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        It has been suggested that fetal growth plays an important role in 
lung maturation. There is currently interest in the role of fetal 
growth patterns in the inception of asthma.  1   A few studies have 
found a relationship between lower birthweight and asthma in 
children,  2,3   but most have not.  4 – 6   There are few data on the rela-
tionship between lower birthweight and asthma beyond late 
adolescence because of paucity of reliable data for individuals 
followed prospectively from birth to adulthood. In one study 
lower bodyweight at birth was shown to be associated with 
reduced forced expiratory volume and vital lung capacity with an 
increased risk for asthma.  7   

 Because anthropometric parameters at birth refl ect fetal 
growth and to some extent intrauterine and nutritional status, 
several studies have examined the relationship between these 
measures and atopic disease. Birthweight and length have been 
associated with later asthma.  8   It has been speculated that, when 
the demand for nutrients later in gestation are no longer fully met 
in these rapidly growing fetuses, the differentiation of specifi c 
thymus-derived helper lymphocytes from T-helper 2 (Th2) type 
towards Th1 type lymphocytes may be permanently impaired, 

which will in turn lead to exaggerated IgE responses and atopic 
phenomena later in life.  9   Arshad  et al.  suggested that low birth-
weight was associated with atopic sensitization assessed by skin 
prick test (SPT) in 2-year-old infants.  10   Data from a Finnish birth 
cohort indicated a U-shaped association of ponderal index (PI) at 
birth and atopy in terms of positive SPT at age 31   years.  11   In 
addition, an increased risk of atopic dermatitis was found among 
children with increased gestational age and birthweight.  12   There-
fore, the aim of the present study was to examine whether low 
birth size is associated with reduced pulmonary function and 
increased atopic sensitization in preadolescence.  

  Methods 

  Study population and study design 

 This was a cohort study in which all subjects were selected 
according to their birth size, obtained from maternal copies of 
birth records at Ankara Training and Research Hospital. Healthy, 
singleton infants (>38   weeks) were eligible for inclusion if born 
to a Turkish mother who did not smoke in pregnancy. Infants 
with congenital abnormalities or with neuromuscular or cardio-
respiratory disorders were ineligible, as were those who required 
any ventilatory assistance during the neonatal period. Gestational 
age, gender, birthweight and length were obtained from the birth 
data. Infants were classifi ed according to birthweight and gesta-
tional age using the sex-specifi c Child Growth – Development 
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curves for Turkey,  13   and Battaglia and Lubchenco classifi cation.  14   
Infants with birthweight <10th centile were classifi ed as small 
for gestational age (SGA) with cut-off of 2500   g at term, whereas 
those in the 10th – 90th centile were classifi ed as appropriate for 
gestational age (AGA). To defi ne intrauterine growth retardation 
(IUGR) PI (weight/height 3    ×   100) was estimated from the birth 
data and <10th centile was defi ned as IUGR.  14,15   

 In 1993, according to birth data, 55 babies were born at term 
with a birthweight <2500   g and defi ned as SGA. In preadoles-
cence, approximately 8 – 9     years later, we recalled SGA children by 
mail. Twenty-fi ve children (45.4%) participated to the study due to 
family moves. The control group was randomly selected from the 
same birth data and included AGA children with birthweight 
>2500 g at term. They were also invited in preadolescence, and 
29 age- and sex-matched AGA children participated in the study. 
A meeting at which all parents and children were more extensively 
informed and could ask questions was arranged. After full expla-
nation of the study, informed written consent was obtained from 
the parents of the children. The study was approved by the local 
ethics committee of Ankara Training and Research Hospital.  

  Questionnaires 

 The self-administered parental questionnaire included the Inter-
national Study of Asthma and Allergies in Childhood core 
questions on symptoms of asthma, which have been described 
elsewhere.  16   Children were defi ned as having ‘diagnosed asthma’ 
if parents reported that a doctor had diagnosed asthma in the 
child at least once. Children were defi ned as having ‘current 
wheeze’ when a parent reported at least one episode of wheezing 
in the past 12   months. 

 Family history of allergic disease was defi ned by the presence 
of atopic dermatitis, allergic rhinitis, hayfever, or asthma in either 
parent or any sibling. Information concerning breast-feeding 
>6   months, passive smoking, and family income per month 
(defi ned as low if <US$350) was also gathered.  

  Physical measures 

 At the beginning of the study, bodyweight was determined to the 
nearest 0.5   kg with the child lightly clothed using Seca patient 
scales (Seca Scales; Vogel & Halke, Hamburg, Germany). Body 
height was measured, using the Leicester Height Measure (Child 
Growth Foundation, Leicester, UK) to the nearest 0.5   cm.  

  Pulmonary function tests 

 The standard pulmonary function test used to measure airway 
obstruction is the forced expiratory spirometer. This allows an 
assessment of the rate of change in volume that occurs as a func-
tion of time. The pulmonary function tests were performed using 
a spirometer, MIR Spirobank (Rome, Italy) with an attached 
printout. The output provided numerical as well as graphical 
data, enabling the detection of any error in subject technique. 
The spirometer was calibrated daily for use. 

 All assessments were carried out by the same examiner at the 
Department of Allergy and Asthma. The examiner demonstrated 
to each subject the technique for measuring Forced vital capacity 
(FVC). The subjects were given an opportunity to practice. Later 
each subject was required to perform a minimum of three repro-

ducible FVC measures (within 5% of maximal FVC). The 
spirometer that produced the highest sum of FVC and forced 
expiratory volume in 1 s (FEV1) was used in the analysis.  17   
FEV1, the ratio of FEV1/FVC, and forced expiratory fl ow when 
25 – 75% of FVC was expired (FEF 

25 – 75%
 ) were used as markers 

of airway obstruction. The values are expressed as percentage 
predicted for weight, height, age, and gender using standard 
reference values.  18    

  Blood sampling and laboratory analysis 

 The children provided blood samples following parental approval. 
Blood was collected for all subjects ( n   �  54) to measure the 
serum level of total IgE on nefelometry (Beckman-Coultier, 
Krefeld, Germany) with a cut-off of 100   IU/mL. All samples 
were analyzed in one laboratory (Microbiology-Serology Labo-
ratory of Ankara Training and Research Hospital).  

  Skin prick tests 

 Atopic sensitization was assessed on epidermal skin tests to com-
mon allergens including alternaria (mold), grasses, dactyls glom, 
salix, latex, cockroach ( Blatella germanica ), cat fur, milk, cacao, 
 Dermatophagoides pteronyssinus , egg whole, strawberry, toma-
toes, banana, groundnut (15 aeroallergen stallergen) by a profes-
sional technician using standardized allergen extracts and control 
solutions provided by ALK (Horsholm, Denmark). Allergens 
were applied on the volar side of the left forearm according to the 
manufacturer’s recommendations. Positive (histamine 10 mg/mL) 
and a negative (diluent) controls were applied as well, and a weal 
diameter >3   mm after subtraction of the negative control was 
defi ned as a positive skin reaction. Atopy was defi ned as the pres-
ence of at least one positive skin reaction to any allergen tested.  

  Statistical analysis 

 Statistical analysis was performed using SPSS 10.0 for Windows 
(SPSS, Chicago  , IL, USA). Results are expressed as means   ±   SD. 
Separated groups were not normally distributed according to 
Kolmogorov – Smirnov test. Mann – Whitney  U -test was used to 
evaluate group differences in continuous variables.  �  2  test was 
used to compare the categorical variables. Spearman rank corre-
lation test was used to assess correlation between birth size and 
pulmonary function parameters. Associations of atopy and risk 
factors for atopic sensitization with high total IgE levels were 
analyzed on binary logistic regression.  P   £  0.05 was considered 
to be signifi cant. The size of the effect of each of the risk factors 
was measured using odds ratio (OR) and 95% confi dence interval 
(95%CI).   

  Results 

 A total of 54 children were studied whose birthweight and length 
were collected from birth data. All subjects were born at term 
and divided into two groups according to birthweight; 25 subjects 
(46.3%) were born <2500   g and 29 subjects (53.7%) were born 
>2500   g. Birthweight, birth length and PI were signifi cantly 
lower in the SGA than the AGA group (respectively,  P     �    0.001, 
 P     �    0.002 and  P     �    0.001). In 88% of SGA infants PI was <10th 
centile and defi ned as IUGR. Gender distribution was 52% 
female in SGA and 48.2% female in AGA ( P    >   0.05). 
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 At the time of the study mean age was 8.6   ±   0.6   years and 
8.5   ±   0.6   years, respectively, in SGA and AGA children 
( P    >   0.05). There was also no signifi cant difference between the 
groups according to weight and height distributions ( P    >   0.05 
and  P    >   0.05). Pulmonary functions were analyzed in two groups 
and expressed as percentage predicted for weight, height, age, 
and gender using standard reference values. FEV1, FVC, and 
FEF 

25 – 75%
  were signifi cantly low in the SGA group, although 

there was no statistically signifi cant difference between the two 
groups according to FEV1/FVC ratio (   Table   1 ). 

 Mean value of total IgE was higher in SGA children 
(106.0   ±   73.4   IU/mL) than in AGA children (71.4   ±   67.1   IU/mL; 
 P     �    0.02;  Table   1 ). 

 The prevalence of atopy (at least one positive SPT reaction) 
was 24.0% in SGA children and there was no signifi cant differ-
ence between the two groups ( P    >   0.05;  Table   1 ). The most 
common sensitizations were to grass pollens,  Dermatopha-
goides pteronyssinus , and cockroach ( Blatella germanica),  
respectively. 

 Correlation between birth size and pulmonary function 
parameters were assessed in preadolescence. We found that there 
were positive correlations among FEV1 ( r     �    0.40,  P     �    0.001), 
FVC ( r     �    0.21,  P     �    0.02), and FEF 

25 – 75%
  ( r     �    0.03,  P     �    0.001) 

and birthweight. PI was also positively correlated with FEV1 
( r     �    0.30,  P     �    0.005), FVC ( r     �    0.20,  P     �    0.03) and FEF 

25 – 75%
  

( r     �    0.50,  P     �    0.001). FEV1/FVC ratio, however, was not cor-
related with birth size. Scatter-plots of FEV1 against birthweight 
is shown in    Figure   1 , and that of FVC against birthweight is 
shown in    Figure   2 . A representative fl ow – volume and volume –
 time curve of an 8-year-old girl from the SGA group showing 
declining FEV1 and moderate airway obstruction is seen in 
   Figure   3 . 

 According to parental questionnaire, current wheeze or doctor-
diagnosed asthma prevalence in the previous 12   months was 
14.8% in all children. The overall prevalence of breast-feeding 
>6   months (compared with 0 – 6   months) was 64.8% and expos-
ure to passive smoking was present in 22.2% of all children. 

Family income per month was reported to be under US$350   in 
59.3% of all families. 

 At the time of the study all children were also assessed for 
atopic sensitization by serum total IgE levels and SPT to com-
mon allergens. Associations of atopy and risk factors for atopic 
sensitization with high total IgE levels were analyzed using 
logistic regression. As shown in    Table   2 , birthweight, gender, 
current wheeze or doctor-diagnosed asthma in previous 
12   months, atopy, family history of allergic disease, breast-feeding 
>6   months (compared with 0 – 6   months), passive smoking, 
and family income did not have a signifi cant association with 
high IgE levels, but PI under 10th centile was associated with 
high IgE levels ( P     �    0.04, OR, 3.2; 95%CI: 1.0 – 9.8). An inverse 
correlation between PI and total IgE levels is seen in    Figure   4  
( r     �    −0.36,  P     �    0.01).  

  Discussion 

 Infants with reduced birth size have greater morbidity and 
mortality than to AGA age-matched infants   in later life. SGA 
is defi ned as birthweight lower than the population norms. IUGR 
is defi ned as failure of normal fetal growth caused by multiple 
adverse effects on fetus due to process that inhibits normal 
growth potential of fetus. These terms are related but not synony-
mous. Not all IUGR infants are small enough to fi t the qualifi -
cations for SGA. PI is used determine those infants whose 
soft-tissue mass is below normal for their stage of skeletal devel-
opment.  15   In the present study population, according to birth-
weight and PI, 88% of the SGA infants had IUGR. 

 Intrauterine growth retardation is associated with an increased 
risk of developing adult diseases, such as asthma, hypertension, 
type 2 diabetes mellitus and coronary heart disease. This has led 
to the suggestion that these diseases are programmed by an inad-
equate supply of nutrients or oxygen  in utero  or immediately after 
birth. In a study based on nine SGA infants whose gestational age 
ranged from 33 – 41   weeks, Dahms  et al.  reported elevated com-
pliance and crying vital capacity but normal functional residual 
capacity when compared with AGA infants and concluded that 

     Table   1     Group characteristics according to birthweight     

  SGA (birthweight 
<2500   g) ( n     �    25)

AGA (birthweight 
>2500   g) ( n     �    29)

 P     

At birth Gender (girl/boy) 13/12 14/15 n.s.  
Birthweight (g) 2284   ±   133 3499   ±   400 <0.05  
Birth length (cm) 47.8   ±   1.5 50.5   ±   1.2 <0.05  
Ponderal index (weight/height 3 ) 2.09   ±   0.2 2.67   ±   0.2 <0.05  

At the time of the study Age (years) 8.6   ±   0.6 8.5   ±   0.6 n.s.  
Weight (kg) 27.1   ±   2.8 25.5   ±   3.3 n.s.  
Height (cm) 128.0   ±   8.1 128.1   ±   6.7 n.s.  

Pulmonary function 
 parameters

FEV1(%) 84.8   ±   8.5 95.0   ±   8.7 <0.05  
FVC(%) 86.7   ±   7.5 92.9   ±   11.6 <0.05  
FEV1/FVC(%) 89.8   ±   5.9 92.6   ±   5.0 n.s.  
FEF 

25 – 75%
 88.4   ±   8.0 102.3   ±   19.3 <0.05  

Atopic sensitization Total IgE (IU/ml) 106.0   ±   73.4 71.4   ±   67.1 <0.05  
Prevalence of atopy (%) 6 (24) 2 (6.9) n.s.  

      AGA, appropriate for gestational age; FEF 
25 – 75%

 , forced expired fl ow at 25 – 75% of FVC; FEV1, forced expired volume in 1 s; FVC, forced vital 
capacity; SGA, small for gestational age.      
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intrauterine stress leads to increased pulmonary maturity.  19   In two 
cohort studies, low-birthweight infants were evaluated for subse-
quent childhood lung function in preadolescence and it was con-
fi rmed that they had reduced expiratory fl ows and a higher 
prevalence of diagnosed asthma.  20,21   We have shown that a lower 
birthweight and PI at birth are associated with lower pulmonary 

function among preadolescents in a birth cohort studied at 
8 – 9   years of age. Although the mechanisms linking early lung 
development with lung function in later life are unknown, 
impaired airway and alveolar growth may be important. The rela-
tionship between lung function and birthweight in childhood sup-
ports the fetal programming hypothesis.  22   SGA infants tended to 
have lower FEV1, FVC and FEF 

25 – 75%
 , but not lower FEV1/FVC 

ratios, which indicates a restrictive rather than an obstructive defi -
cit. Thinness at birth is also thought to result from fetal undernu-
trition in late gestation. The restrictive defi cit observed in thin 
babies is in keeping with an impairment of lung growth in late 
gestation, because alveoli appear only in the last trimester of ges-
tation.  23   Birthweight is a crude marker of fetal growth, and meas-
ures of body proportion at birth may be more sensitive indicators 
of impaired prenatal growth during critical periods of immuno-
logical and pulmonary development. For example, a large head 
circumference at birth was associated with elevated total IgE, as 

      

     Fig.   1     Forced expired volume in one second (%) in preadolescence 
plotted against birthweight (g) according to birthweight status 
( P   �  0.001;  r   �  0.40). ( � ) Small for gestational age; ( � ), appropriate 
for gestational age.   

      

     Fig.   3     Flow – volume and volume – time curve of an 8-year-old girl 
from the small-for-gestational-age group. Both curves refl ect mod-
erate airway obstruction. FEV1, forced expiratory volume in 1 s; 
FVC, forced vital capacity.   

      

     Fig.   2     Forced vital capacity (%) in preadolescence plotted against 
birthweight (g) according to birthweight status ( P   �  0.02;  r   �  0.21). 
( � ) Small for gestational age; ( � ), appropriate for gestational age.   
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well as with the development of asthma in later life.  24   A large 
head size at birth has been interpreted as a sign of rapid fetal 
growth from early in gestation that makes the fetus vulnerable to 
undernutrition in late gestation.  25   We had no information on birth 
head circumference in the present study. 

 Lau  et al.  studied 800 children to analyze determinants of 
lung function in 7-year-old children with different wheezing 
patterns (early, persistent and late onset) and they found that 
determinants of impaired lung function in the group of current 
wheezers were: time in years since fi rst wheeze, a parental his-

tory of atopy, current sensitization to indoor allergens, elevated 
cord blood IgE levels and low PI at birth.  26   In the present study  , 
there was a signifi cant difference according to total IgE levels 
between SGA and AGA groups and low PI was an associated 
risk factor for high IgE levels in preadolescence. 

 In recent studies, SGA children were examined to determine 
association between measures of fetal growth and allergic dis-
ease at age 5 – 8   years. The data suggested that fetal growth and 
maturity were associated with atopic sensitization and total 
serum IgE levels in childhood.  27,28   In another study, Kuyucu  et al.  
investigated a clustered random sample of 8 – 11-year-old Turkish 
school children to delineate the prevalence and spectrum of, and 
to determine the causal and/or protective factors for atopic sensi-
tization. They showed that children of atopic mothers had a dif-
ferent profi le of risk factors associated with atopic sensitization, 
when compared with other children, and prenatal and early child-
hood events had important associations with atopic sensitiza-
tion.  29   In the present study serum total IgE levels were higher in 
preadolescent SGA children than AGA children, although 
there was no signifi cant difference between the two groups in 
terms of atopy. These fi ndings suggest that both environmental 
and genetic factors determine the level of serum IgE in SGA 
children.  30   This may also be attributable to the small size of the 
study sample. 

 This is the fi rst cohort study from Turkey to explicitly test the 
hypothesis that low birth size has an effect on reduced pulmon-
ary function and that low PI is associated with high IgE levels 
in preadolescence. 

 This study has some methodological strengths: birthweight, 
birth length and PI data stem from medical records. Predisposi-
tional and environmental factors were taken into account on a 
logistic regression model. Because the optimal method of identi-
fying SGA and IUGR infants remains unclear, we defi ned SGA 
as birthweight below the 10th centile for gestational age, and we 

     Table   2     Atopy and risk factors for atopic sensitization and high total IgE     

  Variable Category  n Total IgE (IU/mL) OR (95%CI)  P     ‡        

Birthweight (g) >2500 29 71.4   ±   67.1 0.9 (0.2 – 3.1) n.s  
<2500    ‡    25 106.0   ±   73.4  

Ponderal index (weight/height 3 ) >10th centile 29 65.5   ±   42.5 3.2 (1.0 – 9.8) <0.05  
<10th centile    ‡    25 112.9   ±   59.2  

Gender Boy 27 88.3   ±   59.2 0.5 (0.2 – 1.2) n.s  
Girl    ‡    27 86.5   ±   53.2  

Wheezing/asthma No 48 80.8   ±   50.7 5.9 (0.9 – 35.0) n.s  
Yes    ‡    6 140.5   ±   70.5  

Atopy No 46 85.7   ±   59.0 0.45 (0.1 – 1.8) n.s  
Yes    ‡    8 97.1   ±   32.3  

Family history of allergic disease No 46 110.6   ±   36.4 2.1 (0.5 – 8.5) n.s  
Yes    ‡    8 83.4   ±   57.8  

Breast-feeding (>6   months) No 19 87.1   ±   42.8 1.5 (0.6 – 3.6) n.s  
Yes    ‡    35 87.6   ±   62.3  

Passive smoking No 42 82.7   ±   56.0 1.4 (0.6 – 3.6) n.s  
Yes    ‡    12 104.0   ±   54.1  

Low income (<US$350   per month) No 22 75.1   ±   61.3 0.6 (0.2 – 1.7) n.s  
Yes    ‡    32 95.8   ±   50.9  

        †  Logistic regression;    ‡  reference categories.    
    CI, confi dence interval; OR, odds ratio.      

      

     Fig.   4     Total IgE level (IU/mL) plotted against ponderal index at birth 
(weight/height 3 ) according to birthweight status ( P   �  0.01;  r   �   – 0.36). 
( � ) Small for gestational age; ( � ), appropriate for gestational age.   
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used the PI to defi ne IUGR according to the Battaglia and 
Lubchenco classifi cation. The sample size evaluated at the time 
of the study was small (SGA,  n     �    25; AGA,  n     �    29) require cau-
tious interpretation. Likewise, no account was available of mater-
nal parity, perinatal treatment or lower respiratory tract infections 
during the fi rst year. 

 In conclusion, the present results indicate that preadolescents 
who were born as SGA with low birth size had reduced pulmonary 
function compared to matched controls. In preadolescence, the prev-
alence of atopy is not higher in SGA than AGA children, although 
low PI at birth is inversely associated with high IgE levels. Further 
follow up of this cohort is required to establish the pattern of pulmon-
ary functions and atopic sensitizations in relation to birth size.    
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