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Abstract
Aim
To examine whether perceived-health and physical-function trajectories were associated with newly

reported chronic lung disease among postmenopausal Chinese women, with asthma as a secondary
outcome.

Methods

China Health and Retirement Longitudinal Study measurements of self-rated health, activities of daily
living limitation, and mobility limitation in 2011, 2013, and 2015 were classified using latent class mixed
models. Outcome-specific risk sets required an explicit negative report in 2015, no earlier positive report,
and valid 2018 status. Multivariable logistic models used 20 multiply imputed data sets and false
discovery rate correction.

Results

Risk sets included 6,279 women for chronic lung disease (487 new reports) and 6,773 for asthma (167
new reports); exposure-specific models included 6,072-6,126 and 6,548-6,615 women, respectively.
Compared with improving self-rated health, persistently poor/worsening self-rated health was
associated with chronic lung disease (adjusted odds ratio 3.54, 95% confidence interval 2.23-5.62; q <
0.001) and asthma (4.16, 1.84-9.39; g = 0.001). Increasing mobility limitation was also associated with
both outcomes (1.78, 1.44-2.19; and 2.24, 1.61-3.13, respectively; g < 0.001 for both). ADL associations
had g =0.05.

Conclusions

Less favorable perceived-health and mobility trajectories were associated with newly reported
respiratory disease among women who were postmenopausal in 2018. This study does not establish
causation, and the trajectories have not been validated for clinical prediction.

Clinical Trial Registration

Not applicable.

Introduction
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Chronic respiratory diseases contribute substantially to disability in middle-aged and older adults, and
their effects often coexist with multimorbidity, frailty, and reduced independence.”? Women may
experience respiratory disease differently across the life course because of sex-related airway biology,
smoking susceptibility, body composition, and reproductive aging.3~® Menopause is therefore a relevant
clinical context, although it should not be treated as an isolated cause of later respiratory disease.

Self-rated health and physical function may capture vulnerability that is not represented by a disease
label alone. Limitations in activities of daily living (ADL) and mobility reflect cumulative symptoms,
multimorbidity, muscle reserve, and participation. Prospective evidence has linked impaired physical
function or frailty with chronic lung disease, respiratory disease, and adverse outcomes among older
adults.’%7® These measures could therefore identify patterns of vulnerability before a respiratory
condition is newly reported, but a single measurement cannot distinguish persistent limitation from
recent deterioration.

The China Health and Retirement Longitudinal Study (CHARLS) provides repeated health and function
measurements in a national cohort of adults aged 45 years and older.’” Previous CHARLS studies have
examined respiratory multimorbidity, frailty, and asthma-related risk.'®1418 However, it remains unclear
whether longitudinal patterns of perceived health and function are associated with newly reported
respiratory disease specifically among postmenopausal women. Analyses can also be distorted when
disease variables are combined across waves or when prevalent and newly reported disease are not
separated.

This study examined whether 2011-2015 trajectories of self-rated health, ADL limitation, and mobility
limitation were associated with newly reported physician-diagnosed chronic lung disease in 2018 among
postmenopausal women who had reported no chronic lung disease through 2015. Newly reported
asthma was evaluated as a secondary outcome. It was hypothesized that poorer or worsening
trajectories would be associated with higher odds of both outcomes, while recognizing that these
classes are empirical summaries rather than clinical phenotypes.

Methods
Study design and participants

This longitudinal cohort study used Harmonized CHARLS data from the 2011, 2013, 2015, and 2018
waves. CHARLS uses multistage probability sampling to follow community-dwelling Chinese adults aged

45 years and older.’ The exposure window comprised the 2011, 2013, and 2015 waves, and respiratory
outcomes were fixed to 2018. This separation ensured that later disease reports were not used to
construct earlier exposure histories.

Women were classified as postmenopausal in 2018 when their 2018 age was at or above the earliest
valid age at menopause (20-65 years), taken from the direct age report or derived as menopause year
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minus birth year. When age at menopause was unavailable, the 2018 menopause-status response was
used. The trajectory cohort included postmenopausal women who were eligible for at least one
outcome-specific risk set and had at least two valid measurements for the exposure being modeled. For
chronic lung disease, the risk set required no positive report in 2011-2015, a negative report in 2015,
and valid 2018 status. The asthma risk set was defined analogously. Participants could contribute to one
or both risk sets.

All participants who met the eligibility criteria were included; no a priori sample-size calculation was
performed.

Trajectory exposures

Self-rated health was coded from 1 to 5, with higher scores indicating poorer perceived health. ADL
limitation counted difficulties across four basic activities (range 0—4), and mobility limitation counted
difficulties across seven activities (range 0—7); higher scores indicated greater limitation. Values outside
the documented range and designated missing codes were set to missing. Each exposure was modeled
separately using its 2011, 2013, and 2015 measurements. Operational definitions are provided in
Supplementary Table S1.

Respiratory outcomes

The primary outcome was a newly reported physician diagnosis of chronic lung disease in 2018. The
secondary outcome was newly reported physician-diagnosed asthma in 2018. The term newly reported
was used because CHARLS records self-reported physician diagnoses rather than adjudicated dates of
onset. A 2018 report could therefore represent a new diagnosis, delayed recognition, or a change in
reporting.

Covariates

Covariates were selected before association modeling and taken from the most recent valid pre-2018
wave: age, educational level, rural residence, partnered status, body mass index, ever smoking, alcohol
use in the previous year, and a count of five non-respiratory conditions (hypertension, dyslipidemia,
diabetes, heart disease, and stroke). Education was grouped as less than lower secondary, upper
secondary or vocational, or tertiary. The adjustment set was identical across exposures and outcomes.

Statistical analysis

For each exposure, latent class mixed models were estimated with participant-specific random
intercepts and slopes using the lcmm package in R.'® Linear and quadratic time functions and one to
four classes were considered. The one-class model provided a formal comparator and starting values.
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Multiclass models used five random starts; the selected solution was challenged with 30 starts. Eligible
solutions required convergence, a minimum class proportion of 5%, and a minimum class-specific
average posterior probability of 0.70. Among eligible solutions, the lowest Bayesian information criterion
(BIC) was selected if it improved BIC by more than 10 relative to the best one-class model. Class labels
were assigned after examining predicted levels and direction and are descriptive rather than diagnostic.
Complete candidate-model results are provided in Supplementary Table S2 and Supplementary Figure
S1; class characteristics and classification certainty are shown in Supplementary Table S3 and
Supplementary Figure S2.

Trajectory class was related to each binary outcome using multivariable logistic regression, with the
most favorable class as reference. Missing age, rural residence, body mass index, and condition count
were imputed by chained equations in 20 data sets with 10 iterations; outcomes and trajectory classes
were not imputed.?® Estimates were pooled using Rubin rules. Covariate missingness is summarized in
Supplementary Table S5. Benjamini—Hochberg false discovery rate correction was applied across all
trajectory-class contrasts in the two outcomes.?" All sensitivity analyses used complete covariate cases;
additional analyses excluded assignments with posterior probability below 0.70, required all three
exposure waves, or modeled age and body mass index with natural splines and condition count
categorically. Associations are presented as adjusted odds ratios (ORs) with 95% confidence intervals
(Cls). Two-sided P values and false discovery rate q values are reported; q < 0.05 was considered
evidence after multiplicity correction.

Analyses used R version 4.6.0, Icmm version 2.2.2, and mice version 3.19.0, with a fixed random seed of
20260914. Survey weights were not incorporated into either trajectory estimation or association
modeling; estimates therefore describe the analytic sample rather than population prevalence.

OpenAl Codex (accessed September 2026) assisted with drafting and reviewing analysis code, checking
consistency between statistical outputs and manuscript text, and English-language editing. Public-use
data were processed locally, and all statistical outputs were generated by the documented R scripts; no
Al output was treated as scientific evidence. The authors retain responsibility for final verification of the
analyses and manuscript.

Ethics

The CHARLS household survey was approved by the Biomedical Ethics Review Committee of Peking
University (IRB00001052-11015), and all participants provided written informed consent under the
CHARLS protocol. The present study used de-identified public-use data and involved no new participant
contact.

Results

Participants

Page 5/16



Among 25,586 CHARLS participants, 13,244 were women and 8,489 were classified as postmenopausal
in 2018. After outcome-specific disease-history requirements were applied, 6,939 women were eligible
for at least one risk set. The chronic lung disease risk set included 6,279 women, of whom 487 (7.8%)
newly reported the condition in 2018. The asthma risk set included 6,773 women, with 167 new reports
(2.5%) (Fig. 1). Exposure-specific adjusted models included 6,072-6,126 women for chronic lung
disease and 6,548-6,615 for asthma. Characteristics of the chronic lung disease risk set are shown in
Table 1; characteristics of the asthma risk set are provided in Supplementary Table Sé.

Trajectory selection

All selected models converged and met the predefined class-size and posterior-probability thresholds.
The selected self-rated-health model comprised Improving self-rated health (706; 10.5%); Stable fair self-
rated health (4,975; 74.1%); Persistently poor/worsening self-rated health (1,031; 15.4%). The selected
ADL-limitation model comprised Persistently low ADL limitation (6,317; 93.3%); Increasing ADL limitation
(455; 6.7%). The selected mobility-limitation model comprised Stable lower mobility limitation (5,202;
76.7%); Increasing mobility limitation (1,577; 23.3%). Selected solutions improved BIC by substantially
more than 10 compared with the corresponding one-class models (Table 2 and Fig. 2).

Newly reported chronic lung disease

Compared with improving self-rated health, the least favorable self-rated-health class had an adjusted
OR of 3.54 (95% Cl 2.23-5.62; P < 0.001; g < 0.001). Increasing mobility limitation was also associated
with a new chronic lung disease report (adjusted OR 1.78,95% Cl 1.44-2.19; P < 0.001; g < 0.001). For
increasing ADL limitation, the estimate was smaller and did not remain below the false discovery rate
threshold (adjusted OR 1.391, 95% CI 1.004-1.928; P =0.048; q = 0.063) (Table 3).

Newly reported asthma

The least favorable self-rated-health class was associated with newly reported asthma (adjusted OR
4.16,95% Cl 1.84-9.39; P<0.001; q = 0.001), as was increasing mobility limitation (adjusted OR 2.24,
95% Cl11.61-3.13; P<0.001; g < 0.001). Increasing ADL limitation was not clearly associated with
asthma (adjusted OR 1.37,95% Cl 0.83-2.26; P = 0.223; q = 0.223) (Table 3).

Sensitivity analyses

All sensitivity estimates remained on the same side of 1.00 as the corresponding multiply imputed
estimate, although confidence intervals varied across restrictions. Asthma estimates were generally less
precise because only 167 new reports occurred. All four analyses used complete covariate cases; the
additional restrictions concerned classification probability, exposure-wave completeness, or nonlinear
covariate specification. Full results are provided in Supplementary Table S4 and Supplementary Figure
S3.

Note
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Sequential exclusions were 12,342 participants not classified as women, 4,755 women not classified as
postmenopausal in 2018, and 1,550 postmenopausal women ineligible for both outcome-specific risk
sets. The two risk sets overlap. A new report required a negative 2015 report, no positive report in 2011-
2015, and valid 2018 status. ADL, activities of daily living; CHARLS, China Health and Retirement

Longitudinal Study.

Table 1

Characteristics of the chronic lung disease risk set.

Characteristic

Rural residence

Partnered

Ever smoked

vocational

of daily living.

Age in 2015, years

Body mass index, kg/m?
Non-respiratory condition count
Self-rated health score in 2015
ADL limitation score in 2015

Mobility limitation score in 2015

Drank alcohol in the previous year

Education: Less than lower secondary

Education: Upper secondary or

Education: Tertiary

Overall
61.1(9.2); 6,273
24.3 (3.9); 6,037
0.9 (1.0); 6,122
3.0(1.0); 6,048
0.2 (0.7); 6,216
1.7 (1.7); 6,216

5,117 (81.5);
6,277

5,202 (82.8);
6,279

521 (8.3); 6,279
915 (14.6); 6,279

5,815 (92.6);
6,279

407 (6.5); 6,279

57 (0.9); 6,279

No new report
60.9 (9.2); 5,787
24.3 (3.8); 5,567
0.8 (1.0); 5,650
2.9 (1.0); 5,582
0.2 (0.7); 5,729
1.6 (1.7); 5,729

4,707 (81.3);
5,790

4,833 (83.4);
5792

461 (8.0); 5,792
840 (14.5); 5,792

5,350 (92.4);
5.792

386 (6.7); 5,792

56 (1.0); 5,792

New report
63.0 (8.9); 486
24.1 (4.2); 470
1.2 (1.2); 472
3.4 (0.9); 466
0.4 (0.9); 487
2.4 (1.8); 487
410 (84.2); 487

369 (75.8); 487

60 (12.3); 487
75 (15.4); 487
465 (95.5); 487

21 (4.3); 487

1(0.2); 487

Note. Values are mean (standard deviation); available N for continuous variables and n (%); available
N for categorical variables. No hypothesis tests were used for baseline comparisons. ADL, activities
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Table 2
Selected latent class mixed models and classification quality.

Exposure Trajectory  Selected Class Entropy Min BIC
N model distribution AvePP  improvement
vsG=1
Self-rated 6,712 Quaderatic, C1:706 (10.5%); 0.743 0.725 542.7
health 3 classes C2:4,975

(74.1%); C3:
1,031 (15.4%)

Activities of 6,772 Quadratic, C1.6,317 0.996 0.996 6120.6
daily living 2 classes 93.3%); C2: 455

limitation 6.7%)

Mobility 6,779 Quadratic, C1:5,202 0.754 0.870 952.7
limitation 2 classes (76.7%); C2:

1,577 (23.3%)

Note. BIC improvement is the best one-class BIC minus the selected-model BIC. AvePP, average
posterior probability; BIC, Bayesian information criterion; G, number of classes.

Note

Solid lines are model-predicted values; points are class-specific observed means. Class names describe
empirical patterns and are not clinical diagnoses. ADL, activities of daily living.
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Table 3

Adjusted associations of trajectory classes with newly reported respiratory disease in 2018.

Exposure

Self-rated
health

Self-rated
health

Activities of
daily living
limitation

Mobility
limitation

Self-rated
health

Self-rated
health

Activities of
daily living
limitation

Mobility
limitation

Contrast

Stable fair self-rated
health vs Improving
self-rated health

Persistently
poor/worsening self-
rated health vs
Improving self-rated
health

Increasing ADL
limitation vs
Persistently low ADL
limitation

Increasing mobility
limitation vs Stable
lower mobility
limitation

Stable fair self-rated
health vs Improving
self-rated health

Persistently
poor/worsening self-
rated health vs
Improving self-rated
health

Increasing ADL
limitation vs
Persistently low ADL
limitation

Increasing mobility
limitation vs Stable
lower mobility
limitation

Outcome

New
chronic
lung
disease
report

New
chronic
lung
disease
report

New
chronic
lung
disease
report

New
chronic
lung
disease
report

New
asthma
report

New
asthma
report

New
asthma
report

New
asthma
report

N/events

6,072/479

6,072/479

6,119/484

6,126/484

6,548/161

6,548/161

6,608/166

6,615/166

Adjusted
OR (95%
Cl)

1.93
(1.26-
2.96)

3.54
(2.23-
5.62)

1.391
(1.004-
1.928)

1.78
(1.44-
2.19)

2.03
(0.93-
4.39)

4.16
(1.84-
9.39)

1.37
(0.83-
2.26)

2.24
(1.61-
3.13)

P

0.002

<
0.001

0.048

<
0.001

0.074

<
0.001

0.223

<
0.001

FDR q

0.004

<
0.001

0.063

<
0.001

0.084

0.001

0.223

<
0.001

Note. Estimates were pooled across 20 multiply imputed data sets and adjusted for age, education,
rural residence, partnered status, body mass index, ever smoking, alcohol use in the previous year,
and non-respiratory condition count. Cl, confidence interval; FDR, false discovery rate; OR, odds ratio.

Discussion
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In this longitudinal analysis of postmenopausal Chinese women, poorer or worsening self-rated health
and increasing mobility limitation were associated with newly reported chronic lung disease and asthma
in 2018. The largest estimates were observed for the least favorable self-rated-health class: the adjusted
odds were 3.54-fold for chronic lung disease and 4.16-fold for asthma relative to the improving class.
Increasing ADL limitation showed a weaker association with chronic lung disease and no clear
association with asthma after accounting for multiplicity. These findings identify longitudinal health and
functional patterns that preceded later respiratory reports, but they do not show that the trajectories
caused the outcomes.

The results are consistent with a broader functional-aging view of respiratory vulnerability. Physical
limitation and frailty have been associated with chronic lung disease, reduced lung function, and adverse
outcomes in older populations.’ 1 Mobility may be especially informative because it integrates lower-
extremity reserve, exertional tolerance, pain, cardiovascular burden, and habitual activity. A worsening
mobility score can therefore precede respiratory diagnosis without being specific to pulmonary
pathology. The trajectory may mark broader vulnerability in research settings, but it cannot distinguish
airway disease from cardiac, musculoskeletal, or general frailty pathways.

The persistently poor/worsening self-rated-health trajectory produced the largest estimates. Self-rated
health summarizes symptoms and limitations that may not yet have generated a recorded diagnosis, but
it is also influenced by mood, health expectations, and existing multimorbidity. The observed association
could reflect early respiratory symptoms, declining reserve, or greater contact with health services.
Reverse causation remains possible because undiagnosed respiratory disease could have affected self-
rated health and mobility during 2011-2015. The results should therefore be read as temporal risk-
marker evidence rather than as evidence that improving perceived health would prevent disease.

Associations with asthma were directionally similar but less precise. Asthma in women varies across
reproductive stages and may be influenced by adiposity, hormonal context, smoking, and environmental
exposures.® 222725 The present analysis did not identify asthma phenotype, severity, medication use, or
age at diagnosis. In addition, a new 2018 report does not necessarily represent biological onset between
2015 and 2018. The secondary outcome nonetheless suggests that the mobility and self-rated-health
patterns were not confined to the broader chronic lung disease label.

The study has several strengths. Respiratory outcomes were fixed to one wave, prior positive reports
through 2015 were excluded separately for each condition, and trajectory estimation was independent of
outcome status. One- through four-class linear and quadratic models were compared using predefined
class-quality thresholds. Multiplicity was addressed, and several sensitivity analyses tested missing-data
assumptions, classification confidence, exposure completeness, and nonlinear covariate adjustment.

Several limitations remain. Diagnoses were self-reported and were not confirmed by medical records or
spirometry; newly reported disease is not equivalent to verified incidence. Smoking intensity, passive
smoke, household fuel, outdoor air pollution, occupational exposures, respiratory medication, hormone
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therapy, and respiratory infection history were unavailable or incomplete, leaving residual

confounding.?2-2° Age at menopause was missing for approximately 40% of the eligible sample, and
time since menopause was not included in adjustment. Only three exposure waves were available, and
the scores were modeled as approximately continuous. Latent classes are sample-dependent, and
modal assignment does not fully propagate classification uncertainty. Multiple imputation depends on
the missing-at-random assumption. Mortality or loss to follow-up before 2018 could introduce selection
bias. Finally, survey weights were not used in the trajectory or association models, limiting population-
level inference.

In conclusion, less favorable self-rated-health and mobility trajectories from 2011 to 2015 were
associated with newly reported chronic lung disease and asthma in 2018 among postmenopausal
Chinese women. These patterns describe broader health and functional vulnerability before a respiratory
report. Replication with adjudicated diagnoses, spirometry, detailed exposure histories, and external
cohorts is required before the trajectories can be used for clinical risk stratification.
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Trajectory models were estimated independently of the 2018 outcomes.

Figure 1

Participant selection, outcome-specific risk sets, and the fixed 2018 outcome design.

Note. Sequential exclusions were 12,342 participants not classified as women, 4,755 women not
classified as postmenopausal in 2018, and 1,550 postmenopausal women ineligible for both outcome-
specific risk sets. The two risk sets overlap. A new report required a negative 2015 report, no positive
report in 2011-2015, and valid 2018 status. ADL, activities of daily living; CHARLS, China Health and
Retirement Longitudinal Study.
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Figure 2

Selected health and functional trajectories from 2011 to 2015.

Note. Solid lines are model-predicted values; points are class-specific observed means. Class names
describe empirical patterns and are not clinical diagnoses. ADL, activities of daily living.
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