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ABSTRACT

Rationale: Early-life exposures may influence lung function at different stages of the life course.
However, relative importance of characteristics at different stages of infancy and childhood are

unclear.

Objectives: To examine the associations and relative importance of early-life events on lung

function at age 24-years.

Methods: We followed 7,545 children from the Avon Longitudinal Study of Parents and
Children from birth to 24-years. Using previous knowledge, we classified an extensive list of
putative risk factors for low lung function, covering sociodemographic, environmental, lifestyle
and physiological characteristics, according to timing of exposure: 1) demographic, maternal &
child; 2) perinatal; 3) postnatal; 4) early-childhood; 5) adolescence characteristics. Lung
function measurements (FVC, FEV4, FEV1/FVC, and FEF,s75) were standardised for sex, age, and
height. The proportion of the remaining variance explained by each characteristic was
calculated. The association and relative importance (RI) of each characteristic for each lung
function measure was estimated using linear regression, adjusted for other characteristics in

the same and previous categories.

Results: Lower maternal perinatal body mass index (BMI), lower birthweight, lower lean mass,
and higher fat mass in childhood had the largest RI (0.5% — 7.7%) for decreased FVC. Having
no-siblings, lower birthweight, lower lean mass, and higher fat mass were associated with
decreased FEV; (RI: 0.5% — 4. 6%). Higher lean mass and childhood-asthma were associated

with decreased FEV,/FVC (RI: 0.6% — 0.8%).



Conclusions: Maternal perinatal BMI, birthweight, childhood lean and fat mass and early-onset
asthma are the factors in infancy and childhood that have the greatest influence on early-adult

lung function.

Abstract word count: 247
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INTRODUCTION

Lung development commences in early gestation and lung growth continues until early
adulthood (20-25 years of age) when a physiological plateau in lung function is attained (1-3).
Low maximally attained lung function is associated with higher risk and earlier onset of chronic
obstructive pulmonary disease (COPD), higher susceptibility to cardiorespiratory morbidity and
all-cause mortality in adulthood (4). Based on many experimental and epidemiological
observations of immunological and pulmonary development, characteristics of early-life,
including the prenatal period, appear likely to have a major influence on lung function in adult
life (5-7). Understanding the role of early development, exposure to environmental and health
behaviour characteristics in attained lung function in early-adulthood may provide insights into
later development of lung function impairment, explain growth-related differences in their risks

and identify targets for early intervention (8-12).

Numerous studies have investigated variables that might influence lung function growth and
related respiratory diseases in childhood and adolescence. Identified variables include: prenatal
stress (6); mode of delivery (13); maternal diet (14); history of child early feeding (14, 15);
infancy peak weight velocity (16); exposure to pollutions (17-19) and allergens (20, 21) in early
childhood; the role of respiratory viral infections(22), physical activity (23), body
composition (24), and pubertal growth (25-27). Most studies focused on one or few
characteristics, but variations in lung function are likely due to simultaneous effects of several
characteristics (2, 28). Few studies have investigated the simultaneous association of several

characteristics with lung function in childhood and adolescence (29-31). But none to our



knowledge has neither combined sociodemographic, environmental, lifestyle and physiological
characteristics risk factors measured at different stages of early life-course nor investigated
their simultaneous associations with lung function in early-adulthood, around attainment of the

physiological plateau in lung function.

We analysed data from a large population based British birth cohort to investigate associations
of a wide range of characteristics covering the span from early-life events through adolescence
with lung function in early-adult life, around expected peak lung function attainment. Our aims
were to examine numerous characteristics (Figure 1) to identify those independently associated
with lung function in early-adulthood, to assess proportions of explained variations in lung
function parameters attributed to each characteristic, and hence to derive characteristics’

relative importance for early-adult lung function.

METHODS

Study design, setting and population

We studied participants in the Avon Longitudinal Study of Parents and Children (ALSPAC), a
British population-based birth cohort. The study protocol was presented previously (32-34), and
a detailed description is provided in the online data supplement. Briefly, 14,541 pregnant
women resident in Avon, UK, with expected delivery dates between April 1 1991, and
December 31 1992, were recruited, and their 14,062 live-born children were monitored

prospectively. The 7,545 participants who have lung function measured at least once at ages 8,



15 and 24 years were included in this study. A flow chart of the study participants is

demonstrated in Figure 2. Additional details are in the online data supplement.

Lung function

Spirometry was performed according to ATS/ERS criteria (35, 36) by trained fieldworkers in a
research clinic at ages 8, 15 and 24 years. All flow-volume curves were inspected post hoc for
quality assurance by JH. Lung function at ages 15 and 24 years were measured before and 15
minutes after receiving 400 pg of salbutamol (37, 38). The highest measurement of each lung
function parameter, forced vital capacity (FVC), forced expiratory volume in one second (FEV4),
forced expiratory flow, midexpiratory phase (FEF,s75), amongst the best three technically
acceptable flow-volume curves was used for analyses. Standardised post-bronchodilator lung
function scores (SD-scores adjusted for sex, age and height) at age 24 years were used as the
outcomes. Our SD-scores were not adjusted for race as the majority (96.3%) of participants in

our study population (N = 7,545) were from the same ethnic group (described as white).

Description of characteristics

We considered sociodemographic, environmental, lifestyle and physiological characteristics
based on a review of the literature (1, 28, 39), including previous ALSPAC publications (10, 11,
23-25, 40). Figure 1 shows an overview of the investigated characteristics, and Table 1 provides
details of their descriptions. There were 33 characteristics identified and clustered into five life-
course stages: (1) demographic, maternal and child; (2) perinatal; (3) postnatal; (4) early-

childhood; (5) adolescence characteristics. Additional details are in the online data supplement.



Statistical analysis

We compared the characteristics of the study population (N = 7,545) with those of the original
cohort (singleton and one of each twin birth alive at age 1 year, N = 13,798). Participants in the
study population with (N = 2,800) and without (N = 4,745) lung function measurements at age

24 years were also compared.

To increase power and minimise selection bias, multiple imputation (20 imputed datasets) by
chained equations was performed to impute missing data of investigated characteristics and
lung function outcomes at age 24-years (41). Imputation models included all predictor variables
analysed as well as measures of lung function at ages 8 and 15 years. We compared the
characteristics of the study population using observed and imputed datasets to assess the
empirical distributions of the examined characteristics and the lung function outcomes before
and after the imputation. To assess the robustness of our findings, we repeated our analyses
using data from only the participants with measured (non-imputed) lung function at age 24

years.

We estimated associations with lung function at age 24 years according to temporal ordering of
life-course stages, starting with demographic, maternal and child characteristics. Firstly,
mutually adjusted associations of these characteristics with each lung function parameter at
age 24 years were estimated using multivariable linear regression models fitted to each of the

20 imputed datasets, with results combined using Rubin’s rules (42). We then estimated



mutually adjusted associations of perinatal characteristics (our second stage), additionally
adjusting for potential confounding by the characteristics from the previous stage for which the
P-value was < 0.1. This process continued by estimating associations of characteristics for the
next three stages, adjusting for potential confounding by characteristics with P < 0.1 from

previous stages.

Relative importance derivation

For each stage, we calculated the increment in the explained variance (R?) in lung function at
age 24 years when all characteristics in the stage were added to a model including the retained
characteristics (those with P < 0.1) from previous stages, if any. This has been referred to as

27 Within each stage, we derived the increment in R? attributed to each

“stage incremental R
characteristic (“characteristic incremental R?") by adding the characteristics one by one to a
model. A characteristic’s contribution to a stage incremental R? depends on the order in which
the characteristic is added to the model among other characteristics in the same stage. A
characteristic appears to contribute more to a stage’s incremental R when it is added first due
to correlations between characteristics in the same stage. Therefore, we derived incremental

R? for each characteristic by averaging its contribution to the stage incremental R? over all its

possible orderings among the set of characteristics in its stage.

The relative importance (RI) of a characteristic is defined as its incremental R?> when all
characteristics in the same stage as the considered characteristic were added to the model

including the retained characteristics from previous stages. It is then an estimate of the



proportion of variance in lung function at age 24-years explained by the characteristic using our
model setup. This derivation of RI implies that the sum of the RI values of all characteristics

within a stage equals the incremental R? of this stage.

All analyses were conducted using the statistical software R, version 3.5.0 (43). RI was derived
by using the Lindeman, Merenda, and Gold (LMG) method (44) from the ‘relaimpo’ R

package (45). Further details on the methods are provided in the online data supplement.

RESULTS

Among 7,545 participants with at least one spirometry measurement at ages 8, 15 or 24 years,
51% were female, 18.3% had a single mother, 57.5% had a mother with low educational level,
47.3% had maternal history of asthma or allergy, 3.4% had family financial difficulties, 53.7%
had siblings, 5.4% were born pre-term, 10.5% born with caesarean section, 20.9% and 30.2%
had maternal smoking and anxiety during pregnancy respectively, see Table S1. Spirometry
measurements were taken for 88%, 51% and 37% of participants at ages 8, 15 and 24 years
respectively, Figure 2. The summary statistics for investigated characteristics showed similar
results for the original ALSPAC cohort and our study population, Table S4, for observed and
imputed data, Table S1, and for participants with and without lung function measurements at
age 24-years, Table S5. The summary statistics for lung function outcomes at age 24-years were
similar in observed and imputed data, Table S2. The amount of missing data for each

characteristic and lung function measurements in the study population is depicted in Figure S1.



SD-scores of lung function measurements at age 24 years, standardised for sex, age and height
showed positive linear correlations with SD-scores of lung function measured earlier at ages 8
years (coefficients ranged between 0.50 — 0.51 across different lung function parameters) and
15 years (0.46 — 0.48), Table S3. This degree of correlations enabled imputing missing lung
function data at age 24 years by including earlier measurements of lung function in the

imputation models.

Associations with lung function in early-adulthood

Among demographic, maternal and child characteristics, parity was positively associated with
higher FVC, 0.12 SD (95% confidence interval (Cl): 0.05 to 0.20) and FEV;, 0.16 SD (95% Cl: 0.09
to 0.23), and family financial difficulties with low FEV;, -0.25SD (95% Cl: -0.46 to -0.03).
Association of parity with FVC and FEV; were slightly attenuated, 0.10 SD (95% Cl: 0.03 to 0.17)
and 0.14 SD (95% ClI: 0.06 to 0.21) respectively, when additionally adjusted for birthweight.
Among perinatal characteristics, higher birthweight was associated with higher FVC, 0.16 SD
(95% CI: 0.08 to 0.23) and FEV;, 0.15SD (95% Cl: 0.07 to 0.23) per kilogram, and higher
perinatal body mass index (BMI) and maternal smoking during pregnancy with higher FVC, 0.02
SD (95% Cl: 0.01 to 0.03) per kilogram/meter?, and 0.18 SD (95% Cl: 0.07 to 0.29) respectively.
Higher maternal age at delivery was associated with higher FEV;, 0.09 SD (95%Cl: 0.03 to 0.15).
Among early-childhood characteristics, higher lean mass (LM), and lower fat mass (FM) at age 9
years were associated with higher FVC, 0.18 SD (95% ClI: 0.16 to 0.20) per kg of LM and -0.05 SD
(95% ClI: -0.07 to -0.03) per kg/2 of FM, and FEV;, 0.14 SD (95% Cl: 0.12 to 0.16) and -0.05 SD

(95% CI: -0.06 to -0.03) respectively. Among adolescence characteristics, smoking at age 14



years was associated with higher FVC, 0.13 SD (95% Cl: 0.03 to 0.23), with no evidence of an

association with FEV; 0.09 SD (95% Cl: -0.01 to 0.18), Figure 4, Table 2 and Table 3.

Among demographic, maternal and child characteristics, lower maternal education was
associated with lower FEV{/FVC, -0.08 SD (95% Cl: -0.14 to -0.02) and FEF,s.75, -0.07 SD (95% Cl:
-0.13 to -0.01), and family financial difficulties and parity with lower and higher FEF;s.;5, -0.24
SD (95% Cl: -0.42 to -0.06) and 0.11 SD (95% Cl: 0.03 to 0.18) respectively. Among perinatal
characteristics, pre-term delivery was associated with lower FEV;/FVC, -0.25 SD (95% CI: -0.41
to -0.08) and FEF;s.75, -0.23 SD (95% Cl: -0.43 to -0.02), and higher maternal perinatal BMI and
maternal smoking during pregnancy with lower FEV,/FVC, -0.02 SD (95% Cl: -0.03 to -0.01) and -
0.17 SD (95% Cl: -0.27 to -0.07) respectively. Among early-childhood characteristics, higher LM
was associated with lower FEV1/FVC, -0.05 SD (95% Cl: -0.08 to -0.03), but higher FEF,5.75, 0.04
SD (95% Cl: 0.01 to 0.06), and asthma at age 7.5 years with lower FEV:/FVC, -0.22 SD
(95% ClI: -0.34 to -0.09), and FEF;s.75, -0.24 SD (95% ClI: -0.34 to -0.14), Figure 4, Table 4 and

Table 5.

There was little evidence for associations between postnatal characteristics and lung function

outcomes, and for associations between adolescence characteristics and FEV1/FVC or FEF,5.75.



Relative importance of factors in lung function models
After adjusting for sex, age and height, the proportions of remaining variance in lung function
parameters explained by studied characteristics (R? of SD-score models) were 10.8%, 6.7%,

3.5% and 2.4% for FVC, FEV4, FEV./FVC and FEF,s.;5, respectively.

Figure 3 presents the relative importance of characteristics clustered by stage of life-course for
each spirometric parameter. Perinatal and early-childhood characteristics had the largest
contributions to variations of all lung function parameters, compared with other stages. For
FVC,

maternal perinatal BMI, birthweight, LM, and FM at age 9 years had RI of 0.6%, 0.5%, 7.7% and
0.6% respectively. For FEV;, parity (RI = 0.5%), birthweight (RI = 0.5%), LM (RI = 4.6%) and
FM (RI = 0.5%) were the most important influences. For FEV{/FVC, maternal perinatal BMI
(RI = 0.5%), maternal smoking during pregnancy (RI = 0.5%), LM (RI = 0.8%) and asthma at
age 7.5 years (RI = 0.6%) had the greatest relative importance among studied characteristics.

Asthma had the most important influence (RI = 0.7%), on FEF,s 75, see Tables 3-6.

Similar results for the associations and relative importance with lung function were obtained
when restricting our analyses to only participants with measured (non-imputed) lung function

at age 24-years, Figures S2 and S3, and Tables S6 — S9.



DISCUSSION

Main findings

This large population-based birth cohort study investigated the associations of
sociodemographic, environmental, lifestyle and physiological characteristics from prenatal to
adolescence with lung function at age 24 years (around its physiological maximum) and derived
the relative importance of each of these characteristics. With information on many exposures,
our study showed that influences of perinatal and early-childhood characteristics were
relatively larger than that of demographic, postnatal and adolescence characteristics. However,
all influences were modest that is the most influential characteristic, childhood lean mass,
explained not more than 7.7% of the variation in lung function at age 24 years. Our study
highlighted the relative importance of maternal perinatal BMI, birthweight, body composition
in childhood, childhood asthma, socio-economic status (as captured by self-reported financial
difficulties and lower maternal education) and birth order on four major lung function
parameters (FVC, FEVy, FEV1/FVC and FEF,s.s5). Although exposure to air pollution (source-
specific particulate matter with diameter <10um) during early childhood was associated with
reduced lung volumes, we showed that it had much less influence on maximally attained levels
of FVC and FEV; compared to other characteristics such as birthweight and childhood body

composition.

Findings in the context of the literature
Our findings are in-line with the well-established evidence suggesting general primary roles of

early-life exposures on adult lung function (12, 17, 28). It had been shown that increased



childhood BMI was associated with higher lung volume and airflow limitation in adolescents
aged 15 years (30, 46). By partitioning BMI into LM and FM, our study showed that higher LM
and lower FM at age 9 years (both of which are likely to track throughout childhood) were
associated with higher FVC and FEV;. These associations are described in another report from
this study population looking at lung function at age 15 years (24). Importantly our analysis
suggests that of all the studied characteristics, LM has the largest influence on both FVC and
FEV,. Moreover,

we found that higher LM at age 9 years was associated with lower FEV{/FVC at age 24 years,
which is likely to be attributed to a higher influence of LM on FVC than on FEV;. A similar
finding, with a wider confidence interval, has been reported in a previous study (24) with

FEV1/FVC at age 15 years. Our present study provides more evidence for such association.

Previous studies provided strong and consistent evidence of an association of lower birthweight
with adult restrictive lung function impairment, with weaker evidence for airflow
obstruction (47). Our study supports this with larger relative importance for FVC, compared

with FEV1/FVC (which was barely influenced by birthweight).

As might have been anticipated having asthma by the age of 7 had greater influence on
FEV1/FVC and midexpiratory flows than on lung volumes. Similar associations were reported

with lung function in adolescence (10, 48).



Poverty has been shown to be associated with lower lung function in adolescence (49). Our
study supports this, showing that children raised in families reporting family financial difficulties
and with maternal lower education had lower lung function in early-adulthood. This association

played a bigger role in FEV; reduction and airflow limitation than in FVC reduction.

Some of our findings are more difficult to interpret and explain. For example, having siblings
was associated with increased lung function. Similar findings were previously reported for lung
function in childhood (50, 51) with no adequate explanation of the mechanism of the
association. Increased number of siblings has previously been shown to be inversely associated
with asthma and hay fever at age 7 years, but this association did not persist after adjustment
to the household size (52). Our results for crude associations showed no association of having
siblings with lung function in early-adulthood, but this association appeared when the model
was adjusted for the other demographic characteristics including overcrowded household.
Since second-borns tend to have higher birthweights compared with first-borns (53), the
association between parity and lung function might be due to differences in birthweight
(weight at birth was positively associated with higher lung function). In a secondary analysis, we
adjusted this association for birthweight and the results were only slightly attenuated.
However, this secondary analysis might be liable to a collider bias induced by unmeasured

common risk factors of birthweight and lung function (54).

Collider bias, residual confounding effects, or a combination of both might also be a plausible

explanation for the association between maternal smoking during pregnancy and higher FVC.



We found clear evidence of detrimental effects of maternal smoking during pregnancy on
FEV1/FVC suggesting possible dysanapsis of lung growth, a physiological incongruence between
the growth of the lung parenchyma and the caliber of the airways (55). The association of
smoking at age 14 years with increased FVC could be due to a selection bias, e.g., adolescents
with larger lung volume might be more likely to initiate smoking. Since smokers were defined as
those who have ever smoked at least one cigarette, this result doesn’t account for the amount
of smoking. Studying sub-categories of smoking might reveal more on the association between

smoking in adolescence and lung function in early-adulthood.

Higher maternal perinatal BMI was associated with reduced FEV1/FVC, but with increased FVC
suggesting that children of thinner mothers tended to have worse lung volumes. This may be a
consequence of poor maternal perinatal nutrition and/or of poor childhood-feeding for children

of thinner mothers (56).

Early-life exposure to higher air pollution (source-specific particulate matter with diameter
<10um) is believed to impact on developing lungs (57). Our findings suggested less importance
of the early-life exposure to air pollution compared with other childhood characteristics such as

LM and FM.

Implications of our study
There has long been an interest in the relationship of persistent low lung function from early-

life with chronic pulmonary disease in later life but the importance of modifiable early-life



characteristics on lung function has been unclear. Our study addressed roles of early-life
characteristics, provided evidence for their association, and quantified their relative importance
on lung function in early-adulthood, around timing of its physiological maximum. This is
relevant for better understanding of lung function growth and factors likely to contribute to
lower maximal lung function attainment. Our study suggests that the association of early-life
risk factors, e.g. birthweight and childhood asthma, with impaired lung function in late
adulthood (5, 8, 12) is likely related to their association with maximally attained lung function,

and not solely due to their impacts on lung function decline (9).

As various characteristics may influence, to a different extent, different lung function
parameters, our assessment for relative importance of these characteristics can be beneficial in
identifying the major determinants of restrictive and obstructive lung patterns. Our findings,
together with earlier work showing evidence of lung function tracking throughout the life-
course, can help prioritise public health policies directed to children that target risk factors of

low lung function in later life.

Strengths and limitations

This study offers insights into the roles and relative importance of many early-life events on
lung function at age 24 years, with all these characteristics simultaneously investigated. Since
many of these characteristics are clustered (58), studies investigating only a subset of them are
liable to risk of confounding. Our study used a wide range of characteristics with measurements

covering prenatal stage through to early adulthood, with a single large (N=7,545) population-



based birth cohort study (ALSPAC) and therefore provides a more comprehensive analysis
across the life course. Inevitably some data were missing, but we have used state of the art
multiple imputation approaches to impute missing data, thus ensuring we are able to use all
the information available increasing power and minimizing bias related to selective loss to
follow-up. We repeated our analyses using only participants with measured (non-imputed) lung
function (N=2,800). The results confirmed our findings obtained using the imputation

approaches.

We used post-bronchodilator lung function parameters because they represent better the
maximal lung function attained than their corresponding pre-bronchodilator values. The latter
are not optimal when the study sample includes asthmatics, as lung function measurement may

be affected by reversible airway limitation.

Despite adjustments for a wide range of relevant characteristics, this study — like all
observational studies — is still liable to residual confounding by unmeasured characteristics such
as diet and physical activity that were only available for a small number of participants in our
cohort. Furthermore, mutual adjustments of characteristics in the life-course stage might
induce collider bias via such unmeasured confounders, although we believe that our extensive
adjustments for potential confounding minimised effects of such a bias. There is some evidence
that men may reach maximal lung function later than females and we cannot rule out that this
could have a small effect on our findings. Identification of the pathways through which

characteristics affect lung function was beyond our remit. Our study adjusted only for events



that are potential confounders, i.e., that occur earlier or at time of exposure. However,
mediation is a possible mechanism whereby earlier characteristics may influence lung function
through factors that occur later, e.g. childhood characteristics might be mediators of perinatal

characteristics.

Conclusions

Beside well-known variables included in lung function equations (sex and height), our study
provides evidence for associations of perinatal and childhood characteristics, and quantifies
their relative importance, with early-adult lung function. Birthweight, having siblings, LM and
FM at age 9 years were the most important influences on early-adult FVC and FEV;. Maternal
perinatal BMI, smoking during pregnancy, pre-term delivery, impaired childhood respiratory
health and increased LM at age 9 years were associated with lower FEV,/FVC at age 24 years,
with the largest detrimental effect from childhood asthma and LM. Childhood asthma, low LM

and pre-term delivery played the largest roles in low FEF;s5_ss.

Our findings highlight the importance of early-life characteristics in lung function and suggest
public health polices targeting modifiable risk factors in childhood may improve maximally

attained lung function and minimise poor respiratory health in later life.
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TABLES

Table 1. Description of investigated factors grouped in five life-course stages.

Stage Factor

Description

Assessment

Overcrowding
Gas cooking
Rented housing

Single mother
Low maternal education

Maternal history of asthma or allergy

Family financial difficulties

Demographic, maternal and child
characteristics

Parity

positive if home has > 0.75 persons per room
yes or no (baseline)
yes or no (baseline)

yes or no (baseline)

positive if mother educated to school leaving
certificate at 16 years (GCE level in UK) or lower

yes or no (baseline)

questionnaires sent to mother during
pregnancy or 3 to 12 months after
delivery

positive if financial difficulties reported at all three
assessment points

asked at 32 weeks in pregnancy, 8 and
21 months after delivery (questionnaire-
based)

positive if the child has >=1 sibling

at birth (questionnaire)

Maternal perinatal (early pregnancy) body mass index

Maternal age at delivery

Birthweight
Pre-term delivery
Caesarean section

Maternal smoking during pregnancy

Perinatal
characteristics

Maternal anxiety during pregnancy*

Maternal gestational weight gain

Air pollution exposure during pregnancy

. . 2
continous, kilogram/meter”.

measured at 12 weeks gestation

dichotomised in <28 and > 28 years (median age
served as the cut-off)

continous, kilograms
positive if gestation <37 weeks
yes or no (baseline)

using delivery health care records

yes or no (baseline)

yes or no (baseline)

questionnaires sent at 32 weeks
gestation

continous, kilogram/week

mean of weight gain at 0-18 and 18-28
weeks in pregnancy

continous, micrograms/cubic metre

average of daily concentration of source
especific particulate matter 10
micrometers or less in diameter (PMyg)

Table 1 (continued)



Stage

Factor

Description

Assessment

Postnatal
characteristics

Maternal smoking during first year of age

Day care attendance during first year of age

Family pet ownership during first year of age

Maternal anxiety during first year of age*

Air pollution exposure during first year of age

Breastfeeding during first 6 months

Early second-hand smoke exposure

yes or no (baseline)
yes or no (baseline)
yes or no (baseline)

yes or no (baseline)

questionnaires sent from 3-15 months
after birth

continous, micrograms/cubic metre

average of daily concentration of
source-specific particulate matter with
diameter <10um (PMy,) measured at
age 6 and 12 months

yes or no (baseline)

yes or no (baseline)

questionnaire-based, sent from 3-15
months after birth

Early-Childhood
characteristics

Second-hand smoke exposure during age 1-8

years

Air pollution exposure during 1-7 years of age

Child lean mass at 9 years

Child fat mass at 9 years

Current asthma at age 7.5

Allergic sensitization (Skin Prick Test) at age 7.5

positive if exposure to second-hand smoke at
home reported at least in one questionnaire
between age 1-8 years

annual questionnaires sent from age 1-6
and at 8 years

continous, micrograms/cubic metre

cumulative concentration of source-
specific  particulate  matter  with
diameter <10um (PMy) assessed

annually during ages 1 to 7 years

continous, kg, residual after adjustment for gender
and height

continous, kg/2, residual after adjustment for
gender and height

measured at focus clinic and expressed
as residuals from a linear regression of
each on gender, height, and height
squared. Residual fat mass was divided
by 2 (see suppl. Methods)

yes or no (baseline)

guestionnaire-based at age 7.5 years

positive if any of skin prick tests for grass, cat, or
house dust mite reported positive result

measured using cut-off weal for

positivety >=2 mm

Table 1 (continued)



Stage Factor Description Assessment
»  Smoking status at 14 years positive if smoked at least 1 cigarette questionnaire-based at age 14 years
8 =
g Age at k height velocity in pubert continous, years
b e at pea . . .
§ 55 g P g yinp y 2 derived using mixed-effects models for
o & repeated height measurements from
28 Peak height velocity in pubert continous, cm/year
<5 & yinp ¥ 4l age 5 to 20 years (25)

*Anxiety was measured using the validated self-report Crown Crisp Experiential Index which ranges from 0 (no anxious) to 16 (very anxious) (59). Maternal
anxiety scores were not normally distributed and therefore were converted into 1% quartile [0 to 2], 2" quartile [3-4], 3" quartile [5-7] and 4" quartile [8-16].

Anxious mothers were defined as being in the 4" quartile.
1tThe peak height velocity is defined as the maximum of the first derivative of individual height growth trajectories, fitted using nonlinear mixed-effects

models, from age 5-20 years, see (25).



Table 2. Adjusted association and relative importance of early-life characteristics with SD scores of

FVC (scores adjusted for sex, age and height) at age 24 years (N=7545).

Stage Factor Adju:iz?:sd;:f;r;::n(cgesz z::; P-value In((;)R ’ RI(%) Ret:izned
i) Overcrowding -0.060 (-0.145 t0 0.024) 0.164 0.047
g Gas cooking -0.015 (-0.086 to 0.056) 0.683 0.020
,—t . Rented housing -0.010 (-0.159t0 0.138) 0.892 0.040
SE_J, g Single Mother 0.056 (-0.044 to0 0.155) 0.277 0.033
e 3 . 0.61 0.32
g g Low maternal education -0.020 (-0.081 to 0.041) 0.529 0.020
'§ S Maternal history of asthma or allergy 0.026 (-0.043 to 0.095) 0.460 0.033
éo Family financial difficulties -0.141 (-0.395t0 0.112) 0.282 0.095
a Parity (>= 1 siblings) 0.123 (0.050 to 0.196) 0.002 0.318
Maternal perinatal body mass index (Kg/mz) 0.020( 0.009 to 0.032) 0.001 0.631
Maternal age at delivery > 28 years (the median) 0.075(0.003t0 0.147) 0.047 0.113
Birthweight (Kg) 0.157 (0.079 t0 0.234) 2x10™ 0.536
= % Pre-term delivery 0.161 (-0.036 t0 0.357) 0.117 0.076
.g g Caesarean section 0.010(-0.117 t0 0.137) 0.878 1.98 0.029 2.04
& _::f Maternal smoking during pregnancy 0.178 (0.068 to 0.288) 0.003 0.440
Maternal anxiety during pregnancy -0.029 (-0.112 t0 0.055) 0.505 0.032
Maternal gestational weight gain (Kg/week) 0.066 (-0.196 to 0.327) 0.624 0.036
Air pollution exposure during pregnancy (pg/m>) -0.009 (-0.020 to 0.003) 0.139 0.090
Maternal smoking during first year of age -0.100 (-0.258 t0 0.059) 0.226 0.087
Day care attendance during first year of age 0.107 (-0.026 t0 0.241) 0.120 0.085
IS % Family pet ownership during first year of age -0.026 (-0.097 to 0.044) 0.467 0.026
g g Maternal anxiety during first year of age 0.040 (-0.050t0 0.131) 0.384 0.38 0.047 2.04
2 _‘z’ Air pollution during first year of age (ug/m°) -0.010 (-0.023 t0 0.002) 0.118 0.077
; Breastfeeding during first 6 months 0.042 (-0.054 t0 0.138) 0.397 0.046
Early second-hand smoke exposure 0.016 (-0.058 t0 0.089) 0.677 0.015
Second-hand smoke exposure during age 1-8 y -0.003 (-0.062 to 0.056) 0.921 0.008
'§ g Air pollution during 1-7 years of age (ug/m’) -0.010 (-0.019 to -0.001) 0.034 0.172
§ 'g Lean mass at age 9 years (SD-score) 0.180(0.159 t0 0.201) 1x10™*° 7.707
f.; § Fat mass at age 9 years (SD-score) -0.051 (-0.073 t0 -0.028) 1x10™ 858 0.556 10.48
._.;j S Current asthma at 7.5 years 0.064 (-0.056 to 0.184) 0.304 0.104
Skin Prick Test at 7.5 years 0.015 (-0.083 t0 0.113) 0.766 0.030
” Smoking status at 14 years 0.130(0.031t0 0.228) 0.014 0.337
% Age at peak height velocity in puberty (years) -0.003 (-0.028 t0 0.022) 0.822 0.38 0.011 10.82
< Peak height velocity in puberty (cm/year) 0.012 (-0.012 t0 0.036) 0.319 0.033

Abbreviations: Adoles. = adolescence characteristics; FVC = forced vital capacity; Inc. R* = incremental R® for variables in the
corresponding stage; Rl = relative importance (proportion of explained variation in lung function attributed to each variable —
averaging over all its possible orderings among characteristics in same stage); Retained R” = Total R” for retained variables (with
P-value < 0.10) from previous stages and corresponding stage, Kg = kilogram; m = metre; ug = microgram; cm = centimetre.

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table 3. Adjusted association and relative importance of early-life characteristics with SD scores of

FEV (scores adjusted for sex, age and height) at age 24 years (N=7545).

Stage Factor Adju:zt::sd;:fﬁ\r;::n(c gesio;, z::; P-value In((;)R ’ RI(%) Ret:izned
i) Overcrowding -0.079 (-0.173 t0 0.015) 0.107 0.104
g Gas cooking -0.021 (-0.091 t0 0.048) 0.552 0.022
,—t . Rented housing -0.075 (-0.236 t0 0.085) 0.366 0.134
SE_J, g Single Mother 0.067 (-0.036 to 0.169) 0.208 0.039
e 3 . 121 0.89
S g Low maternal education -0.067 (-0.133 t0 -0.001) 0.050 0.141
'§ S Maternal history of asthma or allergy 0.017 (-0.054 t0 0.088) 0.641 0.027
éo Family financial difficulties -0.246 (-0.459 to -0.033) 0.029 0.220
a Parity (>= 1 siblings) 0.161 ( 0.089 to 0.233) 5x10” 0.524
Maternal perinatal body mass index (Kg/mz) 0.006 (-0.004 to 0.015) 0.263 0.086
Maternal age at delivery > 28 years (the median) 0.086 (0.026 to 0.147) 0.006 0.170
Birthweight (Kg) 0.147 ( 0.066 to 0.229) 0.001 0.529
= % Pre-term delivery 0.011 (-0.184 to 0.206) 0.909 0.075
.g g Caesarean section -0.025 (-0.148 t0 0.097) 0.689 1.06 0.027 1.59
& _g Maternal smoking during pregnancy 0.066 (-0.048 t0 0.180) 0.266 0.074
. Maternal anxiety during pregnancy -0.021 (-0.112t0 0.071) 0.657 0.038
Maternal gestational weight gain (Kg/week) -0.076 (-0.329t0 0.177) 0.558 0.025
Air pollution exposure during pregnancy (pg/m>) -0.005 (-0.015 to 0.006) 0.372 0.035
Maternal smoking during first year of age -0.013 (-0.114t0 0.087) 0.793 0.025
" Day care attendance during first year of age 0.080 (-0.067 to 0.228) 0.289 0.057
4]
© % Family pet ownership during first year of age -0.002 (-0.075t0 0.071) 0.966 0.013
g g Maternal anxiety during first year of age 0.062 (-0.018t0 0.141) 0.134 0.27 0.076 1.59
& _fzs Air pollution during first year of age (ug/m°) -0.008 (-0.020 to 0.005) 0.231 0.048
° Breastfeeding during first 6 months -0.018 (-0.125t0 0.088) 0.737 0.032
Early second-hand smoke exposure 0.009 (-0.068 to 0.085) 0.826 0.019
Second-hand smoke exposure during age 1-8 y 0.002 (-0.057 to 0.061) 0.948 0.011
'§ g Air pollution during 1-7 years of age (ug/m°) -0.007 (-0.016 to 0.003) 0.167 0.096
ﬁ 2 Lean mass at age 9 years (SD-score) 0.140(0.117 t0 0.163) 3x10™" 4.579
z 8 5.26 6.63
; § Fat mass at age 9 years (SD-score) -0.045 (-0.063 to -0.026) 3x107 0.465
JE’ S current asthma at 7.5 years -0.072 (-0.171t0 0.026) 0.158 0.072
Skin Prick Test at 7.5 years 0.027 (-0.076 t0 0.130) 0.612 0.032
u Smoking status at 14 years 0.088 (-0.002 t0 0.178) 0.063 0.162
§ Age at peak height velocity in puberty (years) 0.009 (-0.019t0 0.037) 0.542 0.19 0.019 6.79
< Peak height velocity in puberty (cm/year) -0.001 (-0.026 t0 0.024) 0.921 0.012

Abbreviations: Adoles. = adolescence characteristics; FEV, = forced expiratory volume in one second; Inc. R? = incremental R? for
variables in the corresponding stage; Rl = relative importance (proportion of explained variation in lung function attributed to each
variable — averaging over all its possible orderings among characteristics in same stage); Retained R® = Total R® for retained
variables (with P-value <0.10) from previous stages and corresponding stage, Kg = kilogram; m = metre; ug = microgram; cm =
centimetre.

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table 4. Adjusted association and relative importance of early-life characteristics with SD scores of
FEV1/FVC (scores adjusted for sex, age and height) at age 24 years (N=7545).

Stage Factor Adj u:(t:(e)(:;‘sd(i’:fi\r/ecn(c ;512 zII)) P-value In(;);% ’ RI(%) RetaRizned
e Overcrowding -0.033 (-0.146t0 0.081) 0.574 0.067
g Gas cooking -0.013 (-0.091 to 0.064) 0.736 0.025
Trz 4 Rented housing -0.107 (-0.233 t0 0.020) 0.106 0.194
g g Single Mother 0.019 (-0.084 t0 0.123) 0.715 0.036
e 3 . 0.79 0.45
g g Low maternal education -0.079 (-0.142 to -0.015) 0.017 0.184
'§ S Maternal history of asthma or allergy -0.011 (-0.079t0 0.057) 0.751 0.018
éﬂ Family financial difficulties -0.194 (-0.386 t0 -0.002) 0.052 0.155
a Parity (>= 1 siblings) 0.069 (-0.003 to 0.142) 0.067 0.106
Maternal perinatal body mass index (Kg/mz) -0.021 (-0.032 to -0.010) 0.001 0.543
Maternal age at delivery > 28 years (the median) 0.027 (-0.047 t0 0.101) 0.480 0.049
., Birthweight (Kg) -0.001 (-0.086 to 0.084) 0.980 0.046
© % Pre-term delivery -0.247 (-0.413 t0 -0.082) 0.005 0.291
g g Caesarean section -0.064 (-0.183 to 0.055) 0.298 1.66 0.089 1.85
& _;g Maternal smoking during pregnancy -0.173 (-0.273 t0 -0.072) 0.002 0.495
° Maternal anxiety during pregnancy 0.003 (-0.095 to 0.100) 0.953 0.039
Maternal gestational weight gain (Kg/week) -0.229 (-0.476 t0 0.019) 0.075 0.075
Air pollution exposure during pregnancy (pg/m°) 0.004 (-0.007 to 0.016) 0.441 0.035
Maternal smoking during first year of age -0.073 (-0.251t0 0.105) 0.428 0.067
" Day care attendance during first year of age -0.030(-0.171t0 0.110) 0.672 0.022
4]
= % Family pet ownership during first year of age 0.012 (-0.054 t0 0.079) 0.714 0.012
g g Maternal anxiety during first year of age 0.021 (-0.049t0 0.091) 0.554 0.31 0.015 1.85
& _fzs Air pollution during first year of age (ug/m°) 0.001 (-0.014 to 0.016) 0.923 0.023
° Breastfeeding during first 6 months -0.077 (-0.208 to 0.054) 0.259 0.123
Early second-hand smoke exposure -0.036 (-0.126 t0 0.054) 0.433 0.047
Second-hand smoke exposure during age 1-8 y -0.036 (-0.109 to 0.037) 0.337 0.046
'§ g Air pollution during 1-7 years of age (ug/m°) 0.003 (-0.007 to 0.012) 0.559 0.031
§ '% Lean mass at age 9 years (SD-score) -0.054 (-0.076 to -0.033)  6x10° 0.843
e + 1.67 3.33
; § Fat mass at age 9 years (SD-score) 0.001 (-0.019t0 0.021) 0.925 0.071
JE’ S Ccurrent asthma at 7.5 years -0.217 (-0.342 t0 -0.092) 0.002 0.636
Skin Prick Test at 7.5 years 0.035 (-0.069 to 0.139) 0.510 0.038
u Smoking status at 14 years -0.062 (-0.152t0 0.028) 0.182 0.100
§ Age at peak height velocity in puberty (years) 0.021 (-0.003 to 0.045) 0.096 0.21 0.064 3.44
< Peak height velocity in puberty (cm/year) -0.018 (-0.039 to 0.003) 0.099 0.048

Abbreviations: Adoles. = adolescence characteristics; FEV, = forced expiratory volume in one second; FVC = forced vital capacity ; Inc.
R’ = incremental R® for variables in the corresponding stage; RI = relative importance (proportion of explained variation in lung
function attributed to each variable — averaging over all its possible orderings among characteristics in same stage); Retained R’
Total R for retained variables from previous stages and corresponding stage, Kg = kilogram; m = metre; ug = microgram; cm
centimetre.

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table 5. Adjusted association and relative importance of early-life characteristics with SD scores of
FEF2s5.75 (scores adjusted for sex, age and height) at age 24 years (N=7545).

Stage Factor Adju:zt::sd;:fﬁ\r;::n(c gesio;, z::; P-value In((;)R ’ RI(%) Ret:izned
i) Overcrowding -0.029 (-0.143 t0 0.085) 0.625 0.050
g Gas cooking -0.021 (-0.098 to 0.056) 0.599 0.029
,—t 4 Rented housing -0.069 (-0.190t0 0.052) 0.271 0.102
SE_J, g Single Mother 0.014 (-0.093 t0 0.120) 0.802 0.034
e 3 . 0.84 0.61
g g Low maternal education -0.073 (-0.134t0 -0.012) 0.020 0.152
'§ S Maternal history of asthma or allergy 0.003 (-0.065 to 0.071) 0.939 0.016
éo Family financial difficulties -0.238 (-0.420t0 -0.057) 0.012 0.204
a Parity (>= 1 siblings) 0.108 (0.034 to 0.181) 0.006 0.254
Maternal perinatal body mass index (Kg/mz) -0.001 (-0.011 t0 0.009) 0.859 0.019
Maternal age at delivery > 28 years (the median) 0.066 (-0.003 to 0.135) 0.064 0.130
Birthweight (Kg) 0.053 (-0.025 t0 0.131) 0.187 0.175
= % Pre-term delivery -0.227 (-0.429 t0 -0.024) 0.034 0.333
g g Caesarean section -0.075 (-0.190 to0 0.039) 0.202 1.03 0.081 1.07
& _g Maternal smoking during pregnancy -0.090 (-0.203 t0 0.023) 0.129 0.190
. Maternal anxiety during pregnancy 0.026 (-0.065t0 0.117) 0.579 0.036
Maternal gestational weight gain (Kg/week) -0.170 (-0.417 t0 0.077) 0.183 0.055
Air pollution exposure during pregnancy (pg/m>) 0.000 (-0.011 to 0.010) 0.977 0.013
Maternal smoking during first year of age -0.146 (-0.316 t0 0.025) 0.103 0.164
" Day care attendance during first year of age 0.063 (-0.067 t0 0.194) 0.344 0.036
4]
© % Family pet ownership during first year of age 0.030(-0.041 t0 0.100) 0.412 0.029
g g Maternal anxiety during first year of age 0.029 (-0.041t0 0.099) 0.422 0.40 0.020 1.07
& _fzs Air pollution during first year of age (ug/m°) -0.002 (-0.016 t0 0.011) 0.726 0.020
° Breastfeeding during first 6 months -0.065 (-0.187 to 0.056) 0.300 0.094
Early second-hand smoke exposure -0.024 (-0.112 t0 0.063) 0.587 0.036
Second-hand smoke exposure during age 1-8 y -0.063 (-0.134 to 0.008) 0.088 0.095
'§ g Air pollution during 1-7 years of age (ug/m°) -0.001 (-0.010 to 0.008) 0.807 0.019
é g Lean mass at age 9 years (SD-score) 0.035(0.012 to 0.058) 0.004 121 0.309 517
; § Fat mass at age 9 years (SD-score) -0.006 (-0.024 t0 0.013) 0.566 . 0.033 '
JE’ S Current asthma at 7.5 years -0.239 (-0.339t0 -0.139) 2x10° 0.695
Skin Prick Test at 7.5 years 0.064 (-0.045t0 0.173) 0.257 0.059
" Smoking status at 14 years -0.031 (-0.120t0 0.058) 0.495 0.042
i; Age at peak height velocity in puberty (years) 0.014 (-0.011t0 0.038) 0.279 0.09 0.031 2.17
= Peak height velocity in puberty (cm/year) -0.010 (-0.032t0 0.011) 0.351 0.021

Abbreviations: Adoles. = adolescence characteristics; FEF,s ;5 = forced expiratory flow, midexpiratory phase; Inc. R’ = incremental
R” for variables in the corresponding stage; Rl = relative importance (proportion of explained variation in lung function attributed
to each variable — averaging over all its possible orderings among characteristics in same stage); Retained R” = Total R’ for retained
variables (with P-value <0.10) from previous stages and corresponding stage, Kg = kilogram; m = metre; ug = microgram; cm =
centimetre

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.
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Figure 1. Characteristics examined for association and relative importance with lung function at age 24 years (Detailed description presented in Table 1).



ALSPAC core population
n = 14,676 fetuses

Excluded: n = 878
Death by age 1 year (n = 688), alive quadruplets (n =
4), triplets (n = 6), and one randomly selected child
from each alive pair of twins at age 1 year (n = 180)

Y

Singleton and one twin birth alive at age 1 year
n =13.798

Excluded: n = 6,253
Spirometry measures have never been taken

Y

Analysis of early-life influences on lung function
n = 7,545 (study population)

A A
No lung function data Childhood lung function
measured in childhood Participants with pre-bronchodilator spirometry measures
n =932 reported from clinics at age 8 years,n = 6,613
n=3,313 n=3,300
n = 380
No lung function data Adolescence lung function
measured in adolescence Participants with post-bronchodilator spirometry measures
n = 3,693 reported from clinics at age 15 years, n = 3,852
n=1>517
n=2594
A A 4
No lung function data Adulthood lung function
measured in adulthood Participants with post-bronchodilator spirometry measures
n = 4,745 reported from clinics at age 24 years, n = 2,800

Figure 2. Flow chart of study participants. The blue and red arrows refer to different follow-up paths for spirometry clinics at ages 8, 15
and 24 years. For example, the blue arrow from ‘Childhood’ to ‘Adolescence’ lung function boxes represents participants (n = 3,300)
whose lung function was measured at both clinics, of those n = 1,517 participants had given their lung function measurements in
adulthood but n = 1,783 had not (the two blue arrows coming out from the box of ‘Adolescence lung function’). ALSPAC = Avon
Longitudinal Study of Parents and Children.
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Figure 3. Circular plot of characteristics’ relative importance (RI), on lung function parameters at age 24 years. Associations with higher and lower lung function

were highlighted in black and grey colours respectively. Bars’ height represented levels of RI, expressed in %, except for characteristics whose RI > 1%, where
exact Rl values are displayed on their corresponding bars.
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Figure 4. Circular plot of characteristics’ association (point estimates and 95% confidence intervals) with lung function parameters at age 24 years for our study
population (N=7,545). The raw data used for generating this plot are reported in Table 2 - Table 5



Early-life and health behaviour influences on lung function
in early-adulthood

Online Data Supplement

METHODS

Participants and data collection

ALSPAC initially recruited 14,541 pregnant women resident in Avon, UK with expected
delivery dates between April 1, 1991 and December 31. This initial number of pregnancies,
known as core sample, included the mothers enrolled in the ALSPAC study and had either
returned at least one questionnaire or attended a ‘Children in Focus’ research clinic by 19th
July 1999. These initial pregnancies had a total of 14,676 fetuses, resulting in 14,062 live
births and 13,988 children who were alive at age one-year. When the oldest children were
approximately seven years of age, an attempt was made to bolster the initial sample with
eligible cases who had failed to join the study originally. As a result, there are extra data
available when considering variables collected from the age of seven years onwards. The
number of new pregnancies, not in the core sample, known as phases Il and IIl enrolments,
is 706 (452 and 254 recruited during Phases II and III respectively), resulting in an
additional 713 children being enrolled. The phases of enrolment are described in more
detail in the cohort profile paper (1). Therefore, the total sample size for which the ALSPAC
data collected after the age of seven years is therefore 15,247 pregnancies, resulting in

15,458 fetuses with 14,775 live births and 14,701 alive children at one-year of age.



We restricted our study (N = 7,545) to the core sample participants who have lung function
measured at least once, after excluding quadruplets, triplets and one random child of each
twin births. The study was approved by the ALSPAC Ethics and Law Committee and local
research ethics committees. Informed consent for the use of data collected via
questionnaires and clinics was obtained from participants following the recommendations

of the ALSPAC Ethics and Law Committee at the time.

Data were collected from several sources: self-administered questionnaires sent to
mothers at approximately annual intervals from 6 to 198 months (16% years); annual
physical examinations carried out during research clinics from age 7 to 13 years and at 15,
17 and 24 years. Study data were collected and managed using REDCap electronic data
capture tools(2, 3) hosted at University of Bristol. The ALSPAC study website contains
details of all data through a fully searchable data dictionary that is available on the

following Web page:

http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/

Investigated characteristics

Factors were categorized according to their nature and timing: (1) demographic, maternal
and child characteristics that do not change over time and/or were measured before birth,
e.g. gas cooking, maternal asthma or allergy, family financial difficulties; (2) perinatal
characteristics, e.g. birthweight, maternal smoking during pregnancy; (3) postnatal
characteristics, e.g. maternal smoking during first year of age, air pollution exposure during
first year of age; (4) early-childhood, e.g. exposure to second-hand smoking during age 1-8

years, air pollution exposure during age 1-7 years; lean and fat mass at age 9 years, current



asthma at age 7.5 years (5) adolescence characteristics, e.g. smoking status at age 14 years,
pubertal age. Figure 1 shows an overview of investigated characteristics and a detailed

description is provided in Table 1.

Lean mass and fat mass residuals

To adjust for differences in fat mass between females and males, and to adjust for height,
the measures of fat mass and lean mass included in the analyses were calculated as the
residuals from a linear regression of each on gender, height, and height squared. The
standard deviation of fat mass residuals was 4.35 kg, approximately double that of lean
mass (1.71 kg) residuals. We divided the fat mass residuals by two in subsequent analyses,
so that regression coefficients for fat mass, and lean mass that were of similar size reflected

associations of similar strength (4).

Statistical analysis

Dealing with missing data:

To assess whether missing values of lung function at age 24 years (outcomes) can plausibly
be imputed using information from earlier lung function measurements, linear correlation
coefficients between SD-scores of lung function measured at different ages were examined
(Table 2). A layout of missing data of investigated characteristics and lung function

outcomes at ages 8, 15 and 24 years was depicted in Figure S1.

Among the study population (N = 7,545), there were small amounts of missing data for all
stages of factors (Figure S1). This varied from none, e.g. for pre-term delivery and maternal

age at delivery, to 38%, for smoking status at age 14 years. The skin prick test (SPT) was



performed for only a selected random sub-sample. Therefore, the amount of its missing

data was relatively high, 27%.

To increase power and minimize selection bias, multiple imputation by chained equations
was performed to impute missing data among our study population (5). In our imputation
models, we included all lung function measures at ages 8, 15 and 24 years, exposures,
potential confounders, and additional variables that might be predictive of missingness or
of the missing values themselves. These included all characteristics of interest as presented
in Table 1, smoking status at ages 16, 18, 20, 22 and 23 years, current asthma at ages 9, 11,
13, 14 and 15, immunoglobulin-E blood test and maternal ever caesarean section delivery.
We generated 20 imputed datasets using 10 cycles of regression switching (5). These
datasets were then used for the main analyses. Since estimates of associations given by the
regression models are derived to be normally distributed, we aggregated the findings
across the imputed datasets using the Rubin’s rules (6) and obtained 95% confidence
intervals for characteristics’ association by using the pooled means and pooled standard
errors of estimated coefficients. The Rubin’s rules produced average of individual
coefficients and total average of between-imputation and within-imputation variances as

the combined estimates of size of associations and their variances respectively.

Relative importance (RI) of influences on each lung function outcome were assessed using
the Lindeman, Merenda, and Gold (LMG) method (7). The LMG analyses the explained
variance, R?, of a considered model and estimates the incremental R2, defined as partial

contribution to the total R?, attributed to the characteristic of interest. The incremental R?2



for each characteristic might be influenced by the order in which its variable was entered
in a model, particularly when correlations among variables exist, i.e. it is larger when the
variable entered first and lower when entered last. The LMG derives RI for each
characteristic using its incremental R2 by averaging over all possible orderings among the
set of characteristics in the same stage as the characteristic of interest. Thus, the relative
importance of factors included in a model are normalized to sum up to its R2 The

procedures for calculating RI were implemented using the ‘relaimpo’ R package (8).

RESULTS:

Table S1 reports characteristics of the study population using the observed and multiple
imputed datasets. The summary statistics for most characteristics were similar in imputed
and observed data due to their large proportions of observed data (= 90%) and the large
size of study population (N = 7,545). For characteristics with lower proportions of
observed data, including smoking status at age 14 years (62%), current asthma at age 7.5
years (73%), skin prick test at age 7.5 years (73%), air pollution during 1-7 years of age
(81%) and second-hand smoke exposure during age 1-8 years, the differences in summary
statistics between observed and imputed data were small, —0.6%, —2.3%, —0.01%,
0.06 pg/m3, 1.7% respectively. Lung function, age and height distributions at 24 years
clinic were similar in observed and imputed data, see Table S2. The medians and
interquartile ranges (IQRs) of height and age were identical in both observed and imputed

datasets.



We have reported the crude associations of the investigated characteristics with lung

function measurements, only adjusted by sex, age and height, in Tables S10 - S13.
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TABLES

Table S1. Characteristics of study population using the observed and imputed datasets.

Observed data

Imputed data (N =

7545)

Stage Factor

N %. or % or Median
Median

_ w  Overcrowding 7214 20.57 20.8
% }; Gas cooking 7222 53.96 53.95
‘EEG % Rented housing 7020 14.09 14.98
5 g Single Mother 7356 18.28 18.54
é- E Low maternal education* 7225 57.49 57.99
Y % Maternal history of asthma or allergy 7110 47.33 47.27
éE) '% Family financial difficulties 7423 3.37 3.43
Parity (>= 1 siblings) 7250 53.7 53.65
Maternal perinatal body mass index (Kg/m?) t 6747 22.18 22.27
Maternal age at delivery > 28 years (the median) 7528 53.21 53.21
»  Birthweight (Kg) t 7437 3.44 3.44
S @  Pre-term delivery 7528 5.37 5.38
.g g Caesarean section 7357 10.51 10.5
A E Maternal smoking during pregnancy 7146 20.86 21.05
©  Maternal anxiety during pregnancy 6593 30.15 30.42
Maternal gestational weight gain (Kg/week) 6906 0.43 0.42
Air pollution exposure during pregnancy (pg/ms3) 6983 32.72 32.7
Maternal smoking during first year of age 6929 18.82 20.05
»  Daycare attendance during first year of age 6879 6.72 6.63
'S &  Family pet ownership during first year of age 6938 69.07 69.27
% % Maternal anxiety during first year of age 6893 21.44 21.93
£ E, Air pollution during first year of age (ng/m?3) t 6932 31.38 31.38
©  Breastfeeding during first 6 months 6978 81.76 81.23
Early second-hand smoke exposure 7031 33.15 34.25
< . Second-hand smoke exposure during age 1-8 'y 6333 62.92 61.14
é é Air pollution during 1-7 years of age (pug/m3) t 6140 73.14 73.07
E '§ Lean mass at age 9 years (kg) t 5707 -0.12 -0.1
‘-.; § Fat mass at age 9 years (kg/2) t 5707 -0.47 -0.37
£ i:: Current asthma at 7.5 years 5533 14.19 16.52
= Skin Prick Test at 7.5 years 5522 21.06 21.09
é Smoking status at 14 years 4679 24.96 25.68
§ Age at peak height velocity in puberty (years) 7240 12.48 12.48
< Peak height velocity in puberty (cm/year) 7240 8.88 8.89

Abbreviations: Adoles. = adolescence; Kg = kilogram; m = metre; ug = microgram; cm = centimetre.

*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..

tContinuous variables where medians were calculated.



Table S2. Summary statistics of lung function outcomes at age 24 years for the study population using

the observed and imputed datasets.

Observed data Imputed data (N = 7545)

Variable

N Median (IQR) Median (IQR)
Age (years) 3391 24.4 (23.9to 25.1) 24.5 (23.9to 25.1)
Height at lung function clinic (metres) 3371 1.7 (1.6 to 1.8) 1.7 (1.6 to 1.8)
Forced vital capacity, FVC (L) 2800 4.3 (3.7t05.2) 4.6 (3.9t05.5)
Forced expiratory volume in one second, FEV; (L) 2800 3.7 (3.2t0 4.4) 3.9 (3.3t0 4.6)
FEV1/FVC (%) 2800 85.9 (82.0 to 89.5) 85.4 (81.0 to 89.4)
Forced expiratory flow, midexpiratory phase (L/s) 2800 4.1(3.4t04.8) 4.2 (3.5t05.0)

Abbreviations: IQR= interquartile range ; L=litre ; s=second



Table S3. Pairwise linear correlation coefficients between SD scores (adjusted for sex, age and height) of lung function measurements at different
timepoints.

FVC FEV, FEF25.75
15 years 24 years 15 years 24 years 15 years 24 years
8 years 0.399 0.504 0.372 0.508 0.424 0.513
15 years 0.475 0.455 0.484




Table S4. Comparisons of the characteristics of study population with the original ALSPAC population.

Study population Original ALSPAC
Stage Factor (N =7,545) population (N=13,798)
N % or N % or
Median Median
g Overcrowding 7214 20.57 12645 27.01
% g  Gascooking 7222 53.96 12731 52.63
E_,E-’ g Rented housing 7020 14.09 12202 22.68
E § Single Mother 7356 18.28 12980 24.38
fj E Low maternal education* 7225 57.49 12261 64.62
§ E Maternal history of asthma or allergy 7110 47.33 12047 45.56
éo ’é Family financial difficulties 7423 3.37 12807 5.36
a2 Parity (>= 1 siblings) 7250 53.7 12765 55.22
Maternal perinatal body mass index (Kg/m?2) t 6747 22.18 11374 22.18
Maternal age at delivery > 28 years (the median) 7528 53.21 13798 45.14
9 Birthweight (Kg) t 7437 3.44 13622 3.42
'S @ Pre-term delivery 7528 5.37 13798 5.55
g g Caesarean section 7357 10.51 8116 17.58
A E Maternal smoking during pregnancy 7146 20.86 12171 29.52
©  Maternal anxiety during pregnancy 6593 30.15 11120 34.07
Maternal gestational weight gain (Kg/week) t 6906 0.43 12438 0.42
Air pollution exposure during pregnancy (pug/ms3) 1 6983 32.72 12638 32.67
Maternal smoking during first year of age 6929 18.82 11073 24.2
9 Day care attendance during first year of age 6879 6.72 10825 6
S & Family pet ownership during first year of age 6938 69.07 10941 69.42
f_,f %’ Maternal anxiety during first year of age 6893 21.44 11023 22.42
£ E; Air pollution during first year of age (ng/m?3) + 6932 31.38 12493 31.36
©  Breastfeeding during first 6 months 6978 81.76 11196 75.8
Early second-hand smoke exposure 7031 33.15 11328 38.06
Second-hand smoke exposure during age 1-8 y 6333 62.92 9804 72.23
§ g Air pollution during 1-7 years of age (ug/m3) 6140 73.14 10896 73.12
§ % Lean mass at age 9 years (kg) t 5707 -0.12 6339 -0.11
i g Fat mass at age 9 years (kg/2) t 5707 -0.47 6339 -0.46
5 i:: Current asthma at 7.5 years 5533 14.19 7218 14.13
= Skin Prick Test at 7.5 years 5522 21.06 6438 20.69
” Smoking status at 14 years 4679 24.96 5586 25.67
é Age at peak height velocity in puberty (years) t 7240 12.48 9032 12.5
< Peak height velocity in puberty (cm/year) t 7240 8.88 9032 891

Considered ALSPAC population = Singleton and one twin birth alive at age 1 year of the Avon Longitudinal Study of Parents and

Children.

Abbreviations: Adoles. = adolescence; Kg = kilogram; m = metre; ug = microgram; cm = centimetre.

*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..

tContinuous variables where medians were calculated.



Table S5. Comparisons of the characteristics of participants in the study population with and without
the lung function measurements at age 24 years.

With Lung function Without lung function

measurements at age 24 measurements at age 24

Stage Factor years (N= 2,800) years (N=4,745)
% or % or
N Median N Median
g Overcrowding 2692 17.27 4522 22.53
% g  Gascooking 2690 54.68 4532 53.53
E_,E-’ g Rented housing 2624 10.02 4396 16.52
E ‘qé Single Mother 2745 15.63 4611 19.87
fj E Low maternal education* 2711 50.02 4514 61.98
§ E Maternal history of asthma or allergy 2660 49.32 4450 46.13
éo {E) Family financial difficulties 2759 2.79 4664 3.71
2 Parity (>= 1 siblings) 2710 53.1 4540 54.05
Maternal perinatal body mass index (Kg/m?2) t 2543 21.97 4204 22.36
Maternal age at delivery > 28 years (the median) 2794 58.2 4734 50.27
9 Birthweight (Kg) 2758 343 4679 3.45
'S @ Pre-term delivery 2794 5.05 4734 5.56
g g Caesarean section 2740 10.88 4617 10.29
A E Maternal smoking during pregnancy 2666 16.69 4480 23.35
©  Maternal anxiety during pregnancy 2465 28.72 4128 31.01
Maternal gestational weight gain (Kg/week) t 2558 0.43 4348 0.42
Air pollution exposure during pregnancy (pug/ms3) 1 2591 32.76 4392 32.7
Maternal smoking during first year of age 2599 15.04 4330 21.09
9 Day care attendance during first year of age 2585 7.58 4294 6.19
'S & Family pet ownership during first year of age 2605 68.25 4333 69.56
% g Maternal anxiety during first year of age 2587 20.6 4306 21.95
£ :% Air pollution during first year of age (ng/m?3) + 2561 31.41 4371 31.35
©  Breastfeeding during first 6 months 2625 85.56 4353 79.46
Early second-hand smoke exposure 2637 28.97 4394 35.66
- Second-hand smoke exposure during age 1-8 y 2378 55.38 3955 67.46
g g Air pollution during 1-7 years of age (ug/m3) t 2219 73.09 3921 73.16
§ % Lean mass at age 9 years (kg) t 2132 -0.14 3575 -0.11
i g Fat mass at age 9 years (kg/2) t 2132 -0.5 3575 -0.46
5 i:: Current asthma at 7.5 years 2119 13.17 3414 14.82
a Skin Prick Test at 7.5 years 2068 20.94 3454 21.13
” Smoking status at 14 years 2128 23.03 2551 26.58
é Age at peak height velocity in puberty (years) t 2693 12.24 4547 12.69
< Peak height velocity in puberty (cm/year) t 2693 8.6 4547 9.06

Abbreviations: Adoles. = adolescence; Kg = kilogram; m = metre; ug = microgram; cm = centimetre.
*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..

TContinuous variables where medians were calculated.



Table S6. Adjusted association and relative importance of early-life characteristics with SD scores
(adjusted for sex, age and height) of FVC measurements (non-imputed) at age 24 years (N=2800).

Stage Factor Adju:‘t"z(::sd;:fs\r/ecn(cgesg (S:II)) P-value In(;)R i RI(%) Ret:izned
i) Overcrowding -0.084 (-0.191t0 0.023) 0.126 0.078
E Gas cooking 0.016 (-0.060 to 0.091) 0.683 0.011
r—% v Rented housing -0.080 (-0.225 t0 0.065) 0.280 0.073
SE_J, % Single Mother 0.077 (-0.035t0 0.189) 0.178 0.031
% g Low maternal education -0.004 (-0.080 to 0.073) 0.921 064 0.004 040
;§ 5 Maternal history of asthma or allergy 0.029 (-0.047 t0 0.106)  0.448 0.020
éo Family financial difficulties -0.098 (-0.329t0 0.132) 0.404 0.028
8 Parity (>= 1 siblings) 0.139 (0.062 t0 0.217) 4x10™ 0.398
Maternal perinatal body mass index (Kg/m?) 0.017 (0.006 to 0.028) 0.003 0.413
Maternal age at delivery > 28 years (the median) 0.086 (0.008 to 0.164) 0.030 0.141
Birthweight (Kg) 0.163 (0.080 t0 0.247) 1x10™ 0.561
= g Pre-term delivery 0.144 (-0.046 to 0.334) 0.139 0.042
.g .%':j Caesarean section 0.019 (-0.103 to 0.141) 0.759 1.56 0.008 1.82
& _;f Maternal smoking during pregnancy 0.174 (0.070 t0 0.277)  0.001 0.309
Maternal anxiety during pregnancy -0.034 (-0.120 t0 0.053)  0.449 0.015
Maternal gestational weight gain (Kg/week) 0.066 (-0.222 t0 0.355)  0.653 0.025
Air pollution exposure during pregnancy (ug/m?) -0.007 (-0.019 to 0.005)  0.261 0.049
Maternal smoking during first year of age -0.096 (-0.263 t0 0.071) 0.261 0.063
Day care attendance during first year of age 0.107 (-0.039t0 0.252)  0.150 0.084
5 g Family pet ownership during first year of age -0.056 (-0.142 t0 0.029)  0.197 0.073
% g Maternal anxiety during first year of age 0.001 (-0.092 to 0.095) 0.977 0.38 0.002 1.82
e _‘;j Air pollution during first year of age (ug/m?) -0.010(-0.025 t0 0.005) 0.200 0.059
Breastfeeding during first 6 months 0.085 (-0.027 t0 0.196) 0.137 0.098
Early second-hand smoke exposure -0.001 (-0.090 to 0.088) 0.978 0.005
Second-hand smoke exposure during age 1-8 y 0.018(-0.065 t0 0.101)  0.669 0.014
'§ g Air pollution during 1-7 years of age (ug/m°) -0.008 (-0.018 to 0.002) 0.098 0.131
é 'g Lean mass at age 9 years (SD-score) 0.178 (0.153 t0 0.203) 1x10™° 03 7.115 060
; § Fat mass at age 9 years (SD-score) -0.056 (-0.076 to -0.037) 1x10° ' 0.621 .
u;j S Current asthma at 7.5 years 0.005 (-0.109 t0 0.120) 0.927 0.014
Skin Prick Test at 7.5 years 0.047 (-0.067 to 0.161) 0.418 0.035
u Smoking status at 14 years 0.124 (0.032 to 0.216) 0.009 0.256
% Age at peak height velocity in puberty (years) 0.014 (-0.018 t0 0.047) 0.387 0.29 0.021 9.95
< Peak height velocity in puberty (cm/year) 0.007 (-0.021 t0 0.035)  0.612 0.012

Abbreviations: Adoles. = adolescence characteristics; FVC = forced vital capacity; Inc. R* = incremental R” for variables in the
corresponding stage; Rl = relative importance (proportion of explained variation in lung function attributed to each variable —
averaging over all its possible orderings among characteristics in same stage); Retained R® = Total R” for retained variables (with
P-value < 0.10) from previous stages and corresponding stage, Kg = kilogram; m = metre; ug = microgram; cm = centimetre.

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table S7. Adjusted association and relative importance of early-life characteristics with SD scores
(adjusted for sex, age and height) of FEV1 measurements (non-imputed) at age 24 years (N=2800).

Stage Factor Adjuzzz(::sd;:fi\r/in(cgesiz ZII)) P-value |n((;/.°)R ’ RI(%) RetaRizned
= Overcrowding -0.088 (-0.194 t0 0.019) 0.108 0.102
E Gas cooking 0.027 (-0.049 to 0.102) 0.485 0.029
7% v Rented housing -0.105 (-0.250 to 0.040) 0.157 0.137
5 é Single Mother 0.088 (-0.024 to 0.200) 0.122 0.036
e 3 _ 1.10 0.70
g g Low maternal education -0.050 (-0.126 t0 0.027) 0.204 0.084
'§ & Maternal history of asthma or allergy 0.020 (-0.056 t0 0.097)  0.605 0.011
éﬂ Family financial difficulties -0.222 (-0.452t0 0.008) 0.058 0.143
a Parity (>= 1 siblings) 0.165 (0.088 to 0.242) 3x10” 0.556
Maternal perinatal body mass index (Kg/m?) 0.004 (-0.007 to 0.016) 0.465 0.052
Maternal age at delivery > 28 years (the median) 0.079 (0.001 to 0.156)  0.048 0.133
Birthweight (Kg) 0.186 (0.102 t0 0.270) 1x10”° 0.771
= g Pre-term delivery 0.041 (-0.149t0 0.232) 0.671 0.063
g % Caesarean section -0.016 (-0.137 to 0.106) 0.799 1.12  0.006 1.60
& § Maternal smoking during pregnancy 0.084 (-0.020t0 0.188) 0.115 0.054
U Maternal anxiety during pregnancy -0.039 (-0.126 t0 0.048) 0.382 0.027
Maternal gestational weight gain (Kg/week) -0.047 (-0.337t0 0.242)  0.749 0.014
Air pollution exposure during pregnancy (ug/m®) -0.002 (-0.014t0 0.011) 0.801 0.004
Maternal smoking during first year of age -0.003 (-0.117 to 0.111) 0.957 0.003
,, Daycare attendance during first year of age 0.067 (-0.077 to 0.211) 0.360 0.034
4]
© G Family pet ownership during first year of age -0.013 (-0.097 to 0.071) 0.753 0.006
g g Maternal anxiety during first year of age 0.042 (-0.053t0 0.137) 0.389 0.11 0.031 1.60
g fé Air pollution during first year of age (ug/m?) -0.005 (-0.020 to 0.009) 0.487 0.018
° Breastfeeding during first 6 months 0.021 (-0.091to 0.134) 0.709 0.010
Early second-hand smoke exposure 0.011 (-0.078 to 0.099) 0.811 0.003
Second-hand smoke exposure during age 1-8 y 0.045(-0.037 t0 0.127)  0.286 0.057
3 g Airpollution during 1-7 years of age (ug/m’) -0.005 (-0.015 to 0.005)  0.330 0.047
§ 'g Lean mass at age 9 years (SD-score) 0.150 (0.124 t0 0.176) 1x10™*° 81 4.983 S0
g § Fat mass at age 9 years (SD-score) -0.052 (-0.071 t0 -0.032) 2x10” ' 0.573 ’
& Current asthma at 7.5 years -0.101 (-0.220t0 0.017)  0.096 0.121
Skin Prick Test at 7.5 years 0.035 (-0.083 t0 0.152) 0.564 0.024
g Smoking status at 14 years 0.072 (-0.024t0 0.169) 0.141 0.092
i; Age at peak height velocity in puberty (years) 0.018(-0.015 t0 0.050)  0.286 0.13 0.032 7.28
< Peak height velocity in puberty (cm/year) -0.006 (-0.034 t0 0.022)  0.683 0.006

Abbreviations: Adoles. = adolescence characteristics; FEV, = forced expiratory volume in one second; Inc. R? = incremental R* for
variables in the corresponding stage; Rl = relative importance (proportion of explained variation in lung function attributed to each
variable — averaging over all its possible orderings among characteristics in same stage); Retained R” = Total R® for retained
variables (with P-value £ 0.10) from previous stages and corresponding stage, Kg = kilogram; m = metre; pg = microgram; cm =
centimetre.

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table S8. Adjusted association and relative importance of early-life characteristics with SD scores
(adjusted for sex, age and height) of FEV;/FVC measurements (non-imputed) at age 24 years
(N=2800).

Stage Factor Adju:::?::sd;:fi:/in{ges; f::)) P-value In(i/.o)R ’ RI(%) RetaRizned
e Overcrowding -0.017 (-0.125 t0 0.091)  0.755 0.015
E Gas cooking 0.006 (-0.071t0 0.083) 0.883 0.005
Tg‘; s Rented housing -0.047 (-0.187 t0 0.092) 0.504 0.046
g g Single Mother 0.007 (-0.105t0 0.118) 0.908 0.008
g 2 _ 0.46 0.33
g g Low maternal education -0.080(-0.157 to -0.004) 0.040 0.173
% S Maternal history of asthma or allergy -0.018 (-0.094 t0 0.058)  0.642 0.008
éﬂ Family financial difficulties -0.228 (-0.460 t0 0.003) 0.053 0.159
a Parity (>= 1 siblings) 0.047 (-0.030t0 0.124) 0.232 0.046
Maternal perinatal body mass index (Kg/m?) -0.019 (-0.030 to -0.008) 0.001 0.396
Maternal age at delivery > 28 years (the median) -0.006 (-0.085 to 0.072) 0.875 0.001
" Birthweight (Kg) 0.026 (-0.057 t0 0.110) 0.538 0.056
4]
s § Pre-term delivery -0.220(-0.411t0 -0.029) 0.024 0.238
g % Caesarean section -0.077 (-0.199 t0 0.044) 0.210 1.23 0.090 1.31
& g Maternal smoking during pregnancy -0.161 (-0.269 to -0.053) 0.003 0.340
G
Maternal anxiety during pregnancy -0.007 (-0.097 to 0.083) 0.879 0.015
Maternal gestational weight gain (Kg/week) -0.182 (-0.470 to 0.106) 0.215 0.032
Air pollution exposure during pregnancy (ug/m?’) 0.007 (-0.005 to 0.020) 0.248 0.057
Maternal smoking during first year of age -0.056 (-0.228 to 0.116) 0.523 0.020
" Day care attendance during first year of age -0.059 (-0.204 t0 0.087) 0.429 0.025
4]
= § Family pet ownership during first year of age 0.042 (-0.041 t0 0.125) 0.318 0.039
g g Maternal anxiety during first year of age 0.060 (-0.037 t0 0.156) 0.225 0.22 0.058 1.31
g fé Air pollution during first year of age (ug/m?) 0.002 (-0.013 t0 0.017) 0.803 0.003
° Breastfeeding during first 6 months -0.076 (-0.189 to 0.037) 0.189 0.071
Early second-hand smoke exposure -0.004 (-0.094 to 0.086) 0.934 0.002
Second-hand smoke exposure during age 1-8 y -0.004 (-0.090 to 0.083)  0.930 0.006
'§ g Air pollution during 1-7 years of age (ug/m’) 0.004 (-0.006 to 0.014)  0.437 0.028
% ;é; Lean mass at age 9 years (SD-score) -0.052 (-0.078 to -0.025) 1x10™ L34 0.707 -
2 § Fat mass at age 9 years (SD-score) 0.001 (-0.021 t0 0.023)  0.939 ' 0.041 ’
._.;j, S Current asthma at 7.5 years -0.199 (-0.325 to0 -0.072)  0.003 0.536
Skin Prick Test at 7.5 years 0.007 (-0.101t0 0.114) 0.904 0.026
g Smoking status at 14 years -0.087 (-0.194 t0 0.019) 0.109 0.151
i; Age at peak height velocity in puberty (years) 0.013 (-0.020t0 0.045) 0.453 0.22 0.024 2.55
< Peak height velocity in puberty (cm/year) -0.018(-0.047 t0 0.010)  0.210 0.049

Abbreviations: Adoles. = adolescence characteristics; FEV; = forced expiratory volume in one second; FVC = forced vital capacity ; Inc.
R = incremental R’ for variables in the corresponding stage; Rl = relative importance (proportion of explained variation in lung
function attributed to each variable — averaging over all its possible orderings among characteristics in same stage); Retained R* =
Total R® for retained variables from previous stages and corresponding stage, Kg = kilogram; m = metre; pg = microgram; cm =
centimetre.

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table S9. Adjusted association and relative importance of early-life characteristics with SD scores
(adjusted for sex, age and height) of FEF>5.75 measurements (non-imputed) at age 24 years (N=2800).

Stage Factor Adju:‘t"z(::sd;:fs\r/ecn(cgesg (S:II)) P-value In(;)R i RI(%) Ret:izned
i) Overcrowding -0.016 (-0.124t0 0.093) 0.775 0.009
E Gas cooking 0.020 (-0.056 to 0.097) 0.607 0.016
r—E v Rented housing -0.048 (-0.190 to 0.094) 0.508 0.042
SE_J, % Single Mother 0.031 (-0.081t0 0.143) 0.589 0.007
% ‘8 Low maternal education -0.059 (-0.137 to 0.018)  0.131 5% 0009 o4
;§ 5 Maternal history of asthma or allergy -0.006 (-0.083 t0 0.071)  0.879 0.003
éo Family financial difficulties -0.267 (-0.497 to -0.037) 0.023 0.199
a Parity (>= 1 siblings) 0.099 (0.022 t0 0.176) 0.012 0.212
Maternal perinatal body mass index (Kg/m?) 0.000 (-0.012 t0 0.011)  0.959 0.004
Maternal age at delivery > 28 years (the median) 0.038 (-0.040t0 0.116)  0.342 0.039
Birthweight (Kg) 0.089 (0.005 to 0.173) 0.039 0.309
= g Pre-term delivery -0.206 (-0.397 to -0.015) 0.034 0.296
.g % Caesarean section -0.073 (-0.194 t0 0.048) 0.239 0.87 0.065 1.02
& § Maternal smoking during pregnancy -0.081 (-0.186 t0 0.024)  0.132 0.105
. Maternal anxiety during pregnancy 0.014 (-0.074 t0 0.103)  0.749 0.006
Maternal gestational weight gain (Kg/week) -0.139 (-0.428 t0 0.150)  0.347 0.021
Air pollution exposure during pregnancy (ug/m®) 0.005 (-0.008 to 0.017)  0.441 0.027
Maternal smoking during first year of age -0.136 (-0.304 t0 0.032) 0.112 0.099
" Day care attendance during first year of age 0.038 (-0.107 t0 0.183) 0.606 0.012
4]
© § Family pet ownership during first year of age 0.051 (-0.032t0 0.134) 0.231 0.054
g g Maternal anxiety during first year of age 0.052 (-0.046 to 0.151) 0.298 0.25 0.046 1.02
g & Air pollution during first year of age (ug/m’) 0.001 (-0.014 to 0.016)  0.900 0.002
° Breastfeeding during first 6 months -0.051 (-0.163 t0 0.061) 0.373 0.034
Early second-hand smoke exposure -0.004 (-0.093 to 0.085) 0.930 0.002
Second-hand smoke exposure during age 1-8 y -0.020 (-0.107 t0 0.067)  0.650 0.014
'§ g Air pollution during 1-7 years of age (ug/m°) 0.002 (-0.008 to 0.012)  0.690 0.007
% ;:’3 Lean mass at age 9 years (SD-score) 0.047 (0.020 to 0.073)  0.001 - 0.509 .
; § Fat mass at age 9 years (SD-score) -0.008 (-0.029 t0 0.013)  0.448 ' 0.024 )
JE’ S Current asthma at 7.5 years -0.243 (-0.362 to -0.124) 8x10° 0.716
Skin Prick Test at 7.5 years 0.053 (-0.051 to 0.158) 0.319 0.029
- Smoking status at 14 years -0.047 (-0.151t0 0.057) 0.381 0.051
i; Age at peak height velocity in puberty (years) 0.013 (-0.020 to 0.046) 0.437 0.09 0.024 2.24
= Peak height velocity in puberty (cm/year) -0.009 (-0.037 t0 0.019)  0.535 0.012

Abbreviations: Adoles. = adolescence characteristics; FEF,s.75 = forced expiratory flow, midexpiratory phase; Inc. R’ = incremental
R’ for variables in the corresponding stage; Rl = relative importance (proportion of explained variation in lung function attributed
to each variable — averaging over all its possible orderings among characteristics in same stage); Retained R’ = Total R for retained
variables (with P-value < 0.10) from previous stages and corresponding stage, Kg = kilogram; m = metre; pg = microgram; cm =
centimetre

* Adjusted for all variables in same stage in addition to characteristics from previous stages that yield P-value < 0.10.



Table S10. Crude associations of early-life characteristics with SD scores of FVC (scores adjusted for
sex, age and height) at age 24 years (N=7545).

Stage  Factor Difference in SD scores of FVC (95% Cl) P-value
- Overcrowding -0.034 (-0.114 t0 0.046) 0.402
5 Gascooking 10.009 (-0.077 t0 0.060)  0.806
g § Rented housing -0.019 (-0.144 t0 0.105) 0.762
g % Single Mother 0.012 (-0.069 to 0.094) 0.769
= _{E’ Low maternal education* -0.024 (-0.083 t0 0.034) 0.417
g; % Maternal history of asthma or allergy 0.027 (-0.041 to 0.095) 0.442
g °© Family financial difficulties -0.127 (-0.377t0 0.123) 0.326
e Parity (>= 1 siblings) 0.102 (0.033t0 0.170) 0.005
Maternal perinatal body mass index (Kg/m?) 0.023 (0.012t0 0.033) 0.000
Maternal age at delivery > 28 years (the median) 0.073 (0.004 to0 0.141) 0.043
" Birthweight (Kg) 0.146 ( 0.083 t0 0.208) 0.000
4]
© 7 Pre-term delivery -0.025 (-0.198 t0 0.148) 0.778
g % Caesarean section 0.020 (-0.103 t0 0.142) 0.754
& _;g Maternal smoking during pregnancy 0.136 (0.032t0 0.240) 0.015
° Maternal anxiety during pregnancy -0.011 (-0.093 to0 0.070) 0.786
Maternal gestational weight gain (Kg/week) 0.040 (-0.199 t0 0.280) 0.743
Air pollution exposure during pregnancy (pg/m?) -0.009 (-0.021 to 0.002) 0.111
Maternal smoking during first year of age 0.065 (-0.038 t0 0.168) 0.225
" Day care attendance during first year of age 0.074 (-0.058 to 0.206) 0.277
4]
= 7 Family pet ownership during first year of age -0.025 (-0.092 to 0.041) 0.456
g g Maternal anxiety during first year of age 0.049 (-0.041t0 0.139) 0.291
g fé Air pollution during first year of age (ug/m°) -0.010 (-0.022 to 0.003) 0.147
° Breastfeeding during first 6 months 0.002 (-0.095 to 0.099) 0.969
Early second-hand smoke exposure 0.045 (-0.026 t0 0.117) 0.220
Second-hand smoke exposure during age 1-8 y 0.050 (-0.011 to 0.111) 0.109
_§ 8 Air pollution during 1-7 years of age (ng/m?) -0.011 (-0.020 to -0.002) 0.017
é g Lean mass at age 9 years (kg) t 0.169 (0.151 t0 0.188) 0.000
E § Fat mass at age 9 years (kg/2) 1 0.007 (-0.012 to 0.025) 0.475
E, S Current asthma at 7.5 years 0.092 (-0.029 to 0.214) 0.145
Skin Prick Test at 7.5 years 0.008 (-0.089 to 0.105) 0.874
’ Smoking status at 14 years 0.163 (0.067 to 0.258) 0.002
()
g Age at peak height velocity in puberty (years) -0.013 (-0.035 t0 0.009) 0.248
< Peak height velocity in puberty (cm/year) 0.011 (-0.010t0 0.033) 0.290

Abbreviations: FVC = forced vital capacity; Adoles. = adolescence; Kg = kilogram; m = metre; ug = microgram; cm = centimetre.

*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..



Table S11. Crude associations of early-life characteristics with SD scores of FEV1 (scores adjusted for
sex, age and height) at age 24 years (N=7545).

Difference in SD scores of FEV, (95%

Stage Factor a) P-value
- Overcrowding -0.074 (-0.157 t0 0.009) 0.084
‘_C" - Gas cooking -0.008 (-0.076 to 0.061) 0.828
% *E Rented housing -0.103 (-0.235t0 0.029) 0.136
E % Single Mother -0.018 (-0.108 to 0.072) 0.695
2 E Low maternal education* -0.081 (-0.147 to -0.016) 0.018
g; % Maternal history of asthma or allergy 0.021 (-0.050t0 0.092) 0.564
qE, °© Family financial difficulties -0.252 (-0.461 to -0.042) 0.023
2 Parity (>= 1 siblings) 0.130 ( 0.060 to 0.200) 0.001
Maternal perinatal body mass index (Kg/m?) 0.009 ( 0.000 to 0.018) 0.068
Maternal age at delivery > 28 years (the median) 0.111(0.051t0 0.171) 0.000
. Birthweight (kg) 0.162 (0.103 t0 0.221) 0.000
4]
© 7 Pre-term delivery -0.169 (-0.324 to -0.014) 0.037
g g Caesarean section -0.043 (-0.161 t0 0.075) 0.479
& _;g Maternal smoking during pregnancy 0.008 (-0.102t0 0.119) 0.881
° Maternal anxiety during pregnancy -0.039 (-0.129t0 0.052) 0.408
Maternal gestational weight gain (Kg/week) -0.004 (-0.239t0 0.231) 0.971
Air pollution exposure during pregnancy (pg/m?) -0.006 (-0.016 to 0.005) 0.299
Maternal smoking during first year of age -0.055 (-0.157 to 0.048) 0.303
" Day care attendance during first year of age 0.075 (-0.072 t0 0.223) 0.322
4]
s 3 Family pet ownership during first year of age -0.031 (-0.098 t0 0.037) 0.379
1,% g Maternal anxiety during first year of age 0.047 (-0.033t0 0.126) 0.253
g é Air pollution during first year of age (ug/m?) -0.009 (-0.021 to 0.004) 0.169
° Breastfeeding during first 6 months -0.006 (-0.108 to 0.096) 0.907
Early second-hand smoke exposure -0.023 (-0.104 to 0.059) 0.588
Second-hand smoke exposure during age 1-8 y -0.025 (-0.089 to 0.040) 0.458
_§ g Air pollution during 1-7 years of age (ug/m°) -0.009 (-0.019 to 0.001) 0.074
é g Lean mass at age 9 years (kg) t 0.124 ( 0.105 to 0.144) 0.000
E § Fat mass at age 9 years (kg/2) t -0.009 (-0.025 to 0.007) 0.277
E, S Currentasthma at 7.5 years -0.064 (-0.162 to 0.033) 0.203
Skin Prick Test at 7.5 years -0.001 (-0.103 to 0.100) 0.977
" Smoking status at 14 years 0.094 (0.008 t0 0.181) 0.038
% Age at peak height velocity in puberty (years) 0.003 (-0.021 to 0.027) 0.800
< Peak height velocity in puberty (cm/year) 0.000 (-0.022 t0 0.022) 0.998

Abbreviations: FEV1 = forced expiratory volume in one second; Adoles. = adolescence; Kg = kilogram; m = metre; pg = microgram; cm =
centimetre.

*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..



Table S12. Crude associations of early-life characteristics with SD scores of FEV1/FVC (scores adjusted
for sex, age and height) at age 24 years (N=7545).

Difference in SD scores of

Stage Factor FEV,/FVC (95% Cl) P-value
- Overcrowding -0.068 (-0.164 to 0.029) 0.175
LC" " Gas cooking -0.001 (-0.078 to 0.076) 0.978
% L’é Rented housing -0.140 (-0.248 t0 -0.031) 0.015
E % Single Mother -0.052 (-0.153 t0 0.049) 0.323
E g Low maternal education* -0.095 (-0.156 to -0.034) 0.003
g) % Maternal history of asthma or allergy -0.006 (-0.075 to 0.064) 0.873
g °© Family financial difficulties -0.226 (-0.408 to -0.044) 0.018
e Parity (>= 1 siblings) 0.051 (-0.019t0 0.121) 0.157
Maternal perinatal body mass index (Kg/mz) -0.020 (-0.030 to -0.010) 0.000
Maternal age at delivery > 28 years (the median) 0.068 (-0.004 to 0.140) 0.069
" Birthweight (Kg) 0.037 (-0.031t0 0.106) 0.291
4]
b g Pre-term delivery -0.250 (-0.404 to -0.096) 0.002
g f—f Caesarean section -0.104 (-0.222 t0 0.014) 0.089
o g Maternal smoking during pregnancy -0.198 (-0.296 to -0.100) 0.000
° Maternal anxiety during pregnancy -0.042 (-0.137 to 0.053) 0.397
Maternal gestational weight gain (Kg/week) -0.067 (-0.305t0 0.172) 0.587
Air pollution exposure during pregnancy (pg/m?) 0.005 (-0.006 to 0.016) 0.404
Maternal smoking during first year of age -0.189 (-0.298 t0 -0.081) 0.002
" Day care attendance during first year of age 0.009 (-0.130 to0 0.149) 0.897
4]
s % Family pet ownership during first year of age -0.013 (-0.079 to0 0.054) 0.703
g g Maternal anxiety during first year of age -0.005 (-0.077 to 0.066) 0.880
£ _‘;5 Air pollution during first year of age (ug/m°) 0.000 (-0.015 to 0.015) 0.973
° Breastfeeding during first 6 months -0.007 (-0.127 t0 0.114) 0.911
Early second-hand smoke exposure -0.106 (-0.183 t0 -0.029) 0.010
Second-hand smoke exposure during age 1-8 y -0.118 (-0.182 to -0.054) 0.001
-§ g Air pollution during 1-7 years of age (ug/m°) 0.002 (-0.007 t0 0.012) 0.640
§ % Lean mass at age 9 years (kg) t -0.063 (-0.084 to -0.042) 0.000
2 g Fat mass at age 9 years (kg/2) 1 -0.027 (-0.046 to -0.008) 0.009
JE’ G Current asthma at 7.5 years -0.238 (-0.349t0 -0.127) 0.000
Skin Prick Test at 7.5 years -0.003 (-0.097 t0 0.091) 0.952
“ Smoking status at 14 years -0.101 (-0.188 t0 -0.014) 0.027
i; Age at peak height velocity in puberty (years) 0.024 (0.002 to 0.046) 0.031
< Peak height velocity in puberty (cm/year) -0.016 (-0.035 to 0.004) 0.115

Abbreviations: FEV1 = forced expiratory volume in one second; FVC = forced vital capacity; Adoles. = adolescence; Kg = kilogram; m =
metre; ug = microgram; cm = centimetre.

*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..



Table S13. Crude associations of early-life characteristics with SD scores of FEF2s5.75 (scores adjusted
for sex, age and height) at age 24 years (N=7545).

Difference in SD scores of

Stage Factor FEF .. (95% C1) P-value
- Overcrowding -0.045 (-0.143 t0 0.054) 0.378
LC" " Gas cooking -0.010 (-0.087 to 0.067) 0.802
% “"é Rented housing -0.102 (-0.201 to -0.003) 0.049
I % Single Mother -0.052 (-0.146 t0 0.043)  0.290
E _g Low maternal education* -0.084 (-0.143 t0 -0.026) 0.006
g) % Maternal history of asthma or allergy 0.007 (-0.061 to 0.076) 0.834
g °© Family financial difficulties -0.252 (-0.424 t0 -0.079) 0.005
e Parity (>= 1 siblings) 0.090 (0.020t0 0.160) 0.014
Maternal perinatal body mass index (Kg/mz) 0.001 (-0.009 to 0.011) 0.843
Maternal age at delivery > 28 years (the median) 0.097 (0.031t0 0.163) 0.005
" Birthweight (Kg) 0.112 (0.056t0 0.168) 0.000
4]
b g Pre-term delivery -0.302 (-0.470t0 -0.135) 0.001
g f—f Caesarean section -0.102 (-0.215t0 0.012) 0.085
o g Maternal smoking during pregnancy -0.123 (-0.237 to -0.008) 0.044
° Maternal anxiety during pregnancy -0.010 (-0.101 to 0.081) 0.825
Maternal gestational weight gain (Kg/week) -0.086 (-0.332t0 0.161) 0.499
Air pollution exposure during pregnancy (pg/m?) -0.001 (-0.012 to 0.010) 0.858
Maternal smoking during first year of age -0.160 (-0.271 t0 -0.048) 0.008
" Day care attendance during first year of age 0.068 (-0.060 to 0.195) 0.301
4]
= §  Family pet ownership during first year of age 0.001 (-0.067 t0 0.068) 0.982
g g Maternal anxiety during first year of age 0.006 (-0.065 to 0.078) 0.866
g _‘;5 Air pollution during first year of age (ug/m°) -0.005 (-0.018 t0 0.008) 0.434
° Breastfeeding during first 6 months -0.035(-0.152 t0 0.081) 0.553
Early second-hand smoke exposure -0.069 (-0.151 t0 0.013) 0.108
Second-hand smoke exposure during age 1-8 y -0.103 (-0.171 to -0.035) 0.004
-§ g Air pollution during 1-7 years of age (ug/m°) -0.003 (-0.013 to 0.006) 0.472
§ % Lean mass at age 9 years (kg) t 0.031(0.010 to 0.052) 0.007
2 g Fat mass at age 9 years (kg/2) 1 -0.002 (-0.020 to 0.016) 0.798
JE’ G Current asthma at 7.5 years -0.229 (-0.317 to -0.142) 0.000
Skin Prick Test at 7.5 years 0.003 (-0.099 to 0.105) 0.955
“ Smoking status at 14 years -0.048 (-0.131 t0 0.035) 0.262
i; Age at peak height velocity in puberty (years) 0.007 (-0.015 t0 0.029) 0.545
< Peak height velocity in puberty (cm/year) -0.011 (-0.031to 0.009) 0.293

Abbreviations: FEF2s.75 = forced expiratory flow, midexpiratory phase; Adoles. = adolescence; Kg = kilogram; m = metre; g = microgram;
cm = centimetre.

*Educated to the General Certificate of Education level (school-leaving certificate) or lower, see Error! Reference source not found..
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Figure S1. Layout of missing data among study populat
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Figure S2. Circular plot of characteristics’ association (point estimates and 95% confidence intervals) with measured (non-imputed) lung function parameters at age
24 years (N=2800). The raw data used for generating this plot are reported in Tables S6-S9.
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Figure S3 Circular plot of characteristics’ relative importance (RI), on measured (non-imputed) lung function parameters at age 24 years (N=2800). Associations

with higher and lower lung function were highlighted in black and grey colours respectively. Bars’ height represents levels of RI, expressed in %, except for
characteristics whose RI > 1%, where exact Rl values are displayed on their corresponding bars





