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We study how maternal stress affects child outcomes.  We find that in-utero exposure to 

elevated levels of the stress hormone cortisol negatively affects the cognition, health and 

educational attainment of offspring.  These findings are based on comparisons between 

siblings to control for unobserved differences between mothers that could bias estimates. 

Our results are consistent with recent experimental results in the neuro-biological 

literature linking exogenous exposure to coritsol in-utero with reduced growth in the 

hippocampal region of the brain and declines in offspring cognitive, behavioral and 

motor development.  Moreover, we find that the cortisol levels of low SES mothers are 

both higher on average and more variable, suggesting that prenatal stress may play an 

important role in explaining why relatively few children born into poverty are able to 

escape it as adults.  
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I.  Introduction 
 

Intergenerational correlations in economic status in the US are high (Corak, 2004; Solon, 

1999).  Boys born to families with income in the bottom quintile of the income 

distribution have a 42 percent change of remaining there as adults and only a five percent 

chance of reaching the top quintile.  Yet little is known about the mechanisms by which 

parents transmit their economic status to their children. Evidence based on twins and 

adoptees suggests that both nature (defined as genetic heritability of traits) and nurture 

(the environment provided by one’s parents) play a role. But how the latter affects 

offspring outcomes is not well understood. In this work we focus on the role played by 

the parental environment and, in particular, exposure to environmental stressors in 

influencing offspring outcomes.  

We focus on prenatal exposure to stress as a mechanism by which parents affect 

the economic outcomes of their children for two reasons.  First, poverty is associated with 

greater levels of stress. The poor, on average, report a greater number of stressful events 

in their lives and researchers have observed higher levels of biological markers for stress 

in low socio-economic status adults. Second, recent evidence in neuro-biology based 

largely on animal experiments suggests that exogenous exposure to stress in-utero 

negatively affects the cognitive, behavioral and motor development of offspring. Given 

that these factors also determine adult economic status, greater in-utero exposure to stress 

among the poor has the potential to explain, in part, the intergenerational persistence of 

poverty in the US.  

 In this paper we estimate the impact of in utero exposure to stress on adult 

offspring educational attainment (years of schooling) using a unique dataset with detailed 
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information on parental characteristics including prenatal levels of the hormone cortisol 

(a marker for stress) and offspring outcomes.  Because mothers with greater stress may 

differ in unobserved ways from those with lower stress, we include maternal fixed effects 

to address potential omitted variable bias.  In this way, we limit identifying variation to 

temporary shocks during the prenatal period that do not appear to persist into the post 

natal environment.
1
  When we include maternal fixed effects, we find that exposure to 

elevated cortisol in utero has a negative and significant impact on offspring educational 

attainment.  To better understand why exposure to stress in-utero affects offspring 

educational attainment, we estimate the impact of prenatal stress on two intermediate 

outcomes: cognition and health at age 7.
2
  Specifically, we estimate the impact of prenatal 

cortisol on child IQ and presence of a severe chronic health condition.  We find that 

exposure to prenatal stress negatively affects both the health and cognition of offspring, 

suggesting at least two potential mechanisms behind the negative impact of cortisol on 

years of schooling.  We follow the analysis with additional supporting evidence that the 

estimates reflect a causal relationship between prenatal maternal stress and offspring 

outcomes. 

This work has a number of important implications. First, it provides further 

evidence that the prenatal environment has a lasting impact on offspring outcomes.  This 

is consistent with recent work by economists in this area that has examined the impact of 

prenatal nutrition, as proxied by birthweight, (Black, Devereaux and Salvanjes, 2007), in 

                                                 
1
 Low SES mothers (defined as those with less than a HS education) are characterized by both higher 

average cortisol levels and greater variation in cortisol levels across births. 
2
 The evidence that physical health affects schooling is limited.  The most compelling evidence that child 

health, especially nutrition, positively affects schooling comes from developing countries.  (See Alderman, 

et al 2001 and Miguel and Kremer, 2003.)  In the US, Bleakley (2007) finds that hookworm eradication 

among children increased school attendance, literacy and long term income.  There is more evidence that 

mental health affects schooling in developed countries (Currie and Stabile, 2007.)  



4 

 

utero exposure to the flu (Almond, 2006) and low levels of radiation (Almond, Edlund 

and Palme, 2008) on short and long term offspring outcomes including cognitive 

achievement, disability and mortality.  Second, it underscores the importance of maternal 

stress, a difficult to measure environmental factor, in determining offspring cognition and 

health in humans, consistent with the growing animal literature. Our emphasis on stress 

represents an important advance as stress may be more relevant than nutrition or radiation 

in the context of the US. As a result, our estimates may generalize to a greater number of 

pregnant women.  Finally, and perhaps most importantly, the results have implications 

for our understanding of the various mechanisms by which parental poverty and its 

corresponding greater average levels of stress and greater variability can negatively affect 

child outcomes and future economic status by negatively influencing the child’s earliest 

environmental conditions. 

 The rest of the paper is organized as follows.   In section II, we provide 

background information on the relationship between stress, cortisol, prenatal conditions 

and offspring outcomes. In sections III and IV, we describe our empirical strategy and 

data, respectively.  In section V we present our empirical results, including robustness 

checks.  Section VI concludes. 

   

II. Background on Economic Status, Stress and Prenatal Programming 

Related Literature on Prenatal Conditions and Offspring Outcomes 

 

Work on the intergenerational transmission of economic status in the US has produced 

estimates of intergenerational income elasticities on the order of 0.5 with the highest 

estimate approaching 0.65 (Solon, 1999; Mazunder, 2005).  Most of the existing 
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theoretical and empirical work that has sought to identify the mechanisms of 

intergenerational transmission of economic status has categorized the mechanisms as 

either nature (genetic inheritance) or nurture (the environment).  With respect to the 

latter, the importance of the early childhood environment in affecting long term outcomes 

is now well-established (see Currie, 2001 and Heckman and Masterov, 2007 for excellent 

summaries).  More recently, however, researchers have focused on the role of even 

earlier environmental conditions - those found in-utero. For example, Almond (2006) and 

Almond, Edlund and Palme (2008) provide convincing evidence of the importance of the 

in-utero environment in determining offspring outcomes by estimating negative and 

significant effects of in-utero exposure to the flu pandemic of 1917 and low levels of 

radiation, respectively, on cognitive achievement, schooling, rates of disability and 

welfare receipt.  While this work establishes the importance of the prenatal environment 

in affecting long term offspring outcomes, because the shocks to the in-utero 

environment are random and uncorrelated with maternal economic status, it does not 

establish a poor in-utero environment as a mechanism by which poor mothers might 

transmit economic status to their offspring.   

One area of research that can potentially link parental economic status with 

offspring outcomes through deprivation of the in-utero environment is that which has 

focused on the impact of birthweight (as a measure of prenatal nutrition) on offspring 

outcomes.  Examples of this literature include Almond, Chay and Lee (2005), Royer 

(2006), Black, Devereaux and Salvanes (2007) and Behrman and Rosensweig (2004) 

who use within-twin differences in birthweight to identify the impact of fetal nutrition 

(assuming differences in birthweight reflect differences in nutrition only) on future 
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outcomes including health, mortality, education and earnings.  They find relatively small 

short run effects but larger long run effects. Recent work by Currie and Moretti (2008) 

explores intergenerational correlations in birthweight. They find that mother’s born low 

birth weight (LBW) are 50 percent more likely to give birth to LBW babies.
 3

 Other 

related studies include that of Qian and Meng (2009) and Almond, Edlund, Li and Zhang 

(2007) who find that in utero exposure to famine conditions in China results in 

diminished adult offspring outcomes (educational attainment, literacy, health and 

employment).  While these results are attributed to reduced nutrition in-utero, they are 

also consistent with exposure to greater stress as a result of food insecurity.   

The present study differs in important ways from previous work estimating the 

impact of prenatal conditions on offspring outcomes.  First, we focus on exposure to in-

utero stress because recent experimental evidence in the neuro-biological literature, 

summarized in the next section, has positively identified a biological mechanism by 

which exposure to in-utero stress hormones can negatively impact offspring cognition 

and health.  We argue that because stress is relatively common among pregnant women 

in the US, the results are highly generalizeable.  In addition, because poverty is 

associated with higher levels of stress, the results have important implications for our 

understanding of the mechanisms behind the intergenerational transmission of economic 

status.  Specifically, our results suggest that the greater exposure to stress in-utero among 

the children of poor families can potentially explain, in part, the persistence of poverty in 

the US.  

 

                                                 
3
 Another related literature is that linking social status with longevity. This literature, which includes 

Marmot’s Whitehall studies (Marmot, 2004) and others (eg, Rablen and Oswald, forthcoming), often 

hypothesizes that lower social status may increase mortality by increasing levels of stress.    



7 

 

 

SES, Stress and Prenatal Programming 

Cortisol is a corticosteroid hormone or glucocorticoid produced by the adrenal 

cortex that is often referred to as the "stress hormone" as it is involved in the 

physiological response to stress and anxiety and is observed in higher than average levels 

in those exposed to greater stress (Wust et. al., 2000; Van Eck et al, 1996).  While normal 

circulating levels of the hormone cortisol are necessary for a healthy adaptive response to 

stress, unusually high (or, in rare cases, unusually low) levels of cortisol have been linked 

with various pathologies.
4
  

There is evidence of a socio-economic gradient in stress. Previous research has 

found that low income individuals report greater stressful events in their lives 

(Dohrenwend, 1973).  Consistent with this, medical researchers have established higher 

than average cortisol levels among those of low economic and social status (Cohen et. al., 

2006; Steptoe et al, 2003; Kunkz-Ebrecht, Kirschbaum and Steptoe, 2003).  

 Cortisol is considered a key agent in prenatal programming.  Prenatal 

programming refers to “the action of a factor during a sensitive period or window of fetal 

development that exerts organizational effects that persist throughout life” (Seckl, 1998).   

Work based largely on animal studies has established a strong link between exogenous 

in-utero exposure to stress/cortisol and poor offspring outcomes.  These studies generally 

fall into two categories: those that inject cortisol (glucocorticoids) directly into pregnant 

animals and those that exogenously expose pregnant animals to an environmental 

                                                 
4
 Elevated cortisol has been implicated in hypertension, cardiovascular disease, insulin resistance, obesity, 

diabetes, infection illness and depressive disorder, among others as well as the development of atypical 

emotional, behavioral and cognitive functioning (Ousova et al, 2004; Walker et al, 1998; Steptoe et al, 

2002; McEwen, 1998; McBurnett et al 2000; Dawes et al, 1999; Van Goozen et al; 1998).   

http://en.wikipedia.org/wiki/Glucocorticoid
http://en.wikipedia.org/wiki/Stress_(medicine)
http://en.wikipedia.org/wiki/Anxiety
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stressor.  Examples of the former include Uno et al (1983) who expose fetal rheuses 

monkeys to high concentrations of cortisol and find that they suffer considerable damage 

to the hippocampus region of the brain. Welberg, Seckl and Holmes, (2001) likewise 

administered glucocorticoids to pregnant rats and found that the offspring of exposed rats 

exhibited behavioral inhibition, and impaired coping and learning in aversive situations.
5
   

An example of the latter type of study is Schneider (1992) who subjected pregnant rhesus 

monkeys to what they classify as a “mild stressor” and observed impaired motor ability 

and delays in learning among the offspring.
6
  In a follow-up to this study, Schneider, Coe 

and Lubach (1992) successfully mimicked the negative impact of this mild stressor by 

directly injecting pregnant rhesus monkeys with stress hormones. They observed similar 

declines in motor and mental development among the prenatally exposed offspring.    

Because these latter two studies show that even a mild stressor during the prenatal 

period results in diminished offspring outcomes similar to exogenous increases in 

prenatal cortisol, it is key to our ability to extrapolate findings based on animal 

experiments to humans, for whom only non-experimental research is available.  In 

humans, researchers have related exposure to excessive amounts of cortisol in utero with 

impaired development of the brain and spinal cord (Yu, Lee, Lee and Son, 2004).  

Researchers have also linked stress and elevated cortisol in late pregnancy with poor 

mental and motor development of human offspring at three and eight months (Huizink et 

al, 2003.)  But non experimental studies based on humans suffer from problems of 

endogeneity that experimental studies based on animals do not.  In the next section we 

                                                 
5
 They concluded that prenatal programming of the HPA axis was responsible for the outcome based on 

studies of the areas of the brain affected.   
6
 A mild stressor consists of removal from one’s home cage to be confined to a smaller cage for ten minutes 

each day and subjected to three unpredictable noise bursts. 
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describe the threats to identification in non-experimental settings and our estimation 

strategy in greater detail.  

 

III.  Empirical strategy 

In non-experimental settings, estimates of the impact of maternal stress on 

offspring outcomes likely suffer from endogeneity.  This is because women with higher 

stress (as measured by cortisol) may differ in important, unobserved ways from women 

with lower stress and these unobserved factors may be responsible for the negative 

effects on offspring observed. For example, genes affect cortisol levels (Wust et al, 

2000).  If the genetic composition of women with high cortisol is correlated with other 

heritable traits (such as IQ) this will bias the estimated impact of cortisol on offspring 

cognition. To address this problem, we identify the impact of cortisol on offspring 

outcomes using mother fixed effects.  In so doing we control for any fixed unobservable 

differences between mothers (such as genetics) that might bias the results.  

In a fixed effect framework, identification derives from differences in stress 

during the prenatal period between siblings.   To better understand why cortisol levels 

may differ across two pregnancies of the same mother, we look at corresponding changes 

in underlying characteristics or conditions of the family for the sample of mothers with 

large changes in prenatal cortisol between births (results presented in Section V). We find 

that for “high cortisol” births, mothers are characterized by lower income and a greater 

likelihood of being single during the prenatal period, but that these differences disappear 

by early childhood.
7
  Thus identifying variation appears to come from temporary shocks 

to the mother (particularly to her economic status) during the prenatal period that do not 

                                                 
7
 In the data, we do not have another measure of income again until age 7.  
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persist through childhood and therefore are unlikely to be independently correlated with 

offspring outcomes.  While this evidence is suggestive of a causal interpretation, it is not 

conclusive.  After we present our results we discuss the possible scenarios under which 

the difference in cortisol across siblings would be endogenous and present evidence that 

is inconsistent with each scenario. 

      

IV. Data 

Description 

The data are a subset of the National Collaborative Perinatal Project (NCPP).  The 

NCPP comprised a prospective survey of 55,908 pregnancies between 1959 and 1965 

across 12 cities.  Women were enrolled primarily though public clinics where they sought 

prenatal care and their children were followed up through age 7.
8
 

In this study we focus on a subset of 1103 children born to mothers enrolled in 

NCPP through either the Providence or Boston sites for whom follow-up information as 

adults is available.  Children were selected for participation in the adult follow-up survey 

through a multi-stage sampling procedure which involved a core assessment interview 

and three component students.
9
  The sampling design included an emphasis on siblings.  

We examine potential non-random selection of the adult follow-up sample in the 

following sub-section.      

                                                 
8
 Women who planned to put their children up for adoption and women who arrived at the hospital for 

delivery without any prenatal care were excluded from the study. Limiting the sample in this way reduces 

considerably the number of women with “unwanted pregnancies.”  As such, we reduce any potential 

upward bias that could arise from unwanted pregnancies if they are associated with greater stress and fewer 

parental investments (Joyce, Kaestner and Korenman, 2000).  
9
 The original cohort from the Providence NCPP site included 4,140 pregnancies, of which 3,138 subjects 

were assessed at age 7.  The cohort from the Boston NCPP site included 13,737 pregnancies of which 8,931 

were assessed at age 7.  
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Trained interviewers collected information on adult education, employment and 

income, disease and other characteristics between 2002 and 2004.  In this work we focus 

on educational attainment as our measure of adult economic status primarily because 

educational attainment is arguably a better measure of permanent income than a single 

measure of annual income, but also because the offspring adult income measures in these 

data are heavily top-coded.
10

   Of the 1103 pregnancies with adult follow-up information,  

362 are siblings. Of those with multiple births, we exclude the 15 mothers with 3 or 4 

births within the period 1960-1964 as their characteristics are significantly different from 

the rest of the sample.
11

  This leaves a sample of 326 for the fixed effect estimation.   

Maternal blood/serum collected during the third trimester of pregnancy (between 

31 and 36 weeks of pregnancy) was analyzed for cortisol.
12

 Values obtained were 

compared to published studies of fresh samples to assess validity after 40 years of storage 

(Stroud et al, 2007).  The results support the overall validity of these cortisol values.  We 

also find that the same patterns found between cortisol levels and maternal characteristics 

in studies based on fresh, precise measures of cortisol are present in our sample as well, 

providing further evidence of their validity.     

 

Characteristics of the Sample 

Table 1 presents sample means for the full NCPP Boston/Providence sample 

(column 2), the cortisol sample (column 3) and the sibling sub-sample (column 4).  The 

                                                 
10

 While the educational attainment data can be externally validated (eg: the distribution of years of 

education is similar to that found in the CPS for a similar sample) the income data cannot.  
11

 For example, the mother with 4 births had 17 years of education when the average is 11-12 years in the 

full sample and the 1960 census.   
12

 Blood was assayed for total and free cortisol. In this analysis we focus on free cortisol, consistent with 

existing medical literature. 
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cortisol sample appears to be a representative sub-sample of the full Boston Providence 

NCPP sample (comparing columns 2 and 3).  Mothers are similar in terms of education, 

income, race, age and marital status.  As expected, the birth outcomes of the cortisol 

sample (gestation and weight at birth) are slightly better for the cortisol subsample due to 

the fact that they were selected based on availability of third trimester maternal secum 

and offspring survival to adulthood.   

If we compare women in the sibling sample with those from the larger cortisol 

sample we see that the sibling subsample is similar in terms of cortisol levels and 

offspring outcomes but that the mothers in the sibling sample appear slightly less 

disadvantaged in terms of income, education, marital status and race compared with the 

full sample. In fact, the sibling sub-sample is slightly more representative of the 

population of women with young children as measured in the 1960 decennial census, 

which is more likely to be white and married, is older, more educated and less poor 

(column 1).
 13

  This is not surprising given that the recruitment for subjects in the NCPP 

was conducted through public clinics.  To increase the generalizability of findings based 

on a non-random sample of mothers we apply weights to the sibling sub-sample so that 

the sample better reflects the income, race and educational distribution of the population 

of women with young children as measured by the 1960 census. The weighted means are 

presented in column 4.
14

  The weighted sample more closely resembles the 1960 census 

sample in terms of socio-economic status.  All analyses are based on weighted data and 

                                                 
13

 This comparison is based on women with children less than five years old residing in urban areas of 

Massachusetts and Rhode Island drawn from the 1960 census.  Because of limitations of the census data, 

we were unable to calculate averages for Providence and Boston only. 
14

 Sampling weights equal to one over the probability of being sampled were calculated for  2 racial 

categories, 3 education categories and 4 income categories for a total of 24 cells.  
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standard errors are adjusted for non i.i.d error terms within families (ie, clustered on the 

mother).    

 

Intergenerational Correlations in the Sample 

 Intergenerational correlations in economic status are strong in this sample. Those 

born into poverty are nearly five times more likely to be high school drop-outs as adults 

than those born above the poverty line (Table 2).   Similarly, the offspring of mothers (or 

fathers) who are high school drop-outs are four times more likely to drop out of high 

school themselves as adults than those with mothers (or fathers) with at least a high 

school degree.   

 

Variation in Cortisol Across and Within Families 

In Figure 1 we present the distribution of cortisol levels for the whole sample and the 

sibling subsample.  They are similar, though there is less variation in the sibling 

subsample, as expected (µ=22.5 ng/ml and 20.6 ng/ml, respectively; σ= 22.6 and 16.3, 

respectively).
15

  There is considerable correlation in the cortisol measures within families 

(ρ=0.42) which cannot be completely explained by similarities in observable 

characteristics.  When we attempt to match unrelated children based on observable 

maternal characteristics (maternal age, race, education, marital status, IQ and family 

income), the correlation between matched pairs only reaches 0.16, underscoring a 

considerable correlation between cortisol levels and unobserved maternal 

characteristics.
16

  One can see this in Figure 2 where we plot sibling cortisol levels 

                                                 
15

 There is one outlier in the sibling cortisol sub-sample which we remove in the regression analyses. 
16

 We do this for the non-sibling sample.  
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against one another in the first panel.  One can clearly see a strong correlation between 

sibling cortisol levels as evidenced by tight clustering around the 45 degree line.  In the 

second panel we plot an individual cortisol level against its closest “match” as defined 

above. When we do, the points are clustered around the 45 degree line, but there is 

considerably more dispersion.  

Despite the strong correlation in sibling cortisol levels, there is still significant 

within family variation.  The within-family coefficient of variation for the sibling sample 

is 0.37, suggesting considerable variation within siblings to identify effects.    

   

 

Measurement Error in Cortisol 

Cortisol in this sample is measured with error. Cortisol naturally varies over the 

period of gestation and over the course of the day.
17

 In our data, we do have information 

on the week of gestation the blood was drawn for which we control, but not on the time 

of day.  If the measurement error related to time of day is random (eg there is no 

relationship between time of day the blood was drawn and unobserved maternal 

characteristics), then this would introduce classical measurement error and lead to 

attenuation bias of approximately 0.59 which the inclusion of family fixed effects would 

exacerbate.
 18

    In contrast, if the measurement error is non-random and covaries with 

                                                 
17

 With respect to variation over the period of gestation, Harville et al (2007) record average cortisol levels 

of .280 ug/dL for pregnant women in the 14
th

 week of gestation increasing to .560 for those in the 31
st
 week 

of gestation.   

 
18

We calculate σ
2

c = 0.036  and  σ
2
c  + σ

2
v =0.0625 (where the former represents the distribution of cortisol 

without noise and the latter, the variance with noise) based on the following: the mean and standard 

deviation of 100 random draws of cortisol levels measured at 11 am are .28 and .19, respectively.  If we 

draw 100 random observations from the pool of all measures (taken between waking an 9 pm) the mean 
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maternal characteristics (eg, there is a relationship between time of day of blood draw 

and maternal characteristics), then the inclusion of family fixed effects would reduce any 

bias from measurement error.   We address this below.  

 

V. Results 

To explore the role of maternal stress in perpetuating the intergenerational 

transmission of economic status, we proceed in four stages.  First, we document a 

negative relationship between economic status and stress (cortisol), consistent with 

existing bio-medical literature.  Second, we estimate the impact of prenatal stress on adult 

educational outcomes using OLS and family fixed effect methods.  Third, we explore the 

mechanisms by which stress affects adult educational attainment by estimating the impact 

of stress on intermediate outcomes: birth outcomes, cognition and health at age 7.  

Specifically, we estimate whether prenatal stress negatively affects weight and gestation 

at birth, verbal IQ and whether the child has a severe chronic condition at age 7.  Finally 

we conduct robustness checks and provide additional evidence to support a causal 

interpretation of the maternal fixed effect estimates. 

 

SES and Maternal Cortisol Levels 

We document a socioeconomic gradient in maternal cortisol levels in this sample, 

consistent with existing literature (Cohen et al, 2006; Cohen, Doyle and Baum, 20006 ; 

Steptoe et al, 2003; Kunkz-Ebrecht, et al, 2003).  We compare maternal/family 

characteristics of those with “normal prenatal cortisol” (defined as the bottom 75% of the 

                                                                                                                                                 
and standard deviation are .30 and .25, respectively. Based on this we calculate σc= .19 and σv+ σc =.25 and 

a reliability ratio of 1.7, which corresponds to an attenuation bias of 0.59. 
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distribution of cortisol) to those with “high prenatal cortisol” (defined as the top quartile 

of the distribution) in Table 3A.
19

  In the cross-sectional comparisons, we find that 

mothers with “high prenatal cortisol” levels are characterized by higher likelihood of 

being single and lower income, at both pregnancy and 7 years post pregnancy.  For 

example, women with high cortisol are characterized by $5863 less income (mean of 

$40,000) at pregnancy than “normal prenatal cortisol” mothers and this difference 

persists: these same women are characterized by $6121 less income 7 years post-natal.  

Mothers with elevated cortisol also have fewer years of schooling.  All differences are 

significant except birth order and sibling number.  

Not only are low SES mothers characterized by higher average cortisol levels, but 

low SES mothers (defined as those with less than a high school degree) are also 

characterized by greater variability in their cortisol levels across births (between 

siblings). Thirty one percent of high school drop-outs are characterized by at least a 

standard deviation difference in cortisol levels across births (σ=14 ug/ml), compared with 

21 percent of mothers who are high school graduates.  In Table 3B we explore how 

family characteristics vary across births in a sample of families with large changes in 

cortisol levels between siblings (n=80).
20

   

For these within family comparison, when we compare “high prenatal cortisol” 

children with their “normal prenatal cortisol” siblings, the difference in real income at 

pregnancy of $8667 is large and significant, but the difference in income at age 7 is 

                                                 
19

 This method of defining “high” and “normal” levels of cortisol is generally consistent with the existing 

bio-medical literature. No absolute threshold by which to define “high” cortisol exists.  This is especially 

true for cortisol measured during pregnancy since cortisol levels increase with gestation.  Rather, research 

typically relies on relative levels (such as top quartile) for an average population (that is, one that is not 

known to have been exposed to unusual stressors) to define “high” values.   
20

 For the sibling sample, 34 siblings are born to mothers who always have high cortisol, 202 are born to 

mothers who always have normal cortisol and 80 are born to mothers whose cortisol levels differ between 

siblings (eg – high for one child but normal for the other).  
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minimal and insignificant, only $608 (Table 3B).  Note that the difference may have 

diminished prior to age 7, but the only post-natal income measures that we have in these 

data were collected at age 7.  Likewise, for marital status, there is a large and significant 

difference in the probability of being single while pregnant but not so for the probability 

of being single when the child is age 7 which is small and insignificant (difference .09 

versus .01, respectively.)
21

   That a change in marital status is highly correlated with 

cortisol levels is consistent with previous work based on medical students showing that 

for a given medical student, getting married is associated with a reduction in cortisol 

levels, presumably through an increase in social support (Coombs and Fawzy, 1982). 

Unfortunately, there is no corresponding literature looking at changes over time in 

income and corresponding cortisol levels with which to compare our income results, as 

the existing literature looks only at the cross section.   

These results suggest that within family differences in cortisol levels, our source 

of identifying variation, are correlated with short-term negative shocks during pregnancy 

that do not persist for long. This contrasts with cross-sectional differences in cortisol 

levels which are correlated with worse long term underlying conditions, as evidenced by 

fewer resources during the prenatal period that persists at least 7 years into the post natal 

period.   

 

Relationship Between Maternal Prenatal Cortisol and Offspring Outcomes: Preliminary 

Evidence 

 

                                                 
21

 In Table 3, the probability of being single increases considerably between birth and age 7.  This is 

consistent with data from the 1960 and 1970 census which shows that the probability of being single more 

than doubles over this period, increasing from .032 to 0.085.  
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Before turning to regression analysis, we provide simple non-parametric 

comparisons of outcomes of offspring of the same mother in Table 4.  Specifically, we 

compare years of schooling, gestation and weight at birth, and IQ and health at age 7, of 

siblings exposed to different levels of prenatal cortisol.  Comparing siblings, we find that 

those exposed to higher prenatal cortisol levels (relative to their siblings) are 

characterized by lower adult educational attainment and cognition and worse health at 

age 7, and the differences are non-negligible (columns 1-3).  For example, those exposed 

to high cortisol have, on average, .3 years fewer education, a verbal IQ 4.3 points lower 

at age 7 and are 2 percentage points more likely to have a severe chronic health condition 

at age 7.  In contrast, the relationship between prenatal cortisol and birth outcomes, 

though negative, is very small.  This is likely due to the fact that the sample, because it 

was selected based on the availability of third trimester measures of cortisol and child 

survival to adulthood, excludes those with very poor birth outcomes.  This may suggest 

that our results represent a lower bound if one way that in-utero exposure to cortisol 

affects offspring outcomes is through increased prematurity and lower birth weight, as 

some recent evidence suggests (see IOM, 2006). 

 However, because existing medical research suggests that negative effects of 

cortisol on mental and motor development occur when cortisol levels either exceed (or, in 

some rare cases, fall short of)  normal circulating levels, we also present differences in 

offspring outcomes when one sibling is exposed to extremely high levels of prenatal 

cortisol (defined as in the top quartile). The results are presented in columns 4-6 of Table 

4.  The differences are large: siblings exposed to very high cortisol levels are 
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characterized by three quarters of a year of less schooling, a verbal IQ that is 4.6 points 

lower and nearly double the probability of a severe chronic condition at age 7.    

 We follow these non-parametric, unconditional comparisons with regression 

analyses that include multiple controls for changing prenatal and post natal circumstances 

in the next section.   

 

 Impact of Maternal Cortisol on Offspring Educational Attainment 

 In this sub-section we provide empirical evidence based on OLS and fixed effect 

regressions that maternal prenatal cortisol negatively affects offspring human capital 

accumulation as measured by years of education. In column (1) of Table 5 are OLS 

estimates of the impact of prenatal cortisol levels on adult years of education based on the 

full cortisol sample. We include as controls: maternal race (indicator for black), maternal 

education, marital status at birth, maternal age, maternal IQ, family income during 

pregnancy as a percent of the federal poverty level, child gender, number of siblings at 

age 7, birth order, whether the husband lives at home with the mother, the number of 

times the family moved between birth and age 7 (a measure of instability) and gestation 

at blood draw.  We also include an indicator for whether there was any pregnancy 

complication (as noted by the attending OB) to control for the possibility that the increase 

in maternal cortisol observed simply reflects maternal anxiety over the health of the fetus.   

We find that cortisol has a small negative and insignificant effect on adult years of 

education: a one standard deviation increase in prenatal cortisol levels is associated with 

only 0.047 fewer years of schooling.  The OLS estimate based on the sibling subsample 
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is larger, but also insignificantly different from zero and the two estimates are statistically 

equivalent (column 2).   

However, when we include mother fixed effects, the impact increases and is 

statistically significant: a one standard deviation in cortisol results in .36 years fewer 

schooling, or 26 percent of a standard deviation (column 3).  While this effect may seem 

large relative to those of most educational interventions (Hanushek, 2006), it is consistent 

with existing evidence on the impact of prenatal conditions on offspring educational 

outcomes. For example, Almond (2006) estimates that in-utero exposure to the flu results 

in .25 fewer years of schooling – a roughly similar effect.
22

  In column 4 we include a full 

range of time-varying controls and the results are the same, suggesting that omitted 

variables do not bias the FE estimates.  This supports the idea that temporary reductions 

in resources during the pregnancy that may be correlated with temporary increases in 

cortisol do not independently affect long term offspring outcomes.  Finally, in the last 

column (column 5) we also include an indicator for whether the mother worked while 

pregnant and the estimated impact of prenatal cortisol on offspring education is 

unchanged.  This last finding provides evidence that maternal work does not negatively 

affect offspring outcomes by increasing maternal stress. In these data maternal work 

during pregnancy is not correlated with stress levels in either OLS or FE settings.  

 In the second panel of Table 5 we explore potential non-linearities in the effect by 

creating three dummies: bottom quartile of distribution, 25-75 percent of the distribution 

and the top quartile of the distribution of cortisol (with middle of the distribution, 
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 In related work, though not directly comparable due to their focus on a different outcome, Almond, 

Edlund and Palme (2008) find that in utero exposure to low levels of radiation reduce school test scores by 

six percentile points – a relatively large effect relative to most educational interventions.  Bleakley ( 2007) 

also finds large effects on schooling (the probability of enrollment) associated with improvements in child 

health.  
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representing the normal range, omitted). The OLS results presented in columns 1 and 2 

suggest that the effect is non-linear:  in the full sample, being exposed to high prenatal 

cortisol results in .4 less of a year of schooling (column1).  For the sibling subsample, 

column 2, the OLS result is similar though slightly smaller and less precise. If we look at 

the sibling fixed effect results (columns 3 and 4), we find that being in the top quartile of 

the distribution (compared with the middle of the distribution) results in three quarters of 

a year less schooling and the estimate is statistically significant.  This represents 51 

percent of a standard deviation in these data.  Again, including an indicator for maternal 

work while pregnant (column 5) does not change the results.     

 

Interpretation of Findings 

There are three potential interpretations of our finding that the estimated impact of 

prenatal cortisol on adult educational attainment increases when we include family fixed 

effects.   The first is that the OLS regressions that include a full set of controls for family 

resources yield estimates that are biased downwards.  This would be consistent with the 

idea that elevated cortisol in the cross section is caused by persistent poverty and 

including both cortisol and multiple measures of family resources in the regression 

essentially amounts to “over-controlling.”  Indeed, when one excludes measures of 

family resources in an OLS regression of child outcomes on prenatal cortisol, the 

estimates are much larger.   

A second interpretation or explanation is that the larger FE estimates might reflect 

a potential misspecification of the OLS regression framework. An alternative model is 

one in which an individual adjusts to a baseline or personal level of cortisol that may be a 
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function of underlying average levels of stress, genetics or some combination of factors.  

It is only when mothers are exposed to a new or unexpected stressor that moves them 

from their established equilibrium that adverse effects are found.  There is some support 

for this model in the psychological and biological literatures.  Mineka and Kihlstrom 

(1978) review a large body of scientific experiments, performed mostly on animals, 

which find that unpredictable aversive events are more stressful and have a greater 

negative impact on observed behavior and health than predictable aversive events which 

occur with either the same or greater frequency. For example, Rosenblum and Paully 

(1984) subject monkeys to three environments: low foraging demand (abundance of 

food), high foraging demand (paucity or scarcity of food) and variable foraging demand 

(unpredictable periods of abundance and scarcity).  They find the most aversive effects 

on mother-infant pairs subjected to the variable foraging environments.   

If this is the true model, a fixed effect strategy would be the correct specification.  

By including maternal fixed effects we implicitly identify the impact of deviations from 

mean (or personal) cortisol levels on outcomes.  Given existing evidence that the range of 

baseline cortisol varies considerably within a non-stressed pregnant population, this 

alternative model seems plausible. 

A final interpretation relates to measurement error in the measure of cortisol used. 

As noted previously, cortisol naturally varies over the course of the day and it is not 

known when these measures were drawn.  If the time of day that the blood was drawn 

was not random but correlated with unobservable characteristics of the mother that might 

affect offspring outcomes, assuming that those unobservable characteristics remained 

constant across pregnancies, the inclusion of maternal fixed effects would reduce the 
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impact of such non-random measurement error.  To explain a downward bias of OLS 

estimates, it would have to be the case that unobservable characteristics of mothers were 

correlated with both an earlier draw time and better offspring outcomes.  However, if the 

timing of the blood draw were non-random, we would expect that maternal work would 

influence it.   But when we control for maternal work, the results do not change.  Thus, 

time of day of the blood draw does not appear to be systematically correlated with 

maternal work and if it is not correlated with work, we believe it is even less likely that it 

is correlated with other maternal characteristics, thus we view this interpretation as the 

least plausible of the three. 

 

In the following subsections we explore the mechanisms by which maternal 

prenatal cortisol affect offspring educational attainment.  Specifically, we focus on birth 

outcomes, child cognition and health as three potential intermediate outcomes affected by 

prenatal cortisol.  We focus on these three intermediate outcomes because they have been 

shown in the medical literature to be adversely affected by elevated stress and cortisol in-

utero and in the economics literature, to directly affect educational attainment.  

 

Prenatal Cortisol and Birth Outcomes 

There is evidence that stress in utero reduces birth weight and increases the 

probability of prematurity (Eskenazi, et al, 2007; Camacho, 2008). To explore this we 

estimate the impact of prenatal cortisol on two birth outcomes, birth weight and gestation, 

and present the results in Table 6. We find that in the linear specification (panel A) 

prenatal cortisol has no impact on birth weight and gestation in OLS models with and 
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without a full set of controls (columns 1 through 6). Even in the fixed effect models, there 

appears to be no significant, or even sizeable, effect of cortisol (in a linear specification) 

on either gestation or birthweight (columns 7 and 8).   

However, in Panel B when we estimate the impact of very high cortisol (as 

measured by a value of cortisol in the top quartile of the distribution), there is some weak 

evidence of a negative effect on birth outcomes. The effects are statistically insignificant 

in all cases but one for the OLS estimates.    For the one significant effect (column 5 for 

birthweight) the estimates imply that prenatal cortisol in the top quartile of the 

distribution is associated with a decline in birthweight of 171 grams which represents 36 

percent of a standard deviation. When we include maternal fixed effects, however, the 

impact is no longer significant.  In general, the estimated impact of cortisol on birth 

outcomes is small and insignificant in the sibling FE regressions which, as we noted 

previously, is likely attributable to the fact that the sample was selected based such that 

mothers with the worst birth outcomes are excluded from the sample.  As such, the 

effects we estimate likely reflect a lower bound.  

 

Prenatal Cortisol and Child IQ 

Next we estimate the impact of prenatal maternal cortisol on child cognition 

measured at age 7.
23

  Specifically we estimate the impact of cortisol on verbal IQ because 

of evidence that those with Cushings disease (a hormonal disorder caused by prolonged 

exposure of the body's tissues to high levels of the hormone cortisol) are characterized by 
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 LeWinn, et al (2008) use a subset of the NCPP sibling sample to produce maternal FE estimates of the 

impact of an index of free cortisol on child verbal IQ at age7 and the results are very similar.    
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deficits in verbal learning and other verbal functions but not non-verbal functions 

(Starkman et al 2001).
24

   

The results suggest that cortisol has no significant effect on verbal IQ in a linear 

specification (Table 7).  The results are small and always insignificant (Panel A).  In 

contrast, very high cortisol (Panel B) appears to have a large negative and borderline 

significant (at the 10 percent level only) impact on verbal IQ in the fixed effect 

regressions. Specifically, exposure to cortisol in the top quartile of the distribution is 

associated with a 7 point lower verbal IQ (47 percent of a standard deviation). 

Interestingly, the effect is larger and significant only in the fixed effect model with full 

controls (compare columns 3 and 4 of Table 7), suggesting that in a fixed effect 

framework, if anything, omitted variables bias down any estimated impact. 

Given the high degree of correlation between child IQ and  years of education in 

these data (ρ=.45 for verbal IQ and ρ=.34 for performance IQ at age 7), we conclude that 

the adverse effect of exposure to elevated cortisol in-utero on adult years of education is 

likely mediated in part by the negative impact on verbal cognitive functioning.   In the 

robustness section, we also provide estimates of the impact of cortisol on non-verbal IQ 

as a falsification exercise.  

 

Prenatal Cortisol and Child Health at Age 7 

We estimate the impact of exposure to elevated stress in-utero on child health as 

measured by the presence of any severe chronic condition at age 7 as determined by 

medical examination of the child (Table 8).  The results differ somewhat from those for 

child IQ. The results with respect to the impact of a linear increase in cortisol on the 
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 The verbal IQ score is derived from the Wechsler intelligence tests. 
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probability of a severe chronic condition are positive and significant.  In the fixed effect 

regressions, a standard deviation increase in cortisol is correlated with a 9.5 percent 

increase in the probability of a severe chronic condition (Table 8, panel A column 4).  

Moreover, including gestation and birthweight in the regression (column 5) does not alter 

the results. In contrast, we find that very high cortisol (in the top quartile of the 

distribution) increases the probability of a severe chronic condition by 3.8 percent, but 

the estimate is very imprecise. We take this as suggestive evidence that exposure to 

cortisol in-utero has a negative effect on offspring health that may not necessarily be 

evident at birth and that this may represent a second mechanism through which exposure 

to prenatal cortisol negatively affects completed years of schooling among offspring, 

though we consider the evidence slightly weaker than that for IQ. 

 

Robustness 

 We perform a number of robustness checks and present the results in Table 9. 

Previous work has found season of birth to be correlated with offspring outcomes in 

humans and scientists have found seasonal patterns in cortisol levels in both animals and 

adult males (Laurence et al, 2008; Walker et al,1997).
25

  To rule out the possibility that 

seasonal variation is driving our results with respect to adult education, child IQ and 

health, we control for season of birth in the regressions presented in Panel A of Table 9. 

The inclusion of three indicators for season of birth does not change the point estimates 

but does reduce precision.  

In the second panel we explore potential gender differences in the effects of 

exposure to elevated cortisol in utero (Panel B, Table 9). There is no appreciable 
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 We found only small (3 ng/ml) and insignificant differences in free cortisol across seasons.   
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difference with respect to education or verbal IQ; there is some evidence of a reduced 

effect of cortisol on health for males, but it the coefficient on the interaction term is very 

imprecisely estimated.   

 We also rule out the possibility that our estimates of the impact of cortisol on 

offspring outcomes are driven by other circulating hormones that are often correlated 

with cortisol levels.  Sex hormones, and testosterone in particular, are correlated with 

cortisol levels and have been hypothesized to affect offspring outcomes (Romano, Leoni 

and Saino, 2006).   To identify the impact of cortisol separate from testosterone, we 

control for testosterone levels in the regressions presented in Panel C of Table 9. When 

we control for testosterone levels, the estimated impact of cortisol on education, IQ and 

health at age 7 is unchanged.  

 In Panel D of Table 9 we include controls for marital status and income at age 7 

(in additional to marital status and income during pregnancy) and there is no change in 

the estimated effects of prenatal cortisol on educational attainment, child IQ or health. 

Finally, in the last panel of Table 9 we present estimates of the impact of prenatal 

cortisol levels on performance IQ as a falsification exercise. Given that the existing 

literature based on animals points to deterioration of specific areas of the hippocampus, 

not general deterioration, and the literature on Cushing’s disease in humans points to 

deficits in verbal learning only (Starkman et al, 2001), we expect an impact on verbal 

learning only in these data.  Consistent with this, we find no significant impact of 

prenatal cortisol on performance IQ in either cross-sectional of fixed effect estimation 

(Panel E Table 9).  



28 

 

In the following section we discuss potential threats to identification in a fixed 

effect framework and present evidence inconsistent with each.  

 

Potential Threats to Identification 

 We have thus far presented evidence that elevated maternal stress during the 

prenatal period exerts a negative and lasting effect on offspring outcomes including 

educational attainment, child IQ and health.  To control for omitted variables correlated 

with maternal stress and offspring outcomes that might bias our results, we include 

maternal fixed effects and identify the effects off of changes in the level of maternal 

stress across siblings.  However, it could still be the case that omitted variables that differ 

across two pregnancies of the same mother could bias the results.    In this section we 

discuss three potential sources of omitted variable bias in this context.  

The first source of omitted variable bias is that difficult or complicated 

pregnancies may lead to both higher maternal stress and worse offspring outcomes, 

biasing upwards our estimate of the impact of stress on offspring outcomes.  However, in 

our both our OLS and FE estimation, we included controls for the presence of a 

pregnancy complication, which is very well measured in these data, and the estimated 

impact of maternal cortisol on offspring outcomes remained.  In some regressions we also 

controlled for gestation at birth and birthweight (the two most common measures of the 

health of the fetus at birth) and again the effects were unchanged. 

Second, elevated maternal cortisol during the prenatal period may mark the 

beginning of a decline in resources and reduction in the quality of the child’s 

environment that extends to the post natal period.  To counter this we show that in the 
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fixed effect setting, an increase in prenatal cortisol is associated with a transitory 

reduction in resources during the prenatal period that disappears by early childhood.   

Resources at age 7 seem to be totally uncorrelated with prenatal cortisol in the fixed 

effect setting.  

Finally, there is the possibility that the stressor itself (and not the stress) is 

responsible for the negative effects on offspring outcomes that we estimate. We provide 

two pieces of evidence that are inconsistent with this.  First, if this were the case, we 

would expect that as we include observed time-varying characteristics (eg, income, 

marital status) that are correlated with cortisol and offspring outcomes, the estimated 

impact of cortisol on outcomes would decline.  It does not. If the inclusion of important 

observed characteristics does not change the estimated effects, it seems unlikely that 

unobserved characteristics would.  

As a second piece of evidence, we argue that if the stressor were responsible for 

the effects we estimate, it would likely operate through a diminished childhood 

environment which is largely a function of parental investments in their children. To test 

this, we estimate whether a negative relationship exists between prenatal stress levels and 

parental investments in the child during the pre and post-natal periods.  If we do not 

observe any relationship, then together, these two empirical observations provide 

additional evidence that we are identifying the impact of stress, not the underlying 

stressor, on offspring outcomes.  Below we present our empirical results regarding the 

relationship between prenatal cortisol and multiple measures of parental investments.   

 

Prenatal Stress and the Parental Investments 
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 We examine whether prenatal maternal cortisol is correlated with either pre or 

post natal investments in the child, including: 1) the number of prenatal visits, 2) a 

measure of prenatal nutrition (the amount of iron in the blood 48 hours after delivery),  3) 

the mother’s “responsiveness” to focus on her child, as assessed by a psychologist in the 

eighth month post-birth, 4) whether as part of the psychological examination, the 

interviewer concludes that the child faces an “unfavorable emotional environment” at one 

year of age and 5) whether the child was sent to preschool. 

We present OLS and FE regression estimates for the five outcomes in a linear 

specification (Table 10 panel A) and for the top quartile of cortisol (Table 10 panel B).  

There is no significant relationship between prenatal cortisol levels and any of the five 

measures of parental investment in either the OLS of fixed effect regressions.  Moreover, 

the point estimates are very small in magnitude and inconsistent in sign: there is a 

negative relationship between nursery school and number of prenatal visits and cortisol 

levels, but a positive relationship between maternal focus and the emotional environment 

of the child and prenatal cortisol levels.  We conclude that the relationship between in-

utero exposure to elevated cortisol and offspring outcomes does not reflect a lack of 

parental investment in the offspring either caused by or correlated with the stressor.   

 

VI. Conclusions 

   In this paper we explore the role of maternal stress in affecting offspring 

outcomes.  Specifically, we show that exposure to elevated levels of the stress hormone 

cortisol in-utero negatively affects offspring educational attainment. While the effects 

may seem large compared with many educational interventions (Hanushek, 2006), they 
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are comparable to the considerably larger estimates of the impact of prenatal conditions 

(Almond, 2006 and Almond, Edlund and Palme, 2008) on offspring educational 

outcomes.  We also provide evidence as to the mechanisms by which prenatal stress 

affects educational attainment. We find that prenatal stress negatively affects both the 

probability of a severe chronic health condition and verbal IQ at age 7, suggesting that 

health and cognitive functioning are two of the mechanisms by which prenatal stress 

negatively affects offspring educational attainment.  The results are generally non linear – 

the negative effects are concentrated among those with the highest cortisol levels. 

Cortisol levels in the normal range appear to have less of an effect on long term 

outcomes.   These results are consistent with the emerging neuro-biology research 

showing that exogenous in-utero exposure to stress or cortisol impairs the developing 

brain of the fetus. 

  

 Our results have a number of important implications.  First, consistent with recent 

literature suggesting an important role for prenatal conditions in determining offspring 

outcomes, our results imply that equality of prenatal conditions may be responsible for 

the often observed stronger correlations in IQ and earnings among fraternal twins relative 

to non-twin sibling pairs.
26

  Our results also have important implications for our 

understanding of the causes of intergenerational income inequality.  Our findings that 

stress hormones increase with reductions in income (in the cross section and over time for 

the same woman) and that maternal stress reduces offspring educational attainment (and 
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  Scarr (1997) reports correlations for MZ twins of .76-.86, DZ twins of .35-.55 and non-twin siblings of 

.24-.47.   
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hence earnings) can potentially explain the relatively low rates of intergenerational 

economic mobility observed for poor families in the US. 

 Our results suggest that poverty reduction programs can potentially have large 

positive intergenerational effects via reductions in stress, especially if geared toward 

pregnant mothers, as in the WIC program.  But anti-poverty programs are costly and 

difficult to implement.  Alternatively, policy-makers might consider programs aimed at 

providing women with the skills to accommodate stress more successfully.  Not only 

have such programs proven effective at reducing perceived stress and cortisol in pregnant 

women, but they are easy to implement and relatively cheaper.
27
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 For example, Urizar et al (2004) find that a low-cost stress reduction program for low income pregnant 

women successfully reduced stress and morning cortisol levels.   
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1960 Census Providence & Boston Cortisol Sample
Unweighted Unweighted Unweighted Unweighted Weighted

Maternal Education 11.5 11.4 11.07 11.4 11.6

Family Income $45,185 $30,956 $29,040 $31,217 $41,784

Mother Black 0.03 0.12 0.13 0.08 0.03

Maternal Age 30.6 25.2 24.9 24.6 25.4

Mother Single 0.03 0.11 0.09 0.056 0.024

Birthweight (grams) 3185 3307 3290 3303

Gestation (weeks) 36.8 40.1 39.9 40

Free Cortisol (ng/ml) 24 22 20.5

Verbal IQ 7 year 99.9 99.2 100.2 101.8

Adult Education 13.1 13.2 13.3

Severe Chronic Condition 7 year 0.089 0.114 0.107

Observations 17921 1058 320 320
Income in 2007 dollars

Sibling Sample

Table 1: Sample Characteristics



Family Income >=HS <HS
>=Poverty 96% 4%

<Poverty 81% 19%

All 93% 7%

Maternal Education
>=HS 97% 3%

<HS 88% 12%

Paternal Education
>=HS 97% 3%

<HS 92% 8%

Offspring Education

Table 2: Transmission of Poverty in the NCPP Sample



Normal Cortisol High Cortisol Difference
Single during pregnancy 0.03 0.09 0.06

Single at age 7 0.09 0.2 0.11

Income during pregnancy as % FPL 207% 168% ‐39%

Real income during pregnancy $41,720 $35,857 ‐$5,863

Real income at age 7 $45,739 $39,618 ‐$6,121

Maternal education (years) 11.6 10.8 ‐0.80

Sibling number 1.5 1.5 0

Birth Order 2.9 3 0.1

Male 0.38 0.44 0.06

Observations 741 223

Note: sample includes all births; normal cortisol defined as the bottom 75% of the distribution of cortisol
and high cortisol is defined as those in the top 25% of the distribution of cortisol
All differences signficant except sibling number and birth order

Normal Cortisol High Cortisol Difference
Single during pregnancy 0.02 0.11 0.09

Single at age 7 0.22 0.23 0.01

Income during pregnancy as % FPL 228% 168% ‐60%

Real income during pregnancy $41,953 $33,286 ‐$8,667

Real income at age 7 $46,632 $46,024 ‐$608

Sibling number 1.5 1.5 0

Birth Order 3.1 3.1 0

Male 0.40 0.33 ‐0.07

Observations 40 40

Note: Sample limited to families in which one sibling is exposed to normal levels and the other to highly 
elevated levels  of prenatal cortisol as defined by cortisol in the top quartile of the distribution
All differences except single at age7, real income at age7 , sibling number, birth order and male significant. 

Table 3A: Cross Sectional Differences in Prenatal Cortisol Levels

Tale 3B: Within Family Differences in Prenatal Cortisol Levels 



Lower Cortisol Higher Cortisol Difference Normal Cortisol High Cortisol Difference
Years of Education 13.46 13.17 ‐0.29 13.45 12.7 ‐0.75

Verbal IQ at 7 103.8 99.5 ‐4.3 100.2 95.6 ‐4.6

Pr. Severe Chronic Condition at 7 0.099 0.116 0.017 0.069 0.142 0.073

Gestation (weeks) 40 39.8 ‐0.2 39.8 40 0.2

Birth Weight (grams) 3344 3253 ‐91 3244 3152 ‐92

Observations 158 158 202 40
Notes: Lower and Higher Cortisol (columns 1 and 2) refer to the sibling with the lower and higher levels, respectively ; 
Normal and High Cortisol (columns 4 and  5) refer to cortisol in the bottom 75 percent of the distribution and top 25 percent of the distribution, respectively

Tale 4: Within Family Differences in Prenatal Cortisol Levels and Child Outcomes



Panel A Linear Cortisol (1) (2) (3) (4) (5)
Free Cortisol (ng/ml) ‐0.003 ‐0.006 ‐0.025 ‐0.024 ‐0.024

[0.003] [0.004] [0.012] [0.013] [0.013]
Inome during pregnancy as % FPL 0.189 ‐0.07 ‐0.091 ‐0.133

[0.067] [0.075] [0.175] [0.205]
Black 0.136 0.5

[0.169] [0.391]
Maternal education 0.162 0.14 0.346 0.345

[0.028] [0.044] [0.446] [0.447]
Mother single at birth ‐0.149 ‐2.095 ‐1.9 ‐1.911

[0.263] [0.520] [1.918] [1.931]
Maternal age at birth 0.035 0.051 ‐0.007 0

[0.013] [0.024] [0.193] [0.195]
Male ‐0.336 ‐0.063 ‐0.418 ‐0.469 ‐0.468

[0.107] [0.142] [0.228] [0.230] [0.232]
Birth order ‐0.011 ‐0.045 0.164 0.162

[0.041] [0.073] [0.299] [0.297]
Number of siblings at age 7 ‐0.061 ‐0.051

[0.038] [0.050]
Husband at home 0.368 0.269 ‐0.216 ‐0.19

[0.164] [0.319] [0.592] [0.582]
Number moves birth to age 7 ‐0.041 ‐0.073 0.022 0.023

[0.042] [0.069] [0.147] [0.148]
Providence ‐0.218 ‐0.197

[0.119] [0.174]
Pregnancy complication ‐0.024 0.322 0.443 0.437

[0.125] [0.170] [0.326] [0.327]
Mother working while pregnant 0.154

[0.415]
Gestation at draw date 0.005 ‐0.003 0.055 0.059 0.057

[0.036] [0.057] [0.105] [0.101] [0.100]
Observations 979 299 299 299 299
R‐squared 0.24 0.3 0.76 0.8 0.8
Increase of std dev in cortisol on years of schooling ‐0.047 ‐0.095 ‐0.395 ‐0.379 ‐0.379
Increase as a percent of standard deviation in years schooling ‐4% ‐7% ‐30% ‐29% ‐29%

Panel B Quartiles of Cortisol
Top quartile prenatal cortisol ‐0.412 ‐0.275 ‐0.668 ‐0.76 ‐0.776

[0.121] [0.161] [0.428] [0.431] [0.431]
Bottom quartile prenatal cortisol ‐0.122 ‐0.228 0.039 ‐0.072 ‐0.092

[0.126] [0.172] [0.432] [0.427] [0.422]
Mother working while pregnant 0.185

[0.380]
Observations 979 299 311 299 299
R‐squared 0.25 0.31 0.74 0.79 0.79
Increase as a percent of standard deviation in years schooling ‐32% ‐21% ‐51% ‐58% ‐60%

Robust standard errors in brackets
Sample Full Sibling Sibling Sibling Sibling
Maternal Fixed Effects N N Y Y Y
Note: All controls included in Panel A also included in Panel B

Table 5: Prenatal Cortisol and Adult Education (Years of Schooling)



Panel A Linear Cortisol Birth weight  Gestation Birth weight  Gestation Birth weight  Gestation Birth weight  Gestation
Free Cortisol (ng/ml) ‐0.574 0.002 0.314 0 ‐2.833 0.002 0.071 ‐0.006

[1.051] [0.004] [1.028] [0.004] [2.513] [0.009] [2.438] [0.013]
Inome during pregnancy as % FPL 13.805 ‐0.025 24.572 0.031 ‐21.378 ‐0.198

[25.071] [0.094] [38.024] [0.120] [72.348] [0.277]
Black ‐111.514 ‐0.32 ‐180.851 ‐1.074

[76.245] [0.327] [128.405] [0.701]
Maternal education 8.705 ‐0.074 ‐1.607 0.011 35.671 0.253

[13.192] [0.045] [25.346] [0.058] [80.931] [0.429]
Mother single at birth ‐55.582 0.384 154.918 0.52 22.684 0.932

[82.886] [0.377] [125.545] [0.741] [248.925] [2.413]
Maternal age at birth ‐2.798 ‐0.036 ‐3.639 ‐0.007 10.49 ‐0.063

[5.397] [0.020] [10.013] [0.029] [57.122] [0.297]
Male 137.115 0.076 147.804 0.145 164.914 0.139 55.819 ‐0.413

[42.891] [0.164] [42.847] [0.157] [71.489] [0.223] [82.219] [0.349]
Birth order ‐13.712 0.006 ‐2.639 ‐0.012 ‐18.725 ‐0.239

[17.738] [0.072] [33.023] [0.107] [102.471] [0.522]
Husband at home 19.153 0.267 26.312 0.56 ‐107.632 0.346

[60.768] [0.272] [93.233] [0.390] [238.395] [1.048]
Number moves birth to age 7 ‐11.239 ‐0.036 0.325 0.115 14.156 0.098

[14.551] [0.059] [23.141] [0.083] [81.094] [0.194]
Number of siblings at age 7 10.571 ‐0.046 ‐19.835 0.041

[15.747] [0.056] [25.499] [0.078]
Providence ‐36.501 ‐0.177 ‐109.803 ‐0.385

[50.570] [0.175] [89.299] [0.259]
Gestation at draw date ‐14.224 0.04 ‐12.267 0.061 ‐29.256 ‐0.072 ‐40.224 ‐0.15

[12.718] [0.054] [12.847] [0.054] [21.451] [0.076] [28.871] [0.125]
Observations 1029 1028 979 978 299 299 299 299
R‐squared 0.02 0 0.04 0.03 0.09 0.04 0.83 0.77

Panel B Quartiles of Cortisol Birth weight  Gestation Birth weight  Gestation Birth weight  Gestation Birth weight  Gestation
Top quartile prenatal cortisol ‐76.731 ‐0.235 ‐50.828 ‐0.332 ‐171.251 ‐0.367 ‐110.69 ‐0.615

[48.649] [0.209] [50.064] [0.212] [89.399] [0.380] [149.189] [0.428]
Bottom quartile prenatal cortisol 6.306 ‐0.297 ‐7.405 ‐0.181 56.099 ‐0.179 ‐33.952 ‐0.004

[49.696] [0.194] [49.692] [0.190] [69.735] [0.261] [109.237] [0.579]
Observations 1029 1028 979 978 299 299 299 299
R‐squared 0.02 0.01 0.04 0.03 0.11 0.05 0.83 0.78

Robust standard errors in brackets
Sample Full Full Full Full Sibling Sibling Sibling Sibling
Mother fixed effects included N N N N N N Y Y
Note: All controls included in Panel A also included in Panel B
Birthweigt in grams, gestation in weeks

Table 6: Prenatal Cortisol and Birth Outcomes



Panel A Linear Cortisol (1) (2) (3) (4) (5)
Free Cortisol (ng/ml) ‐0.022 ‐0.036 ‐0.063 ‐0.09 ‐0.09

[0.031] [0.063] [0.107] [0.111] [0.112]
Inome during pregnancy as % FPL 2.066 1.256 0.623 0.699

[0.700] [1.434] [2.144] [2.156]
Black ‐8.349 ‐9.454

[1.501] [3.054]
Maternal education 1.757 1.126 2.595 2.599

[0.223] [0.501] [3.249] [3.268]
Mother single at birth ‐0.685 ‐11.732 7.308 7.336

[1.827] [4.721] [10.694] [10.761]
Maternal age at birth 0.351 0.394 1.407 1.395

[0.122] [0.249] [2.232] [2.249]
Male 1.252 2.262 1.09 0.375 0.369

[1.085] [2.212] [2.962] [2.828] [2.828]
Birth order 0.034 ‐0.639 ‐3.017 ‐3.02

[0.423] [0.897] [4.051] [4.067]
Number of siblings at age 7 ‐0.443 ‐0.289

[0.353] [0.764]
Husband at home 0.322 ‐6.299 ‐12.348 ‐12.355

[1.708] [4.127] [10.889] [11.052]
Number moves birth to age 7 ‐0.015 ‐0.473 ‐2.746 ‐2.755

[0.323] [0.728] [2.286] [2.301]
Providence ‐3.758 ‐3.69

[1.227] [2.546]
Pregnancy complication ‐0.362 1.747 4.471 4.483

[1.122] [2.230] [3.039] [3.055]
Mother working while pregnant ‐0.291

[3.777]
Gestation at draw date 0.059 0.737 0.848 1.461 1.465

[0.306] [0.616] [1.079] [1.070] [1.082]
Observations 952 287 299 287 287
R‐squared 0.28 0.24 0.79 0.83 0.83
Increase of std dev in cortisol on IQ ‐0.348 ‐0.569 ‐0.995 ‐1.422 ‐1.422
Increase as a percent of standard deviation in IQ ‐3% ‐4% ‐7% ‐10% ‐10%

Panel B: Quartiles of Cortisol
Top quartile prenatal cortisol ‐1.984 ‐1.111 ‐3.601 ‐7.375 ‐7.375

[1.096] [2.456] [3.652] [4.492] [4.485]
Bottom quartile prenatal cortisol 0.134 1.312 0.028 ‐1.404 ‐1.406

[1.323] [2.548] [4.947] [4.834] [4.912]
Mother working while pregnant 0.015

[3.793]
Observations 952 287 299 287 287
R‐squared 0.28 0.24 0.79 0.84 0.84
Increase as a percent of standard deviation in IQ ‐14% ‐8% ‐26% ‐53% ‐53%

Robust standard errors in brackets
Sample Full Sibling Sibling Sibling Sibling
Mother fixed effects included N N Y Y Y
Note: All controls included in Panel A also included in Panel B

Table 7: Prenatal Cortisol and Child IQ at Age 7



Panel A Linear Cortisol (1) (2) (3) (4) (5)
Free Cortisol (ng/ml) 0 0.001 0.006 0.006 0.006

[0.001] [0.001] [0.003] [0.003] [0.004]
Inome during pregnancy as % FPL 0.001 ‐0.002 0.079 0.092 0.089

[0.018] [0.022] [0.062] [0.078] [0.080]
Black 0.047 ‐0.027

[0.040] [0.088]
Maternal education 0.001 0.019 ‐0.119 ‐0.118 ‐0.115

[0.005] [0.012] [0.142] [0.143] [0.149]
Mother single at birth ‐0.022 ‐0.036 ‐0.068 ‐0.064 ‐0.07

[0.038] [0.049] [0.135] [0.136] [0.155]
Maternal age at birth 0 ‐0.005 ‐0.015 ‐0.017 ‐0.016

[0.003] [0.006] [0.066] [0.066] [0.068]
Male 0.017 0.077 0.17 0.169 0.184

[0.022] [0.047] [0.115] [0.115] [0.119]
Birth order 0.003 0.006 0.043 0.043 0.044

[0.008] [0.024] [0.094] [0.094] [0.095]
Number of siblings at age 7 ‐0.01 0

[0.008] [0.021]
Husband at home 0.033 0.093 0.043 0.042 0.033

[0.028] [0.042] [0.254] [0.252] [0.256]
Number moves birth to age 7 0.001 ‐0.001 0.013 0.012 0.011

[0.007] [0.019] [0.060] [0.062] [0.065]
Providence 0.045 0.076

[0.030] [0.058]
Gestation at draw date 0.005 0.003 0.002 0.002 ‐0.001

[0.007] [0.014] [0.032] [0.032] [0.034]
Mother working while pregnant ‐0.05 ‐0.042

[0.158] [0.156]
Gestation 0.011

[0.042]
Birth weight kg 0

[0.000]
Observations 952 286 286 286 286
R‐squared 0.02 0.06 0.59 0.59 0.59
Impact of std dev increase in cortisol on  0.000 0.016 0.095 0.095 0.095
probability of severe chronic condition

Panel B Quartiles of Cortisol (1) (2) (3) (4) (5)
Top quartile prenatal cortisol ‐0.003 0.038 0.036 0.038 0.038

[0.023] [0.048] [0.148] [0.149] [0.148]
Bottom quartile prenatal cortisol 0.01 0.057 ‐0.027 ‐0.022 ‐0.028

[0.026] [0.044] [0.091] [0.092] [0.095]
Gestation (weeks) 0.009

[0.043]
Birth weight (grams) 0

[0.000]
Observations 952 286 286 286 286
R‐squared 0.02 0.07 0.57 0.57 0.57

Robust standard errors in brackets
Sample Full Sibling Sibling Sibling Sibling
Mother fixed effects included N N Y Y Y
Note: All controls included in Panel A also included in Panel B

Table 8: Impact of Prenatal Cortisol on Health at Age 7 ‐Any Severe Chronic Condition



Panel A: Control for Season of Birth Yrs Education Verbal IQ Health
Top quartile prenatal cortisol ‐0.812 ‐6.805

[0.435] [4.487]
Bottom quartile prenatal cortisol ‐0.078 ‐1.392

[0.435] [4.694]
Free cortisol 0.006

[0.004]
Winter ‐0.398 1.707 0.022

[0.427] [4.280] [0.183]
Fall ‐0.649 2.932 ‐0.125

[0.399] [4.755] [0.165]
Summer ‐0.439 4.096 0.008

[0.350] [3.716] [0.156]
Observations 299 287 286
R‐squared 0.8 0.84 0.61
Maternal FE included Y Y Y

Panel B: Gender Differences Yrs Education Verbal IQ Health
Top quartile prenatal cortisol ‐0.736 ‐7.336

[0.493] [5.285]
Top quartile prenatal cortisol* Male ‐0.065 ‐0.105

[0.546] [7.116]
Free cortisol 0.008

[0.005]
Free cortisol*Male ‐0.005

[0.007]
Bottom quartile prenatal cortisol ‐0.075 ‐1.409

[0.432] [4.914]
Male ‐0.415 0.346 0.274

[0.250] [3.307] [0.191]
Observations 299 287 286
R‐squared 0.79 0.84 0.6
Maternal FE included Y Y Y

Panel C: Control for Testosteron
Top quartile prenatal cortisol ‐0.767 ‐7.51

[0.432] [4.502]
Free cortisol 0.006

[0.003]
Testosteron (ng/ml) ‐0.137 ‐1.783 ‐0.102

[0.338] [3.341] [0.106]
Bottom quartile prenatal cortisol ‐0.081 ‐1.55

[0.431] [4.826]
Observations 299 287 286
R‐squared 0.79 0.84 0.6
Maternal FE included Y Y Y

Panel D:  Control for Marital Status and Income at Birth and Age 7
Top quartile prenatal cortisol ‐0.749 ‐8.167

[0.448] [4.493]
Bottom quartile prenatal cortisol ‐0.063 ‐1.425

[0.441] [4.989]
Free cortisol 0.006

[0.004]
Observations 295 283 282
R‐squared 0.79 0.83 0.6
Maternal FE included Y Y Y

Panel E: Impact on Performance IQ Perf IQ Perf IQ Perf IQ
Top quartile prenatal cortisol ‐0.203 0.135 0.783

[1.304] [2.164] [5.193]
Bottom quartile prenatal cortisol ‐0.347 1.294 ‐0.663

[1.290] [2.307] [5.591]
Observations 951 287 287
R‐squared 0.13 0.15 0.77
Maternal FE included N N Y

Note: Sample limited to sibling sample in all regressions; all regressions include full set of controls

Table 9: Robustness



Panel A: Linear Cortisol
Free Cortisol (ng/ml) 0.006 ‐0.013 ‐0.023 ‐0.017 0.005 0.007 ‐0.001 ‐0.002 0 0 ‐0.001 ‐0.001 ‐0.001 0 0 0 0 0.001 0.002 0.002

[0.009] [0.018] [0.026] [0.027] [0.010] [0.014] [0.031] [0.033] [0.000] [0.001] [0.003] [0.003] [0.000] [0.000] [0.001] [0.001] [0.001] [0.001] [0.002] [0.002]
Gestation at draw date ‐0.312 ‐0.361 ‐0.226 ‐0.281 ‐0.001 ‐0.043 ‐0.311 ‐0.183 0.004 ‐0.002 0.008 0.01 0.006 0.013 0.021 0.028 0.009 0.003 0.004 0.01

[0.108] [0.173] [0.199] [0.211] [0.098] [0.156] [0.303] [0.322] [0.006] [0.006] [0.013] [0.015] [0.005] [0.007] [0.019] [0.021] [0.008] [0.008] [0.009] [0.012]
Income/(poverty threshold) at birth 0.28 0.159 0.294 ‐0.129 0.104 1.179 ‐0.003 0.016 ‐0.042 ‐0.016 0.008 ‐0.016 0.012 0.009 ‐0.006

[0.165] [0.257] [0.538] [0.177] [0.263] [0.795] [0.012] [0.021] [0.049] [0.009] [0.012] [0.027] [0.019] [0.029] [0.026]
Black ‐0.171 ‐0.534 ‐0.357 1.825 ‐0.05 ‐0.103 0.077 0.024 0.153 0.168

[0.408] [0.963] [0.481] [1.034] [0.026] [0.047] [0.047] [0.067] [0.058] [0.157]
Maternal education ‐0.108 ‐0.089 0.321 ‐0.075 0.091 0.076 ‐0.002 ‐0.01 ‐0.098 ‐0.009 ‐0.005 0.018 0.031 0.02 0.09

[0.059] [0.110] [0.707] [0.081] [0.143] [0.903] [0.004] [0.007] [0.085] [0.005] [0.005] [0.045] [0.008] [0.014] [0.055]
Mother single at birth ‐0.746 0.344 1.177 0.455 ‐0.99 2.543 ‐0.041 ‐0.051 0.01 0.259 0.168 0.064 ‐0.007 0.103 ‐0.149

[0.632] [0.969] [3.233] [0.689] [1.901] [0.767] [0.037] [0.079] [0.108] [0.089] [0.108] [0.306] [0.061] [0.141] [0.150]
Maternal age at birth 0.016 0.016 ‐0.702 0.12 0.149 0.412 ‐0.002 ‐0.001 ‐0.005 0.003 0.001 0.032 0.004 0.014 0.046

[0.033] [0.060] [0.467] [0.037] [0.049] [0.748] [0.001] [0.003] [0.035] [0.002] [0.002] [0.037] [0.004] [0.007] [0.032]
Male 0.107 0.326 ‐0.337 ‐0.215 ‐0.491 ‐0.921 ‐0.851 ‐0.626 0.011 0.036 ‐0.007 ‐0.017 0.016 0.007 0.004 0.001 0.002 ‐0.006 ‐0.012 ‐0.011

[0.303] [0.537] [0.610] [0.616] [0.301] [0.441] [1.026] [1.225] [0.017] [0.024] [0.036] [0.046] [0.017] [0.016] [0.025] [0.031] [0.030] [0.047] [0.045] [0.046]
Birth order ‐0.104 ‐0.308 0.591 0.013 0.37 0.794 0.009 0.007 ‐0.037 ‐0.01 0.003 ‐0.098 ‐0.003 ‐0.044 ‐0.074

[0.126] [0.228] [0.864] [0.123] [0.256] [1.341] [0.008] [0.020] [0.049] [0.006] [0.011] [0.086] [0.011] [0.020] [0.053]
Number of siblings at age 7 ‐0.301 ‐0.082 0.041 0.152 0.01 0.029 0.006 0.011 0 0.028

[0.104] [0.167] [0.120] [0.180] [0.009] [0.013] [0.007] [0.011] [0.011] [0.016]
Husband at home 1.445 1.134 ‐1.081 ‐0.223 0.213 2.619 ‐0.037 ‐0.035 ‐0.141 ‐0.019 ‐0.053 ‐0.044 ‐0.019 0.003 ‐0.031

[0.385] [0.651] [1.451] [0.508] [0.544] [1.955] [0.032] [0.047] [0.139] [0.030] [0.054] [0.151] [0.041] [0.087] [0.088]
Number moves birth to age 7 ‐0.043 0.185 0.042 0.228 0.283 0.234 0.007 0.003 ‐0.001 0.008 0.007 ‐0.003 ‐0.006 0.011 0.012

[0.102] [0.189] [0.347] [0.113] [0.198] [0.457] [0.005] [0.007] [0.024] [0.006] [0.007] [0.021] [0.010] [0.014] [0.028]
Providence ‐0.906 ‐1.424 ‐0.853 ‐0.48 0.032 0.059 0.085 0.036 0.139 0.125

[0.298] [0.447] [0.549] [0.513] [0.020] [0.035] [0.022] [0.022] [0.042] [0.066]
Pregnancy complication 0.164 ‐0.4 ‐0.209 ‐0.437 0.022 ‐0.759 0.002 ‐0.016 0.008 0.024 0.008 0.026 0.001 0.044 ‐0.077

[0.318] [0.595] [0.815] [0.335] [0.446] [0.953] [0.017] [0.024] [0.076] [0.018] [0.017] [0.038] [0.031] [0.047] [0.050]
Observations 978 298 311 298 583 194 201 194 979 299 312 299 979 299 312 299 874 282 294 282
R‐squared 0.14 0.18 0.82 0.85 0.09 0.29 0.74 0.79 0.06 0.2 0.64 0.68 0.17 0.14 0.53 0.56 0.1 0.17 0.84 0.86

Panel B Quartiles of Cortisol
Top quartile prenatal cortisol 0.473 0.255 0.65 0.115 0.46 ‐0.171 ‐0.937 ‐0.846 0.008 ‐0.042 ‐0.08 ‐0.101 ‐0.034 ‐0.045 ‐0.003 ‐0.033 ‐0.013 0.048 0.105 0.131

[0.370] [0.541] [1.330] [1.652] [0.456] [0.773] [0.908] [1.024] [0.022] [0.034] [0.061] [0.082] [0.021] [0.028] [0.061] [0.066] [0.028] [0.036] [0.079] [0.091]
Bottom quartile prenatal cortisol 0.133 0.02 0.756 0.389 ‐0.255 0.49 ‐0.059 0.228 ‐0.002 ‐0.012 ‐0.063 ‐0.058 ‐0.02 ‐0.038 ‐0.059 ‐0.064 0.007 0.029 ‐0.001 ‐0.01

[0.359] [0.479] [1.181] [1.115] [0.336] [0.612] [0.756] [0.781] [0.013] [0.016] [0.055] [0.069] [0.018] [0.025] [0.095] [0.098] [0.037] [0.040] [0.034] [0.034]
Observations 583 194 201 194 978 298 311 298 979 299 312 299 979 299 312 299 874 282 294 282
R‐squared 0.1 0.3 0.74 0.79 0.14 0.18 0.82 0.85 0.06 0.2 0.65 0.69 0.17 0.16 0.53 0.57 0.1 0.18 0.85 0.87

Robust standard errors in brackets
Sample Full Sibling Sibling Sibling Full Sibling Sibling Sibling Full Sibling Sibling Sibling Full Sibling Sibling Sibling Full Sibling Sibling Sibling
Maternal FE N N Y Y N N Y Y N N Y Y N N Y Y N N Y Y
Note : All controls included in Panel A also included in Panel B; 48 hour iron levels are missing for much of the sample

Table 10: Prenatal Cortisol and Parental Investments

Prenatal Visits 48 Hour Iron Maternal Focus/Responsiveness Nursery SchoolUnfavorable Emotional Environment


