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Abstract  

Elevated levels of exhaled nitric oxide (eNO) and airway hyperresponsiveness are 

intermediates phenotypes of asthma.  

 Using population-based twins� data we estimated the relative contribution of genes, family 

environment and non-shared environmental influences to variation in eNO and airway 

responsiveness (AR). Secondly we investigated the genetic and environmental sources of co-

variation between these two asthma-related phenotypes.   

 The study population comprised a random sample of 377 adult twins identified through the 

Norwegian Twin Registry. Main outcome variables were eNO and AR to methacholine.  

 Genetic effects accounted for 60% of the variation in eNO. Family environment explained 

30% of the variation in AR, while non-shared environment explained the remaining variation 

for both measures. For both eNO and AR, there were significant regression effects of atopy 

and smoking. The association between eNO and AR (r=0.14, p=0.006) was primarily 

explained by common genetic factors. Subanalyses restricted to atopic and non smoking 

twins, strengthened the observation.  

 Variation in eNO and AR appears to be explained by different genetic and environmental 

variance structures. Variation in exhaled NO is explained by genetic and non-shared 

environmental effects, whereas an environmental model best explains variation in AR. 

Common genetic effects explain the small, but significant association between eNO and AR. 
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 Asthma is a chronic inflammatory disorder, presenting as a wide spectrum of clinical 

manifestations. Twin and family studies report genetic and environmental influences on 

asthma etiology [1, 2] and molecular approaches provide insight into the genes associated 

with asthma and related phenotypes [3, 4]. Regions linked to these phenotypes have been 

detected both in candidate gene studies and genome screens [5, 6]. One approach to help 

elucidate issues of etiology is to study the genetic and environmental sources of variation and 

co-variation in asthma-related phenotypes. 

Elevated levels of exhaled nitric oxide (eNO) and airway hyperresponsiveness (AHR) 

are intermediate phenotypes (biomarkers) associated with asthma, but neither are specific to 

the disease. eNO is a marker of airway inflammation recognised as a critical component of the 

asthmatic phenotype [7]. Levels of eNO are increased in asthmatics [8], and the measurement 

of eNO is advocated as a tool to discriminate asthmatics from non-asthmatics [9]. Levels of 

eNO correlate with markers of asthmatic inflammation such as sputum and serum eosinophils 

[10, 11]. An association between eNO and eosinophilic inflammation in bronchial biopsies 

has been reported in patients with atopic asthma [12]. The relationship between eNO and 

airway responsiveness (AR) is controversial and conflicting results have been published [13, 

14].   

Measuring AR is advocated in population studies of asthma because it is closely 

related to the underlying mechanisms of the disease [15]. However, there is no clear evidence 

of a close relationship between AHR and asthmatic inflammation [16]. Autonomic 

dysfunction or airway wall remodelling may help explain inter-individual variability in AR 

[17, 18].   

 A few genetically informative, epidemiological studies have assessed AR and atopy 

[19, 20, 21], but the heritability of eNO has not yet been explored. A key question is whether 

measures of eNO and AR are related, and if so, whether this relationship is explained by 
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common genetic and/or environmental pathways. The purpose of this study was to estimate 

the relative contribution of genes and environment to variation in eNO and AR using 

population-based data from a sample of young adult twins. A further aim was to investigate 

the genetic and environmental sources of co-variation between these two asthma-related 

phenotypes. 
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METHODS    

Study population   

The clinical data were collected as a sub-study to the twin study at the Norwegian Institute of 

Public Health [22]. All twins born in Norway from 1967 through 1979 were identified through 

the Norwegian Birth Registry. The twins who participated in the current study were sampled 

from respondents to a questionnaire study conducted in 1998. The questionnaire was sent to 

12701 like and unlike-sexed twins aged 18-35 years. Responses were obtained from 3300 

complete pairs (69%). Zygosity was determined on the basis of seven questions previously 

validated to categorize correctly > 97% of the twins in another Norwegian study [23].  The 

sample and zygosity classification procedure are described elsewhere [23, 24].  A random 

sample of pairs living within a 2-hour transportation radius from Oslo was invited to participate 

in the study. Exclusion criteria were pregnancy and medical conditions that might interfere 

with carrying out the tests. Altogether, 1446 twins (723 pairs) were selected; 643 twins were 

willing to participate. The clinical study was completed on 377 twins comprising 171 pairs and 

35 twins whose co-twin was not tested. The participants in the clinical study did not differ from  

the non-participants with respect to gender, age or zygosity. The Regional Medical Ethics 

Committee approved the study and written informed consent was obtained from all subjects. 

  

Measures 

The main outcomes were concentrations of eNO and AR to methacholine. All subjects had to 

be free from respiratory infections six weeks prior to testing. Subjects with asthma or hay 

fever were tested during the non-pollen season (September � March). Those who used 

antihistamines, long-acting or short-acting beta2-agonists were instructed to withhold 

medications for respectively one week, 12 hours and eight hours before testing. Regular use 

of inhaled corticosteroids was recorded. Ex-smokers were those who had stopped smoking at 
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least one year before the study. Current smokers were asked to refrain from smoking on the 

test-day. 

  

Exhaled nitric oxide  

eNO was measured by a chemiluminescence analyser (LR 2000, Logan Research, UK) 

adapted for on-line recording of NO concentrations. The sampling flow rate of the analyzer 

was set to 250 mL.min-1 for all measurements. The analyzer was calibrated daily using 

certified NO mixtures (100 ppb) in nitrogen (BOC Special Gases, Surrey Research Park, 

Guildford, UK). Ambient NO level was recorded before each individual test. The 

measurements were performed in accordance with recommendations outlined by the 

European Respiratory Society (ERS) [25]. End-expiratory NO values were measured at the 

plateau level of the last part of the exhalation curve. Three technically acceptable 

measurements were obtained and the mean value reported. To normalize the distribution the 

natural logarithm of eNO scores were used.  

  

Baseline lung function  

Lung function was assessed by dynamic spirometry (Master Screen Body, Erich Jaeger, 

Germany). The spirometer was calibrated daily by a 1 litre syringe. The measurements were 

performed in accordance with guidelines recommended by the American Thoracic Society 

[26]. Recorded variables were forced vital capacity (FVC), forced expiratory volume in one 

second (FEV1), forced mid-expiratory flow (FEF50%) and FEV1/FVCx100 (FEV1%). The 

lung function variables were expressed in absolute values and as percentage of predicted, 

using the reference values recommended by ERS [27].  

  

 Airway responsiveness  
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A methacholine provocation test was performed in subjects with baseline FEV1 >70% of 

predicted who did not decrease their FEV1 by >10% of the post-isotonic saline value. The test 

was performed with a standard dosimeter method, in line with ERS guidelines [28]. In brief, 

the automatic tidal volume triggered equipment with a calibrated fixed output (APS; Erich 

Jaeger) was programmed to deliver a maximum cumulative dose of 19.89 µmol methacholine 

in six or seven increments, starting with 0.255 µmol in non-asthmatics and 0.051 µmol in 

asthmatics. FEV1 was measured 60 s after each dose. The test was terminated if the decline in 

FEV1 exceeded 20% of postdiluent value. AR to methacholine was recorded as the cumulative 

dose which caused a 20% fall in FEV1 (PD20FEV1). The dose-response slope (DRS) was 

calculated as the maximal percentage fall in FEV1 divided by the cumulative dose [28]. AHR 

was defined as PD20FEV1 < 7.8 µmol [28]. To normalize the distribution the natural 

logarithm of the DRS scores were used.  

  

Atopy 

Atopy was assessed from skin prick tests (SPT; Soluprick SQ, ALK, Denmark) to eight 

common allergens (cat, dog, horse, timothy grass, birch, mugwort (artemisia vulgaris), 

Cladosporium herbarum and Dermatophagoides pteronyssinus) in accordance with European 

guidelines [29]. Atopy was defined as a positive response (weal diameter > 3 mm and greater 

than the negative control) to at least one allergen. 

  

Analyses 

Structural equation modelling (SEM) using Mx [30] was conducted to estimate the genetic 

and environmental influences on variances and covariances. These models are widely used to 

analyze twin data [31]. Briefly, four general sources of variance and covariance are estimated: 

additive genetic factors (A) reflect the summed affect of alleles at each contributing genetic 
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locus, non-additive genetic factors (D for �dominance�) reflect the summed affect of 

dominance deviations at all contributing loci, common environment (C) represents all sources 

of shared environmental experiences and exposures that contribute to within pair resemblance, 

whereas non-shared environment (E) represents all sources of unique experiences and 

exposures that cause within-pair differences. Examples of shared environments include in 

utero effects, parental smoking, other conditions in the rearing home that could affect the 

development of asthma such as house dust mites, mold etc as well as macro level factors that 

are implicated in health such as socioeconomic status. Examples of non-shared environments 

or exposures are discordance for smoking, differences in diseases and occupational exposures.  

Univariate models were analyzed to test significance of the covariates, sex, age, smoking and 

atopy. Next, the genetic and environmental variance structure of each measure was estimated. 

In these analyses each model comprises a set of simultaneous linear equations specifying the 

biometrical expectations for the genetic and environmental contributions to the variance 

covariance structure in the data for identical (MZ) and fraternal (DZ) twins. Among MZ pairs 

genetic effects are perfectly correlated, among DZ pairs additive and dominant genetic effects 

are correlated 0.5 and 0.25, respectively. Common environmental effects are perfectly 

correlated in both zygosity groups, whereas influences due to non-shared environmental 

effects are uncorrelated.  Fixed effects of sex, smoking status, age and a positive score for 

atopy were incorporated into the means model.  

The relationship between eNO and AR was then analyzed using a bivariate ACE 

model that decomposed the covariance between these measures into correlated genetic, (rG); 

correlated shared environmental (rC); and correlated non-shared environmental (rE) pathways. 

A full model estimating all three latent factor correlations was first analyzed and subsequent 

models tested for the significance of each correlation by dropping it from the model.  
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The raw data option in Mx calculates minus twice the log-likelihood (-2LL) of the data 

but does not provide an overall measure of fit. Model comparisons were conducted using the 

likelihood ratio chi-square test to compare the relative fit of nested models and the Akaike 

Information Criterion (AIC), calculated as ∆ χ² - 2∆df, which combines parsimony and fit.  

 Prior to model specification the pattern of MZ vs DZ intraclass correlations were 

inspected to determine which factors (A, C, D, E) were important to parameterize in the 

modeling. Greater MZ than DZ values indicate genetic effects, and MZ correlations that 

exceed twice the DZ value suggest non-additive (D) effects. Common environmental effects 

are indicated if twice the DZ correlation is greater than the MZ correlation [31].  

  

RESULTS   

Clinical characteristics and measures  

Table 1 presents clinical characteristics of the sample by gender. Females comprised 60% of 

the study population. The genders were comparable with respect to age, BMI, smoking habits, 

atopy and lung function. The prevalence of AHR was higher in females than in males (26 % 

vs 13 %, p = 0.003), whereas the genders were comparable with respect to levels of eNO. 

There were no significant differences across zygosity for any of the measures. The prevalence 

of AHR was higher in atopics than in non-atopics (29% vs 16%, p=0.004). Levels of eNO 

were increased among non-smoking subjects with atopy compared those with no atopy (7.7 

(1.8) vs 6.1 (1.6) ppb, p=0.001). There was a positive correlation between DRS and eNO 

(r=0.14, p=0.006). The correlation was greater in non-smokers (r=0.27, p<0.001), and 

particularly so in non-smoking atopics (r= 0.43, p<0.001). The prevalence of self-reported 

asthma was 7,8%, which is highly similar to the prevalence (8,0%) reported in the study 

population from which the sample was drawn (n=3300 pairs).   
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Univariate results for eNO and AR 

Tests of the modeled covariates revealed no effect of age. For eNO there were significant 

regression effects of smoking [∆χ2(1) = 18.71, p< .001] and atopy [∆χ2(1) = 9.99, p< .01]. For 

AR regressions were significant for sex [∆χ2(1) = 14.36, p< .001], smoking [∆χ2(1) = 16.09, 

p< .001] and atopy [∆χ2(1) = 9.68, p< .01].  The intraclass correlations for the MZ and DZ 

twins respectively were 0.57 and 0.28 for the log score of eNO and 0.35 and 0.32 for the log 

score of DRS. These values suggest different patterns of genetic and environmental influences 

explain variation in eNO and AR. Specifically, genetic and non-shared environmental effects 

are indicated for variation in eNO, whereas shared and non-shared environment seem most 

important to explain variation in AR. Given the lack of evidence for genetic dominance, ACE 

models and sub-models were tested for both measures. Results, including the genetic and 

environmental variance estimates, 95 % confidence intervals and model fit statistics are 

presented in Table 2. For AR, the base ACE model estimated genetic effects (A) to be zero. 

Testing nested sub-models revealed that dropping A (∆χ2(1)= 0.00, p=.99) or C (∆χ2(1)=1.24, 

p=0.27) did not significantly affect the model fit, but that one of these sources of shared 

effects (A or C) must be retained; the E only model showed a significant reduction in fit 

(∆χ2(2)= 15.35, p<0.01) The CE model is most consistent with the pattern of intraclass 

correlations and also yielded the lowest AIC value. Accordingly, a completely environmental 

model (CE) best explains variation in AR, with common effects accounting for 30 % of the 

variation and non-shared environment explaining the remaining variation. In contrast, the 

results for eNO revealed highly significant genetic effects, Dropping A from the model 

resulted in a significant deterioration in fit (∆χ2(1)=10.13, p<=0.01), however there was no 

effect of shared environment (∆χ2(1)=0) as evidenced by no change in -2ll when dropping C 

from the model. The AE model showed the best fit according to AIC with genetic and non-

shared environmental influences for 60% and 40% of the variation, respectively.  
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Bivariate analyses of the relationship between eNO and AR 

The association between eNO and AR is weak but significant (r= 0.14; p=0.006).  The cross-

twin cross-trait correlations (eNO in twin A with AR in twin B) were 0.23 for MZ and 0.04 

for DZ twins. This pattern suggests that genetic effects contribute importantly to the 

association between eNO and AR. Bivariate analyses revealed that a model with no 

covariation could not be fit to the data.  Therefore, tests of the importance of each source of 

covariation (rG, rC and rE) were conducted and results are listed in Table 3.  Dropping the 

genetic correlation (M2) resulted in a deterioration in fit, whereas dropping the shared 

environmental correlation (M3) or the non-shared environmental correlation (M4) did not 

affect the model fit. M5 reveals that retaining the genetic correlation only and dropping both 

rC and rE does not affect fit and yields the lowest AIC value. This is further supported by the 

results of M6 and M7 which show that deterioration in fit when rG is excluded. The 

significance of rG was even greater when the base model excluded rE (not tabled):  dropping rG  

resulted in a ∆χ2= 5.818, ∆df=1,  p= 0.016 , whereas dropping rC hardly altered the -2ll 

(∆χ2= 0.544, ∆df=1, p= 0.461). Collectively, these results showing a significant change in fit 

only when genetic sources of covaration are excluded suggest that association between eNO 

and AR is primarily explained by common genetic effects.  

 

DISCUSSION   

This population-based study of young adult twins revealed that that variation in eNO and AR 

appeared to be explained by different genetic and environmental variance structures. Whereas 

variation in eNO was explained by genetic and environmental factors, variation in AR was 

mainly attributed to environmental effects. The small, but significant association between 

eNO and AR was primarily explained by common genetic factors. This finding may seem 

inconsistent given that an environmental model best described the AR data, however the 
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confidence intervals were wide in the univariate results and power to detect potential genetic 

effects is increased in the bivariate analysis.  

 Genetic studies using the twin-design are based upon the assumption that twins are 

representative of the general population for the outcomes being studied. Comparisons to 

prevalence rates from non-twin population-based Norwegian surveys suggest that the twin 

data in the current study are representative of the general population with respect to atopy and 

AHR [32] and smoking habits [33]. The prevalence of atopy was 35%. Similar prevalence 

rates have been reported in other Scandinavian studies of young adults and adolescents [32, 

34]. The 21% prevalence of AHR in the current study is in line with data previously reported 

from a population survey of Norwegian adolescents [32]. The observation that AHR is more 

prevalent in females than in males, has also been reported in others Scandinavia studies [35, 

36]. We found no evidence of zygosity differences in the prevalences of any of the clinical 

measures. Given the similarity in the reported prevalence of asthma between this sample who 

participated in the clinical testing and the population based sample of twins responding to the 

main questionnaire, it is unlikely that selection bias presents a major problem in this study.  

 In the recent decade, eNO has become recognized as an important component of the 

asthmatic phenotype [7]. Endogenous NO is derived from L-arginine by the enzyme NO 

synthase (NOS) of which at least three distinct isoforms are identified. Two of these are 

constitutively expressed (NOS1 and NOS3), while a third (NOS2) is inducible and shows 

increased expression in inflammatory disorders. Genetic polymorphisms of all three NOS 

isoforms are identified and associations are reported between NOS1 gene polymorphisms and 

asthma [37]. In asthmatic subjects an association between the length of the AAT repeat 

polymorphism in intron 20 of the NOS1 gene and levels of eNO has been reported [37].  

 Data on the heritability of eNO has not previously been published. In our population-

based sample of twins we found that genetic effects accounted for 57 % of the variation in 



 12

eNO. Numerous studies have documented a strong association between atopy and eNO [7, 10, 

32]. Since current knowledge indicates that atopy is genetically influenced [3-6], a common 

heritable origin for the two phenotypes may be suggested.  

 Since this study was conducted outside of the pollen allergy season the only 

individuals likely to be tested during exposure are those with indoor allergies such as house 

dust mites or pets. Ideally, the modelling analyses should be stratified by twin-pair 

discordance and concordance for atopy. Such analyses would provide insight into whether 

genes and environments differentially mediate the relationship between eNO and AR 

contingent upon atopy. Although the current sample is not statistically powered for such 

stratified analyses, the association between eNO and AR is significantly larger (0.27) among 

those with than among those without (-0.07) atopy. Furthermore, inspection of the intraclass 

and cross-twin cross-trait correlations (eNO in twin 1 with AR in twin 2) in groups stratified 

by zygosity and atopy status of the pair (data not shown) suggest that genetic effects are 

highly important in explaining the relationship between eNO and AR among atopics. Due to 

the sample size limitations these results should be interpreted with caution but warrant further 

investigations into differences in the nature of genetic influences affecting eNO and AR when 

associated with atopy.  

 Compared to data on the genetics of atopy, data on the genetics of AR are scarce and 

incomplete. However, most current literature comprising data from twin studies, segregation 

analyses, linkage studies and genome-wide screens suggest genetic influences on AR [6, 20, 

21, 38]. Twenty years ago Hopp et al [38] conducted a study of 107 twin pairs aged 6 to 31 

who were tested for AR to methacholine. Heritability, calculated as twice the difference 

between the MZ and DZ correlations, was 0.66.  An Australian study [20] using a population-

based sample of nuclear families, reported a much lower heritability (0.30, SE=12.3) for DRS 

to methacholine challenge than in Hopp�s study.  Finally, another Australian study [21] of 
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twins aged 8 to 18 included pairs concordant and discordant for current wheeze status. 

Although heritability was not estimated, odds ratios were consistent with genetic influences 

on AR as measured by responsiveness to hypertonic saline. In contrast, we did not find 

evidence of significant heritability for AR. Heritability is a sample statistic and is expected to 

vary based on characteristics of the sample that are associated with the expression of genetic 

and environmental effects. For example, we find significant main effects of smoking and 

atopy but this does not inform us of potential differences in the genetic and environmental 

variance components as a function of smoking or atopy status.  Furthermore, differences in 

the sampling schemes, age groups, prevalence and analytic methods between the Australian 

and Norwegian study could contribute to discrepancies regarding heritability estimates of AR.  

The Australian results based upon patient populations suggest that genetic effects may 

become expressed once asthma has developed, but may not be contributing to variation in AR 

when disease is not manifest. If this is the case then the heritability estimates may be sensitive 

to differences in disease prevalence in the investigated samples. The prevalence of atopy 

(58%) and asthma (26%) in the Australian study [21] were much higher than that in the 

general Norwegian population.  Furthermore, whereas we have studied young adults, children 

comprised a large percent of the Australian twin samples [21, 38]. AR is known to be 

significantly associated with age, with AHR being more prevalent in children than in adults 

[39]. Finally, AR is also influenced by smoking [40]. Our twin sample comprised 39 % 

current and ex-smokers, while the proportion of smokers in the Australian studies (not 

specifically stated) would be negligible or nil. It seems conceivable that mechanisms 

responsible for AR in adult smokers would differ from those in allergic children. Although the 

mechanisms are unknown, cigarette smoking reduces exhaled NO and increases AR and it is 

reasonable to believe that cigarette smoking could influence the genetic environmental 

variance structure for both eNO and AR. Due to sample size restrictions we were not able to 
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stratify the quantitative genetic analyses according to pair-wise smoking status. However 

inspection of the twin intraclass correlations among the pairs who in which both twins were 

currently non-smokers revealed that similar conclusions to those reported herein would be 

drawn about the variance structure for NO but that genetic effects may be slightly greater, 

(rMZ=0.70, rDZ=0.18), but that genetic effects are important for variation in AR (rMZ=0.50 

and rDZ=0.03). Furthermore, the cross-twin-cross trait correlations (0.35 among the MZ and -

0.07 among the DZ non-smoking pairs) strengthens our conclusion that a genetic correlation 

explains the relationship between AR and eNO. The exposure effect of cigarette smoking on 

NO and AR should be investigated more thoroughly using a larger sample.  

Our bivariate results suggest that common sets of genes account for the small but 

significant association between eNO and AR. Because other studies analyzing genetic 

covariance structures for asthma-related phenotypes have not included measures of eNO our 

results cannot be directly compared with other findings, but our results are consistent with 

those based on a multivariate analysis indicating genetic effects common to asthma, atopy and 

AR [20].  Collectively, these studies are beginning to elucidate questions of etiology and help 

to guide linkage studies.   

In conclusion, in a population-based sample of young adult twins, variation in exhaled 

NO was explained by genetic and non-shared environmental effects, whereas variation in AR 

was best accounted for by environmental influences. Common genetic effects explained the 

small, but significant association between eNO and AR.  
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TABLE 1.  Clinical characteristics, lung function, airway responsiveness and levels of 

exhaled nitric oxide by gender 

  

Males Females Total sample 
  

n = 149 (40 %) n = 228 (60%) n = 377 (100 %) 

Zygosity (MZ:DZ, n (%)) 77 (52%): 72 (48%) 131 (57%): 97 (43%) 208 (55%): 167 (45%) 

Age (median (range) yrs 28 (20-33) 28 (20-33) 28 (20-33) 

BMI (kg/m2) 24 (3) 23 (4) 23 (4) 

Smoking (n (%))       

-   Never 91 (61 %) 139 (61 %) 230 (61 %) 

-   Ex 14 (9 %) 21 (9 %) 35 (9 %) 

-   Current 44 (30 %) 68 (30 %) 112 (30 %) 

Atopy (n, %) 54 (36 %) 79 (35 %) 133 (35 %) 

FVC (% predicted)  109 (10) 109 (11) 110 (10) 

FEV1 (% predicted) 107 (11) 106 (11) 106 (11) 

FEV1%  82 (7) 84 (7) 83 (7) 

FEF50 (% predicted)  90 (24) 88 (20) 89 (22) 

AHR pos.# (n, (%)) 19 (13 %) 59 (26 %)* 78 (21 %) 

Exhaled NO (ppb)## 6.5 (1.6) 5.9 (1.7) 6.1 (1.7) 

-   Non-smokers 7.1 (1.5) 6.4 (1.7) 6.7 (1.7) 

-   Smokers 5.4 (1.9) 4.8 (1.5) 5.3 (1.7) 

       

  

Data are presented as mean (SD) unless otherwise stated.  

BMI=body mass index, FVC= forced vital capacity, FEV1= forced expiratory volume in one 

second, FEF50%= forced mid-expiratory flow, FEV1%=FEV1/FVCx100, AHR=airway hyper 

responsiveness, NO=nitric oxide   

# def. PD20FEV1 < 7.8 µmol,   ## geometric mean (SD), * p=0.003 compared to males 
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TABLE 2. Genetic and environmental variance component estimates (95 percent 

confidence intervals) and goodness of fit statistics for airway responsiveness and exhaled 

nitric oxide 

AR 

Modell A C E -2ll ∆χ2 ∆df p AIC 

ACE 0.00 
(0.00, 0.44) 

0.30 
(0.00, 0.43)

0.70 
(0.55, 0.85) 801.65 - - - - 

AE 0.32 
(0.16, 0.47) - 0.68 

(0.53, 0.84) 802.89 1.24 1 0.27 -0.76

CE - 0.30 
(0.15, 0.43)

0.70 
(0.57, 0.85) 801.65 0.00 1 0.99 -2.00

E - - 1.00 
(1.00, 1.00) 817.00 15.35 2 <0.01 11.35

Exhaled NO 

Model A C E -2ll ∆χ2 ∆df p AIC 

ACE 0.60 
(0.28, 0.71) 

0.00 
(0.00, 0.26)

0.40 
(0.29, 0.55) 449.06 - - - - 

AE 0.60 
(0.45, 0.71) - 0.40 

(0.29, 0.55) 449.06 0.00 1 - -2.00

CE - 0.42 
(0.28, 0.53)

0.58 
(0.47, 0.72) 459.18 10.13 1 <0.01 8.13 

E - - 1.00 
(1.00, 1.00) 490.00 40.94 2 0.00 36.94

         
  
  
A=additivegenetic variance, C=variance of common environment, E=variance of non-shared 
environment, ∆χ2= change in chi-square between nested models, ∆ df= difference in degrees 
of freedom between nested models, AIC=Akaike�s information criteria  
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Table 3. Results from testing alternative models of covariation between NO and airway 

responsiveness   

 
ACE Model  Fit Statistics 

Model 
number Sources of Covariation -2ll ∆χ2 ∆df p AIC 

M1  rG, rC, rE 1235.94 - - - - 

M2   rC, rE 1239.80 3.86 1 0.05 1.86 

M3   rG, rE 1236.39 0.45 1 0.51 -1.56 

M4  rG, rC 1236.05 0.11 1 0.75 -1.90 

M5  rG 1236.59 0.65 2 0.72 -3.35 

M6  rC 1241.86 5.92 2 0.05 1.92 

M7  rE 1244.74 8.80 2 0.01 4.80 

 
A=additive genetic variance, C=variance of common environment, E=variance of non-shared 
environment, rG=genetic correlation, rC=correlation between shared environmental influences, 
rE=correlation between non-shared environmental influences, ∆χ2= change in chi-square 
between nested models, ∆ df= difference in degrees of freedom between nested models, 
AIC=Akaike�s information criteria  
 


