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Rationale: Low birth weight is associated with an increased risk of
wheezing in childhood.
Objectives: We examined the associations of longitudinally mea-
sured fetal and infantgrowthpatternswith the risksof asthmasymp-
toms in preschool children.
Methods: This study was embedded in a population-based prospec-
tive cohort study among5,125 children. Second- and third-trimester
fetal growth characteristics (head circumference, femur length,
abdominal circumference, and weight) were estimated by repeated
ultrasounds. Infant growth (head circumference, length, andweight)
wasmeasuredat birth andat theages of3, 6, and12months. Parental
report of asthma symptoms until the age of 4 years was yearly ob-
tained by questionnaires.
Measurements and Main Results: Both fetal restricted and acceler-
ated growth, defined as a negative or positive change of more than
0.67 standard deviation score, were not associated with asthma
symptoms until the age of 4 years. Accelerated weight gain from
birth to 3months followingnormal fetal growthwas associatedwith
increasedrisksofasthmasymptoms(overallodds ratio forwheezing:
1.44 [95% confidence interval: 1.22, 1.70]; shortness of breath: 1.32
[1.12, 1.56]; dry cough: 1.16 [1.01, 1.34]; persistent phlegm: 1.30
[1.07, 1.58]), but not with eczema (0.95 [0.80, 1.14]). These associ-
ations were independent of other fetal growth patterns and tended
to be stronger for children of atopic mothers than for children of
nonatopic mothers.

Conclusions: Weight-gain acceleration in early infancy was associ-
atedwith increased risks of asthma symptoms in preschool children,
independent of fetal growth. Early infancymight be a critical period
for the development of asthma.
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Low birth weight is associated with increased risks of asthma,
chronic obstructive airway disease, and impaired lung function,
such as lower FEV1, and FVC in adults (1). In children, low birth
weight is associated with increased risks of respiratory morbidity,
including asthma and respiratory tract infections (2), but results
are not consistent (3–6). The developmental plasticity hypothesis
suggests that the associations between low birth weight and com-
mon diseases in adulthood are explained by early adaptive mech-
anisms in response to various adverse exposures in fetal and early
postnatal life (7). These adaptive mechanisms might lead to
impaired lung development, smaller airways, and impaired lung
function (8), and might lead to an increased susceptibility of de-
velopment of respiratory diseases, including asthma and chronic
obstructive pulmonary disease (9, 10). Low birth weight per se is
not likely to be the causal factor leading to asthma. The same birth
weight might be the result of various growth patterns and different
fetal exposures (11). Information about fetal growth characteristics
in different periods of pregnancy enables identification of critical
periods for specific exposures and development of asthma in post-
natal life (12, 13). Also, children with a low birth weight tend to
have a postnatal catch-up growth, which has also been suggested
to be associated with respiratory morbidity, including childhood
asthma (12, 14, 15). Studies so far focused on early growth pat-
terns, and showed inconsistent results. This might partly be due to
methodological issues including differences in definitions of fetal
and infant growth patterns or asthma-related outcomes and the
adjustment for gestational age and other potential confounders.
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Low birth weight and preterm birth are associated with an
increased risk of asthma symptoms. Little is known about
the association between specific fetal and infant growth
patterns and the risk for the development of asthma in
childhood.

What This Study Adds to the Field

Fetal growth restriction and acceleration were not associ-
ated with asthma symptoms in childhood. However, ac-
celerated infant weight gain during the first 3 months after
birth was associated with higher risks of asthma symptoms in
childhood, independent of fetal growth patterns.
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www.atsjournals.org
http://dx.doi.org/10.1164/rccm.201107-1266OC


Therefore, we examined the associations of fetal and infant
growth patterns with the risk of asthma symptoms in the first
4 years of life in a population-based prospective cohort study
among 5,125 children who were followed up from fetal life. Some
of the results of this study has been previously reported in the
form of an abstract at the European Respiratory Society Confer-
ence 2011 (16).

METHODS

Design and Setting

This study was embedded in the Generation R Study, a population-
based prospective cohort study of pregnant women and their children
in Rotterdam, The Netherlands (17). The study protocol was approved
by the Medical Ethical Committee of the Erasmus Medical Centre,
Rotterdam. Written informed consent was obtained from all partici-
pants. A total of 5,125 children were included for the current analyses
(see Figure E1 in the online supplement).

Growth Characteristics

Fetal growth characteristics weremeasured in the first trimester (crown–
rump length) (18), and in the second and third trimester (head circum-
ference [HC], abdominal circumference, and femur length) (19, 20).
Estimated fetal weight was calculated using the Hadlock formula (21,
22). HC, length, and weight at birth were obtained from community
midwife and hospital registries. Infant growth characteristics (HC,
length, and weight) were measured at the ages of 3, 6, and 12 months.
All growth characteristics were converted into standard deviation
scores (SDS) using fetal and infant reference growth charts (19, 22)
(Growth Analyzer 3.0, Dutch Growth Research Foundation). We cal-
culated growth (change in SDS) between various age intervals. Growth
restriction and acceleration (from 2nd trimester to birth and birth to 3
mo of age) were defined as a change, either decrease or increase, of
more than 0.67 SDS, representing the width of each percentile band on
standard growth charts (23, 24).

Asthma Symptoms

Information on asthma symptoms (wheezing, shortness of breath, dry
cough at night, and persistent phlegm [no, yes]) and doctor-attended
eczema (no, yes) was obtained by questionnaires, adapted from the In-
ternational Study on Asthma and Allergy in Childhood (25) at the ages
of 1, 2, 3, and 4 years. Response rates for these questionnaires were 71,
76, 72, and 73%, respectively (26).

Covariates

Maternal anthropometrics were obtained during first visit, and educa-
tion, history of asthma and atopy, smoking habits, parity, and children’s
ethnicity and pet keeping were obtained by questionnaire, completed
by the mother at enrollment. Maternal gestational hypertension, dia-
betes, and children’s gestational age and sex were obtained from mid-
wife and hospital registries at birth. Postal questionnaires at the ages of
6 and 12 months provided information about breastfeeding and day-
care attendance (17).

Statistical Analysis

We used adjusted generalized estimating equations to examine the lon-
gitudinal effects of fetal and infant growth and their interaction with
each asthma symptom from the age of 1 to 4 years. With generalized
estimating equation analyses, repeatedly measured asthma symptoms
over time were analyzed, taking correlations within the same subject
into account. We calculated the overall effect (age 1 to 4 yr combined)
of fetal and infant growth on asthma symptoms. Missing data in cova-
riates and outcomes were imputed using the multiple imputation proce-
dure (27). All measures of association are presented as odds ratio (OR)
with 95% confidence intervals. Statistical analyses were performed us-
ing Statistical Package of Social Sciences version 17.0 for Windows
(SPSS Inc., Chicago, IL) and SAS 9.2 (SAS Institute, Cary, NC). An

extensive description of the methods is provided in the online supple-
ment (Text E1).

RESULTS

Characteristics of children and their mothers are presented in
Table 1. Children were born after median pregnancy duration
of 40.1 weeks (range 25.3–43.4) with a mean birth weight of
3,440 g (SD 551 g) (Table 1). Wheezing was the most prevalent
asthma symptom, and its prevalence declined with increasing
age (see Table E1).

Birth Weight and Gestational Age

We observed from crude analyses that birth weight was inversely
associated with the risks of asthma symptoms, but these associ-
ations attenuated and became nonsignificant after adjustment for
gestational age (wheezing OR, 0.97 [0.92, 1.02]; shortness of
breath OR, 0.96 [0.91, 1.01]; dry cough OR, 1.01 [0.97, 1.06]; per-
sistent phlegm OR, 0.93 [0.87, 0.99]; and eczema OR 1.01 [0.96,
1.07]) (Table 2). Similar changes in effect estimates were ob-
served for children with low birth weight (,2,500 g) with and
without adjustment for gestational age and the risk of asthma
symptoms. As compared with term birth, preterm birth (,36 wk
of gestational age) was positively associated with the risks of
wheezing (OR, 1.55 [1.30, 1.84]), shortness of breath (OR, 1.54
[1.28, 1.85]), and persistent phlegm (OR, 1.30 [1.03, 1.64]).

Fetal and Infant Growth

No consistent associations of fetal length and weight growth dur-
ing different trimesters with asthma symptoms were observed
(Table 3). Crown–rump length in first trimester (data not
shown) and growth of fetal abdominal and head circumference
were also not associated with asthma symptoms (Table E2 in
the online supplement). Infant weight gain between birth and 3
months, expressed as SDS increase in weight, was positively
associated with the risks of wheezing, shortness of breath, and
persistent phlegm (OR, 1.17 [1.11, 1.23], 1.13 [1.08, 1.20], and
1.15 [1.08, 1.23], respectively) in the first 4 years of life. Length
growth was not associated with any asthma symptom (Table 3).

Further exploration of fetal and infant growth patterns
showed that, as compared with children with a normal fetal
and infant growth pattern, those with a normal fetal but accel-
erated infant growth pattern had an increased risk of wheezing
(OR, 1.44 [1.22, 1.70]), shortness of breath (OR, 1.32 [1.12,
1.56]), dry cough (OR, 1.16 [1.01, 1.34]), and persistent phlegm
(OR, 1.30 [1.07, 1.58]), but not of eczema (Figures 1A–1E). We
observed a protective effect of a restricted fetal and infant
growth pattern, compared with a normal growth pattern, for
wheezing and shortness of breath (Figures 1A and 1B). The
results did not materially change when preterm-born infants
were excluded from the analyses or when the associations of
fetal and infant growth patterns for each year separately were
analyzed (Table E3). Analysis stratified for maternal atopy
showed that the effect estimates tended to be stronger for atopic
mothers than nonatopic mothers, but the P for interaction was
not significant (Figure E2).

DISCUSSION

Our results suggest that fetal growth during different periods of
pregnancy was not associated with the overall risk of asthma
symptoms until the age of 4 years. However, we observed asso-
ciations between early infant growth acceleration and increased
risks of asthma symptoms. These associations seem to be inde-
pendent of fetal growth.
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Birth Weight and Preterm Birth

Previous child cohort studies reported inconsistent associations
of birth weight with wheezing or asthma in childhood (2–5).
After adjustment for gestational age, we only observed an as-
sociation of birth weight with persistent phlegm, not with
wheezing or other asthma symptoms. Differences with previous
published studies might be due to our assessment of the out-
comes at a young age at which an asthma diagnosis is not pos-
sible and asthma symptoms are common, but nonspecific and
often transient (28, 29). Also, it might be that not low birth
weight but preterm birth is the main risk factor for increased
risks of asthma symptoms (30, 31). This is supported by our
consistent associations of gestational age and preterm birth with
wheezing, shortness of breath, and persistent phlegm.

Fetal and Infant Growth

Earlier studies used birth weight as a proxy for fetal growth (4–6,
32) and showed inconsistent associations between either low or
high birth weight and the risk of asthma symptoms, asthma diag-
nosis, or a reduced lung function. Assessing fetal and infant
growth characteristics related to birth weight might help to iden-
tify specific critical periods. Two recent studies focused on the
associations of fetal growth characteristics in different trimesters
and the risk of childhood asthma and atopy (12, 13). Pike and
colleagues observed no association of fetal growth characteristics
and “ever wheezing” until the age of 3 years (12). The authors did
observe an association of abdominal circumference growth be-
tween 19 and 34 weeks with atopic wheezing (relative risk [95%
confidence interval], 0.80 [0.65, 1.00]) and of head circumference
growth between 11 and 19 weeks and nonatopic wheezing (rela-
tive risk, 0.90 [0.81, 1.00]). They suggest that the association with
atopic wheezing might be the effect of an impaired thymic devel-
opment, while nonatopic wheezing might be caused by mechani-
cal changes in growth-restricted children. Turner and colleagues
recently showed that crown–rump length in first trimester was
inversely associated with “ever wheezing” (OR, 0.96 [0.93,
0.99]) at the age of 5 years and diagnosed asthma (OR, 0.94
[0.89, 0.99]) and lung function at the ages of 5 and 10 years
(13), independent of atopy. In our study, in a larger number of
children, we used ultrasound measurements in each trimester of
pregnancy and observed no associations of fetal growth, including
multiple growth parameters and patterns, with asthma symptoms
in preschool children. We were, however, not able to differentiate
between atopic and nonatopic children, as we had no direct meas-
ures of sensitization. When we stratified our analysis for atopic
and nonatopic mothers, a proxy for atopic status of children (33),
the effect estimates of the association of fetal growth character-
istics and patterns with asthma symptoms tended to be stronger
for children with atopic mothers than nonatopic mothers.

Previous studies in children reported a slightly increased risk
of wheezing (ORs up to 1.05 [1.01, 1.09]) and reduced lung func-
tion for weight gain in the first year and no associations with
length growth (12, 15, 34, 35). In adulthood, no effect on airway
obstruction, but a modest reduction of lung volume, was ob-
served if children had either a lower or higher weight gain in
the first 3 years of life (36). Due to our extensive anthropomet-
ric measurements after birth, we were able to specify the critical
time period in which weight gain had an effect on asthma symp-
toms and found that accelerated weight gain between birth and
3 months of age was associated with asthma symptoms in child-
hood. Furthermore, we observed that this effect was indepen-
dent of fetal growth. These results are in line with Pike and
colleagues, who observed that low third-trimester abdominal
circumference with high weight gain and adiposity in the first
6 months was associated with a higher proportion of atopic

wheezing (12). Whether their highest weight-gain group in the
first 6 months showed consistently increased effect estimates for
wheezing, independent of fetal growth, was not presented.

Our results suggest that the effect of infant weight gain on asthma
symptoms is not due to “catch up” growth of fetal growth–restricted
infants only. The underlying mechanisms are unclear. Accelerated

TABLE 1. CHARACTERISTICS OF CHILDREN AND THEIR MOTHERS

Population of Analysis

(n ¼ 5,125)

Maternal characteristics

Age, %

,20 yr 2.1 (107)

20–25 yr 12.2 (624)

25–30 yr 26.4 (1,353)

30–35 yr 42.4 (2,173)

>35 yr 16.9 (868)

Missing —

Height, cm 168.0 (7.5)

Weight, kg 69.4 (12.8)

Body mass index

,20 kg/cm2 8.9 (457)

20–25.0 kg/cm2 54.5 (2,791)

25–30.0 kg/cm2 24.9 (1,278)

>30 kg/cm2 11.1 (568)

Missing 0.6 (31)

Education, %

Primary, or secondary 46.7 (2,394)

Higher 48.9 (2,504)

Missing 4.4 (227)

History of asthma, %

No 56.7 (2,906)

Yes 31.9 (1,637)

Missing 11.4 (582)

Smoking during pregnancy, %

No 76.5 (3,919)

Yes 12.4 (633)

Missing 11.2 (573)

Parity, %

0 62.1 (3,181)

1–2 34.3 (1,756)

>3 3.1 (161)

Missing 0.5 (27)

Gestational hypertension, %

No 91.8 (4,704)

Yes 4.1 (208)

Missing 4.2 (213)

Gestational diabetes, %

No 96.9 (4,964)

Yes 0.7 (37)

Missing 2.4 (124)

Child characteristics

Male sex, % 50.1 (2,567)

Gestational age at birth, wk 40.1 (37.1–42.1)

Birth weight, g 3,440 (551)

Ethnicity, %

European 66.8 (3,421)

Non-European 30.7 (1,573)

Missing 2.6 (131)

Breastfeeding, %

No 7.2 (370)

Yes 88.6 (4,542)

Missing 4.2 (213)

Day care attendance 1st yr, %

No 40.1 (2,054)

Yes 43.5 (2,229)

Missing 16.4 (842)

Pet keeping, %

No 58.8 (3,015)

Yes 29.6 (1,519)

Missing 11.5 (591)

Values are means (SD), medians (5th–95th percentile), or percentages (abso-

lute numbers).
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weight growth in the first 3 months of life might adversely affect
lung growth, including a change in alveolar numbers, lung weight,
and the developing immune system (37–39). It was suggested that
early infant weight gain is associated with a higher body mass index
in childhood with overweight and obesity in later life (24, 40) and
subsequently may have a modifying effect on asthma, asthma symp-
toms, and lung function during childhood and in the long term (41,
42). Also, adverse changes of the immune system in early life due
to increased weight gain might affect the development of child-
hood asthma (38, 39, 43).

We observed that children with fetal and infant growth decel-
eration had a decreased risk of wheezing and shortness of breath
up to the fourth year.A protective effect of fetal and infant growth
deceleration was also observed in an earlier study on atopic
wheezing, but not for nonatopic wheezing (12). Pike and col-
leagues observed that children with a normal fetal growth and
a restricted infant growth tended to have a lower risk of wheezing
than children with normal infant growth (12). The underlying
mechanisms for these associations were not shown. According
to animal studies, it might be that fetal growth restriction lead

to impaired growth of bronchial walls, affecting the airway com-
pliance, alterations in mucus-producing tissues, decrease in num-
ber of alveoli, thicker interalveolar septa, and a greater volume
density of lung tissue (44–46). However, some of these adapta-
tions resolved within weeks after birth. Hence, we speculate that
at least a part of the effects on the lungs in children with a re-
stricted fetal growth is caught up before the age of 1 to 4 years,
and this might have reduced our effect estimates. If fetal growth
indeed leads to respiratory symptoms via an effect on lung de-
velopment, this might be of influence later in childhood.

Strengths and Limitations

This study was embedded in a population-based prospective
cohort study with a large number of subjects being studied from
early fetal life onwards with detailed and frequently prospectively
measured information about fetal and infant anthropometrics.We
adjusted for a large number of confounders, and the results did not
differ between nonimputed and imputed analyses. Nonresponse
would lead to biased effect estimates if the associations of fetal

TABLE 2. BIRTH CHARACTERISTICS AND ASTHMA SYMPTOMS

Odds Ratios (95% Confidence Interval)

Wheezing Shortness of Breath Dry Cough Persistent Phlegm Eczema

Birth weight

Weight (500 g) 0.92 (0.89, 0.96)*** 0.93 (0.89, 0.96)*** 1.02 (0.99, 1.06) 0.90 (0.86, 0.95)*** 1.01 (0.97, 1.06)

Gestational age adjusted weight (500 g) 0.97 (0.92, 1.02) 0.96 (0.91, 1.01) 1.01 (0.97, 1.06) 0.93 (0.87, 0.99)* 1.01 (0.96, 1.07)

Low birth weight (,2500 g) 1.34 (1.12, 1.62)** 1.24 (1.02, 1.52)* 0.87 (0.72, 1.05) 1.32 (1.05, 1.66)* 1.01 (0.81, 1.27)

Gestational age adjusted low birth weight (,2500 g) 1.07 (0.85, 1.34) 0.99 (0.78, 1.27) 0.91 (0.74, 1.12) 1.05 (0.80, 1.39) 1.05 (0.81, 1.35)

Gestational age

Gestational age (wk) 0.94 (0.92, 0.97)*** 0.95 (0.93, 0.97)*** 1.02 (0.99, 1.04) 0.94 (0.92, 0.97)*** 1.01 (0.98, 1.04)

Preterm birth (,37 wk) 1.55 (1.30, 1.84)*** 1.54 (1.28, 1.85)*** 0.90 (0.74, 1.08) 1.30 (1.03, 1.64)* 1.00 (0.79, 1.25)

Values are odds ratios (95% confidence interval) and, if continuously measured, reflect the risk of asthma symptoms per 500 grams or week of gestational age increase.

*P , 0.05, **P , 0.01, ***P , 0.001 using longitudinal generalized estimating equation models. Models were adjusted for maternal age, body mass index, education,

history of asthma or atopy, smoking habits, parity, gestational hypertension, gestational diabetes, children’s sex, ethnicity, breastfeeding status, daycare attendance, and

pet keeping.

TABLE 3. FETAL AND INFANT GROWTH (CHANGE IN SDS) AND ASTHMA SYMPTOMS

Overall Odds Ratios (95% Confidence Interval)

Wheezing Shortness of Breath Dry Cough Persistent Phlegm Eczema

Length

2nd–3rd trimester 1.02 (0.98, 1.07) 1.00 (0.95, 1.05) 0.96 (0.93, 1.00) 0.99 (0.94, 1.05) 0.98 (0.93, 1.03)

n ¼ 4,803

3rd trimester – birth 0.99 (0.95, 1.03) 1.01 (0.97, 1.06) 0.99 (0.95, 1.03) 0.98 (0.93, 1.03) 1.00 (0.96, 1.05)

n ¼ 3,270

Birth–3 mo 1.02 (0.96, 1.08) 0.99 (0.94, 1.06) 1.03 (0.98, 1.09) 0.98 (0.90, 1.06) 0.98 (0.92, 1.04)

n ¼ 2,031

3–6 mo 1.04 (0.95, 1.14) 1.08 (0.98, 1.19) 1.00 (0.92, 1.09) 0.98 (0.86, 1.11) 0.91 (0.83, 1.01)

n ¼ 2,619

6–12 mo 0.93 (0.85, 1.01) 0.97 (0.88, 1.06) 0.99 (0.91, 1.06) 1.00 (0.89, 1.12) 0.98 (0.88, 1.08)

n ¼ 3,425

Weight

2nd–3rd trimester 1.04 (0.99, 1.08) 1.01 (0.96, 1.05) 1.00 (0.96, 1.04) 0.99 (0.93, 1.05) 1.04 (0.99, 1.10)

n ¼ 4,766

3rd trimester – birth 1.00 (0.96, 1.04) 1.02 (0.98, 1.07) 0.99 (0.95, 1.03) 0.95 (0.89, 1.00) 0.99 (0.94, 1.04)

n ¼ 5,023

Birth–3 mo 1.17 (1.11, 1.23)*** 1.13 (1.08, 1.20)*** 1.04 (1.00, 1.09) 1.15 (1.07, 1.22)*** 0.93 (0.88, 0.98)*

n ¼ 3,558

3–6 mo 0.97 (0.88, 1.06) 0.96 (0.87, 1.07) 1.04 (0.95, 1.13) 0.91 (0.80, 1.03) 0.88 (0.79, 0.99)*

n ¼ 3,391

6–12 mo 0.95 (0.86, 1.04) 0.95 (0.86, 1.04) 0.96 (0.89, 1.04) 0.90 (0.79, 1.02) 0.90 (0.81, 1.00)*

n ¼ 3,875

Values are odds ratios (95% confidence interval) and reflect the risk of asthma symptoms per standard deviation score (SDS)

increase of length and weight. *P , 0.05, **P , 0.01, ***P , 0.001 using longitudinal generalized estimating equation models.

Models were adjusted for maternal age, body mass index, education, history of asthma or atopy, smoking habits, parity,

gestational hypertension, gestational diabetes, children’s sex, gestational age, ethnicity, breastfeeding status, daycare atten-

dance, and pet keeping.

734 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 185 2012



Figure 1. Weight growth patterns and asthma symptoms: (A) wheezing; (B) shortness of breath; (C) dry cough; (D) persistent phlegm; and (E)

eczema. Values are odds ratios (95% confidence interval). Normal fetal and normal infant growth pattern is used as reference category. *P , 0.05,

**P , 0.01, ***P , 0.001 based on longitudinal generalized estimating equation models. Models were adjusted for maternal age, body mass index,

education, history of asthma or atopy, smoking habits, parity, gestational hypertension, gestational diabetes, children’s sex, gestational age,
ethnicity, breastfeeding status, daycare attendance, and pet keeping.
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and infant growth with asthma symptoms would be different be-
tween those included and not included in the analyses. However,
this seems unlikely because biased estimatesmainly arise from loss
to follow-up rather than from nonresponse at baseline (47). Al-
though we used the established Hadlock formula for calculation
of the estimated fetal weight, we cannot exclude that there may
be a random measurement error in this estimation, especially in
late third trimester, which might have led to underestimation of
the effect estimates. Although we showed that the intraobserver
and interobserver intraclass correlations for assessing fetal
growth in early pregnancy were high, measurement error is
expected to be higher for fetal growth measurements than for
infant growth measurements (20). We categorized growth pat-
terns by a change of more than 0.67 SD, a well-known recog-
nized threshold value in studies on growth (23). Other studies
categorized fetal and infant growth by separating groups in ter-
tiles (12), or used a longer time interval for the SD change,
which might explain some differences from our results (48).
The main outcomes in our study were self-reported symptoms.
This method is widely accepted in epidemiological studies and
reliably reflects the incidence of asthma symptoms in young
children (49). In preschool children, a diagnosis of asthma is
based on symptoms (50). Objective tests, including spirometry
or bronchial hyperresponsiveness, are difficult to perform in
young children, and have limited applicability. We were not
able to assign phenotypes based on patterns of wheezing, in-
cluding transient, late-onset, persistent, or other wheezing phe-
notypes, due to the follow-up of children until the age of 4 years
only (28, 29). Follow-up studies at older ages that include more
detailed assessments of asthma and atopy phenotypes are
needed. We did not apply Bonferroni correction because we
used repeated-measurements analyses and correlated outcomes
of both the exposure and outcomes. However, we observed
consistent associations of infant weight gain independent of fe-
tal growth with all asthma symptoms.

In conclusion, our results suggest that not fetal growth, but ac-
celerated growth in the first 3 months of life is associated with an
increased risk of asthma symptoms during the first 4 years of life.
The results of this study should be considered as hypothesis gener-
ating. Further studies are needed to replicate these findings and to
explore underlying mechanisms of the effect of growth acceleration
on respiratory health, in particular on the various phenotypes of
asthma in later life.
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