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Abstract In this article, we study the effects of prenatal health on educational attainment
and on the reproduction of family background inequalities in education. Using Finnish
birth cohort data, we analyze several maternal and fetal health variables, many of which
have not been featured in the literature on long-term socioeconomic effects of health
despite the effects of these variables on birth and short-term health outcomes. We find
strong negative effects of mother’s prenatal smoking on educational attainment, which are
stronger if the mother smoked heavily but are not significant if she quit during the first
trimester. Anemia during pregnancy is also associated with lower levels of attained
education. Other indicators of prenatal health (pre-pregnancy obesity, mother’s antenatal
depressed mood, hypertension and preeclampsia, early prenatal care visits, premature
birth, and small size for gestational age) do not predict educational attainment. Our
measures explain little of the educational inequalities by parents’ class or education.
However, smoking explains 12%—and all health variables together, 19%—of the lower

J. Harkonen (D<)
Demography Unit, Department of Sociology, Stockholm University, S-106 91 Stockholm, Sweden
e-mail: juho.harkonen@sociology.su.se

J. Hérkonen
Swedish Institute for Social Research, Stockholm University, S-106 91 Stockholm, Sweden

H. Kaymakgalan
Department of Science, Bahgesehir University, Istanbul, Turkey

P. Maki
Department of Psychiatry, Institute of Clinical Medicine, University of Oulu, Oulu, Finland

P. Méki
Oulu University Hospital, Oulu, Finland

A. Taanila
Institute of Health Sciences, University of Oulu, Oulu, Finland

A. Taanila
Unit of General Practice, Oulu University Hospital, Oulu, Finland

@ Springer



526 J. Hérkonen et al.

educational attainment of children born to unmarried mothers. Our findings point to the
usefulness of proximate health measures in addition to general ones. They also point to the
potentially important role played by early health in intergenerational processes.

Keywords Prenatal health - Education - Social background -
Intergenerational inequality

Introduction

Recent social scientific research has shown increasing interest in the effects of early-
life conditions on later-life outcomes (e.g., Heckman 2006). A related literature has
demonstrated how poor health in childhood predicts weaker socioeconomic attain-
ment in adulthood (e.g., Behrman and Rosenzweig 2004; Black et al. 2007; Case et
al. 2005; Case and Paxson 2006; Conley and Bennett 2000; Conley et al. 2003;
Currie 2009; Haas 2006; Jackson 2007, 2009; Palloni 2006; Palloni et al. 2008;
Currie 2009; Smith 2009; White and Palloni 2009). Most of these studies have relied
on measures of general health in childhood. Although they have been successful in
adding to our understanding of the role of overall early health in the socioeconomic
attainment process, more information is needed on which specific conditions are
important in shaping future life chances.

The first objective of this study is to analyze the effects of a selection of prenatal health
indicators on educational attainment. Instead of viewing childhood as a single life stage
ranging from the fetus to adolescence, we focus on the fetal environment—*the first
environment”—which can be of particular importance in influencing later life (Currie
2009:116). Several previous studies have found that birth weight affects health,
schooling, and labor market outcomes (e.g., Barker 1991, 2001; Behrman and
Rosenzweig 2004; Black et al. 2007; Conley and Bennett 2000, 2001; Conley et al.
2003; Haas 2006; Jackson 2009). However, birth weight is determined by more
proximate conditions, at least some of which may independently predict longer-
term outcomes.

The measures we use (pre-pregnancy obesity, anemia, mother’s antenatal de-
pressed mood, smoking, hypertension and preeclampsia, and early visit to a prenatal
clinic), in addition to preterm birth and birth weight for gestational age, are all known
correlates of birth outcomes and other short-term outcomes. But do they predict
educational attainment in adulthood?

Our second interest lies in examining whether prenatal health contributes to the
persistent associations between family background and children’s educational attain-
ment. The role of childhood health in the intergenerational transmission of advantage
and disadvantage has been increasingly discussed, but only a few studies have
empirically assessed these issues.

To analyze these questions, we use data for 8,625 individuals from the Northern
Finland Birth Cohort 1966 Study (hereafter referred to as NFBC 1966), an ongoing
general-population study. Our data include information on the health of the mother
and the child and on the family’s sociodemographic characteristics, gathered during
pregnancy and at birth, that are linked to educational attainment of the child at age 31.
We analyze these data using ordered logit regression models. Before we examine the
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data and the results in more detail, we discuss the potential role of prenatal health in
socioeconomic attainment and the intergenerational transmission of socioeconomic
status. The last section summarizes our findings and discusses their implications.

Prenatal Health and Educational Attainment
Prenatal Health and Educational Outcomes: Pathways

Prenatal health can affect educational outcomes through different avenues, of which
the effects on cognitive skills are considered particularly important (Currie 2009).
Other effects operate through noncognitive features, which can, among other things,
affect children’s attention and learning capabilities and shape their interests and
potential to proceed to further levels of education (Palloni 2006; Palloni and Milesi
2006). Furthermore, health problems in childhood and adolescence that are caused by
fetal conditions can lead students to miss school and thus affect their success in
education (Currie et al. 2010).

The underlying causal pathways behind these effects are inherently biological,
although they can be shaped by interactions with the genome and the environment.
Probably the best-known theory of biological pathways is Barker’s hypothesis, which
links poor fetal growth to hypertension, cardiovascular disease, stroke, and diabetes
through permanent changes in the cardiovascular system that result from the fetus’s
adaptation to poor nutritional conditions (e.g., Barker 1991, 2001). Similar “biolog-
ical programming” has been linked to other health, psychobehavioral, and socio-
economic outcomes. An underlying argument is that prenatal conditions can have
long-term effects by shaping the development of the fetus at critical periods when the
system is most sensitive to environmental inputs (e.g., Gluckman and Hanson 2005).
Different stages of pregnancy can be sensitive to different prenatal insults. For
example, radiation exposure has the strongest effects between weeks 8 and 25 of
pregnancy (Almond et al. 2009; Nowakowski and Hayes 2008), whereas the effects
of prenatal exposure to nicotine are the strongest during the last two trimesters (Shea
and Steiner 2008; Slotkin 1998).

Following Barker, many studies have stressed the role of fetal nutrition and the
physiological responses to it. Other prenatal conditions work through different biological
pathways. For example, preeclampsia and prenatal smoking limit blood (and oxygen)
flow to the fetus (Ehrenstein et al. 2009; Shea and Steiner 2008; Slotkin 1998), and
nicotine can additionally shape brain development by targeting specific neuro-
transmitter receptors (Slotkin 1998). Maternal stress during pregnancy, on the other
hand, can lead to overactivity of the hypothalamic-pituitary-adrenal (HPA) axis and to
increased secretions of glucocorticoids, which can alter the function of the HPA axis
in the fetus and disturb its brain development (Maccari et al. 2003; Méki et al. 2010).

The term “programming” suggests rather deterministic avenues from the womb to
adult life, but the effects of intrauterine inputs vary according to genetic and social
factors in ways that can affect longer-term consequences (Lundborg and Stenberg
2010). A growing body of research analyzes genetic sensitivity to environmental
inputs (e.g., Caspi et al. 2007; Kahn et al. 2003; Rutter and Silberg 2002), and another
focuses on the epigenetic determination of gene expression (Szyf 2009). Furthermore,
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prenatal health effects can be shaped by parents and other significant persons—for
example, by providing more (less) attention to children with weaker starting points
(Conley et al. 2003; Datar et al. 2010; Stevenson and Fredman 1990). Despite
increasing interest, the intrauterine predictors of socioeconomic attainment—and
the pathways through which they operate—remain incompletely understood.
Nevertheless, previous research has identified some predictors.

Indicators of Prenatal Health and Socioeconomic Outcomes

Measurement of fetal health is difficult, and researchers commonly use measures of
birth outcomes and maternal health and behaviors during (and before) pregnancy.
Low birth weight (LBW, <2,500 g) is a leading indicator. Several studies have found
consistent and often substantial effects of LBW on socioeconomic outcomes that
generally persist (or even become stronger) after the inclusion of sibling or twin fixed
effects (e.g., Behrman and Rosenzweig 2004; Black et al. 2007; Conley and Bennett
2000; Oreopoulos et al. 2008). However, LBW carries some restrictions.

First, birth weight is a function of gestational age and the fetal growth rate, which
have different etiologies and different consequences (Kramer et al. 2000). Of these,
short gestational age (that is, being born preterm) is the leading, yet less understood,
cause of LBW and perinatal morbidity and mortality in developed countries, and may
have different long-term consequences than fetal growth restriction (Behrman and
Butler 2007; Kiely et al. 1994; Kramer et al. 2000; Paneth 1995). Some studies have
looked specifically at the (negative) long-term socioeconomic effects of being born
preterm (e.g., Moster et al. 2008); some designs, such as twin studies, have identified
the effects of poor fetal growth (e.g., Behrman and Rosenzweig 2004; Black et al.
2007); and others have separately analyzed the effects of both factors (Oreopoulos et
al. 2008). Oreopoulos and associates (2008), for example, found that fetal growth had
a stronger effect than prematurity on socioeconomic outcomes in early adulthood.'

Secondly, LBW is a marker of other prenatal factors that can affect both birth weight
(through gestational age, fetal growth, or both) and long-term socioeconomic outcomes.
To properly understand the prenatal predictors of later outcomes and to design success-
ful interventions, it is important to identify the underlying behavioral and medical
factors responsible (Almond et al. 2005; Oreopoulos et al. 2008). Tobacco use during
pregnancy is a major modifiable predictor of both preterm birth and poor fetal growth
(Behrman and Butler 2007; Ernst et al. 2001; Kiely et al. 1994; Paneth 1995).
Neurological research suggests that fetal exposure to toxins found in tobacco harm
neural development in a dose-response fashion, with the last two trimesters being
particularly sensitive (Shea and Steiner 2008; Slotkin 1998). Importantly, these
negative effects are found independently of birth weight because nicotine and other
toxins can affect neurological development directly, as we discussed earlier. A
number of studies have reported negative relationships between prenatal smoking
and cognitive skills (Ernst et al. 2001) and educational (Case et al. 2005) and labor
market success (Jackson 2007), although others have argued that these effects can be
accounted for by family background (Batty et al. 2006; Ernst et al. 2001; Lambe et al.
2006; MacArthur et al. 2001).

! Interestingly, their findings also suggested that cognitive performance is not the main pathway.
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Previous studies have also analyzed the long-term effects of other prenatal insults.
From the point of view of estimating causal effects, the most impressive of these have
demonstrated long-term socioeconomic implications of such exogenous shocks as
prenatal exposure to the 1918-1919 Spanish flu (Almond 2006) or the fallout from
the Chernobyl nuclear disaster (Almond et al. 2009). However, given the rarity of
such events, these results have limited generalizability, especially for understanding
the effects of more common prenatal conditions and behaviors.

The maternal and fetal factors that we analyze have all been linked to birth and short-
term child development outcomes, but less is known about their longer-term effects.
Negative effects on pregnancy, birth outcomes, and/or short-term child outcomes have
been reported for smoking, as discussed earlier; maternal (pre-pregnancy) obesity
(Guelinckx et al. 2008); anemia (Allen 2000); hypertensive disorders and their more
severe form, preeclampsia (Witlin and Sibai 1997); and mother’s antenatal depres-
sion, anxiety, and stress (Mulder et al. 2002; Orr and Miller 1995; Torche 2011);
whereas early and continuous prenatal care has positive effects on these outcomes
(Kiely et al. 1994; Nagahawatte and Goldenberg 2008).

Some research suggests that these conditions and behaviors can have longer-
lasting impacts. For example, Heikura and associates (2008) found that maternal
obesity was associated with a clearly elevated risk of intellectual disability in
children; and Maiki and colleagues reported associations among maternal antenatal
depression, criminality (Maki et al. 2003), and schizophrenia (Miki et al. 2010), the
latter effect being limited only to genetically vulnerable children. There is also
observational and some experimental evidence of adverse long-term health, cogni-
tive, and socioemotional outcomes related to anemia in infancy (Lozoff et al. 2006);
because children born to anemic mothers have reduced hemoglobin levels, they are
themselves at risk of these adverse developmental outcomes. The immediate and
short-term effects (limited blood flow to the fetus, and a number of maternal and
infant health problems) of pregnancy-associated hypertensive disorders and pre-
eclampsia suggest potentially important effects also in the longer run, as has been
reported in the few studies that exist (Ehrenstein et al. 2009).

Summing up, despite increasing interest in the long-term socioeconomic effects of
prenatal health, a great deal remains to be learned. Low birth weight can act as a
proxy for some prenatal factors that can have long-lasting implications. Given that
different prenatal conditions and behaviors can have different pathways through
which they operate, it can be difficult to single out the most important ones based
on theory alone. Therefore, empirical research is needed to identify which, if any, of
the common prenatal factors have long-term implications.

Disparities in Prenatal Health and the Intergenerational Reproduction

of Inequality

Social Disparities in Prenatal Health

Socioeconomic disparities in health are already evident during pregnancy and at

birth, and can be found from different countries with varying health care systems
and levels of social inequality (Kramer et al. 2000). Disparities exist according to
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socioeconomic status (SES; measured as education, income, or occupation) but also
according to other features, such as family structure (Castro-Martin 2010;
Raatikainen et al. 2005).

A clear link exists between different indicators of parents’ socioeconomic status
and the components of LBW, prematurity, and poor fetal growth. These relation-
ships are not necessarily linear, and the largest increases in LBW and its compo-
nents are found at the lowest end of the socioeconomic distribution (Kramer et al.
2000; Paneth 1995). Birth-weight disparities have also been reported according to
marital status (Castro-Martin 2010; Moser et al. 2003; Pattenden et al. 1999;
Raatikainen et al. 2005).

Smoking during pregnancy varies notably across social groups (e.g., Cnattingius
2004); and in Finland, less than 5% of women of higher occupational status smoke
during pregnancy, compared with 20%—-25% of housewives and working-class women
(Jaakkola et al. 2001). Differences are also found for married, cohabiting, and single
women, with the first group having the lowest rates of smoking while pregnant
(Jaakkola et al. 2001; Kiernan and Pickett 2006).

Similar disparities exist according to other preconception and prenatal health
factors. Obesity is increasingly related to low SES (McLaren 2007), and lower-
status women are more likely to experience diabetes, pregnancy-associated hyper-
tension, anemia (Korenbrot and Moss 2000), depression, stress, and anxiety during
pregnancy (Nagahawatte and Goldenberg 2008). Differences in some of these factors,
such as depression, have also been shown for married, cohabiting, and single women
(Kiernan and Pickett 2006).

Differential access to or usage of prenatal health care account for only a limited
share of disparities in prenatal health and birth outcomes (Case and Paxson 2002;
Kramer et al. 2000; Nagahawatte and Goldenberg 2008). In general, behaviors (such
as smoking) as well as health and psychosocial conditions (e.g., infections and
psychosocial stress) before and after pregnancy have more explanatory power.
However, as with health disparities in general, the importance of these factors
depends on the outcome. For example, Kramer et al. (2000) (also Korenbrot and
Moss 2000; and Paneth 1995) pointed to smoking and anthropometric measures of
the mother as important candidates for explaining the links between SES and poor
fetal growth and to smoking, infections, and psychosocial stressors for understanding
relationships between SES and preterm birth.

In many cases, social group differences in the reception and use of information
about behaviors that affect prenatal health seem important. Pickett et al. (2005) found
increasing social inequalities in the sudden infant death syndrome (SIDS) after the
introduction of a national U.S. campaign, as a result of faster reductions in SIDS
among advantaged groups. Similar findings have been reported for prenatal smoking
(Cnattingius 2004).

Early Health and the Intergenerational Transmission of Socioeconomic Status
If parents’ SES is correlated with early health, which then affects future socio-
economic attainment of the child, can early health explain any of the persistent

associations between parents’ and their children’s SES? This question has recently
been raised by several scholars (Case et al. 2005; Case and Paxson 2006; Currie
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2009; Currie and Moretti 2007; Palloni 2006; Palloni and Milesi 2006), but has been
directly assessed in only few studies.

These analyses have focused on measures of general health or chronic conditions
during different stages of childhood and adolescence and, in the case of prenatal
health, on birth weight. The general conclusion is that early health explains a
nontrivial, yet somewhat limited, share of the associations between parents’ and
children’s SES, although these estimates are likely to be lower bounds. Papers by
Palloni and associates (Palloni 2006; Palloni et al. 2008) estimated that in Britain,
roughly one-tenth of the share of intergenerational class inequality can be accounted
for by child health. Case and Paxson (2006:164) and Currie (2009:114-115) showed
calculations suggesting that prenatal and childhood health (e.g., LBW, prenatal
smoking, and ADHD) account for only a limited share of the socioeconomic back-
ground differences in schooling and earnings.

To play a strong role in the intergenerational transmission of SES, early health
should have a strong effect on socioeconomic attainment, and there should be clear
social gradients in, or differences in the effects of, early health by social groups
(Currie 2009; Kramer et al. 2000). Given the limited measures available in most
cases, it is likely that the overall effects of early health conditions are underestimated.
Furthermore, the shares of parent—child associations explained by early health may
depend on the family background measure used. For example, some key prenatal
health indicators can be more strongly associated with education than income.
Overall, there is space for better understanding of the role of early health in the
intergenerational transmission of socioeconomic position.

Data
The Northern Finland Birth Cohort 1966 Study

Our data come from the Northern Finland Birth Cohort 1966 Study (or NFBC 1966),
a prospective study of all children born in the two northernmost provinces of Finland
in 1966 (Rantakallio 1969), who were followed up at ages 1, 14, and 31 years (e.g.,
Ek et al. 2005; Institute of Health Sciences n.d.). Researchers at the University of
Oulu recruited mothers at their first visits to a prenatal clinic, or at the maternity
clinic. The original sample consisted of 12,231 births (12,058 born alive; 11,870 alive
at age 1), which covers 96.3% of all births in the area (Rantakallio 1988). We
excluded 163 twin pairs due to the specific developmental trajectories twins often
follow.

Of the remaining singletons, we obtained access to health and socio-
demographic variables (measured during pregnancy and at birth) and educational
attainment at age 31 for 8,625 respondents. Using descriptive statistics from the
NFBC 1966 website, we compared our sample with the original sample of all
births, using variables that had no or very few missing values. The sample
characteristics were remarkably similar on such key variables as parental class
and education, mother’s marital status, and mother’s age at birth. As to birth
weight and gestational age, our sample includes individuals that were born slightly
heavier (means = 3,490 g and 3,443 g, respectively) and more mature (means =
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40.0 and 39.9 weeks, respectively) compared with all births (including twins,
stillborns, and those not surviving to age 31).

We use information on health behaviors and conditions during pregnancy as well
as data on birth outcomes and on educational attainment. The personnel of local
antenatal clinics collected data on the mother’s demographic characteristics, behav-
iors, and health during the 24th to 28th gestational week. Data on birth outcomes
come from the registries of the delivery wards. We refer the reader to Rantakallio
(1969) for detailed descriptions of these variables. The data on educational attainment
at age 31 was linked using personal identifiers from the National Education Registry,
which is maintained by Statistics Finland (cf. Isohanni et al. 2001).

A large share of the cases in our sample (47.5%; 4,095 cases) had at least one
variable with missing values. We used multiple imputation—with the ice (version
1.4.6) package in Stata (Royston 2004, 2005)—to deal with the resulting loss in
sample size and the potential bias to our estimates. We followed the procedures
recommended by Van Buuren et al. (1999), with each variable having a separate
prediction equation. These equations included the dependent and independent vari-
ables discussed later, additional measures hypothesized to affect the variable with
missing values, and information on the data collection procedure that could result in
the missing values. The new data were created using 10 imputations, with 20
regression switching cycles within each imputation. Table 1 presents means and
percentages of the original sample, the means and percentages calculated over all
the imputed data sets, and the minimum and maximum means and percentages found
from these data sets.

Variables

Educational attainment at age 31, our dependent variable, is a five-level ordinal
variable (cf. Isohanni et al. 2001). The least educated in our sample had nine years of
compulsory education (ISCED 2). After that, they could take either one or two years
of vocational training (ISCED 3B and ISCED 3 C), or three years of academically
oriented high school education (ISCED 3A). The fourth-highest level of education
consists of up to three additional years of postsecondary or lower tertiary education
(typically, ISCED 4 and ISCED 5). University level (ISCED 6 and above), or higher
tertiary, is the highest level of education.

The availability of proper measures in the NFBC 1966 largely determined our
selection of the prenatal health variables. For example, we had no or inconsistent
measures of infections and nutrient intake during pregnancy, mother’s weight gain,
diabetes, alcohol use, or head circumference at birth. Starting with the pre-conception
variable, mother s pre-pregnancy obesity is measured using a dummy variable that is
unity if her pre-pregnancy body mass index (BMI, kg/m?) exceeded 30 (cf. Laitinen
et al. 2001). Following WHO guidelines, we measure anemia during pregnancy as
hemoglobin concentration below 110 g/l at any of the three measurement points in the
NFBC 1966 (3rd, 7th, and 9th months) (Allen 2000; for NFBC, see Jones et al. 1998).

Hypertensive disorders are measured using a four-class variable (no hypertensive
disorders being the reference group) (Jarvelin et al. 1997). Chronic hypertension was
defined as systolic blood pressure higher than 145 mmHg and diastolic blood
pressure higher than 90 mmHg through pregnancy and/or clinically defined
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Table 1 Means and percentages of the variables in the original and the 10 imputed data sets (means,

minima, maxima)

Imputed
Variable Original Mean Min. Max
Educational Attainment (dependent variable)
Compulsory (9 years) 13.1 13.1 13.1 13.2
Vocational (10-11 years) 31.0 31.0 31.0 31.1
High school (12 years) 29.1 29.1 29.1 292
Lower tertiary 16.4 16.4 16.4 16.5
Higher tertiary 10.3 10.3 10.3 10.3
Prenatal Health
Mother obese before pregnancy 3.6 4.0 39 4.1
Mother anemic during pregnancy 17.3 17.1 16.9 17.5
Mother’s smoking: No 82.8 82.4 823 82.6
Mother’s smoking: light/moderate in first trimester only 4.7 4.8 4.8 4.9
Mother’s smoking: light/moderate throughout pregnancy 10.6 10.7 10.6 10.8
Mother’s smoking: heavy 2.0 2.0 2.0 2.1
Hypertensive disorders: No 88.2 87.5 87.3 87.9
Hypertensive disorders: Chronic 29 29 2.8 3.1
Hypertensive disorders: Pregnancy-induced 6.7 7.3 6.9 7.6
Hypertensive disorders: Preeclampsia 2.1 22 2.1 2.4
Mother visited prenatal clinic during first trimester 21.9 21.0 20.8 213
Mother depressed/very depressed 13.5 13.6 13.6 13.7
Preterm birth (<37 full gestational weeks) 4.7 4.8 4.8 4.9
Small for gestational age (SGA) 2.9 2.8 2.8 2.8
Family Background
Parental class: Unskilled working class 18.2 18.3 18.2 18.5
Parental class: Farmer 18.4 18.4 18.3 18.5
Parental class: Skilled working class 34.6 345 343 34.6
Parental class: Lower professional 20.0 19.9 19.8 19.9
Parental class: Higher professional 8.9 9.0 8.9 9.0
Mother’s education: Compulsory or less 64.5 64.5 64.5 64.5
Mother’s education: Vocational 18.9 18.4 18.4 18.4
Mother’s education: General secondary 10.9 10.7 10.7 10.7
Mother’s education: High school or more 4.9 4.8 4.8 4.8
Mother unmarried at birth 3.7 3.7 3.6 3.7
Control Variables
Female 522 522 522 522
Birth order 29 29 29 29
Mother’s age at birth 279 279 279 279
Wanted pregnancy?: Yes 64.0 63.9 64.1 63.6
Wanted pregnancy?: No 243 243 242 24.5
Wanted pregnancy?: Later 11.7 11.8 11.7 11.9
Attitudes: Should strive for better life 75.9 76.0 76.3 759
Attitudes: Should be happy with conditions 15.0 14.9 14.7 14.9
Attitudes: Society should help more 9.1 9.1 9.0 9.2

Note: N = 8,625.

Source: Northern Finland Birth Cohort 1966 Study.
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hypertension before pregnancy. Pregnancy-induced (gestational) hypertension was
defined as systolic/diastolic blood pressure higher than 145/90 mmHg after the 20th
week of pregnancy (but not before), and preeclampsia was defined as gestational
hypertension with continuous protein in the urine.

Mother s antenatal depressed mood is a dummy variable that is unity if the mother
reported being depressed or very depressed during the pregnancy (Jones et al. 1998;
Miki et al. 2003, 2010). The data include information on whether and how much the
mother smoked prior to pregnancy, whether and when she changed her smoking
habits, and how much she smoked after this change (cf. Rantakallio 1978). Based on
the available information, we created four dummy variables indicating mother s
smoking during pregnancy: no smoking (reference), light or moderate smoking (up
to 10 cigarettes/pipefuls daily) only during the first trimester, light or moderate
smoking throughout pregnancy, or heavy smoking (more than 10 cigarettes/pipefuls
daily). Only few heavy smokers gave up or reduced smoking during the first
trimester, thus not permitting the construction of a separate category. The NFBC
1966 also includes information on when the mother paid her first visit to a prenatal
clinic but, unfortunately, no further information on whether these were done on a
regular basis. We thus use a single dummy variable to indicate a visit during the first
trimester of the pregnancy (cf. Kiely et al. 1994).

As two birth outcome dummy variables, we use small for gestational age (SGA)
and preterm birth, following the earlier discussion on the components of birth weight.
Following recent medical practice, we defined SGA as a birth weight below 2
standard deviations (SD) from the sex and gestational age-specific mean birth weights
(Lee et al. 2003), with means and standard deviations derived from Finnish fetal
growth charts (Pihkala et al. 1989). We used the common definition of preterm births
as those born before the 37th full gestational week, determined from the last men-
strual period.

We measure socioeconomic background at birth using information on parents’
occupational class, mother’s education, and mother’s marital status, all at the time of
birth.? The occupational class is measured using the “dominance” principle, in which
the partner with the highest class status determines the class of the family. Using the
available information, we differentiate between five classes: higher and lower pro-
fessional, skilled working class, farmers, and unskilled working class (reference
group). Mothers education is measured using four categories: compulsory school
or less (maximum 8 years, reference group); vocational school (additional 1-4 years);
general secondary school; and high school or more (including academic education).
Note that this measure is different from our dependent variable, due to an educational
reform that took place in the early 1970s. Mother s marital status at birth is measured
using a dummy variable that also acts as a proxy for single motherhood.?

Finally, our control variables are sex of the child, mother’s age at birth (up to
18 years, 19-25 years (reference), 26-33 years, and 34 years or more), birth order
(which we measure as the order of live births),* two dummy variables of mothers’

2 The data distributed to us did not include socioeconomic background variables measured at a later
time point.

3 Cohabitation was still rare in Finland in 1966 (Finnis 1995).

4 This measure also partly captures any effects of the number of siblings.
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attitudes toward self-provision (“one should be happy with conditions,” “society
should help more,” and “one should strive for better life” (reference)),” and dummy
variables for whether the pregnancy was unwanted or was wanted later.®

Methods

Our empirical analysis consists of three steps. First, we present odds ratios between
the health variables and between the health variables and the social background
variables. This odds ratio matrix serves to describe relationships between the health
variables and the socioeconomic differences in prenatal health.

Second, we turn to analyzing the effects of prenatal health on educational attain-
ment 31 years later. Given our educational attainment variable, ordered logit models
are appropriate (e.g., Winship and Mare 1984). With these models, one assumes that
the outcome (education) is a manifestation of an underlying latent variable, here
interpreted as a propensity for educational attainment. As a result, interpretation of
the coefficients is less straightforward than in ordinary least squares (OLS) models.
Given our multiply imputed data, we used Stata’s mim prefix, which calculates
corrected standard errors using the so-called Rubin’s rules (Royston 2004, 2005).
Model fit statistics come from means of the respective ones for each imputed sample.

We estimate four different models. The first ones show the bivariate associations
between the prenatal health variables and educational attainment. In the second
models, we run separate models for each prenatal health variable, adjusting for family
background and the control variables.

The third model includes all variables but the birth outcome measures (preterm
birth and SGA), and the fourth and final model includes all the variables. The last two
models were estimated to examine whether the effect of the prenatal health on
educational attainment operated through the other health or birth outcome variables.
We also ran these same models using OLS regression, with years of schooling as the
dependent variable (see Table 7 in the Appendix). The results remained mostly
robust, and we comment on the differences in the results section. To enhance
interpretation of the results, we also present predicted probabilities of attaining
different levels of education.

Third, we turn to the question of whether prenatal health contributes to explaining
family background (measured by parental class, mother’s education, and mother’s
marital status at birth) inequalities in educational attainment. We do this by compar-
ing parameter estimates of the family background variables with and without prenatal
health measures. However, because of neglected heterogeneity, estimates from logit
models with and without additional variables are not directly comparable (Winship
and Mare 1984:517; Wooldridge 2002:470-472). Therefore, we estimated Y-
standardized coefficients, using Stata’s /istcoef command. These estimates are free
of bias from neglected heterogeneity and are thus comparable across models (Long
and Freese 2001:74). In effect, we analyze how introduction of the prenatal health

> In the absence of better measures, this variable can tap into otherwise unmeasured attitudes and behaviors
that affect both prenatal health and educational outcomes.

® The relatively high rate of unwanted pregnancies corresponds to figures from other countries before the
“perfect contraceptive” period (cf. Bumpass and Westoff 1970).
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variables changes the relationship between the family background variables and the
(latent) educational attainment variable.

Results

Associations Between Measures of Prenatal Health, and Socioeconomic Differences
in Prenatal Health

First, we examine associations between the prenatal health variables, and
between the family background measures and the prenatal health variables.
Because the variables are categorical, these associations are shown as a matrix
of odds ratios (Table 2).

One of the strongest relationships is between pre-pregnancy obesity and hyper-
tensive disorders. Pre-pregnancy obesity also has a strong negative association with
the child being born as SGA. There is a strong association between preeclampsia and
SGA, in line with much previous literature (Witlin and Sibai 1997), and a weaker
association between pregnancy-induced hypertension and SGA. However, hyper-
tensive disorders are not associated with preterm birth.

Depressed mothers were more likely to smoke throughout pregnancy. Similar
results linking psychosocial problems to continued smoking through pregnancy have
been found elsewhere (Pickett et al. 2009). Women who smoked throughout preg-
nancy were also more likely to have SGA babies. Continued light smoking is
additionally related to mother’s obesity, visits to prenatal clinics, milder hypertensive
disorders (but not preeclampsia), and premature birth. It is also important to point out
that some (obesity and hypertensive disorders) of the prenatal health variables are
associated with SGA but not with prematurity, while others (anemia and depression)
are associated with prematurity but not with SGA. These underline the different
etiologies of these two birth outcomes that together determine birth weight.

These associations are generally in line with what is known in the medical
literature. It is also worth pointing out that not all measures are related to each other.
This suggests that these measures capture different, partly independent, aspects of
prenatal health.

Turning to the family background disparities in prenatal health, one can clearly
observe many—often gradient-like—differences. Obesity, for example, was less
common among the higher classes and among mothers with higher levels of educa-
tion, and less common among unmarried mothers. Gradient-like socioeconomic
patterns can be found for anemia, depression, and early visits to a prenatal clinic.
However, unlike in the case of obesity, unmarried mothers were in a less-favorable
position according to these measures. Unmarried mothers were also more likely to
smoke, continue smoking, and smoke heavily; and were more likely to give birth
prematurely and to an SGA child. Prematurity and SGA both show gradient-like
disparities by class although not all associations are significant. There is a clear
working class/nonworking class division in prenatal smoking in our cohort (cf.
Rantakallio 1978). Farmers’ wives were less likely to smoke at any point in preg-
nancy, whereas women from professional classes were more likely to quit smoking.
The differences by mother’s education are less clear. Better-educated mothers were
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Prenatal Health, Education, and Intergenerational Inequality 539

less likely to give birth prematurely, but interestingly, no significant associations can
be found between mother’s education and SGA.

Prenatal Health Conditions and Educational Attainment

Next, we turn to analyzing the effects of prenatal health on educational attainment
with ordered logit models. In Table 3, we present results from analyses in which each
prenatal health variable is analyzed separately. We present two estimates for each
variable. The column on the left shows unadjusted, bivariate associations between
each prenatal health measure in question and educational attainment. The column on
the right shows the adjusted associations after the family background and control
variables have been included in the model.

First, looking at the results from the bivariate models, we find that with the
exceptions of hypertensive disorders and SGA, each measure is associated with
educational attainment. Children who were born prematurely, or to mothers who
were obese prior to pregnancy, suffered from anemia, were depressed, smoked during
pregnancy, or did not visit prenatal screening during the first trimester attained, on
average, lower levels of education 31 years later.

Table 3 Prenatal health and educational attainment: Separate ordered logit models for each health variable

Models 1A—1H: Bivariate Models 2A-2H: Adjusted®
b SE b SE
A. Mother Obese Before Pregnancy —0.427%%* 0.100 —-0.039 0.106
B. Anemia —0.281*%* 0.053 —0.109* 0.055
C. Depressed/Very Depressed —0.417%%* 0.057 —0.055 0.063
D. Smoking:
No (ref.) o e
Light, first trimester only —0.070 0.093 -0.174 0.094
Light throughout pregnancy —0.400%** 0.066 —0.289%*** 0.068
Heavy —0.562%** 0.144 —0.424%* 0.147
E. Hypertension:
No (ref.) — —
Chronic —0.136 0.134 0.005 0.133
Pregnancy-induced 0.088 0.089 0.151 0.087
Preeclampsia -0.013 0.168 —0.042 0.159
F. Prenatal Clinic Visit, First Trimester 0.259%** 0.048 0.083 0.050
G. Preterm Birth —0.278%** 0.094 —0.132 0.095
H. Small for Gestational Age (SGA) 0.064 0.116 —0.136 0.119

Notes: Ten multiply imputed data sets were used in the estimation of these models; N = 8,625.
Source: Northern Finland Birth Cohort 1966 Study.

“Control variables: sex, mother’s education, parental class, mother’s age at birth, mother’s marital status,
wantedness of pregnancy, attitudes toward self-provision, and birth order.

%p < .05; #4p < 01; #%p < 001
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The estimates presented in the third column are weaker and less significant.
The only effects that remained significant at the 5% level are those of continued
smoking and anemia during pregnancy.’” Regarding smoking, the estimates also
suggest interesting patterns of the timing and intensity of smoking. First, children
born to mothers who quit smoking did not attain lower levels of education,® whereas
those born to mothers who continued smoking fared worse. Furthermore, among
those whose mothers smoked throughout pregnancy, children of heavy smokers
(more than 10 cigarettes or pipefuls) seem to have fared worse than children of
light/moderate smokers. These results are consistent with the neurobiological research
discussed earlier.

With the exception of these two prenatal health conditions, many of the variables
that feature in the medical literature and could be thought to have long-term effects
were only spuriously related to educational attainment. Going beyond this general
conclusion, it is worth mentioning that the control variables have different effects on
the estimates of the different health conditions (not shown). For example, birth order
explained the effect of maternal obesity (obesity risk grows with successive births),
whereas the effect of depression became only weakly significant after controlling for
whether the pregnancy was wanted. Prematurity was more sensitive to the inclusion
of the socioeconomic background variables, while the effects of the other variables
lost significance only after inclusion of a fuller set of controls.

The models presented in Table 3 include each prenatal health variable separately.
Do the results change after we include all the prenatal variables in the same model?
This is examined in the first model in Table 4. Clearly, the answer is no, with one
exception: the estimate of prenatal anemia loses significance. However, at closer
inspection, it becomes clear that this is due to anemia becoming borderline non-
significant from being borderline significant, which partly has to do with the loss in
degrees of freedom.” Do these effects operate through preterm births or depressed
fetal growth? A negative answer to this question is seen from the second model in
Table 4, which adds prematurity and SGA into the analysis. Thus, the effects of
prenatal smoking (and anemia) operate independently of the other prenatal health and
birth outcome variables. In fact, this is unsurprising given that these other measures
were not significant predictors of educational attainment after adjusting for family
background and the control variables.

Predicted Probabilities

The ordered logit regression analyses presented earlier show robust effects of prenatal
smoking, and somewhat less robust effects of anemia, on educational attainment.
They do not, however, tell much about the magnitude of the effects. How much less
education do children of mothers who smoked or were anemic during pregnancy

" In addition, discontinued light smoking, pregnancy-induced hypertension, and a prenatal clinic visit
during the first trimester were significant at the 10% level.

8 However, this estimate was significant at the 10% level throughout the models.

% In the OLS specifications, visit to a prenatal clinic was significant at the 5% level in the second model
when using years of schooling as the dependent variable (see Table 7 in the appendix), but not when using
our ordinal schooling variable. Anemia remained significant at the 5% level in each model, using both
outcome variables.
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Table 4 Prenatal health and educational attainment: Ordered logit regression

Model 1:* All Prenatal Variables, = Model 2:* All Prenatal and
Without Birth Outcome Variables  Birth Outcome Variables

b SE b SE

Mother Obese Before Pregnancy —0.053 0.108 —0.058 0.108
Anemia —0.103 0.054 —0.102 0.054
Depressed/Very Depressed —0.044 0.064 —0.043 0.064
Smoking

No (ref.) — e

Light, first trimester only —0.175 0.094 —0.174 0.094
Light throughout pregnancy —0.282%** 0.068 —0.276%** 0.068
Heavy —0.417%* 0.147 —0.415%* 0.147
Hypertension

No (ref)) — e

Chronic —0.017 0.136 —0.014 0.132
Pregnancy-induced 0.133 0.087 0.137 0.087
Preeclampsia —0.045 0.157 —0.033 0.158
Prenatal Clinic Visit, First Trimester  0.081 0.050 0.080 0.050
Preterm Birth —-0.119 0.095
Small for Gestational Age (SGA) —0.108 0.120
Threshold 1 -1.620 0.073 -1.628 0.073
Threshold 2 0.193 0.070 0.187 0.070
Threshold 3 1.597 0.072 1.591 0.073
Threshold 4 2.864 0.078 2.858 0.078
Log-Likelihood (mean) —12,392.95 -12,391.67
Log-Likelihood (max.) —12,388.30 -12,387.17
Log-Likelihood (min.) —12,397.49 —12,395.51

Notes: Ten multiply imputed data sets were used in the estimation of these models; N = 8,625.
Source: Northern Finland Birth Cohort 1966 Study.

“Control variables: mother’s education, parental class, mother’s age at birth, mother’s marital status,
wantedness of pregnancy, attitudes toward self-provision, and birth order.

*p <.05; *¥*p <.01; ***p < .001

attain? We examine this question in Table 5, using predicted probabilities. For the
predictions, we use the “gross” estimates from the second models in Table 3, which
are adjusted for family background and the controls, but not the other prenatal health
and birth variables.'® We focus on prenatal smoking (Model 2D) and anemia (Model
2B), the two conditions that were statistically significant predictors of educational
attainment. The other variables are held at their means.

1% Given the stability of the estimates of smoking and anemia, predicted probabilities based on the models
in Table 4 are practically the same, although with wider confidence intervals.
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Table 5 Predicted probabilities and 95% confidence intervals of educational attainment by mother’s
pregnancy-time smoking status and anemia, with other variables held at their means

Compulsory  Vocational High School Lower Tertiary — Higher Tertiary
(9 yrs.) (10-11 yrs.) (12 yrs.) (13-14 yrs.) (16-17 yrs.)

Mother’s Smoking Status During Pregnancy

Nonsmoker .105 313 327 167 .088
[.099; .112]  [.303;.324] [.316;.338] [.158;.175] [.082;.094]

Light smoking, first trimester ~.123 339 316 148 075
only [.103;.143] [.312;.366] [.299;.332] [.129; .168] [.062; .088]

Light smoking throughout 136 354 .306] 136 .067
pregnancy [.120; .151]  [.335;.374] [.292;.321] [.123;.150] [.058;.076]

Heavy smoking 152 372 293 123 .059

[.115;.189] [.336;.408] [.263;.323]  [.096;.151] [.043; .076]

Mother’s Anemia During Pregnancy

Not anemic 108 317 325 164 .086
[.101; .115]  [.306; .328] [.314;.336] [.156;.172] [.080; .092]
Anemic 119 333 318 152 .078

[.107;.130] [.316;.349] [.306;.330] [.140; .165] [.070; .086]

Notes: Predicted probabilities are based on Models 2B (anemia) and 2D (smoking) from Table 3, which
include mother’s smoking and anemia, respectively, and the family background and control variables. Ten
multiply imputed data sets were used in the estimation of these models. N = 8,625.

Source: Northern Finland Birth Cohort 1966 Study.

We first explore the differences in educational attainment at different levels of
mother’s prenatal smoking. The difference between children of nonsmokers and of
those who quit during the first trimester was not significant (Table 3), so we focus on
comparing the children of nonsmokers to those of mothers who continued smoking.
Looking at the two extremes of educational attainment (nine years of compulsory
school versus 16—-17 years with higher tertiary education), Table 5 shows clear
differences between children of nonsmokers and children of mothers who continued
smoking beyond the first trimester. Although a predicted 10.5% of children of non-
smokers did not continue beyond nine years of compulsory schooling, children of
light/moderate smokers were approximately 30% more likely (with 13.6% attaining
only compulsory schooling), and children of heavy smokers were approximately 50%
more likely (15.2% not continuing) to do so. They were also 24% and 33% less likely
to obtain a university degree (6.7% and 5.9% vs. 8.8%, respectively). These differ-
ences can be considered large. To compare these effects with those of conventional
social background variables, additional analyses not presented here showed that the
effect of continued heavy smoking (compared with not smoking) is of very similar
magnitude as the (adjusted) effect of being from a skilled versus unskilled working-
class family, or of having a mother with the second lowest versus the lowest level of
education.

The differences between children of anemic versus nonanemic mothers are, on the
other hand, far less important. Although the effect of anemia during pregnancy is
significant, the effect size is not very substantial. Therefore, mother’s prenatal

@ Springer



Prenatal Health, Education, and Intergenerational Inequality 543

smoking not only has the most robust and statistically significant effect, but it is also
substantively the most important.

Prenatal Health and the Intergenerational Transmission of Educational Inequality

Does prenatal health contribute to intergenerational inequalities in educational attain-
ment? In this section, we estimate the extent to which intergenerational inequalities
by class, mother’s education, and family structure can be explained by prenatal
smoking, anemia, and all the prenatal health measures collectively.

Table 2 shows that several of our health measures, including mother’s prenatal
smoking and anemia, are not equally distributed across social groups. Anemia and
prenatal smoking were less common among better-educated mothers from higher-
class backgrounds (however, smoking was especially uncommon among farmers).
There was also a major difference between the prenatal smoking habits of married
compared with unmarried mothers. These conditions can thus plausibly contribute to
intergenerational inequalities.

We examine whether our health variables can account for differences in inter-
generational educational inequality in Table 6. The first column presents ordered logit
estimates of the effects of parents’ class position, mother’s education, and mother’s
marital status on educational attainment from a model that also includes mother’s age
at birth, birth order, wantedness of pregnancy, and attitudes toward self-provision as
independent variables. The second column shows the Y-standardized coefficient
estimates from the same model. The third column gives the Y-standardized coefficient
estimates after additionally controlling for anemia, and the fourth column shows the
percentage change from the original estimates. The last four columns show the same
figures after controlling for prenatal smoking, and for all prenatal health and birth
outcome variables, respectively.

Looking at the percentage changes in the Y-standardized coefficients—that is, the
share of the family background inequalities explained by the respective variables—it
is clear that educational inequalities by class background or maternal education are
not accounted for by the prenatal health variables, either individually or collectively.
These variables account for at most 6% (and in most cases, less) of the educational
attainment differences. Overall, these shares are smaller than the ones estimated by
Palloni and colleagues (Palloni 2006; Palloni et al. 2008) for class background
gradients in occupational attainment. However, prenatal smoking alone explains
12% of the educational differences between children born to unmarried versus
married mothers, and anemia alone accounts for 3% of these differences. Inclusion
of the other health variables increases this share to 19%. The stark prenatal health
disparities between married and unmarried mothers explain these results.

A conclusion, therefore, of this section of the analysis is that although prenatal
health does indeed contribute little to our understanding of intergenerational inequal-
ities according to parental class or education, this does not necessarily apply to all
social background differences. Prenatal and childhood measures that both have strong
effects on later outcomes and show clear social disparities can contribute to the
intergenerational reproduction of socioeconomic inequalities. As we will discuss in
the next section, this adds to reasons for being concerned about an increase in early
health disparities.
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Conclusions and Discussion

Our results, based on follow-up data from Northern Finland Birth Cohort 1966 Study,
confirm that prenatal factors can have long-lasting implications on children’s educa-
tional attainment. Children whose mothers smoked throughout pregnancy attained
clearly less education than those whose mothers did not smoke. Furthermore, the
results suggested timing (smoking during the first trimester only did not have a
significant effect) and dose-response effects of prenatal smoking, in line with neuro-
scientific research (Huizink and Mulder 2006; Shea and Steiner 2008; Slotkin 1998).
Prenatal smoking alone accounted for up to 6% of the differences in educational
attainment by class background and mother’s education, but 12% of the lower
educational attainment of children born to unmarried mothers (who were single
mothers, due to rarity of cohabitation in 1966). These results reflect the large differ-
ences in prenatal smoking by marital status in our population, whereas variation by
class or maternal education was relatively smaller. We also found a significant, yet
weak, effect of prenatal anemia, which contributed little to understanding inter-
generational inequalities. Together, our prenatal health measures accounted for up
to 6% of the educational attainment differences by class background and mother’s
education, but up to 19% of the differences by mother’s marital status.

Our other indicators of prenatal health (mother’s pre-pregnancy obesity, hypertensive
disorders during pregnancy, mother’s prenatal depression, visits to a prenatal clinic
during the first trimester, premature birth, and being born small for gestational age) did
not have significant effects after we controlled for sociodemographic characteristics of
the mother and the family. All these are predictors of child health and developmental
outcomes in the short run, and some have also been shown to have longer-term effects.

A surprising finding was that being born prematurely or small for gestational age
did not have effects on educational attainment. Gestational age and the fetal growth
rate are the two components of birth weight, which has been found to have long-term
effects in several previous studies (cf. Conley et al. 2003; Currie 2009)."" Our result
can be attributable to omitted variables because some studies report stronger effects
after sibling or twin fixed effects are controlled for (Behrman and Rosenzweig 2004;
Conley and Bennett 2000). Alternatively, children born prematurely or small for
gestational age can also receive compensatory attention from parents and other
significant adults (cf. Conley et al. 2003). This is suggested by a previous study with
the same data, which showed that low-birth-weight children were more likely to be
held back a grade or to receive special education, but did not ultimately attain less education
(Olsén et al. 1994). However, it is also important to notice that not all previous studies
have reported birth-weight effects (Gorman 2002; Kaestner and Corman 1995).

Despite increasing interest in the role of early health in the intergenerational trans-
mission of inequality, our study is among the first to empirically estimate its contribu-
tions. The relatively limited social class and educational differences in prenatal smoking
—which, however, have widened more recently (Jaakkola et al. 2001 )—contributed to
its relatively limited importance in explaining intergenerational inequalities by these

' Replacing our measure of SGA with a dummy variable for low birth weight (<2,500 g) did not change
our results.
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background measures. On the other hand, the large differences in prenatal smoking
by marital status—approximately 17% of married mothers and 29% of unmarried
mothers smoked during pregnancy—that lie behind intergenerational inequalities by
family structure are not limited to northern Finland of the 1960s.'* Recent figures
from Finland show even wider disparities, with 8% of married mothers, compared
with 23% of cohabiting and 30% of single mothers, smoking during pregnancy
(Jaakkola et al. 2001). Similar disparities have been reported for other countries (cf.
Kiernan and Pickett 2006). These differences—which remain significant and strong
after the inclusion of controls for age, education, and class (not shown)—partly
reflect selection into single motherhood (cf. Table 2). However, relationship charac-
teristics can themselves affect prenatal smoking and other health behaviors, since
intimate bonds with the father can help in quitting smoking and overtaking other
positive health behaviors (cf. Kiernan and Pickett 2006). Overall, family structure
emerges as an important family background variable that deserves to be considered in
future studies.

A limitation of our study is that our estimates cannot be given causal interpreta-
tions. Some studies have found that the association between prenatal smoking and
psychological, schooling, and behavioral outcomes disappears after controls for
observed and unobserved family characteristics (Batty et al. 2006; Ernst et al.
2001; Lambe et al. 2006; MacArthur et al. 2001; Raatikainen et al. 1992). In such
a case, our estimates of the role of smoking in the reproduction of intergenerational
inequalities are also biased. However, there are some reasons to expect that our
estimates contain a causal component. First, the neuroscientific basis for effects of
smoking on brain development is rather solid. Second, our cohort was born at a time
(just two years after the landmark U.S. Surgeon General’s report) when selectivity to
smoking was likely to be lower than more recently. Third, the effects of prenatal
smoking were much more robust to the inclusion of control variables than were the
effects of the other psychobehavioral variables."?

Our study does not—within the limitations of one article—say anything about the
biological pathways through which our health measures affect (or fail to affect)
educational attainment. We discussed some of these in the second section of this
article. Neither do they tell us about their interactive effects with the genome and the
environment. This is an area in which recent progress has been made (e.g., Almond et
al. 2009; Conley et al. 2003; Jackson 2009; Lundborg and Stenberg 2010; Palloni
2006; Palloni et al. 2008). Nevertheless, more research in this area is clearly wel-
come. Finally, we might also be underestimating the effects of prenatal health on
educational attainment and its role in the process of intergenerational transmission
because we naturally could not include many potentially important measures of the
fetal environment (cf. Palloni et al. 2008:180).

Regardless of these limitations, our study has demonstrated the usefulness of
proximate measures for analyzing the long-term effects of early health. Although

12 1t is worth pointing out that unlike in the United States, the share of children born to unpartnered mothers has
remained rather constant. According to Andersson and Philipov (2002:238), 3% of Finnish children were
born to single mothers in the 1980s, a figure practically the same as the one in our data (3.7%).

'3 Their effects either disappeared (for mother’s depression and attitudes toward self-provision) or were
heavily reduced (for wantedness of pregnancy) after the control variables were entered.
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general measures such as birth weight are invaluable, identification of more proxi-
mate factors can provide a more nuanced understanding of links between health and
social position and be beneficial for development of successful interventions. Our
results also show that large social disparities in key early-life health variables can
produce nonnegligible intergenerational inequalities in socioeconomic attainment. An
implication is that if social disparities in prenatal health widen—as seems to be the
case for prenatal smoking (Cnattingius 2004) and some other indicators (Korenbrot
and Moss 2000)—it can become more important for the intergenerational reproduc-
tion of inequality. In such a case, the need for understanding these disparities and the
rationale for closing gaps in early health become even stronger.
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Appendix

Table 7 Effects of prenatal health on years of schooling: OLS estimates with multiply imputed (10) data

Models 2: Model 3: All
Models 1: Health Variables  Prenatal Health
Bivariate Separately+ and Control Model 4: All
Associations Controls® Variables® Variables
b SE b SE b SE b SE

Mother Obese Before —0.501*** 0.123 —0.039 0.118 —0.056 0.120 —0.059 0.120

Pregnancy
Anemia —0.338*%** 0.065 —0.131*  0.060 —0.125* 0.060 —0.125%* 0.061
Depressed/Very —0.485%** 0.068 —0.061 0.070 —0.049 0.069 —0.048 0.069
Depressed

Did Not Smoke (ref.) — — — —

Light/Moderate Smoking —0.112 0.112 —-0.201 0.105 —0.204 0.105 —0.203 0.105
in First Trimester

Light/Moderate Smoking —0.462*** 0.078 —0.295*** 0.073 —0.287*** 0.074 —0.283*** 0.073
Throughout Pregnancy

Heavy Smoking —0.572*% 0.169 —0.384*  0.158 -0.376*  0.159 —0.374*  0.159
Hypertension: No (ref.) — — — —
Hypertension: Chronic ~ —0.146 0.156 0.017 0.141 —0.008 0.143 —0.005 0.143

Hypertension: Pregnancy-  0.107 0.106  0.159 0.096  0.140 0.096 0.143 0.097
Induced
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Table 7 (continued)

Models 2: Model 3: All
Models 1: Health Variables  Prenatal Health
Bivariate Separately+ and Control Model 4: All
Associations Controls® Variables® Variables
b SE b SE b SE b SE
Hypertension: 0.030 0.181 —0.024 0.165 —0.021 0.164 —0.012 0.165
Preeclampsia
Prenatal Clinic Visit, 0.330*** 0.058 0.111* 0.056 0.109 0.056 0.109 0.056
First Trimester
Preterm Birth -0.276* 0.111 —0.097 0.103 —0.084 0.103
Small for Gestational —0.000 0.142 —-0.117 0.134 —-0.090 0.135
Age (SGA)

Note: Ten multiply imputed data sets were used in the estimation of these models; N = 8,265.
Source: Northern Finland Birth Cohort 1966 Study.

“Additional control variables: mother’s education, parental class, mother’s age at birth, mother’s marital
status, wantedness of pregnancy, attitudes toward self-provision, and birth order.

%p <05 #Ep < 01; **%p < 001
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