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 Separated at Girth:
 US Twin Estimates of the Effects of Birth Weighf

 By Heather Royer*

 The fetal origins hypothesis asserts that nutrient deprivation in utero
 can raise chronic disease risk. Within economics, this hypothesis has
 gained acceptance as a leading explanation for the correlations between
 birth weight, a proxy for fetal nutrient intake, and adult outcomes.
 Exploiting birth-weight differences between twins using (a) a newly
 created dataset of twins from 1960-1982 California birth records and
 (b) the Early Childhood Longitudinal Study Birth Cohort, I find birth
 weight is related to educational attainment, later pregnancy complica
 tions, and the birth weight of the next generation. These effects are gen
 erally small. However, the protective effects of birth weight vary across
 the birth-weight distribution. (JEL: 112,121, J13)

 Studying the geographic distribution of chronic heart disease in England and Wales in the 1980's, David Barker, an English physician, encountered a striking pattern.
 The rates of such disease were correlated strongly with infant mortality rates 70 years

 prior (David Barker et al. 1989). This observation led to his widely-cited fetal origins
 hypothesis, which claims that: "fetal growth restriction?due to nutritional deprivation
 in early life?is an important cause of some of the most common, costly, and disabling

 medical disorders of adult life including coronary heart disease and the related disor
 ders hypertension, stroke, and type 2 diabetes" (Barker Theory 2006). Barker argues
 that fetal nutrient intake affects physiological development in utero and, thereby, suscep
 tibility to chronic conditions as an adult. Randomized, controlled trials using animals
 support this hypothesis. For example, relative to fully nourished rats, rats starved in
 utero have equal-sized brains but less developed nonneurological organ systems (Susan
 E. Ozanne and C. Nicholas Hales 2002). Economists have interpreted Barker's fetal ori
 gins hypothesis broadly and have used it to explain the relationship between early health
 conditions such as birth-weight and long-run socioeconomic and health outcomes such
 as wages, human capital acquisition, and disability (e.g., Anne Case, Angela Fertig, and
 Christina Paxson 2005; Douglas Almond 2006; Sharon Maccini and Dean Yang 2006;
 Xin Meng and Nancy Qian 2006).

 * Department of Economics, Weatherhead School of Management, Case Western Reserve University, 10900
 Euclid Avenue, PBL 275, Cleveland, OH 44106 (e-mail: heather.royer@case.edu). I would like to thank Martha
 Bailey, David Card, Tom Chang, Ken Chay, John DiNardo, Erica Greulich, Mireille Jacobson, Paco Martorell,
 Justin McCrary, Doug Miller, and Susan Royer, seminar participants at the University of Michigan and Clemson

 University, and attendees at the annual Robert Wood Johnson Scholars in Health Policy conference and the
 National Poverty Center Early Life Events conference for their comments and suggestions. I owe all credit for the
 clever title to Neal Caren. I am grateful to the Robert Wood Johnson Foundation for generous support and for the
 valuable research assistance of Meghan Cameron, Feng Pan, and Andrew Zhang.

 f To comment on this article in the online discussion forum visit the articles page at http://www.aeaweb.org/
 articies.php?doi= 10.1257/app. 1.1.49.
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 The fetal origins hypothesis has many important economic implications. It would
 suggest that policies that aim to improve the prenatal environment (e.g., Medicaid
 expansion for pregnant women and the Special Supplemental Nutrition Program for

 Women, Infants, and Children (WIC)) could reap large long-run health, human capi
 tal, and wage returns for both current and future generations. Such effects are often
 ignored in cost-benefit calculations, potentially leading to an underinvestment in
 these programs. Moreover, tests of the fetal origins hypothesis shed light on research
 examining the life-cycle evolution of the socioeconomic gradient in health (e.g.,
 Case, Darren Lubotsky, and Paxson 2002; Janet Currie and Mark Stabile 2003).

 Empirical tests of the fetal origins hypothesis in humans are difficult because fetal
 nutrients are not randomly assigned.1 Simple cross-sectional regressions between birth
 weight and heart disease mortality provide much of the early evidence on this hypoth
 esis (Barker et al. 1989). But this approach is unlikely to isolate the causal effect of
 fetal nutrients, as birth weight is strongly associated with socioeconomic status.

 Researchers have used two principal empirical strategies to address these limi
 tations. The first involves exploiting historical events (e.g., the 1944 Dutch famine
 (Lumey and Stein 1997) and the 1918 influenza epidemic (Almond 2006)), which
 altered the in utero environment through starvation, stress, and/or sickness. The sec
 ond approach uses twin comparisons, relating within-twin-pair differences in birth
 weight to differences in the twins' long-run outcomes (e.g., Behrman and Rosenzweig
 2004; Black, Devereux, and Salvanes 2007; Oreopoulos et al. 2006). Because recent
 research argues that variation in fetal nutrient uptake is the primary source of within
 twin-pair variation in birth weight (Almond, Kenneth Y. Chay, and David S. Lee 2005;
 Gary F. Cunningham et al. 2001), this second approach is arguably a more direct test of
 the fetal origins hypothesis.2 Barker's original hypothesis is explicitly about the long
 run effects of fetal nutrients rather than, for instance, the long-run effects of maternal
 sickness during pregnancy. Maternal sickness could affect both fetal nutrients and
 other factors that contribute to long-run outcomes (e.g., socioeconomic status or birth
 defects).3 The twins approach is also appealing since one's identical twin is a near
 ideal counterfactual. Genetic makeup and family upbringing, two factors that may
 drive the cross-sectional correlation between birth-weight and long-run outcomes, are
 as comparable as may be possible in a nonexperimental setting.4 Most twins studies
 have found large, positive effects of being the heavier twin.

 1 Empirical studies of the relationship between fetal conditions and long-run outcomes include Almond 2006;
 Barker 1995; Jere R. Behrman and Mark R. Rosenzweig 2004; Sandra E. Black, Paul J. Devereux, and Kjell G.
 Salvanes 2007; Case, Fertig, and Paxson 2005; Dalton Conley and Neil G. Bennett 2000; Currie and Rosemary
 Hyson 1999; Currie and Enrico Moretti 2007; Rucker C. Johnson and Robert F. Schoeni 2005; L. H. Lumey and
 Aryeh D. Stein, 1997; and Phil Oreopoulos et al. 2006.

 2 In the case where the birth-weight discrepancies between twins are due to other factors besides fetal nutri
 ents, it would be incorrect to interpret the twins studies as a test of the fetal origins hypothesis. However, such
 estimates are still informative about the effects of birth weight.

 3 There is some evidence the influenza epidemic affected the incidence of birth defects (Alice Reid 2005).
 Also, given the high rate of maternal mortality during the epidemic, many of the infants affected in utero may
 have grown up motherless.

 4 While twins are alike along many dimensions, they consistently differ in birth weight. The absolute value
 of the difference in twins' birth weight in my sample is 282 grams, which is larger than the effect of smoking on
 birth weight (Almond, Chay, and Lee 2005).
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 Despite the conceptual appeal of the twins approach, the existing twin studies
 have some limitations. First, these estimates can be quite unstable, even within a
 study. For instance, Black, Devereux, and Salvanes (2007) estimate a negligible
 effect of birth weight on high school completion for the 1967-1976 birth cohort,
 but for individuals born between 1977 and 1986, the estimate is nearly six times as
 large.5'6 Second, measurement error may bias some previous estimates. In particular,
 Behrman and Rosenzweig (2004) use fetal growth (birth weight/gestational length)
 as their measure of infant health but, because gestational length is measured with
 considerable error, such estimates can be inconsistent and with an indeterminable

 direction of bias.7 Third, the sample of twins used in other studies is quite small,
 particularly for the United States (e.g., Behrman and Rosenzweig's (2004) sample
 consists of 402 twin pairs).

 This study uses within-twin-pair comparisons to estimate the short- and long-run
 effects of birth weight. I use data from two sources: (a) a large new sample of twins,
 which I construct from the universe of 1960-1982 California birth records and (b)
 the Early Childhood Longitudinal Study, Birth Cohort (ECLS-B), which includes an
 oversampling of twins and follows them from birth. The birth record data provide
 information on long-run outcomes. The ECLS-B furnishes data on short-run out
 comes including neonatal intensive care unit use and developmental outcomes.

 This study makes a number of contributions to the existing literature. First, the
 datasets include relatively large samples of twins. In the birth record data, there
 are nearly 3,400 female twin pairs for whom I am able to observe adult outcomes,
 which is to my knowledge the largest US dataset on twins with information on long
 run outcomes. The large sample used in this study adds considerable power to the
 analysis, facilitating clearer inference about the contribution of birth weight to adult
 well-being, and overcoming the publication bias criticisms of this literature (Rachel
 Huxley, Andrew Neil, and Rory Collins 2002).8

 Second, due to the larger sample size, I am able to test whether the birth-weight
 effects are nonlinear.9 Understanding not only whether but also how increases in
 birth weight at different points in the birth weight distribution impact later life and
 intergenerational outcomes is crucial for designing targeted, cost-effective policies.

 Third, this study focuses on recent cohorts in the United States. It is not clear
 whether the findings from earlier work pertain to the current US context. Due to
 changes in immigration and economic conditions as well as other factors, estimates
 may differ from those obtained using the previously studied Minnesota twins
 (Behrman and Rosenzweig 2004). Similarly, the relevance of recent estimates based
 on Norwegian and Canadian data (Black, Devereux, and Salvanes 2007; Oreopoulos
 et al 2006) for the United States are unclear. For instance, intergenerational
 correlations in mobility are considerably smaller in the United States than in Canada

 5 These estimates are statistically distinguishable from one another.
 6 In contrast, for all outcomes except diabetes, the effects of birth weight estimated in this study are consistent

 across cohorts.

 71 prove this in Web Appendix C.
 8 Due to publication bias in this literature, Huxley, Neil, and Collins (2002) find that across studies, the esti

 mated effect sizes are a decreasing function of sample size.
 9 The studies of Almond, Chay, and Lee (2005) and Currie and Moretti (2007) suggest that there are important

 nonlinearities in the impact of birth weight on short- and long-run outcomes.
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 and Norway (Jo Blanden, Paul Gregg, and Stephen Machin 2005), and both coun
 tries have universally provided health insurance.

 Fourth, the data used in this study provide information on some adult chronic
 conditions, the exact data needed to test the fetal origins hypothesis. Such data are
 unavailable in the studies of Behrman and Rosenzweig (2004); Black, Devereux, and
 Salvanes (2007); and Oreopoulos et al. (2006). Finally, this is the first study of these
 recent twin studies to examine both the short- and long-run effects of birth weight
 and the extent to which investments made by parents and health care providers are
 related to birth weight. Doing so helps to give a broader view of the mechanisms by
 which birth weight affects long-run outcomes.

 Consistent with previous studies, I estimate a statistically significant relationship
 between birth weight and long-run and intergenerational outcomes. In particular,
 the heavier twin obtains more education, gives birth to heavier children, and has
 fewer pregnancy complications. In sharp contrast to earlier research, however, these
 effects tend to be quite small with the exception of pregnancy complications. For a
 200 gram increase in birth weight, which likely is an achievable policy manipula
 tion, education would be projected to rise by roughly 0.04 of one year. These nega
 tive effects of birth weight do not appear to be persistent across generations, as the
 estimated intergenerational correlation in birth weight is only 0.07. In contrast to
 other studies (e.g., Black, Devereux, and Salvanes 2007), I find that the effects of
 birth weight on long-run outcomes are nonlinear and for educational attainment, in
 particular, are largest above 2,500 grams, the cutoff for defining low birth weight.
 These findings suggest that babies with birth weights outside the lower tail of the dis
 tribution (i.e., outside the range of low birth weight) should receive more attention.

 Although estimating the long-run effects of birth weight via twin comparisons is
 theoretically appealing, there are several potential threats to validity. First, external
 investment by parents and health care providers may vary systematically with birth
 weight.10 For instance, parents may seek to neutralize the effects of birth weight by
 investing more in the lighter twin, which could explain the small effects on long
 run outcomes. Using the ECLS-B, I estimate a weak within-twin-pair relationship
 between birth weight and outcomes such as hospital days and neonatal intensive care
 unit use, suggesting little differential investment on the part of health care providers
 that is correlated with birth weight.

 Second, as in any test of the fetal origins hypothesis, there is a concern about
 non-random sample selection. This is a direct implication of the hypothesis itself
 since a lack of fetal nutrients may increase early-age mortality rates. In addition, the
 construction of the dataset (i.e., the intergenerational match of birth records) may
 also lead to sample selection. Nearly all of the sample selection appears to be due to
 birth-weight-related infant mortality, however. Sample selection likely would lead to
 downward-biased estimates of the effects of birth weight since the low birth-weight

 10 If the estimated birth-weight effect is intended to capture the biological effect of birth weight, then one
 would view parental investment as a confounder. But if one is interested in the reduced-form effect of birth
 weight inclusive of such parental behaviors, systematic parental investment based on birth-weight differences is
 not problematic. As the second effect may be less policy amenable, my goal is to estimate the first effect. In either
 case, the ability to which parents are able to neutralize or exacerbate the harmful effects of "low" birth weight is
 an independent outcome of interest and deserves further attention.
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 children who survive will be relatively robust. To ascertain the magnitude of bias, I
 perform a series of tests, which essentially amount to using a twin's birth cohort as
 an instrument for selection into the sample. The results suggest that sample selection
 does not explain the small estimated birth-weight effects.

 Third, like other twin studies (e.g., Almond, Chay, and Lee 2005; Oreopoulos et
 al. 2006), my twin sample includes both monozygotic (i.e., "identical") and dizy
 gotic (i.e., fraternal) twins.11 Within-twin-pair birth-weight differences among both
 monozygotic and dizygotic twins may not be due exclusively to disparities in in utero
 nutrition but also due to differences in genetic makeup. As genetic advantage is cor
 related positively with birth weight, as suggested by the data, estimates of the effect
 of birth weight based on all twins will likely be biased upward. In Black, Devereux,
 and Salvanes (2007), however, the estimates are similar for monozygotic and dizy
 gotic twins. Thus, this suggests data on zygosity is not critical for estimating the
 pure effect of birth weight.

 This paper proceeds as follows. Section I describes how I estimate the effects of

 birth weight using within-twin-pair comparisons. I follow with a description of the
 constructed panel data set of twins in Section II and a presentation of estimates of the
 effects of birth weight in Section III. In Section IV, I describe how one might interpret

 the estimated effects in light of postnatal investment and the inability to distinguish
 between monozygotic and dizygotic twins in the estimation sample. I compare my
 results to those of Behrman and Rosenzweig (2004); Black, Devereux, and Salvanes
 (2007); and Oreopoulos et al. (2006) in Section V. I conclude in Section VI.

 I. Identifying the Effect of Birth Weight

 To test directly the fetal origins hypothesis, a researcher would need data on the
 intake of fetal nutrients. Such information is usually unavailable. As a proxy for
 fetal nutrient intake, I rely on birth weight, arguably the best measure of fetal nutri

 ents. There is a strong cross-sectional relationship between the amount of weight a
 mother gains during her pregnancy and her infant's birth weight. An extra pound of
 maternal weight gain results in 0.02 of a pound increase in birth weight based on cal
 culations from the 1995 Detailed Natality File.12 Although birth weight may be an
 imperfect proxy for fetal nutrition, within-twin birth-weight differences still provide
 some signal about the returns to fetal food intake. This is true under the presumption
 that twin birth-weight disparities result from differences in fetal nutrition uptake. In
 the case that the birth-weight discrepancies between twins are due to other factors

 affecting long-run outcomes besides fetal nutrients, it would be incorrect to interpret
 the twins studies as a test of the fetal origins hypothesis. If this is true, one should
 interpret the estimates that follow more broadly as estimates of the effects of birth

 11 Monozygotic twins, commonly referred to as identical twins, are sometimes not genetically identical (Paul
 Gringras and Wai Chen 2001). Monozygotic twins are defined as twins arising from the split of one fertilized
 egg. However, these twins can differ genetically, both at the level of chromosomes and DNA. It is unknown what
 fraction of monozygotic twins are genetically identical.

 12 The effect size is the same whether or not I include controls for maternal age, maternal education, maternal
 race/ethnicity, state of residence, and birth order in the regression.
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 weight. However, the assumption that differences in fetal nutrient uptake drive twin
 birth-weight differences, which I discuss later in this section, is quite plausible.

 To describe the empirical approach, I begin with a simple linear relationship
 between birth weight and long-run outcomes:

 where ytj is an adult or intergenerational outcome for individual j born to mother /;
 bw^ is birth weight; xti is a vector of observable characteristics; and is an error
 term.13 Cross-sectional estimates of equation (1) likely lead to biased estimates
 of /3, the parameter of interest, because of the correlation between immeasurable
 and unobservable determinants of yij9 represented by and birth weight. Family
 upbringing and genetics are two examples of such confounding influences.

 As noted by Almond, Chay, and Lee (2005), the interest in birth weight as a
 policy target is not due to its correlation with other factors but to its direct effect.
 Indeed, if the correlation between birth weight and ytj is due entirely to family back
 ground, policies aimed at increasing birth weight, which are unlikely to change fam
 ily background, would be ineffective. Therefore, a desirable estimate of /3 captures
 the effect of birth weight holding constant omitted and hard-to-measure variables
 like socioeconomic status.

 Suppose that the only confounders leading to an inconsistent estimate of /3 are
 family background and genetics. As long as there are no interactive effects of family
 background and genetic factors with birth weight and other observable characteris
 tics, one can rewrite the error term as follows:

 where h is a flexible function of family background/) and genetics gip and utj is an
 error term assumed to be uncorrelated with the included variables of equation (1).

 If identical twins share the same genetic composition and family background,/ is
 the same for both twins and gi2 equals gn. Under these assumptions, by taking twin
 differences of equation (1), one can consistently estimate /3.14 That is,

 (1)  yi} = a + bWijfi + XijS + eij9

 (2)

 (3)  ya ~ yn = ibwii - bwn)P + (xi2 ~ xn)S + ui2 - ua.

 131 could estimate a more general model that allows the effects of birth weight to vary by birth order, effec
 tively indexing (5 by j (see Royer 2004 for more information). However, when I estimate this less restrictive model
 for the sample of twins, I find that the twins are exchangable (i.e., I cannot reject the hypothesis that /3 is the same
 for the first- and second-born twin). Thus, I assume that /3 does not vary by parity.

 14 This, of course, assumes that there are no interactive effects of birth weight across twins. For instance, there
 could be a psychological impact of twin size differentials. If, as others have shown, birth weight is related to later
 height and weight, the lighter twin may always be smaller and may feel inferior to the heavier twin. This inferior
 ity complex may affect outcomes such as educational attainment. This suggests that the degree of birth-weight
 discordance should also be included as a regressor as a bigger discordance, if it leads to a larger adult size discor
 dance may be more traumatic. However, when stratifying based on birth-weight discordance, I find, if anything,
 that the larger birth-weight discordance is associated with smaller birth-weight effects. The statistical relationship
 between the estimated birth-weight effect and birth-weight discordance is not statistically significant.
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 In this setup, the effect of birth weight on ytj is identified based on differences in
 birth weight within each twin pair holding fixed factors that are shared by the twin
 pair. Such fixed factors include gestational length and maternal prenatal behavior.
 Birth weight and gestational length are highly correlated and policies that aim to
 increase birth weight (e.g., WIC) may also raise gestational length. However, birth

 weight appears to affect outcomes independent of gestation; OLS estimates of the
 effect of birth weight holding constant gestational length are larger in magnitude
 than OLS estimates not controlling for gestational length.

 Equation (3) highlights several important points. First, is a reduced-form param
 eter. It represents the life-course effect of birth weight. For instance, if birth-weight
 differences between twins result in differences in IQ (William H. James 1982), the
 observed twin differences in education may be a direct result of these differences in
 IQ. To the extent that the determination of birth weight occurs before the determina
 tion of these other outcomes (e.g., education, IQ, adult health), one should not control
 for these outcomes when estimating equation (3). Thus, an appropriate interpreta
 tion of /3 is the long-run effect of birth weight through many possible pathways. By
 looking at a plethora of outcomes, I attempt to distinguish the mechanisms through

 which birth-weight differences translate into differences in adult outcomes.
 Second, twin comparisons improve upon simple sibling comparisons. The choice

 to have a second child may be endogenous to the first birth outcome (Rosenzweig
 and Kenneth I. Wolpin 1995). Royer (2004) estimates that the probability of having
 a second child is strongly correlated with whether the first birth was premature.
 Another potential trouble with the sibling estimator is that several factors kept con
 stant in the twins setting vary in the sibling setting. For example, siblings that are not

 twins will develop at differing points of their parents' lifecycle. As wages vary with
 age, these siblings will be subject to different parental resources at each age.15

 Third, /3 is still identifiable from within-twin-pair birth-weight differences if the
 function h in equation (2), which describes the role of immeasurable and unobserv
 able factors, includes other arguments besides genetics and family background. The
 crucial assumption is that these confounders are twin invariant. Note, that any twin
 varying unobservables that are correlated with birth-weight differences and can
 explain differences in adult outcomes will bias estimates of /3. One such factor is a
 congenital anomaly. Since the California twin data include information on congeni
 tal anomalies, I can control for these differences.16

 Fourth, if there are interactions between unobservable factors and birth weight,
 estimates of /3 will no longer be consistent. For instance, suppose that parental
 investment is a function of birth weight. A mathematical characterization of parental
 investment could have the following form:

 (4) y.. = a + bwyp + bwijfij + x^S + eij9

 15 Some may prefer the sibling comparison because of external validity concerns about twin comparisons,
 however.

 16 As a robustness check, I drop all twin pairs in which one or both twins have a congenital anomaly, rather
 than controlling for these anomalies.
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 where I have augmented equation (1) with the bw^f term. Then, taking the within
 twin difference,

 (5) ya ~ yn = (pwn - bwn)P + (bwn ~ bwn)fy + (xi2 - xn)S + ui2 - un.

 In this scenario, without appropriate controls for family background,/, estimates of
 /3 will be inconsistent. As mentioned earlier, I will address the possibility that paren
 tal involvement is a systematic function of birth-weight differences between twins.
 To do so, I investigate whether the effects of birth weight vary across different types
 of families. For instance, given limited resources, one might expect that differential
 parental investment across twins is more feasible in a small family.

 Finally, if the effects of birth weight are nonlinear, equation (3) will be mis
 specified since its explicit assumption is one of linear birth-weight effects. To allow
 for nonlinear effects, I estimate piecewise linear spline regressions, which have the
 general form:

 (6) yi2 - yn = E (D^bwa - DTMdP" + (*a " + ~ *n,

 where k is the number of knot points; D is a dummy variable equal to one if the
 birth weight of twin j born to mother i is greater than the knot point m; and bw* is
 birth-weight knot point for the spline segment (e.g., 1000 grams).17

 A. The Causes of Birth-Weight Differences Among Twins

 The identification strategy outlined above requires within-twin-pair variation in
 birth weight. But if twins are so alike, why do they have different birth weights?
 First note that birth weight is generally thought to be a function of both gestational
 length and fetal growth for a fixed gestational length. Hence, an infant can be low
 birth weight either because of a short gestational period or because of slow fetal
 growth, otherwise known as intrauterine growth retardation (IUGR). Twin gesta
 tional lengths are identical, so all variation in birth weight among twins is attribut
 able to differences in fetal growth.18

 The fetal growth rate of twins within the womb is governed by different fac
 tors, depending on the twin type. For monozygotic twins who are monochorionic
 (i.e., share the same placenta), the vascular arrangement of the placenta influences
 nutrient and blood flow, and thereby affects birth weight (Rekha Bajoria et al. 2001).
 Also, structural anomalies resulting from the splitting of the embryo may lead one
 twin to receive more nutrients and oxygen than the other.

 Among all other twins, dizygotic and dichorionic, the causes of birth-weight
 differences are more disputed. While the exact mechanisms for birth-weight

 17 Note, the coefficients from this regression specification are not interpretable directly as slopes of the rela
 tionship between birth weight and later outcomes. However, the marginal effects are linear functions of the esti

 mated coefficients. For example, for a spline with three segments, the slope of the first segment is the slope of
 the second segment is /31 + /32; and the slope of the last segment is yS1 H- /32 -+- /33.

 18 For some small subset of twins, gestational lengths differ.
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 differences are highly debated, the disparity in nutrient uptake resulting from the
 structural arrangement of the fetuses (e.g., placenta placement) is the leading expla
 nation for within-twin-pair birth-weight differences (Almond, Chay, and Lee 2005;
 Cunningham 2001).19

 II. Data

 A. Birth Record Data

 I create the primary twins dataset using confidential individual California birth
 records for the period of 1960-2002. These data, a census of California births, are
 compiled from forms completed at birth. These forms include questions on maternal
 and paternal demographics (e.g., age), infant health (e.g., birth weight and gestational
 length), birth order, and plurality (i.e., whether the birth was a multiple birth). The
 confidential version of these data also includes the mother's and child's name, which

 are used for matching.20 I describe the creation and matching processes in Web
 Appendix A.

 The final dataset consists of same sex, female twins born between 1960 and 1982.

 As outlined in Web Appendix A, I observe adult outcomes measured at the time of
 motherhood, only for those twins who have a birth observed in California between
 1989 and 2002 21 Thus, adult outcomes will be missing for the following poten
 tially overlapping groups: women who have died, women who have moved from
 California, women who did not give birth between 1989 and 2002, and women for
 whom birth information (i.e., name and birthdate) is reported incorrectly on the birth
 certificate.22

 This selection is problematic only to the extent that within-twin-pair differences
 in birth weight are correlated highly with within-twin-pair differences in the prob
 ability of later observation. Adult twins usually live near one another (30 percent of
 twins observed as adults in the California data live in the same zip code as their twin),
 so concerns about differential mobility within twin pairs may be moot. Additionally,
 as twins often have similar names, it may be reasonable to assume that child-mother

 matching differences within twin pairs are nonsystematic. Sample selection due to
 death or lack of childbearing, however, may be more disconcerting. Later, I will
 assess the importance of these potential selection biases by testing whether birth

 19 Arguably, an ideal twin study of the effects of birth weight on long-run outcomes would focus on mono
 chorionic twins because their birth-weight differences are due more likely to differences in nutrient uptake rather
 than genetic differences. Identification of such twins rarely is possible. Moreover, monochorionic twins may
 suffer from twin-twin transfusion syndrome in which blood flow is distributed unevenly among the two twins
 (Alejandro Victoria, Gerardo Mora, and Fernando Arias 2001). This condition is rare. Such circulatory problems
 can result in large birth weight discordance between twins. As this condition affects only monochorionic twins,
 estimates of the long-run effects of birth weight using such twins may not be externally valid and, thus, not desir
 able. However, since the incidence of this syndrome is low, the monochorionic twins estimates may be generaliz
 able to the singleton population.

 20 A mother's maiden name, not her married name, is reported in the data.
 21 As adult outcomes are only observed from the birth certificate, the analysis only focuses on female twins

 who are mothers.

 22 I estimate that 20 percent of missed matches are due to bad data. This is the percentage of 1989-2002
 California births to mothers who themselves reportedly were born in California between 1960 and 1982 but are
 unmatchable to the mother's own birth.
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 weight differences among twins predict differences in the probability of later obser
 vation. Although I do find differences in the probability of having an observed birth
 that are related to birth-weight differences, the differential probabilities are small. I
 assess the degree of sample selection bias and show that this bias tends to be small.

 On a related note, one might question the generalizability of results using the
 sample of same sex, female twins born in California between 1960 and 1982 and
 who gave birth in California between 1989 and 2002. In particular, one may won
 der (a) how twins born in California compare to twins born elsewhere and (b) how
 California-born twins giving birth in California between 1989 and 2002 compare
 to other California-born twins.23 Unfortunately, there exist no ideal data to address
 this because adult twins are usually impossible to identify in standard datasets. As
 an alternative, I look at women born between 1960 and 1982, regardless of twin sta
 tus, using the 2003 American Community Survey (ACS), the survey conducted in
 noncensus years intended to cover census-type questions (Web Appendix A, Table
 A2)24 In the top panel of Web Appendix A, Table A2,1 categorize women into three
 groups: (a) born in California, gave birth between 1989 and 2002, and currently live
 in California (the group labeled "Born in CA between 1960 and 1982 and meets
 twin sample criteria"), (b) born in California but either did not give birth between
 1989 and 2002 or does not currently live in California (the group labeled "Born in

 CA between 1960 and 1982 and does not meet twin sample criteria"), and (c) born in
 a state other than California (the group labeled "Born outside of CA between 1960
 and 1982 and meets twin sample criteria"). The sample comparable to that used in
 this paper is sample (1).

 It is important to note there are few differences between the sample of women
 born in California and women born outside of California. The women meeting the
 twin criteria (i.e., born in California, still living in California, and gave birth between
 1989 and 2002) are slightly less educated than the women born outside California.
 Similarly, comparing the two populations born in California (the first and second
 columns), I find the women meeting the sample criteria for the twins sample are less
 likely to have progressed beyond a high school degree. There are also some differ
 ences in the marital status of these two populations, as expected given that selection
 into the twins sample is based on childbearing behaviors. Extrapolating from these
 statistics, it appears that the socioeconomic status of the twins sample is lower than
 that of the overall population of women. Birth weight interventions such as WIC
 often target such groups, making the twins sample particularly relevant.

 B. Early Childhood Longitudinal Study, Birth Cohort

 To understand further the effects of birth weight, I also use the Early Childhood
 Longitudinal Study, Birth Cohort (ECLS-B), which follows from birth a nationally
 representative sample of infants born in 2001. Fortunately, for my purposes, the

 23 There are other generalizability issues involved such as (a) how twins compare to singletons (an issue I
 discuss later); and (b) how twins born in 1960 and 1982 compare to twins born outside this period, which is prob
 ably a secondary issue.

 24 In the 2003 ACS, I am best able to identify women who have given birth between 1989 and 2002 (one of the
 selection criteria for inclusion in the twins sample).
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 Table 1?Descriptive Statistics as Measured at Birth
 (1960-1982 California Births)

 Unconditional on later observation  Conditional on later observation

 Singleton female Same sex
 births female twin births

 Singleton
 female
 births

 Twin
 births

 Same sex
 female twin

 births
 1st birth 2nd birth 1st birth 2nd birth

 observed observed observed observed

 Proportion white

 Proportion black

 Year of birth

 Parity

 Proportion with birth weight < 1,000 grams

 Proportion with birth weight < 1,500 grams

 Proportion with birth weight < 2,500 grams

 Birth weight (grams)

 Proportion premature

 Gestation (weeks)

 Fetal growth (grams/week)

 Proportion with congenital defects

 Observations

 0.85

 0.09

 1971.2

 2.30

 0.001

 0.003

 0.053

 3,298.1
 (508.0)

 0.07

 39.6
 (2.8)

 83.7
 (30.0)

 0.01

 3,823,491

 0.84

 0.11

 1971.2

 3.01

 0.009

 0.033

 0.453

 2,533.2
 (556.8)

 0.33

 37.3
 (3.4)

 68.0
 (21.3)

 0.01

 139,822

 0.84

 0.11

 1971.5

 2.98

 0.009

 0.035

 0.496

 2,475.1
 (538.5)

 0.33

 37.4
 (3.5)

 66.3
 (18.6)

 0.01

 49,592

 0.86

 0.10

 1971.5

 2.34

 0.000

 0.002

 0.047

 3,304.6
 (492.1)

 0.07

 39.7
 (2.7)

 83.7
 (27.6)

 0.01

 945,309

 0.87

 0.10

 1969.3

 2.49

 0.000

 0.001

 0.048

 3,296.9
 (489.6)

 0.07

 39.7
 (2.6)

 83.6
 (28.2)

 0.01

 678,804

 0.84

 0.12

 1971.8

 3.07

 0.001

 0.014

 0.478

 2,524.6
 (485.9)

 0.30

 37.6
 (3.0)

 67.2
 (U.6)

 0.00

 5,670

 0.87

 0.10

 1969.4

 3.32

 0.000

 0.015

 0.473

 2,533.2
 (482.5)

 0.30

 37.7
 (3.0)

 67.2
 (11.5)

 0.01

 3,028

 Notes: Table reports means and standard deviations (in parentheses). The twin births include twins of both gen
 ders, including mixed sex twins.

 study oversamples twins. There are 1,496 twins in the estimation sample. The data
 provide very detailed information on neonatal intensive care use, parental invest
 ment, and measures of development.

 C. Descriptive Statistics

 Table 1 presents summary statistics from the birth record data, measured at the
 time of birth, for singleton females, all twins, and same sex, female twins. The sta
 tistics in the first three columns are not conditional on whether the twin is observed

 giving birth, while the statistics in the last four columns include only those females
 observed giving birth. As expected, the chief characteristic that distinguishes
 singletons and twins is birth weight. Nearly 50 percent of all same sex, female twins
 are low birth weight (i.e., weigh less than 2,500 grams), while roughly only 5 percent
 of singleton females are low birth weight. Figure 1, which plots the singleton and twin
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 0.10
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 Birth weight (grams)

 Figure 1. Distribution of Birth Weight?Female Singletons and Female Twins

 Notes: The sample includes females born between 1960 and 1982 in California unconditional on whether they
 had a later observed birth.

 birth-weight distributions, further highlights these differences. Shifting the twin distri

 bution to the right by 700 grams, the two distributions would nearly overlap.25
 The differences between the singleton and twin birth-weight distributions natu

 rally calls in to question the external validity of the twin estimates. In particular, if
 twins are naturally small, one might worry that the results are not generalizable to
 the larger non-twin population, arguably the main population of interest. However,
 as discussed later, the cross-sectional relationships between birth weight and adult
 outcomes, such as education, tend to be similar for singletons and twins (see Figures
 3-5). As such, these results may be applicable to singletons.
 The final two columns of Table 1 provide at-birth summary statistics for the esti

 mation population (same sex, female twins for whom I observe a first or second birth).
 As a matter of comparison, I also provide the analogous statistics for singleton female
 births that have been matched to either a first birth (first birth observed column) or
 a second birth (second birth observed column). The subset of the same-sex, female
 twins who are observed later is similar to the overall same-sex, female twins sample
 except in terms of birth outcome characteristics. In particular, twins in the estima
 tion sample are less likely to have birth weights in the lower tail of the birth weight
 distribution than the unconditional population of same-sex, female twins. This is not

 25 The maximum reported birth weight changed over the sample period. So to create a consistent birth weight
 measure, I top coded birth weight to 4,517 grams (9 lbs 15 ounces). This top coding accounts for the small spike
 in the upper tail of the singleton birth-weight distribution. Since the top code is high, the regression results should
 be minimally affected.
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 Table 2?Descriptive Statistics as Measured When Giving Birth
 (1960-1982 California Births)

 Conditional on later observation

 Singleton female births  Same-sex, female twin births

 Mother's maximum education

 Mother's mean education

 Mother's education at birth

 Mother's age

 Father's age

 Proportion with father present

 Father's education at birth

 Birth weight of child (grams)

 Gestational length of child (weeks)

 Fetal growth of child (grams/week)

 Number of infant abnormalities

 Proportion diabetic
 Proportion hypertensive
 Proportion anemic
 Number of pregnancy complications
 Number of labor complications
 Proportion receiving neonatal intensive care
 Poverty rate of residential zipcode in 1999

 Median household income of
 residential zipcode in 1999

 Observations

 1st birth
 observed

 13.2
 (2.1)

 13.0
 (2.1)

 12.9
 (2.3)

 23.9
 (5.4)

 26.8
 (6.3)

 0.95

 12.7
 (2.8)

 3,338.2
 (563.6)

 39.7
 (2.7)

 85.3
 (29.6)

 0.09
 0.01
 0.03
 0.01
 0.12
 0.56
 0.03
 0.15

 47,844.2
 (17,283.3)

 945,309

 2nd birth
 observed

 13.2
 (2.1)

 12.9
 (2.1)

 13.0
 (2.1)

 26.6
 (5.0)

 29.3
 (6.0)

 0.97

 12.9
 (2.5)

 3,435.9
 (541.0)

 39.6
 (2.6)

 88.1
 (29.1)

 0.07
 0.02
 0.01
 0.01
 0.11
 0.38
 0.02
 0.15

 47,782.5
 (17,421.5)

 678,804

 1st birth
 observed

 13.1
 (2.1)

 12.9
 (2.1)

 12.8
 (2.3)

 23.6
 (5.3)

 26.6
 (6.2)

 0.95

 12.7
 (2.8)

 3,363.3
 (550.5)

 39.7
 (2.7)

 86.5
 (45.9)

 0.08
 0.01
 0.03
 0.00
 0.12
 0.58
 0.03
 0.15

 47,420.0
 (17,664.6)

 5,670

 2nd birth
 observed

 13.2
 (2.0)

 12.9
 (2.0)

 12.9
 (2.1)

 26.4
 (5.0)

 29.2
 (5.9)

 0.97

 13.0
 (2.5)

 3,460.8
 (533.5)

 39.6
 (2.5)

 88.7
 (15.0)

 0.07
 0.02
 .0.02
 0.01
 0.10
 0.38
 0.02
 0.15

 47,681.6
 (17,653.3)

 3,028

 Notes: The table reports means and standard deviations (in parentheses). Father presence is ascertained from the
 presence of both his date of birth and educational attainment on the birth certificate data.

 particularly surprising given the findings of Almond, Chay, and Lee (2005), which
 suggest that, at least at the lower extreme tail of the birth-weight distribution, birth

 weight is a strong predictor of infant mortality. Hence, some nontrivial share of
 extremely low birth-weight infants likely dies before reaching adulthood.

 For those twins observed giving birth, I also observe adult outcomes such as
 their education at motherhood and the birth weight of their offspring. In Table 2,1
 compare adult outcomes for singleton female mothers with outcomes for same-sex,
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 Figure 2. Distribution of Absolute Birth-Weight Differences Between Twins

 Notes: The sample includes twins born in California between 1960 and 1982. The "all twins" sample includes
 twins of both genders, including mixed-sex twin pairs.

 female twin mothers. The first three rows display the means and standard deviations
 for three measures of education: maximum level reported across births, mean level
 reported across births, and education at birth. Since a mother may obtain additional
 schooling after her first (and subsequent) births, her education as measured when
 giving birth may be a noisy measure of her completed education. However, within
 twin-pair differences in education are informative at any point in time, even before
 the completion of schooling. These differences may reflect differences in grade pro
 gression in addition to differences in eventual educational attainment.26 In terms of
 adult outcomes, the twin mothers are very comparable to the singleton mothers 27
 Despite the fact that the twins themselves were likely to be of low birth weight, twin
 mothers give birth to infants of roughly the same weight as singleton mothers.

 As a final useful set of summary statistics, Figure 2 plots the distribution of birth
 weight differences within twin pairs, which will later be exploited as a means of
 identifying the effect of birth weight. The gap in birth weight between twins is non
 trivial. For over half of the twin sample, this difference exceeds 200 grams. The
 distribution of birth-weight differences is nearly identical for same-sex, female twins
 as for all twins.

 26 This is true as long as the twins are observed at the same age. It is conceivable that birth weight affects
 fertility timing, so observed differences in education could be due to differences in age at childbirth. As discussed
 later, there are no statistically significant differences of twins' age at childbirth, thus mitigating that potential
 source of misinterpretation of the within-twin educational difference.

 27 Two outlier observations account for the large standard deviation in fetal growth for same-sex, female twins
 giving birth for the first time. For these observations, it appears that gestational length is severely misreported. For
 example, a gestational length of seven days is reported. These outliers do not affect the later regression results,
 however.
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 III. Results

 A. Birth Record Data

 Plots of Relationships between Birth-weight and Long-Run Outcomes.?Figures
 3-5 present plots of educational attainment, birth weight of offspring, and the number
 of pregnancy complications by the mother's birth weight (as measured in 100-gram
 increments) to give a sense of the relationships between birth weight and long-run
 outcomes for the birth record data.28 The solid lines represent twin mothers and the

 dashed lines represent singleton mothers. The sample consists of females whose first
 or second birth is observed. If both the first and second births are observed, then

 the second birth value is assigned. While this sample will be the main estimation
 sample, the results are robust to the use of other samples (e.g., twins with a first birth
 observed) as shown later.

 In Figure 3, there is a clear relationship between birth weight and education 29
 The heavier a female is at birth, the more education she obtains. This is true for both

 singletons and twins. Moreover, the response functions for each subpopulation are
 nearly identical. The cross-sectional relationship between the twin mother's birth
 weight and the birth weight of her offspring in Figure 4 also reveals a strong positive
 correlation. Note, that conditional on birth weight, the birth weight of a twin's off
 spring exceeds the birth weight of a singleton's offspring. Most importantly, however,
 the response functions for the two populations have the same slopes. This pattern is
 likely reflective of differences in twin and singleton gestational lengths. For a given
 birth weight, singletons spend less time in the womb than do twins. The final graph,
 Figure 5, plots the number of pregnancy complications by birth weight.30 A heavier
 birth weight is associated with a lower risk of pregnancy complications. Across all
 three outcomes, these response functions are strikingly alike for both singletons
 and twins, suggesting that twin-based estimates of the effect of birth weight may be
 externally valid.

 Regression Estimates.?Table 3 presents the main fixed-effect estimation results
 relating within-twin-pair birth-weight differences to differences in adult outcomes,
 as measured at the time of childbearing for the birth record data. I also present
 pooled OLS estimates, which do not control for twin fixed effects. The pooled OLS
 regressions control for the twins' birth order, the twins' year of birth, and the twins'

 28 These outcomes were selected based on the fixed effects regressions in Table 3.
 29 Figures 3-5 provide raw, unadjusted means by birth weight. I present such figures as a means of assessing

 the external validity of the twin estimates. Since the cross-sectional patterns are sensitive to the controls included
 (results not shown) and furthermore, divergent from the fixed-effects relationships (see Table 3), it is unclear

 whether the estimates in Figures 3-5 should be adjusted for covariates and if so, which covariates. However,
 as external validity is ultimately untestable, Figures 3-5 should be interpreted as suggestive and not conclusive
 evidence of external validity.

 30 Pregnancy complications include hypertension, eclampsia (seizures during pregnancy), renal disease, kid
 ney infection, cardiac disease, sexually transmitted diseases, diabetes, hepatitis, rubella, Rh sensitization (the
 compatibility of Rh factor of the mother and the infant), hemoglobinopathy (presence of abnormal hemoglobins),
 uterine bleeding before labor, lung disease, polyhydramnios/oligohydramnios (excess/deficient amount of amni
 otic fluid), incompetent cervix, cervical circlage (tying the cervix closed in response to an incompetent cervix),
 and premature labor.
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 Figure 3. Cross-Sectional Relationship Between Birth Weight and Education

 Notes: This figure is a plot of education averages by birth weight where birth weight is categorized into 100 gram
 intervals starting with the interval 1,400-1,500 grams. The sample used in this figure includes those mothers
 observed having a first or second birth and whose birth weight was between 1,400 and 3,700 grams. Within the
 twins sample, there are only 42 observations with birth weights falling below 1,400 grams and 59 observations
 with birth weights exceeding 3,700 grams. In the case of the twins sample, both twin mothers must be observed
 for their first or second births. If they are observed for both births, then only their second birth is used in the cal
 culations. The education measure is education reported at time of motherhood.

 race. In these models, the effect of birth weight is independent of the length of gesta
 tion. The data suggest that this is an accurate representation. For all of the outcomes
 shown in Table 3,1 am able to reject the hypothesis that the effect of birth weight
 depends on gestational length.311 present the estimates in Table 3 such that the out
 comes located at the top of the table are outcomes that birth weight may affect more
 directly (e.g., infant mortality, education, birth outcomes of the next generation, and
 health status). Outcomes for which the effect of birth weight may be less direct (e.g.,
 age at motherhood when the twin gives birth and characteristics of the twins' mate)
 are at the bottom of the table.

 As a means of comparison to other studies (e.g., Almond, Chay, and Lee 2005), I
 also present the effects of birth weight on infant mortality within the first year of life.

 As in Almond, Chay, and Lee (2005), the estimates suggest that there is a strong cross
 sectional bias in the birth weight-infant mortality relation. The twin fixed-effect

 31 This is accomplished by including a birth weight and gestational length interaction variable in the
 regressions.
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 4000 -i

 Figure 4. Cross-Sectional Relationship Between Own Birth Weight and Offspring's Birth Weight

 Notes: This figure is a plot of birth weight of offspring averages by own birth weight where own birth weight is
 categorized into 100 gram intervals starting with the interval 1,400-1,500 grams. The sample used in this figure
 includes those mothers observed having a first or second birth whose birth weight was between 1,400 and 3,700
 grams. Within the twins sample, there are only 42 observations with birth weights falling below 1,400 grams and
 59 observations with birth weights exceeding 3,700 grams. In the case of the twins sample, both twin mothers
 must be observed for their first or second births. If they are observed for both births, then only their second birth
 is used in the calculations.

 estimate is one-tenth the size of the cross-sectional estimate and is nearly identical
 to the Almond, Chay, and Lee (2005) estimate of -0.0222.32

 In this same row of Table 3, the fixed-effects estimates for education imply that
 a one kilogram increase in birth weight leads to a 0.13 to 0.16 of a year increase
 in educational attainment. These coefficients are 15 to 30 percent smaller than the
 cross-sectional coefficients.33 The direction of bias in the cross-sectional estimates

 is as predicted. However, the size of both the OLS and fixed-effects estimates are
 small in light of the fact that any reasonable birth weight manipulation is unlikely to
 alter birth weight by one kilogram. A foreseeable manipulation ranges from 200 to
 250 grams. Thus, the fixed-effects estimates indicate that while birth weight affects

 32 The data used to estimate the effect of birth weight on infant mortality are the 1960 and 1965-1980
 California Birth Cohort files as opposed to the 1960-1982 California natality data. This results in a slightly dif
 ferent sample than the sample used in the remainder of the table. However, if I use 1960 and 1965-1980 California
 natality data for the noninfant mortality outcomes, the results are similar to those presented in Table 3.

 33 Currie and Moretti (2007) use the California birth records to look at the intergenerational transmission of
 birth weight. For mothers born between 1970 and 1974, they estimate that a one kilogram increase in birth weight
 results in a 0.1548 increase in educational attainment. After they include grandmother fixed effects (i.e., compare

 mothers who are siblings), this point estimates drops in size to 0.0836, or about half the size of the twin fixed
 effect estimates in Table 3.
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 Figure 5. Cross-Sectional Relationship Between Birth Weight and Pregnancy Complications

 Notes: This figure is a plot of the average number of pregnancy complications by own birth weight, where own
 birth weight is categorized into 100 grams intervals starting with the interval 1,400-1,500 grams. The sample
 used in this figure includes those mothers observed having a first or second birth whose birth weight was between
 1,400 and 3,700 grams. Within the twins sample, there are only 42 observations with birth weights falling below
 1,400 grams and 59 observations with birth weights exceeding 3,700 grams. In the case of the twins sample, both
 twin mothers must be observed for their first or second births. If they are observed for both births, then only their
 second birth is used in the calculations.

 years of schooling, a realistic policy would only lead to a 0.03 to 0.04 increase
 in years of schooling. Assuming no other benefits to increasing birth weight, this
 hardly seems like a cost-effective investment.

 It should be noted that education at motherhood is not necessarily completed
 education. For women 24 years old or older, education at motherhood is likely com
 pleted education.34 The estimated effects of birth weight for this older sample are
 essentially identical to those in Table 3. Hence, the effects of birth weight on educa
 tional attainment in Table 3 are reflective of within-twin differences in completed
 education and not simply differences in educational progression.35

 Table 3, panel B investigates whether birth weight affects one's own health and
 the health of one's offspring. Of all the outcomes presented in Table 3, these out
 comes test most directly the fetal origins hypothesis (i.e., the effect of birth weight
 on chronic conditions). It may be too early in the lifecycle to observe the impact of
 birth weight on chronic conditions. Barker's studies usually look at individuals in
 their sixties and seventies (Barker 2006). Although disputed in the epidemiological
 literature, some studies have found that birth weight predicts adult outcomes such

 34 In the 2000 Census, female school enrollments by age flatten at age 24.
 35 This interpretation is appropriate as long as the twins give birth at the same age, which is the case.
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 Table 3?Pooled OLS and Fixed-Effect Estimates: Effects of Birth Weight in Kilograms
 (Female Twins with First or Second Birth Observed)

 Panel A

 Infant mortality

 Death within first year

 Pooled OLS FE
 -0.18 -0.02
 (0.004) (0.004)

 Mean: 0.06

 Maximum education

 Pooled OLS FE
 0.19 0.13
 (0.05) (0.08)
 Mean: 13.09

 Education

 Mean education

 Pooled OLS FE
 0.19 0.16
 (0.05) (0.07)
 Mean: 12.87

 Education at birth

 Pooled OLS FE
 0.19 0.16
 (0.06) (0.08)
 Mean: 12.87

 Panel B

 Birth and adult health outcomes

 Child's birth weight
 (in grams)

 Pooled OLS FE
 177.87 70.42
 (14.72) (30.67)
 Mean: 3,399.89

 Gestational length
 (in days)

 Pooled OLS FE
 2.42 0.87
 (0.49) (1.18)
 Mean: 277.19

 Hypertension
 Pooled OLS FE
 -0.004 -0.02
 (0.004) (0.01)
 Mean: 0.02

 Diabetes
 Pooled OLS FE
 -0.005 -0.002
 (0.003) (0.007)
 Mean: 0.01

 Anemia
 Pooled OLS FE

 0.000 -0.003
 (0.0023) (0.006)

 Mean: 0.01

 Number of pregnancy
 complications

 Pooled OLS FE
 -0.01 -0.05
 (0.01) (0.02)
 Mean: 0.11

 Number of labor

 complications
 Pooled OLS FE

 0.01 0.01
 (0.02) (0.05)

 Mean: 0.49

 Neonatal intensive care
 unit transfer

 Pooled OLS FE
 -0.004 0.000
 (0.004) (0.01)
 Mean: 0.02

 Panel C

 Birth delivery  Residential location

 C-Section delivery
 Pooled OLS FE

 -0.02 -0.03
 (0.01) (0.02)
 Mean: 0.24

 Public payment for
 delivery

 Pooled OLS FE
 -0.03 -0.04
 (0.01) (0.02)
 Mean: 0.37

 Median household
 income (1999) of

 zip code
 Pooled OLS FE

 1042.47 219.55
 (470.53) (770.99)
 Mean: 47,418.04

 Poverty rate (1999)
 of zip code

 Pooled OLS FE
 -0.003 -0.003
 (0.002) (0.004)
 Mean: 0.15

 Panel D

 Maternal and paternal characteristics

 Maternal age (in days)
 Pooled OLS FE

 -5.83 75.56
 (33.92) (66.28)
 Mean: 9,125.28

 Father present

 Pooled OLS FE
 0.01 -0.003
 (0.01) (0.012)

 Mean: 0.96

 Paternal age (in days)
 Pooled OLS FE
 24.73 69.34
 (53.79) (110.39)
 Mean: 10,283.04

 Paternal education

 Pooled OLS FE
 0.27 0.19
 (0.07) (0.14)
 Mean: 12.89

 Notes: Robust standard errors adjusted for within-twin-pair correlation are shown in parentheses. All regressions
 are based on the sample of twins observed having a first or second birth in California between 1989 and 2002
 (3,396 twin pairs) with the exception of the infant mortality results. The infant mortality results are based on all
 same-sex female twins in the 1960 and 1965-1980 California birth cohort files (18,628 twin pairs). For those
 twins whose first and second births are both observed, only the second birth is included in the regressions. The
 reported mean is the mean of the dependent variable. The pooled OLS regressions include controls for year of
 birth, birth order, and race.

 as hypertension (Neil R. Poulter et al. 1999), coronary heart disease (J. G. Eriksson
 et al. 1999), and diabetes (Hales et al. 1991). The cross-sectional estimates in Table
 3 imply that a 100 gram increase in a mother's birth weight leads to an 18 gram
 rise in her child's birth weight. Meanwhile, the fixed-effects estimates of Table 3
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 suggest that this intergenerational transmission is much smaller?roughly one-third
 the size of the cross-sectional OLS estimate.36'37 Gestational length is unaffected by
 a mother's birth weight.

 In terms of one's own health, none of the estimated effects of birth weight on adult

 health outcomes (e.g., hypertension, diabetes, and anemia) shown in panel C of Table
 3 are statistically significant at the 5 percent level, but the magnitude of the hyperten

 sion estimate is sizable. A birth weight increase of 250 grams decreases the probabil
 ity of hypertension by about 0.4 of a percentage point, a decline of 14 percent. The
 effects on diabetes and anemia are much smaller. The most notable estimate within

 this set of estimates is that for pregnancy complications. A birth weight increase of
 250 grams implies an 11 percent fall in pregnancy complications. These estimates may
 be downward biased due to misreporting of these conditions on the birth certificate.
 The accurate reporting of clinical measures on the birth certificate can be poor (P. A.
 Buescher et al. 1993, and David L. DiGiuseppe et al. 2002). The general findings of the
 literature suggest that the measurement error in variables related to obstetric history,

 birth weight, and delivery type is small but for other outcomes, such as maternal risk
 factors and comorbidities, measurement error may be more problematic.38

 Since these pregnancy complications include a heterogeneous group of condi
 tions, I have disaggregated these complications as those reflective of long-term health
 complications (e.g., anemia and diabetes) versus those indicative of predominately
 pregnancy-related health (e.g., premature labor and eclampsia). Birth weight appears
 to have a larger impact on pregnancy-related conditions as opposed to long-term
 health (results not shown).

 Panel C of Table 3 examines whether there are any birth weight-induced differ
 ences in income-related outcomes. Unfortunately, California birth records have no
 direct income information. As a next best alternative, I look at four different out

 comes that are related indirectly to a mother's income. Looking first at the C-section
 results and considering the high prevalence of this type of delivery among more
 affluent mothers, one might expect to observe a positive relationship between birth
 weight and C-section rates. But lighter twins have higher risks of pregnancy com
 plications, which would likely result in a negative association between birth weight
 and C-section rates. However, the influence of birth weight on C-section delivery

 36 In Currie and Moretti's (2007) comparison of California-born siblings, the intergenerational transmission
 of birth weight is estimated as 0.2 (or an increase of 200 grams in the child's birth weight for every one kilogram
 increase in the mother's birth weight). This estimate is statistically indistinguishable from the OLS pooled twins
 estimate.

 37 If the variance of maternal birth weight equals the variance of the birth weight of the mothers' offspring,
 or in other words, birth weight across generations follows a stationary process, the coefficient from a regression
 of child's birth weight on mother's birth weight is directly interpretable as the intergenerational correlation in
 birth weight. In the data, there are slight differences in these variances. However, after taking into account these
 differences, the estimated intergenerational correlation in birth weight is larger only by a factor of 1.12 relative to
 the coefficient reported in Table 3.

 38 The health-related estimates may be prone to measurement error due to the dichotomous nature of the
 dependent variable. In the standard measurement error model, measurement error in these discrete clinical mea
 sures (e.g., diabetes) will lead to attentuation bias where the attentuation factor is 1?probability of a false posi
 tive?probability of a false negative), Jerry Hausman, Jason Abrevaya, and F. M. Scott Morton (1998), under the
 assumption that the misclassification rates are uncorrelated with birth weight. The estimates from DiGiuseppe et
 al. (2002) imply that we should inflate the estimates in Table 3 by about a factor of two to three for most health
 related outcomes except for anemia, which we should inflate by ten.
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 rates is weak at best, possibly reflecting the interaction of these two countervailing
 mechanisms. None of the other income-related outcomes?public payment for deliv
 ery (e.g., Medicaid-financed birth), the income in the zipcode of residence, or the
 poverty rate in the zipcode of residence?is strongly related to birth weight.

 Suppose that as theories of fertility and mating predict, and as empirical studies
 show, that a rise in a mother's education level leads to fertility delays and higher
 "quality" mates.39'40 Then one might expect that the improvements in education
 associated with increases in birth weight would lead to delayed childbearing and
 maternal selection of older and more educated mates. The final panel of estimates
 in Table 3 tests this conjecture. The lighter and heavier twin give birth at the same
 age. While this estimate is informative about the effects of birth weight on fertility
 timing, it is also instructive about selection bias. If the twins have children at differ
 ent ages, then age could potentially confound the estimated returns to birth weight
 because I only observe women at their chosen time of motherhood. None of the
 effects of birth weight on mate "quality" are significant or large, but the effect of
 birth weight on paternal education parallels the analogous effect on maternal educa
 tion, suggesting a large mating market effect of education.
 While the regressions in Table 3 are based on the sample of female twins with

 an observed first or second birth, as a robustness check, I replicate Table 3 in Web
 Appendix A, Table A3, using the sample of female twins with an observed first birth
 and not necessarily an observed second birth. The estimates are consistent with
 those in Table 3, and as such, I use the larger sample of twins.

 Another concern, in addition to the estimation sample, is that within-twin-pair
 differences in the incidence of congenital anomalies (i.e., birth defects) could poten
 tially explain the persistence of birth weight. Suppose one twin is born with a con
 genital anomaly and the other is not. This congenital anomaly discordance could
 cause a within-twin birth-weight difference. Then, it would be inappropriate to attri
 bute the within-twin differences in long-run outcomes to their differences in birth
 weight via fetal nutrition. As such, it may be more appropriate to exclude twins with
 a congenital anomaly from the estimation. For twins born between 1960 and 1967 or
 between 1978 and 1982,1 can identify whether a twin had a congenital anomaly. Web
 Appendix A, Table A4 replicates Table 3, restricting the estimation sample to twins
 born in years in which congenital anomalies were recorded on birth certificates.

 Web Appendix A, Table A5 also duplicates Table 3 but further excludes any twins
 with a congenital anomaly. Overall, the estimates in Web Appendix A, Table A4 are
 somewhat larger although statistically indistinguishable from the estimates in Web

 Appendix A, Table A5. Both sets of estimates are roughly of the same magnitude as
 the estimates for the overall sample in Table 3. Thus, the within-twin-pair variation
 in birth weight exploited in Table 3 does not appear to be due to within-twin-pair
 variation in congenital anomalies.41

 39 For these theories of fertility and mating, see Gary S. Becker (1960), Becker and H. Gregg Lewis (1973),
 and Jacob Mincer (1963).

 40 For empirical studies of fertility and mating, see Currie and Moretti (2003) and Justin McCrary and Royer
 (2006).

 41 This bias may also be small simply because the number of twins with congenital anomalies is small. The
 percent of twins with a congenital anomaly is 1.3 percent for the overall twins sample. In comparison, this percent
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 Nonlinear Effects of Birth Weight.?Prior studies suggest that birth weight has
 non-linear effects on later outcomes. In fact, some studies (e.g., Johnson and Schoeni
 2005) focus exclusively on the lower tail of the birth-weight distribution implicitly
 arguing that birth weight only matters when it falls below a certain threshold. If
 the effects of birth weight are a function of the level of birth weight, the regres
 sion estimates in Table 3 may not be representative of the effects throughout the
 distribution.

 While recent economic studies (Almond, Chay, and Lee 2005; Behrman and
 Rosenzweig 2004; and Currie and Moretti 2007) agree about the existence of non
 linear birth-weight effects, they find disparate locations of these nonlinearities.

 Almond, Chay, and Lee (2005) argue that for infant mortality, birth weights at the
 bottom end of the distribution matter. In their study, the effect of birth weight on
 infant mortality is only sizable for birth weights below 1,500 grams. For birth weight
 of one's offspring, Currie and Moretti (2007) find that the marginal return to birth
 weight is largest for mid-range birth weights. These seemingly contradictory results
 may reflect the different mechanisms through which birth weight affects different
 outcomes.42

 To allow for the possibility of nonlinear birth-weight effects, I estimate a piece
 wise linear spline with a knot at 2,500 grams in Table 4.43 The reported F-statistics
 test whether the two segments of the linear spline have equal slopes.44 The first set of
 estimates, shown in the top panel, indicates that the effect of birth weight on educa
 tion and infant mortality is highly nonlinear. Consistent with earlier work (Almond,

 Chay, and Lee 2005), the relationship between birth weight and infant mortality is
 strongest for the lower birth weight births. While there is some indication of nonlin
 earity in the effect of birth weight on infant death in both the OLS and fixed-effects
 specifications, the inclusion of twin fixed effects dampens the nonlinearity of the
 relationship. Meanwhile for education, the marginal benefit of birth weight on edu
 cation is strongest in the 2,500+ gram range according to the cross-sectional OLS
 estimates. The fixed-effect estimates confirm these cross-sectional relationships, but
 the suggested degree of nonlinearity is slightly magnified. In particular, with educa
 tion at birth as the dependent variable, the two segments of the linear spline have
 statistically distinct slopes. The estimated effects on education in the <2,500 gram
 range are negative but insignificant. However, at the upper end of the birth-weight
 distribution, the effects on education are nearly twice as large as those reported in
 Table 3. An increase in birth weight of 200-250 grams in this part of the distribution
 is associated with an increase in educational attainment on the order of 0.08-0.10

 of a year.
 Panel B of Table 4 shows that the effects of birth weight on adult health are larg

 est for mothers whose birth weight was low. Hypertension, diabetes, and pregnancy

 is 2.7 for the Almond, Chay, and Lee (2005) sample of infants born in the United States in 1989.
 42 Other possible explanations for the disparate findings are varying samples and identification strategies.
 43 The use of 2,500 grams as the knot point was chosen because 2,500 grams is approximately the median

 birth weight. The choice is also based on the patterns found in Figures 3-5.1 have experimented with other knot
 points and the substantive conclusions remain unchanged.

 44 For these F-statistics, the numerator degrees of freedom is one and the denominator degrees of freedom is
 the number of twin pairs minus two.
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 Table 4?Linear Spline Estimates of the Effect of Birth Weight in Kilograms
 (Female twins with first or second birth observed)

 Panel A  Infant mortality  Education

 Death within first year Maximum education  Mean education

 <2,500 g

 2,500 g+

 F-stat of equal
 slopes

 OLS
 -0.33
 (0.01)
 0.11

 (0.003)
 2,561.37

 FE
 -0.044
 (0.006)
 0.004
 (0.006)
 23.15

 OLS
 0.03
 (0.11)
 0.32
 (0.10)
 2.80

 FE
 -0.07
 (0.13)
 0.29
 (0.12)
 3.25

 OLS
 0.03
 (0.11)
 0.33
 (0.10)
 3.06

 FE
 -0.02
 (0.13)
 0.31
 (0.11)
 2.97

 Education at birth

 OLS
 -0.01
 (0.11)
 0.38
 (0.10)
 4.45

 FE
 -0.10
 (0.14)
 0.38
 (0.12)
 5.13

 Panel B

 <2,500 g

 2,500g+

 F-stat of equal
 slopes

 Birth and adult health outcomes

 Child's birth weight
 (in grams)

 Gestational length
 (in days)  Hypertension

 OLS
 108.78
 (29.48)
 239.51
 (26.36)
 7.57

 FE
 75.71
 (54.04)
 66.10
 (47.51)
 0.01

 OLS
 1.78

 (1.00)
 2.98
 (0.91)
 0.54

 FE
 -0.17
 (2.09)
 1.71

 (1.82)
 0.36

 OLS
 -0.011
 (0.009)
 0.002
 (0.007)
 0.83

 FE
 -0.035
 (0.017)
 -0.003
 (0.015)

 1.61

 Diabetes
 OLS
 -0.012
 (0.007)
 0.001
 (0.006)

 1.43

 FE
 -0.015
 (0.013)
 0.009
 (0.011)
 1.59

 Panel C

 <2,500 g

 2,500g+

 F-stat of equal
 slopes

 Anemia
 Number of pregnancy

 complications
 Number of labor

 complications
 Neonatal intensive
 care unit transfer

 OLS
 0.002
 (0.004)
 -0.001
 (0.004)
 0.28

 FE
 0.003
 (0.010)
 -0.008
 (0.009)
 0.48

 OLS
 -0.05
 (0.02)
 0.02
 (0.02)
 4.87

 FE
 -0.107
 (0.040)
 -0.004
 (0.035)
 3.07

 OLS
 0.01
 (0.04)
 0.02
 (0.04)
 0.00

 FE
 -0.02
 (0.09)
 0.03
 (0.07)
 0.16

 OLS
 -0.001
 (0.009)
 0.002
 (0.008)
 0.73

 FE
 -0.002
 (0.017)
 0.002
 (0.015)
 0.03

 Panel D

 <2,500 g

 2,500g+

 F-stat of equal
 slopes

 Birth delivery  Residential location

 C-Section delivery
 Public payment

 for delivery

 Median household in
 come (1999) of zipcode

 Poverty rate (1999)
 of zipcode

 OLS
 -0.04
 (0.02)
 -0.01
 (0.02)
 0.72

 FE
 -0.03
 (0.04)
 -0.03
 (0.04)
 0.00

 OLS
 -0.02
 (0.02)
 -0.05
 (0.02)
 0.32

 FE
 -0.05
 (0.04)
 -0.03
 (0.04)
 0.17

 OLS
 1985.79
 (908.37)
 192.31
 (855.91)

 1.44

 FE
 2733.55
 (1,353.61)
 -1833.57
 (1,191.54)

 5.10

 OLS
 -0.004
 (0.005)
 -0.002
 (0.004)
 0.06

 FE
 -0.001
 (0.007)
 0.003
 (0.006)
 1.52

 Panel E

 <2,500 g

 2,500g+

 F-stat of equal
 slopes

 Maternal and paternal characteristics

 Maternal age (in days)  Father present  Paternal age (in days) Paternal education
 OLS
 -32.63
 (66.53)
 18.09

 (60.49)
 0.22

 FE
 -28.52
 (116.77)
 160.42

 (102.65)
 1.17

 OLS
 0.04
 (0.01)
 -0.01
 (0.01)
 5.87

 FE
 0.03
 (0.02)
 -0.03
 (0.02)
 3.81

 OLS
 -117.06
 (111.53)
 145.87
 (96.31)
 2.19

 FE
 -354.70
 (196.46)
 408.31
 (170.45)
 6.80

 OLS
 0.13
 (0.16)
 0.39
 (0-13)
 1.17

 FE
 0.22
 (0.24)
 0.17
 (0.21)
 0.01

 Notes: The point estimates represent the estimated slope within the relevant birth-weight interval (e.g., 0-2,500g
 and 2,500g+). Robust standard errors adjusted for within-twin-pair correlation are reported in parentheses. The
 reported F-stat tests whether the two segments of the linear spline have equal slopes. All regressions are based on
 the sample of twins having first or second births in California between 1989 and 2002 (3,396 twin pairs) with the
 exception of the infant mortality results. For those twins whose first and second births are both observed, only the
 second birth is included in the regressions. The infant mortality results are based on all same-sex female twins in
 the 1960,1965-1980 California birth cohort files (18,628 twin pairs). The reported mean is the mean of the depen
 dent variable. The pooled OLS regressions include controls for year of birth, birth order, and race.
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 complications are declining functions of birth weight among low birth weight female
 twins. There is little, if any, adult health effects for mothers whose birth weight
 exceeded 2,500 grams.

 Looking at the intergenerational effects of birth weight, in the cross section,
 the effect of a mother's birth weight on her child's birth weight is twice as large if
 the mother's birth weight was greater than 2,500 grams than if it was below this
 threshold. These cross-sectional estimates are consistent with the findings of Currie
 and Moretti (2007). This nonlinearity disappears after controlling for twin fixed
 effects.

 Panel C of Table 4 shows the effects of birth weight on indirect measures of
 income. Except for the effect of birth weight on the median household income in
 the mother's residential zipcode, the birth-weight effects appear to be independent
 of birth-weight levels. Given the positive wage returns to education and the positive
 estimated effects of birth weight on education, one would expect that the effect of
 birth weight on income would be largest among mothers in the upper half of the
 twin birth-weight distribution. Instead, one sees the same pattern as observed for
 the health effects. The returns to birth weight as measured by residential median
 income are positive and statistically significant for mothers with birth weights below
 2,500 grams but negative and statistically insignificant for birth weights above this
 threshold. However, the effects of birth weight for low birth weight mothers are
 economically small. An increase of one standard deviation in birth weight leads to
 an increase of approximately $1,300 in the median income in a mother's residential
 area. This is equivalent, for example, to moving from Santa Cruz County to San
 Francisco County.45

 The effects of birth weight on fertility and mating market opportunities in the
 final panel of Table 4 are consistent with the effects on education. They too are larg
 est among mothers who weighed over 2,500 grams at birth. For these "high" birth
 weight mothers, being heavier is correlated with delays in fertility and maternal
 partnering with an older and more educated mate. The only effect that is statistically
 significant within this set of estimates is that of paternal age.

 To further pinpoint the location of these nonlinearities, I add two additional knot
 points at 1,500 grams and 3,000 grams to the linear spline specification used in
 Table 4. Web Appendix A, Table A6 presents these additional regression results. The
 main insight provided by this closer look is that the pregnancy complication risks of
 birth weight are only present for mothers with birth weights falling between 1,500
 grams and 2,500 grams. Meanwhile, the impact of birth weight on the birth weight
 of one's offspring and educational attainment are roughly in agreement with the
 earlier spline estimates in Table 4.46

 45 This example is based on a cross-county move, although the household median income data is measured
 at the zip code level.

 46 The linear spline specification is one of several ways to model the nonlinear effects of birth weight. Studies
 such as Case, Fertig, and Paxson (2005); Conley and Bennett (2000); and Johnson and Schoeni (2005) have
 focused on the long-run effects of low birth weight. Implicit in such a specification is that the effects of birth
 weight are negligible for birth weights exceeding the low birth weight threshold of 2,500 grams. The results in
 Table 4 suggest that this assumption is too strong. To better compare my estimates to those in this other litera
 ture, Web Appendix A, Table A7 reports the pooled OLS and twin fixed-effect estimates of low birth weight.
 The estimates suggest that low birth weight has a detrimental effect on educational attainment but little effect
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 Sample Selection.?A credible empirical test of the fetal origins hypothesis is
 difficult because of sample selection. In particular, this hypothesis predicts that indi
 viduals experiencing unfavorable in utero conditions may not survive into adulthood
 and thus, would not be observed in the data. Additionally, given the construction of
 the data, there are three other reasons why long-run outcomes may be missing: (a)
 the twin moved away from California; (b) she did not have a child between 1989 and
 2002; and (c) there were data errors in her birth records that prevented matching.
 If a woman's birth weight affects her probability of later observation, the fixed
 effect estimates could be subject to sample selection bias. Estimates from the 2000
 Census suggest that migration out of California is not related strongly to educational
 attainment. Hence, it is unlikely that birth weight has an impact on migration out
 of California. Because I am using within-twin-pair variation, sample selection bias
 due to mortality and fertility is probably the most disconcerting. In this section, I
 assess the degree to which sample selection bias affects the estimates. While there
 is a correlation between birth weight and the probability of being observed, sample
 selection bias is minimal.

 Table 5 presents estimates of the effect of birth weight on the probability of later
 observation.47 A priori one would predict that selection into the sample would be
 an increasing function of birth weight. This is exactly what is found. The baseline
 fixed-effects estimates, shown in panel A, imply that a birth weight increase of 200
 grams increases the probability of a later observed birth by 0.5 percentage points.
 These estimates seem small and inconsequential. In panel B, selection appears to
 be strongest among fairly normal-sized twins (i.e., those with birth weights between
 2,500 grams and 3,000 grams). To further gauge the size of these effects, one can
 compare these estimates to the effect of birth weight on infant mortality. The effect
 of birth weight on infant mortality on the probability of later observation is about
 two-thirds of the size of the effect of birth weight on the probability of selection into

 the sample. As such, most of the sample selection appears to be the result of low
 birth weight infants dying in the first year of life.

 To measure the extent to which this sample selection potentially biases the twin
 fixed-effects estimates, I perform a series of "nonparametric" tests, which I describe in

 full detail in Web Appendix B 48 First, I test whether the effect of birth weight on the
 probability of later observation is the same across birth cohorts. Then, I test whether
 the effect of birth weight on long-run outcomes is identical for these same cohorts.

 The intuition is that if I find that the effect of birth weight on the probability of being
 observed later differs across cohorts, there should be heterogeneous effects of birth
 weight on long-run outcomes across birth cohorts in the presence of sample selection
 bias. This is assuming that the effect of birth weight on long-run outcomes is the same

 on other outcomes. The effects of low birth weight on the likelihood of being a high school dropout are about
 one-fifth of the magnitude of the effects found by Johnson and Schoeni (2005) using sibling comparisons (results
 not shown).

 47 Although the outcomes are dichotomous, I estimate linear probability models for ease of interpretation.
 48 Alternatively, I could estimate the model with a sample selection correction. To do so, one would have to

 overcome the difficulty of finding a variable that affects the probability of later observation but not the outcome
 variable. The difficulty of this task is exacerbated in the context of twins because the requested variable must be
 measured at birth, must differ within-twin-pairs, and also must affect the probability of later observation in the
 1989-2002 California birth records.
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 i?Probability of Observation of a Later Birth as a Function of Birth Weight

 At least one birth First birth Second birth First or second
 Dependent variable observed observed observed birth observed

 Pooled Pooled Pooled Pooled
 OLS FE OLS FE OLS FE OLS FE

 Panel A: Linear model

 Birth weight 0.025 0.025 0.022 0.025 0.017 0.013 0.025 0.028
 _(0.004) (0.008) (0.004) (0.008) (0.003) (0.007) (0.004) (0.008)

 Panel B: Linear spline model

 Birth weight segment:

 <l,500g

 1,500-2,500 g

 2,500-3,000 g

 3,000g+

 0.12 -0.01
 (0.02) (0.10)

 0.05 0.03
 (0.01) (0.02)

 -0.02 0.04
 (0.02) (0.02)

 -0.02 0.002
 (0.02) (0.026)

 0.13 -0.08
 (0.01) (0.09)

 0.04 0.02
 (0.01) (0.01)

 -0.01 0.05
 (0.01) (0.02)

 -0.02 0.01
 (0.02) (0.02)

 0.01 -0.04
 (0.01) (0.08)

 0.04 0.02
 (0.01) (0.01)

 -0.01 0.02
 (0.01) (0.02)

 -0.01 -0.02
 (0.01) (0.02)

 0.12 -0.09
 (0.02) (0.10)

 0.05 0.02
 (0.01) (0.02)

 -0.02 0.04
 (0.02) (0.02)

 -0.01 0.02
 (0.02) (0.03)

 Notes: The coefficient estimates presented in this table represent the effect of a one kilogram increase in birth
 weight on the probability of observation. The probability of observation is the probability that the twin is observed
 giving birth in California between 1989 and 2002. Robust standard errors, adjusted for within-twin-pair cor
 relation, are in parentheses. The estimation sample includes all same-sex, female twin pairs born in California
 between 1960 and 1982. All regressions are based on 49,592 twin observations. The pooled OLS regressions
 include controls for year of birth, birth order, and race.

 across cohorts, which may be justified given that the effect of birth weight on infant

 mortality is similar across cohorts in the sample. If instead the effects of birth weight
 on long-run outcomes are identical across cohorts but the effects of birth weight on
 selection into the sample are not, then sample selection bias may not be an issue.

 In this case, I am able to reject strongly that the effect of birth weight on the
 probability of later observation is the same across cohorts. And, for all outcomes
 excluding diabetes, I am unable to reject the null hypothesis that the long-run effects
 of birth weight are identical across cohorts. Thus, the results of this nonparametric
 test suggest that sample selection bias is not problematic.

 National Childhood Longitudinal Study, Birth Cohort Data.?To understand how
 birth weight affects long-run outcomes, it is important to examine the effect of birth
 weight earlier in the life cycle. Table 6 displays results for the twins sample for the
 ECLS-B. The first two sets of results examine the relationship between birth weight
 and neonatal intensive care use (NICU) and days in the hospital following birth. The
 OLS relationships indicate a strong correlation between birth weight and post-birth
 care. For instance, a typical within-twin-pair difference in birth weight would lead to a

 within-twin-pair difference in the probability of NICU use of 0.1, which is quite large
 given that the mean NICU use is 0.35. For both NICU use and days in the hospital,
 however, the estimated effect of birth weight falls quite dramatically with the inclusion
 of twin fixed effects.
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 Table 6?Pooled OLS and Fixed-Effect Estimates
 (Effects of birth weight in kilograms ECLS-B data, twins only)

 Post-birth care Developmental outcomes
 NICU use Days in hospital Standardized mental score Standardized motor score

 Pooled OLS FE Pooled OLS FE Pooled OLS FE Pooled OLS FE

 -0.44 -0.04 -24.10 -3.29 0.31 0.09 0.46 0.15
 (0.02) (0.04) (1.32) (1.58) (0.03) (0.05) (0.04) (0.07)
 Mean: 0.35 Mean: 11.63 Mean:-0.30 Mean:-0.32

 Notes: Robust standard errors adjusted for within-twin-pair correlation are shown in parentheses. All regressions
 are based on the sample of twins in the Early Childhood Longitudinal Study, Birth Cohort (1,496 twins; 748 twin
 pairs). The motor and mental scores have been standardized using the mean and standard deviation for the entire
 sample (i.e., the sample that includes singletons). The reported mean is the mean of the dependent variable. The
 pooled OLS regressions include controls for birth order, race, and age at assessment.

 The developmental outcomes suggest a similar pattern. That is, the effect of birth
 weight in the short run is negligible. These outcomes measure infant's skills such as
 the ability to recognize the source of a sound and the ability to hold a ball. The men
 tal and motor scores are standardized. The estimates of the effect of birth weight on
 these outcomes are quite small. A 250 gram increase in birth weight only translates
 into a 0.02-0.04 of a standard deviation increase in these scores. Overall, consis
 tent with the earlier finding using the birth records, these results suggest that the
 effects of birth weight on short- and long-run outcomes are negligible. Although not
 displayed, estimates are similar when the sample is confined to identical twins and
 female twins.

 IV. Understanding the Effects of Birth Weight

 A. Postnatal Investments

 The long-run effects of birth weight presented in Tables 3 and 4 are reduced
 form estimates. They represent the effects of birth weight throughout a woman's
 life, including postnatal investment by her parents and her health care providers.
 Such parental investments may obfuscate identification of the biological effect of
 birth weight. For example, parents may seek to equalize the opportunities of their
 children, and thus invest more heavily in the lighter, disadvantaged twin.49 Such
 behavior would dampen the long-run effects of birth weight. On the other hand, rec
 ognizing that there are potentially larger average returns to investing in the heavier
 twin, parents may favor the heavy twin. This would exacerbate the twin differences.

 49 To discern whether parents invest differentially in their children, an extensive public finance literature has
 examined gift giving and bequests from parents (see B. Douglas Bernheim and Sergei Severinov 2003 for cita
 tions). Bequests are usually split equally between children, but gifts before death tend to be unequal. Bernheim
 and Severinov (2003) develop a model to explain this puzzle. They argue that gifts can be unequal because
 children cannot directly observe the degree to which their parents love them, so gift giving acts as a signal. If
 gift giving is observable, siblings who do not receive gifts will infer that their parents do not love them as much.
 However, if gift giving is secret, parents make unequal gifts to their children without their children's knowledge.
 In the context of this study, parental investment during childhood may be most important for long-run outcomes.
 Differential parental investment is unlikely to be secret if the twins are living together.
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 In addition, the lighter twin may receive more medical care because of the risks
 associated with low birth weight. Under this scenario, the estimated effects would be
 a downward-biased estimate of the biological effects of birth weight. Without know
 ing whether compensatory or reinforcing investment is more common, it is impossi
 ble to know the direction of bias due to postnatal investments. However, independent
 of this potential bias, the degree to which postnatal interactions offset the long-term
 effects of birth weight is of interest to both parents and policymakers.

 Using the ECLS-B (results in Table 6), I estimate a weak relationship between
 birth weight and early medical care, which may be a postnatal investment decision
 made by health care professionals as opposed to by parents. These results hold along
 other dimensions such as breastfeeding, which is not surprising. However, parents
 and health care providers can participate in compensatory or equalizing behaviors
 that may be difficult to measure in a survey. For example, the quality and length of
 time spent with each child may not be accurately reported or remembered. But these
 estimates suggest that, along observable dimensions, there is little evidence of either
 compensatory or reinforcing behavior.

 Measuring postnatal investments is more difficult in the birth records. For this
 reason, rather than measuring whether investments are responsive to birth weight, I
 use the birth records to examine whether the effects of birth weight differ across dif
 ferent families that may have varying abilities to invest in one twin versus another.
 For instance, it is plausible that the potential for parents to treat each twin differently

 varies by family size. A large family with limited resources may be unable to treat
 each twin differently, and thus, estimates based on large families may be closer
 to the true biological effect of birth weight. In results not shown, the birth-weight
 effects on education tend to be smaller but nonnegligible in larger families (i.e., fam
 ilies where the twins have at least two older siblings). The effects of birth weight on
 pregnancy complications are larger in bigger families. These educational attainment
 results support the theory that parents offer more resources to the heavier twin. This
 leads to upward-biased estimates of the effect of birth weight. These results are only
 suggestive since the imprecision of these estimates does not allow me to differentiate
 these new estimates from the estimates in Table 3.

 While the two data sources suggest that equal resources are devoted to each twin,
 it is important to put these estimates in context with findings from other studies.
 David S. Loughran, Ashlesha Datar, and M. Rebecca Kilburn (2004); and Datar,
 Kilburn, and Loughran (2006) test whether parental investments vary with birth
 weight. Both of these studies take advantage of sibling comparisons from the
 National Longtitudinal Survey of Youth-Child File and correlate differences in birth
 weight with differences in parental investments (i.e., age at school entry, maternal
 labor supply, and family size in Loughran, Datar, and Kilburn 2004; and breastfeed
 ing, well-baby visits, immunizations, preschool attendance, and kindergarten entry
 age in Datar, Kilburn, and Loughran 2006).50 For the relevance of this study, these
 estimates are probably upward-biased estimates of the effect on the level of parental
 investment as it is likely easier for parents to invest differentially in nontwin siblings

 Some of these outcomes (e.g., age at school entry) are very unlikely to differ among twins.
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 relative to twins.51 Along all measured dimensions except kindergarten entrance
 age, the results of Datar, Kilburn, and Loughran (2006) suggest that parents partici
 pate in reinforcing behavior very early on in life. The results of Loughran, Datar,
 and Kilburn (2004) are less clear. Using Chinese twins, Rosenzweig and Junsen
 Zhang (2006) also find some supportive evidence that parents participate in rein
 forcing behaviors in terms of schooling expenditures. Given all of these results, we
 might interpret the twins estimates of the returns to birth weight as upward-biased
 estimates of the biological effect of birth-weight on long-run outcomes although
 results from the birth records and the ECLS-B suggest that this degree of bias is
 negligible.

 B. Monozygotic versus Dizygotic Twins

 As in many other twin studies (e.g., Almond, Chay, and Lee 2005; Oreopoulos
 et al. 2006; Conley, Kate Strully, and Bennett 2006), I cannot distinguish between
 monozygotic and dizygotic twins in these data.52 Genetic advantage likely is cor
 related positively with birth weight as the incidence of congenital anomalies, many
 of which are genetic, is decreasing with birth weight.53 Therefore, the twin fixed
 effects estimates of the long-run effects of birth weight, calculated using data on
 both dizygotic and monozygotic twins, likely will provide an upper bound of the
 effect of birth weight via prenatal nutritional deprivation.54,55 It should be noted
 that for Black, Devereux, and Salvanes (2007), the estimates for monozygotic twins

 51 If resources are fixed, then an increased investment in one sibling mechanically leads to a decrease in the
 investment in the other sibling. As such, the sibling estimator is likely an upper bound of the effect of birth weight
 on parental investment.

 52 Roughly 60 percent to 80 percent of all twins (and a lower percent of same-sex, female twins) are dizygotic.
 This percentage has grown recently with the increasing popularity of assisted reproductive technologies such
 as in vitro fertilization (Cunningham et al. 2001). The first successful use of in vitro fertilization in the United
 States occurred in 1981 (Kasey Buckles 2007) and thus, only the youngest cohorts in the twins sample could have
 been born to mothers with access to such technologies. But, as seen in Web Appendix A, Figure A2, both the
 overall twinning rate and the fraction of births that are same-sex, female twins remain relatively constant over the
 1960-1982 period. Moreover, in US natality data, the rise in multiple births per pregnancy is only evident in the
 late 1980's (Buckles 2007). These facts provide assurance that while most of the twins in the sample are likely
 dizygotic, the fraction that is monozygotic is not changing substantially over the sample period.

 53 By definition, congenital anomalies are defects at time of birth. They can be genetic defects or damage
 incurred in the uterus or at the time of birth.

 54 To determine the extent to which the birth-weight differences signal differences in underlying health rather
 than genetic differences, other studies (Almond, Chay, and Lee 2005; Black, Devereux, and Salvanes 2007;
 Conley, Strully, and Bennett 2006) contrast estimates based on opposite-sex twins to those based on same-sex
 twins. The underlying assumption is that sex composition does not have an independent effect on the outcome. For
 the Almond, Chay, and Lee (2005) and the Conley, Strully, and Bennett (2006) studies, which relate birth-weight
 differences to differences in infant mortality, this assumption may be innocuous. However, when looking at adult
 outcomes, as Black, Devereux, and Salvanes (2007) do, it is not. Moreover, as working behaviors of males and
 females differ dramatically, it is not surprising that the estimated effects of birth weight on earnings and education
 in Black, Devereux, and Salvanes (2007) differ by twin type.

 55 To assess the degree of bias due to genetic factors, I compare the effects of birth weight by race. From other
 studies, it is clear that the rate of dizygosity varies by race. Conditional on a twin birth, blacks are more likely
 to give birth to dizygotic twins relative to whites (Cunningham et al. 2001). Surprisingly, when comparing black
 and white twins, the within-twin-pair estimates of the effect of birth weight on education are smaller among
 black twins than among the full sample. However, the effects on pregnancy complications are larger among black
 twins. Given that the implied direction of bias, at least for the effects on education, is opposite of that predicted,
 the differences between these estimates and the main set of estimates may be due to heterogeneous birth-weight
 effects across racial groups.
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 are quite similar to those for dizygotic twins, which suggests that the genetic bias is
 small.

 V. Comparison to Existing Literature

 There is a plethora of mainly small-scale epidemiological studies examining the
 long-run effects of birth weight.56 However, publication bias may be a concern with
 such studies. Huxley, Neil, and Collins (2002) document a strong inverse relationship
 between estimated effect sizes and sample size. Recently economists have estimated
 such long-run relations, focusing mainly on human capital outcomes, which are usu
 ally ignored in epidemiological studies. While this economics literature improves
 upon the earlier epidemiological studies, particularly by employing large samples,
 the results can be very inconsistent across and even within studies. For example,
 Black, Devereux, and Salvanes (2007) estimate substantial and statistically signifi
 cant differences in the effect of birth weight across different birth cohorts. One
 potential explanation for such inconsistencies is sample selection bias. The effects
 of birth weight on education are largest for the cohorts who are less likely to be
 observed as adults.57

 The purpose of this section is to directly compare the estimates across these stud
 ies. Unfortunately, simple comparisons across studies are nearly impossible due
 to a lack of a unifying regression framework across these studies (e.g., differing
 functional form and dependent and independent variables). Overall, my estimates
 in relation to other economic studies (e.g., Behrman and Rosenzweig 2004; Black,

 Devereux, and Salvanes 2007; and Oreopoulos et al. 2006), are much smaller.
 Behrman and Rosenzweig (2004) is the only study of this group using US twins.

 They use the Minnesota Twins Registry consisting of monozygotic twins born in
 Minnesota between 1936 and 1955, who were resurveyed as adults. Of the 10,400
 surviving twins born within these years, Behrman and Rosenzweig have complete
 data for 804 female twins.58,59 In the bottom panel of Table 7,1 replicate Behrman
 and Rosenzweig's estimates. In the top panel of Table 7, the sample means of the
 two samples are similar with the exception of educational attainment. Behrman
 and Rosenzweig use fetal growth as their measure of healthiness of birth because

 56 Such studies include Terence Dwyer et al. (1999); Richard G. Ijzerman, Dorret I. Boomsma, and Coen D.
 A. Stehouwer (2005); Ruth J. F. Loos et al. (2001); Poulter et al. (1999); and Zhang, Ruth A. Brenner, and Mark
 A. Klebanoff(2001).

 57 Usually we would believe that selection bias would lead to downward-biased estimates based on selection
 into the sample being an increasing function of birth weight. Black, Devereux, and Salvanes (2007), however, do
 not present such estimates.

 58 The 10,400 total does not include those twins born and dying during infancy. Only roughly 80 percent of
 the live-born twin pairs born during this period were alive after one year (i.e., neither of the twins died within the
 first year of life) (D. T. Lykken et al. 1990).

 59 Behrman and Rosenzweig do not explicitly address the potential selection bias due to this response and
 reporting bias. They recognize that birth weight could potentially affect infant mortality and lead to selection
 bias. They argue that such a worry is unfounded, given the results of Almond, Chay, and Lee (2005). However, the
 cohorts studied in Almond, Chay, and Lee (2005) were born 30 years later than the cohorts examined by Behrman
 and Rosenzweig (2004). Between the births of these two cohorts, there were significant improvements in infant
 mortality for low birth weights (David Cutler and Ellen Meara 1999), suggesting that the effects of birth weight
 on infant mortality are time-variant. Almond, Chay, and Lee (2005) estimate comparable effects of birth weight
 on infant mortality for twins born in the 1980s and 1990s. But the sharpest reductions in mortality occurred in
 the 1960s and 1970s.
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 Table 7?Comparison with Behrman and Rosenzweig (2004) Estimates
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 Panel A: Descriptive statistics

 This study's sample
 B&R
 sample  B&R sample of first born

 Fetal growth (oz. per week) 2.36
 Birth weight (oz.) 89.08
 Schooling 12.93
 Birth weight of 1st child (oz.) 118.87

 Observations 5,754

 2.34
 90.2
 13.8

 1,418

 2.34
 90.1

 118.1

 1,207

 Panel B: Regression estimates

 This study

 Education at birth  Offspring's birth weight (oz)

 OLS  OLS  FE  OLS  OLS  FE

 Fetal growth (oz./week)

 Age

 0.30
 (0.08)

 0.21
 (0.06)
 0.25
 (0.01)

 0.10
 (0.09)

 8.01
 (0.68)

 7.89
 (0.67)
 0.37
 (0.05)

 2.30
 (1.30)

 Observations_5,604 5,604 5,604 5,604 5,604_5,604
 Behrman and Rosenzweig (2004)

 Fetal growth (oz./week) 0.313 0.657 7.48 1.87
 (0.152) (0.211) (1.50) (3.67)

 Age -0.0429 NA -0.198 NA
 (0.012) (0.105)

 Observations 1,418 804 1,207 608
 Notes: Standard errors adjusted for within-twin-pair correlation are in parentheses. My estimation sample
 includes all mothers observed having first or second births between 1989 and 2002, who were themselves born
 in California between 1960 and 1982. The reported number of observations is the number of females: each twin
 pair constitutes two observations. For those twins who are observed giving first and second births, only the sec
 ond birth is included in the regressions. For the birth weight regressions, the age variable in the Behrman and
 Rosenzweig regressions is mother's current age at survey. My measure of education is education at time of moth
 erhood. Other measures of education?mean education across births and maximum education across births?
 produce similar results.

 fetal growth is arguably a better measure than gestation or birth weight alone. But
 dividing birth weight by gestational length likely introduces substantial measure
 ment error and thus leads potentially to inconsistent estimates, which may be either
 upward- or downward-biased (see Web Appendix C for the proof).60

 The OLS estimates, particularly that of offspring's birth weight, are of the same
 magnitude after accounting for the sampling variation. Nevertheless, once I control
 for twin fixed effects, the effect of fetal growth on education at birth is halved. In
 contrast, the fixed-effects estimate for education of Behrman and Rosenzweig greatly
 exceeds the OLS estimate and is more than six times the size of my fixed-effects
 estimate. Given that their sample contains only 804 twins, this estimate is relatively

 60 Gestational length is usually calculated from a woman's reported date of last menses, which may be easily
 forgotten and misreported and is only an approximation of the date of conception while birth weight is measured
 with considerably less error (Cunningham et al. 2001). New technologies such as sonograms provide more accu
 rate estimates of gestational age than do imputations based on date of last menses, but the estimates using these
 advanced technologies are rarely reported in the natality files.
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 imprecise. My fixed-effect estimate of the effect of fetal growth on the birth weight

 of one's offspring is extremely similar to that of Behrman and Rosenzweig.
 Black, Devereux, and Salvanes (2007) use Norwegian data created from the merger

 of several administrative datasets and rely on an estimation sample over 13,000.61 In
 Table 8, one can observe that the sample means for fetal growth and birth weight are
 nearly identical in the two studies, but the birth-weight and fetal growth variances
 are larger in the Black, Devereux, and Salvanes sample. The birth-weight and infant
 mortality relationships (middle panel of Table 8) are quite similar although the birth
 weight and infant mortality relation is stronger in the United States.

 In terms of long-run outcomes, Black, Devereux, and Salvanes (2007) focus on
 the returns to birth weight on high school degree completion rather than years of
 education because of worries of sample size restrictions.62 My OLS estimate of the
 educational return to birth weight is roughly comparable to the size of the Black,
 Devereux, Salvanes (2007) OLS estimate. Once controlling for twin fixed effects, a
 large difference immerges?the Black, Devereux, and Salvanes (2007) estimates are
 roughly two times larger than my own.63

 Although not displayed in Table 8, the estimates of Black, Devereux, and Salvanes
 (2007) vary considerably across cohorts. For instance, the effect of a one kilogram
 increase in birth weight on high school completion in Black, Devereux, and Salvanes
 (2007) is 0.04 for the 1967-1976 cohort (number of observations = 9,500) and 0.22
 for the 1977-1986 cohort (number of observations = 3,622).64 Sample selection
 appears to be strongest for the cohort with the largest birth weight effects. As the
 effects of birth weight on infant mortality are bigger for the 1977-1986 cohort65
 However, looking across cohorts in my sample with the exception of diabetes, I find
 no differential effects of birth weight.

 The last study, Oreopoulos et al. (2006) focuses on Canadian twins and siblings
 from the Manitoba province born between 1979 and 1985. In total, there are approx
 imately 40,000 siblings and 1,300 twins (650 twin pairs) in their sample.66 In the
 top panel of Table 9,1 contrast estimates from linear models (i.e., models in which
 an indicator for high school completion is regressed on birth weight). While the
 Oreopoulos et al. (2006) OLS estimates greatly exceed the analogous California
 estimates, the twin fixed effects estimates are quite comparable. In the nonlinear
 regressions, the birth-weight effects exhibit similar patterns across the birth-weight
 distribution, but the magnitudes of birth weight effects are larger for the sample of
 Canadian twins. However, given that Oreopoulos et al. (2006) do not have many
 twin pairs, their estimates are comparatively imprecisely measured.

 61 About one-third of these twins are same-sex female twins.
 62 Black, Devereux, and Salvanes (2007) note that in order to use years of education as the dependent variable,

 they must restrict the sample to individuals 25 years old and older. This sample restriction apparently results in
 very imprecise estimates.

 63 To further understand these differing results, I have estimated the effects of birth weight across the educa
 tional distribution. For the California twins, the biggest effects are observed along the margin of a high school
 degree. The nonlinear effects of birth weight on educational attainment are driven by the effects of birth weight
 on college completion.

 64 These estimates are statistically distinguishable from one another.
 65 However, intuitively, it seems that sample selection would bias the estimates downward.
 66 These sample sizes come from table 8 of their paper.
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 Table 8?Comparison with Black, Devereux, and Salvanes (2007) Estimates
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 Descriptive statistics  This study's sample  Black, Devereux, Salvanes sample

 Fetal growth (grams/week)

 Birth weight (grams)

 Percent completing high school

 Observations

 66.95
 (11.55)
 2,526
 (488)
 0.82

 5,604

 68.06
 (13.47)
 2,540
 (599)
 0.75

 11,284

 Regression estimates

 Dependent variable: death in first year of life
 ln(birth weight)

 Observations

 This study's estimates Black, Devereux, Salvanes estimates
 OLS  FE  OLS  FE

 -396.54
 (7.45)

 31,042

 -57.90
 (9.45)

 31,204

 -390.56
 (27.62)

 3,804

 5.84
 (23.57)

 3,804

 Dependent variable: completion of high school
 ln(birth weight)  0.04

 (0.03)
 0.05
 (0.05)

 0.03
 (0.04)

 0.11
 (0.06)

 Observations  5,604  5,604  3,466  3,466

 Notes: In the top descriptive statistics panel, standard deviations are in parentheses. In the bottom regression esti
 mates panel, standard errors adjusted for within-twin-pair correlation are in parentheses. With the exception of
 the infant mortality regressions, the estimates from this study are based on the sample of twins whose first or sec
 ond births are observed in California between 1989 and 2002 (2,802 twin pairs) with nonmissing information on
 fetal growth. The infant mortality estimates come from the sample of same-sex, female twins born in California
 in 1960 or between 1965 and 1980. For those twins whose first and second births are both observed, only the sec
 ond birth is included in the regressions. In these regressions, the education measure is education as measured at
 time of motherhood. A mother is considered to have completed high school if she reports 12 or more years of
 education. For the top panel of descriptive statistics, the Black, Devereux, and Salvanes sample consists of same
 sex, female twins born between 1967 and 1997 with the exception the high school completion (measured for 1967
 to 1981 cohorts). For the bottom panel, the Black, Devereux, and Salvanes sample consists of same-sex, female
 twins born between 1967 and 1977.

 Overall, the estimates presented in this study suggest a much more muted role for
 birth weight in predicting long-run and intergenerational outcomes. While I have
 presented reasons for the disparities in results across studies, it is not entirely clear
 that one would expect similar estimates across studies, especially across countries.
 Even if the biological mechanisms by which birth weight affects long-run outcomes
 are invariant, it is not necessarily true that the social factors that can intensify or
 weaken this relationship do not have a country-specific or a time-specific compo
 nent. In particular, we might think of the United States as a less egalitarian soci
 ety when compared to Canada or Norway. Given this observation, we may expect
 that parents in the United States participate in less compensatory behavior. This

 would lead one to believe that the birth-weight effects would be bigger in the United
 States than in these other countries. But this is not the case. With the available data

 though, we know little about cross-country differences in these parental behaviors.
 Hopefully, with a growing interest in this field of research, researchers will collect
 such data in the future.
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 Table 9?Comparison with Oreopoulos, Stabile, Walld, and Roos (2006) Estimates

 Dependent variable: completion of high school

 This study's estimates
 Linear model  OLS  FE

 Oreopoulos et al. estimates
 OLS  FE

 Birth weight (kg)

 Nonlinear model

 0.02
 (0.01)

 0.02
 (0.02)

 This study's estimates

 OLS  FE

 0.0741
 (0.0214)

 0.0271
 (0.0319)

 Oreopoulos et al. estimates

 OLS  FE

 Birth weight < l,000g

 Birth weight l,000-l,500g

 Birth weight l,500-2,500g

 Birth weight 2,500-3,000g

 Birth weight 3,000-3,500g

 0.11
 (0.21)

 -0.10
 (0.05)

 -0.01
 (0.03)

 0.005
 (0.034)

 0.002
 (0.035)

 0.02
 (0.41)

 -0.10
 (0.07)

 0.02
 (0.04)

 0.03
 (0.04)

 0.02
 (0.04)

 -0.3346
 (0.1968)

 -0.2708
 (0.0874)

 -0.1284
 (0.0621)

 -0.1094
 (0.0624)

 -0.0639
 (0.0656)

 -0.0837
 (0.3434)

 -0.2315
 (0.0954)

 -0.0685
 (0.0607)

 -0.0921
 (0.0570)

 -0.0488
 (0.0533)

 Observations  6,676  6,676  ,354  1,354

 Notes: This study's estimates are based on the sample of twins whose first or second births are observed in
 California between 1989 and 2002. For those twins whose first and second births are both observed, only the
 second birth is included in the regressions. In these regressions, the education measure is education as measured
 at time of motherhood. A mother is considered to have completed high school if she reports 12 or more years of
 education. The Oreopoulos et al. regressions are based on a sample of Canadian twins, which includes male/male
 twins, male/female twins, and female/female twins. The dependent variable is an indicator for whether the twin
 reached grade 12 by age 17.

 VI. Conclusion

 This paper uses a new, large sample of California-born twins to estimate the
 long-run and intergenerational effects of birth weight, a prime important measure of
 infant health. To do this, I exploit the fact that twins, even monozygotic twins, fre
 quently have unequal birth weights. I measure the extent to which these differences
 in birth weight translate into differences in adult and intergenerational outcomes.
 This approach is appealing because it controls for unobserved heterogeneity across
 individuals, a potential confounder in cross-sectional analyses.
 While birth weight does have a statistically significant impact on many long

 run outcomes?education, birth weight of one's offspring, and pregnancy com
 plications?the estimated effects are typically small. Increasing birth weight by a
 conceivable 250 grams only leads to 0.03-0.04 of a year of additional schooling.
 Additionally, the short-run effects of birth weight are quite small. In terms of devel
 opment and health care investment, I observe no substantial differences between the
 lighter and heavier twin. However, I do find large effects for pregnancy complica
 tions. Specifically, a 250 gram increase in birth weight is associated with a 1.3 per
 centage point, or an 11.4 percent, decline in the number of such complications but
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 these complications are reflective of pregnancy-related rather than long-run health
 problems.

 These mean effects mask the effects of birth weight at different points of the
 birth weight distribution. The positive effect of birth weight on education is largest
 for births exceeding 2,500 grams, a range where outcomes are often assumed to
 be unaffected by birth weight. This is a new and important finding suggesting that
 returns to increases in birth weight may be reaped from "normal-weight" births. As
 such, the concentration on low birth weight may be misplaced. On the other hand,
 the negative effects of birth weight on pregnancy complications are concentrated
 among low birth-weight women.

 While it is not surprising that these effects are nonlinear, it is unanticipated that
 the shape of the birth-weight response function differs across outcomes. As such, a
 uniform theory such as the fetal origins hypothesis is unlikely to be a completely sat
 isfactory explanation for the long-run effects of birth weight. Many different mecha

 nisms may be at work. This is an important area for future research.
 Establishing the existence and determinants of the nonlinear effects of birth

 weight is important for policy decisions. Policies with goals of increasing birth
 weight (e.g., Medicaid expansions) often target only women at risk of delivering low
 birth weight babies. This research suggests that benefits, in the form of increases in
 educational attainment, may be reaped by raising birth weights for other popula
 tions. The robustness analyses suggest that, if anything, these estimated birth-weight
 effects are upward biased, implying an even more muted role of birth weight in the
 determination of short- and long-run outcomes.
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