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Abstract 

Background 

Vascular endothelial growth factor (VEGF) is implicated in airway remodeling and asthma 

development. We studied VEGFA gene variants and plasma levels and the development of 

lung function, bronchial hyperresponsiveness and asthma in childhood.  

 

Methods 

We analyzed 13 SNPs in the VEGFA gene in 411 children from the COPSAC2000 high-risk 

birth cohort. Asthma was diagnosed prospectively and lung function measurements were 

obtained at birth and six years of age. Plasma VEGF levels were measured at 18 months of 

age. We used a Bonferroni adjusted significance level. Findings were replicated in the 

PIAMA birth cohort at age 8.  
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Results 

At age six, three SNPs from the same linkage block, were associated with FEV1 (rs699947, 

P=1.31E-05), independent of asthma, and there were suggestive associations between 

FEV1/FVC ratio and rs833052 and MMEF and rs6900017. Replication in the PIAMA cohort 

showed borderline association between FEV1 and rs699947 and significant meta-analysis 

result  

SNPs upstream and nearby rs699947 were nominally associated with VEGF plasma levels. 

VEGF levels were not associated with asthmatic symptoms or lung function measures.  

Conclusion 

VEGF gene variants are associated with lung function at school-age but not at birth 

suggesting a role of VEGF in postnatal lung function development.  

 

Keywords, MeSH: 

Vascular Endothelial Growth Factor A; Child; Infant; Respiratory Function Tests; Asthma 

 

Abbreviations 

COPSAC - the Copenhagen Prospective Studies on Asthma in Childhood 

FEF50 - forced expiratory flow at 50% of the functional vital capacity  

FEV0.5 - forced expiratory volume in 0.5 seconds 

FEV1 - forced expiratory volume in 1 seconds   

MMEF - maximal mid-expiratory flow 

PD15 - provocative dose causing a 15% drop in lung function 

PD20 - provocative dose causing a 20% drop in lung function 

PIAMA - the Prevention and Incidence of Asthma and Mite Allergy birth cohort  

VEGF - Vascular endothelial growth factor  
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INTRODUCTION 

Asthma is a heterogeneous complex genetic inflammatory disease of the airways[1] and is the 

most common chronic disease in children. The disease is associated with substantial 

structural alterations in the airways[2] that occur early in life[3] independent of atopy[4]. 

Changes in the vascularization of the airways, such as increased vessel number, vessel size, 

vascular surface area and vascular leakage play a pivotal role in the airway remodeling[5] 

and important correlation between these alterations and disease severity is evident[6]. 

Vascular endothelial growth factor (VEGF) is suspected to be an important factor in this 

process inducing these vascular changes[5, 7] but is also involved in the Th2-mediated 

inflammatory response[6] and is hence of special interest when investigating the pathogenesis 

of childhood asthma. 

 

Few studies have investigated the role of VEGFA gene variants and VEGF levels in the 

inception of childhood asthma: Common variants in the VEGFA gene have been suggested to 

be of importance for the development of asthma and increased airway hyperresponsiveness[8, 

9]; VEGF levels in sputum and plasma have been associated with the burden of asthma 

symptoms[10-13] and VEGF serum levels in children are associated with severity of 

bronchial hyperresponsiveness[13], but,not conclusive or consistent.[3, 8, 9, 14] A recent 

study by Simpson and colleagues suggest an association between lung function measured 

prospectively in children and a genetic variant in the VEGFA gene, rs3025028, between exon 

7 and 8 thought to influence splicing of active and inhibitory isoforms of VEGFA.[15] 

 

We hypothesized that polymorphisms in the VEGFA gene and VEGF levels are associated 

with the development of asthma and related objective measurements such as lung function 

and airway hyperresponsiveness in children. Therefore, we investigated the role of VEGF 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

polymorphisms and VEGF plasma levels (at 18 months of age) on asthma and lung function 

prospectively from birth to age 6 years in children from the clinical birth cohort study the 

Copenhagen Prospective Studies on Asthma in Childhood (COPSAC). [16] Findings were 

replicated in the Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort 

up to age 8. [17] 

 

METHOD 

Study population, COPSAC 

The COPSAC study is a single-centre, prospective clinical birth-cohort of 411 Caucasian 

children born to asthmatic mothers, with the primary objective of investigating gene-

environment-phenotype interactions in the development of atopic diseases. Children attended 

the research unit at age 1 month and subsequently every 6 months for scheduled clinical 

investigations. Additional visits were arranged immediately upon onset of any respiratory 

symptoms.[16] Key exclusion criteria were gestational age <36 weeks, severe congenital 

abnormality, neonatal mechanical ventilation, and symptoms of lower airway infection prior 

to inclusion. The study was approved by the Copenhagen Ethics Committee (KF 01-289/96) 

and the Danish Data Protection Agency (2008-41-1754). Informed consent was obtained 

from the parents at enrolment.[16]  

 

Genotyping of the VEGFA gene (chromosome 6, 43830931-43877201) was performed in 

both the child and parents, by high throughput genome-wide SNP genotyping, using the 

Illumina Infinium II HumanHap550 BeadChip technology (Illumina, San Diego) at the 

Center for Applied Genomics at CHOP, as described previously.[18] 13 SNPs were 

genotyped in this region corresponding to 30% of the polymorphic unambiguous SNPs 

genotyped in the Utah residents with ancestry from northern and western Europe population 
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(CEU) from the Hapmap study tagging pairwise 17 other SNPs (with r2>0.5) within this 

region leaving 14 SNPs untaggable.[19] 

 

Lung function measurements in COPSAC were obtained at 1 month of age by the rapid 

raised volume thoracoabdominal compression technique (RVRTC) assessing forced 

expiratory volume in 0.5 seconds (FEV0.5) and forced expiratory flow at 50% of the 

functional vital capacity (FEF50) both at baseline and during methacholine challenge with 

quadrupling dose steps. The provocative dose causing a 15% drop in lung function and 

transcutaneous oxygen saturation (PtcO2) (PD15) was estimated from the dose response 

curves fitted with a logistic function. Our previous sensitivity analyses showed PtcO2 to be 

more sensitive than any of the forced flow indices of infant spirometry; therefore PtcO2 

PD15 was used in the analyses. Spirometric measurements of FEV1, FVC and maximal mid-

expiratory flow (MMEF) was assessed at six years of age before and during methacholine 

challenge measuring the provocative dose resulting in a 20 percent drop in FEV1 (PD20) as 

the test outcome. The lung function measurements are described in the online supplement and 

elsewhere in detail.[16, 20-23] 

 

Asthmatic symptoms were evaluated, treated and classified strictly based on predefined 

standard operating procedures and treatment algorithms. Symptoms were solely evaluated by 

the COPSAC doctors according to the GINA guidelines as previously detailed based on 

symptom diaries and the need of intermittent rescue use of inhaled β2-agonist: Troublesome 

lung symptoms (TLS) were defined as breathlessness, wheeze or a whistling sound recurrent 

cough severely affecting, sleep, activity and/or the well being of the child recorded in the 

diaries and reviewed by the research unit doctors. Recurrent troublesome lung symptoms 

(TLS) in three consecutive days five times within 6 months or troublesome lung symptoms 
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for four consecutive weeks or one episode of asthmatic symptoms requiring hospitalization) 

were treated with a 3-month course of inhaled corticosteroids. Response to treatment and 

presence of a relapse (two episodes of troublesome lung symptoms in three consecutive days 

within three months or two consecutive weeks) within the first year after the three months 

course was the diagnostic criteria for asthma. Definitions, standard operating procedures and 

treatment algorithms are described in further details elsewhere.[24-26] Recurrent 

troublesome lung symptoms, as defined above, within the first 18 months of age and current 

asthma at age 6-7 were used as outcomes. 

 

Total VEGF levels were determined in plasma aliquots from blood samples drawn at 18 

months of age. [16] A commercially available enzyme-linked immunosorbent assay (cat. no. 

DVE00, R&D Systems, Minneapolis, MN, USA) was used and performed according to the 

manufacturer’s protocol. The ELISA kit measures both the pro-angiogenic isoform VEGF165 

and the anti-angiogenic isoform VEGF165b. The detection range and the detection limit of 

the assay were 31.2-2000pg/ml and 9.0pg/ml, respectively. Interassay coefficients of 

variation on three levels were between 7% and 14%.   

 

Smoking exposure was determined by measurements of Nicotine in a tuft of hair at one year 

of age as described in detail earlier.[27]  

 

Replication population, PIAMA 

The Prevention and Incidence of Asthma and Mite Allergy (PIAMA) study is a birth cohort 

study that started in 1996. At baseline, 4146 children were included, 1327 high-risk children 

(born to allergic mothers) and 2819 children of non-allergic mothers. The children were 
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recruited during the first trimester of pregnancy. All 1327 high-risk children and a random 

sample of 663 low-risk children were selected for medical examinations.  

Genotypes on VEGF were obtained from 956 Caucasian children. At age 8 years, spirometry 

and bronchial hyperresponsiveness were measured in 724 and 645 of these children, 

respectively. Bronchial hyperresponsiveness was defined as a fall of ≥ 20% in FEV1 after 

inhalation of a maximum of 0.62 mg methacholine bromide.   

Genotyping in the PIAMA study was performed by Competitive Allele-Specific PCR using 

KASParTM genotyping chemistry (K-Biosciences, Herts, UK) as described previously.[28] 

Information on respiratory health was obtained from annual questionnaires completed by the 

parents at the time of the child’s birthday until the age of 8 years. “Doctor-diagnosed asthma” 

was defined as asthma ever diagnosed by a doctor and asthma present in the last 12 months. 

A detailed description of the study design has been published previously.[17]  

 

Statistical analyses 

Standard genetic description and quality control was carried out using PLINK[29] as 

described in the online supplementary. The Linkage Disequilibrium and haplotype block plot 

was made in Haploview using the Gabriel method for haplotype block definition.[30] 

Statistical analyses and plots were performed using the Stats, Graphics, Rmeta and Survival 

packages in the R statistical software.[31] For single marker analysis we used an additive 

genetic model in a linear or logistic regression analysis: Neonatal outcomes tested in linear 

regression models were FEV0.5, FEF50 and PD15. Outcomes at age 6 in COPSAC and at 

age 8 in PIAMA tested in linear regression models were FEV1, FEV1/FVC, MMEF (only 

COPSAC) and PD20. In COPSAC asthma time to onset was modeled in Kaplan Meier 

graphs. A logistic regression and a generalized estimation equation were used to analyze 

asthma in COPSAC and PIAMA respectively. The models were adjusted for height and sex, 
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when analyzing FEV1, MMEF and FVC. Neonatal PD15, MMEF at age 6 and PD20 at age 6 

and 8 (PIAMA) were log10 transformed to normalize residuals. To assess the effect of the 

SNPs on the development of lung function we adjusted the analyses at age 6 for the measured 

inborn lung function: the analyses of FEV1 and MMEF were adjusted for neonatal FEV0.5 

and FEF50 respectively. 

Analyses of the main lung function outcomes (FEV1, FEV1/FVC, FVC and MMEF) and 

statistically associated SNPs were studied more in detail and were stratified on asthma status, 

tested for interaction with asthma (Table E2), adjusted for smoking exposure and tested for 

smoking interaction (Table E3).  

Linear regressions were used to assess association between VEGF levels and SNPs, lung 

function measurements and asthma. VEGF levels were log10 transformed. The VEGF level 

analyses were analyzed with and without adjustment for steroid use at time of measurement 

(from 3 weeks before until 3 weeks after). 

We used an alpha level of P < 0.05 and corrected for multiple testing using the Bonferroni 

correction as level of significance (P< 3.80e-03). SNPs that were significantly associated 

with any outcomes were replicated in the PIAMA cohort. The discovery and replicated 

signals were meta-analyzed using fixed effects and the reciprocal of the estimated variances 

as weights. 

 

Functional analyses of the SNPs  

We analyzed the 13 SNPs of interest using the FastSNP online tool to analyze each SNPs 

potential functional effect on gene product. The tool combines several online databases to 

predict the functional effect of the input SNP. This prediction is used to categorize the SNP 

using a decision tree to give an estimate of the possible change in functional effect and gives 
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a score between 0 and 5 to how likely the SNP will affect the gene product.[32] The tool was 

accessed 24th of august 2011.  

 

RESULTS 

Baseline 

Of the original 411 children included 336 children were investigated at age 6 and 14 per cent 

(47/336) had current asthma. Lung function at 1 month of age was obtained in 404 children. 

Between age 5 and 6.5 years, 318 children had completed a lung function measurement. 

VEGF levels were determined in 280 children from blood samples (plasma aliquots) drawn at 

18 months of age. (Figure 1) After quality control of the genotype data 365 children had data 

on the 13 SNPs in the VEGFA gene. Descriptives of all genotyped children in the discovery 

and replication cohorts are presented in table 1 and minor allele frequencies, genotype 

distributions and call-rates in table E1 in the online supplement. All genotyped trios were 

used to calculate linkage disequilibrium and haplotype block structure. We identified three 

distinct haplotype blocks in this region. (Figure 2) These blocks are comparable to haplotype 

blocks in the Hapmap data (CEU population) (Figure E1).[19]   

 

Discovery, Lung function and bronchial responsiveness 

The SNPs in the middle LD block were highly associated with FEV1 at six years of age with 

the top-SNP rs699947 (Beta=-0.048 per extra A allele, SE=0.011, P= 1.31e-05) (Table 2, 

Figure 2). Adjusting for neonatal FEV0.5 did not alter this association.  

We found a nominal significant association between FEV1/FVC at age six and rs833052 

(Beta= -0.023 per extra A allele, SE= 0.008, P= 4.09e-03) (Table 2, Figure 2) and between 

FVC and rs699947 (Beta= -0.0334 per extra A allele, SE= 0.0131, P=1.15e-02) (Table 2, 

Figure E3) and MMEF and rs6900017 from the third linkage disequilibrium block (Beta= -
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0.044 per extra T allele, SE= 0.017, P= 9.17e-03) (Table 2, Figure 2). These associations 

were however not below the multiple testing significane threshold. The association between 

MMEF and rs6900017 was not altered when furthermore adjusting for neonatal FEF50. 

There was no evidence of interaction between the top SNP rs699947 and asthma or smoking 

exposure in the stratified, adjusted or interaction analyses (Table E2 and E3). These analyses 

though revealed some evidence of a possible interaction for the two SNPs rs833052 and 

rs6900017 and asthma and smoking exposure. (Table E2 and E3) 

Neonatal lung function measures and hyperresponsiveness at birth and at age six years were 

not associated with any of the SNPs in the VEGFA gene (Figure E4-6). 

 

Replication, Lung function and bronchial responsiveness 

We selected rs699947 and the two SNPs rs833052 and rs6900017 for replication in the 

PIAMA cohort. The findings of rs699947 showed a trend to FEV1 adjusted for height and 

sex (Beta=-0.018 per extra A allele, SE=0.01, P= 0.067) and significant association for PD20 

at 8 years of age (Beta=-0.073 per extra A allele, SE= 0.33, P= 0.025). There was 

furthermore a trend between FEV1/FVC and rs6900017 (Beta = -0.01, SE = 0.01, P = 0.07). 

No association was found between FVC, FEV1/FVC and PD20 and rs833052 and rs699947 

and FEV1/FVC and for the SNP rs6900017 and FEV1 and PD20 (Table 2).  

 

Meta-analysis of discovery and replication results 

The results of the meta-analysis revealed a significant association between rs699947 and 

FEV1 (Beta=-0.032 per extra A allele, SE= 0.007, P= 1.42e-5) and a nominal significant 

association between rs699947 and PD20 and rs6900017 and FEV1/FVC (Table 2). There was 

however a significant heterogeneity between the two studies when comparing FEV1 and 

rs699947 (P= 0.043). Interaction with maternal asthma was analyzed in the PIAMA cohort 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

showing no significant interaction (p=0.06) and with a tendency towards lower effect of the 

rs699947 risk allele on lung function if the mother had asthma (data not shown).  

Furthermore, there were no association between the three SNPs and asthma in the PIAMA 

cohort (rs833052: CC- reference; CA P=0.23; AA P=0.53; rs699947: CC – reference, CA 

P=0.21, AA P=0.13; and rs6900017: CC - reference; TC P=0.85, TT - none in this group).  

 

Asthma 

We found no association between asthma at age 6-7 or recurrent troublesome lung symptoms 

at 18 months of age and any of the SNPs (Figure E7 and E8). Kaplan-Meier graphs did not 

reveal any difference in time to onset of asthma between the different genotype groups of 

rs699947, rs833052 and rs6900017 respectively (Figure E9-11). 

 

VEGF levels in plasma 

There was no association between VEGF plasma levels at 18 months of age, asthma at age 

six or recurrent wheeze at 18 months of age or any of the lung function measurements. Three 

SNPs upstream of the VEGFA gene were associated with VEGF plasma levels with p-values 

very close to the significance level (however not below) (rs833052 P= 0.01; rs866236 P= 

0.0071 and rs833057 P= 0.0046) (Figure 2 and E2). We found, however, no association with 

the rs699947 linkage disequilibrium block. Adjustment for steroid use at time of VEGF level 

measurement did not alter the associations.  

 

Functional analyses of the 13 SNPs 

We were able to analyze 8 of the 13 SNPs. For five SNPs there were no available data. 

Rs699947 and rs833069 were the two SNPs with the highest estimated functional risk with 
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the score 1-3 (score range from 0-5) with a possible functional effect on the promoter and/or 

regulatory regions. 

 

DISCUSSION 

Principal Findings 

Common polymorphic variants in the VEGFA gene were associated with lung function 

development after birth independent of asthma. Our overall findings suggest a biological role 

of VEGF gene variants in lung function development independent of asthma during pre-

school age, but no association with other markers of asthma, like hyperresponsiveness.  

 

Strength and Limitations of the Study 

The single-centre clinical, prospective and objective monitoring of the discovery cohort is an 

important strength of this study minimizing risk for information bias. Measurements of lung 

function in a large group of children at birth allowed analysis of effect of VEGFA on early 

life lung function, which has not previously been performed. Misclassification of asthma 

diagnosis was minimized as all children were followed, diagnosed and treated solely by the 

COPSAC clinical research doctors according to predefined standard operating procedures 

and treatment algorithms. A limitation of the current study may be the low statistical power 

in the dichotomized analysis of asthma as compared to the quantitative analyses and further 

the selected nature of the two cohorts. Other limitations to this study lies in the measurements 

of the VEGF-levels: this was measured at 18 months of age in the COPSAC cohort and 

measuring levels at same time points as lung function measures would strengthen the 

interpretation. Moreover measurement of specific inhibitory and active isoforms of VEGF 

might have increased the interpretation[15].  
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The high-risk nature of the COPSAC cohort with all mothers having asthma could be the 

reason for a stronger effect of risk variants on lung function.  However, this seems not to be 

the case since stratified and interaction analyses by maternal asthma in PIAMA showed no 

significant interaction and a lower effect estimate if mothers had asthma.  

The confirmation of the findings on the association of VEGF SNPs and early childhood lung 

function in two well defined cohorts is the major strength of this study and reduces the risk of 

chance findings. 

 

Meaning of the Study 

Here we studied the role of VEGFA gene variants and plasma levels in lung function 

development from birth to school age. Our findings suggest a role of VEGFA gene variants in 

postnatal lung function development, with a similar effect in healthy children and children 

with asthma. One study has assessed the role of SNPs in the VEGFA gene and lung function 

in children: Sharma et al investigated ten SNPs in the VEGFA gene in two independent 

cohorts using family data and found a borderline significant association between rs2146323 

and FEV1.[8] This SNP is not genotyped in the COPSAC cohort but lies in the same linkage 

disequilibrium block as the top SNPs associated with FEV1. This confirms the importance of 

our findings. Sharma et al also reported an association between rs4711750 and FEV1/FVC, 

but this was not significant after correction for multiple testing. Rs4711750 is genotyped in 

the 1000genomes populations and in high LD with rs1358980 (r2=0.8). We found no 

association between this SNP and FEV1/FVC.  

Sharma et al also reported an association between rs833058 and asthma and nominal 

significant between rs833058 and hyperresponsiveness. This SNP is in close proximity to and 

has moderate linkage disequilibrium with the majority of the SNPs in the rs699947 linkage 
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disequilibrium block (in HapMap data) (rs833058-rs699947 R2= 0.54). However, we did not 

find any association with bronchial hyperresponsiveness or asthma for any of the SNPs.  

One other study, Lachheb et al, investigated three polymorphisms in the VEGFA gene in 

relation to asthma in 434 Tunisian children and found a borderline significant association 

with rs2010963, although they did not correct for multiple testing and did not replicate their 

findings.[9] This SNP is in high linkage disequilibrium with our top SNP rs699947,[33] but 

also here we did not find an association with asthma for this SNP. The discrepant findings for 

asthma and hyperresponsiveness could be due to differences in environmental exposures, 

statistical methods and genetic models used or statistical power or lack of a true connection. 

Further studies are needed to confirm this.  

 

The most consistent paper published so far is by Simpson and colleagues investigating 5 

tagging SNPs in the gene in 4 different populations.[15] Rs3025028 was consistently 

associated (not corrected for multiple testing) to different lung function measures over time 

from 2 months of age, and at 3, 5, 6,8, 16 and 22 years of age. Our closest SNP (rs3025033) 

is not tagging this SNP (r2=0.127, 1000genomes data) and hence cannot use our data to 

replicate their findings. 

 

We did not find an association between VEGF plasma levels at 18 months of age and asthma 

at age 6 possibly because of the difference in time at assessment. It might also be explained 

by the fact that we measured the total level of VEGF and not specific isoforms and their ratio. 

It would have strengthened the study if in addition to total VEGF measurements also the anti-

angiogenic isoform VEGF165b had been measured. Furthermore information on mechanisms 

regulating differential splicing would be of great interest. These aspects ought to be examined 

in future studies.  
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Furthermore we were not able to find an association between recurrent troublesome lung 

symptoms and VEGF levels at 18 months of age. No other studies have assessed VEGF 

levels and asthmatic symptoms in this age group. The two studies with the closest age range 

to our study did and did not find an association: Lee et al, age range 2-6 years and Kato et al, 

mean age 4.3 years of age.[12, 14] The Lee study was rather small with 54 asthmatic children 

and 16 matched controls with a very heterozygous asthma definition and great variability in 

VEGF levels in the severe asthma group that seemed to drive the association. However, many 

of the children in the COPSAC cohort with the troublesome lung symptoms would receive 

steroids at the time blood samples were taken and this may have masked the relationship 

between symptoms and VEGF levels. We furthermore did not see any association between 

levels at 18 months of age and later lung function measures at age 6, and the level measured 

at 18 months of age was not a good predictive factor.  

We found a borderline association between three SNPs upstream of the gene and VEGF 

plasma levels that could explain the functional effect of these SNPs (or tagged variants) 

perhaps affecting an enhancer region of the VEGFA gene. We did not find an association 

between plasma VEGF levels and the rs699947 linkage block, which is in line with some 

studies[34, 35] but others do find an effect of these SNPs on levels: in serum levels in healthy 

adults; in the supernatant from peripheral blood mononuclear cell cultures from healthy 

adults and in in vitro studies of cloned glioma cells[36-38]. However it is clear that these 

polymorphisms and corresponding haplotype block lies in (rs699947 lies upstream and 

rs833069 downstream) an important regulatory promoter region regulating VEGF 

expression[39] which is also indicated by the functional analyses of these SNPs. Our lack of 

association could also be that the rs699947 tags a variant within the gene which affects the 

function of the gene product and not the expression level or only affects expression levels in 

certain tissues.  
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Many studies have underlined the importance of VEGF in lung maturation and development 

due to influence as angiogenesis and endothelial cell differentiation [7] and it has been shown 

in mice studies that the inhibition of VEGF levels or increase was associated with respiratory 

distress syndrome and impaired lung maturation or a protection against this respectively [40], 

underling the importance of VEGF and possibly the VEGFA gene as a susceptibility locus for 

lung function development. Interestingly this was not associated to asthma suggesting only a 

role for VEGF in normal lung function development in this present study. The association of 

VEGF levels to asthmatic symptoms could be argued as a general up-regulation of 

inflammatoric and other mediators such as VEGF.   

Our data demonstrates an effect of VEGFA gene variants on lung function at age 6, but not an 

inborn effect on neonatal lung indices. Thus, this effect becomes prominent during pre-school 

life suggesting a possible interaction between the VEGFA gene variants and environmental 

exposures.  

Conclusion 

VEGFA gene variants were associated with postnatal lung function development in both 

asthmatic and healthy children. This suggests a role of VEGF and VEGFA gene variants in 

normal lung function development. Possible interaction between VEGFA gene variants and 

post-natal environmental risk factors should be targeted in future studies. 
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FIGURE LEGENDS 

Figure 1: The COPSAC study group profile 

Figure 2: In the top of the plot the association between SNPs and FEV1, FEV1/FVC ratio, 

MMEF at age 6 and VEGF levels at 18 months of age in COPSAC2000. Thick horizontal 

line represents the Bonferroni threshold and the grey thin line the nominal threshold. The 

middle of the plot describes the gene structure: grey blocks are UTR region and black blocks 

the translated regions (from http://genome.ucsc.edu/, b36 positions). The lower part is the 

linkage disequilibrium of the single nucleotide polymorphisms in the VEGF gene. The 

intensity of the shading represents r-squared, and numerical values (percent) were calculated 

using the Haploview software. Three different haplotype blocks were found using the Gabriel 

method.[30] 
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Table 1 – Population descriptives 

Characteristics at birth 
COPSAC Population PIAMA Population 

n=365 n=961 
Gender (% boys) 49.3 52.2 
Study type (%)   
     Active intervention - 24.2 
     Placebo intervention - 18.4 
     Natural history - 57.5 
Allergic mother (%) 83.0 65.9 
Allergic father (%) 29.3 31.4 
Mother’s education (%)   
     Low 59.6 18.2 
     Medium 27.3 42.8 
     High 13.1 39.0 
Mother smoking last trimester 
pregnancy (%) 15.9 10.3 
Breast feeding duration (%)   
     Never* 2.2 14.9 
     < 3 months 8.7 35.3 
     ≥ 3 months 89.1 49.8 
Older siblings (%) 38.4 49.0 
Daycare attendance first year (%) 57.4 25.3 
Cat(s) at home (%) 14.8 29.5 
Dog(s) at home (%) 13.1 14.6 
Premature birth (%) 6.3 4.6 
Rs833052 (A allele frequency, %) 12.0 12.6 
Rs699947 (A allele frequency, %) 49.0 51.2 
Rs6900017 (T allele frequency, %) 7.5 7.6 
   
*: in COPSAC defined as less than 1 week 

 
 

Table 2 – Overall discovery, replication and meta-analyzed results for the three top-
SNPs 

  COPSAC   PIAMA   Meta-analysed 

  Estimate SE P-val Estimate SE P-val Estimate SE P-val Phet 

rs833052 (A allele) 

FEV0.5 -1.59 1.48 0.29 - - - - - - - 

FEF50 7.40 6.35 0.24 - - - - - - - 

PD15* -0.03 0.08 0.67 - - - - - - - 

FEV1# -0.02 0.02 0.21 -0.02 0.02 0.23 -0.02 0.01 0.11 0.938

FVC# 0.01 0.02 0.66 - - - - - - - 

FEV1/FVC -0.02 7.82E-03 4.09E-03 + 0.001 0.005 0.91 -0.01 0.00 0.16 0.011

MMEF*# -0.02 0.01 0.06 - - - - - - - 
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PD20* -0.10 0.08 0.21 0.04 0.05 0.49 -5.36E-05 0.04 1.00 0.135

rs699947 (A allele) 

FEV0.5 -0.86 0.93 0.36 - - - - - - - 

FEF50 0.30 4.01 0.94 - - - - - - - 

PD15* -0.04 0.05 0.43 - - - - - - - 

FEV1# -0.05 0.01 1.31E-05 ++ -0.02 0.01 0.07 -0.03 0.01 1.42E-05 ++ 0.04 

FVC# -0.03 0.01 0.01 + - - - - - - - 

FEV1/FVC -8.48E-03 4.98E-03 0.09 0.002 0.003 0.54 + -7.91E-04 2.57E-03 0.76 0.07 

MMEF*# -0.02 0.01 0.03 + - - - - - - - 

PD20* -0.06 0.05 0.20 -0.07 0.03 0.03 + -0.07 0.03 0.01 + 0.93 

rs6900017 (T allele) 

FEV0.5 -2.06 1.90 0.28 - - - - - - - 

FEF50 -15.24 8.10 0.06 - - - - - - - 

PD15* 0.19 0.10 0.05 - - - - - - - 

FEV1# -0.03 0.02 0.23 -0.014 0.019 0.47 -0.02 0.01 0.18 0.64 

FVC# 0.00 0.03 0.92 - - - - - - - 

FEV1/FVC -0.01 4.66E-03 0.13 -0.01 0.01 0.07 -0.01 3.68E-03 0.02 + 0.61 

MMEF*# -0.04 0.02 0.01 + - - - - - - - 

PD20* 0.09 0.11 0.39   0.032 0.064 0.62   0.05 0.06 0.39   0.62 

+: nominal significant; ++: significant below the Bonferonni threshold 

* Log10-transformed 

#Adjusted for height and sex 
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Supplementary methods

Genetic quality control: The data were filtered if minor allele frequency < 0.01, Hardy Weinberg

Equilibrium < 0.0001, Call rate per individual < 0.98, Call rate – per SNP < 0.94. Population

stratification was assessed by an identity by state matrix and performed a Multi-Dimensional-

Scaling-analysis. Siblings were filtered.

Lung function measurements were obtained at 1-month of age using the raised volume rapid

thoracoabdominal compression technique measuring forced expiratory volume in 0.5 seconds

(FEV0.5) and forced expiratory flow at 50% of the functional vital capacity (FEF50) during

repeated and increasing provocative doses of methacholine. The threshold resulting in a 15 % drop

in TcO2 was used as provocative dose (PD15). [1-3] We did not use the functional vital capacity

(FVC) for the neonatal lung function because the FEV0.5 measurement most often reached the FVC

(mean FEV0.5= 67.8, mean FVC= 71.0 ml and mean FEV0.5/FVC=0.96).[3]

The FEV0.5 and FEF50 measurements were calibrated according to lifespan, weight and BMI and

PD15 to lifespan and weight.[2] Maximum forced expiratory volume during the first second of

expiration (FEV1), FVC and maximal mid-expiratory flow (MMEF) was assessed at six years of

age by spirometry from up to five technically acceptable maneuvers, in accordance with

international criteria for reproducibility[4] using the MasterScope system 754916 spirometer (Erich

Jäeger; Würtzburg, Germany). If several measurements were performed in the sixth year of life, the

mean was used. The spirometry was performed during repeated methacholine measurements

measuring a dose resulting in a 20 percent drop in FEV1 (PD20). All measurements were obtained

with a computer-animated, volume-driven computer game well known to the children.[5, 6]



Linkage disequilibrium plot in the HapMap data: A Linkage disequilibrium plot were made of the

VEGF gene (chromosome 6, 43830931-43877201) using HapMap data[7], CEU population, created

in Haploview using the Gabriel method for haplotype block definition.[8] (Figure E1) This was

used to compare with the COPSAC linkage disequilibrium plots. A further plot of the linkage

disequilibrium structure in the CEU Hapmap population (release 22) of the upstream region

focusing on the SNP with the lowest p-value in the analyses of the VEGF plasma levels and the

SNPs using the online plotting tool SNAP (http://www.broadinstitute.org/mpg/snap/ldplot.php).

Kaplan meier plots: For the three top SNPs (rs699947, rs833052 and rs6900017) Kaplan-Meier

plots were plotted using the survival package in R-project for the time to asthma onset. The CA and

AA genotype strata for rs833052 were collapsed due to low numbers in the AA group and the CT

and TT genotype strata for rs6900017 were collapsed due to low numbers in the TT group.



Supplementary references

E1. Loland L, Bisgaard H. Feasibility of repetitive lung function measurements by raised
volume rapid thoracoabdominal compression during methacholine challenge in young infants.
Chest 2008; 133: 115-122.

E2. Bisgaard H, Loland L, Holst KK, Pipper CB. Prenatal determinants of neonatal lung
function in high-risk newborns. J Allergy Clin Immunol 2009; 123: 651-657, 657 e651-654.

E3. Loland L, Buchvald FF, Brydensholt Halkjær L, Anhøj J, Hall GL, Persson T, Grove
Krause T, Bisgaard H. Sensitivity of Bronchial Responsiveness Measurements in Young Infants*.
Chest 2006; 129: 669.

E4. Standardization of Spirometry, 1994 Update. American Thoracic Society. Am J Respir
Crit Care Med 1995; 152: 1107-1136.

E5. Bisgaard H. The Copenhagen Prospective Study on Asthma in Childhood (COPSAC):
design, rationale, and baseline data from a longitudinal birth cohort study. Ann Allergy Asthma
Immunol 2004; 93: 381-389.

E6. Chawes BL, Kreiner-Moller E, Bisgaard H. Upper and lower airway patency are
associated in young children. Chest 2010; 137: 1332-1337.

E7. The International HapMap Project. Nature 2003; 426: 789-796.

E8. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD
and haplotype maps. Bioinformatics 2005; 21: 263-265.



Figure E1



Figure E2

Data from the CEU Hapmap population (release 22). Blue line indicate recombination rate as

indicated on the right hand y-axis. The correlation with the query SNP rs833057 is indicated for

each SNP in this region based on localization on the left-hand axis and the color of the SNP

(amount of red). X-axis represents the physical distance.
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Association between single nucleotide polymorphisms and FVC at six years of age. Additive

genetic model. Dashed line represents the Bonferroni threshold (P< 3.80e-03) and the grey dashed

line the nominal threshold (P<0.05).



Figure E4

0

-1

-2

-3

-4

-5

lo
g1

0(
P-

va
lu

e)

rs
83

30
52

rs
86

62
36

rs
83

30
57

rs
69

99
46

rs
69

99
47

rs
83

30
69

rs
30

25
01

0

rs
30

25
03

3

rs
30

25
03

5

rs
69

00
01

7

rs
12

20
44

88

rs
13

58
98

0

rs
10

94
80

95

Association between single nucleotide polymorphisms and FEV0.5 at 1 month of age. Additive

genetic model. Dashed line represents the Bonferroni threshold (P< 3.80e-03) and the grey dashed

line the nominal threshold (P<0.05).
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Association between single nucleotide polymorphisms and FEF50 at 1 month of age. Additive

genetic model. Dashed line represents the Bonferroni threshold (P< 3.80e-03) and the grey dashed

line the nominal threshold (P<0.05).
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Association between single nucleotide polymorphisms and PD15 at 1 month of age. Additive

genetic model. Dashed line represents the Bonferroni threshold (P< 3.80e-03) and the grey dashed

line the nominal threshold (P<0.05).
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Association between single nucleotide polymorphisms and recurrent troublesome lung symptoms at

18 months of age. Additive genetic model. Dashed line represents the Bonferroni threshold (P<

3.80e-03) and the grey dashed line the nominal threshold (P<0.05).
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Association between single nucleotide polymorphisms and asthma at age 6-7. Additive genetic

model. Dashed line represents the Bonferroni threshold (P< 3.80e-03) and the grey dashed line the

nominal threshold (P<0.05).



Figure E9
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Kaplan-Meier plot of the risk for asthma stratified on rs833052 genotypes. Below the plot is printed

the number at risk.
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Kaplan-Meier plot of the risk for asthma stratified on rs699947 genotypes. Below the plot is printed

the number at risk.
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Kaplan-Meier plot of the risk for asthma stratified on rs6900017 genotypes. Below the plot is

printed the number at risk.



Table E1

Genotype distributions in the COPSAC cohort

SNP Minor allele Major allele
Minor allele
frequency

Ma:Ma Ma:Mi Mi:Mi N, no missing N Call Rate

rs833052 A C 0.12 282 73 7 362 365 0.99

rs866236 T C 0.23 219 127 19 365 365 1.00

rs833057 G T 0.20 234 114 17 365 365 1.00

rs699946 G A 0.21 224 127 14 365 365 1.00

rs699947 A C 0.49 102 165 95 362 365 0.99

rs833069 G A 0.33 162 166 37 365 365 1.00

rs3025010 C T 0.36 152 163 50 365 365 1.00

rs3025033 G A 0.17 251 103 11 365 365 1.00

rs3025035 T C 0.06 322 42 1 365 365 1.00

rs6900017 T C 0.08 311 53 1 365 365 1.00

rs12204488 T C 0.23 215 130 20 365 365 1.00

rs1358980 C T 0.50 97 174 94 365 365 1.00

rs10948095 C T 0.40 138 159 64 361 365 0.99



Table E2

Analysis of main outcomes and top three SNPs in three different linear regression analyses: overall

(A), stratified for asthma (B) and adding asthma*SNP as interaction term to the overall analysis (C).

+: P-value<0.05; ++:P-value< 3.80e-03 (Bonferroni threshold). FEV1, FVC and MMEF were

further adjusted for height and sex. MMEF was log10 transformed.

Outcome SNP Asthma - level Beta SE
A: overall -0.0221 0.0174 2.06E-01
B: asthma no -0.0236 0.0195 2.28E-01
B: asthma yes -0.0043 0.0385 9.11E-01
C: interaction term 0.0192 0.0459 6.77E-01
A: overall -0.0478 0.0108 1.31E-05 ++

B: asthma no -0.0506 0.0118 2.68E-05 ++

B: asthma yes -0.0349 0.0266 1.97E-01
C: interaction term 0.0171 0.0309 5.79E-01
A: overall -0.0283 0.0235 2.29E-01
B: asthma no -0.0262 0.0276 3.43E-01
B: asthma yes -0.0219 0.0432 6.14E-01
C: interaction term 0.0034 0.0547 9.50E-01
A: overall -0.0226 0.0078 4.09E-03 +

B: asthma no -0.0230 0.0088 9.12E-03 +

B: asthma yes -0.0141 0.0173 4.20E-01
C: interaction term 0.0090 0.0207 6.64E-01
A: overall -0.0078 0.0053 1.43E-01
B: asthma no -0.0080 0.0059 1.73E-01
B: asthma yes -0.0037 0.0123 7.65E-01
C: interaction term 0.0043 0.0155 7.80E-01
A: overall -0.0125 0.0109 2.56E-01
B: asthma no 0.0001 0.0131 9.91E-01
B: asthma yes -0.0549 0.0179 3.83E-03 ++

C: interaction term -0.0550 0.0263 3.73E-02 +

A: overall 0.0090 0.0207 6.65E-01
B: asthma no 0.0110 0.0236 6.42E-01
B: asthma yes 0.0050 0.0419 9.06E-01
C: interaction term -0.0061 0.0549 9.11E-01
A: overall -0.0334 0.0131 1.15E-02 +

B: asthma no -0.0350 0.0147 1.78E-02 +

B: asthma yes -0.0311 0.0290 2.91E-01
C: interaction term 0.0063 0.0377 8.67E-01
A: overall -0.0029 0.0279 9.19E-01
B: asthma no -0.0153 0.0334 6.48E-01
B: asthma yes 0.0432 0.0467 3.60E-01
C: interaction term 0.0569 0.0653 3.84E-01
A: overall -0.0241 0.0126 5.66E-02
B: asthma no -0.0206 0.0136 1.31E-01
B: asthma yes -0.0307 0.0326 3.52E-01
C: interaction term -0.0084 0.0328 7.98E-01
A: overall -0.0172 0.0080 3.33E-02 +

B: asthma no -0.0194 0.0084 2.27E-02 +

B: asthma yes -0.0029 0.0233 9.03E-01
C: interaction term 0.0160 0.0227 4.81E-01
A: overall -0.0443 0.0169 9.17E-03 +

B: asthma no -0.0221 0.0192 2.52E-01
B: asthma yes -0.1014 0.0333 4.16E-03 +

C: interaction term -0.0778 0.0385 4.44E-02 +

rs699947
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FVC

MMEF

P value

rs833052

rs699947
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FEV1
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FEV1/FVC

rs833052

rs699947

rs6900017

rs833052



Table E3

Analysis of main outcomes and top three SNPs in three different linear regression analysis: overall

(A), adjusted for smoking exposure (B) and adding smoking exposure*SNP as interaction term to

the overall analysis (C). +: P-value<0.05; ++:P-value< 3.80e-03 (Bonferroni threshold). FEV1,

FVC and MMEF were further adjusted for height and sex. MMEF was log10 transformed.

Outcome SNP Analyses Beta SE
A: overall -0.0221 0.0174 2.06E-01
B: adjusted for smoking -0.0288 0.0181 1.12E-01
C: smoking interaktion term -0.0117 0.0055 3.63E-02 +

A: overall -0.0478 0.0108 1.31E-05 ++

B: adjusted for smoking -0.0489 0.0110 1.28E-05 ++

C: smoking interaktion term 0.0005 0.0016 7.81E-01
A: overall -0.0283 0.0235 2.29E-01
B: adjusted for smoking -0.0213 0.0242 3.80E-01
C: smoking interaktion term 0.0008 0.0033 8.05E-01
A: overall -0.0226 0.0078 4.09E-03 +

B: adjusted for smoking -0.0256 0.0081 1.74E-03 ++

C: smoking interaktion term -0.0042 0.0025 9.43E-02
A: overall -0.0078 0.0053 1.43E-01
B: adjusted for smoking -0.0076 0.0055 1.62E-01
C: smoking interaktion term 0.0007 0.0008 3.74E-01
A: overall -0.0125 0.0109 2.56E-01
B: adjusted for smoking -0.0135 0.0113 2.32E-01
C: smoking interaktion term -0.0023 0.0016 1.52E-01
A: overall 0.0090 0.0207 6.65E-01
B: adjusted for smoking 0.0051 0.0217 8.16E-01
C: smoking interaktion term -0.0075 0.0067 2.67E-01
A: overall -0.0334 0.0131 1.15E-02 +

B: adjusted for smoking -0.0358 0.0135 8.69E-03 +

C: smoking interaktion term -0.0005 0.0020 7.96E-01
A: overall -0.0029 0.0279 9.19E-01
B: adjusted for smoking 0.0052 0.0290 8.58E-01
C: smoking interaktion term 0.0044 0.0040 2.70E-01
A: overall -0.0241 0.0126 5.66E-02
B: adjusted for smoking -0.0280 0.0131 3.31E-02 +

C: smoking interaktion term -0.0098 0.0040 1.49E-02 +

A: overall -0.0172 0.0080 3.33E-02 +

B: adjusted for smoking -0.0157 0.0082 5.69E-02
C: smoking interaktion term -0.0002 0.0012 8.68E-01
A: overall -0.0443 0.0169 9.17E-03 +

B: adjusted for smoking -0.0415 0.0174 1.79E-02 +

C: smoking interaktion term 0.0000 0.0024 9.96E-01
rs6900017

FEV1/FVC

P value

FVC

MMEF

rs833052

rs699947
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