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Abstract

Objective: Low birth weight (LBW) has been shown to be an independent risk factor for asthma.
We hypothesized that LBW would have its greatest impact on early onset disease. Methods:
A racially diverse cohort of children born from 1983 to 1985 at two hospitals, one urban and
one suburban in the same metropolitan area, and oversampled for babies weighing �2500 g,
was identified retrospectively when the children were 6 years of age and followed periodically.
At the age 17 years study visit, cohort members and their parent/guardians were separately
interviewed face-to-face regarding the subject’s history of asthma using the standardized ISAAC
questionnaire. We measured the cumulative incidence of asthma from birth through
adolescence defined by age of diagnosis and persistence/remittance. Results: Six-hundred
and eighty teens (82.6% of the original cohort) were included in the analyses, 387 with LBW and
293 of normal birth weight. The prevalence of physician-diagnosed ‘‘Current Asthma’’ was
associated with LBW (p¼ 0.003 for trend), with patterns stronger in males and whites. LBW
was associated most strongly with Late Onset Persistent asthma (current asthma that was
diagnosed after 8 years); p for trend 0.032. This trend was again most evident in males and
whites. None of the asthma categories classified as ‘‘remittent’’ were statistically associated
with LBW. Conclusions: LBW was not associated with diagnosed asthma that remitted before
age 17 years. LBW was associated with asthma diagnosis in mid-childhood that persisted
through adolescence, suggesting that the asthmagenic effects of LBW can become evident
post the early years of childhood and persist into adulthood.
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Introduction

Low birth weight (LBW) (less than 2500 g or 5 lbs., 8 oz.)

accounted for 7.99% of all births in the U.S. in 2012 [1] LBW

has been shown to be a risk factor for asthma in numerous, but

not all, studies [2–6]. Twin studies suggest that birth weight

has an effect independent of gestation [7,8].

Few studies of LBW as an exposure have distinguished

asthma incidence in terms of specific time course phenotype

patterns over the entire span of childhood [9] which have

become a focus of recent attention [10–13]. To our know-

ledge, such an analysis has not been done in a US study

population, or in one that is racially diverse. The latter is

especially important when studying LBW since this parameter

varies dramatically by race/ancestry in the US, with LBW

more common in non-Hispanic blacks [1]. The prevalence of

asthma also varies by race [14]. In addition, the majority of

those with Current Asthma at the threshold of adulthood will

likely not experience remission through middle age [15–19].

Therefore, considering phenotype patterns over the duration

of childhood through late adolescence presents a fuller

picture of the potential adult public health burden associated

with LBW.

Martinez et al. [20] described several mutually exclusive

time course phenotypes of pediatric wheeze and asthma:

(1) transient wheeze, which appears one or more times before

three years of age, is usually associated with respiratory

infections and then does not appear again in the child’s

lifetime; (2) early onset persistent wheeze which is incident

before 3 years of age and persists into adulthood; and (3) late

onset wheeze that first develops in the middle of a child’s first

decade and persists into adulthood. Sears et al. [21] defined

additional categories from their New Zealand birth cohort,

which began being observed at age 9 years, including

‘‘wheeze in remission’’ (remitted asthma), that is, recurring

wheeze that had stopped sometime after age 11 and not

occurred in their cohort again through an age 26 years follow

up [21]. Others have investigated similar patterns in their own

cohorts and found them to be relatively consistent [12,13].

Correspondence: Christine Cole Johnson, Ph.D., M.P.H., Henry Ford
Health System, 1 Ford Place, 3E, Detroit, MI 48202, USA. Tel: +1 313
874 6672. Fax: +1 313 874 6656. E-mail: cjohnso1@hfhs.org
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Since LBW is hypothesized to be associated with impaired

lung development in utero [22–24] and an increased risk for

neonatal respiratory infections [25], we hypothesized that

LBW would be associated with a higher cumulative incidence

of early onset transient asthma as well as early onset persistent

asthma, but not late onset persistent asthma. Our initial theory

was that LBW would result in more immediate consequences

such as early transient wheezing/asthma that eventually remits

during childhood or is not resolved and persists, while late

onset asthma appearing first later in childhood, persistent or

remittent, would be more strongly related instead to early

childhood environmental exposures. We also thought that

these incidence patterns might differ by race and sex. First,

African Americans have been consistently shown to have

lower mean birth weights than American babies of European

descent [1,26,27], as well as a higher prevalence of asthma

[28,29]. Second, boys have a higher prevalence of asthma

than girls prior to the teen years and then the male: female

ratio reverses, at least in populations of European ancestry

[30–32]. To study these questions, we capitalized on a large

birth cohort of U.S. Detroit area children of European and

African descent that included a substantial fraction of low

birth weight babies and who were evaluated at age 17 years

regarding a history of asthma diagnosis.

Methods

Study design

A cohort of LBW and normal birth weight children was

established retrospectively based on a random selection of

births from two major hospitals in southeastern Michigan, one

in Detroit and one in a nearby suburb, and followed for a

study of neurodevelopment, as described by Breslau et al.

[33,34]. Enrolled when the subjects were 6 years of age, they

were born from 1983 through 1985 and classified as White or

Black. In order to enhance the number of LBW (� than

2500 g) babies, more LBW babies were selected, by design, at

a ratio of approximately 1.3–1.4. Of the 6698 newborns

discharged from the urban hospital and 16 136 from the

suburban hospital during this time period, a random sample of

1338 newborns was thus identified. Of those sampled, 196

were unavailable at 6 years of age because they had moved

out of the area, were living in foster homes or had not

survived. Using medical records, an additional 47 children

were excluded due to severe neurologic impairment. Of the

1095 remaining children, 75% (n¼ 823) participated in the

study at age 6 years, (4% unable to be traced and 21%

refusing).

These children were reassessed for neurologic outcomes at

age 11 years and again at age 17 years [35]. Personal face-to-

face interviews were conducted independently with the

children and a parent/guardian, usually the mother. At the

age 17 years visit, questions were added to both the parent and

child questionnaire regarding asthma from the validated

ISAAC questionnaire [36], including history of a health care

provider diagnosis of asthma and age of diagnosis, as well as

whether symptoms had occurred or asthma medications were

used in the previous 12 months, which were used to define

‘‘Current Asthma’’. Institutional review boards of the

participating institutions approved the study.

Asthma phenotypes were defined based on the classifica-

tions suggested by Martinez and Sears (Table 1) [20,21].

‘‘Early Onset Transient Asthma’’ was asthma reported as

diagnosed before age 3 years but the child had not

experienced symptoms or medication use in the previous

year at age 17 years. If the child still had Current Asthma at

17 years, he or she was classified as having ‘‘Early Onset

Persistent Asthma’’. ‘‘Childhood Onset Remittent Asthma’’

was defined as asthma diagnosed from 3 to 8 years and the

child had not experienced symptoms and/or medication use in

the previous 12 months (Current Asthma) at age 17 years.

If the child had Current Asthma, he or she was classified as

‘‘Childhood Onset Persistent Asthma.’’ We selected this age

range of 3–8 years for incidence because it follows Martinez’s

age break of 3 years for transient asthma, includes the age

period in which asthma can be reliably diagnosed and is

before the 9 year category used by Sears. Also, most children

will be pre-pubertal at age 8 years, thus it is before the time

period when the male:female prevalence ratio begins to

reverse. Asthma diagnosed after 8 years but not present at age

17 was classified as ‘‘Late Onset Remittent Asthma’’. ‘‘Late

Childhood Onset Persistent Asthma’’ was defined as asthma

diagnosed after 8 years of age with Current Asthma at

17 years. All other cohort members were classified as

‘‘Never Asthma’’.

We reviewed each subject, blinded to birth weight status,

to determine which parent and child responses were discrep-

ant such that the phenotype could not be readily classified.

Seven discrepant responses could be resolved, but 14

discrepant teen–parent responses could not and had to be

excluded as well as 19 subjects due to a response of

‘‘unknown’’. The remainder of the child–parent responses

(n¼ 673 or 95.4% of those followed up) were concordant to

the degree that a history of an asthma diagnosis, the age

category of disease incidence and Current Asthma status

could be determined.

Statistical analyses

Birth weight was classified into normal birth weight or NBW

(42500 g) and LBW (�2500 g). The latter category was

additionally split for the purposes of this paper into two

classes, 2000–2500 g (moderate LBW or MLBW) and

52000 g (lower LBW or LLBW). Cumulative incidences

and 95% confidence intervals based on observed proportions

were calculated. The entire population and two stratified

analyses, by sex and by race, are reported. Group comparisons

(those with sufficient data versus those lost to follow-up or

missing data) on categorical variables such as race, education

level, and birth weight were done using Chi-squared tests or

Fisher’s exact tests. Each of the various asthma phenotypes

was compared across the three birth weight categories using

both a Chi-squared test and a Cochran–Armitage test for

trend. A p-value of less than 0.05 was considered significant.

All analyses were performed using SAS for Windows version

9.1 (SAS Institute, Cary, NC).

Results

There were 713 children who completed the 17-year-old

interview (86.6% of the original sample). An additional 14

2 C. C. Johnson et al. J Asthma, Early Online: 1–7
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were excluded due to inability to resolve discordant data

between the parent and teen, and another 19 because of

missing data. Online – Table S1 displays demographic

characteristics of the initial sample selected at age 6 years,

the sample at age 17 years, the children not used in the study

due to loss to follow up or missing/non-congruent data, and

the analyzed sample at age 17 years (n¼ 680 or 82.6% of the

original sample). The participants included in the analyses

were less likely to be male (p¼ 0.053) and more likely to be

Black (p¼ 0.055), although differences were slight. The two

groups were not statistically different with regard to maternal

marital status and education, urban residence at enrollment,

and low birth weight status. Online-Table S2 provides the

distribution of birth weight categories by sex and race of the

teens included in the analyses.

Table 2 displays, by birth weight classification, the

cumulative incidences of the traditionally measured outcomes

‘‘Ever Asthma’’ and ‘‘Current Asthma’’, by sex and race.

Overall, there were significant differences in the cumulative

incidence of asthma by birth weight category, as well as

statistically significant trends. For Ever Asthma, the LLBW

category had a higher cumulative incidence (27.2%) than the

MLBW and NBW categories at 19.1% and 17.7%, respect-

ively, with a borderline statistical difference. The p value for

trend is significant at p¼ 0.036. These patterns are more

strongly reflected for Current Asthma, with an overall p value

of 0.012 and p¼ 0.003 for trend. The patterns were stronger

in males (p for trend¼ 0.005) and whites (p for trend¼ 0.008)

for Current Asthma, with the latter driven by the high

cumulative incidence in the LLBW category.

For the total cohort, the cumulative incidence of Early

Onset Transient Asthma was consistent across birth weight

classes: 2.2% in the LLBW category, 2.4% in the MLBW

category, and 2.4% in the NBW category (Table 3). Likewise,

the cumulative incidences were similar across birth weight

categories for Childhood Onset Remittent and Persistent

Asthma, as well as Late Childhood Onset Remittent Asthma.

The highest cumulative incidences were found in the LLBW

category for Early and Late Childhood Onset Persistent

Asthmas at 8.8% (95%CI 4.6–14.9) and 8.1% (95%CI

4.1–14.0), respectively. For Early Onset Persistent Asthma,

the respective cumulative incidence figures by ascending

weight category are 8.8%, 5.2%, and 5.2% (p¼ 0.265) and the

test for trend was also not statistically significant (p¼ 0.181).

For Late Childhood Onset Persistent Asthma, the corres-

ponding figures are 8.1%. 6.8% and 3.4%, with a borderline

significance of p¼ 0.086, and a p value for trend that was

significant at p¼ 0.032.

For males, the most striking pattern was again found in

Late Childhood Onset Persistent Asthma with substantially

higher cumulative incidences in the LLBW and MLBW

categories at 7.1% and 9.5% compared with 2.1% in the NBW

group (p¼ 0.034) and for trend, p¼ 0.055. The cumulative

incidences were of similar magnitude across all phenotypes in

Table 2. Cumulative incidence of doctor diagnosed ever asthma and current asthma by birth weight, sex, and race.

NBW (n¼ 293)
Birth weight

42500 g % (CI), na

MLBW (n¼ 251)
Birth weight

2000–2500 g % (CI), na

LLBW (n¼ 136)
Birth weight

52000 g % (CI), na
Overall p value

by weight
p Value
for trend

Total (n¼ 680)
Ever asthma 17.7 (13.5, 22.6), 52 19.1 (14.4, 24.9), 48 27.2 (19.9, 35.5), 37 0.066 0.036
Current asthma 10.6 (7.3, 14.7), 31 14.7 (10.6, 19.8), 37 21.3 (14.8, 29.2), 29 0.012 0.003

Males (n¼ 320)
Ever Asthma 17.9 (12.1, 25.2), 26 21.9 (14.4, 31.0), 23 30.0 (19.6, 42.1), 21 0.134 0.050
Current asthma 9.0 (4.9, 14.8), 13 17.1 (10.5, 25.7), 18 22.9 (13.7, 34.5), 16 0.018 0.005

Females (n¼ 360)
Ever asthma 17.6 (11.8, 24.7), 26 17.1 (11.4, 24.2), 25 24.2 (14.5, 36.4), 16 0.427 0.333
Current asthma 12.2 (7.4, 18.5), 18 13.0 (8.0, 19.6), 19 19.7 (10.9, 31.3), 13 0.313 0.186

Black (n¼ 302)
Ever asthma 18.3 (11.7, 26.6), 21 25.2 (17.6, 34.2), 29 20.8 (13.2, 32.0), 15 0.433 0.556
Current asthma 8.7 (4.2, 15.4), 10 19.1 (12.4, 27.5), 22 15.3 (7.9, 25.7), 11 0.074 0.130

White (n¼ 378)
Ever asthma 17.4 (12.1, 23.8), 31 14.0 (8.6, 21.0), 19 34.4 (22.9, 47.3), 22 0.002 0.025
Current asthma 11.8 (7.4, 17.5), 21 11.0 (6.3, 17.5), 15 28.1 (17.6, 40.8), 18 0.002 0.008

an¼ the number of asthma cases.

Table 1. Definitions of asthma phenotypes.

Phenotype label Definition

Ever asthma Ever diagnosed with asthma
Current asthma Ever diagnosed and symptoms or asthma medication use in last 12 months
Early onset transient Diagnosed before 3 years; not current at age 17 years
Early onset persistent Diagnosed before 3 years; current at age 17 years
Child onset remittent Diagnosed from 3 to 8 years; not current at age 17 years
Child onset persistent Diagnosed from 3 to 8 years; current at age 17 years
Late child onset remittent Diagnosed after 8 years; not current at age 17 years
Late child onset persistent Diagnosed after 8 years; current at age 17 years

DOI: 10.3109/02770903.2015.1054405 Low birth weight & asthma in adolescents 3
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the NBW category. These patterns were not as striking in the

females and none reached statistical significance. By race,

there is little association of birth weight with the three non-

persistent asthma phenotypes, Early Onset Transient,

Childhood Onset Remittent, and Late Childhood Onset

Remittent. The only statistically significant patterns are

found among the Whites, with differences found indicating

a much higher cumulative incidence in the LLBW group for

Early Onset and Childhood Onset Persistent Asthma. For Late

Childhood Onset Persistent Asthma, a steady trend was

demonstrated of increased birth weight with lower cumulative

incidence, with borderline significance.

Discussion

Contrary to our expectations, we found that birth weight was

not associated with early onset transient asthma, but was most

consistently related to late onset persistent asthma. Our

hypothesis was that effects derived from the prenatal period

would be apparent within a few years after birth, and many of

these effects would remit after the baby ‘‘caught up’’ with

respect to weight. However, there were no associations by

birth weight with any of the asthma phenotype categories that

were remittent, and the strongest associations were with

asthma that was diagnosed after age 8 years and was still

present at age 17 years, suggesting that LBW children with no

asthma diagnosis before 8 years are still at higher risk.

Further, this pattern was most evident in males and Whites. It

also appears that nearer normal birth weights (2000–2500 g)

have a Late Childhood Onset Persistent Asthma risk that is

almost as great as infants with lower (52000 g) birth weights

for most subgroups. Thus, the effect of low birth weight can

be surmised to become evident as late as mid-childhood and

persists into adulthood, supporting the hypothesis that the

origins of chronic disease can begin in the prenatal period

[24,37].

Symptoms of transient wheezing that would yield an

asthma diagnosis may not be associated with LBW as

suggested here, or, it is possible transient wheeze may not

as often be diagnosed as asthma in a LBW infant but rather

ascribed to residual effects of LBW. However, the low and

similar cumulative incidences found for early transient asthma

across all birth weight categories probably reflects that many

physicians are unlikely to diagnosis wheezing as asthma in

infants and toddlers regardless of birth weight but choose to

wait until a more definitive diagnosis can be made at the age

Table 3. Cumulative incidence of doctor diagnosed asthma by phenotype and birth weight, by sex, and race.

NBW (n¼ 293)
Birth weight

42500 g % (CI), na

MLBW (n¼ 251)
Birth weight

2000–2500 g % (CI), na

LLBW (n¼ 136)
Birth weight

52000 g % (CI), na
Overall p value

for weight
p Value
for trend

Total
Early onset transient 2.4 (1.0, 4.9), 7 2.4 (0.9, 5.1), 6 2.2 (0.5, 6.3), 3 0.992 0.919
Early onset persistent 5.2 (2.9, 8.3), 15 5.2 (2.8, 8.7), 13 8.8 (4.6, 14.9), 12 0.265 0.181
Child onset remittent 3.1 (1.4, 5.8), 9 1.6 (0.4, 4.0), 4 1.5 (0.2, 5.2), 2 0.408 0.224
Child onset persistent 2.0 (0.7, 4.4), 6 2.8 (1.1, 5.7), 7 4.4 (1.6, 9.4), 6 0.385 0.179
Late child onset remittent 1.7 (0.5, 3.9), 5 0.4 (0.0, 2.2), 1 2.2 (0.5, 6.3), 3 0.249 0.973
Late child onset persistent 3.4 (1.6, 6.2), 10 6.8 (4.0, 10.6), 17 8.1 (4.1, 14.0), 11 0.086 0.032

Males (n¼ 320)
Early onset transient 2.8 (0.7, 6.9), 4 2.9 (0.6, 8.1), 3 4.3 (0.9, 12.0), 3 0.818 0.583
Early onset persistent 3.4 (1.1, 7.9), 5 5.7 (2.1, 12.0), 6 8.6 (3.2, 17.7), 6 0.285 0.114
Child onset remittent 3.4 (1.1, 7.9), 5 1.9 (0.2, 6.7), 2 1.4 (0.0, 7.7), 1 0.601 0.333
Child onset persistent 3.4 (1.1, 7.9), 5 1.9 (0.2, 6.7), 2 7.1 (2.4, 15.9), 5 0.196 0.292
Late child onset remittent 2.8 (0.7, 6.9), 4 0.0 (0.0, 3.5), 0 1.4 (0.0. 7.7), 1 0.221 0.294
Late child onset persistent 2.1 (0.4, 5.9), 3 9.5 (4.7, 16.8), 10 7.1 (2.4, 15.9), 5 0.034 0.055

Females (n¼ 360)
Early onset transient 2.0 (0.4, 5.8), 3 2.1 (0.4, 5.9), 3 0.0 (0.0, 5.4), 0 0.504 0.361
Early onset persistent 6.8 (3.3, 12.1), 10 4.8 (1.9, 9.6), 7 9.1 (3.4, 18.6), 6 0.482 0.717
Child onset remittent 2.7 (0.7, 6.8), 4 1.4 (0.2, 4.9), 2 1.5 (0.0, 8.2), 1 0.683 0.466
Child onset persistent 0.7 (0.0, 3.7), 1 3.4 (1.1, 7.8), 5 1.5 (0.0, 8.2), 1 0.224 0.409
Late child onset remittent 0.7 (0.0, 3.7), 1 0.7 (0.0, 3.8), 1 3.0 (0.4, 10.5), 2 0.258 0.196
Late child onset persistent 4.7 (1.9, 9.5), 7 4.8 (1.9, 9.6), 7 9.1 (3.4, 18.8), 6 0.382 0.267

Blacks (n¼ 302)
Early onset transient 3.5 (0.9, 8.7), 4 3.5 (0.9, 8.7), 4 1.4 (0.0, 7.5), 1 0.661 0.452
Early onset persistent 4.3 (1.4, 9.9), 5 9.6 (4.9, 11.5), 11 8.3 (3.1, 17.3), 6 0.291 0.237
Child onset remittent 4.3 (1.4, 9.9), 5 2.6 (0.5, 7.4), 3 1.4 (0.0, 7.5), 1 0.489 0.235
Child onset persistent 2.6 (0.5, 7.4), 3 5.2 (1.9, 11.0), 6 1.4 (0.0, 7.5), 1 0.315 0.811
Late child onset remittent 1.7 (0.2, 6.1), 2 0.0 (0.0, 3.2), 0 2.8 (0.3, 9.7), 2 0.240 0.711
Late child onset persistent 1.7 (0.2, 6.1), 2 4.3 (1.4, 9.9), 5 5.6 (1.5, 13.6), 4 0.350 0.157

Whites (n¼ 378)
Early onset transient 1.7 (0.3, 4.9), 3 1.5 (0.2, 5.2), 2 3.1 (0.4, 10.8), 2 0.702 0.567
Early onset persistent 5.6 (2.7, 10.1), 10 1.5 (0.2, 5.2), 2 9.4 (3.5, 19.3), 6 0.038 0.642
Child onset remittent 2.2 (0.6, 5.7), 4 0.7 (0.0, 4.0), 1 1.6 (0.0, 8.4), 1 0.569 0.509
Child onset persistent 1.7 (0.3, 4.9), 3 0.7 (0.0, 4.0), 1 7.8 (2.6, 17.3), 5 0.007 0.032
Late child onset remittent 1.7 (0.3, 4.9), 3 0.7 (0.0, 4.0), 1 1.6 (0.0, 8.4), 1 0.753 0.765
Late child onset persistent 4.5 (2.0, 8.7), 8 8.8 (4.6, 14.9), 12 10.9 (4.5, 21.2), 7 0.146 0.054

an¼ the number of asthma cases.

4 C. C. Johnson et al. J Asthma, Early Online: 1–7
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of 4–6 years. This issue should be abrogated in the Childhood

Onset and Late Childhood Onset categories as the distance in

time from birth increases.

One reason that the cumulative incidence of asthma was

more related to birth weight in Whites could be that the usual

birth weight categories used herein are not optimally classi-

fied for Black children. There is evidence that Black children

residing in sub-Saharan Africa have lower birth weight

‘‘norms’’ than African Americans [38]. Since African

American birth weights are in general lower on a national

scale [1,39], it is possible that we included more physiolo-

gically normal weight African American children in our

defined lower birth weight categories, which would tend to

attenuate effects. If African Americans have a lower birth

weight distribution for physiologically normal births, this

would imply exposure misclassification in our study and

could account for diminished risk estimates relative to the

White babies for all but the very lowest birth weight babies.

Additionally, differences by race in access to care or

physician predilection for asthma diagnosis could also result

in disease misclassification.

Yang et al. [40] examined the question of LBW and asthma

in a larger white population in Rochester, MN, following

children through 7 years and using a propensity score

approach to account for variables related to LBW [40].

They did not categorize asthma by a time course phenotype

pattern as we did. They concluded there was no association

between birth weight and asthma. These results are not

inconsistent with the phenotypes in our study most similar to

theirs in our white population, where we observed no

difference by weight category for Early Onset Transient

Asthma and a U-shaped pattern for Early Onset Persistent

Asthma.

Davidson et al. [41] examined perinatal characteristics and

asthma hospitalizations using the British Oxford record

linkage study of over 248 000 births followed for 10–29

years [41]. They examined these factors related to children

hospitalized before age 2 years separately with the same

hypothesis as this paper that the possible influences of

perinatal factors would be more evident in those with very

early diagnoses. Birth weight under 3000 g was significantly

associated in multivariate models with asthma hospitaliza-

tions with consistent although modest odds ratios (OR¼ 1.2)

for all ages and also for those hospitalized before two years.

Interestingly, the authors also considered in a univariate

fashion those hospitalized for the first time at over 6 years of

age and found no association with LBW, which is not, on the

surface, consistent with our findings, although age at

diagnosis is obviously a different outcome than age at

hospitalization. Additionally, effect modification by race

and sex was not considered in their analyses.

In the large Dutch PIAMA birth cohort of 3963 children,

Caudri et al. [42] examined perinatal risk factors, including

LBW, associated with time course-defined wheezing pheno-

types, somewhat similar to our approach but only through

8 years of age. Using adjusted models, they also found, as we

did, no association of birth weight with early transient

wheeze. The only significant finding related to LBW was an

inverse association with intermediate onset wheeze, defined

by the authors as wheeze with a low prevalence up to

18 months, but a rapid rise initiated thereafter through 42

months of age that was sustained through 6–7 years.

Decreased birth weight was also associated, but not signifi-

cantly, with late onset wheeze that was low in prevalence

through 42 months but then increased to a peak at around

6 years; however, the numbers were small (n¼ 47) and,

therefore, statistical power was reduced. They did not find

that results differed for boys versus girls. In summary, this

study was relatively consistent with ours, although follow-up

was only through childhood. Another study supporting our

findings was Project Viva from Boston and their analysis of

birth weight with asthma-related outcomes at age 2 years

[43]. They found no associations at this age, which equates

most closely to our Early Onset Transient Asthma group,

with either low or high birth weight, adjusting for length

of gestation.

LBW has been shown to be associated with decreased lung

function in adults [44] Barker et al. [24] proposed that LBW is

a consequence of slow linear growth in utero, which also leads

to impaired development of the airways. Interestingly, high

birth weight has also been hypothesized to be associated with

asthma, but results have been controversial [6,45,46].

This study’s strengths included a large, multi-racial

population with both residential and socioeconomic diversity.

Follow up at age 17 years was excellent, and standardized

questions were administered to both the teen and the parent.

The time period of follow up brought the study subjects up to

young adulthood and past the period of puberty during which

asthma becomes more common in females, and allowing for

discernment of time course phenotype. The main limitation of

the study is that we were constrained by the size of the

original birth cohort and despite its relatively large sample

size many of the outcome phenotypes were uncommon,

resulting in numerators with less than 5–10 subjects.

Therefore, while we found statistical significance in a

number of instances, confidence intervals were wide and

estimates subject to instability. However, these results should

provide important information to those who want to design

future studies that consider asthma phenotypes.

A second major limitation was the reliance on survey data

that demanded a long-term (17 year) recall history. Concern is

ameliorated in that the ISAAC survey has been validated in

teens (13–14 years) and the comforting fact that all but a

small percentage of the teens and parents independently

provided responses regarding asthma diagnosis, age at

diagnosis and recent symptom information that corresponded.

Further, there is no obvious reason why subjects would

systematically miss report age at initial diagnosis by birth

weight classification. Since the majority of the interview and

previous visits were related to cognitive outcomes and the

asthma-related questions were unexpected, we believe

respondents likely gave us their best estimates of age at

diagnosis and symptom experience in the past 12 months.

Finally, it has been shown that children older than 10 years of

age can validly report respiratory symptoms [47].

The study was also limited in that there were no biological

measures such as pulmonary function, methacholine chal-

lenge, or exhaled nitric oxide. Moreover, there was no

assessment of allergic status by questionnaire, clinical history,

or allergen-specific IgE testing serologically or by SPT.
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Disease history was not verified by medical record review.

Data were not collected regarding parental history of asthma

or allergies so incidence in this subgroup could not be

examined. Further, we did not include gestational age or

postnatal infant catch up weight gain in our analyses, both of

which are related to birth weight, in positive and inverse

directions, respectively [10]. However, while preterm birth

has been consistently shown to increase the risk for asthma

and poor lung function [48], the effect of birth weight has

been shown to be independent of gestational age [4,5,49,50].

We also do not have data on early life upper respiratory

infections or exposure to environmental tobacco smoke.

Conclusions/Key findings

We have shown data that suggest that LBW is not as strongly

associated with an early diagnosis of asthma that does not

persist, but is most strongly associated with an asthma

diagnosis in later childhood and disease that is still present at

age 17 years. The effect of LBW appears to be more evident

in males and Whites. These findings support the concept of

‘‘DOHaD’’ (the developmental origins of health and disease),

that is, the paradigm that the origins of adult chronic disease

are initiated at the earliest stages of life [51–53].
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