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ABSTRACT
Asthma is a complex disease associated with biological and physiological phenotypes. The objective of this study was to compare the respiratory 

function in healthy first-degree relatives of asthmatic and non-asthmatic adolescents. We used a cross-sectional approach to assess 101 family 
cases (presence of one or more adolescents classified as asthmatic) and 275 stable families (families without adolescents classified as asthmatic). We 
obtained a final sample of 822 relatives. The respiratory function was evaluated by the forced expiratory volume in 1 second (FEV), and the forced 
vital capacity (FVC), using the Microlab 3300® Spirometer. A self-administered questionnaire was used to record upper and lower airway symptoms, 
allergic symptoms and medical history. To compare continuous variables, the Mann-Whitney and Kruskal-Wallis tests were applied when variables 
did not follow a Gaussian distribution and the variances were not homogeneous. A linear regression adjusted for age, gender and height was also 
applied to compare the lung function between asthmatic and non-asthmatic relatives. Parents of asthmatic adolescents had   significantly lower values 
of the lung function than both parents together and mothers of non-asthmatics (84.6 vs. 97.6, p<0.01, for FEV and 84.3 vs. 97.9, p<0.01, for FVC, 
and 97.3 vs. 109.7, p <0.01, for FEV and 89.5 vs. 105.5, p<0.01, for FVC, respectively). Also, siblings of asthmatic adolescents had lower FEV (98.6 
vs. 109.4, p<0.01) and FVC values (85.9 vs. 102.7, p<0.01). The healthy first-degree relatives of asthmatic adolescents have worse respiratory 
function than those of non-asthmatic adolescents. Asymptomatic relatives of asthmatics can have physiological characteristics that may reveal the 
phenotypic pattern of the disease. 
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INTRODUCTION
The familial aggregation of asthma has been 

documented in several studies (Bedolla-Barajas et al., 
2013; Lima et al., 2012; Webster et al., 2011; Wechsler et 
al., 2002; Chen et al., 2001; Jenkins et al., 1997). However, 
most of the attention has been focused on the diagnosis 
and phenotypic characterization of the disease (Thomsen 
et al., 2010). Despite the attention received, deciphering 
the relative importance of genetic factors in the origin 
of asthma has been proved to be a very complex task. 
Segregation studies have shown that there are genes that 
can explain the development and outcome of the disease 
(Koppelman et al., 2002; Chen et al., 2001; Los et al., 1999). 
Studies made with twins and analyzing genealogical trees 
have allowed the observation of the clear input of genetic 
factors in the disease (Fagnani et al. 2008; Rasanen et al., 
2000). In a research involving 6,996 pairs of twins, the 
concordance for asthma was 19% in monozygotic pairs 
and 4.8% in dizygotic ones (Nolan, 1994).

The wide phenotypic variability found among asthma 
patients suggests an important etiological heterogeneity, 
strengthened by environmental influences (Abdou et al., 
2013; Ober et al., 2011; Thomsen et al., 2010).

A specific gene located on chromosome 11 seems to 
be responsible for the transmission of atopy, which occurs 
through the maternal line (Holberg et al., 1998; Nolan, 1994; 
Cookson, 1992). However, the development of asthma is 
more dependent on environmental factors, which act in 
individuals with genetic susceptibility (Colilla et al., 2003; 
Howard et al., 2003; Palmer et al., 2000). This is supported 
by the fact that people from regions with low prevalence 
of asthma, such as isolated rural environments, when set in 
urban areas, end up expressing an increased frequency of the 
disease, possibly due to factors such as exposure to certain 
new fungi, infectious agents, air pollution and changes in 
the eating patterns (Gonzalez-Barcala et al., 2012; Ober et 
al., 2011; Delfino et al., 2003; Custovic et al., 1996; Nicolai 
et al., 1997). Studies carried out after the reunification of 
Germany have shown that the prevalence of asthma and 
other respiratory problems tends to reach values   close to 
those of western cities (Heinrich et al., 1998).

Although the presence of atopy as a familial antecedent 
is more common among asthmatics, it has been suggested 
that the genetic determinants of atopy and asthma are 
different (Kurzius-Spencer, et al. 2012).

Children whose family members have a history of 

asthma are more likely to have the disease, particularly if 
both parents are asthmatic (Burke et al., 2003; Kreeger, 
2003; Fernández-Espinar et al., 2001; Barros et al., 1999; 
Arshad et al., 1993). Beyond the demonstration of the 
familial aggregation of asthma, familial aggregation of 
the disease indicators and of the measured and predicted 
values of respiratory function parameters for patients and 
their descendants has also been observed (Bedolla-Barajas 
et al., 2013; Holberg et al., 1998). This aggregation can 
also be explained by genetic and environmental factors, 
as well as by lifestyle habits, including smoking (Lima, et 
al., 2012; Lewitter et al., 1984). However, the analysis of 
this aggregation implies greater complexity due to the 
simultaneous influence of these factors, whose relative 
contribution is difficult to quantify.

The objective of this study was to compare the 
respiratory function in healthy fist-degree relatives of 
asthmatic and non-asthmatic adolescents.

MATERIALS AND METHODS

Using the school population of the district of Viseu 
(Portugal), a randomly selected sample of 101 families 
with adolescents with asthma criteria (presence of episodes 
of dyspnea, with wheezing in the absence of respiratory 
infection) was selected. For each family with adolescents 
with asthma, two or more families with adolescents 
without asthma criteria and living in the same street or 
locality as the asthmatic families were selected. We assessed 
a total of 101 family cases (presence of one or more 
asthmatic adolescents) and 275 stable families (families 
without asthmatic adolescents), obtaining a final sample of 
822 individuals. The criteria for inclusion of adolescents in 
the analysis were: to be aged between 12 and 18 years old, 
not having smoked for 6 months straight and absence of 
history of asthma or bronchitis. 

A phone call was made to explain the objectives of 
the study and to book the day and time of the interviews. 
The adolescents and first-degree relatives living under the 
same roof (father, mother and siblings over twelve years of 
age) were interviewed by home visit. When any of these 
individuals with criteria were not at home at the time of 
this visit, we agreed a new date for a second home visit. 
Their not being home in the second visit determined their 
exclusion of participation in the study. A self-administered 
questionnaire was filled out by the adolescents and their 
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relatives to collect information regarding upper and lower 
airway symptoms, allergic symptoms and medical history 
and then the forced expiratory volume in 1 second (FEV) 
and the forced vital capacity (FVC) were evaluated with 
the Microlab 3300® Spirometer. FEV was calculated using 
the formula (100x FEV observed / expected FEV) and 
FVC by the formula (100x FVC observed / predicted 
FVC). The respiratory function tests were performed in a 
sitting position, repeated at least three times and no more 
than five times, considering the most correct and highest 
value. Before each assessment, data regarding sex, age, 
height and ethnicity were introduced into the spirometer. 
The spirometer was calibrated daily.

All the participants were weighed barefoot, without 
coats and with the same digital scale. Height was measured 
using a tape measure. Asthma and bronchitis were assessed 
through the question “Has your doctor ever told that 
you that you had asthma or bronchitis?”. Smoking habits 
were assessed through questions concerning the status 
of “smoker”, “non-smoker” and “ex-smoker.” Every 
participant who smoked at least one cigarette a day and 
had not stopped smoking in the last six months was 
considered a smoker.

Data were processed and analyzed using the Epi-Info 
6.04® and the Statistical Program for the Social Studies 

(SPSS 11.5®). Continuous variables were described by 
the mean value and the standard deviation. To compare 
continuous variables, we decided to apply the Mann-
Whitney and Kruskal-Wallis tests when the variables did 
not present a Gaussian distribution and the variances were 
not homogeneous. A linear regression adjusted for age, 
gender and height was also applied to compare the lung 
function between asthmatic and non-asthmatic relatives. To 
analyze the variation of a quantity depending on another, 
we used the Pearson correlation coefficient.

RESULTS

The asthmatic adolescents showed lower mean values   
of FEV than non-asthmatic ones (95.2 vs. 110.9 p<0.01). 
The same was observed for FVC values (85.5 vs. 100.3, 
p<0.01). Also, the parents of asthmatic adolescents had 
significantly lower values of lung function than both 
parents together and mothers of non-asthmatics (84.6 vs. 
97.6, p<0.01, for FEV and 84.3 vs. 97.9, p<0.01, for FVC, 
and 97.3 vs. 109.7, p <0.01, for FEV and 89.5 vs. 105.5, 
p<0.01, for FVC, respectively). Also, siblings of asthmatic 
adolescents had lower FEV (98.6 vs. 109.4, p<0.01) and 
FVC (85.9 vs. 102.7, p<0.01) (Table 1). 

Table 1. Forced vital capacity (FVC) and forced expiratory volume (FEV) in relatives of asthmatic and non-asthmatic  
               adolescents.

 FEV   FVC 

 Relatives of asthmatic 
adolescentes 

Relatives of non-
asthmatic adolescents 

  Relatives of asthmatic 
adolescents  

Relatives of non-
asthmatic adolescents

 
 

 

    N   ± SD             N ± SD  p          N ± SD N ± SD      p 

Index 99 95.2±12.5 190 110.9±12.2 <0.01  99 85.5±10.2 190 100.3±12.4 <0.01 

Father 77 84.6±15.7 127  97.6±15.8 <0.01  77 84.3±14.9 127  97.9±16.0 <0.01 

Mother 77 97.3±14.2 144 109.7±16.0 <0.01  77 89.5±14.3 144 105.5±19.6 <0.01 

Siblings 26 98.6±14.2  82 109.4±15.7 <0.01  26 85.9±14.4 82 102.7±16.6 <0.01 
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In families with asthmatic adolescents, the FVC values   
of adolescents were significantly correlated with those of 
their siblings (r = 0.3) and those of their mothers (r = 
0.4). In families without cases of asthma, the FVC values   
of adolescents were significantly correlated with those of 
their siblings (r = 0.4), mothers (r = 0.5) and fathers (r = 
0.5) and the FEV values were significantly correlated with 

Figures 1 to 4. FVC and FEV of adolescents and siblings in asthmatic and non-asthmatic families.

those of their siblings (r = 0.3), mothers (r = 0.4) and 
parents together (r = 0.5). In both the families with and 
without asthmatic cases, there was no correlation between 
the FEV or FVC values of both parents and those of the 
mothers.
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Figures 5 to 7.  FVC and FEV of adolescents and mothers in asthmatic and  
              non-asthmatic families.

Figures 8 to 11.  FVC and FEV of adolescents and parents in asthmatic and 
               non-asthmatic families.
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DISCUSSION
The results of the present study showed lower 

respiratory parameters (FEV and FVC) among adolescents 
with history of asthma as well as in their first-degree 
relatives (parents and siblings) regardless of their age, sex 
and height. On the other hand, the FEV and FVC values   
of adolescents were positively correlated with those   of the 
different members of the family, in both the families with 
and without asthmatic cases, except those of adolescents 
and parents in asthmatic families.

Considering that asthma is a disease with an important 
genetic component, exacerbated in a complex manner 
by environmental factors, the magnitude of the relative 
influence of each factor is difficult to measure (Ober et 
al., 2011; Burke et al., 2003; Arshad et al., 1993). Since 
the aggregation of the disease and its indicators has been 
verified, one is tempted to infer its familial transmission. 
However, the familial aggregation of this disease does 
not necessarily imply genetic transmission, because it 
may result from environmental exposure shared by the 
various members of the family. The magnitude of the risk 
associated with “exposure” depends on the methodology 
used in the research, which raises additional difficulties 
in generalizing the findings. Nevertheless, several studies 
have shown that children and adolescents with asthmatic 
first-degree relatives have a higher risk of getting the 
disease than those who have no family history of asthma 

(Bedolla-Barajas et al., 2013; Gu et al., 2012; Lima et al., 
2012; Burke et al., 2003; Litonjua et al., 1998; Jenkins et al., 
1997; Burrows et al., 1995).

The results of the present study support the conclusions 
of other studies that have shown the existence of familial 
aggregation of lung function (Koppelman et al., 2002; 
Palmer et al., 2001; Chen et al., 1999; Xu et al., 1999; 
Givelber et al., 1998; Chen et al., 1997; Chen et al., 1996). 
Considering that the comparisons made in the present 
study were restricted to the family members with no history 
of asthma or bronchitis, the aggregation found, even under 
the medical threshold (i.e. without respiratory disease 
symptoms), may result from the fact that these members 
share constitutional characteristics. Therefore, beyond the 
expression of asthma with obvious physical symptoms, 
there may be a pattern of deficits among asthmatic relatives. 
This aggregation can be explained by vertical transmission, 

since the values   of the parameters studied were correlated 
among family members. This removes the consistency 
of the hypothesis that the aggregation may result from 
environmental exposure.

Some studies have reported an increased risk of 
developing atopic diseases when transmission occurs 
through the maternal line (Burrows et al., 1995; Dol et al., 
1992). However, population-based studies have found no 
significant differences in the relative risk of transmission 
through the mother’s or father’s family line (Burrows 
et al., 1995; Dol et al., 1992). In the present study, the 
values   of respiratory function of asthmatic adolescents 
were correlated only with the mother’s values, suggesting 
that the standard functional respiratory deficit is more 
influenced by the maternal line.

Over recent years, several chromosomal regions have 
been identified and genetic variants in genes have been 
associated with the outcome of asthma (De Wan et al., 
2012; Koppelman et al., 2002; Heinzmann et al., 2001). 
However, although a high proportion of this disease 
could be explained by genetic factors, its development 
is modulated by environmental factors, whose effects are 
expressed individually (Thomsen et al., 2010; Skadhauge 
et al., 1999). Moreover, the increased frequency of asthma 
recorded in the past decades cannot be explained by the 
genetic changes that occur too slowly. Rather, it is likely 
that genetic factors, together with the environment, which 
has suffered dramatic changes in the last decades, have 
made a great number of people susceptible to the disease.

The present study does not allow excluding 
environmental factors as possible causes of the lower 
respiratory function parameters found in the relatives 
of asthmatic adolescents (Abdou et al., 2013; Ober et al., 
2011). Thus, we may conclude that the familial aggregation 
found in lung function may result from genetic factors, 
environmental factors or both. In addition, this aggregation 
can exist even without translation into obvious symptoms 
of asthma. If we consider that this deficient pattern can 
affect in a lesser or greater degree the ability to perform 
multiple activities, apparently healthy relatives may express 
the consequences of this disease, even in an almost 
imperceptible way.
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