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This paper attempts to answer a series of questions regarding the interaction of
income and birth weight across generations. First, does the effect of the income
of a mother during her pregnancy on her infant’s birth weight depend on the
Sfamily's birth weight history (genetic predisposition)? Second, does the effect of
low birth weight status on adult life chances depend on income during early
childhood? These questions have implications for the way we envision the bio-
logical and social worlds as interacting across generations. To address these
issues, this study uses intergenerational data from the Panel Study of Income
Dynamics, survey years 1968 through 1992. Results of sibling comparisons
(family-fixed-effects models) demonstrate that maternal income has a signifi-
cant impact on birth weight for those infants who are already at high risk hered-
itarily (i.e., who have a low birth weight parent). However, it is not clear
whether income acts as a developmental buffer for low birth weight infants as
their lives progress. These findings suggest the existence of biosocial interac-

tions between hereditary predisposition and socio-economic environment.

In recent research, Conley and Bennett
(2000) examined the association between birth
weight and life chances in a bidirectional
framework, finding that the relationship
between income and low birth weight may be
counterintuitive. Specifically, they find that
income during pregnancy has no effect on the
risk of delivering a low birth weight (less than
2,500 grams, or five pounds, eight ounces)
baby when hereditary risk is controlled, either
through inclusion of parental birth weight sta-
tus or by deployment of family fixed-effects-
models. However, using the same methods,
they argue that being born of low birth weight
detrimentally affects one’s life chances (as
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measured by timely high school graduation).
From the combination of these two findings,
Conley and Bennett (2000) conclude that pre-
vious studies, which have documented a causal
effect of maternal income on the risk of low
birth weight, may in fact be reporting spurious
findings: The actual causal direction may work
from infant health status to adult income.

The current paper builds on this work in two
significant ways. First, we ask whether the
effect of income on birth weight depends on
hereditary risk. Specifically, Conley and
Bennett (2000) did not find an effect of mater-
nal income on low birth weight; however, they
did not model the interaction of income and
hereditary risk. It is reasonable to assume that
income may only matter for those mothers who
fall into a biologically high-risk category. This
possibility is particularly intriguing since earli-
er work suggests that having other family
members who were born of low birth weight is
one of the best predictors of one’s own risk
(Wang et al. 1995). Second, we ask a converse
question: Does the effect of low birth weight
on adult outcomes (such as educational attain-
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ment) depend on the income of one’s parents?
It may be the case that families with higher
incomes can provide buffers against the possi-
ble deleterious effects of low birth weight over
the long run. The answers to each of these
research questions are potentially of great
import from a policy perspective. In both
cases, the additional knowledge gained allows
us to focus more precisely on those families at
high risk and thus create greater efficiency in
the efforts to address low birth weight and its
harmful consequences.

It is important to note that much of the pre-
vious work in the area of the causes and con-
sequences of low birth weight has been limited
by its reliance on traditional regression
approaches, which may be subject to unob-
served variable bias. That is, in the traditional
formulation it is less clear that the results are
not really an artifact of the unmeasured char-
acteristics of what types of families tend to
have low income and low birth weight chil-
dren. Family-fixed-effects approaches (sibling
comparisons) offer a potential solution to this
problem. Before we describe these methods in
detail, below we review the previous literature
on the causes and consequences of low birth
weight.

THEORY AND EVIDENCE REGARDING
LOW BIRTH WEIGHT

Social Determinants of Birth Weight

Researchers have documented several envi-
ronmental factors that lead to an increased risk
of delivering a low birth weight baby. Some are
socio-economic while others are behavioral
and personal in nature. Among the socio-eco-
nomic and demographic factors affecting birth
weight are maternal age (such that women
under 20 and over 35 are at a higher risk of
delivering a low birth weight infant), labor
force status (working mothers tend to experi-
ence greater risks [Peoples-Sheps, Siegel, and
Suchindran 1991], particularly in occupations
that expose women to second-hand smoke
[Bakketeig et al. 1993]), education level (high-
er education leads to lower rates of low birth
weight [Duncan and Laren 1990]), parity (first
borns are more often of low birth weight
[Helsel, Petitti, and Kunstadter 1992]), birth
spacing (pregnancies spaced close together are
more likely to result in low birth weight
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[Klebanoff 1988]), maternal stature, weight
before pregnancy, and weight gain during
pregnancy. Behavioral factors such as alcohol
or drug use by the mother have long been
known to increase the risk of low birth weight
(Cornelius et al. 1995). Maternal smoking, too,
has been well documented as a factor increas-
ing the incidence of low birth weight
(Overspect and Moss 1991; Bakketeig et al.
1993).

While these effects have been relatively well
established in the literature, what remains less
clearly understood is the nature of the effect of
poverty (i.e., income) on birth weight (Aber et
al. 1997). Many studies examine aggregate
data (see Grossman and Jacobowitz 1981;
Davis 1988; Stockwell, Goza, and Roach
1995), for example, documenting a statistical
link between county-level poverty rates on the
one hand and their percentages of low birth
weight babies and infant mortality rates on the
other. Other studies find an ecological rela-
tionship at the national level (Tresserras et al.
1992). Although these studies add to our
knowledge base in meaningful ways, they can-
not, by the very nature of the data analyzed,
provide clues with respect to the influence of
family-level poverty on birth weight. For
example, they cannot tell us whether the
impact of family poverty is linear or whether it
is even a “true” effect and not the result of
omitted variable bias.

Gortmaker (1979) laid the groundwork for
modeling the effect of family-level poverty on
birth weight by examining data collected by
the National Center for Health Statistics in the
National Natality and Infant Mortality
Surveys. The purpose of these surveys was to
expand the range of information on births and
deaths that one would glean from birth and
death certificates alone. He documented a neg-
ative effect of poverty on birth outcomes net of
many of the other factors reviewed above.
However, many unanswered questions remain
regarding the relationship between poverty and
birth outcomes. For example, Starfield et alia
(1991) find that for children born to white
mothers of the National Longitudinal Survey
of Youth, poverty increases the incidence of
low birth weight; by contrast, for blacks in the
sample its effect is insignificant (although
blacks have a higher risk at all socio-economic
levels). In a similar vein, Collins and Shay
(1994) find that for Hispanics, urban poverty is
negatively associated with birth weight “only
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when the mother is Puerto Rican or a U.S.-
born member of another subgroup” (p. 184).
By contrast, however, using data from the
1972-1985 waves of the Panel Study of
Income Dynamics, Duncan and Laren (1990)
find that among African-Americans, family
poverty has a powerful effect on the risk of
delivering a low birth weight baby net of fam-
ily and neighborhood demographic factors.

Further obscuring these findings is the fact
that poverty is associated with a host of other
cofactors that themselves affect birth out-
comes.! These include, but are not limited to,
the factors listed above. Particularly salient to
the current study is the issue of the mother’s
own birth weight. Conley and Bennett (2000)
argue that previously observed relationships
between poverty during pregnancy and low
birth weight may be spurious, resulting from
the fact that those mothers who are low birth
weight themselves also tend to be poor. In
other words, poor, low birth weight mothers
could be transmitting their biological propensi-
ties to be born of low birth weight to their off-
spring, while the fact that they are poor is
merely coincidental (or is a result of their birth
weight status). However, Conley and Bennett
(2000) do not consider the possibility that an
effect of maternal income and poverty may be
contingent on the biological propensities (risk
factors) of the parents. We might not expect
income to matter much unless, from a health
standpoint, a fetus is already at high risk of low
birth weight. Before we discuss our research
strategy to address this possibility, below we
review the literature on the sequelae of low
birth weight.

Birth Weight and the Lingering Effects of
Poverty

Over the course of the twentieth century,
infant mortality has steadily declined in the
United States, largely as a result of reductions
in the post-neonatal (ages 2—12 months) death
rate. Birth weight is central to further reduc-
tions in the infant mortality rate since death
rates for the neonatal period (first month of
life) are quite sensitive to birth weight (Luke et
al. 1993). For example, among babies born in
1996, the infant mortality rate for those who
weighed over 2,500 grams at birth was 2.77
per 1,000; it was 17.45 per 1,000 babies born
between 1,500 and 2,500 grams; meanwhile, a
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staggering 259.35 per 1,000 very low birth
weight infants (less than 1,500 grams, or three
pounds, five ounces) died within the first year
of life (National Center for Health Statistics
2001). Further bolstering the importance of
studying low birth weight is research that
demonstrates that both the neonatal and post-
neonatal infant mortality rates are highly sen-
sitive to the rate of low birth weight.
Specifically, when the percentage of low birth
weight births is reduced, a greater correspond-
ing reduction in the percentage of infant deaths
occurs (Johnson and Zaki 1988). In other
words, the mortality “elasticity” for low birth
weight is greater than one.

For those children who do survive past the
first year of life, birth weight (and its interac-
tion with subsequent poverty) is a very impor-
tant predictor of multiple measures of develop-
ment (Breslau et al. 1994). Most notable are
the neurological deficits that low birth weight
babies experience (Pena, Teberg, and Finello
1988). Minor neurological abnormalities have
been detected in as many as 30 percent of low
birth weight babies (Michaelis et al. 1993;
Robertson et al. 1992). The development of
language comprehension skills has been
shown to be significantly related to birth
weight and gestational age, while expressive
skills were less affected by these factors.
Visual recognition acuity has also been shown
to be deficient in low birth weight infants
(Getz, Dobson, and Luna 1994).

Pre-term and low birth weight infants may
also suffer in their psychological and intellec-
tual development. Holding other cofactors
constant, there is a clear inverse relationship
between gestational age at birth and develop-
mental scores in a variety of tests at multiple
ages (Breslau et al. 1994; Brooks-Gunn,
Klebanov, and Duncan 1996). In one study, it
was shown that at ages eight years, seven
months to 11 years, two months, low birth
weight children demonstrated consistently
lower scores on the Wechsler Intelligence
Scale for Children (WISC) and the Bruininks-
Oseretscky test of motor proficiency than non-
low-birth-weight children (Seidman et al.
1992). In another study, even controlling for
current poverty, low birth weight babies exhib-
ited greater classroom behavior problems than
those born of normal weight (Klebanov,
Brooks-Gunn, and McCormick 1994). Further
complicating the issue is the fact that poverty
and other socio-economic circumstances may
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play a role in determining the sequelae of low
birth weight. For example, Bradley et alia
(1994) write that, “Overall, premature low
birth weight children born into conditions of
poverty have a very poor prognosis of func-
tioning within normal ranges across all the
dimensions of health and development
assessed” (p. 346). They found that at age three
only 12 percent of premature babies living in
poverty functioned at the normal cognitive
level. In this manner, poverty may not only
determine birth outcomes, but also may inter-
act with those very birth outcomes it has
helped foster.

Some recent research has demonstrated that
even into adulthood low birth weight may have
detrimental effects. One study found that the
average cognitive functioning (i.e., IQ) of
Danish conscripts who were born of low birth
weight was significantly lower than that of nor-
mal birth weight individuals (Sorensen et al.
1997). Another study, this one of nurses,
showed that low birth weight led to an
increased risk for cardiovascular disease in
adulthood, that is, heart attack and stroke
(Rich-Edwards et al. 1997). (However, as was
the case with the prediction of birth weight, the
issue of unobserved variable bias plagues this
research.) Finally, Conley and Bennett (2000)
argue that the deleterious effects of low birth
weight on adult educational attainment survive
the test of family-fixed-effects models.
However, they fail to test whether the negative
consequences of low birth weight are equal for
all income strata. In other words, as in the case
of predicting birth weight, it may be the case
that biological health status interacts with the
socio-economic conditions of the family. For
example, high income may act as a buffer
against damaging long-term effects of low
birth weight while low income may exacerbate
the risks. Addressing these possibilities is the
task of the current study.

DATA AND METHODS
Sample

In order to examine the intergenerational
interactions among income, birth weight, and
life chances, we use long-term longitudinal
data from the Panel Study of Income
Dynamics. While not originally designed to
address issues of infant morbidity, the Panel
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Study of Income Dynamics is a nationally rep-
resentative, longitudinal sample of American
families starting in 1968. It began with a sam-
ple of 5,000 families, each of which has been
followed every year since. The Panel Study of
Income Dynamics has also grown since it fol-
lows new households that have formed out of
the original 5,000. Among those tracked are
the children in the initial sample (and those
subsequently born or moved into a sample
household). A full description of this rather
complex data set is provided by Hill (1992).

Research Strategy

The overall approach is the following: First
we present the effects of our variables of inter-
est in a series of nested ordinary least squares
models; then we employ fixed effects models
in order to eliminate potentially biasing factors
(observable or unobservable) (Conley and
Bennett 2000). Family-fixed-effects models
represent an effective way of factoring out
unobserved differences between respondents
that may be generating biased effects in stan-
dard regression models. As mentioned in the
introduction, it may not be the effect of
income, per se, that generates a significant
coefficient with respect to some health or
socio-economic outcome, but rather the unob-
served characteristics of who tends to have
high or low income. By contrasting individuals
from the same family of origin, we eliminate
most of the potentially biasing factors. These
include genetic endowments, permanent
income (expected lifetime earnings), and
social class more generally (to the extent that it
is shared by family members). In short, any-
thing that is shared in common by family
members is factored out. So the effect of
income, for instance, is only the effect of the
transient portion of income, the difference
between two time periods (in the case of the
birth weight analysis, years of pregnancies for
different children). As such, fixed-effects coef-
ficients represent lower-bound estimates of the
“true” effect. However, any effect that is pre-
sented as significant in this framework has
passed a very strict test, immune to most con-
cerns of unobserved variable bias, to the extent
that these results are from across-family fac-
tors. There still remains the possibility of spu-
rious effects that appear due to associations of
within family differences. Once again, fixed
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effects models cannot incorporate the notion of
interbirth changes in behavior with respect to
those behaviors about which we have no data.
We cannot address, for example, the possibili-
ty that changes in prenatal care took place
from one birth to the next. We will address the
possibility of spurious effects in the discussion
section after presenting results.

The fixed effects approach differs from
ordinary least squares approaches and so mer-
its some elaboration here. The traditional ordi-
nary least squares formulation is shown in
equation (1) below:

Y=a+tXB+e, (1)

where X represents the matrix of variables and
observations specified in the model and 3 rep-
resents its associated vector of coefficients.
However, in the case of low birth weight and
educational progress, for example, we can be
fairly certain there are lurking variables; that
is, that there is another matrix of unobserved
characteristics that is biasing our estimates of
B. There are a whole host of unobserved char-
acteristics that affect both filial birth weight
and parental socio-economic circumstances
(or filial educational attainment and parental
socio-economic  circumstances). These
include, but are not limited to, overall parental
health status, genetic endowments, class or
social status, environmental conditions (such
as neighborhood quality), in short, anything
that may affect both health and socio-econom-
ic status.

With this in mind, as shown in equation 2,
we can explicitly incorporate such unobserved
characteristics into a model. In our case, they
break out into two parts: the unobserved fac-
tors that are common to families and those that
are unique to individuals.

Y=a+XB+FAMy+INDd +& (2)
Now we have made explicit the problem of the
correlation between these unobserved sets of
variables FAM and IND and our observed set
of variables. When we have panel data, we can
solve this problem, as shown in equation 3, by
taking difference scores between our Y variable
at times t, and t, (say birth weight) and regress-
ing that against the difference in X variables at
times t, and t, (say income). (For examples of
this “first difference” method in very different
contexts, see, e.g., Duncan et al. 1998 or
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Firebaugh and Beck 1994.) In this equation,
the unobserved family-level characteristics
that are assumed to remain constant over time
drop out in modeling the difference:

AV p=atAX, B+
AIND ,, ,d + Ag’ 3
In our case, however, times t; and t, actually

represent the birth years of different, non-twin
siblings. Thus, we have not eliminated unob-
served characteristics that are unique to the
individual siblings. For example, we cannot
eliminate bias in our models that may be due to
the fact that a mother smoked during one preg-
nancy and not during another, that she gained a
lot of weight during one pregnancy and not
during another, sought differing levels of pre-
natal care for the two pregnancies or that she
used alcohol during one and did not during
another. These are individual, unobserved dif-
ferences. To the extent that these differences
are correlated with our X variables, 3 will be
biased. For example, to the extent that drinking
or drug use during pregnancy (or in between
pregnancies one and two) caused the mother’s
income to drop or her marital status to change,
we would be overestimating the effect of these
variables in our equations. However, to the
extent that our X variables are causally prior to
these unobserved, individual-level characteris-
tics, their omission is not as troubling but
merely suggests that part of the effects we
report may work indirectly through such mech-
anisms (such as weight gain or prenatal care
access).

One additional note: We do not restrict our
analysis to two-sibling pairs, but rather allow
varying numbers of siblings for each family.
So our technique is not as straightforward as
regressing a difference score. Rather, the fixed
effects models we employ essentially regress
the score on the Y variable against the scores
on the vector of X variables while including
indicator variables for all families save one
(this is done implicitly by the STATA soft-
ware). This is equivalent to taking out the mean
value for each family of siblings (and losing a
degree of freedom for each in the process). So,
for example, in our fixed effects model of high
school graduation, we have 1,388 wvalid
responses of individuals from a total of 766
family units. We lose a degree of freedom for
taking out the mean of 765 of those family
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units (one is the suppressed category on moth-
er’s ID). It is conceptually equivalent to the
two-sibling model, where, by calculating the
difference in their scores, the sample size shifts
from 1,000 individuals to 500 pairs.

Using the family-fixed effects approach
described above, we develop regression mod-
els that assess the impact of maternal poverty
and other cofactors on filial birth weight.
Second, we use the same approaches to model
the impact of maternal characteristics and the
respondent’s own birth weight status on his or
her chances of graduating from high school in
a timely fashion (by the end of the 19th year of
life). Though this second outcome is temporal-
ly distal from the predictors of interest—birth
weight and the conditions during pregnancy—
it is important to note that the sibling compar-
isons factor out all of the intervening differ-
ences to the extent that they are shared within
the family. While siblings of different ages
pass through critical family points (such as
income shocks or family structure transitions)
at different ages, they pass through them
together, nonetheless making the estimates of
early-life effects on an adult outcome more
certain than if we had used traditional regres-
sion techniques alone.

Our fixed effects models compare brothers
or sisters (at the filial level), using their moth-
er’s ID as the grouping category.? Using this
approach, the first part of the analysis address-
es the issue of maternal poverty and its cofac-
tors on birth outcomes. In order to investigate
this relationship, we use a sub-sample of the
Panel Study of Income Dynamics that includes
children born between 1986 and 1992 for
whom birth weight information is available
and whose mothers were in the sample during
their pregnancy. Among this group, the aver-
age birth weight is 119.5 ounces (7.5 pounds),
a figure that corresponds to other national esti-
mates. Other sample characteristics can be
found in the first column of Table 1. The sec-
ond sample—the one to be used for analysis of
the effect of birth weight on high school grad-
uation—includes only those individuals who
had reached their 19th birthday by the end of
1992 and who have a valid indicator of birth
weight status (a binary indicator of low birth
weight, which was the form in which the infor-
mation was obtained prior to 1986). A full
description of the sample can be found in col-
umn 2 of Table 1. The reader should note that
both samples include only singleton births.
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The variables used in the various analyses
are listed below along with a description and
rationale for their inclusion into models. The
weakest aspect of this data set is its lack of
additional information regarding the etiology
of the low birth weight. This is unfortunate
since low birth weight (and preterm delivery)
can be caused by a variety of underlying con-
ditions ranging from preeclampsia (extremely
low blood pressure in the mother) to nutrition-
al deficits to cervical infection or even the
onset of leukemia prenatally. That said, most
cases are idiopathic in nature; that is, medical
practitioners cannot locate a causal agent or
exact mechanism by which it occurs.
Nonetheless, by examining population statis-
tics for low birth weight of all origins, we may
obtain a general answer regarding the relative
strengths of maternal factors in explaining its
legacy from generation to generation. Also
worth noting is the fact that other biological
and behavioral variables are not present in this
survey; thus, we cannot determine the extent to
which effects work through biological or
behavioral mechanisms such as maternal pre-
gravid weight or smoking during pregnancy.
These mechanisms are particularly important
since they may vary from pregnancy to preg-
nancy and therefore may covary with pregnan-
cy income and other factors in which we are
interested.

Variables

Birth weight. This key measure serves as
both a dependent and an independent variable.
While for children born between 1986 and
1992, the Panel Study of Income Dynamics
assessed their exact birth weight in ounces, for
sample members who were born prior to 1986,
only a dummy variable is available indicating
whether or not an individual was less than
2,500 grams at birth. If the infant was less than
this weight, then it received a score of 1 on this
indicator, 0 otherwise. In the prediction of fil-
ial birth weight, we use actual ounces; this
measure is recorded from the birth certificate
and is more accurate than recalled birth
weight. However, in predicting educational
attainment we are constrained to using the pre-
1986 measure, a dummy variable indicator for
low birth weight status.

One final note regarding this variable:
Recall issues and selection bias may be at issue
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TABLE 1. Descriptive Statistics for Analyses of Low Birth Weight and Timely High School
Graduation. Respondents Born to PSID Sample Members between 1986 and 1992. Means,
standard deviations (in parentheses) and within-family [standard deviations]

Low Birth Weight High School
African American Race .306 331
(.461) (471)
[—] [—]
Maternal Education in Years (by 1984) 12.484 12.111
(2.272) (2.178)
[—1] [—1]
Female Child 483 477
(.500) (.500)
[.345] [.343]
First Born Child 392 431
(.488) (.495)
[.395] [.389]
Income-to-Needs Ratio 2.975 3.303
(2.215) (2.153)
[.786] [.700]
Young Maternal Age (< 18 years) .013 .035
at Time of Birth (.115) (.183)
[.078] [.112]
Mother Married at Time of Birth 904 .841
(.295) (.366)
[.141] [.160]
Mother Low Birth Weight .073 —
(.261)
[—1]
Father Low Birth Weight .061 —
(.240)
[—]
Individual’s Birth Weight (ounces) 119.530 —
(20.568)
[7.845]
Individual Low Birth Weight (1,0) — .067
(.250)
[.146]
Individual Completes High School 445
by Age 19 — (.497)
[.309]
N 1,654 1,388

Note: The mean value of completion of high school by age 19 was significantly (p <.05) different for men (.402) and

women (.494).

and readers should interpret our results with
that caution in mind. This said, since it is the
“less healthy” families that are least likely to
appear in the analysis (and since they also
score lower than the full sample on the depen-
dent variable) we could anticipate that this
would result in an underestimation of the
effects we present here.

Sex. The respondents sex is included
because previous research has shown that the
entire birth weight distribution of females is
shifted to the left of that of males, and thus,
females have a greater risk than males of being
born at low birth weight. This variable is also
included in the educational analysis because
females have been shown to attain higher lev-

els of education than their male counterparts
(U.S. Department of Education 1997).

Birth order. A dummy variable was con-
structed to indicate whether or not the individ-
ual was a first born (to his or her mother) due
to the fact that prior research has shown that
first borns may be at higher risk of low birth
weight (see Miller 1994). For the prediction of
educational attainment, this term was also
included because researchers from Blau and
Duncan (1967) onward have shown that chil-
dren who come from smaller families and
those who are first born tend to do better edu-
cationally than those from large families and
those who are later in the birth order.

Mother’s age. The literature has shown that
children born to mothers who are under the age



BIRTH WEIGHT AND INCOME

of 18 or over the age of 34 are more likely to
be of low birth weight. While the impact of age
on low birth weight may be complex (i.e.,
some recent work shows that effects may be
different for blacks and whites and non-linear
in nature [Geronimus 1996]), the use of a
dummy variable for young maternal age and
one for advanced maternal age (age 35 and
above) certainly captures the most important
dynamics. It is also important to note that
some researchers have found that, when fami-
ly background is controlled using fixed effects
models such as those employed in the current
study, young maternal age demonstrates a pos-
itive impact on birth weight (Rosenzweig and
Wolpin 1995).

In addition, children born to young mothers
tend to demonstrate lower levels of education-
al achievement and attainment (see
McLanahan and Sandefur 1994), and thus this
indicator is included in the education analysis
(advanced maternal age was not a factor
among this second Panel Study of Income
Dynamics subsample and is not presented). It
is important to note, however, that some
researchers, such as Geronimus, Korenman,
and Hillemeier (1994), make a case that the
effects of young maternal age on intellectual
developmental measures are an artifact of
unobserved family differences; these claims
are a result of fixed effects analyses of cousin
samples; the current sibling comparison offers
another such test with respect to high school
completion.

Marital status. In addition to maternal age,
we include an indicator of whether the mother
was married at the time of the birth of the indi-
vidual. This is by no means a perfect indicator
of the absence of an adult partner; however,
mothers who are not married during their preg-
nancies are more likely than those who live in
a married, two-parent household to spend a
significant amount of time without the social
or financial support of a partner. This lack of
support may have an impact on both birth out-
comes and the educational progress of chil-
dren.

Income-to-needs ratio. This variable is con-
structed by dividing the total family income for
a given year by the poverty threshold for the
family size and type as determined by the U.S.
Department of Agriculture and the U.S.
Bureau of the Census. This “Orshansky ratio”
is thus expressed as a “percentage of poverty”
such that a value less than one means the
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respondent’s family lived in poverty for the
given year (see Ruggles 1990 for a discussion).
Total family income includes all forms of cash
received ranging from labor market earnings
of any member of the family unit to informal
gifts to investment income to government
transfers. In kind benefits (such as Food
Stamps) are not included, however. The time
period for the birth weight analyses is the year
prior to birth and thus includes the mother’s
pregnancy and the period immediately preced-
ing it.

In the education models, we use income in
the first five years of life.? For these models, it
is preferable to include a measure of income
that serves as a stricter control than is the case
with a single-year income variable.
Researchers such as Mayer (1997) have
demonstrated that a five-year income measure
captures a good degree of variability and that
the added predictive value of including addi-
tional years beyond five is not significant; fur-
ther, Duncan et al. (1998) have shown that it is
this period that has the greatest impact on the
completion of high school. (This said, when we
use the single-year income measure, it does not
substantively affect our low birth weight coef-
ficient.)

Race/ethnicity. A dummy variable term for
African American race was introduced. The
rationale behind this choice is that the greatest
discrepancies in birth weight in the U.S. popu-
lation are between blacks and whites (Wilcox
and Russell 1990; Hummer 1993; Frisbie,
Biegler, and de Turk 1997). Other groups
demonstrate rates of low birth weight that vary
widely; for example, overall, Latinos tend to
display rates that are somewhere between those
of blacks and whites. However, there is large
variation within the Hispanic population, with
Cubans experiencing a rate near that of non-
Hispanic whites while Puerto Ricans suffer
from an incidence of low birth weight that is
considerably closer to that of African
Americans (Frisbie, Forbes, and Hummer
1998; Kramarow et al. 1999). The particular
case of Mexican Americans, whose socio-eco-
nomic status mirrors that of African
Americans, but whose rates of low birth weight
are actually lower than those of non-Hispanic
whites, points to the possible salience of inher-
ited factors, be they genetic or cultural (Frisbie
1994; Guendelman and English 1995).

Maternal education. One of the strongest
socio-economic predictors of rates of low birth
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weight is maternal education. Maternal educa-
tion, itself, is possibly a result of both genetic
and environmental conditions. This issue
aside, it is important to control for this mea-
sure when estimating the effects of other
hereditary or environmental measures. We
operationalize this variable as highest grade
completed by the mother by 1984 (i.e., number
of years of formal schooling). By doing this,
we do not model the effects of changes in
maternal educational status between pregnan-
cies but rather leave its entire effect to the com-
mon family component in the fixed effects
framework. It is worth noting, however, that
Rosenzweig and Wolpin (1994) found that
interpregnancy increases in maternal school-
ing have a positive impact on children’s
achievement test scores.

High school graduation. For the analysis of
the effects of low birth weight on educational
attainment, the dependent variable is having
completed high school by their 19th birthday,
that is, “on time.” This outcome measure elim-
inates the issue of age differences between the
siblings, which may yield differences in the
level of educational attainment as measured by
highest grade completed; it has the added fea-
ture of producing a distribution in which 23
percent of the respondents have at least one
sibling with an outcome that is different from
themselves while 35 percent have at least one
cousin with a different score on this indicator.
Such a distribution lends itself to fixed-effects
modeling.

Graduation on time is also a substantively
important variable with respect to the life
chances of young adults. Those who graduate
“late” are more likely to have received a high
school equivalency diploma than those who
finished their secondary schooling “on time”
(Cameron and Heckman 1993). An equivalen-
cy diploma, in turn, results in poorer econom-
ic outcomes—as measured by hours worked or
wages—when contrasted to actual high school
attendance (Cameron and Heckman 1993).
Finally, students who do not complete high
school on time and thus are older when and if
they continue their educational careers are less
likely to attend four-year academic colleges
than are “traditional” students (Horn and
Carroll 1996).

JOURNAL OF HEALTH AND SOCIAL BEHAVIOR

FINDINGS

Our first objective is to determine—invok-
ing an ordinary least squares approach—the
impact of a variety of maternal socioeconomic
characteristics on birth outcomes, in particular
the birth weight of the infant. The strategy
employed in Table 2 is to judge the influence of
both income and maternal and paternal birth
weight on an infant’s birth weight, controlling
for several variables that could potentially con-
found the relationships of interest. These con-
trol variables include young maternal age,
marital status at the time of birth, maternal
education, and the race, sex, and parity of the
infant.

Net of the influence of these important fac-
tors, we find in the first column that income, in
the form of the family’s income-to-needs ratio,
has no bearing on an infant’s birth weight. In
contrast, however, both the mother’s and
father’s birth weight—specifically, whether
each was born at a weight less than five
pounds, eight ounces—have a substantial
impact on their child’s birth weight. For each
parent, their low birth weight status is associ-
ated with about a one-pound reduction in the
birth weight of the infant (14 ounces and 16
ounces for the mother and father, respectively).

In the second column of Table 2 we present
the coefficients derived from a fixed-effects
framework. Such a framework recognizes and
addresses the fact that there are bound to be
factors across families that we are simply
unable to measure and that would serve to con-
found our findings to the extent that these
unobservable factors are correlated with those
we are able to include in our model. Examples
of unobservable characteristics that are con-
trolled for would include the smoking behavior
of the parents, diet, or the degree to which the
mother availed herself of prenatal care to the
extent that they are consistent across pregnan-
cies; to the extent that they are not, this
approach does not pick up the variability.

In this framework we compare siblings from
the same mother. The results indicate that none
of the socioeconomic conditions during the
mother’s pregnancy is now significant. This
includes the family’s income-to-needs ratio at
the time of the pregnancy. Indeed, only the sex
of the child is now relevant to his or her birth
weight. It is not surprising that sex maintains
its significance, because it is the only variable
that could sensibly be hypothesized to be
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orthogonal to any omitted, unobserved vari-
ables. It is important to note, however, that the
coefficient associated with the income-to-
needs ratio is measuring the effect of the dif-
ferences in that ratio between the pregnancies
resulting in the birth of the different siblings.
If, in fact, there were no change in a family’s
income-to-needs ratio from one pregnancy to
the next, we would not be able to determine
any income effect, even though there may be a
significant effect of income, due to differences
across families.

It may be the case that the effect of income
on the birth weight of an infant may differ
according to whether his or her mother or
father was born of low birth weight. We
address this hypothesis in Table 2 by incorpo-
rating the appropriate interactions in the model
appearing in column three. The most notable
finding is that the effect of a family’s income-
to-needs ratio is indeed significant if the moth-
er was born of low birth weight. In particular,
for babies born to such mothers, each unit
increase in the family’s income-to-needs ratio
is associated with a three-ounce boost in the
child’s birth weight. Thus, additional income
appears to have beneficial effects for those
babies who would logically be at greatest risk.

Invoking a fixed effects framework, thereby
controlling to a greater extent the confounding
influence of unobserved variables, we find that
the interaction effect observed in the ordinary
least squares model is supported. Specifically,
we see that if a child has a low birth weight
parent, then he or she benefits substantially
from increases in income. For each unit incre-
ment in a family’s income-to-needs ratio, a
child’s birth weight rises by more than half a
pound (8.6 ounces). (We could not isolate the
effect for only those children with low birth
weight mothers due to small sample sizes.) In
contrast, however, income bears no relation to
an infant’s birth weight if neither of that child’s
parents was born of low birth weight.* In sum,
these models show an important way in which
heredity and social environment interact across
generations.

The second portion of the intergenerational
analysis explores the ultimate impact of birth
weight status on life chances as measured by
educational attainment. To address this issue,
we examine the chances of completing high
school by the end of the 19th year of life, first
in a logistic regression framework and then in
a fixed effects framework.

JOURNAL OF HEALTH AND SOCIAL BEHAVIOR

We display in the first column of Table 3 the
coefficients associated with a model including
an array of control variables in addition to the
two main variables of interest—low birth
weight and the family’s average income-to-
needs ratio during the first six years of the
child’s life. Among the control variables, being
female and a first born are associated with sig-
nificantly higher birth weights. The coeffi-
cients associated with both of our variables of
interest are significantly different from zero.
Specifically, if an infant is born of low birth
weight, then she or he appears to be 32 percent
less likely to graduate from high school by the
19th birthday. A unit increase in a family’s
income-to-needs ratio is associated with a
child being 6 percent more likely to graduate
form high school in a timely manner.

The second column of Table 3 examines the
problem under a “stricter” model: sibling com-
parisons. In this framework, the effect of being
born of low birth weight is dramatic, but
income no longer relates significantly to this
long-term outcome. However, once again, it is
important to keep in mind that the income vari-
able in the fixed-effects framework to some
extent measures transient income rather than
permanent income. Our income variable essen-
tially accounts for variations in income within
the family (i.e., from one sibling’s early child-
hood to that of the next sibling) and not for
variations in income among families. The lack
of an observed effect by no means precludes
the possibility that early childhood income
plays an important role in the educational
attainment process.

The third column of Table 3 shows the coef-
ficients of the same model displayed in column
1 but with the addition of an interaction term
between low birth weight and income. The low
birth weight coefficient becomes considerably
more pronounced, while the income-to-needs
coefficient is rendered insignificant. At the
same time, the interaction term is positive and
of borderline significance (p < .10). This result
implies that higher income can offset the dele-
terious effects of low birth weight. A child
whose first six years are spent at the poverty
line (i.e., with an income-to-needs ratio of 1.0)
and who is born of low birth weight is consid-
erably less likely to graduate from high school
“on time” than his or her counterpart who was
not born of low birth weight. In contrast, a low
birth weight baby whose family has an income
of, let’s say, five times the poverty threshold is
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TABLE 3. Timely High School Graduation as Predicted by Low Birth Weight and Maternal Socio-
Economic Circumstances: Logistic Regression Models (with standard errors robust to
clustering by mother’s ID) versus Mother Fixed-Effects Conditional Logistic Regression

Models [t-statistics in brackets]

Logistic Mother Logistic Mother
Regression Fixed Effects Regression Fixed Effects
Perinatal Conditions
Low Birth Weight —.555% —2.195%** —1.446%* —-1.331
[-2.386] [-2.833] [2.696] [-1.038]
Income-to-Needs Ratio, Ages 0-5 .095* .101 .080 112
[2.387] [.774] [.417] [.846]
Young Maternal Age (< 18 years) —411 -1.134 -419 -1.187
[-1.250] [-1.684] [-1.266] [-1.756]
Married at time of Birth .101 -.347 .086 —-.381
[.493] [-.729] [.417] [-.790]
Controls
Female Child 397HH* 338+ 391 *** 337+
[3.653] [1.825] [3.568] [1.822]
First Born Child 232% 011 233* .008
[2.091] [.058] [2.100] [.044]
African American Race —.005 — —-.003 —
[-0.036] [-.019]
Maternal Education in Years .022 — .025 —
(by 1984) [.768] [.842]
Individual Low Birth Weight — — 304+ -518
* Income-to-Needs [1.833] [-.745]
Constant —1.094** — —1.064** —
[-2.777] [-2.668]
L? 40.68 20.56 43.19 21.20
df 8 6 9 7
N (clusters) 1388 (766) 581 (219) 1388 (766) 581 (219)

*p < .05, **p < .01, ***p < 001

essentially no less likely to graduate high
school than a baby born at greater than five
and one-half pounds. That is, the higher
income has served successfully as a buffer
against the potentially negative effects of low
birth weight. Last, we apply the fixed-effects
equivalent of this model in column four of
Table 3. In this model, the coefficients associ-
ated with our variables of interest are now
insignificantly different from zero. Because of
the problems discussed above with respect to
the measurement of income, permanent versus
transitory, it is difficult to judge the true effect
of income and low birth weight on educational
attainment.

DISCUSSION

In this study we have sought to understand
better how income and birth weight interact
across generations. In particular, we explore
whether the effect of a mother’s income during
her pregnancy on her baby’s birth weight varies
depending on the family’s birth weight history
(specifically, the mother’s or father’s birth

weight status). We also examine whether the
effect of an infant’s low birth weight on his or
her adult life chances, as represented by the
timely graduation from high school, depends
on that child’s family income during his or her
early childhood years. Our analyses provide
mixed evidence of the benefits of higher
income on child outcomes. First, the evidence
from both ordinary least squares models and
family-fixed effects models is clear that addi-
tional dollars during the gestational period do,
in fact, have a significant impact in reducing
the likelihood of low birth weight births among
those individuals who are at high risk due to a
family medical history of low birth weight.
These results show the importance of consid-
ering the interaction of socio-economic condi-
tions and biological or medical history (i.e.,
genes and environment).

On the other hand, the findings regarding
the impact of income on the likelihood of com-
pleting high school in a timely fashion, that is,
by one’s 19th birthday, are less straightforward.
In our ordinary least squares formulation, the
negative impact of low birth weight on high
school graduation is substantial. Further,
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income appears to have some positive effect on
high school graduation among those born of
low birth weight. Higher income, then, appears
to offset the damaging effects of low birth
weight, to the point where its substantial nega-
tive effects are completely eradicated as fami-
ly income approaches a level five times the
poverty threshold. When we shift to a fixed
effects approach, however, the results are less
clear and we must be more equivocal in
expressing their implications. The magnitude
of the impact of low birth weight status
remains virtually unchanged from that seen in
the ordinary least squares model, however the
standard error of the coefficient increases such
that the coefficient is rendered insignificant.
Further, the interaction term of low birth
weight and income-to-needs is no longer sig-
nificantly different from zero. Consequently, a
more definitive answer regarding the joint
influence of an infant’s birth weight and fami-
ly during the child’s early years on her or his
later life chances, as indicated by the timely
graduation from high school, must await the
analysis of additional data.

Future researchers may want to extend this
research by determining the exact causal
mechanisms by which maternal poverty leads
to poor birth outcomes. For example, the
dynamics may be tied to maternal pregnancy
behavior. It could be the case that an income
drop (due to unemployment, for instance)
leads to substance abuse by a pregnant mother
as a stress reliever which in turn affects that
birth outcome (in contrast to others of the
woman). Alternatively, causation may work in
the opposite direction: It may be possible that
women who used drugs, alcohol, or cigarettes
during one pregnancy also tended to have
lower incomes during that time period by
virtue of that substance abuse. In this case, it
would not be the effect of income per se that
we were detecting, but rather the behavioral
dynamics that a drop in income between one
pregnancy and the next is reflecting.

Some of these possibilities will be very dif-
ficult to investigate using survey research
methods and lend themselves more to ethno-
graphic study; other issues are readily
addressed within the same methodological
approach used in this study. For instance, does
maternal poverty result in low birth weight by
virtue of pre-term delivery (which has been
shown to be more detrimental to the health and
developmental statuses of infants [Cramer
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1995]) or through intra-uterine growth retarda-
tion? Also, does the salience of these various
socio-economic factors vary by race? In terms
of low birth weight as a predictor, other
researchers may want to investigate how low
birth weight children end up disadvantaged
educationally when compared to their siblings
or cousins—that is, through health problems,
slowed cognitive development, or social stig-
ma within the family unit (i.e., being treated as
the “fragile” or “weak” one)?

NOTES

1. In fact, much of the literature on the effects
of poverty (on a range of outcomes) is
plagued by this problem of unobserved het-
erogeneity. Mayer (1997) has been the most
persuasive in arguing that traditional ordi-
nary least squares approaches overestimate
the effects of income. She uses a variety of
innovative approaches—such as comparing
the impact of income from different
sources—to estimate that the impact of
income on outcomes such as educational
attrition, teenage fertility, and adult wages
has been overstated. Few studies of the
effects of poverty control for unobserved
variable bias; most rely on traditional con-
trol variables (see, e.g., Duncan and
Brooks-Gunn 1997). Those that do attempt
to tackle this issue of unobserved variable
bias arrive at mixed results. For example,
Korenman and Miller (1997) find powerful
effects of poverty status on the physical
health of children (as measured by stunting,
for instance) when modeled using tradition-
al ordinary least squares approaches, but
when they compare first cousins and con-
trol for maternal height and weight, the
effects of poverty disappear (also see Currie
and Thomas 1995). On the other hand,
Duncan, Yeung, Brooks-Gunn, and Smith
(1998) find strong, negative effects of
poverty status on children’s educational
success even when they compare sibling
pairs (and thereby control in large part for
unobserved heterogeneity). The current
research should add to this spirited debate
on the impact of poverty.

2. This method is not the equivalent of what
other researchers, such as Geronimus and
Korenman (1993a and 1993b), Geronimus,
Korenman, and Hillemeier (1994) and
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Hoffman, Foster, and Furstenberg (1993)
call “sister comparisons.” In their method,
the sisters under comparison are the moth-
ers of the children under investigation in
this study, making these children cousins.

3. 1967 was the first year for which income
information was available. Therefore, for
those respondents born between 1965 and
1967, we use an average of however many
years that individual was in the sample
between ages 0 and 5; for instance, if some-
one were born in 1966, they would have a
four-year income measure, 1967-1970,
ages 1-4.

4. We cannot account for the counterintuitive
positive coefficient for “female child” that
results in the fixed effects sample of chil-
dren with a low birth weight parent. That
said, a child’s sex should be independent of
income, which, after all, is our variable of
interest. Thus, regardless of the sign of the
child’s sex coefficient, we would expect to
obtain essentially the same coefficient of
income.

5. To interpret the effect of a change in our
independent variable of interest on the
probability of transition, we evaluate the
estimated models at the means of all inde-
pendent variables, while varying the value
of the independent variables of interest, that
is, low birth weight or income. In the latter
case, we evaluate the equation for a one unit
change in income-to-needs about its mean.
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