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Background

Reduced lung function in early infancy has been associated with later obstructive 
airway diseases. We assessed whether reduced lung function shortly after birth pre-
dicts asthma 10 years later.

Methods

We conducted a prospective birth cohort study of healthy infants in which we mea-
sured lung function shortly after birth with the use of tidal breathing flow-volume 
loops (the fraction of expiratory time to peak tidal expiratory flow to total expiratory 
time [tPTEF/tE]) in 802 infants and passive respiratory mechanics, including respiratory-
system compliance, in 664 infants. At 10 years of age, 616 children (77%) were re-
assessed by measuring lung function, exercise-induced bronchoconstriction, and 
bronchial hyperresponsiveness (by means of a methacholine challenge) and by con-
ducting a structured interview to determine whether there was a history of asthma 
or current asthma.

Results

As compared with children whose tPTEF/tE shortly after birth was above the median, 
children whose tPTEF/tE was at or below the median were more likely at 10 years of 
age to have a history of asthma (24.3% vs. 16.2%, P = 0.01), to have current asthma 
(14.6% vs. 7.5%, P = 0.005), and to have severe bronchial hyperresponsiveness, defined 
as a methacholine dose of less than 1.0 μmol causing a 20% fall in the forced expira-
tory volume in 1 second (FEV

1
) (9.1% vs. 4.9%, P = 0.05). As compared with children 

whose respiratory-system compliance was above the median, children with respira-
tory compliance at or below the median more often had a history of asthma (27.4% 
vs. 14.8%; P = 0.001) and current asthma (15.0% vs. 7.7%, P = 0.009), although this mea-
sure was not associated with later measurements of lung function. At 10 years of age, 
tPTEF/tE at birth correlated weakly with the maximal midexpiratory flow rate (r = 0.10, 
P = 0.01) but not with FEV

1
 or forced vital capacity.

Conclusions

Reduced lung function at birth is associated with an increased risk of asthma by 10 
years of age.
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Studies indicate that measurements 
of lung function early in life are predictive 
of the presence or absence of respiratory dis-

ease in early childhood. An increased risk of wheez-
ing in the first years of life has been reported in 
children who have increased airway resistance and 
reduced specific airway conductance in the first 
week of life,1 in those who have a reduced ratio of 
expiratory time to peak tidal expiratory flow to 
total expiratory time (tPTEF/tE) during tidal breath-
ing measured in the first week1 or at 3 months of 
age,1,2 and in those who have reduced maximal 
expiratory f low at functional residual capacity 
(�maxFRC) at 1, 3, or 6 months of age.2-5 Similarly, 
a reduced tPTEF/tE shortly after birth is associated 
with an increased risk of recurrent bronchial ob-
struction6 and doctor-diagnosed asthma by 2 years 
of age.7

The associations are less clear between lung 
function at or shortly after birth and obstructive 
airway disease in later childhood. To our knowl-
edge, no study to date has shown an association 
between lung function in early infancy and asth-
ma after 3 years of age, although wheezing has 
been found more frequently in school-age children 
with reduced �maxFRC at 1 month of age.8 We as-
sessed the predictive value of lung function shortly 
after birth for the development of asthma and for 
markers of obstructive airway diseases by 10 years 
of age in children enrolled in the Environment and 
Childhood Asthma (ECA) study, a prospective co-
hort study of infants enrolled at birth.

Me thods

Study Design

The ECA study, established in 1992, involved 3754 
healthy, term infants born in Oslo during a period 
of 15 months9 (see the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org). Newborn babies were enrolled after 
written informed consent had been obtained from 
the parents or guardians. The study was approved 
by the regional medical ethics committee and the 
Norwegian Data Inspectorate.

Lung function was assessed shortly after birth 
(mean [±SD] age, 2.7±0.9 days)9 by tidal breathing 
flow-volume loops (802 infants) and passive re-
spiratory mechanics (664 infants) in all available 
(unselected) children in the largest maternity ward 
at Ullevål University Hospital.10

In 2001 we initiated a 10-year follow-up study, 
which included the 802 subjects in whom lung-

function measurements had been performed 
shortly after birth.11 All children who could be 
contacted were invited to attend two clinical vis-
its, which included measurements of lung func-
tion by forced expiratory flow-volume loops, bron-
chial hyperresponsiveness to methacholine,12 and 
exercise-induced bronchoconstriction by treadmill 
exercise testing13; a skin-prick test for allergic sen-
sitization (see the Supplementary Appendix); a 
clinical examination; and an extensive interview 
with the child’s parent or guardian that included 
the International Study of Asthma and Allergies 
in Childhood (ISAAC) core questions about airway 
symptoms, as well as questions about the use or 
nonuse of antiasthmatic medication and about 
whether a doctor had made a diagnosis of asth-
ma.11 The ISAAC questions have been translated 
into Norwegian and validated.14 Those who con-
ducted interviews and performed assessments 
were unaware of the results of lung-function mea-
surements performed shortly after the birth of the 
infants.

Definitions

On the basis of the interviews, a diagnosis of a his-
tory of asthma was made if a child had ever met 
at least two of the following three criteria: report-
ed dyspnea, chest tightness, or wheezing; a diag-
nosis of asthma by a doctor; and reported use of 
asthma medication (e.g., beta-agonists, cromolyn 
sodium, corticosteroids, leukotriene antagonists, 
and aminophylline).11 Current asthma was defined 
as a history of asthma, plus at least one of the 
following: reported dyspnea, chest tightness, or 
wheezing during the previous 12 months; report-
ed use of asthma medication (e.g., beta-agonists, 
cromolyn sodium, corticosteroids, leukotriene an-
tagonists, and aminophylline) during the previ-
ous 12 months; and a positive exercise test (a de-
crease in forced expiratory volume in 1 second 
[FEV

1
] of 10% or more as compared with base-

line).11 Severe bronchial hyperresponsiveness was 
defined as a methacholine challenge dose of less 
than 1 μmol causing a 20% reduction in FEV

1
. 

A reduced tPTEF/tE was defined as a value at or be-
low the median or at or below 0.20, and reduced 
respiratory-system compliance was defined as a 
value at or below the median.

Subjects

Among 802 children for whom lung-function mea-
surements were performed shortly after birth, we 
included in the present study 616 children (77%) 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;16 www.nejm.org october 19, 20061684

whose parents completed an extensive structured 
interview at the 10-year follow-up evaluation (mean 
age, 10.9±0.8 years). Sufficient information was 
available to classify 614 children as having a history 
of asthma and 606 as having current asthma. Base-
line characteristics of the current study population 
as compared with the 3140 children who were en-
rolled in the cohort at birth but were not included 
in the present study did not differ significantly 
with respect to sex, birth weight, rates of parental 
asthma or rhinoconjunctivitis, and rate of mater-
nal smoking during pregnancy; birth length was 
slightly longer (mean, 0.7±0.1 cm; P<0.001). The 
mean tPTEF/tE (in 614 children) and the respiratory-
system compliance (expressed in milliliters per cen-
timeter of water) are resistance (pressure [expressed 
in centimeters of water] divided by flow [expressed 
in milliliters per second]) (in 500 children) shortly 
after birth were not significantly different between 
the 614 children included in the follow-up and 
the 188 children in whom these measurements 
were performed but who did not participate in the 
10-year follow-up (Table 1).

Measurements of Lung Function

Measurements of lung function were performed 
shortly after birth with the use of a face mask while 
the infants were awake and quietly breathing. Flow 
was measured with a pneumotachograph (8311 
series, Hans Rudolph) (flow range, 0 to 10 liters 
per minute), and signal processing was performed 
with the use of the SensorMedics 2600 sys-
tem.15 Volume was calculated by digital integra-
tion of the flow signal. Four representative tidal 
flow-volume loops were chosen for further analy-
sis.15 The tidal flow-volume ratio tPTEF/tE was cal-
culated by separate measurements of time to 
peak expiratory flow (tPTEF) and total expiratory 
time (tE) with the use of a computer.

Passive respiratory mechanics were measured 
with the single-breath technique9 by means of au-
tomatic airway occlusion at end inspiration. Oc-
clusion was maintained until equilibration be-
tween alveolar and airway pressure (variation of 
less than ±0.125 cm H

2
O) had persisted for 100 

msec. The expiratory f low-volume loop ob-
tained on slide valve opening was registered and 

Table 1. Baseline Characteristics of the Children at or Shortly after Birth.*

Characteristic

Children Included 
in Follow-up Study

(N = 614)
Children Not Included in Follow-up Study

(N= 3140)

Lung Function 
Measurements Soon 
after Birth (N = 188)

No Lung Function 
Measurements Soon 
after Birth (N = 2952)

Male sex (%) 53.7 51.6 51.0

Birth weight (kg) 3.59±0.49 3.50±0.48† 3.55±0.51

Birth length (cm) 50.5±2.2 50.2±2.2‡ 49.7±3.6

t
PTEF

/t
E
 0.32±0.11 0.31±0.11 NA

Respiratory-system compliance
(ml/cm H2O)

4.16±1.19 4.08±1.17 NA

Parental asthma (%)§ 12.0 12.3 12.2

Parental rhinoconjunctivitis (%)§ 29.7 27.4 27.2

Maternal smoking during pregnancy, daily 
or occasionally (%)

24.8 30.6 24.4

* Lung-function measurements were performed a mean of 2.7±0.9 days after birth in all 614 children included in the fol-
low-up study and in 188 of the children who were not included in the follow-up study. Plus–minus values are means 
±SD. NA denotes not applicable.

† P = 0.03 for children whose lung function was measured shortly after birth and who were followed up at 10 years of age 
as compared with those who were not followed up.

‡ P = 0.04 for children whose lung function was measured shortly after birth and who were followed up at 10 years of age 
as compared with those who were not followed up.

§ Parental refers to the mother, the father, or both.
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used for calculations of respiratory-system com-
pliance and resistance.15,16 A mean of 4 (range, 
2 to 14) passive occlusion curves were stored for 
analysis.

Statistical Analysis

Results are given as mean values with 95% con-
fidence intervals (CIs), unless otherwise stated. 
Values for tPTEF/tE and respiratory-system compli-
ance were dichotomized according to the median 
values. For tPTEF/tE, we also performed an analysis 
dichotomized according to a value of 0.20, which 
has previously been found among children with 
obstructive airway diseases after bronchial prov-
ocation or before bronchodilation17 and as a pre-
dictor for recurrent bronchial obstruction by 2 years 
of age.6

Means for various lung-function measures at 
birth were compared between children with cur-
rent asthma or a history of asthma and those with 
no diagnosis of asthma, with the use of Student’s 
t-test. Categorical values were compared between 
groups with the use of the chi-square test.

Logistic regression was used to estimate odds 
ratios and 95% CIs for current asthma and a his-
tory of asthma associated with these lung func-
tion measures, with adjustment for relevant co-
variates. However, the inclusion of birth weight 
and birth length did not significantly influence 
the estimates of a history of asthma and current 
asthma in the logistic-regression analyses and 
thus these were not retained in the multivariate 
analyses. A two-sided P value of less than 0.05 was 
considered to indicate statistical significance. 
Analyses were performed with SPSS software, ver-
sion 11.0. Adjustment was not made for multiple 
comparisons.

R esult s

As previously reported among this cohort,11 the 
prevalence of a history of asthma was 20.2%, and 
the prevalence of current asthma was 11.1% at 10 
years of age. As compared with children who did 
not have a history of asthma at follow-up, children 
with a history of asthma had significantly lower 
mean values for tPTEF/tE and respiratory-system 
compliance. Children with current asthma at the 
10-year follow-up also had a significantly lower 
mean tPTEF/tE shortly after birth than did children 
without asthma, but their respiratory-system com-
pliance was not significantly different (Table 2).

In analyses categorizing lung-function mea-
sures at birth, children whose values for tPTEF/tE 
were at or below the median were significantly 
more likely at 10 years of age to have a history 
of asthma and current asthma than were chil-
dren with values above the median. Children with 
tPTEF/tE values at or below 0.20 were more likely 
to have a history of asthma but not to have cur-
rent asthma, as compared with children with val-
ues above 0.20. Likewise, children with values for 
respiratory-system compliance that were at or be-
low the median, as compared with children whose 
values were above the median, were significantly 
more likely to have a history of asthma and to 
have current asthma by 10 years of age (Table 3). 
We found no significant associations between re-
spiratory-system resistance shortly after birth and 
the subsequent development of asthma.

We performed a post hoc analysis in which we 
categorized children as being at high risk if the 
value for tPTEF/tE was 0.20 or lower and the value 
for respiratory-system compliance was at or below 
the median (33 children). As compared with the 

Table 2. Lung Function at Birth According to the Presence or Absence of a History of Asthma during the First 10 Years of Life and the 
Presence of Asthma at 10 Years of Age.

Variable
No Asthma

(N = 490)
History of Asthma

(N = 124) P Value*
Current Asthma

(N = 67) P Value† 

mean (95% CI) mean (95% CI)

tPTEF/tE at birth 0.322 (0.312–0.332) 0.298 (0.278–0.317) 0.03 0.293 (0.266–0.321) 0.05

Respiratory-system compliance 
at birth (ml/cm H2O)‡

4.241 (4.125–4.356) 3.876 (3.639–4.114) 0.005 3.942 (3.614–4.270) 0.08

* P values are for the comparison of lung-function measurements in children who had a history of asthma and those who had no asthma.
† P values are for the comparison of lung-function measurements in children who had current asthma and those who had no asthma.
‡ Data were available for 396 children who had no asthma, 104 who had a history of asthma, and 55 who had current asthma.
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467 remaining children, the high-risk group was 
significantly more likely to have a history of asth-
ma (45.5% vs. 19.1%, P<0.001) and current asthma 
(28.1% vs. 10.0%, P = 0.002).

Children with tPTEF/tE values at or below the 
median were also significantly more likely to have 
severe bronchial hyperresponsiveness at the 10-year 
follow-up and were more likely to use inhaled cor-
ticosteroids than were children with a tPTEF/tE above 
this cutoff value (Table 3). A tPTEF/tE at or below 
0.20 was predictive of severe bronchial hyperre-
sponsiveness at 10 years, but not of inhaled-corti-
costeroid use. A value for respiratory-system com-
pliance that was at or below the median shortly 
after birth was not a significant predictor of ei-
ther of these outcomes (Table 3).

We have previously reported that FEV
1
 (percent 

predicted) and forced expiratory flow at 50% of 
forced vital capacity (FVC) were significantly lower 
among children with a history of asthma and 
those with current asthma at 10 years than among 
children without asthma in this cohort.11 How-
ever, we found that values at or below the median 
for tPTEF/tE and respiratory-system compliance 
shortly after birth were not consistently related 
to forced flow-volume values (as percent predict-
ed) at 10 years of age, and observed relationships 
were weak (Table 3). The tPTEF/tE shortly after birth 
correlated weakly with the midexpiratory flow rate 
at 10 years of age (r = 0.10, P = 0.01), but not with 
FEV

1
 or FVC. Lung-function measures shortly af-

ter birth were not significantly associated with 
positive results on exercise testing at 10 years (data 
not shown).

After adjustment for sex, parental rhino-
conjunctivitis, parental asthma, and maternal 
smoking during pregnancy, a reduced tPTEF/tE (at 
or below the median, or at or below 0.20) and 
reduced respiratory-system compliance (at or 
below the median) remained significant risk 
factors for a history of asthma and current 
asthma at 10 years (Table 4); male sex was an 
independent risk factor for these outcomes (odds 
ratio, 1.61; 95% CI, 1.00 to 2.57; and odds ratio, 
2.70; 95% CI, 1.41 to 5.18, respectively). Table 
4 also shows the sensitivity, specificity, and 
positive and negative predictive values of re-
duced tPTEF/tE and respiratory-system compliance 
shortly after birth for asthma in later life. Re-
duced values for any of these measures had low 
positive predictive values (15% or less) for 
asthma at age 10.Ta
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Discussion

This study shows that reduced lung-function val-
ues within a few days after birth, as measured by 
tidal f low-volume loops and passive respiratory 
mechanics, are significant risk factors for asthma 
in the first 10 years of life. A reduced value for 
tPTEF/tE or respiratory-system compliance (i.e., at or 
below the median) shortly after birth was associ-
ated with current asthma at 10 years of age; a re-
duced value for tPTEF/tE (but not for respiratory-sys-
tem compliance) was also a significant predictor 
of severe bronchial hyperresponsiveness and the 
use of inhaled corticosteroids at 10 years of age.

Our finding of significant associations between 
measures of reduced lung function shortly after 
birth and later asthma extends previous findings 
relating lung function in early life to the presence 
or absence of childhood respiratory illness. In pre-
vious studies, reduced tPTEF/tE was reported to pre-
cede wheeze-associated lower respiratory tract ill-
ness in early life.1,2,6,18 Martinez et al. found an 
increased rate of recurrent wheezing at 1 year of 
age2 and at 3 years of age18 among infants who 
had had reduced tPTEF/tE in the first 3 months of 
life. In the Perth cohort, infants with reduced 
tPTEF/tE at 1 month of age were at increased risk 
for a doctor’s diagnosis of asthma at 2 years,7 and 
reduced respiratory-system compliance at 1 month 
of age was associated with persistent wheezing 
throughout the first 2 years of life.4 However, not 
all studies have shown associations between lung-

function measures in early life and assessments 
in later childhood. Reduced �maxFRC in the first 
few months of life (an assessment that requires 
that an infant be sleeping or sedated) was not 
significantly associated with wheezing after 3 
years in the Tucson study,19 whereas reduced 
�maxFRC at 1 month of life was associated with 
wheezing, but not asthma, at 6 and 11 years in the 
Perth study.8

We found that associations between reduced 
tPTEF/tE and respiratory-system compliance shortly 
after birth and asthma by 10 years of age remained 
significant after adjustment for exposure to intra-
uterine tobacco smoke, parental asthma or rhino-
conjunctivitis, and sex. The odds ratios for asthma 
in association with reductions in these early-life 
lung-function measures are similar to those pre-
viously reported in association with a family his-
tory of asthma.20

Whereas �maxFRC, and to some extent tidal flow-
volume measures, are thought to reflect airway 
caliber, tPTEF/tE seems to be a complex measure of 
lung function that includes airway size and me-
chanical properties of the lung and chest,21-24 as 
well as respiratory control.25 Direct comparisons 
between �maxFRC and tidal flow-volume measures 
or passive respiratory mechanics (respiratory-sys-
tem compliance or resistance) are therefore not 
possible. Thus, although a small airway caliber 
shortly after birth may be a risk factor for obstruc-
tive airway disease in the first years of life,2 the 
present findings suggest that other airway (or 

Table 4. Lung-Function Measurements Shortly after Birth as Predictors of Asthma at 10 Years of Age.

Predictor Sensitivity Specificity

Positive 
Predictive 

Value

Negative 
Predictive 

Value
Odds Ratio 
(95% CI)*

percent

History of asthma

tPTEF/tE ≤0.20 21.0 88.4 31.3 81.5 1.90 (1.06–3.42)

tPTEF/tE ≤median 59.7 52.9 24.3 83.8 1.58 (0.99–2.52)

Respiratory-system compliance ≤median 62.5 85.2 27.4 85.2 2.18 (1.39–3.38)

Current asthma

tPTEF/tE ≤0.20 18.0 87.0 14.6 89.5 1.35 (0.62–2.93)

tPTEF/tE ≤median 65.7 52.3 14.6 92.5 2.10 (1.12–3.93)

Respiratory-system compliance ≤median 63.6 54.9 15.0 92.3 2.01 (1.10–3.66)

* The odds ratios were adjusted for sex and the presence or absence of parental asthma, parental rhinoconjunctivitis, 
and maternal smoking during pregnancy. In addition, odds ratios for respiratory-system compliance were adjusted for 
tPTEF/tE at or below 0.20, and odds ratios for tPTEF/tE were adjusted for respiratory-system compliance at or below the 
median.
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lung) characteristics, including control of breath-
ing shortly after birth, also identify children at 
increased risk for asthma in later life. The small 
but significant differences in lung function short-
ly after birth between children in whom asthma 
subsequently developed and those in whom it did 
not suggest that markers for increased risk are 
already detectable at birth.

It is important to note that the clinical impli-
cations of reduced lung function shortly after birth 
on an individual level are unclear. Variations of 
lung function between persons as well as within 
an individual person a few days after birth are well 
recognized,9 and our results indicate that these 
lung-function measures have low positive predic-
tive value for later asthma. Thus, our data would 
not support the use of such measures as screen-
ing tests for the risk of subsequent asthma.

The present study included children who were 
representative of the native population of urban 
Oslo. The design was prospective, and parents or 
guardians, children, and those who evaluated the 
children at 10 years of age were unaware of the 
measurements of lung function shortly after birth. 
The 77% follow-up rate, as well as the similarity 
at baseline between children who were evaluated 
at 10 years of age and those who were not, makes 
it unlikely that selection bias substantially affected 
our results.

In the present study, a tPTEF/tE value below 0.20 
shortly after birth — a cutoff point previously 
associated with an increased risk of recurrent 
bronchial obstruction — was not significantly as-
sociated with current asthma at 10 years of age, 
as opposed to a tPTEF/tE value at or below the me-
dian value shortly after birth. A possible expla-
nation for this finding is the smaller number of 
infants who were categorized as having reduced 
lung function when the cutoff value of 0.20 was 

used. Since we performed many tests, it is possible 
that some significant results were due to chance. 
However, the consistency of the findings for vari-
ous outcomes and lung-function measures sup-
ports the validity of relationships between mea-
sures of lung function in early life and subsequent 
asthma. The lack of similar methods for assess-
ing lung function during the neonatal period and 
at 10 years of age makes it difficult to study the 
evolution of lung function over time and may ex-
plain why these lung-function measures at birth 
were poor predictors of forced flow volume mea-
sured at 10 years of age.

In summary, reduced lung function a few days 
after birth as determined by simple measures of 
tidal breathing and passive respiratory mechan-
ics in awake, newborn infants seems to be a risk 
factor for asthma within the first 10 years of life. 
These results suggest that alterations of airway 
function associated with later asthma may be pres-
ent and detectable a few days after birth.
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