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Abstract
Copyright ©The authors 2025 Chronic respiratory diseases impart a huge global disease burden. Many cases of adult chronic respiratory
disorders are recognised to originate early in life during critical phases of lung growth and development.
We therefore reviewed the longitudinal evolution of common childhood respiratory diseases across the
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over their life course. While previous studies report children with asthma frequently “outgrow their
Received: 4 March 2025 disease” by adolescence or early adulthood, recent data describe asthma trajectories that include relapse,
Accepted: 1 June 2025 early-onset adult-remitting, and early-onset persistent childhood asthma. Evidence is emerging in adults of
the negative impact of chronic productive cough, breathlessness and lower lung function on future
respiratory and cardiovascular health and all-cause mortality. In addition, we found that in general,
childhood respiratory health and adverse lung function trajectories are inextricably linked to adult
respiratory health and cardiovascular events, as well as cardiovascular and all-cause mortality. Thus, we
highlight the importance of pulmonary assessments in high-risk groups during childhood (e.g. preterm
birth, parental smokers, early life hospitalisation for acute lower respiratory infections). Our review
emphasises the importance of childhood respiratory health and the need for interventions to reduce or
manage disease burden, which require a whole-of-society approach across the life course.

Introduction
a Most chronic respiratory diseases (CRDs) are potentially preventable [1], and despite their global impact
5r_nC they receive substantially less funding than other chronic disorders [2]. In 2019 there were 454.6 million
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(95% uncertainty interval 417.4-499.1 million) prevalent cases [3], with a higher burden among
Indigenous peoples [4] and those living in low- and middle-income countries (LMICs) [5]. The Global
Impact of Respiratory Disease report [1] highlighted that respiratory diseases account for the top three
causes of death globally and “childhood respiratory disease has long-term negative consequences on adult
health” [6]. A focus on children is now recognised as important, since abnormal lifetime lung function
trajectories [7—9] and many adult CRDs have their origins in childhood, stemming from adverse exposures
during pre-conception [10], pregnancy and childhood [11, 12]. The goal of this review is to evaluate
studies relating childhood respiratory health to adolescent/adult respiratory health and recommend
intervention and research priorities spanning the whole life course.

Lung growth and development and lung function trajectories

Underpinning the life-course paradigm of respiratory health is lung growth and development, beginning
in utero and continuing throughout childhood and adolescence. Although airway development starts in the
first 16 weeks of gestation, alveolar development occurs later in pregnancy with most growth occurring
post-natally [13]. Lifelong respiratory health is characterised by normal lung function at birth, throughout
childhood and adolescence, reaching peak lung function in early adulthood (20-25 years) and declining
gradually thereafter [12]. Negative deviation from this trajectory affects not only future adult lung function
trajectories and respiratory health [7-9], but also subsequent cardiovascular disease and all-cause mortality
in a dose-dependent manner [14, 15]. Identifying children with either established or risk of impaired
respiratory health and undertaking optimisation strategies for improving lung function is critically
important (figures 1 and 2).

Origins of adult lung disease and impaired lung function

The early origins of some lung diseases in adults are multifactorial in nature [12, 17-19]. Risk factors for
future CRD or impaired lung function include: genetic susceptibility, adverse social determinants and
environmental exposures [20], continuation of childhood diseases, existence of pre-clinical disease
beginning in childhood or exposure to early-life risk factors (e.g. preterm birth, tobacco and vapes, acute
lower respiratory infections (ALRIs), suboptimal nutrition/growth and indoor/outdoor air pollution) [21-24].
However, there is no published comprehensive review of the longitudinal evolution of childhood lung
diseases across the lifespan. Moreover, the impact of common childhood lung diseases on adult respiratory

morbidity across the lifespan is underappreciated.
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« Lower respiratory tract infections (e.g. viral infections, pneumonia, tuberculosis)

» Obesity and malnutrition

« Suboptimal diagnosis and management of respiratory diseases (e.g. asthma,
bronchiectasis) and symptoms (chronic productive/wet cough and breathlessness)

+ Poor antenatal care + Low birthweight
« Suboptimal antenatal + Preterm birth
asthma management

« Social determinants of health: poverty, nutrition, living conditions, mental health, education, health literacy,
access to healthcare

« Environmental exposures: tobacco and vaping, indoor and outdoor air pollution

« Systemic or structural factors: marginalisation, access and cultural barriers

FIGURE 1 Key factors on the pathway to chronic respiratory disease in adults. Contributing factors have their
effects from pre-conception (e.g. nutrition status and tobacco and vaping) and during pregnancy, and are
particularly important in early life, when the initial lung function trajectory is generally set. However, exposures
and events (including optimal treatment) throughout the life course can influence the lung function trajectory
and respiratory health outcomes. Some factors are age-specific, whereas others are relevant to childhood,
adolescence and adulthood or have an impact over the lifespan. Reproduced and modified with permission
from [4].
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FIGURE 2 Probability of current asthma at each time point. Trajectories up to the sixth decade of life identified
by the Tasmanian Longitudinal Health Study, the longest study globally of asthma patterns. Among those who
reported asthma by age 53 years, five longitudinal asthma patterns were identified, with three related to
childhood asthma: 1) early-onset adolescent-remitting, 2) early-onset adult-remitting, and 3) early-onset
persistent phenotypes. Reproduced with permission from [16].

Here, we focus on the consequences of preterm infant lungs, specific childhood diseases (asthma, COPD,
bronchiectasis) and undifferentiated respiratory symptoms. The latter is because evidence of
undifferentiated respiratory symptoms impacting upon future respiratory health is emerging. Reviews of
monogenic disorders (e.g. cystic fibrosis), generic adverse environmental factors (e.g. pollution [25],
tobacco smoke exposure [26]), lifestyle factors (e.g. nutrition, obesity [24, 27, 28], pre-natal [29] and
social determinants [20]) have been published before [20, 25, 26, 27, 29, 30] and therefore out of the
scope of our review. However, given their importance, they are included among potential interventions to
assist policymakers and healthcare workers to develop strategies for optimising respiratory health spanning
the whole life course before identifying a series of research needs and questions to help address important
knowledge gaps.

Literature search methods

References relating childhood respiratory health to adolescent (age 10-19 years) and adult respiratory
health in those 1) born preterm, 2) with specific diseases (asthma, COPD, bronchiectasis) or
3) undifferentiated respiratory symptoms across the lifespan, were identified by systematic searches in
PubMed for articles published in English (supplementary file S1) from inception until January 2025.
Additional articles were identified from the authors’ own collections and from references cited in the
selected articles. The final reference list was generated based on relevance to the scope of this review.
Conditions are defined in supplementary file S1.

Preterm infants and bronchopulmonary dysplasia

The negative effect of preterm (<37 weeks’ gestation) birth, either with or without bronchopulmonary
dysplasia (BPD), on future respiratory health is well documented [31], but its impact has only been well
quantified recently (supplementary file S2). A systematic review unrestricted by age at follow-up (range 6—
28 years), found that those born preterm (versus those born at term) had lower spirometry values (forced
expiratory volume in 1s (FEV;), forced vital capacity (FVC), FEV/FVC and forced expiratory flow at
25-75% of FVC (FEF,5_750,)) [32]. Furthermore, those with BPD had the greatest lung function
deficits [32]. Meta-regression showed that the FEV,/FVC deviated —0.04 sp away from term controls with
each increased year in age in those with BPD, but not for those without BPD, or for other spirometry
variables [32]. Despite future lung function data on those born preterm after introducing surfactant and
antenatal corticosteroids being better than pre-adoption of these interventions, no additional improvements
have occurred subsequently [33]. A univariate meta-regression analysis of 42 preterm cohorts found that the
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risk factors associated with abnormal future lung function were gestational age, birthweight, BPD and
invasive mechanical ventilation, while year of birth did not influence future FEV; [33].

In an individual participant data meta-analysis of very preterm (<32 weeks gestation) or very low birthweight
(<1500 g) individuals aged 16-33 years, the mean differences in their lung function (versus those born at term
(>37 weeks gestation) or with normal birthweight (>2500 g)) were zFEV; —0.78 (95% CI —0.96——0.61),
zFVC —0.25 (95% CI —0.40-—0.10) and zFEV/FVC —0.74 (95% CI —0.85——0.64) [34]. If antenatal
steroids were administered, zFEV, and zFVC were increased, but they had no effect upon zFEV,/FVC and
zFEF,5_750, values. In contrast, all these spirometric variables were decreased in those with BPD, while
age of lung function assessment did not influence results [34].

Oscillometry is a useful measure when spirometry is not possible in young children [35]. While no
longitudinal studies of oscillometry exist in children undergoing additional testing during adolescence/
adulthood, cross-sectional data show that preterm-born children have increased resistance and decreased
reactance (reflecting lung stiffness) when oscillometry is performed in adolescents/adults [35-37].
Additional abnormalities on extended lung function testing of adolescents/young adults born preterm
included impaired diffusion capacity, higher residual volume and ventilation inhomogeneity [38, 39].
Furthermore, structural lung abnormalities (e.g. linear, subpleural and parenchymal opacities) were detected
on chest computed tomography (CT) scans in 88% of adolescents born very preterm [38, 40]. These
radiographic abnormalities decreased with increasing gestation [38].

Data on lung function trajectories in adolescents aged 10-19 years with BPD are variable: five studies
reported worsening spirometry variables; one reported no difference; and one reported improvement [40].
In a study with multiple assessments, participants born extremely preterm (<28 weeks gestation) or
weighing <1000 g had lower zZFEV/FVC than contemporaneously born controls weighing >2500 g at ages
8-18 years, but not at ages 18-25 years [41].

Preterm-born adolescents with BPD are up to four times more likely to have respiratory symptoms (e.g.
wheeze, need for medications, respiratory exacerbations, hospitalisations for respiratory infections) than
those without BPD [40]. As young adults, 15-35% reported needing asthma medications, wheezing during
exercise, or shortness of breath [31, 38, 39]. Respiratory symptoms (e.g. cough and/or “rattly breathing”)
are more marked in those with BPD (25-50%) having two to three times the prevalence of those born
preterm without BPD [31, 38, 39].

Widespread surfactant use has not reduced BPD rates, which may be increasing in extremely preterm
infants [34]. Strategies are needed to prevent poor respiratory health outcomes associated with extreme
preterm birth or BPD in adult survivors [42]. As these adults are at high risk of future COPD (OR 8.17,
95% CI 5.15-12.93 compared to those born at term [43] with the OR reported to be as high as 30 [42]),
they should be monitored closely and encouraged to follow healthy behaviours and choices (table 1).

Asthma

Asthma in children can persist into adulthood [47, 48], which contributes to ~50% of the asthma burden in
middle-age. Contribution of childhood asthma to adult asthma burden is likely to be even higher, as many
patients do not remember childhood symptoms and some asthma that is considered as adult-onset can be
related to relapsed asthma originating in childhood [49]. Severity of asthma, along with associated risk
factors, e.g. parental smoking [47] and childhood atopy or allergies [50], may enhance this progression.
Understanding the natural history of asthma evolved as birth and child cohort studies matured globally,
leading to the natural history of childhood asthma being studied into adult life (supplementary file S2).
However, the absence of a gold standard definition for measuring wheeze [51] and asthma in
population-based studies has led to varying epidemiological definitions, ranging from symptom-based to
doctor-diagnosed asthma [52]. Nevertheless, and despite differences in focus, studies used their respective
definitions consistently, allowing direct comparisons and tracking asthma status longitudinally. Thus,
overall findings are usually consistent across studies.

Most studies report that children with asthma frequently “outgrow their disease” and achieve symptomatic
remission by adolescence or early adulthood [47, 48, 53]. Two birth cohort studies found that infant lung
function predicted asthma persisting into early adulthood [19, 54]. Those with persistent asthma develop
severe symptoms by adulthood [50, 55]. In the Tasmanian Longitudinal Health Study (TAHS) and the
British National Child Development Study (NCDS), >70% of children with asthma at the age of 7 years
were in remission by 29-32 years [50, 55]. TAHS showed 65% of those with childhood asthma remained
in remission by the age of 45 years [47]. The lower percentage of remission in middle-age in TAHS was
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TABLE 1 Potential interventions for high-risk populations”

Regular follow-up from birth to at Nutritional screening: avoid all forms of malnutrition, including being
least adolescence underweight during infancy, micronutrient deficiency (e.g. vitamin D)
and obesity; early referral to nutrition programmes with follow-up
Lung function and symptom screening: start early to assess respiratory
health and lung function growth trajectory to identify problems
promptly [13]
Multidisciplinary care [4, 44]
Planned transition of care from neonatal to paediatric services and in
those with CRD from paediatric to adolescent/adult services [45]
Prevention of ALRI Vaccinations: accessible and affordable maternal and infant vaccine/
immunoprophylaxis programmes for prevention of respiratory disease
Post-exposure prophylaxis: tuberculosis preventive therapy
Avoidance of chronic disease Access to disease specific treatments: inhaled corticosteroids for
exacerbations asthma, antiretroviral therapy for children living with HIV infection
Antibiotic prophylaxis:
Bronchiectasis: >3 exacerbations per year [44]
Children and adolescents living with HIV [46]
General Tobacco and vaping avoidance: education, cessation support
programmes, legislation
Healthy environments: clean air, well-ventilated public spaces
Healthy nutrition: optimisation of maternal nutrition, also in optimising
nutrition in children and adults, including preventing malnutrition
and obesity
Strengthen support structures: access to care grants, social uplift
programmes, referral to disease-specific support groups and
dedicated nongovernmental agencies
Promotion of exercise [9]

ALRI: acute lower respiratory infection; CRD: chronic respiratory disease. *: social deprivation, preterm birth
(especially those born <28 weeks gestation or with bronchopulmonary dysplasia [33]), air pollution exposure
including tobacco and vaping, severe or recurrent ALRI/wheeze, maternal illness, HIV, previous pulmonary
tuberculosis, disadvantaged Indigenous people.

attributed to relapses of childhood asthma in young adults, possibly from interactions between childhood
asthma and subsequent adverse exposures. Supporting this hypothesis, adult smoking increases the risk of
childhood asthma persisting into adulthood, independent of childhood risk factors (e.g. allergies, passive
smoke exposure) [47].

While the NCDS first described temporal asthma patterns [55], the Dunedin Multidisciplinary Health and
Development Study (DMHDS) birth cohort’s manual classification of repeated assessments
(questionnaires, lung function, bronchial challenge and allergy testing) collected at seven time points
between the ages of 9 and 26 years [48] was reported in a seminal paper. It found wheeze at age 9 years
evolved into four “wheeze patterns”: persistent wheeze, remission, relapse and intermittent wheeze across
the 17-year study period [47]. Female sex, dust mite sensitisation, bronchial hyperreactivity and parental
smoking predicted asthma persistence [48].

Recent studies employing innovative data-driven techniques (e.g. latent class analysis, group-based
trajectory modelling and Partition Around Medoids) [52, 56-58] to investigate asthma trajectories have
provided novel insights into childhood asthma evolution. A recent systematic review identified 13 cohorts
using these methodologies [59]. Of these, only three (BAMSE [52], Pelotas [58], and the STELAR
consortium of five United Kingdom-based birth cohorts [56, 57]) followed participants beyond the age of
18 years (supplementary file S3). Despite differences between cohorts, especially in number of data points
and follow-up duration, all described similar childhood asthma-wheeze trajectories. These included an
early-onset transient phenotype with symptoms in early childhood remitting by adolescence; a late-onset
phenotype where symptoms either begin or peak during adolescence; and a persistent phenotype where
symptoms persist over the entire follow-up period (supplementary file S4) [52, 56-58]. The studies showed
stronger associations of the early-onset persistent phenotype with parental asthma and allergic
comorbidities, including aeroallergen sensitisation [52, 56-58]. Since this systematic review [59], TAHS
published the longest study involving a trajectory analysis to the sixth decade of life [16] Among those
reporting asthma by the age of 53 years, five longitudinal asthma patterns were identified (figure 2) with
three involving childhood asthma: 1) early-onset, adolescent-remitting; 2) early-onset, adult-remitting; and
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3) early-onset, persistent phenotypes. Combining asthma-—allergy trajectories across the first six decades of
life, highlighted childhood allergies can enhance persistent childhood asthma [60]. Two studies [16, 60]
demonstrated that childhood asthma, regardless of its persistence to middle-age, is also associated with
adult multimorbidity, including COPD. Interestingly, childhood-onset adult asthma has a stronger adverse
impact on adult lung function decline and COPD than late-onset adult asthma [16]. Lung function deficits
in those with childhood-onset adult asthma may result from both the tracking of reduced lung function
from childhood and additional loss from a greater rate of decline in adulthood.

COPD

COPD, although a diagnostic entity confined to adults, is included as it is increasingly appreciated that a
substantial proportion of COPD has its origins in childhood [8, 61, 62]. This link is evident by low lung
function trajectories starting in early life (referred to as pre-COPD [63]) and recognised by their inclusion
in the two newly proposed COPD classifications (Lancet Commission (as subtypes) [64] and Global
Initiative for Chronic Obstructive Lung Disease (GOLD) (as aetiotypes) [65]). Early COPD (early phase of
COPD), especially in young COPD (COPD diagnosed before age 50 years), is very likely to start in early
life and continue into adulthood [8, 61, 62]. Genetics also play a complex role [66, 67].

Broadly, current longitudinal data show two groups of children at risk of developing future COPD, defined
epidemiologically by spirometric fixed airflow obstruction (FEV{/FVC ratio below the lower limit of
normal (LLN)) (supplementary file S2). Firstly, evidence showing that children with asthma are at risk of
developing COPD comes from five studies [8, 16, 61, 68, 69]. The United States based Childhood Asthma
Management Program study reported that children with persistent asthma and reduced lung function
trajectories were at increased risk of fixed airflow obstruction in early adulthood [61]. A Melbourne study
highlighted children with severe, but not milder asthma were more likely to have COPD at that age of
50 years [68]. The DMHDS found that childhood asthma and airway hyperresponsiveness were associated
with persistently low FEV/FVC trajectories from the age of 9 years, which contributed most to COPD at
the age of 45 years [8]. The TAHS confirmed that four of five asthma patterns, regardless of whether they
were persistent or remitted, were associated with COPD at 53 years of age [16], as was frequent asthma at
the age of 7 years, mediated by persistently low lung function trajectories and adult asthma [7]. Finally, an
Aberdeen child asthma cohort described that participants were more likely to develop COPD from the
fourth decade onwards following reduced FEV, trajectories from childhood, not an increased rate of FEV,
decline after reaching their plateau in early adulthood [69]. These studies suggest that optimising asthma
control could improve lung function development and reduce the risk of COPD. However, such an
intervention may have limited impact, as the association between asthma and worse lung function is
probably bidirectional, with later lung function deficits unlikely to be wholly a consequence of asthma,
since a birth cohort study revealed that children with subsequent asthma may already have reduced lung
function at birth [70].

The second group at risk of COPD are those without asthma, but who fail to attain optimal lung function
as young adults. Risk factors for not attaining optimal lung growth include preterm delivery and low
birthweight [34], ALRIs [22], preschool wheeze [69], poor nutrition [24, 28] and adverse maternal and
childhood socioeconomic determinants and environmental exposures (e.g. tobacco smoke/vapes and other
air pollutants) [20]. However, many of these early-life risk factors are also strongly associated with
restrictive, rather than obstructive, adult lung function impairment [71]. A form of COPD may arise from
dysanapsis, whereby a structural mismatch between airway lumen calibre and parenchymal lung volume
arises from nonproportional growth between the two, leading to reduced FEV/FVC ratios. Dysanapsis,
measured by CT scan, and its association with airflow obstruction, is described in nonsmokers during early
to mid-adulthood [72], and associated with spirometrically defined COPD in older adults [73]. Tt explains
COPD developing from failure to attain maximal lung function potential as a young adult, rather than from
accelerated decline later in life, especially in never-smokers [74].

The TAHS observed that children in the lowest quartile of pre-bronchodilator FEV/FVC ratios at 7 years
of age were at increased risk of COPD and asthma—COPD overlap syndrome at that age of 45 years [62].
Additionally, it found that the prevalence of COPD at 53 years was highest in individuals with an
obstructive-only lifetime pattern (low FEV/FVC ratio only) and especially a mixed obstructive/restrictive
pattern (low FEV/FVC ratio and low FVC) [75]. The DMHDS showed that lung function trajectories
leading to COPD in mid-adult life are largely established before adolescence, confirming the childhood
origins of COPD [8]. This suggests it might be possible to intervene in childhood to improve lung function
development and trajectories (in particular, to optimise FEV; in proportion to FVC), thereby maximising
lung function attainment and reducing COPD risk. If so, screening and monitoring childhood lung function
to identify those at risk should be considered [13]. This, with other lung function trajectory studies,
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resulted in the pre-COPD paradigm, defined as having symptoms and/or lung structural abnormalities and/
or lung function deficits, but not reaching the diagnostic COPD threshold (FEV/FVC <LLN). This
framework needs evaluating, although initial studies look promising [76].

While “catch-up” in some children with low lung function that normalises the lung function trajectory is
reported in some population-based cohorts, the proportion varies greatly across studies and depends on the
methodology used to define trajectories [7, 77]. Unfortunately, we know little about promoting catch-up in
lung function. However, even in the challenging settings of outback Australia, Indigenous children with
CRD receiving multidisciplinary paediatric respiratory care demonstrated significantly improved lung
function after 12 months of care (mean change in zFEV; 0.35, 95% CI 0.22-0.28, zFVC 0.36, 95% CI
0.23-0.50) [78].

Bronchiectasis

There are no prospective long-term studies of childhood bronchiectasis diagnosed by CT scans
(supplementary file S2). The sole prospective short-term study from childhood to adolescence [79] was
conducted in Indigenous people from Alaska, Australia and New Zealand. It found that, with mostly
optimal healthcare, adolescent lung function was stable and within the normal range with current treatment
regimens (median FEV; 90% predicted, FVC 98% predicted). However, 43 (39%) out of 111 reported
intermittent chronic (>4 weeks) cough [79]. In contrast, an Alaskan chart-review study [80] of 31 adults
aged 20-40 years with bronchiectasis identified that four had died, four had severe respiratory impairment
and 11 experienced persistent respiratory symptoms. Of the 29 surviving to adulthood, 18 failed to receive
transition planning when moving from child to adult care services.

Two cross-sectional studies in adults with bronchiectasis reported that 40-59% of their cohort had
bronchiectasis symptoms commencing either before the age of 10 or 16 years [81, 82]. Importantly, the
larger study (n=182) found that those adults with symptom onset before 16 years had more severe
bronchiectasis (worse lung function, worse CT scores, more respiratory exacerbations) than those whose
symptoms began in adulthood [82]. Moreover, their lung function values (FEV; % predicted) were
inversely related to chronic cough duration (r=—0.44, 95% CI —0.59--0.29; p<0.001), with the
relationship stronger in nonsmokers (r=—0.51) than smokers. While these findings highlight the
contribution of childhood-onset bronchiectasis to adult respiratory morbidity, we clearly need more recent
studies, as these studies are >15 years old.

Undifferentiated chronic wet/productive cough and breathlessness

Chronic cough and breathlessness are important as cohorts based on respiratory symptoms suggest that
chronic wet/productive cough (CWC) in children and adults [83] and breathlessness in young adults are
also likely important determinants of future adult respiratory health, and are linked to lung function
decline, which is a predictor of all-cause mortality [14]. Chronic cough is typically defined as cough
lasting >4 weeks in children [84] and >8 weeks in adults [85]. As children often cannot expectorate,
productive cough (coughing with phlegm) is described as wet cough [86]. Children with CWC have
endobronchial secretions containing excess mucus, respiratory bacterial pathogens (e.g. Haemophilus
influenzae or Streptococcus pneumoniae), and neutrophilic inflammation [86]. The most common cause of
paediatric CWC is protracted bacterial bronchitis (PBB), but prospective studies in PBB are limited to no
more than 5 years’ duration [87], and there are no follow-up studies into adulthood.

Recent prospective child-based studies (supplementary file S4) describe an association between
undifferentiated CWC (chronic bronchitis) in children and subsequent chronic productive cough in adults
[83, 88], worse lung function trajectories, accelerated lung function decline [7, 83], increased risk of
COPD [89] and premature mortality in adults [7]. In a study of 2438 people followed from the ages of 7 to
53 years, childhood bronchitis (versus no bronchitis) was an independent risk for an “early below-average
with accelerated decline” trajectory, which also demonstrated a dose-response effect (“infrequent” group
OR 1.9, 95% CI 1.1-3.1; “frequent” group (at least one episode every 3 months) OR 2.5, 95% CI 1.3-4.8) [7].
In the most recent study from this cohort, among participants with any cough at age 53 years (n=2213), those
with either an intermittent (n=213) or chronic productive cough (n=153) had worse lung function trajectories
than the “minimal cough” group (n=206) and higher prevalence of cough from the age of 7 years [83].

The importance of chronic productive cough in adults also needs emphasising (supplementary file S4). A
cross-sectional study involving 50991 adults (aged >20 years) also described an independent association
of frequent chronic childhood cough episodes with spirometry data reflecting phenotypes predisposed to
COPD [90]. Previously, it was unclear if chronic cough or effort-related breathlessness in adults led to
greater risk of myocardial infarction or death from cardiovascular disease (independent of coronary artery
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disease risk factors), cancer or other causes [91-95]. Recent studies have suggested that, firstly, various
undifferentiated respiratory symptoms (e.g. chronic cough, wheeze or shortness of breath) are associated
with an increased risk of cardiovascular disease and all-cause mortality independent of established
cardiovascular risk factors and lung function [96], and secondly, the greater the number of respiratory
symptoms, the higher the risk [96]. However, one study using different definitions of CWC and older age
at enrolment (40 years) found only breathlessness (walking on level ground at an ordinary pace) [97]
yielded an elevated hazard ratio for early cardiovascular deaths in smokers and never-smokers. Although
mechanisms linking respiratory symptoms to increased mortality risk are unknown, they may reflect
elevated inflammatory mediator levels increasing risk of myocardial infarction and other cardiovascular
events [96].

Of the few studies that have assessed respiratory symptoms longitudinally from childhood and their
potential effect on lung function, one from TAHS [83] suggested that those with intermittent or chronic
productive cough have worse FEV| trajectories. Analyses from the same TAHS cohort [83] combined with
the CARDIA cohort depict that people with rapid decline in FEV/FVC trajectories (versus normal
decline) were more likely to have respiratory symptoms, but dyspnoea was not a dominant feature [89]. By
the age of 14 years, 20% of participants in TAHS with these rapid decline trajectories had wheeze and
“usual phlegm” and 10% had usual phlegm [89]. In CARDIA, the respective numbers were 25% and 7%
by the ages of 18-30 years [89]. Another study (n=10491 adults) [98] concluded that lung function was
inversely associated with all-cause and cardiovascular mortality and positively associated with “dyspnoea
when walking” after controlling for lung function. Chronic bronchitis was associated with all-cause
mortality, when unadjusted for lung function [98]. Although the mechanisms linking lung function decline
to increased cardiovascular death are unknown, two recent studies provide potential possibilities. The first
showed a faster decline in FVC or FEV; from early adulthood to midlife was independently associated
with increased risk of coronary artery calcium progression (marker of subclinical coronary atherosclerosis) [99].
The second found an accelerated decline in lung function from young adulthood was associated with an
increased risk of structural (decline in FVC with preserved FEV/FVC was associated with left ventricular
hypertrophy and diastolic dysfunction) and functional (decline in FEV,/FVC was associated with
underfilling of the left heart and low cardiac output) cardiac alterations over a 25-year period [100].

Thus, cough and breathlessness and low lung function in children and adults are clinically important even
in the absence of disease. Accelerated decline in FEV; and/or FVC increased the risk of cardiovascular
death independent of cigarette smoking, elevated cholesterol or hypertension [101, 102] and those with a
low FEV; with normal decline had a greater risk of death [103]. Unfortunately, adverse cardiovascular
outcomes and premature all-cause mortality related to poor respiratory health in adults remain
underappreciated.

Intervention priorities for healthcare workers and health services

Although lung growth and development begin antenatally and continue from birth until 20-25 years of
age [13], the most critical period impacting lifelong lung function trajectories and respiratory health is the
first 1000 days, spanning pregnancy and the first 2 years of life [12, 104-106]. By the time the child is old
enough to perform spirometry, irreversible changes in lifelong lung function trajectories may have occurred
already. A key research focus is to identify those at risk of CRD and to evaluate effectiveness of
interventions that may modify or reverse aberrant lung function trajectories. This research should include
periconception, pregnancy and/or early childhood periods. Nevertheless, some interventions and
monitoring may remain important beyond the first years of life for older children and adolescents capable
of catch-up in lung function [7-9, 18] and in adults whose lung function trajectories indicate risk of later
CRD, especially asthma [16] and COPD [63, 107].

Identifying abnormal lung function trajectories by spirometry from school age or tidal breathing measures
(e.g. oscillometry) for infants and preschool children [108] will require either a population-based screening
programme or targeting those exposed to adverse risk factors (e.g. preterm birth, parental smokers, early-life
hospitalisation for ALRI). Currently, evidence to support either approach, including feasibility and cost—
benefit analyses of interventions that consider benefits and potential harms, is lacking [12]. Adverse
exposures appear to impact lung health in a multiplicative way [108], hence benefits of screening may be
most useful in identified high-risk groups (e.g. preterm, early-life ALRI, obesity, parental smoking).

Additionally, since CWC [96], breathlessness on exertion [109] and declining lung function [14] are
associated with cardiovascular disease and premature mortality, consideration should be given to evaluating
if spirometry being offered routinely to adolescents and young adults to identify, investigate and treat those
at risk of these complications is beneficial [102, 103].
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Given the overlapping and complex interaction of risk factors throughout the life course (figure 1),
successful interventions should be integrated with a whole-of-society approach. Moreover, interventions
should be prioritised for those that need them most (e.g. high-risk groups, including Indigenous
peoples [4]). Population-based interventions are aimed at preventing or arresting CRD by decreasing
exposure to modifiable risk factors identified by longitudinal epidemiological studies [21]. An important
caveat for observational studies is detecting risk or protective factors associated with outcomes does not
invariably confirm causation [110]. In contrast, randomised controlled trials have evaluated protective
factors in maternal and infant subjects but lack long-term follow-up of participants [17, 111, 112].
Consequently, without stronger evidence, our recommendations are provisional, while awaiting more
definitive studies. Overall, we recommend evaluating a “bundle” of interventions for preventing CRD at
either a population level (figure 3) or prioritised for at-risk populations summarised in table 1. In all
settings, it is important to further educate policymakers, health professionals and the community of
the childhood origins of many adult CRDs, especially the adult disease burden related to continuation of
childhood diseases or pre-clinical disease beginning in childhood.

Investing in children’s health is expected to pay long-term societal and economic dividends. Policies to
address social determinants of health (e.g. decreasing poverty and domestic violence, improving housing,
indoor/outdoor air quality, proximity to green spaces [113], health literacy and access to healthcare) are
likely to reduce inequity in respiratory health across the life course [20]. Improving maternal health before,
during and after pregnancy is important and should be prioritised [114], to reduce preterm birth, BPD and
low birthweight, and maximise maternal health, including mental health, with life-long health impact
[38, 108]. Similarly, avoiding tobacco (including vaping) in both parents, including pre-conception and
during pregnancy in the mother, its passive exposure in childhood and active smoking in adolescence and
adulthood reduces the risk of preterm delivery and low birthweight, low lung function and trajectories from
birth, optimises lung growth, and mitigates progression of pre-existing lung injury to adult CRD [7-9, 107].
Promoting breastfeeding and establishing healthy behaviours from early childhood for nutrition, including

Education Early identification Access to diagnostic tools Optimal treatment

« Patient and families « Population lung function screening

« Clinical « Accessible and appropriately used medications
« Healthcare workers » Monitoring those at risk
+ Health policymakers » Lung function tracking

+ Radiographic - Targeted prevention
« Microbiological - Multidisciplinary care
» Physiological - Transition between services

Prioritise maternal healthcare
(antenatal, perinatal and post-natal)
« Control of comorbidities

(e.g. diabetes, HIV, hypertension,

Prevent respiratory infections

« Infant and maternal vaccines: TB, RSV, influenza,
pertussis; RSV immunoprophylaxis

« Equal access for those most at risk

nutrition)
« Mental health and addiction Healthy Vaccination
« Education mothers )
« Social uplift

Prevention: optimise care
« Antenatal: corticosteroids @
« Perinatal: surfactant,
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J
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FIGURE 3 Potential interventions to promote good respiratory health and to either prevent or identify and treat childhood respiratory diseases
early so they may not progress to chronic respiratory disease in adults. RSV: respiratory syncytial virus; TB: tuberculosis.
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micronutrients, and exercise, while avoiding obesity throughout the life course, offers the prospect of
preserving lung function and reducing risk of later asthma and COPD [17, 115, 116]. Early childhood
ALRIs can lead to lower lung function independent of baseline lung function, particularly if recurrent or
severe enough to require hospitalisation [23, 108]. Vaccination against childhood ALRI, including against

TABLE 2 Questions for future research to address important knowledge gaps linking lung growth and development with future pulmonary and

nonpulmonary disease [5, 12, 13, 17, 20, 45, 83, 88, 114]

Discovery research Can the underlying pathophysiological pathways in CRD be identified by integrating multi-omic approaches”
and time-varying exposome” data leading to novel biomarker and therapeutic target discoveries?
How do environmental exposures during pregnancy and infancy trigger gene expression, induce oxidative
states, and epigenetic mechanisms that impact lung growth and immune development?
What factors contribute to severe viral ALRIs and abnormal lung function trajectories? Genetic susceptibility,
epigenetics, respiratory microbiome and/or adverse environmental exposures, including social
determinants of respiratory health?
What are the complex interactions between the host genome and epigenome, respiratory and gut
microbiome (gut-lung axis), persistent inflammation (eosinophilic or neutrophilic) and early allergen
sensitisation, and their effects upon immunological and metabolic priming and future lung growth
and function?
What are the mechanisms linking lung function impairment and poor respiratory health with cardiovascular
morbidity and all-cause premature mortality?
Can heart-lung pheno-endotypes be identified to institute therapies that pre-emptively interrupt progression
of cardiovascular and pulmonary disease?
Other than relying upon spirometry, are there other easily obtained biomarkers (e.g. in blood, exhaled breath
or nasal epithelial cells) that can accurately predict impaired lung function, poor respiratory health and
their link with nonpulmonary diseases?
Intervention and implementation Can mesenchymal stromal cell therapy or other novel therapies (anti-inflammatory cytokines, growth factors,
research antioxidants) prevent/treat BPD?
To build the evidence base for public health interventions (e.g. exercise, nutrition, air quality, vaccines).
Will screening high-risk infants (e.g. preterm birth (especially <28 weeks’ gestation, BPD), parental smoking,
hospitalisation for ALRI) for micronutrients with antioxidant, anti-inflammatory and antiviral properties,
and supplementing them when deficient, protect future lung function and respiratory health?
Do measures to modulate the gut-lung axis and the early respiratory microbiome (e.g. pre-biotics,
pro-biotics, bacterial lysates) influence immune development and lung function trajectories in high-risk
infants (e.g. preterm birth (especially <28 weeks’ gestation, BPD), paternal smoking, severe (hospitalised)
or recurrent ALRIs)?
Does preventing respiratory syncytial virus-associated ALRIs in infants protect against future impaired lung
function trajectories and CRD, including asthma?
Can primary prevention studies and studies of the impact of public health intervention “bundles” on lung
function and respiratory health be conducted most efficiently in primary care or community settings?
Who should be targeted for the most cost-effective public health intervention bundles to prevent abnormal
lung function trajectories and to optimise future pulmonary and nonpulmonary health? Everyone, those
living in high-risk populations, or only individuals deemed to be at high risk?
How to best implement public health policies on strategies that address social determinants of health
(figures 1 and 3 and table 1).
Observational research To gain a better understanding of interactions between host factors (e.g. genetic susceptibility, preterm birth,
infant undernutrition, obesity) and adverse environmental exposures (e.g. severe (hospitalised) or recurrent
ALRIs, social determinants of health) by enrolling infants from birth and following them longitudinally to
identify groups at high-risk of chronic pulmonary and nonpulmonary disorders who may benefit from early
interventions and ongoing monitoring
In addition to bronchiectasis, does recurrent protracted bacterial bronchitis in children predict a future
diagnosis of asthma or COPD?
How can a “pre-COPD” phase be identified and are “pre-COPD” and early COPD reversible by treatment?
What are the implications of impaired lung function and poor respiratory health for cardiovascular risk factor
screening and treatment algorithms?
How best to track lung function trajectories from infancy into adulthood? Should this include everyone or be
limited to high-risk settings or individuals? At what age(s) should lung function be tested, by whom and
how will it be tracked and monitored?
Will conducting spirometry in primary care in individuals with an intermittent or chronic productive cough
identify those with “pre-” or early COPD?

CRD: chronic respiratory disease; ALRI: acute lower respiratory infection; BPD: bronchopulmonary dysplasia. *: integration of genomics, epigenomics,

transcriptomics, proteomics and metabolic data; “: totality of nongenetic exposures that contribute to health outcomes and includes both physical
and social exposures that can vary over time.
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tuberculosis in countries where it is endemic, is a priority strategy to strengthen long-term respiratory
health. This includes maternal and infant vaccine/immunoprophylaxis programmes. Promoting
nonpharmaceutical public health interventions (e.g. good ventilation of crowded spaces, practising cough
and hand hygiene, staying home with a respiratory infection) are also encouraged. Children identified with
CRD should receive multidisciplinary care [44] and, as adolescents, undergo formal best-practice transition
to adult specialist services for continuity of their care [45].

Notwithstanding challenges of cost and feasibility, these interventions are particularly important in LMICs
and disadvantaged Indigenous communities in high-income countries where the burden of risk factors for
CRD is high [4] and preventive interventions should be implemented with greater urgency. Emergent
preventive strategies, e.g. maternal respiratory syncytial virus (RSV) vaccines and birth-administered
long-acting RSV monoclonal antibody should be accessible, and affordable for LMICs and Indigenous
infants in high-income countries as a priority, since this is where the greatest burden of severe RSV
disease exists [117]. Global efforts to address social disadvantage is key to addressing many factors
impacting respiratory health across the life course [4, 20]. As clinicians, researchers, policymakers, funders
and community members, we must stop accepting poverty as an inevitable norm.

Conclusions and future directions

This review found that some childhood respiratory diseases and lung function impairments continue into
adult life, contributing to lifetime respiratory morbidity and mortality, cardiovascular events and to
cardiovascular and all-cause mortality. It emphasises the importance of child respiratory health to an
ageing population globally and of having a healthy start to life by utilising primary and secondary
prevention of childhood respiratory diseases. While clinical algorithms could predict the prognosis of
childhood respiratory disease, identify individuals who will have CRD as adults, and facilitate precision
management, research remains scarce in this area. Converting such algorithms to user friendly tools and
evaluating their effectiveness will facilitate the transferability of such knowledge. Other fields, e.g. heart
disease and cancer, are ahead of lung diseases with such developments.

Consequently, future research to address important knowledge gaps in understanding origins, mechanisms
and implementing cost-effective interventions of CRD is needed (table 2). GETomics (the complex
interactions between genes (G) and the environment (E), encountered throughout the life course (T)),
should reveal mechanisms leading to damaged lungs, impacting upon their normal development and
ageing, and possibly damage to other organs [59, 63, 107]. GETomics and carefully conducted
longitudinal clinical studies will generate accurate pheno-endotyping and biomarkers of CRD, which will
help identify infants and young children most at risk of abnormal lung development and poor respiratory
health, including the subset whose respiratory disease will persist into adulthood. These results will help
inform studies into tailored prevention and management strategies, including their cost-effective
implementation in community and healthcare settings when converted to user friendly tools. For these
studies to be successful, they must include populations in LMICs and Indigenous people in high-income
countries who are most at risk and where local researchers are lead investigators who understand the
context and are well placed to translate and implement findings for maximal impact.

Points for clinical practice

= Children born preterm have increased risk of chronic respiratory disease, with up to 50% of those whose
preterm birth was complicated by BPD later developing chronic respiratory symptoms (wheeze, cough,
dyspnoea) and being at increased risk (up to OR 8.17, 95% CI 5.15-12.93 compared to term-born infants)
of developing future COPD. All children with BPD should be monitored, evaluated and treated
appropriately for chronic respiratory disease.

»  While children with asthma may appear to “outgrow” their disease, some have a low lung function
trajectory and are at risk of developing COPD. As such, children with asthma, especially when allergies are
also present, should have their lung function monitored over time.

= Children with risk factors for COPD, restrictive lung function impairment and premature all-cause mortality
should be monitored for ongoing low lung function and symptoms of chronic respiratory disease. These
include those born preterm (especially <28 weeks’ gestation or with a history of BPD), and early-life acute
hospitalised respiratory infections.

+  Similarly, children with low lung function without any clear disease are also at risk of future COPD;
restrictive lung function impairment and premature all-cause mortality should be monitored for ongoing
low lung function and symptoms of chronic respiratory disease.

»  Although optimum management of children in bronchiectasis is associated with stable lung function, they
continue to have recurrent chronic cough as adolescents and thus should continue to be monitored.
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+  Children with chronic wet/productive cough should be evaluated for its multiple underlying causes, as its
presence is associated with future premature mortality from respiratory and cardiovascular disease as well
as all-cause mortality.

» As child respiratory health and lung function trajectories are inextricably linked to adult respiratory health,
and cardiovascular events, as well as all-cause mortality, those with low lung function should be followed
clinically and counselled to undertake activities that promote lung health (e.g. exercise, appropriate and
timely vaccinations, optimal nutrition) and avoid risk factors (e.g. obesity, smoking, air pollutants).
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