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Introdudion
Lower respiratory illnesses are major

causes of childhood morbidity in the
United States. Approximately 30% of in-
fants less than 1 year of age visit a doctor
for a lower respiratory illness, and about
1% of infants who are healthy at birth are
hospitalized for the illness.'-6 Although
the vast majority of acute lower respira-
tory illnesses are without complication,
recent studies indicate that the occurrence
of these illnesses in infancy may predis-
pose to the development of obstructive
airways disease in later life.7-9

Clinical experience suggests that in-
fants of low socioeconomic status have
higher rates of lower respiratory illness
than more socially advantaged infants, but
few studies have investigated this relation-
ship. Previous studies of socioeconomic
status and lower respiratory illness have
provided limited information because they
have examined only differences in mortal-
ity rates or because they have been hos-
pital rather than community based.5,6"10
The major studies of respiratory illness in
childhood have focused on lower respira-
tory illness in middle-class families or on
upper respiratory illness."11"2 Thus, it is
unclear whether the clinical impression
that infants of low socioeconomic status
have higher rates of lower respiratory ill-
ness is correct, and if so, whether it re-
flects an increased incidence of this ill-
ness, more severe illness, or more chronic
illness.

The objectives of this study were to
determine whether rates of acute lower
respiratory illness and chronic respiratory
symptoms differ among socioeconomic
status groups and to identify environmen-
tal risk factors that might account for
whatever differences in rates of disease

were observed and that might be amena-
ble to clinical or public health interven-
tion.

Methods

Study Sample
We analyzed data from the control

group of a community-based randomized
trial designed to study the effects of an
intervention to reduce infants' exposure
to tobacco smoke and, thereby, their rate
of lower respiratory illness in the first year
of life. In the trial, an attempt was made to
enroll a large proportion of the infants
born in Alamance and Chatham counties
in central North Carolina between 1986
and 1988. Recruitment of families took
place at three hospitals at which 80% of
the births in these counties occur. All
mothers who gave birth to infants who
weighed more than 2000 g andwho did not
require neonatal care outside the normal
newborn nursery were asked to partici-
pate. At the time of recruitment, families
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were told only that the studywas intended
to investigate infant health during the first
year of life.

Data about potential risk factors for
lower respiratory illness were collected
during home interviews when the infants
were 3 weeks and 12 months of age. In-
formation was elicited by questionnaires
administered to the infants' mothers and
included demographic, enviroumental,
and psychosocial characteristics. Data
collectors were not told the objectives of
the study.

Mea srmn ofRespiratory Illness

We used two measures ofrespiratory
iliness: acute lower respiratory illness and
persistent respiratory symptoms.

Symptoms ofacute lower respiratory
illness were measured by telephone calls
to the families every 2 weeks. Telephone
interviewers used standardized data col-
lection forms and inquired about respira-
tory as well as nonrespiratory symptoms.
Only the families with telephones, who
constituted 85% ofthe study sample, were
questioned about the presence of acute
symptoms.

Acute lower respiratory illness was
defined as the parents' report of the pres-
ence of cough, wheezing, and rattling in
the chest. The incidence of acute lower
respiratory illness was expressed as the
number of episodes per child year at risk.
The choice of this definition was based on
a separate study of patients from the Uni-
versity of North Carolina Hospitals out-
patient department and a private pediatric
practice.'3 In this study, the combination
of symptoms of cough plus wheezing and
rattling in the chest had a sensitivity of
88% (95% CI = 0.80, 0.96) and a specific-
ity of 68% (95% CI = 0.60, 0.76) in iden-
tifyinglower respiratory illness (likelihood
ratio = 2.75; 95% CI = 2.07, 3.65).

The presence ofpersistent respiratory
symptoms was measured at the 12-month
home interview using the American Tho-
racic Society children's questionnaire for
studies of respiratory illness.'4 The ques-
tionnaire was modified slightly to make it
more appropriate for use with infants. In-
fants who were reported to "usually
cough" or "occasionally wheeze" were
classified as having persistent respiratory
symptoms. All families in the study were
asked about the presence of persistent
symptoms, regrdless ofwhether they had
telephones.

MeasureMent ofRisk Factors for
Respiratory Illness

The infants' socioeconomic status
was classified into three levels according
to the highest level of education achieved
by the head of the household. Families in
which the head of the household did not
graduate from high school were classified
as low socioeconomic status. If the head
of household had completed only high
school, the family was placed in the mid-
dle socioeconomic group; if more than a
high school education, the high group. We
used educational achievement because it
appears to be a relatively stable measure
ofsocioeconomic status inyoung families,
whose incomes or occupational status
may be increasing. Education is also the
socioeconomic status measure that is
most closely associated with health out-
comes in children. 1516

Each infant's exposure to tobacco
smoke was measured as the number of
cigarettes smoked in the infant's presence
during the week prior to the 12-month
home visit. We chose to measure expo-
sure at the 12-month home visit because
other evidence from this study indicated
that the amount ofexposure remained sta-
ble throughout the entire firstyear oflife.17
In these analyses, infantswere considered
exposed to tobacco smoke if any smoking
occurred in their presence during this time
period. The questionnaire that was used
for this measurement is described in detail
elsewhere.18

Infants were considered exposed to
day care if they were with at least one
other child who was not their sibling for
more than 4 hours per week and if they
were cared for by someone other than
their parents.'9'2 Day-care exposure was
measured at the 12-month home inter-
view. Household crowdingwas defined as
the number of persons per room in the
house andwas classified into three levels:
less than 0.5 persons per room, 0.5
through 1.0 persons per room, or more
than 1.0 persons per room. Infants were
considered exposed to smoke from a
wood stove if the wood stove was the pri-
mary source of home heating.

Feeding and stresswere measured at
the 3-week home interview. Infants were
classified as bottle fed if they received
only formula and as breast fed if they
received human milk with or without for-
mula. Mothers' psychological stress was
measured at the first home interview by
seven questions from the Rand Mental
Health Inventory.2' The scores on the in-
dividual questions were averaged to pro-

vide a summary measure of stress. The
summary measure was grouped into ter-
tiles to define low, medium, and high lev-
els of stress. We used this grouping to
increase the clinical interpretability of
our results.

A family history of allergy was de-
fined as the presence of asthma or hay
fever in either parent. The season of an
infant's birth was considered to be respi-
ratory if the infant was born between Oc-
tober and March and nonrespiratory if the
infant was bom between April and Sep-
tember.22

StafisticalAnalyses
The variance of the incidence den-

sity of lower respiratory illness was com-
puted using the Taylor series method 23
The significance of the differences in in-
cidence of lower respiratory illness
across socloeconomic status groups was
assessed by a test for linear trend using a
Wald x2 statiStiC.24

Relationships between the respira-
tory risk factors, socioeconomic status,
and persistent respiratory symptomswere
summarized by prevalence relative risks,
and statistical signifcance was assessed
by x2 tests. After calculating the unad-
justed relative risk of persistent respira-
tory symptoms for the low and middle so-
cioeconomic groups compared with the
high socioeconomic group, Cochran-
Mantel-Haenzel methodswere used to ad-
just the relative risk estimates and confi-
dence intervals for the effects ofindividual
risk factors.25

We used logistic regression to ana-
lyze to what extent the relationship be-
tween socioeconomic status and persis-
tent respiratory symptoms could be
accounted for by simultaneously consid-
ering interactions between socioeconomic
status and other risk factors for lower res-
piratory illness and confounding by other
risk factors.26ZV In the models, only the
risk factors associated with both the pres-
ence of persistent symptoms and socio-
economic status were considered.27 The
predictor variables in the full model were
examined for evidence of collinearity us-
ing standard analysis techniques.28
Crowding, stress, and socioeconomic sta-
tus were included in the logistic models as
interval variables after plots confirmed
that each had a linear relationship with the
outcome variable on a logit scale-29

To determine whether effect modifi-
cation was present, the full model, which
included all two-way interactions between
the risk factors and socioeconomic status,
was simplified by deleting statistically
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nonsignificant interactions in a backward
selection procedure (maximum likelihood
x2 statistic; P value = .1 to remain in the
model). Only two-way interaction terms
were considered for inclusion in the mod-
els, and the sole significant interactionwas
between socioeconomic status and day
care. After assessing for effect modifica-
tion, we determined whether any of the
risk factors could be removed from the
model including the socioeconomic status
and day-care interaction without an im-
portant change in the estimated effect of
socioeconomic status.27 The final model
was used to estimate the prevalence of
persistent symptoms for groups of infants
given various risk factors.25

Resud
Characteristics ofStudy
Particpants

There were 2332 births in which the
infant was eligible to participate in the in-
tervention trial. Of the eligible families,
1091 (47%) agreed to enroll. Of the 516
infants who were randomized to the con-

trol group, 396 (77%) completed the study
and were included in the analysis for this
paper. Three infants were excluded be-
cause their race was neither White nor

Black. The socioeconomic status of the
393 infants studied was as follows: 20%o
low, 31% middle, and 49% high.

Compared with the 1241 infants from
families refusing enrollment, study infants
were more likely to be of high socioeco-

nomic status and were more often Black
(Table 1). Study infants were less likely to
have mothers who smoked. In families in
which mothers did smoke, however,
study mothers and mothers from families
refusing enrollment smoked the same av-

erage numberofcigarettesper day. The 33
families without telephones, forwhomwe
do not have a measurement of the inci-
dence of acute lower respiratory illness,
were more often of low or middle socio-
economic status than those in the study
group as a whole. The distribution of so-

cioeconomic status among those without
telephones was as follows: 49% low, 42%
middle, and 9% high. However, the dis-
tribution of other risk factors in these
groups appeared similar to the distribution
of risk factors in the entire sample.

When compared with the infants of
the 120 families who enrolled but did not
complete the study, infants of families
who completed the studywere more often
of high socioeconomic status (49% vs

20%) but less often Black (30% vs 47%)

and less likely to have mothers who
smoked (21% vs 37%). The distnbution
among socioeconomic groups of potential
risk factors for lower respiratory illness
(household crowding, exposure to to-
bacco smoke) was the same among study
infants and dropouts.

Fiequency ofRespiratory Illness
Both the incidence of acute lower

respiratory illness and the prevalence of

persistent symptoms had dose-response
relationships with socioeconomic status.
The incidence of acute lower respiratory
illness (episodes per child year) was 1.41
for low socioeconomic infants, 1.26 for
middle socioeconomic infants, and 0.67
for high socoeconomic infants (P = .009
for linear trend). The relationshipbetween
the prevalence of persistent respiratory
symptoms and socioeconomic status was
even more marked (Table 2). Among in-
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fants of low socioeconomic status, 39%
had persistent symptoms; only 14% had
persistent symptoms in the high socaoeco-
nomic group. Infants in the low socioeco-

nomic group were 2.9 (95% CI = 1.9,4.5)
times more likely than infants of high so-

cioeconomic status to have persistent res-

piratory symptoms.
Infants who had persistent respira-

tory symptoms were more likely to have
had an acute lower respiratory illness
than those who did not have persistent
symptoms. Of infants with persistent

symptoms, 68% had at least one episode
of acute lower respiratory illness,
whereas only 32% of infants without per-
sistent symptoms had any episodes ofthe
illness (P < .0001, x2). However, the
presence of persistent symptoms did not
represent repeated episodes of acute
lower respiratory illness. Among infants
with persistent symptomswho had expe-
rienced an acute lower respiratory ill-
ness, most (63%) had only one or two
episodes, and only 15% had more than
three episodes.

Relationship ofRisk Factors to
Socioeconomic Status and
Persistent Respiratory Symptoms

To investigate how much of the ef-
fect of socioeconomic status could be re-
lated to demographic, environmental, or
psychosocial factors, we evaluated its as-
sociation with persistent respiratory
symptoms after controlling for risk fac-
tors for lower respiratory illness3-37 that
were also associated with both socioeco-
nomic status and persistent respiratory
symptoms in our data. We focused on
persistent or continuing respiratory
symptoms because they may be indica-
tive of the long-term impact of acute res-
piratory illness. In these analyses, factors
that contributed to the effect of socioeco-
nomic status would lead to a decrease in
the association between socioeconomic
status and persistent respiratory symp-
toms.

Table 3 shows the relationship of the
risk factors we studied to socioeconomic
status, and Table 4 indicates their relation-
ship to persistent respiratory symptoms.
Of the demographic, familial, and envi-
ronmental factors, only the infants' sex
and season of birth were not associated
with socioeconomic status. Although the
association of low birthweight with per-
sistent symptoms was not statistically sig-
nificant (P = .074), the prevalence of this
risk factor in the study sample was low
(4.6%) because infants weighing less than
2000 g were excluded from the study. We
decided to adjust for low birthweight in
studying the relationship between socio-
economic status and persistent symp-
toms, however, because the magnitude of
its relationship was clinically relevant (rel-
ative risk = 1.85) and because there was
previous evidence of its association with
persistent respiratory illness.38 Thus,
household crowding, exposure to tobacco
smoke, style of feeding, birthweight,
stress, and race were related to both so-
cioeconomic status and persistent respi-
ratory symptoms.

The effect of day care on persistent
symptoms differed significantly according
to the socioeconomic status of the infant
(Figure 1). Among infants of high socio-
economic status, enrollment in day care
was associated with an increase in the
prevalence of persistent symptoms. In in-
fants of low and middle socioeconomic
status, however, enrollment in day care
was associated with a reduction in the
prevalence of persistent symptoms.
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Effect ofRisk Factors on the
Relationship ofSocioeconomic
Status to Persistent Respiratory
Symptoms

To evaluate the effect of the risk fac-
tors on the relationship between socioeco-
nomic status and persistent respiratory
symptoms, we compared the unadjusted
relative risk of persistent symptoms in the
low and middle socioeconomic groups
with the relative risk of persistent symp-
toms after adjusting for each risk factor
separately by stratified analysis (Table 5).
The greatest reduction in the relative risk
occurred after control for exposure to
household crowding and tobacco smoke
among infants of low socioeconomic sta-
tus. Control for crowding decreased the
relative risk among infants of low com-
pared with high socioeconomic status
from 2.9 to 2.2, and control for tobacco
smoke exposure reduced the relative risk
of persistent symptoms to 2.3.

We used logistic regression to evalu-
ate how much of the effect of socioeco-
nomic status on persistent symptoms
might be produced by all the risk factors
together. We compared the odds of per-
sistent symptoms in a model that did not
adjust for the effect ofthe risk factors with
the odds of persistent symptoms in a
model that adjusted for all the risk factors
together (see Appendix). The odds ratios
estimated from the models do not approx-
imate the relative risks calculated by strat-
ified analysis because of the high preva-
lence of persistent symptoms.

In the model that did not adjust for
the effect of the risk factors, the odds ratio
of persistent symptoms among infants of
low compared with high socioeconomic
status was 12.4 (95% CI = 7.5, 20.3) for
those not in day care (Table 6). Among
infants in day care, the odds ratio of per-
sistent symptoms was 2.8 (95% CI = 1.6,
4.8). Control for all the risk factors re-
duced the odds of persistent symptoms
among infants of low compared with high
socioeconomic status from 12.4 to 6.9
(95% CI = 3.8, 12.2) for infants not in day
care and from 2.8 to 1.3 (95% CI = 0.7,
2.4) for infants in day care. After account-
ing for all the risk factors, the effect of
socioeconomic status remained signifi-
cant only for infants not in day care.

To illustrate howmuch these risk fac-
tors contributed to the effect of socioeco-
nomic status on persistent symptoms, we
estimated the prevalences of persistent
respiratory symptoms from the logistic
model for infants of different socioeco-
nomic status groupswho were exposed to
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various risk factors. Tables 7 and 8 show
the estimated effect of the risk factors
among infants in daycare (44% ofthe sam-
ple) and not in day care. For example, for
infants oflow socioeconomic status not in
day care (Table 7) and not exposed to any
risk factors, the prevalence of persistent
symptomswould be about 22%. Exposure
to tobacco smoke would increase the
prevalence of persistent symptoms to
28%; crowding and smoking to 59%o. Ex-
posure to all the risk factors would in-
crease the prevalence of persistent symp-
toms to 80o. Although these risk factors
increased the probability ofpersistent res-
piratory symptoms in all socioeconomic
groups, the effect ofthe risk factors on the
prevalence of symptoms would be great-
est in the low socioeconomic group.
Among infants of low socioeconomic sta-
tus, the difference in prevalence between
those exposed to all the risk factors and
those exposed to none would be 58%.
Among infants of high socioeconomic sta-
tus, however, the difference would be
only 33%. For infants who were enrolled
in day care, the effects of exposure to risk
factors were similar in all three socioeco-
nomic groups (Table 8).

Diwussion
Our results indicate that infants of

low socioeconomic status experience a
higher incidence of acute lower respira-
tory illness and a higher prevalence ofper-
sistent respiratory symptoms than infants
of high socioeconomic status. These re-
sults could have occurred iffamilies oflow
socioeconomic background were more
likely to report symptoms in their chil-
dren. However, there is evidence that
highly educated families are more likely
than less-educated families to report res-
piratory symptoms.39 In our assessment
of the validity of our acute respiratory
symptoms questionnaire, we did not de-
tect clinically or statistically significant
differences by socioeconomic status in re-
sponses to the questions, but our sample
was small.

The differences we observed in the
frequencies of respiratory symptoms
across socioeconomic strata are also not
explained by how we measured respira-
tory illness. Inaccuracy in the measure-
ment ofacute lower respiratory illness and
persistent respiratory symptoms would
have led to random misclassification of
respiratory illness and diminished the ob-
served differences between socioeco-
nomic groups. Therefore, the effects of

socioeconomic status we found are likely
to be conservative estimates.

The large number of infants who
were not in the study sample may limit the
generalizability of our results. Only about
halfofthe eligible familieswere enrolled in
our study, and there were some differ-
ences in the distnbution ofrisk factors and
socioeconomic status between the study
population and the target population. For
example, infants in the study sample were
ofhigher socioeconomic status, and fewer
had mothers who smoked. This exposure
to fewer risk factors among study infants
compared with the population as a whole
also indicates that our results may repre-
sent conservative estimates of the differ-
ences between socioeconomic groups.

Although socioeconomic status af-
fects both the incidence of acute lower
respiratory illness and the prevalence of
persistent respiratory symptoms, its im-
pact appears to be greater on the preva-
lence of persistent symptoms. One possi-
ble explanation for the differing effects of
socioeconomic status on acute lower res-
piratory illness and persistent symptoms
may be that factors related to socioeco-
nomic status have a more pronounced ef-
fect on infants' risk of developing serious
or chronic lower respiratory illness than
on their risk of becoming infected. This
explanation is consistent with the results
of other studies that indicate that socio-
economic status appears to have little ef-
fect on rates of upper respiratory illness,
but more of an effect on acute lower res-
piratory illness and a still greater influence
on serious and chronic forms of this ill-
ness.12,40

There are insufficient data to assess
the long-term clinical significance of per-
sistent respiratory symptoms in 1-year-old
infants. In studies of older children, how-
ever, a history of chronic cough and oc-
casional wheezing has been associated
with decrements in measurements of pul-
monary function,41 and such reducedven-
tilatory function may be associated with
chronic obstructive airways disease.7

There is little direct information
about differences in incidence of acute
lower respiratory illness across socioeco-
nomic groups. However, the one previous
study of this question found differences in
incidence rates that were similar to ours.
Gardner et al.42 described the incidence of
lower respiratory illness in 23 low socio-
economic infants and 48 high socioeco-
nomic infants who were participants in a
community viral surveillance project in
Houston. Lower respiratory illness was
diagnosed by physical examination at

home visits every 1 to 2 weeks. Although
we used a telephone survey to identify
illnesses in a larger and community-based
cohort identified at birth, the incidence
rates of lower respiratory illness they ob-
served (1.43 episodes per child year in the
low socioeconomic group, 1.0 episodes
per child year in the middle socioeco-
nomic group, and 0.72 episodes per child
year in the high socioeconomic group)
were similar to ours.

Previous evidence suggests that there
are large differences in the severity of
lower respiratory illness in infants of low
compared with high socioeconomic sta-
tus. For example, infants oflow socioeco-
nomic statuswho are healthy at birth have
mortality rates from lower respiratory ill-
ness in the first year of life that are 2 to 4
times higherthan thosefound amongmore
advantaged children,10'43 and other stud-
ies of infants suggest that hospitalization
rates for lower respiratory illness are 5 to
10 times higher among poor as compared
with middle-class infants.5"44

Chronic respiratory symptoms, too,
are more prevalent in school-aged chil-
dren of low socioeconomic status, but the
effects ofsocioeconomic statuson chronic
respiratory symptoms in infancy have not
been studied longitudinally. For example,
Colley and Reid found the prevalence of
chronic cough to be about three times
higher in school children of low compared
with high socioeconomic status.45 Studies
by Ware et al. and Schenker et al. also
found that chronic cough and a history of
serious "chest illness" in infancy were
more common in children of low socio-
economic status.46'47

Of the risk factors for respiratory ill-
ness we found to be important in our
study, most are supported by previous
work30-37 The finding that day care was
associatedwith asomewhatreduced prev-
alence of persistent symptoms in low so-
cioeconomic families and an increased
prevalence in high socioeconomic families
was unexpected and has not been previ-
ously reported. It deserves exploration in
another study. It is possible that the pro-
tective effect of day care among the in-
fants of low and middle socioeconomic
status could be related to the smaller size
of their day-care groups or to a reduction
in these infants' exposure to environmen-
tal factors such as tobacco smoke.48We
found that families of low socioeconomic
status tended to use day care less often
and that infants in these families were
more often cared for alone or in small
groups (< 5 children), whereas infants of
high socioeconomic status were more
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commonly in large-group day-care set-
tings in which the likelihood of exposure
to infection is greater.

Our results indicate that much of the
effect of socioeconomic status can be ex-
plained by factors that are related to the
infant's home environment, most ofwhich
are mutable (exposure to tobacco smoke,
crowding, stress, low birthweight, and
bottle feeding). In addition, exposure to
risk factors for respiratory illness is not
onlymore common among families oflow
socioeconomic status, but the effect ofthe
exposure also seems to be the greatest in
this group, at least among infants not in
day care. From a public health perspec-
tive, these findings indicate that infants of
low socioeconomic status are especially
likely to benefit from interventions that
reduce their exposure to risk factors for
respiratory illness. Given the high preva-
lence of persistent symptons in infants of
low socioeconomic status, even small
changes in what are potentially mutable en-
vionmental risk factors could have a sub-
stantial impact on the health ofpoor infants.

Finally, our results indicate that a
substantial portion of the effect of socio-
economic status cannot be explained by
known environmental exposures. Thus,
we should continue to study those at high-
est risk in order to understand better the
factors that subject the socially disadvan-
taged to excessive burdens of illness. It
may be necessary to develop interven-
tions aimed not only at changing exposure
to individual risk factors, but also at
changing the social, political, and eco-
nomic environment that promotes the ef-
fects of low socioeconomic status. 0
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