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Abstract
Genetic variants associated with adult lung function could already exert the effects on 
childhood lung function. We aimed to examine the associations of adult lung function-
related genetic variants with childhood lung function and asthma, and whether these 
associations were modified by atopic predisposition, tobacco smoke exposure, or early 
growth characteristics. In a population-based prospective cohort study among 3347 chil-
dren, we selected 7 and 20 single nucleotide polymorphisms (SNPs) associated with adult 
forced expiratory volume in 1 second (FEV1) and FEV1/forced vital capacity (FEV1/FVC), 
respectively. Weighted genetic risk scores (GRSs) for FEV1 and FEV1/FVC were con-
structed. At age 10, FEV1, FVC, FEV1/FVC, forced expiratory flow between 25% and 
75% (FEF25-75), and forced expiratory flow at 75% (FEF75) of FVC were measured, and 
information on asthma was obtained by parental-reported questionnaires. The FEV1-
GRS was associated with lower childhood FEV1, FEV1/FVC, and FEF75 (Z-score (95% CI): 
−0.03 (−0.05, −0.01), −0.03 (−0.05, −0.01), and −0.04 (−0.05, −0.01), respectively, per 
additional risk allele). The FEV1/FVC-GRS was associated with lower childhood FEV1/FVC 
and FEF75 (Z-score (95% CI): −0.04 (−0.05, −0.03) and −0.03 (−0.05, −0.02), respectively, 
per additional risk allele). Effect estimates of FEV1-GRS with FEF25-75, FEV1, FEF75, and 
FVC, and of FEV1/FVC-GRS with  FEV1/FVC and  FEF25-75 were stronger among children 
exposed to non-atopic mothers, smoking during pregnancy or in childhood, or those born 
with a lower birthweight, respectively (P-values for interaction < .05). Genetic risk scores 
were not associated with asthma. Adult lung function-related genetic variants were as-
sociated with childhood lung function. Maternal atopy, smoking during pregnancy or in 
childhood, and birthweight modified the observed effects.
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1  | INTRODUC TION

Chronic obstructive respiratory diseases, including asthma and 
chronic obstructive pulmonary disease (COPD), have their origins 
partly in early life.1 COPDs are characterized by lower lung func-
tion measures of airway patency, such as forced expiratory volume 
in 1 second (FEV1) and a lower FEV1/forced vital capacity (FEV1/
FVC). Genetic factors are suggested to contribute to lung function 
in later life. Large genomewide association studies (GWAS) have 
identified the variants associated with lung function in European 
adults.2-8 The genes closest to these variants are expressed in lung 
tissue and are involved in the processes including airway inflam-
mation, growth-related processes, and repair responses to injury.5,7 
Previous studies have aimed to replicate adult lung function-related 
genetic variants, either individually or combined into genetic risk 
scores (GRSs), in European children aged 7-9 years.5,7,9,10 However, 
results across these studies are inconsistent.5,7,9,10 This might be 
due to the type of study population (high risk vs general popula-
tion),9,10 low sample size (range: 389-411 subjects), number of sin-
gle nucleotide polymorphisms SNPs assessed (range: 21-34), and 
age at which lung function was measured (infancy vs early child-
hood).9,10 Also, the observed associations of adult lung function-
related genetic variants with childhood lung function and asthma 
might be modified by early life factors such as atopic predisposition 
and maternal smoking during pregnancy or in childhood,11,12 or ex-
plained by infant characteristics such as gestational age and birth-
weight through the underlying epigenetic mechanisms.1 Whether 
and to what extent the previously reported associations of adult 
lung function-related variants with childhood function are modi-
fied by early life factors or mediated by infant characteristics is not 
known. Therefore, we examined among 3347 children the associ-
ations of adult lung function-related genetic variants, individually 
and combined into genetic risk scores, with lung function measures 
and current asthma at the age of 10 years in a population-based 
prospective cohort study, and explored whether the observed as-
sociations were modified by early life factors or mediated by infant 
characteristics.

2  | METHODS

This study among 3347 was embedded in the Generation R Study, a 
prospective cohort study from early fetal life onward, in Rotterdam, 
the Netherlands13 (Figure S1).

2.1 | Genetic variants and risk scores

Genomewide association studies published until December 2015 
identified 44 SNPs associated with adult FEV1 and FEV1/FVC.2-

8 In this study, these SNPs were extracted from a previously run 
GWA (genomewide association) scan performed on DNA isolated 
from cord blood samples or samples taken at the 6-year visit using 
the Illumina 610 Quad and 660 W platforms.14 Information on 33 

previously identified SNPs was available from the GWAS dataset 
(Table S1). Seven SNP pairs were in strong linkage disequilibrium 
(LD) (r2 ≥ .8).15 Of each pair, the SNP with the strongest associa-
tion with FEV1 or FEV1/FVC was included. One SNP (rs2045517) 
was monomorphic and not included. Proxies (rs8050059 and 
rs10470171) with perfect LD (r2 = 1.00) were selected for two 
SNPs, which were not available (rs2865531 and rs9978142). In 
total, 27 SNPs were used. Unweighted GRSs were calculated by 
summation of risk alleles using the dosage data from the GWAS 
dataset.5 Weighted GRSs were calculated by weighing the dosage 
data of each SNP by the reported effect estimate in adults.5 Risk 
alleles were defined as the alleles associated with lower lung func-
tion. For similarity between SNP weights in the GRSs, SNPs and 
effect estimates from the largest adult GWA were used.5

2.2 | Childhood lung function and asthma

At a mean age of 10 years (standard deviation (SD): 0.3), FEV1, FVC, 
FEV1/FVC, forced expiratory flow between 25% and 75% (FEF25-75), 
and forced expiratory flow at 75% (FEF75) of FVC were measured 
and converted into sex-, height-, age-, and ethnicity-adjusted Z-
scores.16,17 Current asthma was defined as ever physician-diagnosed 
asthma at the age of 10 years with parental-reported wheezing and/
or the use of inhaled medication in the past 12 months obtained 
through questions adapted from the International Study on Asthma 
and Allergy in Childhood (ISAAC).18

2.3 | Covariates

Maternal history of asthma, eczema, or allergy was obtained by a 
questionnaire at enrollment. Maternal smoking during pregnancy 
was assessed by questionnaires in early, mid- and late pregnancy, 
and smoking in childhood was assessed by questionnaire at age 6. 
Child’s sex, gestational age, and birthweight were retrieved from 
hospital and midwife registries. Height at the age of 10 years was 
measured using a stadiometer (Holtain Limited, Crosswell, Crymych, 
UK).

2.4 | Statistical analysis

Associations of the 27 adult SNPs, individually and combined into 
GRSs with childhood lung function and current asthma, were ex-
amined using regression analyses. The difference in the explained 
variance in the null (without the GRS) and alternative model (with 
the GRS) was considered as the variance in the outcome explained 
by the GRS. All analyses were performed in the full group. As a 
sensitivity analysis, analyses were repeated in the largest ethnic 
subgroup, Europeans. All models were adjusted for child’s age, 
age2 (to model the nonlinear associations by age), sex, and height 
(associated with adult lung function SNPs) as carried out in original 
adult GWA studies2-8; and for the first four principal components 
to account for population structure for either the full group or 
European only.19 Effect modification by maternal asthma, allergy 
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or eczema status, smoking during pregnancy and in childhood, 
and child’s gestational age and birthweight was evaluated by add-
ing the product term of the weighted GRSs and potential effect 
modifier as an independent variable into the model. Analyses were 
stratified for the potential effect modifier for the models in which 
a significant interaction (P-value < .05) was observed. Further, we 
assessed whether gestational age and birthweight explained asso-
ciations between GRSs and lung function measures by additional 
adjustment for these variables in the models. To adjust for mul-
tiple testing, Bonferroni correction for the number of individual 
SNPs per outcome and number of tested outcomes in the analy-
ses of weighted GRSs was applied. All measures of association are 
presented as change in Z-scores or odds ratios with correspond-
ing 95% confidence intervals (95% CI). Statistical analyses were 
performed using SPSS, version 21.0, for Windows software (IBM, 
Chicago, Ill, USA).

3  | RESULTS

Table 1 shows the characteristics for all children in the full and 
European groups. In the full group, 50.9% were girls. Mean FEV1 was 
2.02 (SD 0.30) L, mean FVC 2.34 (SD 0.36) L, mean FEV1/FVC 86.7% 
(SD 5.67) %, mean FEF25-75% 2.70 (SD 0.64) L/s, and mean FEF75% 
1.15 (SD 0.34) L/s. Associations of SNPs with childhood lung func-
tion and current asthma are presented in Tables S2-S3.

3.1 | Genetic risk scores and childhood lung 
function and current asthma

The weighted adult FEV1-GRS was associated with lower childhood 
FEV1, FEV1/FVC, and FEF75 (Z-score (95% CI): −0.03 (−0.05, −0.01), 
−0.03 (−0.05, −0.01), −0.04 (−0.06, −0.01), respectively, per addi-
tional adult FEV1 lowering allele) (Table 2). The weighted adult FEV1-
GRS explained 0.2% and 2.5% of the variation in childhood FEV1 and 
FEF75, respectively. The weighted adult FEV1/FVC-GRS was associ-
ated with lower childhood FEV1/FVC and FEF75 (Z-score (95% CI): 
−0.04 (−0.05, −0.0) and −0.03 (−0.05, −0.02) respectively, per ad-
ditional FEV1/FVC lowering allele). The weighted adult FEV1/FVC 
-GRS explained 1.2% and 3.6% of the variation in childhood FEV1/
FVC and FEF75, respectively. The results did not differ in European 
children (Table 2). The difference in mean FEV1 between two ex-
treme groups (≤5 and ≥12 risk alleles) was 0.3 SDS (Figure 1, A1). 
The difference in mean FEV1/FVC between two extreme groups (≤14 
and ≥27 risk alleles) was 0.8 SDS (Figure 1, C2). The weighted adult 
FEV1- and FEV1/FVC-GRSs were not associated with current asthma. 
Similar results were observed for the unweighted GRSs (Table S4).

3.2 | Modifying and mediating factors

The weighted adult FEV1-GRS was associated with higher FEF25-75 
among children whose mothers were atopic than those with non-
atopic mothers (0.04 (−0.00, −0.08) vs −0.03 (−0.07, −0.00) per 

Full group 
n = 3347

Europeans 
n = 1924

Maternal characteristics

Age (y) 31.0 (4.8) 32.0 (4.0)

History of asthma, eczema, or allergy, 
yes (%)

37.2 (1111) 37.8 (663)

Smoking during pregnancy, yes (%) 24.4 (743) 22.5 (403)

Smoking in childhood, yes (%) 6.6 (173) 5.5 (92)

Child characteristics

Female sex (%) 50.9 (1705) 50.8 (977)

Gestational age at birth (wk) 40.1 (36.3-42.4) 40.2 (36.6-42.4)

Birthweight (kg) 3459 (514) 3536 (511)

Age (y) 9.8 (0.3) 9.8 (0.3)

Height (cm) 141.6 (6.5) 142.1 (6.4)

Lung function measures

FEV1 (L) 2.02 (0.30) 2.05 (0.30)

FVC (L) 2.34 (0.36) 2.39 (0.35)

FEV1/FVC (%) 86.7 (5.69) 86.1 (5.68)

FEF25-75 (L/s) 2.70 (0.64) 2.67 (0.63)

FEF75 (L/s) 1.15 (0.34) 1.15 (0.34)

Current asthma, yes (%) 7.6 (214) 6.1 (108)

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FEF25-75, forced expiratory 
flow between 25% and 75% of FVC; FEF75, forced expiratory flow at 75% of FVC.
Values are means (SD), medians (2.5-97.5 percentile), or percentages (absolute numbers).

TABLE  1 Characteristics of children 
and their mothers
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additional FEV1 lowering allele, P-value for interaction .01) (Table 
S6). The weighted adult FEV1-GRS was associated with lower FEV1 
and FEF75 among children exposed to maternal smoking in childhood 
than those who were not (−0.10 (−0.19, −0.02) vs −0.02 (−0.05,0.00), 
−0.12 (−0.21, −0.04) vs −0.03 (−0.05, −0.00), respectively, per ad-
ditional FEV1 lowering allele, P-value for interaction, .04 and .02, 
respectively). The weighted adult FEV1-GRS was associated with 
lower FEV1 and FVC among children born with a lower birthweight 
than those who were not (−0.05 (−0.18,0.09) vs −0.03 (−0.05, −0.01), 
−0.02 (−0.15,0.11) vs −0.01 (−0.03,0.01), respectively, per additional 
FEV1 lowering allele, P-value for interaction, .01 and < .01, respec-
tively).The weighted adult FEV1/FVC-GRS was associated with 
lower FEV1/FVC among children exposed to smoking during preg-
nancy and higher FEF25-75 among children exposed to smoking in 
childhood, than those who were not (−0.07 (−0.10, −0.04) vs −0.03 
(−0.05, −0.02), 0.05 (−0.02,0.13) vs −0.02 (−0.04, −0.00), per addi-
tional FEV1/FVC lowering allele, P-value for interaction .03 and .03, 
respectively).

Prior to mediation analyses, an association between weighted 
adult FEV1/FVC-GRS and gestational age was observed (data not 
shown). Effect estimates of FEV1/FVC-GRS with childhood lung 
function did not change when models were additionally adjusted for 
gestational age.

4  | DISCUSSION

In this study, weighted GRSs based on SNPs related to adult lung 
function were associated with lower childhood FEV1, FEV1/FVC, 
FEF75, FEV1/FVC, or FEF75. Similar results were observed among 
European children only. Effect estimates of adult FEV1-GRS with 
FEF25-75, FEV1, FEF75, and FVC and of FEV1/FVC-GRS with FEV1/
FVC and FEF25-75, respectively, were stronger among children 

exposed to non-atopic mothers, maternal smoking during preg-
nancy or in childhood, and those born with a lower birthweight, 
respectively.

4.1 | Comparison with previous studies

Previous GWAS identified SNPs in or near genes associated with lung 
function measures in healthy European adults of.2-8 These SNPs, ei-
ther individually or combined into GRSs, were partly replicated with 
lung function among children (n = 389-411) aged 7-9 years in previ-
ous studies.9,10 In this study, the magnitude and direction of effect 
estimates were comparable to the adult GWAS in or near 23 genes.5 
In addition to previous studies, we examined associations between 
the GRSs and peripheral airway function and current asthma and 
explored the modifying and mediating effects of early growth fac-
tors and infant characteristics, respectively. Among 3347 children, 
maternal atopy, maternal smoking in childhood, and birthweight 
modified the associations of weighted adult FEV1-GRS with FEF25-75, 
FEV1, FEF75, and FVC, respectively. Maternal smoking during preg-
nancy and in childhood modified the associations of weighted FEV1/
FVC-GRS with childhood FEV1/FVC and FEF25-75, respectively. 
However, these findings should be interpreted cautiously due to the 
relatively small number of children included in these analyses, either 
in general or when samples were stratified.

4.2 | Interpretation of results

Weighted GRSs based on SNPs related to adult FEV1 and FEV1/
FVC were associated with childhood lung function measures. These 
findings indicate there is a polygenic effect on lung function in chil-
dren and also suggest there is overlap in genetic background of lung 
function in children and adults. However, the biologic functions of 
genes associated with adult lung function are unclear. Also, to what 

TABLE  2 Association of weighted genetic risk scores with childhood lung function and current asthma

FEV1
Z-score 
 (95% CI)

FVC 
Z-score 
 (95% CI)

FEV1/FVC 
Z-score 
 (95% CI)

FEF25-75
Z-score 
 (95% CI)

FEF75
Z-score 
 (95% CI)

Current asthma 
Odds ratio (95% CI)

FEV1 genetic risk score

Full cohort (n = 3347) −0.03  
(−0.04, −0.01)*

−0.01 
(−0.03,0.01)

−0.03  
(−0.05, −0.01)*

−0.01 
(−0.03,0.02)

−0.04  
(−0.06, −0.01)*

1.02 (0.92,1.13)

Europeans (n = 1924) −0.04  
(−0.07, −0.01)*

−0.02 
(−0.05,0.01)

−0.03  
(−0.06,0.00)

−0.01 
(−0.04,0.02)

−0.03  
(−0.06, −0.01)

1.04 (0.89,1.21)

FEV1/FVC genetic risk score

Full cohort (n = 3347) −0.01  
(−0.03, −0.00)

0.01 
(−0.00,0.02)

−0.04  
(−0.05, −0.03)*

−0.02  
(−0.03, −0.00)

−0.03  
(−0.05, −0.02)*

1.04 (0.97,1.11)

Europeans (n = 1924) −0.01 
(−0.03,0.00)

0.01 
(−0.00,0.03)

−0.04  
(−0.06, −0.03)*

−0.02 
(−0.04,0.00)

−0.04  
(−0.05, −0.02)*

1.02 (0.93,1.11)

Values represent change in Z-score or odds ratio with their corresponding 95% confidence interval (CI) of forced expiratory volume in one second 
(FEV1), forced vital capacity (FVC), forced expiratory flow between 25% and 75% of FVC (FEF25-75), forced expiratory flow at 75% (FEF75) of FVC, or 
current asthma, per additional lowering allele of the genetic risk score. Models were adjusted for child’s age, age2, sex, height and the first four ancestry 
principal components.
*P-value < .01. Because of Bonferroni correction, a P-value < .01 (0.05/6) was considered significant.
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FIGURE  1 Associations of weighted FEV1-GRS (A1-E1) and FEV1/FVC-GRS (A2-E2) categorized by number of risk alleles with (A) forced 
expiratory volume in one second (FEV1), (B) forced vital capacity (FVC), (C) FEV1/FVC, (D) forced expiratory flow between 25-75% (FEF25-75) and 
(E) forced expiratory flow at 75% (FEF75) in childhood. The x-axis represents the distribution of the number of weighted risk alleles. The left y-
axis shows the number of subjects as indicated by bars, the right y-axis the mean (SD) of each lung function measure as indicated by boxes. The 
line shows the regression of the mean of each lung function measure shown as triangles [Colour figure can be viewed at wileyonlinelibrary.com]

(A1) (B1) (C1)

(D1) (E1)

(A2) (B2) (C2)

(D2) (E2)

www.wileyonlinelibrary.com
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extent gene-gene and gene-environment interactions play a role is 
unclear. Studies are needed to determine whether the nearest genes 
are those with causal effects. Also, previous GWAS have focused 
on cross-sectional measured lung function phenotypes,2-8 and 
therefore, large pediatric populations with longitudinal data across 
life are required. Lung function measures have been shown to be 
correlated with each other and heritable.20-23 Yet, the percentage 
of variance explained by the GRSs and the individual SNPs was low 
in the current study, which could be due to the small-to-moderate 
effect estimates of the adult SNPs. In addition, rare SNPs, epige-
netic factors, and gene/gene-environment interactions may account 
for this difference. Therefore, meta-analyses of genetic and epige-
netic data are required. In this study, the variance explained by the 
weighted GRSs was higher for FEF75 than that for FEV1 and FEV1/
FVC. The GWAS that identified adult SNPs were restricted to FEV1 
and FEV1/FVC. Therefore, our results suggest that adult SNPs might 
be associated even stronger with peripheral flow measures. Of the 
seven FEV1 SNPs, one was individually associated with childhood 
FEV1. This SNP, rs10516526, is located in intron 5 of glutathione S-
transferase C-terminal domain containing protein (GSTCD). Studies 
have reported that the encoded protein could influence lung func-
tion via mechanisms involving the detoxification by glutathione S-
transferases that might damage the lungs.3 It has also been shown 
to be expressed across fetal lung developmental stages.24 Of the 20 
FEV1/FVC SNPs, one showed an individual association with child-
hood FEF75 but not with FEV1/FVC. This SNP, rs262129, is located 
in the gene LOC153910, of which the potential function remains 
unclear to date.3-5, 9,10 In previous studies, SNPs in or near GSTCD 
and LOC153910 have been suggested to be associated with airflow 
obstruction and risk of COPD.25-28 Both reduced growth and accel-
erated lung function decline in childhood lead to lower lung func-
tion in adults. A majority of the adult lung function-related SNPs 
were not individually associated with childhood lung function meas-
ures. As such, the SNPs might affect lung growth and development 
rather than the accelerated decline of lung function. However, fur-
ther studies at older ages when lung growth is fully completed are 
needed. Further, associations of individual SNPs or when combined 
into GRSs with childhood lung function measures in different ethnic 
subgroups were limited by our sample size; therefore, further large 
multi-ethnic studies are warranted. No associations between the 
GRSs and asthma were observed, which could be due to low power 
in the asthma subgroup. Alternatively, other SNPs than those associ-
ated with adult lung function may be involved in the development of 
asthma. No associations between SNPs related to adult lung func-
tion and asthma have been reported before.5,29

4.3 | Strengths and limitations

This study was embedded in a large prospective cohort study with 
detailed childhood lung function measures. Some of the follow-
ing limitations should be acknowledged: first, of all children with 
genetic information, information on lung function measures was 
available in 72%, which was mainly due to the follow-up response 

of 79% of children at age 9 years. This could have led to selective 
loss to follow-up and some potential selection bias; second, we se-
lected SNPs that reached genomewide significance levels and might 
have missed SNPs with true effects that failed to reach the stringent 
GWA threshold levels in previous studies; and last, the individual 
SNPs for lung function may have varying effect sizes across the life 
course. Therefore, weighing based on effect estimates from adult 
studies may not reflect the true effect sizes in children. However, in 
the current study, similar findings were observed for the unweighted 
and weighted GRSs, suggesting that adult weights used in the GRSs 
did not strongly influence the observed associations. In conclusion, 
our findings support the hypothesis that SNPs associated with adult 
lung function affect lung function already in childhood. Maternal 
atopy, maternal smoking during pregnancy and in childhood, and 
birthweight partly modify the associations of weighted FEV1 and 
FEV1/FVC-GRSs with lung function measures in children. Our find-
ings could potentially improve risk prediction of lower lung function 
and asthma in children and support the development of prevention 
strategies in early life to reduce respiratory health problems in later 
life. Also, future studies are needed to explore the role of genetic 
variants in lung development and chronic obstructive respiratory 
diseases throughout life.
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*Published effect, standard errors and p-values for the associations between SNPs and corresponding lung function measures by35
Artigas et al (5). *Published effect was used as a weight in the calculation of the genetic risk scores. EA, effect allele; SE, standard36
error; P; p-value37
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Table S1. List of identified genetic variants associated with adult lung function.
Phenotype Chromosome Position SNP ID Locus EA* Published effect*

FEV1 2 218391399 rs2571445 TNS1 A 0.047
FEV1 3 170782913 rs1344555 MECOM T 0.025
FEV1 4 106908353 rs10516526 GSTCD A 0.108
FEV1 5 147827981 rs1985524 HTR4 G 0.048
FEV1 6 28430275 rs6903823 ZKSCAN3/ ZNF323 G 0.029
FEV1 10 12317998 rs7068966 CDC123 C 0.022
FEV1 10 77985230 rs11001819 C10orf11 G 0.022

FEV1/FVC 1 17179262 rs2284746 MFAP2 G 0.038
FEV1/FVC 1 216926691 rs993925 TGFB2 C 0.023
FEV1/FVC 2 239542085 rs12477314 HDAC4 C 0.031
FEV1/FVC 3 25495586 rs1529672 RARB C 0.038
FEV1/FVC 4 145698589 rs11100860 HHIP A 0.064
FEV1/FVC 5 147822546 rs11168048 HTR4 T 0.047
FEV1/FVC 5 156869344 rs11134779 ADAM19 G 0.042
FEV1/FVC 5 95062456 rs153916 SPATA9 T 0.025
FEV1/FVC 6 31676448 rs2857595 NCR3 A 0.028
FEV1/FVC 6 109374743 rs2798641 ARMC2 T 0.03
FEV1/FVC 6 32259421 rs2070600 AGER C 0.126
FEV1/FVC 6 142894837 rs262129 LOC153910 A 0.056
FEV1/FVC 9 97244613 rs16909859 PTCH1 A 0.08
FEV1/FVC 10 12317998 rs7068966 CDC123 C 0.023
FEV1/FVC 12 55813550 rs11172113 LRP1 T 0.026
FEV1/FVC 12 94795559 rs1036429 CCDC38 C 0.028
FEV1/FVC 15 69467134 rs8033889 THSD4 T 0.072
FEV1/FVC 16 56632783 rs12447804 MMP15 T 0.021
FEV1/FVC 16 73947817 rs2865531 CFDP1 A 0.024
FEV1/FVC 21 34574109 rs9978142 KCNE2 C 0.031
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40
Values represent differences in Z-score or odds ratio with their corresponding 95% confidence interval (CI) for the effect allele (EA) compared to the other allele41

(OA). Models were adjusted for child’s age, age2, sex, height and the first four ancestry principal components. Chr. chromosome; EA, effect allele; OA, other allele;42

EAF, effect allele frequency; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FEF25-75, forced expiratory flow between 25–75% of FVC;43

FEF75, forced expiratory flow at 75% of FVC. ** p-value < 0.01. Because of Bonferroni-correction, a p-value < 0.01 (0.05/6) was considered significant.44

45

Table S2. Associations of individual SNPs related to adult FEV1 with childhood lung function and current asthma.
SNP
ID

Chr. Position EA/
OA

EAF FEV1
Z-score
(95% CI)

FVC
Z-score
(95% CI)

FEV1/FVC
Z-score
(95% CI)

FEF25-75
Z-score
(95% CI)

FEF75
Z-score
(95% CI)

Current asthma
Odds ratio
(95% CI)

Full cohort
n=3,347
rs2571445 2 218391399 A/G 0.35 0.02 (-0.03,0.07) 0.01 (-0.04,0.06) 0.02 (-0.03,0.07) -0.01 (-0.07,0.04) 0.02 (-0.03,0.06) 1.00 (0.78,1.28)
rs1344555 3 170782913 C/T 0.22 -0.01 (-0.08,0.05) -0.00 (-0.06,0.06) -0.03 (-0.09,-0.03) -0.02 (-0.09,0.05) -0.03 (-0.08,0.03) 1.03 (0.76,1.39)
rs10516526 4 106908353 A/G 0.94 -0.17 (-0.27,-0.06)** -0.03 (-0.13,0.07) -0.22 (-0.32,-0.12)** -0.01 (-0.12,0.11) -0.24 (-0.34,-0.14)** 1.24 (0.72,2.16)
rs1985524 5 147827981 C/G 0.48 0.01 (-0.04,0.06) -0.00 (-0.05,0.04) 0.02 (-0.04,0.06) -0.02 (-0.08,0.03) 0.02 (-0.03,0.06) 0.99 (0.78,1.27)
rs6903823 6 28430275 A/G 0.24 0.07 (0.01,0.14) 0.07 (0.01,0.13) -0.00 (-0.06,0.05) 0.01 (-0.06,0.07) 0.05 (-0.00,0.11) 0.91 (0.68,1.21)
rs7068966 10 12317998 C/T 0.52 0.02 (-0.03,0.07) 0.05 (0.00,0.10) -0.05 (-0.10,0.00)* -0.00 (-0.06,0.05) -0.02 (-0.07,0.02) 0.93 (0.72,1.19)
rs11001819 10 77985230 A/G 0.58 -0.03 (-0.08,0.02) -0.03 (-0.08,0.02) -0.01 (-0.06,0.04) -0.02 (-0.07,0.03) -0.02 (-0.06,0.03) 1.10 (0.87,1.41)
Europeans
n=1,924
rs2571445 2 218391399 A/G 0.37 0.03 (-0.04,0.09) 0.02 (-0.03,0.08) 0.00 (-0.06,0.07) -0.01 (-0.09,0.06) 0.01 (-0.05,0.07) 1.00 (0.70,1.41)
rs1344555 3 170782913 C/T 0.20 0.04 (-0.04,0.12) 0.04 (-0.03,0.11) 0.00 (-0.08,0.08) 0.00 (-0,09,0.09) 0.00 (-0.07,0.08) 1.31 (0.81,2.10)
rs10516526 4 106908353 A/G 0.94 -0.21 (-0.34,-0.08)** -0.08 (-0.20,0.04) -0.21 (-0.34,-0.08)** -0.04(-0.19,0.11) -0.24 (-0.37,-0.12)** 1.12 (0.54,2.33)
rs1985524 5 147827981 C/G 0.46 0.02 (-0.04,0.08) -0.00 (-0.06,0.05) 0.04 (-0.02,0.11) -0.01 (-0.08,0.07) 0.03 (-0.03,0.09) 1.14 (0.80,1.61)
rs6903823 6 28430275 A/G 0.21 0.05 (-0.03,0.12) 0.02 (-0.05,0.09) 0.04 (-0.04,0.12) 0.04 (-0.05,0.12) 0.06 (-0.02,0.13) 0.91 (0.61,1.36)
rs7068966 10 12317998 C/T 0.48 0.02 (-0.04,0.08) 0.03 (-0.02,0.09) -0.03 (-0.09,0.04) -0.02 (-0.09,0.05) 0.01 (-0.05,0.07) 0.79 (0.56,1.12)
rs11001819 10 77985230 A/G 0.53 -0.03 (-0.09,0.03) -0.02 (-0.08,0.03) -0.01 (-0.08,0.05) -0.02 (-0.09,0.05) -0.01 (-0.07,0.04) 1.18 (0.85,1.65)



46Table S3. Associations of individual SNPs related to adult FEV1/FVC with childhood lung function and current asthma.
SNP
ID

Chr. Position EA/
OA

EAF FEV1
Z-score
(95% CI)

FVC
Z-score
(95% CI)

FEV1/FVC
Z-score
(95% CI)

FEF25-75
Z-score
(95% CI)

FEF75
Z-score
(95% CI)

Current asthma
Odds Ratio

(95% CI)
Full cohort
n=3,347
rs993925 1 216926691 C/T 0.67 0.05 (0.00,0.11) 0.05 (0.00,0.11) 0.01 (-0.05,0.05) 0.01 (-0.05,0.07) 0.02 (-0.03,0.07) 1.08 (0.83,1.40)
rs2284746 1 17179262 C/G 0.53 -0.03 (-0.08,0.02) -0.01 (-0.07,0.04) -0.03 (-0.08,0.02) -0.08 (-0.14,-0.02) -0.02 (-0.06,0.03) 1.05 (0.81,1.36)
rs12477314 2 239542085 C/T 0.82 -0.05 (-0.11,0.02) -0.02 (-0.08,0.04) -0.05 (-0.12,0.01) -0.01 (-0.08,0.06) -0.07 (-0.12,-0.01) 1.19 (0.86,1.65)
rs1529672 3 25495586 A/C 0.82 -0.05 (-0.12,0.02) -0.00 (-0.07,0.06) -0.07 (-0.13,0.00) 0.00 (-0.07,0.08) -0.08 (-0.14,-0.02) 1.11 (0.80,1.56)
rs11100860 4 145698589 A/G 0.46 0.04 (-0.02,0.10) 0.06 (-0.00,0.11) -0.03 (-0.09,0.03) 0.01 (-0.06,0.08) -0.02 (-0.07,0.04) 1.04 (0.77,1.41)
rs11168048 5 147822546 C/T 0.59 -0.03 (-0.08,0.02) -0.02 (-0.07,0.03) -0.00 (-0.05,0.05) -0.01 (-0.07,0.05) -0.01 (-0.06,0.04) 0.99 (0.77,1.27)
rs11134779 5 156869344 A/G 0.39 0.04 (-0.01,0.09) 0.02 (-0.03,0.07) 0.04 (-0.01,0.09) 0.03 (-0.03,0.09) 0.05 (0.01,0.10) 1.28 (0.98,1.65)
rs153916 5 95062456 C/T 0.55 0.02 (-0.03,0.07) 0.04 (-0.00,0.09) -0.04 (-0.09,0.01) -0.02 (-0.08,0.03) -0.02 (-0.07,0.02) 1.10 (0.87,1.41)
rs2857595 6 31676448 A/G 0.22 0.03 (-0.03,0.10) -0.01 (-0.07,0.05) 0.08 (0.01,0.14) -0.01 (-0.07,0.06) 0.06 (0.01,0.12) 0.91 (0.68,1.21)
rs2798641 6 109374743 C/T 0.17 0.06 (-0.01,0.13) 0.01 (-0.05,0.08) 0.08 (0.00,0.14) 0.08 (0.01,0.15) 0.08 (0.02,0.14) 1.02 (0.74,1.41)
rs2070600 6 32259421 C/T 0.97 0.04 (-0.11,0.19) 0.15 (0.01,0.29) -0.21 (-0.36,-0.07) -0.05 (-0.21,0.12) -0.13 (-0.26,0.00) 1.82 (0.73,4.53)
rs262129 6 142894837 A/G 0.62 0.05 (-0.01,0.10) -0.01 (-0.06,0.04) 0.08 (0.03,0.14) 0.02 (-0.04,0.09) 0.10 (0.05,0.15)** 1.02 (0.78,1.34)
rs16909859 9 97244613 A/G 0.91 0.05 (-0.05,0.16) 0.03 (-0.07,0.14) 0.01 (-0.10,0.11) -0.03 (-0.14,0.09) 0.04 (-0.05,0.14) 1.35 (0.77,2.36)
rs7068966 10 12317998 C/T 0.52 0.02 (-0.03,0.07) 0.05 (-0.00,0.10) -0.05 (-0.10,0.00) -0.01 (-0.07,0.04) -0.02 (-0.07,0.02) 0.93 (0.72,1.19)
rs11172113 12 55813550 C/T 0.60 0.03 (-0.02,0.09) 0.04 (-0.01,0.09) -0.02 (-0.07,0.02) -0.00 (-0.06,0.06) -0.00 (-0.05,0.05) 1.18 (0.92,1.51)
rs1036429 12 94795559 C/T 0.79 0.01 (-0.06,0.07) 0.00 (-0.06,0.06) 0.02 (-0.04,0.08) 0.01 (-0.06,0.07) 0.01 (-0.05,0.06) 1.17 (0.85,1.61)
rs8033889 15 69467134 G/T 0.23 0.02 (-0.04,0.08) -0.01 (-0.06,0.05) 0.06 (-0.00,0.11) 0.03 (-0.03,0.10) 0.05 (-0.00,0.10) 0.81 (0.62,1.06)
rs12447804 16 56632783 C/T 0.17 0.10 (0.03,0.16) 0.06 (-0.00,0.13) 0.06 (-0.01,0.12) 0.02 (-0.05,0.09) 0.09 (0.03,0.15) 0.79 (0.61,1.02)
rs8050059$ 16 73947817 A/T 0.55 0.06 (0.01,0.11) 0.02 (-0.03,0.07) 0.07 (0.02,0.12) 0.04 (-0.01,0.10) 0.06 (0.02,0.11) 1.15 (0.90,1.47)
rs10470171# 21 34574109 C/T 0.14 0.02 (-0.06,0.09) 0.00 (-0.07,0.07) 0.02 (-0.05,0.09) 0.01 (-0.07,0.09) -0.01 (-0.08,0.05) 1.01 (0.71,1.45)
Europeans
n=1,924
rs993925 1 216926691 C/T 0.66 0.06 (-0.00,0.13) 0.05 (-0.01,0.11) 0.02 (-0.04,0.08) 0.02 (-0.06,0.10) 0.03 (-0.03,0.09) 1.27 (0.87,1.84)
rs2284746 1 17179262 C/G 0.47 -0.02 (-0.08,0.04) -0.00 (-0.06,0.06) -0.03 (-0.09,0.04) -0.10 (-0.17,-0.02) -0.01 (-0.07,0.05) 1.04 (0.73, 1.47)
rs12477314 2 239542085 C/T 0.79 -0.01 (-0.08,0.07) 0.00 (-0.07,0.07) -0.03 (-0.11,0.04) -0.03 (-0.11,0.06) -0.03 (-0.10,0.04) 0.94 (0.63,1.41)
rs1529672 3 25495586 A/C 0.84 -0.05 (-0.14,0.04) -0.03 (-011,0.05) -0.04 (-0.12,0.04) -0.00 (-0.10,0.10) -0.06 (-0.14,0.01) 0.98 (0.61,1.55)
rs11100860 4 145698589 A/G 0.43 0.07 (-0.01,0.14) 0.09 (0.02,0.16) -0.04 (-0.11,0.04) 0.03 (-0.06,0.12) -0.01 (-0.08,0.06) 1.15 (0.76, 1.73)
rs11168048 5 147822546 C/T 0.57 -0.02 (-0.09,0.04) -0.00 (-0.06,0.06) -0.03 (-0.09,0.04) 0.00 (-0.07,0.08) -0.02 (-0.08,0.03) 0.93 (0.66,1.31)
rs11134779 5 156869344 A/G 0.33 0.05 (-0.02,0.11) 0.01 (-0.06,0.07) 0.08 (0.01,0.14) 0.03 (-0.05,0.10) 0.08 (0.01,0.14) 1.10 (0.76,1.59)
rs153916 5 95062456 C/T 0.54 0.01 (-0.05,0.08) 0.05 (-0.01,0.11) -0.05 (-0.12,0.01) -0.01 (-0.09,0.06) -0.04 (-0.10,0.02) 1.05 (0.75,1.46)
rs2857595 6 31676448 A/G 0.21 0.02 (-0.06,0.10) -0.02 (-0.09,0.05) 0.06 (-0.02,0.14) 0.02 (-0.07,0.11) 0.04 (-0.03,0.12) 1.01 (0.66,1.54)
rs2798641 6 109374743 C/T 0.18 0.10 (0.01,0.18) 0.05 (-0.03,0.12) 0.08 (-0.00,0.16) 0.07 (-0.02,0.17) 0.10 (0.03,0.18) 1.19 (0.75,1.90)
rs2070600 6 32259421 C/T 0.97 0.08 (-0.10,0.27) 0.12 (-0.04,0.29) -0.09 (-0.27,0.09) 0.07 (-0.14,0.27) -0.06 (-0.23,0.10) 2.34 (0.57,9.69)
rs262129 6 142894837 A/G 0.71 0.06 (-0.01,0.13) 0.00 (-0.06,0.07) 0.08 (0.00,0.15) 0.05 (-0.03,0.13) 0.09 (0.02,0.15) 0.93 (0.63,1.37)
rs16909859 9 97244613 A/G 0.91 0.02 (-0.11,0.15) -0.02 (-0.14,0.10) 0.10 (-0.03,0.23) -0.05 (-0.20,0.10) 0.08 (-0.04,0.21) 1.21 (0.58,2.56)
rs7068966 10 12317998 C/T 0.48 0.02 (-0.04,0.08) 0.03 (-0.02,0.09) -0.02 (-0.08,0.04) -0.02 (-0.09,0.05) 0.01 (-0.05,0.07) 0.79 (0.56,1.12)
rs11172113 12 55813550 C/T 0.58 0.04 (-0.03,0.10) 0.05 (-0.01,0.11) -0.03 (-0.10,0.03) 0.00 (-0.07,0.07) -0.01 (-0.07,0.05) 1.33 (0.93,1.89)
rs1036429 12 94795559 C/T 0.80 -0.02 (-0.10,0.06) 0.00 (-0.07,0.07) -0.02 (-0.09,0.06) -0.00 (-0.10,0.08) -0.04 (-0.11,0.03) 0.89 (0.58,1.35)
rs8033889 15 69467134 G/T 0.24 0.05 (-0.03,0.12) 0.01 (-0.06,0.07) 0.07 (-0.00,0.14) 0.03 (-0.05,0.11) 0.07 (-0.00,0.14) 0.88 (0.60,1.29)
rs12447804 16 56632783 C/T 0.20 0.09 (0.01,0.17) 0.07 (-0.00,0.14) 0.03 (-0.05,0.10) 0.03 (-0.06,0.11) 0.06 (-0.01,0.13) 0.97 (0.64,1.48)



Values represent differences in Z-score or odds ratio with their corresponding 95% confidence interval (CI) for the effect allele (EA) compared to the other allele (OA).47

Models were adjusted for child’s age, age2, sex, height and the first four ancestry principal components. Chr. chromosome; EA, effect allele; OA, other allele; EAF,48

effect allele frequency; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FEF25-75, forced expiratory flow between 25–75% of FVC; FEF75, forced49

expiratory flow at 75% of FVC. $proxy for rs2865531, #proxy for rs9978142. ** p-value <0.0025.  Because of Bonferroni-correction, a p-value of <0.0025 (0.05/20) was50

considered significant.51

52

53

rs8050059$ 16 73947817 A/T 0.59 0.07 (0.00,0.13) 0.02 (-0.04,0.07) 0.08 (0.02,0.15) 0.04 (-0.03,0.11) 0.08 (0.02,0.14) 0.95 (0.67,1.35)
rs10470171# 21 34574109 C/T 0.15 -0.01 (-0.09,0.08) -0.01 (-0.09,0.07) -0.01 (-0.10,0.07) -0.02 (-0.12,0.08) -0.01 (-0.10,0.07) 1.37 (0.82,2.29)



Values represent change in Z-score or odds ratio with their corresponding 95% confidence interval (CI) of forced expiratory volume in one second (FEV1), FEV1/ to

forced vital capacity (FEV1/FVC), per additional lowering allele of the genetic risk score using linear and logistic regression models. Regression models were

adjusted for child’s age, age2, sex, height and the first four ancestry principal components. Chr. chromosome; EA, effect allele; OA, other allele; EAF, effect allele

frequency; FEF25-75, forced expiratory flow between 25–75% of FVC; FEF75, forced expiratory flow at 75% of FVC. ** p-value <0.01. Because of Bonferroni-

correction, a p-value of < 0.01 (0.05/6) was considered significant.

Table S4. Association of unweighted genetic risk scores with childhood lung function and current asthma.
FEV1,

Z-score
(95% CI)

FVC
Z-score
(95% CI)

FEV1/FVC,
Z-score
(95% CI)

FEF25-75
Z-score
(95% CI)

FEF75,
Z-score
(95% CI)

Current asthma
Odds ratio
(95% CI)

FEV1 Genetic risk scores
Full cohort (n=3,347) -0.02 (-0.04,0.00) -0.01 (-0.03,0.01) -0.02 (-0.04,0.00) -0.01 (-0.03,0.01) -0.02 (-0.04,-0.00) 1.02 (0.92,1.13)
Europeans (n=1,924) -0.02 (-0.05,0.00) -0.01 (-0.04,0.01) -0.01 (-0.04,0.01) -0.01 (-0.04,0.02) -0.01 (-0.04, 0.01) 1.00 (0.87,1.16)

FEV1/FVC Genetic risk scores
Full cohort (n=3,347) -0.02 (-0.03,-0.00) 0.01 (-0.00,0.02) -0.04 (-0.05,-0.03)** -0.02 (-0.03,-0.00) -0.03 (-0.05,-0.02)** 1.04 (0.97,1.11)
Europeans (n=1,924) -0.01 (-0.03,-0.00) 0.01 (-0.00,0.03) -0.04 (-0.06,-0.03)** -0.02 (-0.04,0.00) -0.04 (-0.05,-0.02)** 1.01 (0.92,1.10)



Table S5. Associations of weighted genetic FEV1 and FEV1/FVC genetic risk scores with
childhood lung function, and interaction of potential effect modifiers

Lung function
Z-score
(95% CI)

Pinteraction

FEV1 genetic risk score
Maternal atopy FEV1 0.90

FVC 0.57
FEV1/FVC 0.73
FEF25-75 0.01*
FEF75 0.73

Maternal smoking during pregnancy FEV1 0.58
FVC 0.34

FEV1/FVC 0.55
FEF25-75 0.97
FEF75 0.65

Maternal smoking in childhood FEV1 0.04*
FVC 0.36

FEV1/FVC 0.08
FEF25-75 0.36
FEF75 0.02

Gestational age at birth FEV1 0.45
FVC 0.32

FEV1/FVC 0.68
FEF25-75 0.15
FEF75 0.61

Birth weight (g)
FEV1 0.01*
FVC <0.01**

FEV1/FVC 0.28
FEF25-75 0.95
FEF75 0.64

FEV1/FVC genetic risk score
Maternal atopy FEV1 0.47

FVC 0.53
FEV1/FVC 0.51
FEF25-75 0.52
FEF75 0.69

Maternal smoking during pregnancy FEV1 0.22
FVC 0.83

FEV1/FVC 0.03*
FEF25-75 0.75
FEF75 0.06

Maternal smoking in childhood FEV1 0.45
FVC 0.88

FEV1/FVC 0.47
FEF25-75 0.03*
FEF75 0.73

Gestational age at birth FEV1 0.60
FVC 0.99



Pinteraction: P-value for the statistical interaction of the genetic risk score for lung function

measures with effect modifiers. FEV1, forced expiratory volume in 1 second; FVC, forced vital

capacity; FEF25-75, forced expiratory flow between 25–75% of FVC; FEF75, forced expiratory

flow at 75% of FVC. *P-value < 0.05, ** p-value < 0.01.

FEV1/FVC 0.45
FEF25-75 0.23
FEF75 0.23

Birth weight (g) FEV1 0.32
FVC 0.41

FEV1/FVC 0.70
FEF25-75 0.60
FEF75 0.81



Table S6. Stratified analyses of the associations of weighted genetic FEV1 and

FEV1/FVC genetic risk scores with childhood lung function by significant effect

modifiers

Lung function
Z-score
(95% CI)

Pinteraction

FEV1 genetic risk score
Maternal atopy FEF25-75 0.01
No -0.03 (-0.07,-0.00)*
Yes 0.04 (-0.00, 0.08)

Maternal smoking in childhood FEV1 0.04
No -0.02 (-0.05,0.00)
Yes -0.10 (-0.19,-0.02)*

FEF75 0.02
No -0.03 (-0.05, -0.00)*
Yes -0.12 (-0.21, -0.04)**

Birth weight (g) FEV1 0.01
<2500 -0.05 (-0.18,0.09)
>2500 -0.03 (-0.05,-0.01)*

FVC <0.01
<2500 -0.02 (-0.15,0.11)
>2500 -0.01 (-0.03,0.01)

FEV1/FVC genetic risk score
Maternal smoking during pregnancy FEV1/FVC 0.03
No -0.03 (-0.05,-0.02)**
Yes -0.07 (-0.10,-0.04)**

Maternal smoking in childhood FEF25-75 0.03
No -0.02 (-0.04,-0.00)*
Yes 0.05 (-0.02,0.13)
Values represent change in Z-score with its corresponding 95% confidence interval (CI) of lung

function measure per additional lowering allele of the genetic risk score. Pinteraction: P-value for

the statistical interaction of the genetic risk score for lung function measures with effect modifiers.

Models were adjusted for child’s age, age2, sex, height and the first four ancestry principal

components. FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; FEF25-75,

forced expiratory flow between 25–75% of FVC; FEF75, forced expiratory flow at 75% of FVC *p-

value < 0.05, ** p-value < 0.01



N = 3,347

Children with data on lung function (n = 2,784)
or current asthma (n = 2,889).

N = 671
Twin births (n = 36), all siblings excluded
(n= 252) and missing information on lung
function measurements and asthma
(n=383) excluded.

N = 4,018

Data on genetic variants available.

N = 6,346

Children with consent and visit at age 10 years.

N = 2,328
Children with missing data on genetic
variants excluded.

Figure S1. Flow chart of participants included for analyses.
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