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Abstract

Little is known about the mechanisms underlying the transfer of economic status between
generations. This paper addresses the question of whether inter-generationd corrdations in hedth
contribute to the perpetuation of economic datus. We examine inter-generationd corrdations in birth
weight, akey indicator of the hedlth of newborns that we link to future educationa attainment and earnings
using aunique dataset based on Cdliforniabirthsfrom 1960sto the present. We use names and birth dates
to link the records of mothersand children. Wedso identify motherswho aresiblings. We show that there
is a srong intergenerationd correlaion in the birth weight of mothers and children, but that a measure of
household income at the time of the mother’ shirth isaso predictive of low birthweight and that thereisan
interaction between maternd low birth weight and poverty in the production of low birth weight. Together
these findings suggest that intergenerationa corrdationsin hedth could play arolein the intergenerationd
transmisson of income. Parent’s income affects child health, and hedlth at birth affects future income.



1. Introduction

Intergenerationa correlationsin socioeconomic status capture an important dimengon of inequdity.
Wewant to know not only wheat fraction of the populationis poor, but also whether the children of the poor
arededined for alife of misery. Mogt peoplefind inequality less perniciouswhen it is not passed on from
generation to generation.  But while the literature on intergenerationd correlations in economic satus has
made important strides in measurement, less is known about the mechanisms underlying the transfer of
economic status between generations.  Given theimportance of “ hedlth capita” for education and earnings,
one posshility is that poor hedth in childhoodis an important mechanism for intergenerationa trangmisson
of economic status (Case, Fertig, and Paxson, 2005; Currie and Madrian, 1999, Grossman, 2000).

Thegod of this paper isto measureintergenerationd transmissonin hedthat birth, and to seehow
it isrelated to intergenerationd correlationsinincome. We measure hedth at birth usng birth weight, akey
indicator of the hedlth of newbornsthat has been linked to future educationa atainment and earnings. We
address three questions about intergenerationa tranamissonsinbirthweght. Firgt, how largearethey and
to wha extent do smple corrdaions reflect unmeasured parental characteristics (such as persstent
poverty)? That is, do intergenerationd corrdations in low birth weight merely reflect intergenerationd
corrdaionsin poverty?

Second, doeslow birth weight (birth weight lessthan 2,500 grams) predict lower future economic
datus? If it does, thenitispaossble that theintergenerationa transmission of low birth weight contributesto
the intergenerdtiona transmisson of income rather than vice-versa.  Third, does the strength of
intergenerationa transmisson vary across SES groups? A significant interaction between SESand low birth
weight would suggest that the poor are at increased risk of any negative effects of low birth weight which
would speed intergenerationa transmisson

To get at these questions, we have assembled aunique data set based on dl Cdiforniabirthsfrom
1960-1974 and from 1982-2001. We use confidential information about namesand birth datesto link the
birth records of mothersto the birth records of their children. This dataset representsone of thefirst large-

1 Eriksson, Bratsberg and Raaum (2005) show that adding measures of the adult child’s health statusto atypical
Solon model of intergenerational correlationsin earnings reduces the estimated transmission of earnings by about a
quarter, but although they show that children of poor parents are more likely to have adult health problems, they do
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scae atemptsto link ghblings (i.e. across ddiveries to the same mother) and generations (grandmothers,
mothers, and children). It has three important features. Fird, it dlows us to identify mothers who are
ghlings. Thisisimportant because we can compare birth outcomes of children born to motherswho are
gders, thus accounting for many important genetic and environmentd factors that are common within a
family tree. Second, we have created two measures of the mother’ s socioeconomic status: One measured
at thetime of her own birth, and one measured a the time of her child' sbirth Third, the dataset islarge,
dlowing for higher precison than smadler datasets like the Pandl Study of Income Dynamicsor theBritish
Cohort Studies.

Wefind that the probakility thet achild islow birth weight isalmost 50 percent higher if her mother
islow birth weight. Thisremainstrue when wecompare motherswho are sisters, and therefore sharesmilar
gendtic materid and someenvironmentd factors. Itisasotrueif we control for incomeor poverty levelsin
the mother’s zip code of resdence at the time of her own birthsuggesting thet the correlation isnot driven
merdy by intergenerationa correlations in materna economic status.  Second, wefind that low SESaso
has anindependent effect on the probability of low birthweight, increasing it about six percent relaiveto the
basdine. We dso find that the intergenerationd transmission of low birth weight may be stronger for
mothers who are poor than for mothers who arerich

Third, we find that being born low birth weight has sgnificant effects on later socio-economic
achievement. In particular, after conditioning on grandmother fixed effects we find that having beenborn
low birth weight is associated with athree percent higher probability of living in apoor areaa the time of
the ddlivery of one s own child, and with theloss of about atenth of ayear of education. Theeffect of low
birth weight on later SES ismuch stronger for women whoddiver in high poverty areasthan for thosewho
deliver in low poverty aress.

Together with our previousfindingsthat mother’ s SES affectshbirth outcomes (Currie and Moretti,
2003), our findings suggest that someof theintergenerationd transmisson of economic status could be due
to intergenerationd transmission of low birth weight. If we consder that low birth weight is an imperfect
measure of hedth at birth, and that poor children’ s health tendsto deteriorate relaiveto the hedth of other
children asthey age (Case, Lubotsky and Paxson, 2002; Currie and Stabile, 2003) then our resultssuggest

not explicitly examine the intergenerational transmission of health conditions.
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that poor hedth in childhood could well beimplicated inthe intergenerationd tranamission of poverty. That
is, children born to poor adults are more likely to have hedth problems, which in turn makesit likely that
they will be poor when they bear their own children.

Takentogether, oneinterpretation of thesefindingsis that biology isnot destiny: Socid determinanis
of low birth weight are important. Hence, socidly determined differencesin hedlth at birth and throughout
childhood arelikely toplay arolein theinter-generationa transmission of poverty. Second, they suggest thet
it will taketimeto breek thisinter-generationa cycle. Interventionsthat raiseagirl’ s socio-economic satus
in childhood are likely to have payoffsin terms of the next generation’s hedth at birth.

Therest of the paper lays out some background regarding the importanceof birthweight, previous
work on intergenerationd corrdations, and possible mechanisms in Section 2. Section 3 provides an
overview of the data. Section 4 discusses a sSmple modd and our empirica methods. Resutsarein

Section 5. Section 6 concludes.

2. Background

2.1 The Importance of Birth Weight

Low birth weight has been used as the leading indicator of poor health among newborns for many
years. In 1996, the infant mortality rate for babies over 2,500 grams was 2.77 compared to 17.45 for
babies between 1,500 and 2,500 grams, and 259.35 for babies less than 1,500 grams (Conley and
Bennett, 2001). Follow upsindicatethat low birth weight babies have lower scores on avariety of tests of
intellectud and socid development (Bredau et d. 1994, Brooks-Gunn, Klebanov, and Duncan, 1996).
Using data from the British 1958 Birth Cohort sudy (the Nationa Child Development Study) Currie and
Hyson (1996) find that low birth weight was predictive of lower schooling attainments, earnings, and
employment probabilities as of age 33, regardless of the parents’ socioeconomic status. Behrman and
Rosenzwelg (2001) use data from the Minnesota Twins Regidiry to compare higher birth weight infantsto
their own twins of lower birthweight. They find that the higher birth weight twin isnot only taler, but dso
goes on to get more schooling.  They estimate that increasing birth weight by a pound increases schooling
by athird of ayear. Using datafrom the Pand Study of Income Dynamics (PSID), Conley and Bennett
(2000) find that low birth weight reduces the probability of high school graduation in modds that indude
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mother fixed effects. Conley, Strully, and Bennett (2003) argue that low birth weight babiesin low income
families are a particularly high risk of poor outcomes:?

While there is broad agreement that low birth weight is a marker for poor infant hedth, some
observers question whether low birth weight per se has amgor causal influence on hedth Itispossble
that it isother factorsthet are correlated with birth weight, including genes, specific hedth problems, and/or
socioeconomic factors, that are responsiblefor the high desth rates and other adverse outcomesamong low
birth weight infants (Almond, Chay, and Lee, 2004). Inour context, we cannot use dternative measures
such as APGAR scores to examine inter-generationd correationsin hedth at birth because they were not
routingly reported until 1989. Indeed birth weight is one of the few measures of child hedth that hasbeen
recorded over along period of time. It iscertainly the casethet there are many low birth weight babieswho
are hedthy, aswell as many babies over 2,500 grams who have serious hedlth problems. Thus, low birth
weight is an imperfect measure of hedth at birth.

For our purposes, what is important is that low birth weight be a meaningful predictor of future
outcomes.  We demongtrate below that among mothers born into the same family, those with lower birth
weightswere more likely to be resding inalow income/high poverty zip codeand haveless education than
their ssters when they give hirth to their own children many years later. Thus, low birth weight is a

meaningful predictor of future socioeconomic status in our data.

2.2 Intergenerational Corréationsin Birth Weight

Thereare several studiesthat document intergenerationd corrdaionsin birthweight. Emanud et d.
(1992) use data on firgt born children from the 1958 British birth cohort study and find significant postive
associ ations between infant birth weight and parent birth weight: Each 100 grams of mother birth weight

2 In recent years the use of steroid medicationsto prevent lung disease in premature low birth weight babies has
greatly improved their survival rates. However, arecent large-scale randomized controlled trial evaluated the
standard use of cortico-steroids and showed that among surviving infants, the treated children were shorter, had
lower 1Q scores, and had impaired motor skills at school age compared to children who had received lower doses of
medication (Yeh, et a., 2004).



adds 16 gramsto the child shirthweight. They aso find that the socid class of the maternd grandparents
had an independent effect but they do not examine interactions. One cavest to the Emanud et d. sudy is
that due to the survey design, dl of the birthsin this study had occurred to mothers by age 23.

Coutinho, David, and Collins (1997) use Illinois vitdl Statistics records to show that there is an
intergenerationa correlation in birth weight. Infants born in 1989 t01991 were linked to mothers born
between 1956 and 1975. Collins et d. (2002) use the same data to examine correlations in birth weight
among US-born and foreign-born white and black women. They document agenerd increasein average
birth weights across generations among native born women.  However, among black immigrant women the
pattern was the reverse — black immigrant women have babies of higher birth weight than their native born
daughters. The rgpid improvement of birth weight over time and the differentid intergenerationd trends
suggest that environmentd factors are important, but these factors are not directly measured.

A handful of sudies look at inter-generationd corrdations in birth weight and ask whether the
mother’s socio-economic dtatus at the time of the child's birth can explain the observed correlaions.
Conley and Bennett (2000) usethe Pand Study of Income Dynamicsand examine 1,654 singleton birthsto
sample mothers between 1986 and 1992. They find that income during pregnancy has no effect on therisk
of low birth weight when the mother’ shirth weight is controlled, or when family fixed effectsareincluded in
themodd. However, Conley and Bennett (2001) aso estimate modelswith mother fixed effectsandfind
that if the mother was low birth weight, then income at the time of the birth has a significant impact on the
probakility thet the child islow birth weight. In contrast, we find sgnificant effects of incomein the entire
sample, which may be due to our larger sample size.

Conley and Bennett (2001) suggest that there is an interaction between poverty a the time of the
child's birth and materna low birth weight in the production of child low kirth weight. But their results
cannot be regarded as definitive given the very smadl sample sizesin the PSID. Themodesfor children of
low birth weight parents include only 179 children, and only a subset of these would have been born to
mothers who experienced asizeable changein income between births. Weinvestigate theseissuesusing a
much larger sample. We dsoimprove on previous studies by including grandmother fixed effects (in order
to control for awide range of background factorswithin families) and by measuring the mother’ sSESusing
income & the time of her own birth aswell as a the time of the child's birth.
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2.3 Possible M echanisms

Intergenerationa correlationsin birth weight could reflect nature or nurture, or theinteraction of the
two. Herrngtein and Murray (1994) argue that factors such asintelligence that determine economic status
are in-born and are passed from one generation to the next (nature). Certainly some part of the
intergenerationa corrdation in birth weights is likely to be genetic. Taler women tend to have heavier
infants, and heavier infants tend to grow up to betaler adults. Emanud et d. (1992) comment that “the
relation of materna satureto infants birth weight and/or gestationa duration has been demondtrated in all
populations studied, including European Caucasons, Blacks, Chinese, Maays, East Indians, and Centra
American Indians’ (page 67).

But the height of a population reflects both its genetic endowment and its long-run nutritional and
hedlth status (c.f. Floud, Wachter, and Gregory, 1990; Fogdl, 1994). This observation suggests that a
mother’ s socio-economic statusin childhood could berelated to her future probability of bearing alow birth
weight baby, a question we investigate below.

Charlesand Hurst (2003) argue that much of theinter-generationd correlation in labor market and
savings behaviors of parents and children is due to smilar learned behaviors (nurture).
Smilarly, intergenerationd corrdationsin birth weight could aso reflect behaviora factors. Many authors
have identified a correlation between materna poverty and low birth weight, athough such alink does not
necessarily establish any causd relationship.® I the daughters of the poor are morelikely then other girls
to grow up poor, and if poverty is associated with factors such as smoking, stress, and poor nutrition that
lead to lower birth weights, then this might explain the corrdaion. By controlling more thoroughly than
previous sudies for possible omitted factors, our study will shed light on thisissue.

Drake and Walker (2004) review the literature regarding intergenerationd correlaions in birth
weight and argue that there could dso be intergenerationd effects of low birth weight that did not operate
ether through purely genetic or through purely behaviora channels. For example, poor fetd nutrition could

% Gortmaker (1979) was one of thefirst. Starfield et al. (1991) find an effect for whites but not for blacks, while Duncan and
Laren (1990) use find effects of poverty on LBW among blacks. Collinsand David (2003) examine 103,072 Chicago births
from 1982 and 1983. They find that women in poorer Census tracts have more low birth weight infants, and that racial

differencesin the fraction of low birth weight births are smaller in these areas.
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lead to low birth weight in the mother which in turn could lead to low birth weight in the next generation
through a biologcd mechanism that was not drictly genetic (this is known as “fetd programming’, see
Barker, 1998 and Huxley et al. 2004 for adiscusson). Animd gudiesin rats show that poor nutrition
reduces birth weight in the next generation and that after anormd diet isresumed it takes three generations
to get back to normal birthweight. Lumey (1992) studied the inter-generationd effectsof the Dutch hunger
winter, when pregnant women were reduced to eating tulip bulbs to survive the Nazi occupetion. He
reported that mothers exposed to famine in utero went on to deliver lower weight babiesasadults. But a
subsequent study of the same data (Stein and Lumey, 2000) failed to replicate this finding.

Smilarly, many observers reject a smple dichotomy between nature and nurture and investigate
interactions between thetwo. For example, Turkheimer et d. (2003) develop amodd of the heritability of
IQ in which socioeconomic status maiters most a low leves of income, while genes matter most a high
levds.  Similarly, it might be the case that socioeconomic status has a grester impact on the incidence of
low birth weight than on mean birth weights, a question we investigate below. Research by Caspi et d.
(2003) and Moffitt et al. (2004) suggest that carriers of specific genes are more likely to develop specific
future pathologies only when they are exposed to specific environmenta influences. Hence, itisof interest
to examine the interaction between materna low birth weight and maternd socioeconomic statusin our
modes of child birth weight.

3. The Data

Our sampleisbased on individua birth recordsfrom Cdifornia  The dataset indudesthe mother’'s
age, race, date of birth, county of resdence and/or hospitd of delivery, aswdl asthe child’s parity, sex,
and birthweight. In addition, the confidentia version of thefile contains the mother and child’ snamesand
the mother’ s exact date of birth. For mothers who were bornin Cdifornia, it is possibleto link their own
birth records to those of their infantsin order to create an intergenerationa data base. The data set dso
includes some information about fathers, though father information is often missng and the avaladle
information is less complete. For example, we do not have the father’ s first name or state of birth which
makes matching more difficult. In what follows, we focus on mothers.

We began with dl of the infants born between 1989 and 2001. If the mothers of these infants
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reported having been born in Cdifornia between 1960 and 1975 or between 1982 and 1985 (the yearsfor
which we have obtained historicd birth records) then it wastheoretically possibleto match theinfant’ shirth
record and the mother’s.  We matched using the mother’ sfirst name, last name, exact date of birth, and
date of birth. Of dl the birthsthat took place between 1989 and 2001 to mothers said to have been born
inCdiforniaintherdevart interval, wewere ableto match 81 percent.* For asubset of these mother’ swho
were born between 1970 and 1974, we can dso use information about the mother’s mother (the
grandmother) to identify mother’ swho are siblings. We do thisby matching the grandmother’ sname, age,
date of birth, and race across hirth certificates. Note that the exact date of birth of the mother isonly
recorded starting in 1989, and before that, the birth certificates record only the mother’ s (grandmother’s)
two-digit age.> Our find sample indudes 648,206 births.

We have used Census data to ask whether our matched data reproduces the actud structure of
familiesin Cdifornia over the rdevant period. In our data, the distribution of numbers of children born
between 1989 and 2001 to mothers who were born between 1970 and 1974 is. 51.9 percent have one
child, 34.1 percent have two children, 10.8 percent have 3 children, and the rest have more.  1nthe 2000
Census, motherswho were 26-30 yearsold and lived in Cdiforniain 2000 had the following distribution of

children O to 11 years old: 46.5 percent one child, 36.5 percent two children, 11.9 percent 3 children.
Hence, these didtributions are quite Smilar suggesting that we are doing agood job matching sblingsin the
1989 to 2000 data.

If we look at the match of mothers to grandmothers, we find that 70 percent of the time, there is

* The main matching problems were children from the later sample who could be linked to more than one mother in the
earlier sample (i.e. common names) and children whose mothers were reported to have been born outside California but
for whom a Californiabirth record appeared to exist. The match rate is somewhat higher for whites and better educated
people, but does not vary greatly across groups or counties. For example, for whites, we were able to locate 81.5 percant
of the matches that should have been in the data, whilefor blacks we located 73.5 percent.  Among women with more
than 12 years of education, we located 83 percent of the matcheswhile for women with exactly 12 yearswelocated 79.4
percent. The county with the lowest match rate was L os Angeles, where 77.7 percent of potential matcheswerelocated,
while the highest match rate wasin tiny Alpine county where 85.7 percent of potential matches were located.

®>We use race in this part because the recording of grandmother’ s race should be rel atively stable between 1970 and 1974,
In contrast, the way the mother’ srace was recorded on her birth certificate in 1970 may not be the same as the way her
race is recorded on her child’s birth certificate in 1989, for example, and having the exact date of birth makes matching
mother’ sto children quite accurate even without race. We drop individuals for whom grandmother’ s name, age, state of
birth, and race are missing. Of the linked grandmothers, 5899 grandmothers appear to have more than 20 grandchildren,
and we drop them. We also drop individuals whose grandmother’ s hospital location could not be matched to a specific
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only one daughter matched, 15 percent of the time there are two daughters matched, and 6 percent of the
time there are three daughters matched.  If we use the 1980 Census to examine the number of children
born between 1970 and 1974 to women born in Cdiforniawho were 12 to 45 in 1970, we find that 88
percent had only one daughter, 11.1 percent had 2 daughters, and few had morethan two daughtersbornin
that short timeintervd.  Comparing these two distributions suggests that they are not too different.

Before 1989, the hirth certificate data includes the hospita of ddivery, but very little by way of
potential measures of socioeconomic status beyond race and age at the birth. Hence, we use the median
income and poverty rate of the zip code of the hospita where ddivery took place as a measure of the
socioeconomic status of mothers at thetimeof the birth. 1f wethink of there being grandmothers, mothers,
and childrenin our dataset, we have two potentid measures of the mother’ sstatus. Onetaken at thetime of
her own birth, and one taken at the time of her child's birth.

After 1989, the data includes both the zip code of ddivery and zip code of resdence so it is
possible to investigate the correlations between income/poverty in the two locations.  Appendix Table 1
shows the results of this exercise. The corrdations are strongly postive and datigticaly sgnificant, but
around .5 indicating that conditionsin the hospita zip code are anoisy proxy for conditionsin the zip code
of resdence. In most of our regresson modds, we divide people by quartile of zip code income or
poverty, 0 it isof interest to see whether there isany systematic tendency for women living in high poverty
Zip codesto ddliver in lower poverty onesor vice-versa. The second half of Table 1 showsthat thereisno
such tendency:  Fourty-five percent of mothers ddliver in azip codethat hasapoverty level smilar tothe
poverty levd in the area where they reside (that is, they locate on the diagond in the table); 28 percent
deliver in a better place than they reside, and 27 percent ddiver in aworse place.

Appendix Table 2 shows how far the center of the zip code of residence isfrom the center of the
zZip code of the ddivery. According to thismeasure, haf the sample liveswithin 5.5 miles of the hospitd,
while 75 percent live within 10 miles. We have re-estimated our model s excluding peoplewho lived more
than 10 miles from the hospital of delivery and found that this did not substartively change our results.

Figure 1 plotsthe birthweightsof children born between 1989 and 2001 againgt the birth weights of
their mothers. Theplot beginsat 1,500 gramsbecause there are virtualy no motherswith birth weightsless

Zip code.
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than 1,500 gramsin our sample. Thereisaclear bregk at 2,500 grams, the threshold below which infants
are considered to be “low birth weight”. Among mothers who were over 2,500 grams at birth, thereisa
clear positive relaionship between the birth weights of mothers and their children. Equaly griking however,
isthat when we divide the sampleinto thirds according to the median incomein the mother’ s hospitd’ s zip
code, babies whose mothers were born into the lowest poverty zip codes have higher birth weights than
babies whose mothers were born into high poverty zip codes regardiess of their mother’ s initid birth
weight. Thegapisrdatively smdl inthe group with mothersover 2,500 grams, but quitelargein thegroup
whose mothers were low birth weight.  Hence, the graph suggests the possibility of an interactive effect
between materna poverty and materna low birth weight in the production of child birth weight.

Table 1 shows summary datisics.  The mean birth weight for mothers born between 1970 and
1974 is 3,268, while for children born between 1989 and 2001 it is 3,387. The probability of low birth
weight declined only dightly, from 6.3 percent to 6 percent. If wedividethe sampleby race, blackshave
lower average birth weghts than whites, but this appearsto belargely dueto the much higher incidence of
low birth weight among blacks. The probability of low birth weight is 12 percent for blacksin both the
earlier cohort and in the later.

Asexpected, children bornin poor neighborhoods have worse birth outcomes, but the rdationship
between SES and birth outcomes is norlinear. While the first three quartiles of the poverty distribution
appear to beroughly equivaent, thelast quartile (highest poverty) hasmorebirthswith low birth weight. For
example, for mothers born between 1970 and 1974, the probability of low birth weight is about 6 t0 6.2
percent for thefirgt three quartiles, and 7.2 precent (about 20 percent more) for thelast quartile. Smilarly,
for children born between 1989 and 2001, the probability of low birth weight isabout 5.6 to 5.9 percent far
the firgt three quartiles, and 7.0 percent (about 25 percent more) for the last quartile.

4. A Smple Modd and Methods
A smple way to think about intergenerationd transmissonisasfollows. Let
() BW,=bBW,; + (1-b)X; + &,
where BW is birth weight, the subscript 2 represents the second generation, the subscript 1 representsthe
first generation, X isdl other characteristics of generation 1 that affect generation two' shirthweight, and e,
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isarandom shock. In thisformulation, BW, controlsfor al of thefactorsthat affected the mother’ shirth
weight, while X will indude everything dse, induding the genetic heritage of the father and additiond
characterigtics of themother that did not affect her own birth weight such as her socioeconomic status after
birth. If E(BW;)=E(BW), then

(2) Cov (BW1 BW,) = b*Var(BW;) + (1-b)Cov(BW X1).

Evidently, wedo not observeal of the characteristics of mothers (including the characterigticsof the

fathers they choose) that might be corrdlated with the child's birth weight. Hence, we first estimate (1)
including only the mother’ sbirth weight and controlsfor theinfant’ ssex, themother’ srace, and year effects
to account for trendsin birth weight over time.  Equation (2) impliesthat by ignoring X varigblesthat might
be correlated with birth weight, this specification yields an upper bound estimate of the extent to which birth
weight (or low birth weight) is passed from mother to child. To the extent that this estimate is biased
upward by omitted variables, onewould expect the estimated coefficient to fall ascontrolsareadded tothe
modd.
We test this hypothesis by re-estimating (1) induding grandmother fixed effects. Mother fixed effects
would absorb the effects of both maternd birth weight and any congtant X variables (such aslonger run
measures of materna socioeconomic status).  In contrast, the addition of grandmother fixed effects
alows usto edtimate the effect of maternd birth weight, conditiona on the fact that mothers who are
sgers have a least one and generdly two common parents. The addition of these fixed effects offersa
powerful way to control for some eements of the mother’ s background which are not captured in her
own birth weight (eg. the family environment when she was growing up). A comparison of the models
with and without grandmother fixed effects tdls us how much of the observed correlation in birth
weightsis due to al the determinants of hedlth that common among siblings. We next add 1970 median
income in the zip code where the mother was ddlivered in an attempt to control for factors that may
have changed within families.

Findly, we esimate (1) including both grandmother fixed effects and mother characteristics
such as age, education and parity, as well asfixed effects for the zip code where the mother delivered.
These variables are likely to themsdves be influenced by the mother’ s birth weight and family
background. However, mother’s birth weight, grandmother fixed effects, and mother’ sincome at the
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time of her own birth (our proxies for family background) are dready included in the moddl. Herce, a
comparison of this modd with the previous ones may show how much of the inter-generationa
correlation can be accounted for by the mother’ s trgjectory after her own birth as well as by
contemporaneous factors that are captured by the zip code fixed effects. Importantly, the mother’s zip
code at the time of the child’ s birth islikely to be corrdated with the socio-economic status (and hence
with the birth weight) of the father and so offers a partid control for this potentialy important class of
omitted variables. If we can drive the correlation between mother and child’ s birth weight down
ggnificantly by adding measures of the mother’ s satus a the time of the child' s birth, this would suggest
thet it is possible to intervene a this point to bresk the inter-generationd cycle of low birth weight. Of
course, even if our set of controlsis quite rich, they are by no means perfect and we can not completely
rule out the possibility of omitted variable bias.

A potentidly important limitation of (1) isthat it doesnot alow for an interaction between BW; and
X1. An interactive model will dlow us to test more directly for the extent to which inter-generationd
tranamisson ismitigated by X variables. We wish to estimate amodd a&kinto: BW, = asBW1+a,X; +
aBW* X1 + . Wha we actudly esimate is more flexible, in that we do not require X; to havealinear
effect. Specificdly, we esimate:
(3) BW, = aXy' + aBW* X' + &,
where X;'isavector of indicators for quartiles of the income distribution, or of the poverty distribution.

Weimplement (3) in two ways. Fird, we usethe grandmother’ s socioeconomic satus at thetime
of the mother’ s birth as ameasure of X;’, asmeasured by the median income or the poverty ratein thezip
code of the mother’s own delivery. This measure of X' is predetermined, and rot dterable by
subsequent choices of the mother.  Hence, we prefer this specification on conceptua grounds. However,
because we only observe zip code of residence (which we bdieve is abetter proxy for the income of the
mother than zip code of ddlivery) after 1989, we aso estimate a second set of models using the mother’s
datus a the time of the child's birth as our measure of X;'.

As Solon (1999) points out, the underlying modd of intergenerationa transmisson dso has
implications for relationships between shlings. 1nthe model above, let the subscript 3 represent the S ster
of person 2. That is, both 2 and 3 are daughters of person 1. Then
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(3) Cov(BW3 BW,) = b*Var(BW,) + 2b(1-b)Cov(BW1 X,) + (1-b)>*Var(X,).

Thiswill exceed the Cov (BW 1, BW,) to the extent that the X variablesare animportant determinant of the
child shirth weight, and to the extent that these variabl es co-vary with maternd birthweight. If thereareno
X factorsaffecting child birthweight then the corrdation in birthweight between shlingswill besmdler than
the corrdlations between mothers and their children (b**Var(BW1)< b*Var(BW,)). Onaverage, each
shbling gets 50 percent of hisor her genetic materid from their mother, but different siblingsreceive different
subsets of their mother’s genetic stock.  These differences in the genetic stock inherited from the mother
tend to be offset by the sbling's shared maternd characteritics, such as maternd nutrition, income, or
education. Aswewill show below, correlationsbetween sblingsare actudly much higher than corrdaions
between mothers and their children, suggesting that such X variables are very important. ©

5. Results
5.1 Correations among Siblings

We begin the exploration of the data by estimating smple corrd ations between the birth wel ghts of
mothersand children, between the birth weights of siblingsinthemother’ sgeneration, and between the birth
weightsof shlingsinthechild’ sgeneration. A comparison of these quantitieswill shed light ontheextent to
which correlaionsin birth weight change between generations and with socid class, and hence on the extent
to which socid factors may be important.

Table 2 shows correlations in low birth weight, birth weight, and log birth weight. The first two
columns have a sraightforward interpretation. The laiter column downweights the potentia influence of
outliersin birth weight. Thefirst row showsthat thereislittle correlation between the birth weights of two
randomly chosen babies born into the same hospital, even though one might expect these babies to have
more Smilar attributes than babies born into completely different aress.

The second panel indicates that corrdations between siblings in the “child generation”, i.e. the

6 We can also compute the covariance in birth weights between cousins: Cov(BW ,BWs) = b*Var(BW,) +
b(1-b)Cov(BW,X5) + b(1-b)Cov(BW;X,) + (1-b)** Cov(X,, Xs), where subscript 4 indicates the child of person 2, and
subscript 5 indicates the child of person 3. This expression indicates that correlations in the birth weights of cousins
will generally be less than the correlation in birth weights of siblings because the birth weight of person 2 isless
highly correlated with the other characteristics of person 3 than with person 2's own characteristics, etc. We have
verified that thisis the case in these data.
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generation born between 1989 to 2001 are much higher, .28 for low birth weight and .45 for birth weight.
However, these corrdationsare not directly comparable with those of the mother’ sgeneration, becausethe
sample of mothers that we have are ssters who were born less than five years gpart.  The third pand of
Table 2imposestheserestrictions and showsthat in this sub-sample of Sstersborn rdatively closetogether,
inter-generationd corrdaions in birth weight are much higher. We have dso estimated these models
excluding children from the 1989-2001 cohort who werelessthan 1,500 gramsat birth, on the groundsthat
such children would not have survived in earlier generations. However, this change made little difference.

Corrdations in the mothers generation are shown in the fourth pandl of Table 2. 1t isgtriking thet
whilethe corrdation in birth weightsis quite smilar in thetwo generations, the correl ation in theincidence of
low birth weight is smdler in the child generation. In keeping with themodd outlined above, thededinein
these correlations between generations may suggest thet the variation in other determinants of low birth
weight (gpart from the mother’s birth weight) decreased over time. It is difficult to point to one specific
factor, but improved access to hedlth care may have played arole.  The fact that the mother-child
correlaionsshownin the last pand are so much lower than either set of sibling corrdations aso suggeststhe
importance of factors in addition to meternd birth weight.  Thus, this smple table indicates that inter-
generationd corrdationsin low birth weight are unlikely to be purdy genetic.

Table 2 dso exploresthe hypothesisthat correaionsin low birth weight are higher among children
born to poor mothers. Indl pands, poverty is defined using the fraction of households in poverty in the
mother’s zip code and time of birth. Panels 2 and 3 suggest thet thereislittle relationship between the
correlations between sblingsand the poverty leve in the zip code where the mother wasborn. Butthe last
two pandls of the table break out the correl ations between mothers who are sisters by the poverty of the
mother’ szip code of birth. Thecorreation inlow birth weight between sstersishigher if they werebornin
high poverty zip codes, and the sze of the difference is large in percentage terms. The correlation in the
probability of low birth weight rises 50 percent if the women were born into high poverty zip codes.

5.2 Intergeneration correationsin birth weight
To what extent are health shockstransmitted across generations? Table 3 presents esimatesof the
effects of materna SES and maternd birth weight on the child’ s birth weight (Equation 1). Because our
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preferred models include grandmother fixed effects, identification comes from the comparison of the birth
outcomes of ssters.

We present estimates for three dternative models: aregression of an indicator equa to oneif the
childislow birthweight on anindicator equal to oneif themother islow birthweight (first row); aregresson
of child' shirth weight on mother’ sbirth weight (second row); and aregression of log of child’ shirth weight
onlog of mother’ shirthweight (third row). All three modd sare potentialy interesting, and capture different
aspects of the intergenerationd transmisson of hedth. The moddsin the Table are estimated using the
sample of children whose mothers could be linked to their grandmother’ s (i.e. whose mothers were born
between 1970 and 1974).”

Thefirg column shows estimates from mode swithout controls. The probability that achildislow
birthweight is 3.8 percentage points higher if her mother isalsolow birth weight. Thisisalarge effect, given
that the average probability of low birth weight is 6.0. In percentage terms, this effect is 63 percent of the
basdine. The second column shows estimatesthat include only the baby’ sgender, mother’ srace, and year
of birth effects. The coefficient dropsto 3.2 percentage pointswhichismainly dueto controlling for race.

Column 3 shows modds including grandmother fixed effects. This specification useswithin family
differences among sblings as the only source of variation, and therefore controls for many permanent
unobserved factorsthat might vary acrossfamilies.  Although the standard error triples, the point estimate
on maternd low birth weght declinesonly margindly to 2.9 percentage points and remainshighly sgnificant.

In percentage terms, this effect is 46 percent of the average probability of low birthweight. Idedly, one
would like to control for at least some of the time-varying factors that may have contributed to low birth
weight status in one of the sgters but not in the other. In column 4 we indude SES at the time of the
mother’ s birth as measured by poverty in her hospita of birth zip code, but thishaslittle effect on the point
estimate.

The two remaining columns show the effects of sequentialy adding the following varigbles to the
modd: maternd age, education and parity; and fixed effectsfor maternd zip code at thetime of the child's
birth. These additiona controls are potentialy endogenous, as discussed above.  Sill, it isinteresting to

" Models with grandmother fixed effects can only be estimated using this sub-sample, although very similar estimates
were obtained using the full sample.
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note that the point estimatesin column 5 and 6 do not change relative to column 4.

A quditatively smilar pattern emergeswhen welook at birth weight and log of birth weight in rows
2 and 3, though adding grandmother fixed effects has a smdler impact on the point estimates on mother’s
birth weight. Row 2 of column 3indicatesthat a100 gram increasein mother’ shirth weight resultsina 20
gram increase in child’ s birth weight, after controlling for grandmother fixed effects. Row 3 indicatesthat
this amountsto an dadticity of 17 percent.

One remarkable feature of Table 3 isthat it shows that the correlation between mother and child
birth weights(or in theincidence of low birth weght) isremarkably stable once we control for grandmother
fixed effects. It is particularly striking that it is robust to current zip code of residence fixed effects which
partialy control for the mother’s current economic status. Of coursg, it is certainly possible that omitted
factors are driving our results. However, the stability of the coefficients as we move from column 3to
column 6 lends some credibility to theideathat maternd birth weight actudly affectschild birthweight, and
that the estimatesin the Table do not reflect only omitted factors. In other words, having amother whois
low birth weight gppearsto have an impact on the probability that the child islow birth weight independent
of genetic factors or other permanent indicators of the background of the mother. Thisisconggtent withthe
feta programming hypothess discussed above.

Inthe middle and bottom pandl, we present estimates for whitesand blacks separately. The midde
pand shows that for whites, adding grandmother fixed effects reduces the estimated effect of low birth
weight of the mother on low birth weight of the child from 2.7 percentage pointsto 2.1 percentage points,
but the addition of other covariates haslittle effect. For blacks, theincluson of grandmother fixed effects
resultsin alarger declinein theestimated intergenerationd transmission of hedth the coefficient for thelow
birth weight modd fdls from 5.4 percentage points to 4.1 percentage points. Given the larger basdline
incidence of low birth weight for blacks, both estimatesimply aroughly 25 percent decline in the estimated
coefficient when grandmother fixed effects are added.

The low birth weight models indicate that the coefficient on maternd low birth weight istwice as
large for blacks as for whites, indicating thet the intergenerationd transmission of low birth weight ismuch
gronger for blacks than for whites. Specificaly, in models that control for grandmother fixed effects, a
white child with a mother who islow birth weight is 2 percent morelikely to below birth weight, whilefor
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blacks the equivdent figureis 4 percent. In contrast, the effect of a continuous measure of maternd birth
weight on child birth weight is very amilar for blacks and whites: For each 10 gramsincreasein materna
birth weight, child birth weight rises by 1.9 grams.  Thefact that intergenerationd corrdationsin low birth
weight are more sengitiveto an indicator of SES (in this caserace) thanintergenerationd corrdaionsinbirth
weight isapattern that we find throughout the paper, and suggeststheat we might find Sgnificant interactions

between low birth weight and more direct measures of SES, a question we investigate in the next section

5.3 SESInteractions.

Tables 4 and 5 ask whether theintergenerationd transmission of birthweight uncoveredin Table 3
is stronger depending on socio-economic satus. Asdiscussed above, there are two possible measures of
the mother’s SES. Oneistaken a the time the mother was born, and isthe income or poverty level inthe
zip code of the hospital where shewas ddlivered. The second istaken at thetime of the child shirthandis
the income or poverty leve in the mother’ s zip code of resdence. Table 4 shows modd s estimated using
the first measure(s) while Table 5 shows modds estimated using the second.  Because Table 2 showed a
non-linear effect of income and poverty on birth outcomes, we focus on whether the mother was in the
highest poverty or lowest income quartile of the disiribution. Indicatorsfor being in one of these quartilesare
interacted with materna birth weight in order to see whether intergenerationd corrdationsin birth weight
differ with SES. All mode s include the SES main effects as well as the basic controls of the child' srace,
sex and year of birth. Modelsin the even numbered columns aso include grandmother fixed effects.

The main effects shown in Table 4indicate that, as expected, that socio economic status is
correlated with birth weight. For example, conditional on grandmother fixed effects, theincidence of child
low birthweight isabout a0.4 percentage points higher if the mother was borninto ahigh poverty zip code,
and 0.1 percentage point lower if the mother isbornin alow income zip code (column 2). Thesedifferences
represent a large increase given tha the basdine incidence of low birth weight is only Six percent.  In
contrast, average hirth weight is only 25 to 30 grams lower if the mother is born in poor zip codes, and
these edimates are only margindly sgnificant. Compare this with the basdline, which is 3268 grams.

Thereaultsin Table 4 areinteresting for two reasons. Firdt, they confirm that our measure of SESa
the time of the mother’ sbirth has some signd, even if it isanoisy proxy for incomein the mother’ szip code
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of resdence. Second, low birth weight ismuch more sensitive to SES than birth weight above some cutoff,
which is consgtent with Turkheimer’smodd. The sameistrueif we look at log birth weight (not shown).

Turning to theinteractions, column 1 showsthat theremight be aninteraction between materna SES
a birth and maternd birth weight in modds of low birth weight, although our estimates are not precise.
Children born to alow birth weight mother are morelikely to below birth weight themsalves (aswesaw in
Table 3), and the point estimate indicates that the effect is larger if the mother was dso born into a high
poverty zip code. A smilar result is obtained if welook at theincomeinteraction in the bottom pandl. But
column 2 shows that these results are not robust to the incluson of grandmother fixed effects. Overdl the
evidence about interaction effects in Table 4 isnot conclusve, and we cannot reject the hypothes sthat the
correlation between mother and child in low birth weight and birth weight isthe same across SES groups.

One problem with Table 4 isthat the variation in SES & birth among sblingsisrather limited. A
second problem is that income in the zip code of residence at the time of the mother’s own birthisless
accurately measured than income in the zip code of residence at the time of the child' s birth because, as
discussed above, we did not know zip code of resdencein the early years of the Vitd Statistics dataand
we proxy for it usng the zip code of the hospita of ddivery. Table5 showssmilar moddsestimated usng
poverty or incomein the mother’ szip code of residence at thetime of the child’ shirth rather than measures
of her SESa thetime of her own birth. Theseare measures of her current economic status, though they are
correlated with her past status. These measuresshow more between-sbling variation than thelonger-term
measure of status used inTable 4.

Table 5 is organized in the same way as Table 4 Edimaes usng low birth weight as the
dependent variable gppear in columns 1 and 2.  These estimates show a sharp gradient intheinteraction
terms, and thedifferencesin the effect of low birth weight between SES groupsremain Satidticaly sgnificant
even after the introduction of grandmother fixed effects. In terms of magnitudes, the estimatesin Table 5
suggest that children born in poor households are .045 percentage points more likely to below birth weight
if their mothers were low birth weight. Among non-poor households the comparable estimate is .024.
Hence, poverty raises the probability that low birth weight is transmitted by 88 percent!

One possibleinterpretation of the contrast between the resultsin Tables4 and 5isthat measures of
the mother’ s SES at the time of thechild’ shirth are morereevant to predicting whether or not the child will
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be low birth weight than measures taken at the time of the mother’ s birth. An dternative interpretetion is
that the results are stronger because incomein the zip code of residenceis more accurately measured at the
time of ddivery and there Smply is more variation in SES at delivery than in SES a hirth.

Using SES measured a thetime of the child’ sbirth also allowed usto replicate Daton and Conley’s
modd by including mother fixed effects. Modd’ swith mother fixed effectsfocus on short-term changesin
the economic status of the mother between the births of her children. We have estimated these modelsand
find thet there is no sgnificant interaction between materna low birth weight and materna poverty (or
income). That is, inmother fixed effects modds, the effect of maternd low birth weight isthe samewhether
the child was bornin alow poverty or ahigh poverty area.  (Alternatively, the effect of incomeisthe same
whether or not the parent is low birth weight). Hence, wefind little evidencethat short-term variaionsina
mother’ sincome have an impact on the birth weight of her children. Theseresultsare available on request.

The interpretation of mode s using changes in the mother’ s economic status (as of the time of the
child's birth) require some care because it is possible that a mother’ s economic status is affected by her
hedth. For example, if amother got sick and then became poor, moved to alower income neighborhood,
and subsequently had alow birth weight baby, then the estimated effect of the socioeconomic statuswould
be biased away from zero becauseit would capture part of the effect of unobserved sickness. However,in

our case, this potentia bias makes our finding of no effect of current economic status stronger.

5.4 Long-Run Effects of birth weight on Socio-Economic Status

In the preceeding tables, we showed that low birth weight is tranamitted across generations, that
poverty has an independent effect on the incidence of low hirth weight, and that poverty and low birth
weight interact to produce low birth weight in the next generation An important remaining question is
whether low birth weight in turn, affects future SES.  In addressing this question, we aso explore one
possible channel that might explain the correations uncovered in Table 3. In previouswork we argue that
the SES of the mother affects the child' s birth weight (Currie and Moretti, 2003). If it turnsout that being
born low birth weight affects a mother’'s SES laer in life, this would suggest thet intergenerationd
corrdaions in heath status were related to the intergenerationa transmission of poverty.

This question is addressed in Table 6 which shows modes using the mother’ s socio-economic
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datus a the time of the child’ s birth as the dependent variable. These SES measures are regressed on the
mother’s own birth weight, aswell as on the measure of maternd SES at thetime of her own birth (i.e. the
grandmother’s SES). The SES measure at the time of the child' s birth is the median family incomein the
mother’s zip code of residence as of the 1990 Census (converted to real $1970). The measure of SES at
the time of the mother’ shirth isthe median family income in the hospital where the mother was born, as of
the 1970 Census.

Table 6 showsthat thereisastrong correlation between SES at thetime of the mother’ sown birth
and her SES a the time of her child's birth.  But the mother’s birth weight or low birth weight has an
independent predictive effect (column 1).

Notably, the addition of grandmother fixed effects causes the effect of low birth weight to be
reduced, but it remainshighly satisticdly significant though rlatively smdl. That is, of two sstersborninthe
sametype of neighborhood, the onewith lower birth weight ismorelikely tolivein alower incomezip code
when she gives hirth to her own child many years later. The magnitude of the effect is non-trivid. For
example, being low birth weight isassociated with aloss of $105 infutureincome, on average, on abasdine
income of 10,096 $1970. (column 3). Hence, these models show that low birth weight is a significant
predictor of future statusin our mode!s, even conditional on theincluson of grandmother fixed effects. This
result iscong stent with Smith (2005) who findsthat an adult retrospective report of poor hedthin childhood
isaggnificant predictor of adult education and income eveninshling fixed effectsmodds. Birthweight can
be viewed as a narrow, but more accurately measured indicator of hedth.

Themoddsin Table 6 can also be interpreted as typicd “ Solon” regressions of child income on
parent’ sincome, except that incomeis measured a the zip code rather than at theindividua level, incomeis
measured at the time of birth for both parent and child, and incomeis not measured in quite the same way
for mother and child (see, for example, Solon 1999). It is interesting to compare the coefficient on
parent’ s income from these model's to those that have gppeared intheliterature. The coefficient of .128is
likely to be an underestimate of the coefficient we would obtain if we had income in the zip code of
residence for both mother and child: Recall that the correlation between incomein the hospitd of ddivery
andincomeinthe hospita of resdenceisabout .5. Thissuggeststhat the coefficient wewould obtain using
zip code of residencefor both would beabout .26 whichisin the samerange as many previous estimatesof
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inter-generationd corrdationsin income in the United States. The results are smilar if we look at blacks
and whites separately (columns 3 to 6).

Theremaining sectionsof Table 3 exploretheimpact of birthincome and birth weight on two other
indicators of mother’ s SES at thetimeof her child' shirth: Her education and her resdencein ahigh poverty
neighborhood. Education isthe mother’ s slf-reported education fromthebirth certificate. Itisparticularly
interesting because- - unlike the other outcome variablesin thetable--it isanindividual -level measure. The
grandmother fixed effects estimates suggest that being low birth weight increasesthe probatiility of livingina
high poverty neighborhood (defined as one in the highest quartile of poverty rates) by about 3 percent
relative to basdine, and that it reduces future educationd atainment by about a tenth of a yesar.

Overdl, we conclude that--whether we use individua level mesasures of SES such education or
aggregate measures—our findings seem to support the notionthat being born low birth weight hasanor+

trivid effect on socio-economic Satus later in life.

5.5 SESInteractions.

Table 6 indicates that being born low birth weight has along run effect on later SES achievement.
But doesthis effect vary across SES groups? In Table 7 we present estimates of modelssmilar to the ones
in Table 6, wherewe have added the interaction between low birth weight (or birth weight) and indicators
for low and high SES. We measure SES using the median 1970 income of the zip code of the hospital of
mother birth.

The firgt point to notice is that the main effects are dl large and sgnificant. For example, the
esimatesin columns 1 and 2 indicatethat being born in the poorest quartile of zip codesisassociated witha
lossof $1,168 to $1,322 in average income later in life. Since this effect is measured in 1970 dallars, and
represents about 10 percent of the averageincome inthe sample, itisalarge effect. ~ Turning to the
interactions, the estimatesin column 1 and 2 suggest thet being born low birth weight has an overd| negative
effect, but the negative effect islarger for those women who are born in poorer areas. \Women who are
born low birth weight and are from poor areas experience an additiond averageincomeloss of about $238,
which falsto $155 when weindude grandmother fixed effects. The corresponding lossfor womenwho are
born low birth weight but are from less disadvantaged aress is only $147 (column 1) or $93 when we
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include grandmother fixed effects. The gap appears larger for blacks than for whites (column 5 and 9).
Similar results obtain when welook at theinteraction between birth weight and SES. One additional gramin
birth weight isassociated with an averageincreasein incomeof $.15 for women borninthelow SESgroup,
and $.10 for women born in the high SES group (column 2). However, few of these differences are
datidicaly ggnificant. Smilarly, when we examine interactions in models of education and resdencein a
high poverty zip code, we do not find datisticaly significant differences.

We have aso estimated model spushing our specification further and alowing for four SES groups
(defined using quartiles). The main effects are monotonicaly increasing in SES.  For example, inmodels
that include grandmother fixed effects the average future incomes of mothersborn in the second, third and
fourth quartiles of income are $605, $958, $1493 higher than the average income of mothers bornin the
firg income quartile. Thisis congstent with what Solon has shown on theintergenerationa transmission of
income. The interactions aso show a monotonic pattern, with the strongest effects for lowest income

quartile and the weeker effect for the highest income quartile, but these effects are not Satigticdly sgnificant.

5.6 Limitations

Our results are subject to severd limitations given the crudeness of our measure of SES, and the
lack of dataon severa important determinantsof child birth weight. One of themost important problemsis
that because of data limitations, we measure the mother’s SES at the time of her own birth using the zip
code of the hospitd of ddivery, rather than the zip code of residence, which we view as amore accurate
proxy for individua income. (Aswe have shown in Appendix tables A1 and A2, the two measures are
highly but not perfectly corrdlated in the years were both measures are available))

A second issue is that we are measuring SES a the zip code, rather than at the individud leve.
However, as Solon (1999) demondtrates, point-in-time messures of SESmay be mideading, sncethereisa
greet dedl of trangtory variation inthese measures. In contrast, place of resdenceisalessflesting measure
of datus, and so may be more relevant for our investigation.  To the extent that neighborhoods havetheir
own effects on individuas, characteristics of zip code of residence may be regarded as measures of status
that are of interest in their own right, as well as proxies for individua satus. It is worth noting thet in
addition to median income and poverty in the zip code, we investigated additiona SES measuresincluding

24



median property vaues and the fraction of adultswho were high school dropouts or college graduatesina
Zip code. These dternatives yielded smilar estimates to those described above.

A third source of potentia biasisthat we observe mother’ s birth weight but have little information
about the father.  As discussed above, the inclusion of fixed effects for the mother’ s current zip code of
residence might be expected to partialy mitigate this problem (if current zip code of resdence is highly
correlated with the father’ s birth weight and socio economic status).  And we found that the addition of
these controls had little impact on our estimates.

However, given reasonable assumptions, wemay a so be ableto bound the extent of potentia bias
from thissource.  Suppose we modify equation (1) asfollows (and ignorethe other X’ s since we showed
above that they have rdativdly little impact on the estimated coefficient on mother’ s birth weight):

(1) BW, = aiBWiotner + 3BWiaher + €

and suppose further that:

(4) BWeahe = CBWpgthe + U

If ay=ap, then the extent of the bias from omitting father birth weight depends on the parameter ¢. If c=1
and we omit BWeaher from (1)’ then the estimated coefficient on BW yother Will equal 2*&. If ¢=0, thenthe
estimated coefficient on BW yother Will be unbiased. Positive assortative mating suggeststhat 0>c>1 so that
the coefficient on BW viather Captures some of the effect of the omitted father’s birthweight. Infact, Cole
(2000) finds that the correlation between mother’s and father’s heights is about .8. If the rdationship
between parents’ birth weightsissamilar, thendividing the esimated coefficient on mother’ shbirth weight by
two providesalower bound on thetrueeffect of mother’ sbirth weight on child birth weight independent of
faher's birth waght. On the other hand, if what we are interested in is the effect of the parent’s
endowments on the endowments of the children, then the fact that the mother’ s coeffi cient captures much of
the effect of the father is perhgps a postive.

6. Conclusons
We show that thereisastrong intergenerationa correation in birth weight which does not seemto
be due to omitted variables—women whose mothers were low birth weight are 50 percent more likely to

below birth weight themsdves. This correlation persastswhen arich st of controlsincluding grandmother
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fixed effects and measures of income ét the time of the mother’ s birth are added to the moddl. We dso
show that poverty of the mother has an independent effect on the incidence of low birth weghtinthe child
and that thereis an interaction between maternd low birth weight and poverty in the production of low birth
weightinthechild. Findly, wefind that motherswho werelow birth weight are morelikely toliveinahigh
poverty zip code and have less education at the time of their own child's birthmany yearslater. These
effectsare highly gatiticaly significant and present when we control for income a thetime of the mother’s
birth aswell asfor grandmother fixed effects.

Together these findings suggest that intergenerationd corrdationsin hedlth could play aroleinthe
intergenerationd transmisson of income.  Parent’s income affects child health, and hedlth at birth affects
futureincome. Although theestimated effectsof low birth weight on futureincome, education, and poverty
are modest it isimportant to note that low birth weight is only a crude measure of hedlth a birth and that
poor children tend to accumulate health insults as they age at a faster rate than rich children Thus, the
overdl effect of hedlth in childhood could be large.

Our paper provides evidencethat thereisasignificant societal component to low birth weight, and
regects biologica determinism in this important outcome.  Interventions that target girls and successfully
improve their socioeconomic satus are likely to dso improve the health outcomes of their children. Thus,

successful early intervention programs may have intergenerationd effects.
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Figure 1: Child Birth Weight on Mother's Birth Weight, by SES, in grams
3=Mother born in poorest third of zip codes
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Table 1. Summary Statistics

Low
Birth Weight Birth Weight
Mothers born 1970-1974
All 3268 0.063
White 3295 0.056
Black 3077 0.120
1st poverty quartile (low poverty) 3272 0.062
2nd poverty quartile (medium low poverty) 3276 0.060
3rd poverty quartile (medium high poverty) 3274 0.060
4th poverty quartile (high poverty) 3238 0.072
All Children 1989-2001
All 3387 0.060
White 3420 0.053
Black 3143 0.120
1st poverty quartile (low poverty) 3410 0.056
2nd poverty quartile (medium low poverty) 3394 0.059
3rd poverty quartile (medium high poverty) 3399 0.057
4th poverty quartile (high poverty) 3344 0.070




Table 2: Correlations in Birth Weight Measures, by SES at time of Mother's Birth

Low Birth Log
Birth Weight ~ Weight  Birth Weight

Correlation between:

(1) Two randomly chosen babies born -0.02 0.03 0.05
in the same hospital

(2) Two randomly chosen siblinas - 1989-2001 0.28 0.45 0.42
1st poverty quartile (low poverty) 0.29 0.47 0.45
2nd poverty quartile (medium low poverty) 0.28 0.45 0.44
3rd poverty quartile (medium hiah poverty) 0.27 0.44 0.41
4th poverty quartile (hiah poverty) 0.27 0.43 0.39

(3) Two randomly chosen sisters, born <=4 years apart
1989-2001 cohort 0.42 0.56 0.58
1st poverty quartile (low poverty) 0.46 0.49 0.62
2nd poverty quartile (medium low poverty) 0.39 0.56 0.61
3rd poverty quartile (medium high poverty) 0.43 0.55 0.58
4th poverty quartile (high poverty) 0.39 0.52 0.50

(4) Two randomly chosen sisters — 1970-1974 0.59 0.61 0.61
1st poverty quartile (low poverty) 0.59 0.62 0.62
2nd poverty quartile (medium low poverty) 0.53 0.58 0.59
3rd poverty quartile (medium high poverty) 0.58 0.62 0.60
4th poverty quartile (high poverty) 0.64 0.63 0.64

(4) Correlation between mother and child 0.04 0.20 0.16
1st poverty quartile (low poverty) 0.04 0.20 0.16
2nd poverty quartile (medium low poverty) 0.04 0.20 0.16
3rd poverty quartile (medium high poverty) 0.04 0.20 0.16
4th poverty quartile (high poverty) 0.06 0.20 0.16

Notes: The poverty quartile refers to the percentage of households in poverty in the zip code of the

child's birth (2) or the mother's birth (3 and 4).



Table 3: Effect of Mother's Birth Weight on Child Birth Weight, Mother's born 1970-197:

A: All Children

[1] [2] [3] [4] [5] [6]

1. Child's Low bw on Mother's  0.038  0.032  0.029  0.028 0.028  0.028
low bw [001] [.001] [.003] [.003] [003] [.003]

2. Child's bw on Mother's bw 0.228 0.211 0.2 0.199 0.2 0.2
[.001] [.001] [.003] [.003] [.003] [.003]

3. Child's log bw on Mother's 0.205 0.185 0.172 0.171 0.172 0.171

log bw [.001] [.001] [.004] [.004] [.004] [.004]
Child Race, Sex, and Yr. Birth Y Y Y Y Y
Grandmother fixed effects Y Y Y Y
Poverty in mother's zip code Y Y Y
brth.

Mother age education and Y Y
parity

Mother current zip Y
B: Whites Only

1. Child's Low bw on Mother's  0.027 0.027 0.022 0.021 0.021 0.021
low bw [.001] [.001] [.003] [.003] [.003] [.003]

2.Child's bw on Mother'sbw  0.208  0.208  0.198 0196 0199  0.198
[001] [001] [.003] [003] [003] [.003]

3. Child's log bw on Mother's 0.184 0.185 0.170 0.168 0.170 0.170

log bw [.001] [.001] [.004] [.004] [.004] [.004]
Child Race, Sex, and Yr. Birth Y Y Y Y Y
Grandmother fixed effects Y Y Y Y
Poverty in mother's zip code Y Y Y
brth.

Mother age education and Y Y
parity

Mother current zip Y




C: Blacks Only

1. Child's Low bw on Mother's  0.056 0.054 0.041 0.042 0.041 0.040
low bw [.005] [.005] [.010] [.010] [.010] [.010]
2. Child's bw on Mother's bw 0.207 0.207 0.193 0.193 0.192 0.19
[.004] [.004] [.013] [.013] [.013] [.013]
3. Child's log bw on Mother's 0.181 0.180 0.154 0.153 0.151 0.150
log bw [.005] [.005] [.017] [.017] [.017] [.017]
Child Race, Sex, and Yr. Birth Y Y Y Y Y
Grandmother fixed effects Y Y Y Y
Poverty in mother's zip code Y Y Y
brth.
Mother age education and Y Y
parity
Mother current zip Y

Note: Standard errors in
parenthesis.



Table 4: Interaction of Mother's Birth Weight and SES Measured at Mother's Birth

| LBWon LBW LBWon LBW BW on BW BW on BW

Model 1: Mother’s Poverty

Group 1 (Low Poverty)*Mom BW 0.0325 0.0302 0.211 0.198
[0.0020] [.0037] [.002] [.004]

Group 2 (High Poverty)*Mom BW 0.0386 0.0319 0.213 0.203
[0.0037] [.0060] [.004] [.006]

Group 2 (High Poverty) Main Effect 0.0043 0.0038 -30.25 -30.82
[.0008] [.0016] [14.8] [15.54]

F-Test Group 1*Mom BW = 0.16 0.82 0.57 0.48

Group 2*Mom BW, (p-value)
Standard Controls Y Y Y Y
Grand Mother fixed effects Y Y

Model 2: Mother’s Income

Group 1 (Low Income)*Mom BW 0.029 0.022 0.213 0.192
[0.0044] [.0007] [.004] [.008]

Group 2 (High Income)*Mom BW 0.034 0.031 0.212 0.201
[0.0019] [.0067] [.002] [.003]

Group 2 (High Poverty) Main Effect -0.0027 -0.0011 -15 -25.9
[0.0010] [.0018] [.17.0] [20.8]

F-Test Group 1*Mom BW = 0.31 0.27 0.27 0.31

Group 2*Mom BW, (p-value)
Standard Controls Y Y Y Y
Grand Mother fixed effects Y Y

Note: Standard errors in parenthesis. Standard controls include baby's sex, race, and year.



Table 5: Interaction of Mother's Birth Weight and SES Measured at Child's Birth
(only interactions with mother's birth weight are shown).

LBW on LBW LBW on LBWBW on BW BW on BW

Model 1: Mother’s Poverty

Group 1 (Low Poverty)*Mom BW 0.0287 0.0242 0.211 0.198
[0.0018] [.0031] [.002] [.003]

Group 2 (High Poverty)*Mom BW 0.042 0.0404 0.209 0.199
[0.0033] [.0048] [.003] [.0065]

Group 2 (High Poverty) Main Effect 0.0082 0.0051 -34.19 -26.64
[.0008] [.0012] [12.88] [18.34]

F-Test Group 1*Mom BW = 0.001 0.001 0.18 0.9

Group 2*Mom BW, (p-value)
Standard Controls Y Y Y Y
Grand Mother fixed effects Y Y

Model 2: Mother’s Income

Group 1 (Low Income)*Mom BW 0.04 0.034 0.205 0.194
[0.0033] [.0004] [.003] [.005]

Group 2 (High Income)*Mom BW 0.029 0.026 0.212 0.201
[0.0019] [.0031] [.002] [.003]

Group 2 (High Poverty) Main Effect -0.0083 -0.0057 14.8 -1.7
[0.0008] [.0012] [.17.0] [20.8]

F-Test Group 1*Mom BW = 0.001 0.16 0.06 0.2

Group 2*Mom BW, (p-value)
Standard Controls Y Y Y Y
Grand Mother fixed effects Y Y

Note: Standard errors in parenthesis. Standard controls include baby's sex, race, and year.



Table 6: Effect of Low Birth Weight and SES at Mother's Birth on SES at Child's Birth

All All White White Black Black
A. Outcome=Income in zip code of residence at child's birth
1. Birth SES 0.151 0.128 0.152 0.129 0.125 0.112
[.001] [.002] [.001] [.002] [.003] [.007]
Low BW -162 -105 -162 -102 -215 -54

[19.15]  [20.46] [22] [23.46]  [23.28]  [40.19]

2. Birth SES 0.149 0.128 0.152 0.129 0.125 0.112
[.001] [.001] [.001] [.002] [.003] [.007]
Birth weight 0.112 0.075 0.12 0.069 0.132 0.06

[.008] [.009] [.008] [.010] [.018] [.022]

B. Outcome=Zip code of residence at child's birth is high poverty

1. Birth SES -0.038  -0.0337 -0.038  -0.033  -0.048  -0.0427
[$10,000] [0003] [0.00049] [.00034] [.0005]  [.0013] [.00237]
Low BW 0.0056  0.004  0.0052 0.0035 0.0082  0.0027

[0.00045] [0.00050] [0.0005] [0.00056] [0.00128] [0.0014]

C. Outcome=Mother's education at child's birth

1. Birth SES 0.1548  0.0836  0.1749  0.0988 0.13 0.0789
[0.0069] [0.01] [0.0073] [0.0106] [0.0204] [0.0369]
Low BW -0.1256  -0.0765 -0.1307 -0.0677 -0.1345  -0.096

[0.0098] [0.0102] [0.0111] [0.0115] [0.0198] [0.0218]

Standard Controls Y Y Y Y Y Y
Grand Mother Fixed Effects Y Y Y

Notes: Standard errors in parenthesis.

Median family income as of 1970 Census in zip code of mother's birth: $10,096 (3,254).

Median family income as of 1990 Census in zip code of residence at child's birth: $53,769 (20,664).
We convert 1990 dollars to real 1970 dollars before estimating the models in the first panel.
Controls include child's sex, race and year of child's birth.



Table 7: The Effect of low birth weight interacted with SES at Mother Birth on SES at Child
Birth. Outcome is income. Birth SES is grouped in 2 Groups

All
LBW BW LBW BW

Interaction with [Birth SES is low] -238 0.151 -155 0.091

[47] [0.019] [47] [0.02]
Interaction with [Birth SES is high] -147 0.107 -93 0.073

[37] [0.008] [22] [0.009]
Main Effect: [birth SES is High] 1168 1322 956 1020

[13] [72] [17] [78]
F-Test: group 1 = group 2 0.07 0.03 0.23 0.42
(p-value)

Whites

Interaction with [Birth SES is low] -247 0.169 -124 0.054

[58] [0.023] [59] [0.024]
Interaction with [Birth SES is high] -147 0.113 -98 0.073

[24] [0.009] [25] [0.01]
Main Effect: [birth SES is High] 1162 1354 924 859

[14] [86] [20] [93]
F-Test: group 1 = group 2 0.11 0.02 0.67 0.47
(p-value)

Blacks

Interaction with [Birth SES is low] -305 0.166 -87 0.067

[71] [0.035] [78] [0.041]
Interaction with [Birth SES is high] -189 0.122 -40 0.057

[42] [0.20] [46] [0.024]
Main Effect: [birth SES is High] 1098 1249 1019 1057

[28] [132] [48] [160]
F-Test: group 1 = group 2 0.16 0.28 0.6 0.83
(p-value)
Standard Controls Y Y Y Y
GM Fixed Effects Y Y

Note: Standard errors in parenthesis.



Appendix Table 1: Relationship between SES in Zip Code of Residence and SES in Zip Code
of Hospital: data for 1989-2001

Correlations Regression
Dependent variable
Poverty in Income Poverty Income

[1] [2] [3] [4]

All
Poverty in Zip Code of Residence 0.475 0.46
[.019]
Income in Zip Code of Residence 0.549 .50.0
[.019]
Whites
Poverty in Zip Code of Residence 0.471 0.485
[.023]
Residence Income 0.557 0.497
[.019]
Blacks
Poverty in Zip Code of Residence 0.386 0.385
[.026]
Residence Income 0.374 0.395
[.028]
Controls Y Y
Poverty Quartile of Zipcode of Residence, 4=highest
1 2 3 4 Total
Zipcode of hospital lowest poverty quartile 182074 74935 61688 39683| 358380
Zipcode of hosp. 2nd lowest poverty quartile 97270 136231 83743 47357 364601
Zipcode of hosp. 3rd highest poverty quartile 46296 91462 134805 77787 350350
Zipcode of hosp. highest poverty quartile 31796 55287 80976  191668| 359727
Total 357436 357915 361212 356495 433058

Notes: Standard errors in parenthesis.



Appendix Table 2: Distribution of Distance Between Zip Code of
Residence and Zip Code of Hospital based on 1989-2001 data

All Whites Blacks

[1] [2] [3]
10 Percentile 0 0 0
25 Percentile 2.7 2.7 14
50 Percentile 5.4 5.5 5
75 Percentile 10.3 10.6 8.4
90 Percentile 17.9 18.6 12.9

Notes: Unit of measurement is miles.



Figure 1: The Relationaship between Mother Birth Weight (x-axis) and Child Birth Weight

(y-axis), by Income Level
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Note: The top line is for mothers born in high income areas; the bottom line is for mothers

born in low income areas.
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