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ABSTRACT
Background:  Childhood, often characterized by multiple concurrent risk factors, holds significant 
influence over long-term respiratory outcomes, with the intricate interplay among these factors 
representing an intriguing but underexplored avenue for research. We aimed to determine if 
respiratory risk factors during childhood affect lung function and chronic obstructive pulmonary 
disease (COPD) in old age.
Methods:  Participants were drawn from the Health and Retirement Study cohort. Latent class 
analysis (LCA) was applied with six variables used to develop the early-life respiratory risk profiles. 
Linear regressions and logistic regressions were used to assess the associations between childhood 
respiratory risk profiles and lung function, including peak expiratory flow (PEF) value, PEF value 
<80% of the predicted value and COPD.
Results:  A total of 12,296 participants (5017 males and 7279 females) with an average age of 
68 years were recruited. We identified six distinct childhood respiratory risk profiles: (1) ‘Asthma 
and respiratory disorders in early childhood’ (n = 241, 1.96%), (2) ‘Unexposed or least exposed’ 
(n = 3874, 31.51%), (3) ‘Smokers at home’ (n = 7609, 61.88%), (4) ‘Ear problems and respiratory 
disorders in early childhood’ (n = 162, 1.32%), (5) ‘Allergic conditions and respiratory disorders in 
early childhood’ (n = 220, 1.79%) and (6) ‘Allergic conditions and respiratory disorders in later 
childhood’ (n = 190, 1.55%). Profile 2 served as the reference. The highest reduction of PEF was 
seen for profile 1 (–30.07 L/min), followed by profile 6 (–22.24 L/min) and profile 5 (–18.47 L/min). 
Profile 6, profile 3 and profile 1 related to 1.98-, 1.52- and 1.66-fold increased risks of diminished 
PEF values, respectively. The highest risk of COPD was observed in profile 5 (aOR = 4.16, 95% CI: 
3.75–4.57), followed by profile 6 (aOR = 4.10, 3.69–4.51), profile 4 (aOR = 3.70, 3.25–4.15), profile 
1 (aOR = 3.46, 3.07–3.85) and profile 3 (aOR = 1.41, 1.25–1.57).
Conclusions:  People exposed to early-life respiratory challenges experienced larger declines in 
lung function and increased risks of COPD later in life. Our findings underscore the importance 
of early-life respiratory health in shaping lung function trajectories.

Introduction

Respiratory health serves as a cornerstone of overall 
well-being [1]. Chronic obstructive pulmonary disease 
(COPD) is characterized by persistent airway and alve-
olar abnormalities, resulting in chronic respiratory 
symptoms such as dyspnoea, cough and sputum pro-
duction, which is the eighth leading cause of poor 
health globally (measured in disability-adjusted life 

years) [2–4]. Despite its global prevalence, COPD is fre-
quently under-recognized and inadequately diagnosed 
[5]. Projections from the World Health Organization on 
mortality and disease burden state that by 2030, COPD 
is projected to emerge as the third leading cause of 
mortality on a global scale [6]. The burden of COPD is 
disproportionately higher in the elderly, a demographic 
segment poised for amplification, underscoring the 
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imperative for rigorous longitudinal studies to eluci-
date the implications of early-life exposures on subse-
quent pulmonary health outcomes [3,7]. Measures of 
limited lung function are recognized as pivotal physio-
logical markers correlated with diminished physical 
capacity, poorer health status and reduced survival 
rates [8,9]. Peak expiratory flow (PEF) refers to the 
maximum instantaneous airflow achieved during 
forced expiration in a spirometry test and is widely 
acknowledged as an indicator of airflow through the 
bronchi, providing insight into obstructive ventilatory 
defects in the airways [10]. Traditional metrics like 
forced expiratory volume in one second (FEV1) and 
forced vital capacity (FVC) are commonly used as the 
gold standard to measure lung function status [10]. 
However, in the context of the elderly and large-scale 
epidemiological surveys, the ease of operation and 
convenience of PEF seem to make it an alternative 
indicator to reflect lung function to some extent [9,11].

COPD is a progressively developing condition over 
time, often resulting from the combined effects of 
multiple risk factors. Researches have shown that 
tobacco exposure (either active smoking or passive 
exposure to second-hand smoke) and air pollution are 
the most common causes, while other contributing 
factors include occupational exposures (such as dust, 
smoke, or chemicals), early-life events that hinder max-
imal lung development (e.g. intrauterine growth 
restriction, preterm birth and frequent or severe respi-
ratory infections during childhood), childhood asthma 
and poor mental health (e.g. anxiety and depression) 
[4]. Additionally, a rare genetic disorder, alpha-1 anti-
trypsin deficiency, can lead to COPD at a young age 
[12]. A mounting body of evidence underscored the 
pivotal role played by early-life respiratory risk factors 
in shaping the trajectory of COPD later in life [13–15]. 
Childhood often serves as the crucible for a myriad of 
concurrent risk factors, the intricate interplay among 
which may wield a profound influence on long-term 
respiratory outcomes [1,16–21]. While prior investiga-
tions have delved into isolated or simplistic combina-
tions of childhood factors, the intricate web of 
interactions among coexisting factors remains largely 
uncharted territory [1,16–21]. For instance, a plethora 
of childhood adversities, including respiratory infec-
tions, asthma, allergies, pneumonia, passive smoking 
exposure and an expanding array of other risk factors, 
have all been implicated in the erosion of adult lung 
function and the heightened susceptibility to COPD 
[1,16–21]. However, the synergistic impact of these fac-
tors remains an avenue yet to be fully explored. A 
comprehensive understanding of the trajectories that 
link early respiratory risk factors to the attenuation of 

adult lung function assumes paramount importance in 
both the prophylaxis and management of COPD.

In this study, we endeavour to elucidate the longi-
tudinal trajectories of lung function across different 
childhood risk profiles identified through latent class 
analysis (LCA) and to investigate the associations 
between childhood respiratory risk profiles and pulmo-
nary function outcomes in later life via a sizable cohort 
of elderly individuals. We hypothesize that early child-
hood respiratory issues may be significantly associated 
with a decline in lung function and an increased risk 
of COPD in older adults. Through a multidimensional 
approach, our study contributes to a deeper under-
standing of the early-life origins of respiratory disease.

Methods

Data source and participants

Participants were drawn from the Health and 
Retirement Study (HRS), a nationally representative 
longitudinal study of Americans aged 50 and older, 
providing de-identified data updates every 2 years 
since 1992 [22,23]. It covers a wide range of structured 
variables including demographics, childhood experi-
ences, medical health and physical measurements 
[22,23]. Physical measurements were taken for one-half 
of the full survey sample in 2006, and the other half in 
2008 [9]. To reduce recall bias, trained interviewers 
segmented the recall into different life cycle stages 
(e.g. 0–12 years, 12–16 years, etc.), allowing participants 
to recall each stage more specifically and clearly, 
thereby minimizing bias. At the same time, consistency 
check questions (e.g. asking about other events or 
health details consistent with the participant’s recall) 
were used to verify the accuracy. The inclusion and 
exclusion criteria of this study are shown in the flow-
chart (Figure 1). The HRS is sponsored by the National 
Institute on Aging (grant number NIA U01AG009740) 
and is conducted by the University of Michigan.

Childhood respiratory risk condition

Respondents were queried about their childhood 
health, including whether they experienced asthma, 
respiratory disorders (such as bronchitis, wheezing, hay 
fever, shortness of breath, or sinus infection), allergic 
conditions, or ear problems (chronic ear problems or 
infections) before the age of 16. Additionally, informa-
tion on the age of first diagnosis for these conditions 
was collected for classification purposes. Participants 
were also asked about parental smoking habits and 
their smoking history during adolescence. Ultimately, 



Annals of Medicine 3

six childhood respiratory risk factors were included in 
the analysis: parental smoking (yes/no), childhood 
smoking (yes/no), respiratory disorders (<12 years old, 
≥12 years old, or none), asthma (<12 years old, ≥12 years 
old, or none), allergic conditions (<12 years old, 
≥12 years old, or none) and ear problems (<12 years 
old, ≥12 years old, or none).

PEF, PEF < 80% of the predicted value and COPD

In assessing lung function, we focused on three key 
indicators: PEF value, prevalence of PEF < 80% of the 
predicted value and COPD diagnosis, which allowed 
for a thorough evaluation of lung function and respi-
ratory health status among study participants. The PEF 
test procedure involved taking three measurements at 
30-s intervals using a Mini-Wright peak flow meter 
(Clement Clarke International Ltd., Harlow, United 
Kingdom) by trained interviewers [11]. The highest 
value from the three measurements was recorded as 
the respondent’s PEF value. Consistent with previous 
research, we examined the clinical threshold for PEF < 
80% of the predicted value [9,11]. For both men and 
women, the predicted PEF was calculated using the 
equation unified in previous studies [11]. The mea-
sured PEF was subsequently divided by the predicted 
PEF to yield the percentage of the predicted PEF, with 
values <80% indicating diminished lung function. 
Physician-diagnosed COPD was ascertained through 
responses to the question: ‘Has a physician ever 
informed you that you have chronic lung disease such 
as chronic bronchitis or emphysema? Yes, or no?’

Covariates

The demographic covariates comprised age, gender, 
educational level (in years), race, ethnicity and total 
wealth income (quartiles). Mother’s education (in years) 
served as a robust indicator reflecting the socioeco-
nomic status (SES) of childhood [24]. Additionally, 
height (cm), moderate physical activity, current and 
past cigarette smoking and body mass index (BMI; kg/
m2) were also considered. Physician-diagnosed chronic 
diseases included stroke, heart disease, hypertension, 
diabetes, cancer, arthritis and psychiatric disorders, 
based on which the total number of chronic diseases 
was computed. Depressive symptoms were assessed 
using the eight-item Centers for Epidemiologic 
Research Depression (CES-D) scale, which measured 
the frequency of feelings on eight dichotomous items 
in the past week [24,25]. The total scores ranged from 
0 to 8, with higher scores indicating more severe 
depressive symptoms [24,25].

Statistical analysis

We applied descriptive statistics, presenting means 
(standard deviation, SD) for continuous variables and 
frequencies (proportions) for categorical ones. Normality 
was tested through the distribution of residuals exam-
ined by histograms and Q–Q plots. Between-group  
differences were tested using one-way ANOVA/inde-
pendent t-tests for continuous data and chi-square 
tests for categorical variables. Charting the landscape 
of early-life respiratory risk factors was achieved 
through the sophisticated application of LCA [26]. 

Figure 1. F lowchart of analysis based on the Health and Retirement Study (HRS).
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Within this statistical framework, we honed in on two 
essential probabilities: the conditional, which portrays 
the chance of exhibiting specific indicators within iden-
tified classes, and the posterior, offering insights into 
each participant’s likelihood of class membership. To 
achieve optimal model fit, we tested models with an 
increasing number of classes based on the Akaike 
Information Criterion and the substantive relevance of 
the classifications.

We examined the association between childhood 
respiratory risk factor profiles and lung function in old 
age using linear regression with PEF value as the out-
come and logistic regressions with the presence of PEF 
< 80% of the predicted value and COPD as the out-
comes. Model 1 adjusted for age, gender, education, 
race, ethnicity and height; Model 2 additionally added 
the SES both in childhood and adulthood; Model 3 
then included smoking status, moderate physical activ-
ity and BMI based on Model 2; Model 4 further inte-
grated CES-D score and the number of chronic diseases 
as the full-adjusted model. Given that the presence of 
PEF < 80% of the predicted value was derived from 
gender, age, height, race and ethnicity, those variables 
were not included as covariates in the corresponding 
logistic regression models. We also examined interac-
tions between the independent variables and covari-
ates and then conducted stratified analyses. All 
analyses were conducted using R statistical software 
(version 4.3.2). Significance was set at p < 0.05 
(two-tailed).

Results

Characteristics of study participants

Only 12,296 individuals were ultimately included in 
the analysis (Figure 1). The average age of all partici-
pants was 68.25 (9.79) years old, with 40.8% being 
male, 13.56% identified as Black/African American and 
8.29% as Hispanic. Nearly three-fifths of participants 
were afflicted by two or more chronic diseases. The 
average PEF value for all participants was 330.83 
(80.03) L/min, and about 18.16% had a low PEF < 
80% of the predicted value. Moreover, 1042 (8.5%) 
participants reported a physician-diagnosed COPD, 
showing lower lung function, current or former smok-
ing, older age, White/Caucasian ethnicity, non-Hispanic 
background, lower education, lower SES (both in 
childhood and adulthood), reduced physical activity, 
higher BMI and more concurrent chronic diseases 
compared to those without a COPD diagnosis 
(Table S1).

Childhood respiratory risk factor profiles 
identified by LCA

Figure 2 illustrates the best-fit LCA model, which iden-
tified six latent classes, each reflecting a distinct child-
hood respiratory risk factor profile. These profiles were 
characterized by their elevated likelihood of specific 
risk factors and categorized as follows: ‘Asthma and 
respiratory disorders in early childhood’ profile (n = 241, 
1.96%), ‘Unexposed or least exposed’ profile (n = 3874, 
31.51%), ‘Smokers at home’ profile (n = 7609, 61.88%), 
‘Ear problems and respiratory disorders in early child-
hood’ profile (n = 162, 1.32%), ‘Allergic conditions and 
respiratory disorders in early childhood’ profile (n = 220, 
1.79%) and ‘Allergic conditions and respiratory disor-
ders in later childhood’ profile (n = 190, 1.55%). The 
‘Unexposed or least exposed’ profile served as the ref-
erence for all analyses. Detailed characteristics of each 
risk profiles are provided in Table S2.

Lung function characterized by LCA profiles and 
basic features

Notable variations were observed in PEF values, the 
prevalence of PEF < 80% of the predicted value and 
the presence of COPD across six distinct childhood risk 
factor profiles, as outlined in Table 1. Specifically, PEF 
values exhibited a gradient across profiles, with the 
highest noted in the ‘Smokers at home’ profile (365.84 L/
min), followed by the ‘Allergic conditions and respira-
tory disorders in early childhood’ profile (359.82 L/min), 
the ‘Asthma and respiratory disorders in early child-
hood’ profile (347.44 L/min), the ‘Unexposed or least 
exposed’ profile (343.93 L/min), the ‘Ear problems and 
respiratory disorders in early childhood’ profile 
(343.64 L/min) and the ‘Allergic conditions and respira-
tory disorders in later childhood’ profile (326.73 L/min) 
in Table 1. Elderly individuals diagnosed with COPD 
exhibited a substantially lower PEF of only 268.67 L/
min compared to 365.8 L/min in the non-diseased 
group (Table 1). Among those participants with COPD, 
their PEF values exhibited significant reductions, rang-
ing from 253.54 L/min in the ‘Unexposed or least 
exposed’ profile to 279.49 L/min in the ‘Allergic condi-
tions and respiratory disorders in early childhood’ pro-
file (Table S3–S4).

Regarding the prevalence of PEF < 80% of the 
predicted value in the total sample in Table 1, the 
top three profiles with the highest prevalence were 
the ‘Ear problems and respiratory disorders in early 
childhood’ profile (24.07%), the ‘Asthma and respira-
tory disorders in early childhood’ profile (26.97%) 

https://doi.org/10.1080/07853890.2025.2470954
https://doi.org/10.1080/07853890.2025.2470954
https://doi.org/10.1080/07853890.2025.2470954
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and the ‘Allergic conditions and respiratory disorders 
in later childhood’ profile (27.89%). In addition, the 
prevalence of PEF < 80% of the predicted value of 
the COPD sample was three times higher than the 
non-COPD group (Table 1). Among participants with 
COPD, the ‘Allergic conditions and respiratory disor-
ders in later childhood’ profile, ‘Asthma and respira-
tory disorders in early childhood’ profile and ‘Smokers 
at home’ profile had the highest prevalence of PEF < 
80% of predicted values, at 60.53%, 53.66% and 
49.85%, respectively (Table S3). Conversely, in the 
non-COPD group, the three profiles with the highest 
prevalence rates of PEF < 80% of predicted values 
remained consistent with the overall population, 

albeit with a different ranking of the top two 
(Table S4).

As for the presence of COPD, the prevalence of 
other populations affected by childhood respiratory 
risk factors was significantly higher compared to the 
‘Unexposed or least exposed’ profile (Table 1). The top 
three groups with the highest COPD prevalence were 
the ‘Ear problems and respiratory disorders in early 
childhood’ (21.60%), the ‘Allergic conditions and respi-
ratory disorders in later childhood’ profile (20.00%) and 
the ‘Allergic conditions and respiratory disorders in 
early childhood’ profile (17.73%), closely followed by 
the ‘Asthma and respiratory disorders in early child-
hood’ profile (17.01%) (Table 1).

Figure 2.  The probability of having each risk factor among six risk factor profiles based on the latent class analysis (LCA).
Notes: Profile 1 = Asthma and respiratory disorders in early childhood; Profile 2 = Unexposed or least exposed; Profile 3 = Smokers at home; Profile 4 = 
Ear problems and respiratory disorders in early childhood; Profile 5 = Allergic conditions and respiratory disorders in early childhood; Profile 6 = Allergic 
conditions and respiratory disorders in later childhood.

https://doi.org/10.1080/07853890.2025.2470954
https://doi.org/10.1080/07853890.2025.2470954
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Table 1. L ung function characterized by features of the overall study participants (n = 12,296).

Characteristics

PEF (L/min) PEF < 80% COPD

Mean SD p-value N Percentage (%) p-value N Percentage (%) p-value

Total 357.57 132.35 2233 18.16 1042 8.47%
Age groups (years) <0.01** <0.01** <0.01**
  <60 414.57 126.45 407 14.45 156 5.54
  60–64 385.70 124.89 257 15.04 117 6.85
  65–69 366.47 130.04 425 17.92 221 9.32
  70–74 338.44 124.56 438 20.65 234 11.03
  ≥75 299.85 121.45 706 21.54 314 9.58
Gender <0.01** <0.05* 0.334
  Male 441.18 137.87 857 17.08 410 8.17
 F emale 299.94 91.38 1376 18.9 632 8.68
Race <0.01** <0.01** <0.01**
  White/Caucasian 362.95 132.71 1816 17.99 901 8.93
  Black/African 

American
327.27 128.07 366 21.96 109 6.54

 O ther 350.60 125.7 51 9.50 32 5.96
Ethnicity <0.01** <0.05* <0.01**
 N on-Hispanic 359.47 132.64 2074 18.39 1004 8.90
  Hispanic 336.57 127.3 159 15.60 38 3.73
Education <0.01** <0.01** <0.01**
  <9 years 291.47 120.34 340 30.14 106 9.40
  9–12 years 337.41 126.97 1219 21.56 588 10.40
  13–16 years 383.16 129.50 529 13.09 266 6.58
  ≥17 years 415.44 131.26 145 9.86 82 5.57
Height (cm) <0.01** <0.01** 0.365
  <1.65 297.57 95.57 1176 19.44 527 8.71
  ≥1.65 415.65 137.02 1057 16.92 515 8.24
Mother’s education <0.01** <0.01** <0.01**
  <9 years 326.51 126.76 1308 21.77 562 9.35
  9–12 years 384.73 130.88 758 15.67 389 8.04
  13–16 years 393.03 129.26 153 11.86 84 6.51
  ≥17 years 417.08 134.92 14 8.70 7 4.35
Total wealth income <0.01** <0.01** <0.01**
 L owest 290.02 117.59 912 29.32 387 12.44
  Quartile 2 339.78 119.96 590 19.14 279 9.05
  Quartile 3 382.56 126.23 447 14.56 244 7.95
  Highest 419.64 128.86 284 9.36 132 4.35
BMI (kg/m2) <0.01** <0.01** <0.01**
  Underweight 244.51 108.17 41 39.81 22 21.36
 N ormal 326.02 126.4 676 23.85 273 9.63
 O verweight 370.12 137.11 772 16.96 326 7.16
 O besity 366.71 127.47 744 15.48 421 8.76
Physical activity <0.01** <0.01** <0.01**
 E very day 372.42 131.27 197 14.41 96 7.02
  >1 per week 379.95 129.34 781 14.09 349 6.30
  1 per week 361.36 131.53 345 17.96 141 7.34
  l–3 per month 347.90 127.93 226 20.68 98 8.97
 N ever 298.13 123.96 684 28.82 358 15.09
Smoking <0.01** <0.01** <0.01**
 N ever 353.07 128.00 733 13.70 190 3.55
 E ver smoked 371.72 134.91 926 17.43 568 10.69
 C urrent smoking 326.29 131.63 574 35.13 284 17.38
Depression <0.01** <0.01** <0.01**
 L ow 367.58 132.05 1582 16.08 693 7.05
  Moderate 317.64 128.19 446 26.22 219 12.87
  High 317.36 120.51 205 27.01 130 17.13
Chronic diseasesa <0.01** <0.01** <0.01**
  0 397.24 133.69 246 13.64 46 2.55
  1 374.78 136.02 503 15.45 180 5.53
  2 352.91 127.36 592 17.37 268 7.86
  3 338.59 127.32 474 20.20 268 11.42
  ≥4 312.3 121.55 418 28.19 280 18.88
LCAb <0.01** <0.01** <0.01**
  Profile 1 347.44 133.94 65 26.97 41 17.01
  Profile 2 343.93 132.74 716 18.48 235 6.07
  Profile 3 365.84 131.99 1319 17.33 654 8.60
  Profile 4 343.64 124.68 39 24.07 35 21.60
  Profile 5 359.82 124.29 41 18.64 39 17.73
  Profile 6 326.73 124.15 53 27.89 38 20.00
COPD <0.01** <0.01** /
 N o 365.80 130.88 1715 15.24 / /
  Yes 268.67 114.30 518 49.71 / /

Notes: BMI, body mass index; COPD, chronic obstructive pulmonary disease; LCA, latent class analysis; PEF, peak expiratory flow; SD, standard deviation.
aChronic diseases include stroke, heart disease, hypertension, diabetes, cancer, arthritis, and psychiatric disorders.
bProfile 1 = Asthma and respiratory disorders in early childhood; Profile 2 = Unexposed or least exposed; Profile 3 = Smokers at home; Profile 4 = Ear problems and respiratory 
disorders in early childhood; Profile 5 = Allergic conditions and respiratory disorders in early childhood; Profile 6 = Allergic conditions and respiratory disorders in later 
childhood.
*p < 0.05.
**p < 0.01.
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Childhood respiratory risk condition associates 
with PEF and PEF < 80% of the predicted value in 
the elderly

Compared with the ‘Unexposed or least exposed’ ref-
erence profile, with all covariates controlled in Model 
4, the highest reduction was seen for the ‘Asthma and 
respiratory disorders in early childhood’ profile 
(–30.07 L/min; 95% CI: −42.32 to −17.82), followed by 
the ‘Allergic conditions and respiratory disorders in 
later childhood’ profile (–22.24 L/min; 95% CI: −35.94 
to −8.54) and the ‘Allergic conditions and respiratory 
disorders in early childhood’ profile (−18.47 L/min; 
95% CI: −31.33 to −5.61) (Table 2). Minimal heteroge-
neity was found across nearly all subgroups (all 
p-values for interaction >0.05), except for individuals 
stratified by race (Table S5). Within the Black/African 
American subgroup, childhood respiratory conditions 
exhibited a more pronounced impact on the decline 
in PEF during old age, especially the ‘Allergic condi-
tions and respiratory disorders in early childhood’ pro-
file (Table S5).

Regarding the association between childhood risk 
factor profiles and the prevalence of PEF < 80% of 
the predicted value, the ‘Allergic conditions and respi-
ratory disorders in later childhood’ profile demon-
strated a risk 2.05 times higher than the reference 
group in Model 1 (Table 2). Both the ‘Asthma and 
respiratory disorders in early childhood’ profile (aOR = 
1.70, 95% CI: 1.41–1.99) and the ‘Ear problems and 
respiratory disorders in early childhood’ profile (aOR = 
1.63, 95% CI: 1.26–2.00) were significant risk factors 
for diminished lung function (PEF <80% of the pre-
dicted value) in older participants. Model 2, sequen-
tially adding total wealth income and the mother’s 
education as covariates while retaining the original 
covariates in Model 1, reported similar results (Table 
2). With smoking status, moderate physical activity 
and BMI further controlled in Model 3, compared 
with the ‘Unexposed or least exposed’ reference pro-
file, all other profiles (except for the ‘Smokers at 
home’ profile) were positively associated with the 
prevalence of PEF < 80% of the predicted value. In 
full-adjusted Model 4, the ‘Allergic conditions and 
respiratory disorders in later childhood’, ‘Ear problems 
and respiratory disorders in early childhood’ and 
‘Asthma and respiratory disorders in early childhood’ 
profiles were significantly associated with 1.98-, 1.52- 
and 1.66-fold increased risks of diminished lung func-
tion, respectively (Table 2). Our findings remained 
robust across all subgroups in Table S6, with no evi-
dence of covariate modification on the results (all 
p-values for interaction >0.05).

Childhood respiratory risk condition associates 
with COPD in the elderly

As is shown in Table 3, all other profiles were positively 
associated with the risk of COPD compared with the 
‘Unexposed or least exposed’ reference profile, with 
similar patterns among different models. In Model 4, 
which comprehensively adjusts for all socio-demographic 
characteristics, SES, lifestyle behaviours and health sta-
tus, the highest risk was observed for the ‘Allergic con-
ditions and respiratory disorders in early childhood’ 
profile (aOR = 4.16, 95% CI: 3.75–4.57), followed by the 
‘Allergic conditions and respiratory disorders in later 
childhood’ profile (aOR = 4.10, 95% CI: 3.69–4.51), the 
‘Ear problems and respiratory disorders in early child-
hood’ profile (aOR = 3.70, 95% CI: 3.25–4.15), the 
‘Asthma and respiratory disorders in early childhood’ 
profile (aOR = 3.46, 95% CI: 3.07–3.85) and the ‘Smokers 
at home’ profile (aOR = 1.41, 95% CI: 1.25–1.57). 
Subgroup analyses were exhibited in Table S7, and no 
modification was found in most subgroups (all p for 
interaction >0.05), except for people stratified by race 
and smoking habitat. Those above-mentioned associa-
tions were more significant among Black/African 
Americans than those among White/Caucasian partici-
pants, especially for the ‘Asthma and respiratory disor-
ders in early childhood’ profile and the ‘Allergic 
conditions and respiratory disorders in early childhood’ 
profile. Furthermore, the impact of childhood respira-
tory conditions on COPD was more pronounced in the 
current smoking subgroup.

Discussion

This study explored the long-term trajectories of lung 
function across various childhood risk profiles and 
examine their associations with pulmonary outcomes 
in later life. Specifically, asthma and respiratory disor-
ders in early childhood, ear problems and respiratory 
disorders in early childhood, or allergic conditions and 
respiratory disorders in both early and later childhood 
all have varying degrees of impact on lung function 
during old age. Furthermore, all other childhood respi-
ratory risk profiles showed a positive association with 
the risk of COPD compared to the ‘Unexposed or least 
exposed’ reference profile. The data from 12,296 partic-
ipants highlights how early-life exposures relate to 
later-life respiratory health, emphasizing the impor-
tance of early interventions to reduce respiratory dis-
ease burden in the elderly.

A recent meta-analysis found that, globally, COPD 
prevalence among individuals aged ≥40 was 12.64%, 
with the highest prevalence in the Americas at 22.93% 

https://doi.org/10.1080/07853890.2025.2470954
https://doi.org/10.1080/07853890.2025.2470954
https://doi.org/10.1080/07853890.2025.2470954
https://doi.org/10.1080/07853890.2025.2470954
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based on the fixed ratio criteria [3]. In our study, we 
found that the prevalence of PEF values <80% of the 
predicted value in the general population was 18.16%, 
while COPD prevalence was 8.47%. These findings par-
tially confirm the often-underdiagnosed nature of 
COPD and imply a potential underestimation of its 

prevalence, while it is likely influenced by testing 
methodologies. PEF values below 80% of the predicted 
norm are significant indicators of airway obstruction 
often associated with COPD [27,28]. While conven-
tional metrics like FEV1 and FVC are standard for 
assessing health status, PEF emerges as a crucial tool, 

Table 2.  Associations between childhood risk factor profiles and lung function in older adults.

Profiles

PEF (L/min) PEF < 80%

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

β (95% CI) β (95% CI) β (95% CI) β (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

Asthma and 
respiratory 
disorders in 
early 
childhood

−35.36 −35.41 −31.16 −30.07 1.70 1.82 1.68 1.66
(–48.16, 
−22.56)**

(–48.09, 
−22.73)**

(–43.45, 
−18.87)**

(–42.32, 
−17.82)**

(1.41, 1.99)** (1.51, 2.13)** (1.37, 1.99)** (1.35, 1.97)**

Unexposed or 
least 
exposed

1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Smokers at 
home

−1.02 −2.27 0.23 0.62 0.96 1.04 0.98 0.97
(–4.88, 2.84) (–6.09, 1.55) (–3.49, 3.95) (–3.1, 4.34) (0.86, 1.06) (0.94, 1.14) (0.88, 1.08) (0.87, 1.07)

Ear problems 
and 
respiratory 
disorders in 
early 
childhood

−15.1 −16.52 −12.69 −9.03 1.63 1.8 1.65 1.52
(–30.58, 0.38) (–31.85, 

−1.19)*
(–27.55, 2.17) (–23.85, 5.79) (1.26, 2.00)* (1.43, 2.17)** (1.26, 2.04)* (1.11, 1.93)*

Allergic 
conditions 
and 
respiratory 
disorders in 
early 
childhood

−20.26 −20.16 −21.77 −18.47 1.29 1.39 1.48 1.38
(–33.69, 

−6.83)**
(–33.45, 
−6.87)**

(– 34.67, 
−8.87)**

(–31.33, 
−5.61)**

(0.94, 1.64) (1.04, 1.74) (1.11, 1.85)* (1.01, 1.75)

Allergic 
conditions 
and 
respiratory 
disorders in 
later 
childhood

−28.42
(–42.75, 

−14.09)**

−25.69
(–39.88, 
−11.5)**

−25.45
(–39.21, 

−11.69)**

−22.24
(–35.94, 
−8.54)**

2.05
(1.72, 2.38)**

2.02
(1.69, 2.35)**

2.08
(1.73, 2.43)**

1.98
(1.63, 2.33)**

Notes: aOR, adjusted odds ratio; CI, confidence interval; PEF, peak expiratory flow.
Model 1 adjusted for age, gender, education, race, ethnicity and height; Model 2 includes Model 1 covariates, total wealth income and mother’s education; 
Model 3 includes Model 2 covariates, smoking status, moderate physical activity and BMI; Model 4 includes Model 3 covariates, CES-D score and the 
number of chronic diseases (stroke, heart disease, hypertension, diabetes, cancer, arthritis and psychiatric disorders). Given that PEF < 80% of the predicted 
value was derived from gender, age, height, race and ethnicity, those variables were not included as covariates in the analyses predicting PEF < 80%.
*p < 0.05.
**p < 0.01.

Table 3.  Associations between childhood risk factor profiles and COPD in older adults.

Profiles

Model 1 Model 2 Model 3 Model 4

aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

Asthma and respiratory disorders in early 
childhood

3.65 3.71 3.42 3.46
(3.28, 4.02)** (3.34, 4.08)** (3.03, 3.81)** (3.07, 3.85)**

Unexposed or least exposed 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
Smokers at home 1.52 1.57 1.41 1.41

(1.36, 1.68)** (1.41, 1.73)** (1.25, 1.57)** (1.25, 1.57)**
Ear problems and respiratory disorders in 

early childhood
4.75 4.97 4.38 3.70

(4.34, 5.16)** (4.56, 5.38)** (3.95, 4.81)** (3.25, 4.15)**
Allergic conditions and respiratory 

disorders in early childhood
4.23 4.35 4.87 4.16

(3.86, 4.6)** (3.96, 4.74)** (4.48, 5.26)** (3.75, 4.57)**
Allergic conditions and respiratory 

disorders in later childhood
4.43 4.26 4.5 4.10

(4.04, 4.82)** (3.87, 4.65)** (4.09, 4.91)** (3.69, 4.51)**

Notes: aOR, adjusted odds ratio; CI, confidence interval; PEF, peak expiratory flow.
Model 1 adjusted for age, gender, education, race, ethnicity and height; Model 2 includes Model 1 covariates, total wealth income and mother’s education; 
Model 3 includes Model 2 covariates, smoking status, moderate physical activity and BMI; Model 4 includes Model 3 covariates, CES-D score and the 
number of chronic diseases (stroke, heart disease, hypertension, diabetes, cancer, arthritis and psychiatric disorders).
**p < 0.01.
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particularly in elderly populations and large-scale epi-
demiological surveys [9,11]. Numerous studies have 
explored the link between diminished PEF rates and 
the development or presence of COPD, highlighting 
PEF’s clinical utility in both screening and managing 
COPD [27,29]. Our findings underscore that individuals 
with various respiratory risk factors in childhood iden-
tified through LCA exhibit a markedly increased preva-
lence of COPD in old age, particularly those with a 
history of asthma, allergies, ear diseases and respira-
tory infections [1,18, 26,30–32]. This emphasizes the 
imperative of early intervention and targeted screen-
ing to identify high-risk individuals and avert disease 
progression. Interestingly, the group with the highest 
PEF value was observed in the ‘Smokers at home’ pro-
file, contrary to common beliefs about the long-term 
deleterious effects of tobacco smoke [33]. But in our 
subsequent multivariable association analyses, after 
adjusting for confounders, the ‘Smokers at home’ pro-
file was not statistically significantly associated with 
PEF or PEF < 80%, but it was positively associated 
with COPD.

Impaired lung function in the elderly significantly 
heightens morbidity and detracts from overall quality 
of life [34]. The intricate interplay of various concurrent 
respiratory risk factors likely serves as a key determi-
nant of long-term lung health. Those individuals char-
acterized by ‘Asthma and respiratory disorders in early 
childhood’, ‘Allergic conditions and respiratory disor-
ders in early childhood’ and ‘Allergic conditions and 
respiratory disorders in later childhood’ profiles exhibit 
decreased PEF values in old age. Notably, these pro-
files maintain an increased risk of developing PEF val-
ues below 80% of the predicted value even after 
adjusting for several covariates. Prior research has 
demonstrated a persistent decline in lung function 
from childhood to adolescence in individuals with 
childhood asthma accompanied by eczema and hay 
fever [35]. Certain lung function deficits associated 
with childhood asthma and allergies seem to manifest 
prominently during childhood and persist into adult-
hood [26]. Additionally, the impact of childhood aller-
gies and respiratory disruptions (such as bronchitis, 
wheezing, hay fever, shortness of breath, or sinus 
infection) on declining lung function in old age has 
been corroborated by another large prospective cohort 
study with 8352 participants [26].

Additionally, we observed significant associations 
between all childhood respiratory risk factor profiles, 
except for the ‘Unexposed or least exposed’ group, and 
an elevated risk of COPD later in life, even after adjust-
ing for several crucial confounders consistent with 
prior research [36]. A recent systematic review revealed 

that asthmatic children were three times more likely to 
develop COPD in adulthood compared to non-asthmatic 
children [3]. Moreover, the risk of COPD increases with 
a younger age at asthma diagnosis [31]. Previous stud-
ies indicated a complex interplay between asthma and 
other respiratory conditions such as bronchitis, sinus-
itis and wheezing episodes [37–40]. Longitudinal stud-
ies have shown that children with severe asthma or 
persistent bronchitis symptoms were more prone to 
develop airflow limitation and decreased lung function 
in middle and old age [16]. According to our results, 
childhood allergies and respiratory issues, particularly 
in early childhood (aORs >4), showed the strongest 
association with COPD in old age, followed by ear 
problems and respiratory disorders in early childhood 
(aOR = 3.70). Existing literature suggests a positive cor-
relation between childhood allergies and the incidence 
of respiratory diseases [41].

Systemic inflammation and lung development 
abnormalities in early life may increase the risk of 
COPD through several mechanisms [14,16,18,19,41]. 
Abnormal activation of the immune system can lead 
to chronic inflammation in the airways and lung tissue, 
as well as airway remodelling. Impaired lung develop-
ment, especially during childhood, may result in per-
manent declines in lung function and increased 
susceptibility to COPD. Early-life infections and envi-
ronmental factors may exacerbate these mechanisms, 
further promoting the onset of COPD. These early-life 
allergic and respiratory conditions may contribute to 
an increased risk of developing more severe respira-
tory diseases in adulthood, thus exacerbating the 
chronic burden of respiratory illnesses [14,16,41].

Environmental factors, such as exposure to tobacco 
smoke, also play a significant role in linking childhood 
lung function impairment to the development of 
COPD in adulthood [26]. For instance, parental smok-
ing increases children’s exposure to second-hand 
smoke, thereby exacerbating the risk. Furthermore, we 
found that the effects of childhood respiratory condi-
tions on reduced PEF and heightened COPD risk were 
more pronounced among Black/African Americans and 
current smokers, aligning with documented racial dis-
parities in respiratory health and the detrimental 
impact of smoking on accelerating lung function 
decline, respectively [42,43].

By delineating distinct subgroups of individuals 
with similar patterns of childhood respiratory risk fac-
tors, LCA enables us to scrutinize the cumulative 
effects of multiple exposures on respiratory health 
across the life course. These findings underscore the 
importance of early diagnosis and management of 
childhood respiratory conditions to prevent long-term 
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respiratory impairments. Based on the high-risk popu-
lations identified through LCA analysis, individuals with 
a history of different childhood respiratory risk profiles, 
including childhood asthma, allergies, respiratory dis-
orders, allergic conditions and ear disorders, can be 
considered potential candidates for screening. 
Identifying these high-risk groups can drive personal-
ized early intervention and monitoring strategies. In 
particular, conducting lung function assessments at an 
early stage in these individuals can significantly 
increase the chances of early diagnosis and allow for 
intervention before disease progression. Early diagno-
sis and management help to slow the development of 
COPD, reduce the severity of symptoms, and, ulti-
mately, improve the quality of life and extend the lifes-
pan of patients.

However, limitations of our research include: retro-
spective acquisition of childhood respiratory risk fac-
tors hindering causal establishment, reliance on 
self-reported data introducing recall bias/measurement 
error, lack of data on birth weight/gestational age 
potentially impacting findings and variations in sample 
sizes among identified risk profiles limiting association 
detection. Despite these, significant effects of certain 
childhood factors on later-life outcomes were observed. 
We caution, however, that our discussion remains pre-
liminary, as the detailed scrutiny of the mechanisms 
through which each of these childhood factors influ-
ences lung health in old age is beyond our current 
scope and is still scarce.

Conclusions

In conclusion, our findings underscore the importance 
of early-life respiratory health in shaping pulmonary 
function trajectories and highlight the need for com-
prehensive strategies to promote respiratory health 
across the lifespan. Targeted interventions aimed at 
reducing childhood respiratory insults and addressing 
social determinants of health may help mitigate the 
long-term burden of respiratory diseases in older age.

Acknowledgments

We would like to express our sincere gratitude to the Health 
and Retirement Study (HRS) collaborators for providing the 
data used in this study.

Author contributions

Conceptualization: C.Q., J.G. and J.L.; methodology and anal-
ysis, visualization and writing – original draft preparation: 
C.Q.; review and editing, and supervision: M.L. and J.L. 

Moreover, C.Q., M.L., X.S. and J.L. have directly accessed and 
verified the underlying data reported in the article. All 
authors have read and agreed to the published version of 
the article.

Ethics approval

The institutional review board of the Peking University, 
Beijing, China determined that the study did not need 
approval because it used publicly available data.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

This study was funded by the National Natural Science 
Foundation of China (72122001) and the Peking University 
Health Science Center-Weifang Joint Research Center for 
Maternal and Child Health (PKUWF-12). The funders had no 
role in the study design, data collection and analysis, deci-
sion to publish, or preparation of the paper. No payment 
was received by any of the co-authors for the preparation of 
this article.

ORCID

Jue Liu  http://orcid.org/0000-0002-1938-9365

Data availability statement

All data in the study are available at https://hrsdata.isr.umich.
edu/data-products/public-survey-data, which can also be 
obtained from the corresponding author upon reasonable 
request.

References

	 [1]	A llinson JP, Chaturvedi N, Wong A, et  al. Early childhood 
lower respiratory tract infection and premature adult 
death from respiratory disease in Great Britain: a national 
birth cohort study. Lancet. 2023;401(10383):1183–1193. 
doi: 10.1016/S0140-6736(23)00131-9.

	 [2]	C elli B, Fabbri L, Criner G, et  al. Definition and nomencla-
ture of chronic obstructive pulmonary disease: time for 
its revision. Am J Respir Crit Care Med. 2022;206(11):1317–
1325. doi: 10.1164/rccm.202204-0671PP.

	 [3]	A l Wachami N, Guennouni M, Iderdar Y, et al. Estimating 
the global prevalence of chronic obstructive pulmonary 
disease (COPD): a systematic review and meta-analysis. 
BMC Public Health. 2024;24(1):297. doi: 10.1186/
s12889-024-17686-9.

	 [4]	 WHO [Internet]. Chronic obstructive pulmonary disease 
(COPD). 2024. Available from: https://www.who.int/zh/
news-room/fact-sheets/detail/chronic-obstructiv
e-pulmonary-disease-(copd)

https://hrsdata.isr.umich.edu/data-products/public-survey-data
https://hrsdata.isr.umich.edu/data-products/public-survey-data
https://doi.org/10.1016/S0140-6736(23)00131-9
https://doi.org/10.1164/rccm.202204-0671PP
https://doi.org/10.1186/s12889-024-17686-9
https://doi.org/10.1186/s12889-024-17686-9
https://www.who.int/zh/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://www.who.int/zh/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://www.who.int/zh/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)


Annals of Medicine 11

	 [5]	 Bednarek M, Maciejewski J, Wozniak M, et al. Prevalence, 
severity and underdiagnosis of COPD in the primary 
care setting. Thorax. 2008;63(5):402–407. doi: 10.1136/
thx.2007.085456.

	 [6]	 Mathers CD, Loncar D. Projections of global mortality 
and burden of disease from 2002 to 2030. PLoS Med. 
2006;3(11):e442. doi: 10.1371/journal.pmed.0030442.

	 [7]	 Mannino DM, Buist AS. Global burden of COPD: risk 
factors, prevalence, and future trends. Lancet. 
2007;370(9589):765–773. doi: 10.1016/s0140-6736(07) 
61380-4.

	 [8]	 DeCarlo CA, MacDonald SW, Vergote D, et  al. Vascular 
health and genetic risk affect mild cognitive impair-
ment status and 4-year stability: evidence from the 
Victoria Longitudinal Study. J Gerontol B Psychol Sci 
Soc Sci. 2016;71(6):1004–1014. doi: 10.1093/geronb/
gbv043.

	 [9]	 Roberts MH, Mapel DW. Limited lung function: impact 
of reduced peak expiratory flow on health status, 
health-care utilization, and expected survival in older 
adults. Am J Epidemiol. 2012;176(2):127–134. doi: 
10.1093/aje/kwr503.

	[10]	H ansen EF, Vestbo J, Phanareth K, et  al. Peak flow as pre-
dictor of overall mortality in asthma and chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care Med. 
2001;163(3 Pt 1):690–693. doi: 10.1164/ajrccm.163.3.2006120.

	[11]	T erracciano A, Stephan Y, Luchetti M, et  al. Personality 
and lung function in older adults. J Gerontol B Psychol 
Sci Soc Sci. 2017;72(6):913–921. doi: 10.1093/geronb/
gbv161.

	[12]	 Franciosi AN, Hobbs BD, McElvaney OJ, et  al. Clarifying 
the risk of lung disease in SZ alpha-1 antitrypsin defi-
ciency. Am J Respir Crit Care Med. 2020;202(1):73–82. 
doi: 10.1164/rccm.202002-0262OC.

	[13]	S haheen SO, Barker DJ, Shiell AW, et  al. The relationship 
between pneumonia in early childhood and impaired 
lung function in late adult life. Am J Respir Crit Care 
Med. 1994;149(3 Pt 1):616–619. doi: 10.1164/ajrc-
cm.149.3.8118627.

	[14]	L ange P, Celli B, Agustí A, et  al. Lung-function trajecto-
ries leading to chronic obstructive pulmonary disease. 
N Engl J Med. 2015;373(2):111–122. doi: 10.1056/
NEJMoa1411532.

	[15]	C hen Q, Zhou H, Tang J, et  al. An analysis of exogenous 
harmful substance exposure as risk factors for COPD and 
hypertension co-morbidity using PSM. Front Public Health. 
2024;12:1414768. doi: 10.3389/fpubh.2024.1414768.

	[16]	S vanes C, Sunyer J, Plana E, et  al. Early life origins of 
chronic obstructive pulmonary disease. Thorax. 
2010;65(1):14–20. doi: 10.1136/thx.2008.112136.

	[17]	 Kirkeleit J, Riise T, Wielscher M, et  al. Early life exposures 
contributing to accelerated lung function decline in 
adulthood - a follow-up study of 11,000 adults from the 
general population. EClinicalMedicine. 2023;66:102339. 
doi: 10.1016/j.eclinm.2023.102339.

	[18]	C han JY, Stern DA, Guerra S, et  al. Pneumonia in child-
hood and impaired lung function in adults: a longitudi-
nal study. Pediatrics. 2015;135(4):607–616. doi: 10.1542/
peds.2014-3060.

	[19]	L opez Bernal JA, Upton MN, Henderson AJ, et  al. Lower 
respiratory tract infection in the first year of life is asso-
ciated with worse lung function in adult life: prospec-
tive results from the Barry Caerphilly Growth study. 

Ann Epidemiol. 2013;23(7):422–427. doi: 10.1016/j.anne-
pidem.2013.05.006.

	[20]	 Mannino DM, Homa DM, Pertowski CA, et  al. 
Surveillance for asthma–United States, 1960-1995. 
MMWR CDC Surveill Summ. 1998;47(1):1–27.

	[21]	 Guerra S, Sherrill DL, Venker C, et  al. Morbidity and 
mortality associated with the restrictive spirometric 
pattern: a longitudinal study. Thorax. 2010;65(6):499–
504. doi: 10.1136/thx.2009.126052.

	[22]	 (HRS) H a R S. RAND HRS Longitudinal File 2020 
[Internet]. 2023. Available from: https://hrsdata.isr.
umich.edu/data-products/rand-hrs-longitudinal-file-2020

	[23]	S onnega A, Faul JD, Ofstedal MB, et  al. Cohort profile: 
the Health and Retirement Study (HRS). Int J Epidemiol. 
2014;43(2):576–585. doi: 10.1093/ije/dyu067.

	[24]	 Vable AM, Eng CW, Mayeda ER, et  al. Mother’s educa-
tion and late-life disparities in memory and dementia 
risk among US military veterans and non-veterans. J 
Epidemiol Community Health. 2018;72(12):1162–1167. 
doi: 10.1136/jech-2018-210771.

	[25]	A ndresen EM, Malmgren JA, Carter WB, et  al. Screening 
for depression in well older adults: evaluation of a 
short form of the CES-D (Center for Epidemiologic 
Studies Depression Scale). Am J Prev Med. 1994;10(2):77–
84. doi: 10.1016/S0749-3797(18)30622-6.

	[26]	 Bui DS, Walters HE, Burgess JA, et  al. Childhood respira-
tory risk factor profiles and middle-age lung function: a 
prospective cohort study from the first to sixth decade. 
Ann Am Thorac Soc. 2018;15(9):1057–1066. doi: 
10.1513/AnnalsATS.201806-374OC.

	[27]	 Fan J, Fang L, Cong S, et  al. Potential pre-COPD indica-
tors in association with COPD development and COPD 
prediction models in Chinese: a prospective cohort 
study. Lancet Reg Health West Pac. 2024;44:100984. doi: 
10.1016/j.lanwpc.2023.100984.

	[28]	T ian J, Zhou Y, Cui J, et  al. Peak expiratory flow as a 
screening tool to detect airflow obstruction in a prima-
ry health care setting. Int J Tuberc Lung Dis. 
2012;16(5):674–680. doi: 10.5588/ijtld.11.0429.

	[29]	A ggarwal AN, Gupta D, Jindal SK. The relationship be-
tween FEV1 and peak expiratory flow in patients with 
airways obstruction is poor. Chest. 2006;130(5):1454–
1461. doi: 10.1378/chest.130.5.1454.

	[30]	A li KM. Childhood asthma as a risk factor for adult chron-
ic obstructive pulmonary disease: a systematic review and 
meta-analysis. Expert Rev Respir Med. 2022;16(4):461–467. 
doi: 10.1080/17476348.2021.1864328.

	[31]	 Mendy A, Mersha TB. Comorbidities in childhood-onset 
and adult-onset asthma. Ann Allergy Asthma Immunol. 
2022;129(3):327–334. doi: 10.1016/j.anai.2022.05.005.

	[32]	 Burney P, Jarvis D, Perez-Padilla R. The global burden of 
chronic respiratory disease in adults. Int J Tuberc Lung 
Dis. 2015;19(1):10–20. doi: 10.5588/ijtld.14.0446.

	[33]	A lati R, Al Mamun A, O’Callaghan M, et  al. In utero and 
postnatal maternal smoking and asthma in adoles-
cence. Epidemiology. 2006;17(2):138–144. doi: 
10.1097/01.ede.0000198148.02347.33.

	[34]	C rittenden CN, Murphy MLM, Cohen S. Social integra-
tion and age-related decline in lung function. Health 
Psychol. 2018;37(5):472–480. doi: 10.1037/hea0000592.

	[35]	C arlsen KCL, Mowinckel P, Hovland V, et  al. Lung func-
tion trajectories from birth through puberty reflect 
asthma phenotypes with allergic comorbidity. J Allergy 

https://doi.org/10.1136/thx.2007.085456
https://doi.org/10.1136/thx.2007.085456
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1016/s0140-6736(07)61380-4
https://doi.org/10.1016/s0140-6736(07)61380-4
https://doi.org/10.1093/geronb/gbv043
https://doi.org/10.1093/geronb/gbv043
https://doi.org/10.1093/aje/kwr503
https://doi.org/10.1164/ajrccm.163.3.2006120
https://doi.org/10.1093/geronb/gbv161
https://doi.org/10.1093/geronb/gbv161
https://doi.org/10.1164/rccm.202002-0262OC
https://doi.org/10.1164/ajrccm.149.3.8118627
https://doi.org/10.1164/ajrccm.149.3.8118627
https://doi.org/10.1056/NEJMoa1411532
https://doi.org/10.1056/NEJMoa1411532
https://doi.org/10.3389/fpubh.2024.1414768
https://doi.org/10.1136/thx.2008.112136
https://doi.org/10.1016/j.eclinm.2023.102339
https://doi.org/10.1542/peds.2014-3060
https://doi.org/10.1542/peds.2014-3060
https://doi.org/10.1016/j.annepidem.2013.05.006
https://doi.org/10.1016/j.annepidem.2013.05.006
https://doi.org/10.1136/thx.2009.126052
https://hrsdata.isr.umich.edu/data-products/rand-hrs-longitudinal-file-2020
https://hrsdata.isr.umich.edu/data-products/rand-hrs-longitudinal-file-2020
https://doi.org/10.1093/ije/dyu067
https://doi.org/10.1136/jech-2018-210771
https://doi.org/10.1016/S0749-3797(18)30622-6
https://doi.org/10.1513/AnnalsATS.201806-374OC
https://doi.org/10.1016/j.lanwpc.2023.100984
https://doi.org/10.5588/ijtld.11.0429
https://doi.org/10.1378/chest.130.5.1454
https://doi.org/10.1080/17476348.2021.1864328
https://doi.org/10.1016/j.anai.2022.05.005
https://doi.org/10.5588/ijtld.14.0446
https://doi.org/10.1097/01.ede.0000198148.02347.33
https://doi.org/10.1037/hea0000592


12 C. QIN ET AL.

Clin Immunol. 2014;134(4):917–923.e7. doi: 10.1016/j.
jaci.2014.05.020.

	[36]	 Gershon AS, Warner L, Cascagnette P, et  al. Lifetime risk of 
developing chronic obstructive pulmonary disease: a lon-
gitudinal population study. Lancet. 2011;378(9795):991–
996. doi: 10.1016/S0140-6736(11)60990-2.

	[37]	C loutier MM, Dixon AE, Krishnan JA, et  al. Managing 
asthma in adolescents and adults: 2020 asthma guide-
line update from the National Asthma Education and 
Prevention Program. JAMA. 2020;324(22):2301–2317. 
doi: 10.1001/jama.2020.21974.

	[38]	 Osur SL. Viral respiratory infections in association with 
asthma and sinusitis: a review. Ann Allergy Asthma 
Immunol. 2002;89(6):553–560. doi: 10.1016/s1081-1206 
(10)62101-1.

	[39]	 Matsuno O, Ono E, Takenaka R, et  al. Asthma and sinus-
itis: association and implication. Int Arch Allergy 
Immunol. 2008;147(1):52–58. doi: 10.1159/000128659.

	[40]	 Montnémery P, Svensson C, Adelroth E, et al. Prevalence 
of nasal symptoms and their relation to self-reported 
asthma and chronic bronchitis/emphysema. Eur  
Respir J. 2001;17(4):596–603. doi: 10.1183/09031936.01. 
17405960.

	[41]	 Birch EE, Khoury JC, Berseth CL, et  al. The impact of 
early nutrition on incidence of allergic manifestations 
and common respiratory illnesses in children. J Pediatr. 
2010;156(6):902–906.e1. doi: 10.1016/j.jpeds.2010.01.002.

	[42]	 Dransfield MT, Bailey WC. COPD: racial disparities in 
susceptibility, treatment, and outcomes. Clin Chest 
Med. 2006;27(3):463–471, vii. doi: 10.1016/j.ccm.2006. 
04.005.

	[43]	 Willemse BWM, Postma DS, Timens W, et  al. The impact 
of smoking cessation on respiratory symptoms, lung 
function, airway hyperresponsiveness and inflamma-
tion. Eur Respir J. 2004;23(3):464–476. doi: 10.1183/ 
09031936.04.00012704.

https://doi.org/10.1016/j.jaci.2014.05.020
https://doi.org/10.1016/j.jaci.2014.05.020
https://doi.org/10.1016/S0140-6736(11)60990-2
https://doi.org/10.1001/jama.2020.21974
https://doi.org/10.1016/s1081-1206(10)62101-1
https://doi.org/10.1016/s1081-1206(10)62101-1
https://doi.org/10.1159/000128659
https://doi.org/10.1183/09031936.01.17405960
https://doi.org/10.1183/09031936.01.17405960
https://doi.org/10.1016/j.jpeds.2010.01.002
https://doi.org/10.1016/j.ccm.2006.04.005
https://doi.org/10.1016/j.ccm.2006.04.005
https://doi.org/10.1183/09031936.04.00012704
https://doi.org/10.1183/09031936.04.00012704

	Childhood respiratory risk profiles associate with lung function and COPD among the old population
	ABSTRACT
	Introduction
	Methods
	Data source and participants
	Childhood respiratory risk condition
	PEF, PEF < 80% of the predicted value and COPD
	Covariates
	Statistical analysis

	Results
	Characteristics of study participants
	Childhood respiratory risk factor profiles identified by LCA
	Lung function characterized by LCA profiles and basic features
	Childhood respiratory risk condition associates with PEF and PEF < 80% of the predicted value in the elderly
	Childhood respiratory risk condition associates with COPD in the elderly

	Discussion
	Conclusions
	Acknowledgments
	Author contributions
	Ethics approval
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


