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INTRODUCTION
Low birth weight (LBW) has been defined by the World Health 
Organization as a weight of less than 2,500 g at birth.(1) LBW has 
been reported to be associated with reduced lung function and 
respiratory illness in children.(2,3) It has also been associated with 
lower lung function in adults, although symptoms of wheezing 
were not reported in adults.(4) Although a few studies have found 
evidence that LBW is associated with asthma in children,(5,6) 
other studies did not observe such an association.(7,8) These 
findings seem to indicate some relationship between LBW and 
lung function; however, there is less consensus concerning the 
relationship between birth weight and respiratory symptoms.

About 10% of Malaysian children are born with LBW.(9) At 
the time of writing, there was a lack of available data on the 
outcome of LBW infants in Malaysia or their health status when 
they reached childhood or adolescence. Hence, this study was 
conducted to investigate the prevalence of asthma-like symptoms 
among schoolchildren who had LBW, as well as to compare 
the lung function of schoolchildren who had LBW with that of 
schoolchildren who were born with normal weight.

METHODS
This was a comparative cross-sectional study. Approval for the 
study was obtained from the Education Department of Kelantan, 
Malaysia, and the Research and Ethics Committee of the School 
of Medical Sciences, Universiti Sains Malaysia, Malaysia.

We recruited children aged 8–11 years from eight primary 
schools in Kota Bharu, Kelantan, Malaysia. Random sampling 
with Microsoft Excel (Microsoft, Redmond, WA, USA) was used 
to select these eight schools from the 96 primary schools in Kota 
Bharu.(10) Letters explaining the purpose of the study, along with 
a form for written consent, were distributed by class teachers 
to the parents of children aged 8–11 years in the eight schools. 
In Malaysia, schools keep a copy of the child’s ‘home-based 
immunisation card’, which contains basic health information 
including birth weight, details on infant development and 
immunisation records. Schools regularly request for these 
records from parents and keep copies as part of their database 
of records.

To identify the children with LBW and those with normal birth 
weight, we reviewed the database of records of the eight schools. 
Children who were born with weight < 2,500 g at birth were 
included in this study, and made up the LBW group. Children 
who were born with weight ≥ 2,500 g at birth were randomly 
selected from class lists and invited to be included in the study; 
those who agreed to participate made up the normal birth weight 
group, which also served as the control group. Based on the 
children’s medical history and notes in the school’s database of 
records, children with obvious clinical syndromes, congenital 
malformations or a history of neonatal complications that 
required intensive care treatment were identified and excluded 
from the study.
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Parents of children from both groups were requested to 
complete a Malay version of the International Study of Asthma 
and Allergies in Childhood (ISAAC) questionnaire and to give 
written consent for their children to undergo assessment for 
spirometric measurements. The questionnaires and informed 
consent forms were distributed to the parents by school staff. 
The Malay version of the ISAAC questionnaire had been 
linguistically validated using backward and forward translations 
in a previous study.(11) The questionnaire focuses on past and 
current wheezing episodes, the frequency of wheezing attacks 
in the previous 12 months, sleep disturbance, speech limitation 
during a wheezing attack, exercise-induced wheezing and 
nocturnal cough.

Children who had their parents’ consent and also agreed 
to undergo spirometric measurements were invited to have 
the measurements done at the Paediatric Clinic of Hospital 
Universiti Sains Malaysia, Malaysia. Additional basic baseline 
data (e.g. current weight and height, and parental socioeconomic 
status) were collected during the clinic visit. Spirometry was 
conducted during school hours; during the measurements, 
the children were in their school uniforms and did not have 
shoes on. One of the eight schools that were randomly selected 
declined to participate in the spirometric measurements, as it 
only had three children aged 8–11 years who were born with 
LBW and they were occupied with school examinations during 
the study period. Weight was measured to the nearest 100  g 
and height was measured to the nearest 1 cm. The lung function 
assessment was performed using the MicroLoop Spirometer SPIDA 
5 (Micromedical, Rochester, Kent, England, UK). The following 
parameters were measured: forced vital capacity (FVC); forced 
expiratory volume in one second (FEV1); and forced expiratory 
flow when 25%, 50% or 75% of the FVC had been exhaled 
(FEF25, FEF50 and FEF75, respectively). A spirometry programme 
that employed an animated incentive (i.e. soap bubbles) was used 
to facilitate the testing.

The lung function assessment (i.e. spirometric measurements) 
were performed by a trainee paediatrician who was blinded to 
the children’s birth weight. The procedure for performing the FVC 
manoeuvre was demonstrated to the children and measurements 
were only taken after three practice blows. The children were first 
told to relax, and then to put their lips around the mouthpiece 
(at this step, the paediatrician would check that the child’s 
mouth fully covered the mouthpiece) and continue breathing 
normally. The children were then asked to inhale as deeply as 
possible and to exhale all the air from their lungs as quickly and 
forcefully as possible until no more air could be expelled from 
the lungs. A  minimum of three manoeuvres were performed, 
which were recorded when they met the acceptability and 
repeatability criteria. (In this study, repeatability is defined as an 
FVC that is within 10% of the maximal FVC.) The children were 
encouraged to perform the tests to the best of their ability and 
at least 30 seconds of rest was given between each manoeuvre. 
Measurements were taken with the children in a standing position 
and without the use of a nose clip. The data was recorded in 
the Spida Spirometry Database system and analysed using SPSS 

version 12.0 (SPSS Inc, Chicago, IL, USA). Graphs that showed 
hesitancy or cough were not used in the analysis. For each child, 
the recording that showed the largest FVC and FEV1 was used 
for analysis.

Calculations of the required sample size showed that about 
800 children were needed to achieve 80% power in our study 
on the prevalence of asthma-like symptoms among children with 
LBW. The calculations also suggested that about 400 children 
with LBW and normal birth weight were needed to compare the 
spirometric measurements (i.e.  FVC, FEV1, FEF50 and FEF75) 
of the two groups of children, so that there would be at least 
80% power to detect a difference of 0.1 unit in the spirometric 
measurements between the two groups.

Prevalence was expressed as percentage, while continuous 
data was expressed as mean ± standard deviation. Normal 
distribution was checked for the continuous variables (i.e. weight, 
height and lung function indices). Independent t-test, chi-square 
test or Fisher’s exact test were used to compare lung indices 
and asthma-like symptoms between the children with LBW and 
those with normal birth weight. A p-value < 0.05 was considered 
statistically significant.

RESULTS
There were 807 children aged 8–11 years in the eight selected 
primary schools. The ISAAC questionnaires were distributed to 
the parents of these children and the parents of 770 children 
responded (response rate = 95.4%). The parents of 217 children 
who had LBW and 203 children who had normal birth weight 
gave consent for their children to participate in the spirometric 
measurements. However, ten children from the LBW group did 
not turn up for the spirometric and baseline data measurements 
at the paediatric clinic. Hence, a total of 207 children who had 
LBW underwent spirometric measurements. All 203 children with 
normal birth weight turned up for the measurements. The baseline 
demographic data of the children who underwent spirometric 
measurements is shown in Table I. Other than current weight, 
both the LBW group and normal birth weight group showed 
similar baseline characteristic data.

Prevalent asthma-like symptoms, based on the responses 
gathered in the questionnaires, are shown in Table II. The 
prevalence of ‘ever wheezed’ in the LBW group was significantly 
higher than that in the normal birth weight group (12.9% vs. 
7.8%, p = 0.03). Children in the LBW group also had higher 
prevalence of night cough in the last 12 months than those in 
the normal birth weight group (20.3% vs. 15.2%), but this was 
not statistically significant (p = 0.09).

Table III shows the lung function indices of the LBW normal 
birth weight groups. Most spirometric measurements (i.e. FVC, 
FEV1, FEF50 and FEF75) were significantly lower in the LBW 
group than in the normal birth weight group. No significant 
difference was detected between the two groups for only FEF25.

DISCUSSION
The present study found that there was a higher prevalence of 
‘ever wheezed’ among schoolchildren born with LBW than 
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among schoolchildren born with normal birth weight (12.9% 
vs. 7.8%). This finding is similar to that of a study conducted by 
Brooks et al, which found that the prevalence of ‘ever wheezed’ 
among LBW children was 10.9%, while that of children born 
with normal birth weight was 6.7%.(12) The prevalence of ‘ever 
wheezed’, wheezing in the last 12 months, and ‘ever diagnosed 
with asthma’ in the LBW group of the present study (12.9%, 6.5% 
and 13.4%, respectively) were higher than those reported in a 
previous study of schoolchildren conducted by Quah et al in Kota 
Bharu (9.4%, 6.0% and 9.4%, respectively).(11)

The findings of the present study suggest that infants born 
with LBW are at risk of having decreased lung function during 
childhood. In our study, we found that children who were born 
with LBW had significantly lower FVC, FEV1 and FEF than 
children with normal birth weight. This indicates that these 
children may have reduced lung size, and large and small airway 
obstructions. A reduced lung size and the presence of obstructions 
may be possible reasons for the increased prevalence of wheezing 
among these children. These findings are similar to those of the 
EPICure study(13) and the study by Cazzato et al.(14) However, 

Table II. Comparison of the prevalence of asthma‑like symptoms among children born with low birth weight (LBW) and children born with 
normal birth weight (NBW).

Symptom No. (%) p‑value

LBW group (n = 217) NBW group (n = 553)

Ever wheezed 28 (12.9) 43 (7.8) 0.03*

Wheezing in last 12 mth 14 (6.5) 28 (5.1) 0.44*

Sleep disturbed by wheezing in last 12 mth 9 (4.1) 17 (3.1) 0.45*

Severe wheezing attack that limited speech in last 12 mth 4 (1.8) 4 (0.7) 0.24†

Ever diagnosed with asthma 29 (13.4) 55 (9.9) 0.17*

Exercise‑induced wheezing in last 12 mth 15 (6.9) 26 (4.7) 0.22*

Night cough in last 12 mth 44 (20.3) 84 (15.2) 0.09*

p‑value calculated using *chi‑square test; †Fisher’s exact test.

Table III. Lung function indices in children born with low birth weight (LBW) or normal birth weight (NBW).

Lung function index Mean ± standard deviation Mean difference (95% CI) p‑value*

LBW group (n = 207) NBW group (n = 203)

FEV1 (L) 1.52 ± 0.31 1.63 ± 0.33 –0.11 (–0.17 to –0.05) 0.001

FVC (L) 1.59 ± 0.33 1.70 ± 0.35 –0.11 (–0.18 to 0.04) 0.001

FEF25 (L/s) 3.43 ± 0.82 3.51 ± 0.81 –0.08 (–0.24 to 0.07) 0.321

FEF50 (L/s) 2.50 ± 0.66 2.68 ± 0.69 –0.18 (–0.31 to 0.05) 0.007

FEF75 (L/s) 1.32 ± 0.42 1.46 ± 0.47 –0.14 (–0.23 to 0.05) 0.002

*p‑values calculated using independent t‑test. CI: confidence interval; FEF25: forced expiratory flow when 25% of the FVC has been exhaled; FEF50: forced expiratory 
flow when 50% of the FVC has been exhaled; FEF75: forced expiratory flow when 75% of the FVC has been exhaled; FEV1: forced expiratory volume in 1 second; 
FVC: forced vital capacity.

Table I. Baseline characteristics of the children who underwent spirometric measurements (n = 410).

Characteristic No. (%) p‑value

LBW group (n = 207) NBW group (n = 203)

Gender 0.24§

Male 138 (66.7) 124 (61.1)

Female 69 (33.3) 79 (38.9)

Weight* (kg) 28.7 ± 9.4 31.2 ± 12.9 0.04¶

Height* (cm) 131.2 ± 13.9 132.8 ± 12.4 0.17¶

Parent’s highest education level

Father† 0.30§

Primary 27 (15.9) 20 (12.5)

Secondary 127 (74.7) 117 (73.1)

Tertiary 16 (9.4) 23 (14.4)

Mother‡ 0.05§

Primary 30 (16.8) 14 (8.5)

Secondary 129 (72.1) 135 (81.8)

Tertiary 20 (11.2) 16 (9.7)

*Data presented as mean ± standard deviation. †Information on the father’s level of education was not available in 37 infants with low birth weight (LBW) and 43 
infants with normal birth weight (NBW). ‡Information on the mother’s level of education was not available in 28 infants with LBW and 38 infants with NBW. §p‑value 
calculated using chi‑square test. ¶p‑value calculated using independent t‑test.
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those two studies involved children who were extremely preterm 
or had very LBW (i.e. < 1,500 g).(13,14)

In the present study, we excluded children who had a 
history of obvious clinical syndromes, such as problems with 
ventilation, as we wanted to reduce potential confounders and 
aimed to examine the impact of birth weight on respiratory 
symptoms. It is important to note that wheezing and nocturnal 
cough may not necessarily be due to asthma; these respiratory 
symptoms may occur in other diseases as well. Future studies 
should include parameters such as the measurement of tobacco 
smoke exposure and gestational age, and include physical 
examinations to look for evidence of chest deformities, such 
as pectus excavatum.

In conclusion, LBW infants are at a higher risk of having 
asthma-like symptoms, such as wheezing and nocturnal cough, 
and impaired lung function later in life as compared to infants born 
with normal weight. Further research is necessary to improve our 
understanding of the factors that predispose LBW infants to having 
asthma-like symptoms and reduced lung function later in life.
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