to 0.109)
	0.28

	≥70 years
	Proportion mediated
	0.1118 (-2.247 to 2.272)
	0.997


Footnote
Unstandardized estimates, standard errors (SEs), test statistics, P values, confidence intervals (CIs), and standardized estimates are shown from the full mediation models evaluating the relationships among ferritin coefficient of variation (CV), mean log-transformed C-reactive protein (CRP), and forced expiratory volume in 1 second (FEV₁), overall and within prespecified age groups. Models were adjusted for sex, smoking status, body mass index (BMI), and hemoglobin (Hb), as applicable. This table is provided as a technical supplement to document the complete model output underlying the summarized mediation results presented in the main and supplementary tables




















Supplementary Table S65. Descriptive characteristics by age group
	Age group, years
	n
	Mean CRP
	SD
	Mean FEV₁
	SD
	Mean ferritin CV
	SD
	Mean Hb
	SD

	50–59
	347
	1.377
	1.195
	2.207
	0.663
	0.392
	0.239
	14.091
	—

	60–69
	395
	1.262
	1.087
	1.966
	0.61
	0.414
	0.238
	14.011
	—

	≥70
	364
	1.623
	1.269
	1.718
	0.545
	0.414
	0.248
	13.784
	—


Footnote
Descriptive characteristics are shown for the prespecified age groups included in the mediation-related analyses. Reported variables may include sample size, ferritin coefficient of variation (CV), mean log-transformed C-reactive protein (CRP), forced expiratory volume in 1 second (FEV₁), hemoglobin (Hb), and other relevant summary measures, as applicable. These results are descriptive and unadjusted and are provided to characterize baseline differences across age groups underlying the mediation and inflammation-related analyses.


Supplementary Table S66. Full joint Hb- and CRP-adjusted models for dynamic iron-related measures and repeated FEV₁
	Exposure
	Model
	Term
	β (95% CI)
	P value

	Iron fragility index
	IFI + Hb + CRP joint model
	Dynamic iron metric main effect
	-0.028 (-0.053, -0.004)
	0.023

	
	
	Hemoglobin
	-0.021 (-0.046, 0.004)
	0.095

	
	
	Inflammation(log CRP)
	-0.049 (-0.072, -0.026)
	<0.001

	
	
	Dynamic iron metric × time
	0.001 (-0.002, 0.004)
	0.556

	Ferritin variability (CV)
	Ferritin CV + Hb + CRP joint model
	Dynamic iron metric main effect
	-0.352 (-0.562, -0.142)
	0.001

	
	
	Hemoglobin
	-0.022 (-0.046, 0.003)
	0.08

	
	
	Inflammation (log CRP)
	-0.049 (-0.072, -0.026)
	<0.001

	
	
	Dynamic iron metric × time
	0.011 (-0.011, 0.033)
	0.331

	Ferritin slope
	Ferritin slope + Hb + CRP joint model
	Dynamic iron metric main effect
	0.096 (-0.224, 0.416)
	0.556

	
	
	Hemoglobin
	-0.018 (-0.043, 0.007)
	0.147

	
	
	Inflammation (log CRP)
	-0.050 (-0.073, -0.027)
	<0.001

	
	
	Dynamic iron metric × time
	-0.005 (-0.049, 0.038)
	0.808

	Persistent low ferritin
	Persistent low ferritin + Hb + CRP joint model
	Dynamic iron metric main effect
	-0.032 (-0.204, 0.140)
	0.716

	
	
	Hemoglobin
	-0.015 (-0.038, 0.008)
	0.206

	
	
	Inflammation (log CRP)
	-0.060 (-0.081, -0.039)
	<0.001

	
	
	Dynamic iron metric × time
	-0.010 (-0.027, 0.007)
	0.237


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from full joint linear mixed-effects models examining the associations of dynamic iron-related measures with repeated forced expiratory volume in 1 second (FEV₁) after simultaneous adjustment for hemoglobin (Hb) and log-transformed C-reactive protein (CRP). Separate models were fitted for the iron fragility index (IFI), ferritin coefficient of variation (CV), ferritin slope, and persistent low ferritin, as applicable. Reported estimates include the main effect of the dynamic iron-related measure, Hb, log(CRP), and the corresponding dynamic iron metric × time interaction term. Models were adjusted for age, sex, smoking status, body mass index (BMI), Hb, and log(CRP), with participant-level random intercepts to account for repeated measurements. This table is provided as the full supplementary counterpart to the key joint-model results shown in the main text. 


Supplementary Table S67. Comparison of associations with repeated FEV₁ before and after additional adjustment for hemoglobin and C-reactive protein
	Exposure
	Model
	β (95% CI)
	P value

	Iron fragility index
	Without Hb/CRP
	-0.033 (-0.058, -0.008)
	0.009

	
	With Hb/CRP
	-0.028 (-0.053, -0.004)
	0.023

	Ferritin variability (CV)
	Without Hb/CRP
	-0.374 (-0.587, -0.160)
	<0.001

	
	With Hb/CRP
	-0.352 (-0.562, -0.142)
	0.001

	Ferritin slope
	Without Hb/CRP
	0.172 (-0.154, 0.498)
	0.301

	
	With Hb/CRP
	0.096 (-0.224, 0.416)
	0.556

	Persistent low ferritin
	Without Hb/CRP
	-0.032 (-0.209, 0.144)
	0.719

	
	With Hb/CRP
	-0.032 (-0.204, 0.140)
	0.716


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown for dynamic iron-related measures in relation to repeated forced expiratory volume in 1 second (FEV₁) before and after additional adjustment for hemoglobin (Hb) and log-transformed C-reactive protein (CRP). Results are presented for the iron fragility index (IFI), ferritin coefficient of variation (CV), ferritin slope, and persistent low ferritin, as applicable. These analyses were used to assess whether associations with lower FEV₁ were materially attenuated after accounting for anemia and inflammation.


Supplementary Table S68. Analytic sample sizes for joint Hb- and CRP-adjusted models
	Exposure
	Repeated observations
	Participants

	Iron fragility index
	1,154
	532

	Ferritin variability (CV)
	1,154
	532

	Ferritin slope
	1,154
	532

	Persistent low ferritin
	1,401
	779


Footnote:
This table summarizes the numbers of repeated observations and unique participants included in the joint linear mixed-effects models examining dynamic iron-related measures in relation to repeated forced expiratory volume in 1 second (FEV₁) after simultaneous adjustment for hemoglobin (Hb) and log-transformed C-reactive protein (CRP). Counts are shown separately for the iron fragility index (IFI), ferritin coefficient of variation (CV), ferritin slope, and persistent low ferritin, as applicable. These data are provided to document the analytic sample size underlying the corresponding joint-model analyses. 
















Supplementary Table S69. Hb-adjusted restricted cubic spline time-interaction comparisons for ferritin-related measures and repeated FEV₁
	Exposure
	Comparison
	χ²
	df
	P value

	Ferritin variability (CV)
	RCS main effect vs RCS × time interaction
	1.997
	3
	0.573

	Ferritin slope
	RCS main effect vs RCS × time interaction
	1.826
	3
	0.609


Footnote:
Likelihood-ratio comparisons are shown for Hb-adjusted restricted cubic spline (RCS) models evaluating whether addition of RCS × time interaction terms improved model fit for ferritin variability (CV) and ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). Reported statistics include χ², degrees of freedom (df), and P values. These analyses were used to assess whether nonlinear exposure effects varied further over follow-up time.

















Supplementary Table S70. Exploratory threshold identification for ferritin slope in relation to repeated FEV₁
	Threshold summary
	Ferritin slope value

	Main turning point
	0.0645

	Middle 5%–95% turning point used for piecewise model
	0.0645


Footnote:
This table summarizes the estimated turning point identified in exploratory threshold analyses for ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). The primary turning point and the corresponding threshold retained after restriction to the middle 5%–95% of the ferritin slope distribution are shown. These analyses were used to guide the specification of the subsequent piecewise mixed-effects model.


Supplementary Table S71. Key piecewise effects for ferritin slope and repeated FEV₁
	Segment
	β (95% CI)
	P value
	Interpretation

	Below cutoff (≤ 0.0645)
	0.557 (0.122 to 0.993)
	0.012
	Higher FEV₁ with increasing ferritin slope

	Above cutoff (> 0.0645)
	-0.682 (-1.275 to -0.088)
	0.024
	Lower FEV₁ with increasing ferritin slope


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from the Hb-adjusted piecewise linear mixed-effects model evaluating the association between ferritin slope and repeated forced expiratory volume in 1 second (FEV₁) below and above the estimated turning point of 0.0645. Interpretive labels are provided to summarize the direction of association in each segment. Models were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb).


Supplementary Table S72. Full fixed-effect estimates from the Hb-adjusted piecewise ferritin slope model for repeated FEV₁
	Term
	Estimate (95% CI)
	P value

	Intercept
	5.333 (4.692 to 5.974)
	<0.001

	Time (years)
	0.005 (-0.003 to 0.014)
	0.23

	Ferritin slope below cutoff (≤ 0.0645)
	0.557 (0.122 to 0.993)
	0.012

	Ferritin slope above cutoff (> 0.0645)
	-0.682 (-1.275 to -0.088)
	0.024

	Age
	-0.035 (-0.040 to -0.029)
	<0.001

	Sex
	-0.689 (-0.790 to -0.589)
	<0.001

	Smoking
	-0.081 (-0.171 to 0.010)
	0.081

	BMI
	-0.004 (-0.012 to 0.004)
	0.278

	log(CRP)
	-0.051 (-0.071 to -0.031)
	<0.001

	Hemoglobin
	-0.021 (-0.049 to 0.007)
	0.14


Footnote:
Fixed-effect estimates, 95% confidence intervals (CIs), and P values are shown from the Hb-adjusted piecewise linear mixed-effects model examining ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). The ferritin slope exposure was modeled as two linear segments split at the estimated turning point of 0.0645. Models were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements.


Supplementary Table S73. Random-effects estimates from the Hb-adjusted piecewise ferritin slope model for repeated FEV₁
	Parameter
	Estimate

	Random intercept SD (participant)
	0.481

	Residual SD
	0.326


Footnote:
This table presents random-effects estimates from the Hb-adjusted piecewise linear mixed-effects model examining ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). Reported values include the standard deviation (SD) of the participant-level random intercept and the residual SD. These estimates are provided to document the variance structure of the piecewise model.


Supplementary Table S74. Model information for the Hb-adjusted piecewise ferritin slope model for repeated FEV₁
	Item
	Value

	Model type
	Linear mixed model (piecewise)

	Outcome
	FEV₁

	Exposure structure
	Ferritin slope split into below-cutoff and above-cutoff segments

	Estimated cutoff used
	0.0645

	Number of observations
	1,154

	Number of participants
	532

	AIC
	1615.499

	BIC
	1676.111

	Log-likelihood
	-795.75


Footnote:
This table summarizes model specification and fit information for the Hb-adjusted piecewise linear mixed-effects model examining ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). Information includes the exposure structure, estimated cutoff, analytic sample size, Akaike information criterion (AIC), Bayesian information criterion (BIC), and log-likelihood. These results are provided as technical details supporting the piecewise analyses.








Supplementary Table S75. Candidate exploratory turning points for ferritin slope in relation to repeated FEV₁
	Candidate ferritin slope
	Predicted FEV₁
	Local slope
	Curvature
	Absolute curvature

	0.064515
	2.598686
	0.170582
	-13.162219
	13.162219

	0.065927
	2.598901
	0.152072
	-13.106452
	13.106452

	0.067339
	2.59909
	0.133736
	-12.983608
	12.983608

	0.063103
	2.598445
	0.189171
	-12.939109
	12.939109

	0.068752
	2.599253
	0.115573
	-12.860764
	12.860764

	0.070164
	2.599391
	0.097584
	-12.737921
	12.737921

	0.06169
	2.598178
	0.207444
	-12.643533
	12.643533

	0.071576
	2.599504
	0.079768
	-12.615077
	12.615077

	0.072988
	2.599591
	0.062126
	-12.492234
	12.492234

	0.074401
	2.599654
	0.044657
	-12.36939
	12.36939


Footnote:
This table presents leading candidate turning points identified in the exploratory threshold search for ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). For each candidate threshold, the predicted FEV₁, local slope, curvature, and absolute curvature are shown. These results are provided as technical details underlying the selection of the final piecewise cutoff.


Supplementary Table S76. Primary exploratory threshold point and middle 5%–95% restricted threshold point for ferritin slope
	Threshold selection approach
	Ferritin slope
	Time (years)
	Age
	Sex
	Smoking
	BMI
	log(CRP)
	Hemoglobin
	Predicted FEV₁
	Local slope
	Curvature

	Main exploratory threshold
	0.064515
	4
	66
	1
	0
	27.700001
	1.201634
	14
	2.598686
	0.170582
	-13.162219

	Middle 5%–95% restricted threshold
	0.064515
	4
	66
	1
	0
	27.700001
	1.201634
	14
	2.598686
	0.170582
	-13.162219


Footnote:
This table presents the primary exploratory turning point and the threshold retained after restriction to the middle 5%–95% of the ferritin slope distribution for analyses of repeated forced expiratory volume in 1 second (FEV₁). Reported values include the ferritin slope value, representative covariate profile, predicted FEV₁, local slope, and curvature. These results are provided to document the stability of the selected threshold under the restricted exploratory procedure.


Supplementary Table S77. Reverse-causation analyses under baseline-normal subgroup restrictions
	Analysis
	Outcome
	Exposure
	Estimate (95% CI)
	P value

	Baseline good FEV subgroup
	Repeated FEV₁
	IFI main effect
	-0.021 (-0.047 to 0.004)
	0.105

	Baseline good FEV subgroup
	Repeated FEV₁
	IFI × time
	-0.001 (-0.004 to 0.003)
	0.671

	Baseline good FEV subgroup
	Repeated FEV₁
	Ferritin CV main effect
	-0.183 (-0.413 to 0.048)
	0.121

	Baseline good FEV subgroup
	Repeated FEV₁
	Ferritin CV × time
	-0.003 (-0.031 to 0.026)
	0.86

	Baseline low-symptom subgroup
	Any asthma-like symptom
	Persistent low ferritin
	1.40 (0.58 to 3.40)
	0.453

	Baseline low-symptom subgroup
	Any asthma-like symptom
	Ferritin slope
	0.50 (0.06 to 4.06)
	0.52

	Baseline not-low-ferritin subgroup
	Repeated FEV₁
	IFI main effect
	-0.033 (-0.063 to -0.003)
	0.03

	Baseline not-low-ferritin subgroup
	Repeated FEV₁
	IFI × time
	0.001 (-0.003 to 0.004)
	0.774

	Baseline non-anemia subgroup
	Repeated FEV₁
	IFI main effect
	-0.030 (-0.057 to -0.003)
	0.031

	Baseline non-anemia subgroup
	Repeated FEV₁
	IFI × time
	0.001 (-0.002 to 0.004)
	0.353


Footnote:
Regression coefficients (β) or odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from reverse-causation analyses restricted to baseline-normal subgroups. Repeated FEV₁ models were fitted in participants with relatively preserved baseline lung function or without baseline low ferritin or anemia, as applicable. Symptom models were fitted in participants with low baseline symptom burden. These analyses were used to assess whether the primary associations between dynamic iron-related measures and subsequent outcomes remained directionally consistent after restriction to subgroups less likely to reflect reverse causation. 


Supplementary Table S78. Reverse-causation analyses after exclusion of early deterioration
	Analysis
	Outcome
	Exposure
	Estimate (95% CI)
	P value

	Exclude early poor FEV
	Repeated FEV₁
	IFI main effect
	-0.021 (-0.047 to 0.004)
	0.105

	Exclude early poor FEV
	Repeated FEV₁
	IFI × time
	-0.001 (-0.004 to 0.003)
	0.671

	Exclude early poor FEV
	Repeated FEV₁
	Ferritin CV main effect
	-0.183 (-0.413 to 0.048)
	0.121

	Exclude early poor FEV
	Repeated FEV₁
	Ferritin CV × time
	-0.003 (-0.031 to 0.026)
	0.86

	Exclude baseline symptom
	Any asthma-like symptom
	Persistent low ferritin
	1.40 (0.58 to 3.40)
	0.453

	Exclude baseline symptom
	Any asthma-like symptom
	Ferritin slope
	0.50 (0.06 to 4.06)
	0.52


Footnote:
Regression coefficients (β) or odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from reverse-causation analyses excluding participants with early deterioration at baseline. Repeated FEV₁ models excluded participants with poor baseline lung function, and symptom models excluded participants with baseline symptom burden, as applicable. These analyses were used to examine whether the observed associations were materially altered after reducing the influence of early deterioration present at study entry. 


Supplementary Table S79. Reverse-causation analyses of repeated FEV₁ across dynamic iron-related measures
	Analysis
	Exposure
	Term
	β (95% CI)
	P value

	Baseline good FEV subgroup
	Iron fragility index
	Main effect
	-0.021 (-0.047 to 0.004)
	0.105

	Baseline good FEV subgroup
	Iron fragility index
	× time
	-0.001 (-0.004 to 0.003)
	0.671

	Baseline good FEV subgroup
	Ferritin CV
	Main effect
	-0.183 (-0.413 to 0.048)
	0.121

	Baseline good FEV subgroup
	Ferritin CV
	× time
	-0.003 (-0.031 to 0.026)
	0.86

	Baseline good FEV subgroup
	Ferritin slope
	Main effect
	0.252 (-0.128 to 0.632)
	0.194

	Baseline good FEV subgroup
	Ferritin slope
	× time
	0.005 (-0.046 to 0.057)
	0.835

	Baseline good FEV subgroup
	Persistent low ferritin
	Main effect
	-0.125 (-0.285 to 0.034)
	0.124

	Baseline good FEV subgroup
	Persistent low ferritin
	× time
	-0.008 (-0.033 to 0.017)
	0.536

	Baseline not-low-ferritin subgroup
	Iron fragility index
	Main effect
	-0.033 (-0.063 to -0.003)
	0.03

	Baseline not-low-ferritin subgroup
	Iron fragility index
	× time
	0.001 (-0.003 to 0.004)
	0.774

	Baseline not-low-ferritin subgroup
	Ferritin CV
	Main effect
	-0.377 (-0.639 to -0.116)
	0.005

	Baseline not-low-ferritin subgroup
	Ferritin CV
	× time
	0.010 (-0.016 to 0.036)
	0.459

	Baseline not-low-ferritin subgroup
	Ferritin slope
	Main effect
	0.144 (-0.252 to 0.540)
	0.476

	Baseline not-low-ferritin subgroup
	Ferritin slope
	× time
	-0.014 (-0.066 to 0.037)
	0.584

	Baseline not-low-ferritin subgroup
	Persistent low ferritin
	Main effect
	-0.076 (-0.393 to 0.241)
	0.639

	Baseline not-low-ferritin subgroup
	Persistent low ferritin
	× time
	-0.030 (-0.055 to -0.005)
	0.019

	Baseline non-anemia subgroup
	Iron fragility index
	Main effect
	-0.030 (-0.057 to -0.003)
	0.031

	Baseline non-anemia subgroup
	Iron fragility index
	× time
	0.001 (-0.002 to 0.004)
	0.353

	Baseline non-anemia subgroup
	Ferritin CV
	Main effect
	-0.379 (-0.605 to -0.153)
	0.001

	Baseline non-anemia subgroup
	Ferritin CV
	× time
	0.010 (-0.013 to 0.033)
	0.402

	Baseline non-anemia subgroup
	Ferritin slope
	Main effect
	0.099 (-0.269 to 0.467)
	0.599

	Baseline non-anemia subgroup
	Ferritin slope
	× time
	-0.019 (-0.065 to 0.027)
	0.416

	Baseline non-anemia subgroup
	Persistent low ferritin
	Main effect
	-0.015 (-0.207 to 0.176)
	0.875

	Baseline non-anemia subgroup
	Persistent low ferritin
	× time
	-0.008 (-0.026 to 0.009)
	0.356

	Exclude early poor FEV
	Iron fragility index
	Main effect
	-0.021 (-0.047 to 0.004)
	0.105

	Exclude early poor FEV
	Iron fragility index
	× time
	-0.001 (-0.004 to 0.003)
	0.671

	Exclude early poor FEV
	Ferritin CV
	Main effect
	-0.183 (-0.413 to 0.048)
	0.121

	Exclude early poor FEV
	Ferritin CV
	× time
	-0.003 (-0.031 to 0.026)
	0.86

	Exclude early poor FEV
	Ferritin slope
	Main effect
	0.252 (-0.128 to 0.632)
	0.194

	Exclude early poor FEV
	Ferritin slope
	× time
	0.005 (-0.046 to 0.057)
	0.835

	Exclude early poor FEV
	Persistent low ferritin
	Main effect
	-0.125 (-0.285 to 0.034)
	0.124

	Exclude early poor FEV
	Persistent low ferritin
	× time
	-0.008 (-0.033 to 0.017)
	0.536


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from reverse-causation analyses of repeated forced expiratory volume in 1 second (FEV₁) across dynamic iron-related measures. Analyses included baseline-normal subgroup restrictions and exclusion of early poor baseline lung function, as specified in the table. Dynamic iron-related measures included the iron fragility index (IFI), ferritin coefficient of variation (CV), ferritin slope, and persistent low ferritin, together with corresponding exposure × time interaction terms. Models used the same Hb-adjusted linear mixed-effects framework as the primary analyses. 


Supplementary Table S80. Reverse-causation analyses of any asthma-like symptom across dynamic iron-related measures
	Analysis
	Exposure
	OR (95% CI)
	P value

	Baseline low-symptom subgroup
	Iron fragility index
	1.02 (0.88 to 1.19)
	0.772

	Baseline low-symptom subgroup
	Ferritin CV
	1.49 (0.48 to 4.60)
	0.488

	Baseline low-symptom subgroup
	Ferritin slope
	0.50 (0.06 to 4.06)
	0.52

	Baseline low-symptom subgroup
	Persistent low ferritin
	1.40 (0.58 to 3.40)
	0.453

	Baseline not-low-ferritin subgroup
	Iron fragility index
	1.06 (0.98 to 1.14)
	0.119

	Baseline not-low-ferritin subgroup
	Ferritin CV
	1.48 (0.77 to 2.83)
	0.24

	Baseline not-low-ferritin subgroup
	Ferritin slope
	1.05 (0.38 to 2.87)
	0.925

	Baseline not-low-ferritin subgroup
	Persistent low ferritin
	2.05 (0.97 to 4.35)
	0.061

	Baseline non-anemia subgroup
	Iron fragility index
	1.05 (0.97 to 1.13)
	0.212

	Baseline non-anemia subgroup
	Ferritin CV
	1.25 (0.71 to 2.21)
	0.445

	Baseline non-anemia subgroup
	Ferritin slope
	0.90 (0.37 to 2.23)
	0.825

	Baseline non-anemia subgroup
	Persistent low ferritin
	1.62 (0.95 to 2.74)
	0.074

	Exclude baseline symptom
	Iron fragility index
	1.02 (0.88 to 1.19)
	0.772

	Exclude baseline symptom
	Ferritin CV
	1.49 (0.48 to 4.60)
	0.488

	Exclude baseline symptom
	Ferritin slope
	0.50 (0.06 to 4.06)
	0.52

	Exclude baseline symptom
	Persistent low ferritin
	1.40 (0.58 to 3.40)
	0.453


Footnote:
Odds ratios (ORs), 95% confidence intervals (CIs), and P values are shown from reverse-causation analyses of any asthma-like symptom across dynamic iron-related measures. Analyses included baseline-normal subgroup restrictions and exclusion of baseline symptom burden, as specified in the table. Dynamic iron-related measures included the iron fragility index (IFI), ferritin coefficient of variation (CV), ferritin slope, and persistent low ferritin. Models used the same Hb-adjusted generalized estimating equation framework as the primary symptom analyses. 


Supplementary Table S81. Smokers-only association between ferritin variability and repeated FEV₁
	Exposure
	Model
	term
	Beta (95% CI)
	P value

	Ferritin variability (CV)
	Smokers only: CV -> FEV
	ferritin_cv
	-0.440 (-0.724, -0.156)
	0.002

	Ferritin variability (CV)
	Smokers only: CV -> FEV
	ferritin_cv:time_years
	0.023 (-0.006, 0.052)
	0.12

	Ferritin variability (CV)
	Smokers only: CV + Hb + CRP -> FEV
	ferritin_cv
	-0.440 (-0.724, -0.156)
	0.002

	Ferritin variability (CV)
	Smokers only: CV + Hb + CRP -> FEV
	hgb
	-0.022 (-0.054, 0.009)
	0.167

	Ferritin variability (CV)
	Smokers only: CV + Hb + CRP -> FEV
	log_crp
	-0.060 (-0.089, -0.030)
	<0.001

	Ferritin variability (CV)
	Smokers only: CV + Hb + CRP -> FEV
	ferritin_cv:time_years
	0.023 (-0.006, 0.052)
	0.12


Footnote:
Regression coefficients (β), 95% confidence intervals (CIs), and P values are shown from an Hb-adjusted linear mixed-effects model examining the association between ferritin coefficient of variation (CV) and repeated forced expiratory volume in 1 second (FEV₁) among current smokers only. The model was adjusted for age, sex, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. This analysis was performed as a supportive subgroup analysis to assess whether the ferritin CV–FEV₁ association was more evident in current smokers.


Supplementary Table S82. Hb-adjusted restricted cubic spline main-effect comparisons for ferritin-related measures and repeated FEV₁
	Exposure
	Comparison
	χ²
	df
	P value

	Current ferritin (log-transformed)
	Linear vs restricted cubic spline main effect
	3.41
	2
	0.182

	Ferritin variability (CV)
	Linear vs restricted cubic spline main effect
	2.604
	2
	0.272

	Ferritin slope
	Linear vs restricted cubic spline main effect
	8.445
	2
	0.015


Footnote:
Likelihood-ratio comparisons are shown for Hb-adjusted linear mixed-effects models evaluating whether restricted cubic spline (RCS) main-effect terms improved model fit relative to linear specifications for current ferritin level (log-transformed), ferritin coefficient of variation (CV), and ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV₁). Reported statistics include chi-square (χ²), degrees of freedom (df), and P values. Models were adjusted for age, sex, smoking status, body mass index (BMI), log-transformed C-reactive protein (CRP), and hemoglobin (Hb), with participant-level random intercepts to account for repeated measurements. These analyses were used to assess whether the associations between ferritin-related measures and repeated FEV₁ departed from linearity.







Supplementary Table S83. Joint Hb- and CRP-adjusted models for repeated FEV1
	Model
	Term
	β (95% CI)
	P value

	IFI + Hb + CRP
	Iron fragility index (IFI)
	-0.028(-0.053 to -0.004)
	0.023

	IFI + Hb + CRP
	Hemoglobin
	-0.016 (-0.037 to 0.005)
	0.143

	IFI + Hb + CRP
	Log(CRP)
	-0.049(-0.072 to -0.026)
	<0.001

	Ferritin CV + Hb + CRP
	Ferritin variability (CV)
	-0.352(-0.562 to -0.142)
	0.001

	Ferritin CV + Hb + CRP
	Hemoglobin
	-0.014 (-0.035 to 0.008)
	0.215

	Ferritin CV + Hb + CRP
	Log(CRP)
	-0.050(-0.073 to -0.027)
	<0.001

	Ferritin slope + Hb + CRP
	Ferritin slope
	0.070 (-0.247 to 0.386)
	0.666

	Ferritin slope + Hb + CRP
	Hemoglobin
	-0.013 (-0.034 to 0.008)
	0.224

	Ferritin slope + Hb + CRP
	Log(CRP)
	-0.050(-0.073 to -0.027)
	<0.001

	Low ferritin exposure + Hb + CRP
	Repeated low ferritin exposure
	-0.005 (-0.080 to 0.071)
	0.905

	Low ferritin exposure + Hb + CRP
	Hemoglobin
	-0.014 (-0.035 to 0.007)
	0.193

	Low ferritin exposure + Hb + CRP
	Log(CRP)
	-0.050(-0.073 to -0.027)
	<0.001


Footnote: 
β coefficients with 95% confidence intervals (CIs) and P values are shown from joint linear mixed-effects models adjusted for age, sex, smoking status, and body mass index, with participant-level random intercepts. Each model included one dynamic iron-related measure together with hemoglobin and log-transformed C-reactive protein (CRP). Abbreviations: CI, confidence interval; CRP, C-reactive protein; CV, coefficient of variation; FEV1, forced expiratory volume in 1 second; IFI, iron fragility index.



Supplementary Table S84. Piecewise associations of ferritin slope with repeated FEV1
	Slope range
	β (95% CI)
	P value

	Below threshold (≤0.0645)
	0.557 (0.122 to 0.993)
	0.012

	Above threshold (>0.0645)
	-0.682 (-1.275 to -0.088)
	0.024


Footnote: β coefficients with 95% confidence intervals (CIs) and P values are shown from piecewise linear models of ferritin slope in relation to repeated forced expiratory volume in 1 second (FEV1). The estimated turning point was 0.0645. Models were adjusted for age, sex, smoking status, body mass index, log-transformed C-reactive protein, and hemoglobin. Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1 second.


Supplementary Figure
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Supplementary Fig. S1. Heterogeneity in the association between ferritin variability and FEV₁
(A) Sex- and age-stratified associations between ferritin coefficient of variation (CV) and forced expiratory volume in 1 second (FEV₁). Points represent β estimates and horizontal lines represent 95% confidence intervals (CIs); the vertical dashed line denotes the null value. Inverse associations were observed across most strata and were most evident among women aged 60–69 years.
(B) Age-varying association between ferritin CV and FEV₁. The solid line shows the age-specific β estimate and the shaded band indicates the 95% CI. The horizontal dashed line denotes the null value, and the lightly shaded region indicates the age range in which the 95% CI remained below zero. The inverse association between ferritin CV and FEV₁ was more consistently observed across mid-to-late adulthood.
(C) Mean FEV₁ according to combined iron instability–grip strength phenotype. Points indicate descriptive group means, with sample sizes shown next to each point. The high-instability/weak-grip group had the lowest mean FEV₁. No measures of uncertainty are shown.
(D) Smoking-only associations of iron dysregulation measures with FEV₁. Points represent β estimates and horizontal lines represent 95% CIs; the vertical dashed line denotes the null value. Among current smokers, ferritin CV showed the clearest association with lower FEV₁, whereas grip-stratified estimates were less consistent.
(E) Functional status– and grip strength–stratified associations between ferritin CV and FEV₁. Points represent β estimates and horizontal lines represent 95% CIs; the vertical dashed line denotes the null value. Inverse associations were more evident among participants with lower ADL or IADL limitation, whereas grip-stratified estimates differed in precision across strata.
Unless otherwise indicated, models were adjusted for age, sex, smoking status, body mass index, log-transformed C-reactive protein, and hemoglobin. In panel D, estimates were additionally adjusted for hemoglobin and log-transformed C-reactive protein within smoker-only analyses. Abbreviations: ADL, activities of daily living; CI, confidence interval; CV, coefficient of variation; FEV₁, forced expiratory volume in 1 second; IADL, instrumental activities of daily living.
Alt text: Multi-panel figure showing subgroup associations between ferritin variability and FEV1, including age, sex, smoking, grip strength, and functional status strata.
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Supplementary Fig. S2. Mechanistic and nonlinear patterns in the associations between dynamic iron dysregulation and FEV₁
(A) Age-stratified indirect effects of ferritin variability on forced expiratory volume in 1 second (FEV₁) through C-reactive protein (CRP). Points represent indirect effect estimates and horizontal lines represent 95% confidence intervals (CIs); the vertical dashed line denotes the null value. Indirect effects were observed in the overall sample and were most evident in the 60–69-year group, whereas estimates in the 50–59-year and ≥70-year groups were less precise.
(B) Restricted cubic spline association between ferritin decline slope and predicted FEV₁. The solid line shows the fitted spline curve and the shaded band indicates the 95% CI. The vertical dashed line denotes a ferritin decline slope of 0. The observed shape was consistent with a non-monotonic association.
Unless otherwise indicated, estimates were adjusted for age, sex, smoking status, body mass index, log-transformed C-reactive protein, and hemoglobin. Abbreviations: CI, confidence interval; CRP, C-reactive protein; CV, coefficient of variation; FEV₁, forced expiratory volume in 1 second.
Alt text: Multi-panel figure showing CRP-mediated indirect effects of ferritin variability on FEV1 and a nonlinear restricted cubic spline association between ferritin slope and predicted FEV1.
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