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Pre- and Perinatal Risk Factors for Asthma in Inner City African-American
Children

John F. Oliveti,1 Carolyn M. Kercsmar,1 and Susan Redline2

The relations between pre- and perinatal risk factors and asthma were investigated using a case-control
study of 262 African-American children aged 4-9 years, both asthmatic and nonasthmatic, all of whom resided
in a poor urban area and received health care at a local hospital-based clinic. Risk factors were ascertained
through review of obstetric, perinatal, and pediatric records. Asthmatic children had significantly lower birth
weights and gestational ages than nonasthmatic children and were more likely to have required oxygen
supplementation and positive pressure ventilation after birth than nonasthmatics (p < 0.05). The mothers of
asthmatic children were more likely to have smoked during pregnancy (50% vs. 27%), to have gained less
weight during pregnancy (26.3 pounds (11.9 kg) vs. 34.5 pounds (15.7 kg)), and to have had no prenatal care
(12% vs. 2%) than mothers of nonasthmatic children. Multiple logistic regression demonstrated that the
strongest independent predictors of asthma were maternal history of asthma (adjusted odds ratio (OR) =
9.7), lack of prenatal care (OR = 4.7), history of bronchiolitis (OR = 4.7), positive pressure ventilation at birth
(OR = 3.3), low maternal weight gain (<20 pounds (<9 kg)) (OR = 3.4), and maternal smoking during
pregnancy (OR = 2.8). These data suggest that pre- and perinatal exposures may increase susceptibility to
asthma in inner city children. Am J Epidemiol 1996; 143:570-7.
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Asthma is a prevalent chronic disease, affecting
5-12 percent of the US population, and it is associated
with substantial morbidity and economic cost (1).
Over the past decade, the morbidity and mortality
associated with asthma have increased, with the great-
est increases having occurred in persons under 35
years of age (2-7). This increase in asthma morbidity,
including hospitalizations, emergency room visits, and
days of school lost, as well as mortality, appear to
affect poor urban African-Americans disproportion-
ately (8-15). The basis for excess asthma morbidity in
the inner city is not well understood, but it may in-
clude factors associated with poor access to medical
care, psychosocial stressors, and adverse indoor and
outdoor environmental exposures.

Increased asthma prevalence in African-Americans
as compared with Caucasians is apparent for children
between the ages of 1 and 3 years (2). Thus, exposures
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that occur early in life may be particularly important in
influencing susceptibility to asthma. Elucidation of the
role of specific environmental exposures could be
important in the development of interventions aimed at
reducing excess morbidity.

Previous studies have related pre- and perinatal fac-
tors, such as low birth weight, maternal age, and
maternal smoking, to the later development of wheez-
ing illnesses, asthma, and reduced lung function (16-
23). However, previous relations between prenatal fac-
tors and respiratory disease may have been partly
confounded by socioeconomic status or race. To min-
imize the effects of confounding, we assessed the
relations between pre- and perinatal exposures and
asthma in a study population restricted to African-
Americans living in impoverished inner city census
tracts. In this high risk population, we performed a
case-control study to test the hypothesis that pre- and
perinatal stressors are associated with an increased risk
of developing asthma which is independent of race
per se.

MATERIALS AND METHODS

Cases and controls were identified using rosters of
patients followed during the previous year at the Rain-
bow Babies and Children's Hospital continuity care
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clinic, University Hospitals, Cleveland, Ohio. Of
all of the inner city African-American children with
physician-diagnosed asthma between the ages of 4 and
9 years who were followed in the clinic, approxi-
mately 50 percent had also been born at University
Hospitals. These children were selected as cases (« =
131). An inner city residence was defined as a resi-
dence in a census tract in the Greater Cleveland area
with more than 40 percent of the population living
below the poverty level (1990 data). The control group
was chosen from the list of patients followed for
well-child care who were born at University Hospitals
(> 1,000 patients), resided in the same census tracts as
the cases (matched according to age (±1 month), race,
and sex), and had no history of recurrent respiratory
problems. The control selected for each case was the
patient born closest to the subject who met the above
criteria for matching.

A patient was defined as asthmatic if the medical
record indicated a physician diagnosis of asthma in
addition to the presence of wheezing or coughing
symptoms in the previous 12 months that had resulted
in the use of asthma medication (e.g., beta agonists,
steroids, or theophylline). Subjects were excluded
from the study if they had a history of bronchopulmo-
nary dysplasia, cystic fibrosis, or anatomic lung anom-
aly or if they had required supplemental oxygen or
mechanical ventilation for more than 14 days after
birth.

Using a single instrument, demographic data and
information on relevant "exposures" were extracted
from prenatal clinic and maternal obstetric records.
These records consisted of standard forms used by the
medical staff for recording prenatal and perinatal data.
The maternal obstetric records required the attending
nurse or physician to complete sections on medical
history (specifically including asthma history); age at
delivery; insurance status; marital status; weight prior
to pregnancy (reported) and at the time of birth (mea-
sured); height; tobacco, ethanol, and illegal drug use
during pregnancy; time of rupture of membranes and
of delivery; type of delivery; and last menstrual period
and estimated date of conception. The standardized
birth record provided data on Apgar scores at 5 min-
utes, birth weight and length, requirements for resus-
citation in the delivery room, and type of infant feed-
ing (breast or bottle) at the time of discharge from the
nursery. If "suctioning for meconium" was recorded in
the medical record, this was noted without an attempt
to differentiate between thin and thick meconium.
Prenatal care was defined as having made at least one
prenatal care visit to a health care provider. Childhood
risk factors and symptoms (history of bronchiolitis
prior to 2 years of age, reported history of allergies or

eczema, and history of wheezing) were obtained from
review of the pediatric clinic records.

Statistical methods

The significance of sets of risk factors in differen-
tiating asthmatic groups from nonasthmatic groups
was assessed by multivariate analysis of covariance,
with the asthma status of the child used as the inde-
pendent variable. Variable sets were as follows: insur-
ance status, marital status, smoking history, alcohol
history, prenatal care, age at delivery, weight gain
during pregnancy, and maternal history of asthma
(designated "maternal variables"); birth weight, birth
length, and gestational age ("birth size" variables);
bronchiolitis, eczema, and allergies (variables related
to early childhood risks/atopy); and delivery mode,
Apgar scores, meconium status, and ventilatory or
oxygen support (delivery variables). The overall sig-
nificance of each variable set was assessed with
Hotelling's T2 (Statistical Package for the Social Sci-
ences, version PC 4.1; SPSS, Inc., Chicago, Illinois).
Each variable set was highly significant (p < 0.001),
suggesting the appropriateness of further statistical
analyses of individual risk factors. These factors were
then assessed with two-tailed unpaired t tests and
contingency table analysis (1 df). Multiple logistic
regression was used to formulate a prediction equation
relating likelihood of asthma to selected pre- and peri-
natal risk factors (maternal history of asthma, bronchi-
olitis, maternal smoking during pregnancy, prenatal
care, low maternal gestational weight gain (<20
pounds (<9 kg)), use of oxygen at birth, positive
pressure ventilation (bag mask or mechanical) at birth,
prematurity (<37 weeks' gestation), low birth weight
(<2,500 g), and low 5-minute Apgar scores (<7)).
Adjusted odds ratios were calculated from the param-
eter coefficients obtained in the final logistic regres-
sion model. Analyses (univariate and logistic regres-
sion) were also stratified by bronchiolitis, maternal
asthma, and prematurity in order to further assess
possible confounding or effect modification.

RESULTS

The study population consisted of 131 asthmatic
subjects and 131 control subjects born between August
31, 1983, and January 1, 1989, with a mean age at the
time of chart review of 6.7 years (standard deviation,
±1.7). Subject characteristics are presented in table 1.
The majority of children from each group were insured
by Medicaid. Asthmatic children were more likely to
have had documented bronchiolitis prior to age 2 years
and a documented history of allergic rhinitis or con-
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TABLE 1. Demographic factors and previous medical
conditions in asthmatic and nonasthmatic children aged 4-9
years, Cleveland, Ohio, 1993-1994

Sex (% male)
Mean age (years) at chart review
Health insurance status (%)

Self-pay
Medicaid
Private

Bronchiolitis prior to age 2 years

(%)
Allergic rhinitis/conjunctivitis (%)
Eczema (%)

* p < 0.001.
t p = 0.053.
$ Numbers In parentheses, standard

Children
with

asthma
(n=131)

63.4
6.7(1.7)*

7.6
86.3
6.1

38.2
28.2
41.2

deviation.

Controls
(n=i3i)

63.4
6.7(1.7)

3.8
88.5

7.6

9.9*
8.4*

29.8t

junctivitis. There was a trend toward increased eczema
in the children with asthma {p = 0.053).

Differences in maternal risk factors between asth-
matic and control subjects are shown in table 2. Moth-
ers of asthmatic children were significantly more
likely to have asthma themselves than the mothers of
control subjects. They were also significantly more
likely to have received no prenatal care, and were less
likely to have been married at the time of delivery.
Mothers of asthmatic children were more likely to
have smoked during pregnancy and to have smoked in
higher amounts. The frequencies of self-reported al-
cohol consumption and illegal drug use were some-
what higher in the mothers of asthmatics than among

the control mothers, but these differences did not reach
statistical significance. Mothers of asthmatic children
were more likely to have gestational weight gains of
<20 pounds (mean weight gain = 12.7 pounds (5.8
kg); interquartile range, 9-17 pounds (4-8 kg)) and
lower mean weights at the time of delivery.

Table 3 shows the distribution of risk factors asso-
ciated with delivery and the perinatal period. There
was no difference in mode of delivery or the occur-
rence of prolonged rupture of the membranes between
the asthmatic children and the control group. Children
with asthma were significantly more likely to have
5-minute Apgar scores below 7, to have required pos-
itive pressure ventilation, and to have required oxygen
after birth than the nonasthmatic children. Prematurity
and low birth weight and length were also more fre-
quent among the asthmatic children than among the
control children. Controls were more likely to have
been suctioned for meconium below the vocal cords
than the asthmatic children. Children with asthma
were less likely to have been breast-fed during early
infancy.

Logistic regression analysis (see "Materials and
Methods") demonstrated that the strongest indepen-
dent predictors of asthma were maternal history of
asthma (adjusted odds ratio (OR) = 9.7), bronchiolitis
prior to 2 years of age (OR = 4.7), lack of prenatal
care (OR = 4.7), positive pressure ventilation at birth
(OR = 3.3), low maternal weight gain during preg-
nancy (OR = 3.4), and maternal smoking during preg-
nancy (OR = 2.8) (table 4). After adjustment for these
factors, prematurity and birth weight were not signif-
icant predictors of asthma.

TABLE 2. Maternal risk factors in 262 mothers of asthmatic and nonasthmatic children, Cleveland,
Ohio, 1993-1994

Children
with

asthma
(n= 131)

Children
without asthma

(n=131)

P
value

Mean maternal age (years) at delivery
Maternal asthma history (%)
No prenatal care (%)
Married at delivery (%)
Smoking during pregnancy (%)

1-10 cigarettes/day
11-20 cigarettes/day
>20 cigarettes/day

Alcohol use during pregnancy (%)
Mean maternal height (inchest)
Mean maternal weight at delivery (pounds§)
Mean gestational weight gain (pounds)

Mothers who gained <20 pounds (%)

23.0 (60)*
22.9
11.5
9.2

50.4
10.1
22.5
17.8
11.9
62.8 (8.4)-

168.8(37.8)
26.3(16.4)
43.1

23.7 (5.2)
2.3
2.3

22.9
26.9
15.4
8.5
2.3
5.6

61.2(12.7)
179.7(36.6)
34.5 (15.0)
14.5

NSt
< 0.001

0.003
0.002

<0.001

0.091
NS

0.031
<0.001
<0.001

* Numbers in parentheses, standard deviation.
t NS, not significant.
t To convert inches to millimeters, multiply by 254 and divide by 10.
§ To convert pounds to kilograms, multiply by 454 and divide by 1,000.
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TABLE 3. Delivery-related and perinatal risk factors for asthma in African-American children aged 4-9
years, Cleveland, Ohio, 1993-1994

Children
with

asthma
(n=131)

Controls

Prolonged rupture of membranes (>12 hours)
<%)

Delivered by cesarean section (%)
5-minute Apgar score <7 (%)
Oxygen administered in the delivery room (%)
Positive pressure ventilation (bag mask or

mechanical ventilation) (%)
Suctioned for meconium below vocal cords at

birth (%)
Mean gestational age (weeks)
Premature birth (<37 weeks) (%)
Mean birth weight (g)
Mean birth length (cm)
Birth weight <2,500 g (%)
Being breast-fed at time of discharge from

nursery (%) 23.7 34.4

* NS, not significant.
t Numbers in parentheses, standard deviation.

P
value

28.2
25.2
7.6

51.9

19.2

10.8
38.2 (3.4)t
24.6

2,915 (741)
47.6 (4.4)
20.6

20.2
23.7

2.3
38.2

3.8

20.6
39.2 (2.4)
13.7

3,145 (480)
49.0 (2.3)

9.9

NS*
NS

0.047
0.025

<0.001

0.029
0.008
0.026
0.003
0.016
0.016

0.057

TABLE 4. Adjusted odds ratios for asthma among children
aged 4-9 years, Cleveland, Ohio, 1993-1994*

No prenatal care
Weight gain <20 pounds
Maternal smoking during pregnancy
Positive pressure ventilation in

delivery room
Maternal history of asthma
Bronchiolitis prior to age 2 years

Odds
ratio

4.66
3.42
2.82

3.25
9.68
4.71

95% Clt

1.12-19.51
1.72-6.79
1.53-5.20

1.03-10.24
2.57-36.49
2.18-10.20

* Odds ratios were based on multiple stepwise logistic
regression analysis using asthma as the outcome variable and
maternal asthma history, bronchiolitis, maternal smoking, lack of
prenatal care, gestational weight gain <20 pounds, use of oxygen at
birth, prematurity (<37 weeks), birth weight <2,500 g, and 5-minute
Apgar score <7 as predictor variables. Variables with a p value of
<0.05 were retained.

t Cl, confidence interval.

It is possible that the above risk factors may have
differentially operated in subsamples who differed ac-
cording to their "intrinsic" susceptibility to asthma
(i.e., those with a maternal history of asthma), those
who may have been most vulnerable to perinatal ex-
posures (i.e., premature infants), or those who later
experienced a serious respiratory illness (i.e., bronchi-
olitis). Therefore, analyses were stratified according to
prematurity, maternal history of asthma, bronchiolitis,
and maternal smoking (table 5). These analyses dem-
onstrated similar relations between asthma and lack of
prenatal care, maternal smoking, mechanical ventila-
tion, and low weight gain in all substrata.

DISCUSSION

Susceptibility to asthma is determined by genetic
risk factors that influence atopy, as well as by envi-
ronmental exposures that cause sensitization or airway
irritation and/or inflammation. In this study, the strong
association between maternal history of asthma and
asthma susceptibility (OR = 9.7) confirms the results
of previous studies that have suggested the importance
of familial factors in predisposing people to asthma.
This study also suggests the importance of environ-
mental factors, including those that occur in utero and
during early childhood, in increasing asthma risk. Spe-
cifically, in analyses restricted to African-American
children from the inner city, asthma was significantly
increased in children born to mothers who did not
receive prenatal care and who had poor weight gain
and smoked during pregnancy. Thus, risk factors that
predict adverse pregnancy outcomes are also signifi-
cant independent predictors for the development of
asthma during childhood.

Mothers of asthmatic children were three times
more likely to have weight gains under 20 pounds, and
they had lower mean weights at the time of delivery
than the mothers of controls; the mean birth weight of
the asthmatic children also was significantly lower
than that of the nonasthmatic children. Poor maternal
nutrition and low birth weight have previously been
noted to predict the development of lung disease dur-
ing childhood and adulthood (20, 24). In a prospective
study of more than 5,000 men aged 59-70 years in
Great Britain, forced expiratory volume in 1 second
and mortality due to chronic obstructive airways dis-
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TABLE 5. Distribution of selected risk factors for asthma in asthmatic (AS) and nonasthmatic (NAS) children aged 7-9 years,
according to prematurity, maternal asthma

Premature birth
No

NAS
AS

Yes
NAS
AS

Maternal history of
asthma

No
NAS
AS

Yes
NAS
AS

Bronchioiitis
No

NAS
AS

Yes
NAS
AS

Maternal smoking
No

NAS
AS

Yes
NAS
AS

No.

113
99

18
32

128
101

3
30

118
81

13
50

96
64

34
65

i history,

No prenatal
care

No.

2
11

1
4

3
10

0
5

3
11

0
4

2
5

1
9

%

2
11

6
12

2
10

0
17

3
14

0
8

2
8

3
14

bronchioiitis, anc

Maternal
smoking

No.

32
50

2
15

34
52

0
13

31
39

3
26

1 maternal

%

29
52

11
47

27
52

0
45

26
49

25
52

smoking, Cleveland, Ohio, 1993-1994

Positive pressure
ventilation

No.

5
13

0
12

5
17

0
8

3
14

2
11

4
8

1
16

%

4
13

0
36

4
17

0
27

3
17

15
22

4
13

3
25

Maternal weight
gain <20 pounds

No.

16
38

3
19

19
39

0
18

17
29

2
28

12
31

6
26

%

14
38

17
58

15
39

0
60

14
36

15
56

13
48

18
40

Birth
weight

(g)

3,231
3,194

2,603
2,060

3,142
2,904

3,276
2,953

3,150
2,980

3,101
2,812

3,155
2,939

3,142
2,913

ease were both significantly related to birth weight
(24). Similarly, low birth weight was significantly
associated with reduced lung function in a study of
more than 5,000 British children aged 5-11 years (20).
Studies of animals have shown that nutritional depri-
vation during gestation may result in specific abnor-
malities in lung development, such as a decreased ratio
of lung size to body size and decreased lecithin content
and surface activity of lung extracts (25). Whether low
maternal weight gain and/or low birth weight are
markers for nutritional deprivation, and whether this
predisposes to airway hyperreactivity and asthma, are
not known.

The mechanisms by which lack of prenatal care
predisposes to the birth of an asthmatic child also are
unclear. Absence of prenatal care, a problem that
disproportionately affects poor African-Americans
(26, 27), is a well established risk factor for low birth
weight and prematurity (28). However, even after ad-
justment for maternal weight gain, birth weight, and
prematurity, absence of prenatal care remained a sig-

nificant independent risk factor for asthma. (Low birth
weight and prematurity are not presented in the final
logistic regression model because of their low signif-
icance after consideration of prenatal care, low weight
gain, and maternal smoking.) Thus, there are probably
aspects of prenatal care apart from those that directly
influence maternal nutrition and prematurity that also
favorably influence asthma risk. Lack of prenatal care
also may be a marker for a particularly disrupted social
environment (29). Although all of the subjects in this
study lived in the same impoverished area and the
majority met Medicaid eligibility requirements, there
probably were some differences in the distribution of
psychosocial stressors among subjects which may
have paralleled their differences in prenatal care. Lack
of prenatal care may be a surrogate for increased
psychosocial stressors that broadly adversely influence
the health of the mother and/or fetus.

Children with asthma were significantly more likely
to have been born to mothers who smoked than were
the nonasthmatic children. In-utero exposure to to-
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bacco smoke increases the risk of intrauterine growth
retardation and prematurity (30, 31). In-utero tobacco
smoke exposure also may influence lung development,
as suggested by the reduced size-corrected forced ex-
piratory flow rates observed among infants of mothers
who smoke (17, 22). Mothers who smoke during preg-
nancy are likely to also smoke after the birth of their
children. Numerous studies have shown that exposure
to passive cigarette smoke in childhood leads to an
increased incidence of lower respiratory tract illness
and diminished pulmonary function (17, 22, 32-37);
airway reactivity also may be heightened among asth-
matic children exposed to passive smoking (38). Thus,
it is possible that passive smoking during early child-
hood also contributed to the increased asthma risk
observed among children of smoking mothers.

In a group of predominantly middle-class Caucasian
subjects, lower maternal age has been associated with
an increased incidence of wheezing illness during the
first year of life (18). In contrast, no relation between
maternal age and asthma was observed in our sample
of poor African-Americans. It is possible that in our
high risk population, an influence of maternal age was
obscured by a stronger impact of other adverse factors
(e.g., maternal weight gain and smoking) or by the
close matching of cases and controls on socioeco-
nomic status. Nevertheless, the two studies are consis-
tent in suggesting that increased maternal and fetal
stress, caused by a variety of factors, may adversely
influence lung development and increase asthma risk.

The presence of meconium at birth was inversely
related to the chance of developing asthma. Meconium
aspiration is associated with significant morbidity and
mortality due to lung disease in the newborn period
(39). However, the presence of meconium in the am-
niotic fluid at birth occurs often in association with
increased fetal maturity (40). This may indicate that
fetal maturity is a more important factor in protecting
infants from the development of asthma than the po-
tentially deleterious effects of small amounts of aspi-
rated meconium.

The occurrence of respiratory illnesses during early
infancy and childhood may predispose people to re-
spiratory illness later in life. Many preterm infants
have persistent respiratory morbidity after surviving
neonatal respiratory distress such as bronchopulmo-
nary dysplasia (41). In addition, numerous studies
have demonstrated an increased 10-year incidence of
recurrent wheezing following viral lower respiratory
tract illnesses in infancy (42-46). In our study, the
need for positive pressure ventilation at delivery and
the occurrence of bronchiolitis prior to 2 years of age
were both significant independent predictors of
asthma. In this cross-sectional study, it is difficult to

assess whether these risk factors directly predisposed
children to asthma or rather were markers for children
with compromised lung function who were predis-
posed to problems both in early infancy and in later
childhood. Additionally, we cannot exclude the possi-
bility that bronchiolitis was preferentially diagnosed in
the asthmatic children as compared with the nonasth-
matic children.

Similarly to what has been reported in other popu-
lations, maternal history of asthma and atopy (history
of allergies and eczema) were more common in asth-
matic children than in the nonasthmatic children. We
had postulated that subjects with these "intrinsic host"
risk factors may have had different susceptibilities to
the influences of adverse pre- and perinatal exposures.
However, stratified analyses did not demonstrate sig-
nificant differences in the influences of pre- and peri-
natal factors on asthma risk among subsets of children
with and without a family history of asthma. Similarly,
a history of bronchiolitis or prematurity did not cause
significant effect modification.

The roles of pre- and perinatal risk factors were the
focus of this study. Early life environmental expo-
sures, in addition to environmental tobacco smoke,
undoubtedly also play important roles in asthma
pathogenesis. Although the role of exposure to aller-
gens (e.g., cockroaches, mites, cats, molds, etc.) and
other irritants (nitrogen dioxide) could not be assessed
in this study, it is unlikely in this population of sub-
jects of similar socioeconomic status living in the
same neighborhoods that such exposures were signif-
icant confounders (i.e., related to both asthma occur-
rence and to pre-/perinatal factors).

The study subjects were all born at a single hospital
located within their community and received their
primary health care from this hospital's continuity care
clinic. The extent to which the observations made in
these subjects are generalizable to children with more
varied health care (i.e., children born at a different
facility than the one providing their primary pediatric
care) is not clear. However, significant selection biases
resulting in a distorted frequency of asthmatic versus
nonasthmatic children with adverse pre- and perinatal
exposures were unlikely, suggesting the internal va-
lidity of the findings. The subjects all resided within
census tracts defined by >40 percent of the population
living below the poverty level, and the majority of
mothers received Medicaid and were unmarried. A
plot of the residence of each participant on a city map
did not indicate any differences in the distribution of
the residential locations of cases and controls (data not
shown). However, despite the similarity of residential
patterns, there probably were differences in environ-
mental and psychosocial variables that were not mea-
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sured. Additionally, the assessment of other variables,
e.g., drug and alcohol use, may have been subject to
misclassification bias due to inaccurate reporting.
Thus, it is possible that some of the risk factors iden-
tified in this study (e.g., absent prenatal care) were
surrogates for other exposures. Nevertheless, the find-
ings of this study emphasize the potential importance
of pre- and perinatal risk factors in asthma pathogen-
esis. Specifically, these data provide further support
for programs aimed at wider provision of prenatal
care, including maternal nutritional support and strat-
egies for smoking cessation, to favorably influence
pregnancy outcome as well as to reduce asthma risk
during childhood. Furthermore, the risk factors that
emerged in this study, which were unexplained by
obvious biases, may help us to identify subsets of
children within inner city populations who are at great-
est risk for asthma, and thus are most likely to benefit
from early and/or aggressive intervention.

ACKNOWLEDGMENTS

The authors thank Dr. Raymond W. Redline and Dr.
Murray D. Altose for their help in critically reviewing the
manuscript, Patrick Krejci for assistance with data entry,
and Kathleen Spry for assistance with statistical procedures.

REFERENCES

1. Expert Panel on the Management of Asthma. Guidelines for
the diagnosis and management of asthma: Expert Panel report.
Bethesda, MD: National Asthma Education Program, Office
of Prevention, Education, and Control, National Heart, Lung,
and Blood Institute, 1991. (Publication no. 91-3042).

2. Weitzman M, Gortmaker S, Sobol A. Racial, social, and
environmental risks for childhood asthma. Am J Dis Child
1990; 144:1189-94.

3. Weitzman M, Gortmaker SL, Sobol AM, et al. Recent trends
in the prevalence and severity of childhood asthma. JAMA
1992,268:2673-7.

4. Gergen PJ, Mullally DI, Evans R 3rd. National survey of
prevalence of asthma among children in the United States,
1976 to 1980. Pediatrics 1988;81:l-7.

5. Yunginger JW, Reed CE, O'Connell EJ, et al. A community-
based study of the epidemiology of asthma: incidence rates,
1964-1983. Am Rev Respir Dis 1992;146:888-94.

6. Gergen PJ, Weiss KB. Changing patterns of asthma hospital-
ization among children: 1979 to 1987. JAMA 1990;264:
1688-92.

7. Burney PG, Chinn S, Rona RJ. Has the prevalence of asthma
increased in children? Evidence from the national study of
health and growth 1973-86. BMJ 1990;300:1306-10.

8. Weiss KB, Gergen PJ, Crain EF. Inner-city asthma: the epi-
demiology of an emerging US public health concern. Chest
1992,101(6 suppl):362S-7S.

9. Evans R 3rd. Asthma among minority children: a growing
problem. Chest 1992;101(6 suppl):368S-71S.

10. Mullally DI, Howard WA, Hubbard TJ, et al. Increased hos-
pitalizations for asthma among children in the Washington,
DC area during 1961-1981. Ann Allergy 1984;53:15-19.

11. Sly RM. Mortality from asthma, 1979-1984. J Allergy Clin
Immunol 1988;82:705-17.

12. Weiss KB, Wagener DK. Changing patterns of asthma
mortality: identifying target populations at high risk. JAMA
1990;264:1683-7.

13. Call RS, Smith TF, Morris E, et al. Risk factors for asthma in
inner city children. J Pediatr 1992;121:862-6.

14. Schwartz J, Gold D, Dockery DW, et al. Predictors of asthma
and persistent wheeze in a national sample of children in the
United States: association with social class, perinatal events,
and race. Am Rev Respir Dis 1990; 142:555-62.

15. Gold DR, Rotnitzky A, Damokosh Al, et al. Race and gender
differences in respiratory illness prevalence and their relation-
ship to environmental exposures in children 7 to 14 years of
age. Am Rev Respir Dis 1993;148:10-18.

16. Cunningham J, Dockery DW, Speizer FE. Maternal smoking
during pregnancy as a predictor of lung function in children.
Am J Epidemiol 1994; 139:1139-52.

17. Hanrahan JP, Tager IB, Segal MR, et al. The effect of mater-
nal smoking during pregnancy on early infant lung function.
Am Rev Respir Dis 1992;145:1129-35.

18. Martinez FD, Wright AL, Holberg CJ, et al. Maternal age as
a risk factor for wheezing lower respiratory illnesses in the
first year of life. Am J Epidemiol 1992;136:1258-68.

19. Poysa L, Pulkkinen A, Korppi M, et al. Diet in infancy and
bronchial hyperreactivity later in childhood. Pediatr Pulmonol
1992;13:215-21.

20. Rona RJ, Gulliford MC, Chinn S. Effects of prematurity and
intrauterine growth on respiratory health and lung function in
childhood. BMJ 1993;306:817-20.

21. von Mutius E, Nicolai T, Martinez FD. Prematurity as a risk
factor for asthma in preadolescent children. J Pediatr 1993;
123:223-9.

22. Martinez FD, Cline M, Burrows B. Increased incidence of
asthma in children of smoking mothers. Pediatrics 1992;89:
21-6.

23. Chan KN, Noble-Jamieson CM, Elliman A, et al. Airway
responsiveness in low birthweight children and their mothers.
Arch Dis Child 1988;63:905-10.

24. Barker DJP, Godfrey KM, Fall C, et al. Relation of birth
weight and childhood respiratory infection to adult lung func-
tion and death from chronic obstructive airways disease. BMJ
1991;303:671-5.

25. Gaultier C. Malnutrition and lung growth. Pediatr Pulmonol
1991;10:278-86.

26. Melnikow J, Alemagno S. Adequacy of prenatal care among
inner-city women. J Fam Pract 1993;37:575-82.

27. Pregnancy risks determined from birth certificate data—
United States, 1989. MMWR Morb Mortal Wkly Rep 1992;
41:556-63.

28. Sokol RJ, Woolf RB, Rosen MG, et al. Risk, antepartum care,
and outcome: impact of a maternity and infant care project.
Obstet Gynecol 1980;56:150-6.

29. Collins JW Jr, Shay DK. Prevalence of low birth weight
among Hispanic infants with United States-born and foreign-
born mothers: the effect of urban poverty. Am J Epidemiol
1994;139:184-92.

30. Johnston C. Cigarette smoking and the outcome of human
pregnancies: a status report on the consequences. Clin Toxicol
1981;18:189-209.

31. McDonald R, Lanford C. Effect of smoking on selected clin-
ical obstetric factors. Obstet Gynecol 1965;26:470-5.

32. Weitzman M, Gortmaker S, Walker DK, et al. Maternal smok-
ing and childhood asthma. Pediatrics 1990;85:505-ll.

33. Lebowitz MD, Sherrill D, Holberg CJ. Effects of passive
smoking on lung growth in children. Pediatr Pulmonol 1992;
12:37-42.

34. Sherrill DL, Martinez FD, Lebowitz MD, et al. Longitudinal
effects of passive smoking on pulmonary function in New
Zealand children. Am Rev Respir Dis 1992;145:1136-41.

35. Tager IB, Weiss ST, Mufioz A, et al. Longitudinal study of the
effects of maternal smoking on pulmonary function in chil-

Am J Epidemiol Vol. 143, No. 6, 1996

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/143/6/570/98831 by guest on 21 August 2022



Prenatal Risk Factors for Asthma 577

dren. N Engl J Med 1983;309:699-703.
36. Wright AL, Holberg C, Martinez FD, et al. Relationship of

parental smoking to wheezing and nonwheezing lower respi-
ratory tract illnesses in infancy. Group Health Medical Asso-
ciates. J Pediatr 1991;118:207-14.

37. Young S, Le Souef PN, Geelhoed GC, et al. The influence of
a family history of asthma and parental smoking on airway
responsiveness in early infancy. N Engl J Med 1991;324:
1168-73.

38. O'Connor GT, Weiss ST, Tager IB, et al. The effect of passive
smoking on pulmonary function and nonspecific bronchial
responsiveness in a population-based sample of children and
young adults. Am Rev Respir Dis 1987;135:800-4.

39. Katz VL, Bowes WA Jr. Meconium aspiration syndrome:
reflections on a murky subject. Am J Obstet Gynecol 1992;
166:171-83.

40. Usher RH, Boyd ME, McLean FH, et al. Assessment of fetal
risk in postdate pregnancies. Am J Obstet Gynecol 1988;158:

259-64.
41. Yuksel B, Greenough A. Persistence of respiratory symptoms

into the second year of life: predictive factors in infants born
preterm. Acta Paediatr 1992;81:832-5.

42. Shohat M, Levy G, Levy I, et al. Transient tachypnoea of the
newborn and asthma. Arch Dis Child 1989;64:277-9.

43. Henderson FW, Stewart PW, Burchinal MR, et al. Respiratory
allergy and the relationship between early childhood lower
respiratory illness and subsequent lung function. Am Rev
Respir Dis 1992;145:283-90.

44. Ogra PL. Allergy, respiratory tract infections and bronchial
hyperreactivity. Pediatr Infect Dis J 1989;8:347-52.

45. Sly PD, Hibbert ME. Childhood asthma following hospital-
ization with acute viral bronchiolitis in infancy. Pediatr Pul-
monol 1989;7:153-8.

46. Tepper RS, Rosenberg D, Eigen H. Airway responsiveness in
infants following bronchiolitis. Pediatr Pulmonol 1992;13:
6-10.

Am J Epidemiol Vol. 143, No. 6, 1996

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/143/6/570/98831 by guest on 21 August 2022


