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Abstract

We investigated the effects of adverse birth characteristics and social disadvantage upon
educational outcomes over the lifecourse and across generations. Our subjects were 12,674
Swedish infants born 1915-1929 and 9,706 of their grandchildren born 1973-1980. Within
both cohorts, better school achievement (schoolmarks in elementary school) was predicted
by: heavier birthweight, lower birth order, older mother, married mother and higher family
social class. These effects persisted after mutual-adjustment, and birth characteristics and
family composition did not play a major role in explaining social class effects. There were
no independent effects of pre-term or twin status, but weak evidence of a disadvantage to
post-term infants. The predictors of education continuation (secondary school attendance and
entrance to tertiary education) were very similar, with family composition and social class
effects persisting even after adjusting for school achievement. In cross-generational
analyses, better educational outcomes in the grandchildren were predicted by heavier
birthweight, lower birth order and higher social class in the grandparents. These associations
became non-significant and/or were substantially attenuated after adjusting for grandchild
socio-economic position in childhood, suggesting that this was the major mechanism for this
effect. We conclude that multiple early-life characteristics predict educational outcomes
across the lifecourse and across generations. This includes birth characteristics and family
composition effects which typically receive far less attention than socio-economic influences.
Most effects were remarkably stable across the half-century separating our cohorts,
suggesting their potential relevance for understanding educational inequalities in populations
around the world.

Keywords: Birth characteristics; early-life characteristics; education continuation;

educational inequalities; inter-generational effects; school achievement; social characteristics;
socio-economic position

Introduction

Social inequalities create inequities within societies in health, employment and living
conditions, and may also decrease well-being in society as a whole (World Health
Organization, 2008). Educational level is a major route whereby social inequalities are
recreated across generations — indeed, in Sweden it appears to be the dominant mechanism
(Jonsson 2004). Equalising educational opportunities and outcomes was therefore a major
political goal in Sweden during the twentieth century, motivating many of the school reforms
which occurred since 1945 (Husen and Boalt 1967, Bjorklund et al 2003).

Inequalities in adult educational outcomes may reflect differences in academic achievement
in school and/or differences in the probability that a student continues to higher education
(Boudon 1974). There is accumulating evidence that adverse birth characteristics and early-
life social disadvantage impact negatively upon cognitive development and educational
attainment, and growing interest in the role of these early-life characteristics in explaining
educational inequalities. This paper examines this issue across the lifecourse and across
generations, using two Swedish birth cohorts. The first cohort comprises infants born 1915-
1929 in Uppsala, Sweden, whom we refer to as ‘G1s’ (Generation 1s). The second cohort is
drawn from their Swedish-born grandchildren born 1973-1980, whom we call ‘G3s’
(Generation 3s).
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Historical context

Sweden experienced substantial changes in the years separating our cohorts. Living
standards rose dramatically, a comprehensive social support system was established and
infant mortality fell from 64/1,000 in the G1s to 7/1,000 in the G3s. Average family size
remained around two, but both childlessness and very large families became rarer (Eckstein
et al 1999; Modin 2002b). Simultaneously, childbearing outside of marriage became more
common and substantially more socially acceptable. By contrast, unmarried mothers in the
G1 cohort faced substantial stigma, and this may partly explain the poorer birth outcomes and
higher mortality of their offspring (Modin 2003).

Existing evidence on early-life characteristics and educational outcomes

Birth characteristics. During the past decade, strong evidence has accumulated that pre-term
or low birthweight infants are more likely to experience cognitive impairment and difficulties
in school (Bhutta et al 2002). More recently, researchers have turned their attention to the
effects of birth characteristics within the normal range. The protective effect of higher
birthweight appears to extend across the normal range, with heavier infants having
progressively better cognitive and educational outcomes (Shenkin et al 2004). By contrast, a
smaller number of studies suggest that an intermediate gestational age is optimal, with poorer
childhood outcomes in post-term infants (Record et al 1969b; Yang et al 2010).

More modest disadvantages from adverse birth characteristics may also persist into later
adolescence (Breslau et al 2004; Boardman et al 2002; Eide et al 2007) and be reflected in
lower completion of secondary school or university (Jefferis et al 2002; Conley and Bennett
2000). These effects upon education continuation are most plausibly mediated by earlier
inequalities in school achievement, but to our knowledge no studies examine this explicitly.

Birth order, mother’s age and mother’s marital status. Studies from around the world
report poorer educational outcomes in children with many siblings, probably reflecting a
‘dilution’ of parental investments of time and money (Steelman et al 2002). Most large
studies also find an independent disadvantage to later-born children (Bjerkedal et al 2007).
For example, birth order had a greater effect than family size or social class when predicting
school achievement and continuation among 11,000 children born in Stockholm in 1953
(Walldén 1990; Wallden 1992).

Fewer studies examine maternal age, but these generally report better cognitive or
educational outcomes for children of older mothers (Lawlor et al 2005; Lawlor et al 2006;
Record et al 1969a; Eide et al 2007). Findings are less consistent for children of unmarried
mothers; some studies find a marked disadvantage (Lawlor et al 2005; Eide et al 2007),
others find no difference or a difference only in some groups (Boardman et al 2002; Desai et
al 1989). This inconsistency may be because the effects of mother’s marital status are
particularly likely to be context-specific.

Family socio-economic position. In societies around the world, low family socio-economic
position predicts poorer school achievement and lower education continuation (Bradley and
Corwyn 2002). In Sweden, strong social gradients in schoolmarks and/or education
continuation were demonstrated in longitudinal studies of 1,549 children in the 1930s (Husén
et al 1969) and 5,306 children in the 1950s (Husén and Boalt 1967). Socio-economic
position likewise affects both school achievement (Bjorklund et al 2003) and education
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continuation net of school performance (Berggren 2006) among Swedish students born at the
same time as the G3s.

These socio-economic inequalities appear to reflect multiple factors, including early
cognitive development, parental aspirations and the child’s own perceptions of the benefits of
education (Erikson and Jonsson 1996; Guo 1998). It is also plausible that socio-economic
inequalities may partly reflect systematic differences in birth characteristics or family
composition, although relatively few studies address this question directly (Shenkin et al
2004).

Contribution of the present paper

Thus many early-life characteristics predict educational outcomes. Few studies examine
multiple factors simultaneously, however, making it hard to assess which effects are
independent or which are strongest. Similarly, few studies investigate both school
achievement and education continuation, preventing ready assessment of how far the former
may explain any differences in the latter. Finally, although education plays a major role in
recreating social inequalities across generations (Jonsson 2004), no previous study has
examined whether individuals’ early-life characteristics predict educational outcomes in their
descendants.

These limitations apply to published evidence on the G1s and G3s. Among the G1s, Modin
(2002a) has demonstrated that low birthweight, higher birth order, unmarried mother and
lower social class predict failing to complete three years of secondary school. Modin also
showed similar trends for schoolmarks in a small subset (N=720), though mostly not
statistically significant. Among the G3s, male gender, pre-term birth and higher birth order
predict schoolmarks in Swedish, with the effect of pre-term birth being confined to less well-
educated parents (Gisselmann et al 2010). No previous analysis, however, has used all these
early-life characteristics, has presented adequately-powered analyses of both school
achievement and education continuation, or has examined cross-generational effects.

This paper redresses these limitations through a comprehensive investigation of which early-
life characteristics predict school achievement and education continuation. First, we present
analyses of each cohort separately, testing the hypotheses that 1) any association between
family social class and school achievement is explained by birth characteristics and family
composition, and 2) any association between early-life characteristics and education
continuation is explained by earlier school achievement. We then present cross-generational
analyses, testing the hypotheses that 3) early-life characteristics of the G1s predict
educational outcomes in their G3 grandchildren, and 4) any such associations are explained
by G3 childhood socio-economic position. In testing these hypotheses, this paper presents
the first analysis of how and why birth characteristics and early-life social characteristics may
affect educational outcomes across generations. It also presents the first direct comparison of
early-life determinants in the G1 and G3 cohorts, thereby shedding light on how far Sweden
has achieved its long-standing political goal of equalising educational opportunities.
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Methods

Study populations

Our study populations come from the Uppsala Multigenerational Birth Cohort Study (Koupil
2007). The G1s are drawn from the 14,192 live births between 1915 and 1929 at the Uppsala
University Hospital. Of these, 13,811 (97.3%) were traced through parish archives until
death, emigration or until their unique personal registration number was assigned, usually in
1947. For the 12,168 G1s assigned personal numbers and still alive in Sweden in 1960,
record linkage provided information across their adult lives. This included identifying all
registered descendents in the Swedish Multigenerational registry. Our G3 cohort is drawn
from their 10,036 grandchildren born in Sweden between 1973 and 1980.

In this paper, we excluded the 1,518 G1s and 239 G3s who died or emigrated before the
spring of the year when they turned 20, this being the age necessary to attain the educational
outcomes of interest. We likewise excluded the 91 adopted G3s — this data was not available
for G1s. Our study populations therefore consisted of the remaining 12,674 G1s (6,560 male,
6,114 female) and 9,706 G3s (4,924 male, 4,782 female).

The G1s Uppsala Birth Cohort has previously been demonstrated to be broadly representative
of Sweden in 1915-1929 (Rajaleid et al 2008). To assess the representativeness of our G3
cohort, we used register data to compare their characteristics to those of all births in Sweden
1973-1980.

Early-life characteristics

For the G1s, archived obstetric records provided data on their gender; birthweight; gestational
age; birth multiplicity; birth order; mother’s age; mother’s marital status; and family social
class (see Table 1). The Swedish medical birth register (established 1973) provided the
corresponding G3 information, with the exception of family social class which came from the
1980 Swedish census. These registers also provided the data we used to assess the
representativeness of our G3 cohort relative to all Swedish births in 1973-1980.

Family social class was coded using the Swedish socio-economic classification scheme (SEI:
Statistics Sweden 1989). We assigned G1 social class using father’s occupation if recorded
(80.1%) or mother’s occupation if not (19.9%). G1 social class categories included
‘housedaughters’, namely mothers living with their parents. We assigned G3 social class
using the occupation of the head of household - i.e. the resident adult with the highest
occupational social class (Erikson 1984); in 23.1 % of households this was the mother, in
55.4% the mother’s partner and in 24.7% both parents had the same social class. We were
unable to use this ‘head of household” method for the G1s because the mother’s occupation
was usually missing if the father’s occupation was recorded. In practice, however, this will
have made very little difference because women at this time faced substantial disadvantages
in the labour market, and very rarely had a higher occupational social class than their
partners.

Finally, for the G3s we additionally calculated total family size, operationalised as the
number of children recorded for the mother in the Multigenerational Registry up to 2002; and
mother’s and father’s educational level in the 1990 census. These characteristics were not
available for the G1s.
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Table 1: Early-life characteristics of study subjects from the Uppsala Birth Cohort
(G1s, born 1915-1929) and their grandchildren (G3s, born 1973-1980).

Early-life characteristics Range/categories Percentin  Percentin
Gl G3
(N=12,674) (N=9,706)
Gender Male 51.8 50.7
Female 48.2 49.3
Birthweight <2,5009 4.4 3.5
2,500-3,0009 14.3 13.0
3,000-3,5009 36.1 34.2
3,500-4,000¢ 32.7 33.8
>4,000¢ 12.5 15.6
Gestational age Pre-term (<36 weeks) 7.3 4.5
Term (37-41 weeks) 80.6 81.4
Post-term (>42 weeks) 12.0 14.0
Birth multiplicity Singleton 97.3 98.4
Twin/triplet 2.7 1.6
Birth order 1 39.2 47.2
2-3 36.8 49.6
4-5 135 3.0
6-16 [G1] / 6-7 [G3] 10.5 0.2
Mother’s age at birth 15-19 years 5.7 5.6
20-24 years 26.7 35.0
25-29 years 28.1 42.8
30-34 years 20.3 14.7
35-39 years 13.2 1.9
40-49 [G1]/ 40-42 years [G3] 6.0 0.1
Mother’s marital status Married 79.6 59.4
Unmarried 19.6 39.0
Widowed/divorced 0.8 1.6
Family social High/mediate non-manual 8.7 38.0
class Low non-manual 6.8 13.3
Skilled manual 14.3 19.1
Semi/unskilled manual 47.1 16.7
Self-employed 3.2 7.2
Farmer 145 2.2
Housedaughter 55  [not used]
Retired, student, other [not used] 3.6

For numbers of G1s and G3s in each category see the Additional Material. The Additional Material also
presents a comparison of the G3 characteristics with those of all births in Sweden 1973-1980.

School achievement, G1s

Our G1 measure of school achievement was their mean schoolmark in the spring term of the
third grade. At this age all children were schooled together, whereas from the fifth grade
children were streamed to different schools. Furthermore, third grade schoolmarks had
meaningful consequences for children, being one determinant of subsequent streaming
(Husén and Boalt 1967). In theory children complete the third grade in the year they turn 10,
although (as was common at this time) this applied to only 79.9% of G1s.

Using archived school records, we obtained schoolmarks for 10,336/12,674 (81.6%) of the
G1s eligible for inclusion in this study. We recorded marks for 10 standard school subjects,
with a mean of 9.1 subjects per child (range 6-10). We scored the marks from 0 (Grade C) to
18 (Grade A), as suggested by the education department in 1942 (SOU 1942). Factor
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analyses indicated a single latent factor explaining much of the observed variation in all 10
marks (first Eigenvalue 4.26, second 0.99). We therefore combined all 10 schoolmarks into a
single average, first standardising each subject individually because of differences in their
means.

School achievement, G3s

Our G3 measure of school achievement was their grade average in the ninth (and final) grade
of elementary school, obtained from the Swedish National Board for Education. In theory,
children complete the ninth grade in the calendar year when they turn 16, and this applied to
95.6% of G3s.

Ninth grade schoolmark averages are calculated for all students by their schools. These
averages are based on 16 to 18 standard subjects, and are important in determining admission
chances for different secondary schools. Thus as for the G1s, our G3 measure of school
achievement was a composite across many subjects with personally meaningful
consequences. Moreover, again as for the G1s, the component subjects of the ninth grade
average loaded strongly onto a single factor (first Eigenvalue 11.21, second 0.99).

Education continuation

Our primary measure of educational continuation was entering tertiary education, defined as
completing at least one year of a university degree or equivalent. As a secondary measure we
examined secondary school attendance, defined as completing at least two years at
gymnasium (secondary school) or equivalent. This secondary measure was particularly
valuable for analyses of the G1s, amongst whom tertiary education was rare.

For the G1s, we obtained this education continuation data from the 1960 Swedish census (i.e.
at ages 31-45 years), or from the 1970 and 1990 census if this information was missing
(N=112). For secondary school attendance, the 1960 census categorised all people who did
not complete three years of secondary school as having only elementary education. The 1970
census included the additional, intermediate response option ‘2 or fewer years of secondary
school’. This was assigned to 2,179 G1s with ‘elementary’ education in the 1960 census and
we decided to count these individuals as having attended secondary school. For the G3s we
obtained our information from the Longitudinal database for Education, Income and
Occupation (LOUISE database) held by Statistics Sweden. The last year from which we had
data was 2001, providing good coverage for those born in 1980 or earlier. This determined
1980 as the upper birthyear for our G3 cohort. Where LOUISE 2001 data was missing, we
used the most recent year in which the individual was aged at least 20 (N=139).

Statistical methods

Our statistical analyses were guided by our hypotheses that birth characteristics and family
composition may explain the effects of family social class upon an individual’s educational
outcomes; that schoolmarks may explain effects of early-life characteristics upon an
individual’s education continuation; and that G3 childhood socio-economic position may
explain the effects of early-life G1 characteristics upon G3 educational outcomes. We
examined these hypotheses by fitting a series of multivariable regression models using a
hierarchical approach, beginning with models including only the most distal variables and
then proceeding to models additionally including hypothesised mediators (Victora et al
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1997). We used linear regression when predicting to schoolmarks, and logistic regression
when predicting to secondary school attendance/entrance to tertiary education. All standard
errors were calculated with clustering by the subject’s mother, in order to allow for potential
correlations due to similarity between siblings (26.4% of G1 cohort and 28.1% of G3 cohort).
All models adjust for sex and for birthyear by one-year age band, and were performed in
Stata 11.1.

We determined a priori to examine whether any early-life characteristics modified the
relationship between school achievement and education continuation and/or had differential
effects by gender or social class. We therefore tested for interactions between each early-life
characteristic and 1) schoolmarks, 2) gender and 3) social class, predicting to each
educational outcome in turn and adjusting only for birthyear.

The frequency of missing data was 0-6.0% for all early-life characteristics and educational
outcomes, except for G1 schoolmarks where the frequency of missing data was 18.4%. We
used multiple imputation (five imputations) to impute missing values under an assumption of
missing at random. To facilitate comparisons between the G1s and G3s, we categorised our
three continuous variables (birthweight, birth order and mother’s age) in main effects models
and present p-values for heterogeneity. This did not affect substantive conclusions regarding
associations with any educational outcome. By contrast, we kept these variables as
continuous when testing for interactions, to avoid underpowered tests involving categorical
variables with many levels.

When performing cross-generational effects, we used the G3s as our units of analysis and
assigned to each G3 the early-life characteristics of their G1 grandparent. For the 1,312 G3s
(13.5%) with more than one grandparent from the Uppsala Birth Cohort, we selected one G1
grandparent at random. We examined whether G3 childhood socio-economic position
explained any cross-generational effects by additionally adjusting for G3 family social class,
mother’s educational levels and father’s educational levels.

Results

Early-life characteristics

There were noticeable differences in the early-life social characteristics of our two cohorts
(Table 1). Compared to the G1s, the G3s had fewer large families (3% at birth order >4 vs.
24% in G1s); fewer older mothers (17% aged over 30 years vs. 40% in G1s); more unmarried
mothers (39% vs. 20% in G1s); and higher social class (e.g. 38% high/mediate non-manual
vs. 9% in G1s). Comparisons with all Swedish births 1973-1980 indicated that this largely
reflected real changes in Swedish society; in general the early-life characteristics of the G3s
were very similar to those of the total population (see Additional Material). Nevertheless, the
maternal age difference between the two cohorts was exaggerated by an under-representation
of older mothers in the G3s (17% aged over 30 years in the G3s vs. 26% in the total
population). This is because, for example, 40-year old G3 mothers must have been born
between 1933 and 1940, years when most G1s (i.e. their own parents) would not have started
childbearing (Goodman and Koupil 2009).

Early-life predictors across the lifecourse (1): School achievement
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Schoolmarks were approximately normally distributed in both cohorts. The raw mean of the
G3s was 3.23, very similar to the Swedish national average of 3.21 in 1991-1996; no national
data exists from the time of the G1 schoolmarks. To facilitate interpretation of effect sizes,
the remainder of this paper uses standardised schoolmark means. All findings were
unchanged after restricting to children of the correct age for their school year.

Multivariable analyses revealed striking similarity between the G1s and the G3s in the
predictors of schoolmarks (Table 2; unadjusted mean scores in Additional Material). In both
cohorts, females achieved better schoolmarks as did infants with heavier birthweight. This
birthweight effect was evident across the full range in the G3s, but was strongest in the
bottom half of the distribution in the G1s. Minimally-adjusted analyses provided some
evidence that full-term infants were advantaged over pre-term infants (p=0.01), but this
became non-significant after adjusting for other early-life characteristics. By contrast, the
advantage of full-term infants over post-term infants remained weakly significant even in
fully-adjusted analyses (p=0.08 in G1s, p=0.02 in G3s). In neither cohort was there any
effect of twin status.

In both cohorts, there were large independent advantages to children of lower birth order and
older mothers (although only in the G3s did this include a particularly large disadvantage for
children of mothers aged 15-19). There were also large independent advantages to children
of married vs. unmarried mothers in both cohorts and to children of married vs.
widowed/divorced mothers in the G3s.

Finally, both cohorts showed large social class differences in school achievement. These
included very large advantages to high/mediate non-manual children, and a very similar
ordering of the remaining shared social classes (see Figure 1). In both cohorts, these social
class effects showed only modest attenuation after adjusting for the other early-life
characteristics presented in Table 2. Moreover, this attenuation was entirely driven by
adjustment for the family composition variables; adjusting for birth characteristics alone left
the effect estimates virtually unchanged (see Additional Material). The same was true of all
further analyses presented below. Thus in contradiction of our first hypothesis, social class
differences seemed to be only slightly explained by family composition effects and not at all
explained by adverse birth characteristics.
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Table 2: Early-life characteristics and school achievement among subjects from the
Uppsala Birth Cohort (G1s, born 1915-1929) and their grandchildren (G3s, born 1973-

1980)
G1 characteristics predicting G1 G3 characteristics predicting G3
schoolmarks: linear regression, regression | schoolmarks: linear regression, regression
coefficients and 95% ClI coefficients and 95% CI
Minimally Multivariable: all Minimally Multivariable: all
adjustedt early-life adjustedt early-life
characteristics characteristics
N 12,674 12,674 9,706 9,706
Gender Male 0*** O*** Q*** Q***
Female 0.35(0.30, 0.41) 0.37 (0.32, 0.43) 0.42 (0.38, 0.46) 0.43 (0.39, 0.47)
Birth- <2500g -0.13 (-0.22, -0.04) | -0.13 (-0.23,-0.04) | -0.22 (-0.35,-0.10) | -0.22 (-0.34,-0.09)
weight 2500-3000g -0.09 (-0.17,-0.01) | -0.09 (-0.17,-0.02) | -0.10 (-0.17,-0.04) | -0.10 (-0.17,-0.04)
3000-3500g 0** 0** Q*** Q***
3500-4000g 0.01 (-0.04, 0.05) 0.02 (-0.03, 0.07) 0.10 (0.05, 0.15) 0.08 (0.04,0.12)
>4000g 0.01 (-0.06, 0.08) 0.04 (-0.04, 0.11) 0.11 (0.05, 0.17) 0.12 (0.06, 0.18)
Gesta- Pre-term -0.10 (-0.17,-0.02) | -0.02 (-0.09, 0.05) -0.09 (-0.20, 0.02) 0.10 (-0.01, 0.22)
tional Term 0** 0 0 0*
age Post-term -0.06 (-0.11, 0.00) -0.05 (-0.10, 0.01) -0.04 (-0.10, 0.02) -0.06 (-0.12, -0.01)
Birth Singleton 0 0 0 0
multiplicity | Twin/triplet -0.10 (-0.24, 0.05) -0.02 (-0.17, 0.13) -0.02 (-0.21, 0.17) 0.12 (-0.04, 0.29)
BI rth 1 0*** O*** O*** O***
order 2-3 -0.12 (-0.16, -0.07) | -0.20 (-0.25, -0.15) | -0.18 (-0.21, -0.14) | -0.30 (-0.34, -0.26)
4-5 -0.18 (-0.24,-0.12) | -0.31(-0.38,-0.24) | -0.55 (-0.68,-0.41) | -0.65 (-0.77,-0.52)
>6 -0.21 (-0.28, -0.14) | -0.39 (-0.48, -0.30) | -0.66 (-1.13,-0.20) | -0.74 (-1.19, -0.30)
Mother’s 15-19 years 0.04 (-0.04, 0.13) 0.06 (-0.03, 0.15) -0.29 (-0.38,-0.20) | -0.20 (-0.29, -0.11)
age 20-24 years 0* 0** Q*** Q***
at birth 25-29 years 0.08 (0.02, 0.13) 0.07 (0.01, 0.13) 0.25 (0.20, 0.30) 0.16 (0.11, 0.21)
30-34 years 0.09 (0.02, 0.15) 0.11 (0.03, 0.19) 0.32 (0.26, 0.39) 0.25(0.18, 0.31)
35-39 years 0.04 (-0.02, 0.10) 0.11 (0.03, 0.18) 0.32 (0.17,0.47) 0.33(0.19, 0.48)
>40 years 0.07 (-0.02, 0.15) 0.19 (0.09, 0.29) [too few cases] [too few cases]
Mother’s Married Q*** Q*** Q*** Q***
marital Unmarried -0.15 (-0.20, -0.10) | -0.14 (-0.21,-0.08) | -0.27 (-0.32,-0.23) | -0.15 (-0.19, -0.11)
status Widow/divorced -0.21 (-0.41, -0.01) | -0.09 (-0.29, 0.11) -0.73 (-0.90, -0.56) | -0.54 (-0.70, -0.39)
Family High/med non-manual OF** Q*** Q*** Q***
social Low non-manual -0.34 (-0.47,-0.21) | -0.30(-0.42,-0.17) | -0.47 (-0.53,-0.40) | -0.39 (-0.45, -0.32)
class Skilled manual -0.42 (-0.52,-0.32) | -0.36 (-0.46, -0.26) | -0.64 (-0.70, -0.58) | -0.51 (-0.57, -0.45)

Semi/unskilled manual

Self-employed
Farmers
Housedaughter

Retired, student, other

-0.48 (-0.56, -0.39)
-0.26 (-0.38, -0.13)
-0.22 (-0.32, -0.12)
-0.41 (-0.51, -0.31)

-0.40 (-0.48, -0.31)
-0.22 (-0.35, -0.09)
-0.15 (-0.25, -0.05)
-0.32 (-0.44, -0.21)

-0.86 (-0.92, -0.79)
-0.57 (-0.65, -0.48)
-0.29 (-0.43, -0.16)

-0.81 (-0.95, -0.67)

-0.69 (-0.76, -0.62)
-0.46 (-0.54, -0.38)
-0.23 (-0.36, -0.10)

-0.63 (-0.77, -0.50)

*p<0.05, **0<0.01, ***p<0.001. tMinimally adjusted: variables entered separately, adjusting only for gender
and birthyear. Results not presented for G3 children of mothers aged 40 or more because of the very small
sample size (N=6). See Additional Material for intermediate multivariable models adjusting A) only for birth
characteristics and social class, and B) only for family composition and social class.
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Figure 1: School achievement and education continuation stratified by gender and
family social class in subjects from the Uppsala Birth Cohort (G1s, born 1915-1929) and
their grandchildren (G3s, born 1973-1980)
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Early-life predictors across the lifecourse (2): Education continuation

Secondary school attendance was far more common in the G3s (90% vs. 28% in the G15),
with even G3s in the bottom schoolmark decile attending more often than top-decile G1s
(Figure 2). Entering tertiary education was likewise substantially more common for the G3s

(32% vs. 5%), despite the G3s being younger when educational level was ascertained and
therefore not including mature students.

Figure 2: Education continuation by school achievement and gender in subjects from the

Uppsala Birth Cohort (G1s, born 1915-1929) and their grandchildren (G3s, born 1973-
1980)

G1s G3s
Secondary school Secondary school

100

Percent (95% CI)

=

= G1s G3s

o Tertiary education Tertiary education
2.

Percent (95% CI)

Schoolmarks (deciles) Schoolmarks (deciles)
95% CI = 95% confidence intervals.
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Table 3: Early-life characteristics and entrance to tertiary education among subjects from the Uppsala Birth Cohort (G1s, born 1915-1929) and their grandchildren (G3s, born 1973-

1980)
G1 characteristics predicting G1 entrance to tertiary education: G3 characteristics predicting G3 entrance to tertiary education:
logistic regression, odds ratios and 95% CI logistic regression, odds ratios and 95% CI
Minimally Multivariable: all Multivariable: all early- | Minimally Multivariable: all Multivariable: all early-
adjustedf early-life life characteristics plus | adjustedf early-life life characteristics plus
characteristics schoolmarks characteristics schoolmarks
N 12,674 12,674 12,674 9,706 9,706 9,706
Gender Male 1r** el Lrxx 1xx*> i Raiade 1
Female 0.38 (0.32, 0.46) 0.35(0.29, 0.43) 0.28 (0.23,0.35) 1.62 (1.48,1.77) 1.74 (1.58, 1.91) 1.00 (0.89, 1.12)
Birth- <25009 0.84 (0.52, 1.38) 0.82 (0.47,1.43) 0.84 (0.46, 1.56) 0.87 (0.67, 1.13) 0.82 (0.61, 1.12) 1.14 (0.79, 1.65)
weight 2500-3000g 0.83(0.62, 1.11) 0.79 (0.57,1.11) 0.82 (0.59, 1.15) 0.92 (0.80, 1.06) 0.90 (0.77, 1.05) 1.04 (0.87, 1.25)
3000-3500g 1 1* 1 1** 1** 1
3500-4000g 0.89 (0.72, 1.10) 0.91 (0.72, 1.15) 0.91(0.71, 1.16) 1.16 (1.05, 1.29) 1.14 (1.02, 1.28) 1.06 (0.93, 1.21)
>4000g 1.14 (0.88, 1.47) 1.34 (1.00, 1.80) 1.32 (0.97, 1.81) 1.18 (1.03, 1.36) 1.25 (1.08, 1.44) 1.10 (0.93, 1.32)
Gesta- Pre-term 0.83 (0.58, 1.18) 1.07 (0.70, 1.62) 1.12 (0.72, 1.73) 1.03 (0.82, 1.28) 1.30 (0.99, 1.70) 1.15 (0.85, 1.56)
tional Term 1* 1* 1* 1 1 1
age Post-term 0.63 (0.46, 0.86) 0.62 (0.44, 0.86) 0.62 (0.44, 0.89) 0.96 (0.85, 1.09) 0.94 (0.81, 1.08) 1.03(0.87,1.22)
Birth Singleton 1 1 1 1 1 1
multiplicity Twin/triplet 1.04 (0.56, 1.94) 1.19 (0.67, 2.10) 1.25 (0.69, 2.28) 1.30 (0.85, 1.96) 1.53 (0.99, 2.34) 1.59 (0.98, 2.58)
BI rth 1 l*** 1*** 1*** 1*** 1*** 1***
order 2-3 0.86 (0.71, 1.04) 0.65 (0.52, 0.81) 0.73(0.59,0.91) 0.71 (0.65, 0.77) 0.53 (0.47,0.58) 0.71 (0.63, 0.80)
4-5 0.54 (0.40, 0.74) 0.42 (0.30, 0.60) 0.49 (0.34,0.71) 0.45 (0.33, 0.61) 0.31(0.22, 0.43) 0.58 (0.38, 0.87)
6 or more 0.17 (0.10,0.31) 0.12 (0.07,0.23) 0.15 (0.08, 0.29) 0.40 (0.13, 1.20) 0.26 (0.09, 0.75) 0.58 (0.16, 2.12)
Mother’s 15-19 years 0.38(0.19, 0.76) 0.65 (0.32, 1.31) 0.63(0.30, 1.29) 0.52 (0.41, 0.66) 0.62 (0.48, 0.80) 0.70 (0.52, 0.95)
age 20_24 years l*** 1*** 1** 1*** 1*** 1***
at birth 25-29 years 1.74 (1.35, 2.24) 1.32 (1.00, 1.74) 1.26 (0.94, 1.70) 1.58 (1.43,1.75) 1.35 (1.20, 1.52) 1.14 (0.99, 1.31)
30-34 years 1.86 (1.41, 2.45) 1.48 (1.08, 2.02) 1.39 (0.98, 1.96) 2.03 (1.77,2.34) 1.80 (1.53, 2.12) 1.44 (1.19, 1.75)
35-39 years 1.97 (1.45, 2.67) 2.00 (1.38, 2.90) 1.89 (1.28, 2.78) 2.34 (1.66, 3.30) 2.48 (1.70, 3.61) 1.94 (1.30, 2.87)
>40 years 1.16 (0.74, 1.83) 2.10 (1.24, 3.58) 1.92(1.11,3.31) [too few cases] [too few cases] [too few cases]
Mother’s Married Lrx* 1 [p=0.05] 1 1xx* 1xxx 1=
marital Unmarried 0.18 (0.12,0.28) 0.54 (0.30, 0.98) 0.60 (0.34, 1.07) 0.58 (0.53, 0.65) 0.72 (0.65, 0.81) 0.84 (0.73, 0.96)
status Widow/divorced 0.18 (0.02, 1.33) 0.30 (0.03, 2.85) 0.32 (0.03, 3.25) 0.23 (0.14,0.37) 0.28 (0.16, 0.46) 0.42 (0.23, 0.78)
Family High/med non-manual Ralalal (Rala 1r** 1x** 1H** 1H**
social Low non-manual 0.19 (0.14, 0.27) 0.21 (0.16, 0.30) 0.24 (0.17,0.34) 0.37 (0.32,0.43) 0.43 (0.37, 0.50) 0.58 (0.49, 0.69)
class Skilled manual 0.06 (0.05, 0.09) 0.08 (0.05, 0.11) 0.09 (0.06, 0.12) 0.25 (0.22, 0.29) 0.32(0.28,0.37) 0.50 (0.42, 0.59)

Semi/unskilled manual
Self-employed
Farmers
Housedaughter
Retired, student, other

0.03 (0.02, 0.04)
0.20 (0.13, 0.31)
0.03 (0.02, 0.05)
0.02 (0.01, 0.05)

0.04 (0.03, 0.06)
0.21 (0.14, 0.33)
0.04 (0.02, 0.06)
0.05 (0.02, 0.13)

0.05 (0.04, 0.07)
0.22 (0.14, 0.35)
0.04 (0.02, 0.06)
0.05 (0.02, 0.15)

0.17 (0.15, 0.20)
0.27 (0.22, 0.33)
0.49 (0.35, 0.68)

0.27 (0.20, 0.36)

0.23 (0.19, 0.27)
0.32 (0.26, 0.39)
0.55 (0.39, 0.77)

0.36 (0.26, 0.49)

0.43 (0.35, 0.52)
0.47 (0.37, 0.60)
0.67 (0.4, 1.00)

0.66 (0.45, 0.94)

*p<0.05, **0<0.01, ***p<0.001. tMinimally adjusted: variables entered separately, adjusting only for gender and birthyear. Results not presented for G3 children of mothers aged 40 or more

because of the very small sample size (N=6)
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In general, these two measures of education continuation yielded similar or identical
substantive findings regarding the importance of early-life characteristics. We therefore
describe the results together below, with Table 3 presenting logistic regression models for
tertiary education (our primary measure of education continuation). Raw proportions and
regression models for secondary school attendance are presented in the Additional Material.

G3 females were advantaged with respect to education continuation, while among the G1s it
was males who were substantially advantaged (see also Figure 2). The G3 female advantage
disappeared after adjusting for schoolmarks, suggesting that school achievement explained
the gender difference in this cohort. By contrast the G1 gender inequality grew still more
pronounced after adjusting for females’ better school achievement. In both cohorts there was
some evidence of an advantage to infants of heavier birthweight in analyses adjusting for all
early-life characteristics, but these effects became non-significant after adjusting for previous
school achievement. As for schoolmarks, there was no independent effect of pre-term or twin
status in either cohort. However, full-term G1s (but not G3s) did have an advantage relative
to post-term infants, and this persisted even after adjusting for schoolmarks (p=0.008 for
secondary school attendance; p=0.009 for entrance to tertiary education).

In both cohorts, lower birth order, older mother, married mother and higher family social
class carried large independent advantages for education continuation. The social class
differences were particularly striking; for example, 30% of high/mediate non-manual G1s
entered tertiary education versus 1% of semi/unskilled manuals. The corresponding G3
figures were 50% and 15%. It was also interesting to note that G1 children of farmers and
housedaughters were among the social classes least likely to continue their education, despite
average or above-average schoolmarks (see Figure 1). For the most part, however, the
predictors of education continuation were very similar to the predictors of school
achievement. Nevertheless, prior school achievement only partially explained these
differences — despite some attenuation after adjusting for schoolmarks, most effect sizes
remained large and highly significant (Table 3, columns 3 and 6). The major exception was
that most G3 early-life characteristics ceased to predict secondary school attendance after
adjusting for school achievement in the final year of elementary school (i.e. immediately
before the transition to secondary school; results in the Additional Material).

To summarise, these analyses only partially supported our second hypothesis that school
achievement would explain the effects of early-life characteristics upon education
continuation. This did seem to be the case for the greater education continuation for G3
females and G1 and G3 infants of heavier birthweight. By contrast, schoolmarks only
explained some of the effects of family composition and social class, with these variables
having a direct effect on education continuation over and above their previous influence on
school achievement.

Early-life predictors across the lifecourse (3): Interactions and sensitivity analyses

We tested for interactions between all early-life characteristics and 1) schoolmarks, 2) gender
and 3) social class. In the G1s, three sets of interactions were significant at p<0.01. First, not
only were G1 males much more likely to attend secondary school than females, but good
schoolmarks played a greater role in determining which males got that opportunity (p<0.001
for interaction; see also Figure 2). Second, there was a gender-social class interaction for
schoolmarks (p<0.001), secondary school attendance (p<0.001) and entrance to tertiary
education (p=0.04). For school achievement this interaction reflected a particularly large
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female advantage in farming families, while for education continuation it reflected a
particularly large male advantage in non-manual and self-employed families (see Figure 1).
Third, there was a birth order-social class interaction for school achievement (p=0.03) and
secondary school attendance (p=0.003), reflecting particularly strong birth order effects in
non-manual families. No interactions were significant at p<0.01 in the G3s.

We also conducted sensitivity analyses in the G3s, repeating the analyses in Table 2 and
Table 3 after additionally adjusting for total family size, mother’s education and father’s
education. The effect of family social class attenuated somewhat after adjusting for parental
education, but otherwise the results were almost unchanged. This included only a very small
attenuation of the effect of birth order after adjusting for total family size.

Early-life predictors across generations

In line with our third hypothesis, educational outcomes in the G3s were predicted by several
of the early-life characteristics of their G1 grandparents (Table 4). There was no evidence in
univariable analyses that these effects differed by type of grandparent (mother’s mother vs.
mother’s father vs. father’s mother vs. father’s father: p>0.05 for interaction with all G1
early-life characteristics). In models adjusting for all early-life G1 characteristics, better G3
schoolmarks were predicted by higher G1 birthweight; G1 full-term vs. post-term birth; lower
G1 birth order; and higher G1 family social class. The same factors predicted G3 entrance
to tertiary education, with the exception that G1 term vs. post-term birth was no longer
significant but there was weak evidence of an effect of the G1 being born to an unmarried
mother. As in previous analyses the social class effects were particularly striking. For
example, the proportion of G3 grandchildren entering tertiary education was 44% for G1s
from high/mediate non-manual families vs. 29% for G1s from semi/unskilled manual families
(for all schoolmark means and education continuation proportions, see the Additional
Material).

To assess whether these effects were explained by G3 childhood socio-economic position, we
additionally adjusted for G3 family social class at birth, mother’s educational level and
father’s educational level (Table 4, columns 3 and 6). This caused all effect sizes to attenuate
substantially towards the null, and almost all variables to become highly non-significant
(p>0.1). The only exception was that effect of G1 social class upon G3 schoolmarks
remained significant (p=0.002), but even here the effect sizes decreased by a factor of at least
four. These results therefore supported our fourth hypothesis that G3 childhood socio-
economic position largely explained the effects of G1 early-life characteristics upon G3
educational outcomes.
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Table 4: Early-life characteristics in subjects from the Uppsala Birth Cohort (G1s, born 1915-1929) and the educational outcomes of their grandchildren (G3s, born 1973-1980)

G1 characteristics predicting G3 standardized schoolmarks: linear

regression, regression coefficients & 95% CI

G1 characteristics predicting G3 entrance to tertiary education: logistic

regression, odds ratios & 95% CI

Minimally adjustedt Multivariable: all G1 ~ Multivariable: all G1 early- | Minimally Multivariable: all Multivariable: all G1 early-
early-life life characteristics & G3 adjustedf G1 early-life life characteristics & G3
characteristics childhood socio-economic characteristics childhood socio-economic

positionf{ positionf{
N 9,706 9,706 9,706 9,706 9,706 9,706
Gender Male 0 0* 0 1 1 1
Female 0.03 (-0.02, 0.07) 0.05 (0.00, 0.09) 0.00 (-0.04, 0.04) 1.06 (0.96, 1.16) 1.09 (0.99, 1.20) 0.98 (0.88, 1.08)
Birthweight | <2500g -0.09 (-0.20, 0.03) -0.09 (-0.22, 0.05) -0.02 (-0.15, 0.10) 0.96 (0.75, 1.22) 0.94 (0.71, 1.24) 1.07 (0.79, 1.46)
2500-3000g -0.02 (-0.09, 0.05) -0.01 (-0.08, 0.06) -0.03 (-0.09, 0.04) 1.10 (0.95, 1.28) 1.12 (0.95, 1.31) 1.09 (0.93, 1.28)
3000-3500g 0 [p=0.08] 0* 0 1 1* 1
3500-4000g -0.01 (-0.06, 0.04) 0.01 (-0.05, 0.06) -0.02 (-0.06, 0.03) 1.06 (0.95, 1.19) 1.11 (0.98, 1.24) 1.06 (0.94, 1.20)
>4000g 0.07 (0.00, 0.14) 0.11 (0.03, 0.18) 0.04 (-0.03, 0.11) 1.18 (1.01, 1.37) 1.25 (1.07, 1.45) 1.10 (0.94, 1.30)
Gestational Pre-term -0.08 (-0.16, 0.01) -0.01 (-0.11, 0.08) -0.01 (-0.09, 0.08) 0.90 (0.75, 1.08) 0.95 (0.78, 1.16) 0.95(0.77, 1.18)
age Term O*** 0** 0 1 1 1
Post-term -0.13 (-0.20, -0.06) -0.13 (-0.20, -0.05) -0.07 (-0.13, 0.00) 0.93(0.79,1.09) 0.95(0.81,1.11) 1.08 (0.92, 1.28)
Birth Singleton 0 0 0 1 1 1
multiplicity Twin/triplet -0.10 (-0.23, 0.04) -0.07 (-0.21, 0.08) -0.01 (-0.14, 0.12) 0.98 (0.72, 1.33) 1.01 (0.72,1.41) 1.18 (0.82, 1.68)
Birth order 1 0* 0*** 0 1* 1xx*> 1
2-3 0.00 (-0.05, 0.05) -0.08 (-0.14, -0.02) -0.03 (-0.08, 0.02) 0.98 (0.88, 1.10) 0.83 (0.73,0.94) 0.92 (0.80, 1.04)
4-5 -0.08 (-0.15, -0.01) -0.19 (-0.27, -0.11) -0.07 (-0.14, 0.00) 0.85(0.74, 0.99) 0.66 (0.56, 0.79) 0.83 (0.69, 0.99)
6 or more -0.07 (-0.14, 0.00) -0.17 (-0.27, -0.07) 0.01 (-0.08, 0.09) 0.83 (0.71, 0.96) 0.62 (0.51, 0.76) 0.88 (0.71, 1.09)
Mother’s 15-19 years 0.00 (-0.11, 0.08) 0.04 (-0.06, 0.14) 0.02 (-0.07,0.11) 0.98 (0.79, 1.21) 1.10 (0.88, 1.37) 1.07 (0.85, 1.35)
age 20-24 years 0** 0 0 1* 1 1
at birth 25-29 years 0.08 (0.02,0.14) 0.06 (-0.01, 0.12) 0.02 (-0.04, 0.08) 1.14 (1.00, 1.29) 1.10 (0.96, 1.26) 1.02 (0.88, 1.18)
30-34 years 0.12 (0.06, 0.19) 0.10 (0.03, 0.18) 0.03 (-0.04, 0.10) 1.24 (1.08, 1.42) 1.23 (1.06, 1.44) 1.08 (0.91, 1.27)
35-39 years 0.09 (0.01, 0.16) 0.09 (0.00, 0.18) 0.00 (-0.08, 0.08) 1.20 (1.03, 1.41) 1.31 (1.09, 1.59) 1.10 (0.90, 1.35)
>40 years 0.01 (-0.09, 0.10) 0.03 (-0.08, 0.15) -0.03 (-0.13, 0.07) 1.07 (0.87, 1.31) 1.27 (0.99, 1.63) 1.13 (0.87,1.48)
Mother’s Married Q*** 0 0 1H** 1* 1
marital Unmarried -0.14 (-0.20, -0.09) -0.06 (-0.14, 0.02) 0.00 (-0.07, 0.07) 0.74 (0.65, 0.83) 0.80 (0.67,0.94) 0.88 (0.74, 1.05)
status Widowed/divorced 0.11 (-0.12, 0.35) 0.14 (-0.09, 0.38) 0.02 (-0.20, 0.23) 1.18 (0.72,1.91) 1.26 (0.75, 2.12) 0.98 (0.58, 1.67)
Family High/med non-manual 0*** 0*** 0** 1r** 1x** 1
social class Lower non-manual -0.17 (-0.28, -0.05) -0.15 (-0.27, -0.03) -0.04 (-0.14, 0.06) 0.85 (0.67, 1.07) 0.89 (0.70, 1.13) 1.13(0.87, 1.48)

Skilled manual
Semi/unskilled manual
Self-employed
Farmers
Housedaughter

-0.33 (-0.43, -0.23)
-0.40 (-0.49, -0.32)
-0.02 (-0.16, 0.11)
-0.26 (-0.35, -0.16)
-0.47 (-0.59, -0.35)

-0.29 (-0.39, -0.19)
-0.36 (-0.45, -0.27)
-0.01 (-0.14, 0.13)
-0.22 (-0.32, 0.12)
-0.42 (-0.56, -0.28)

-0.04 (-0.13, 0.05)
-0.07 (-0.15, 0.01)
0.08 (-0.04, 0.20)
0.05 (-0.04, 0.14)
-0.09 (-0.22, 0.04)

0.62 (0.51, 0.76)
0.50 (0.42, 0.59)
0.96 (0.71, 1.30)
0.56 (0.45, 0.68)
0.46 (0.35, 0.59)

0.67 (0.55, 0.83)
0.56 (0.47, 0.68)
0.97 (0.71, 1.31)
0.60 (0.48, 0.74)
0.55 (0.41, 0.74)

1.12 (0.90, 1.41)
0.99 (0.81, 1.21)
1.17 (0.85, 1.61)
1.03 (0.82, 1.29)
1.10 (0.80, 1.52)

*p<0.05, **p<0.01, *** p<0.001. tMinimally adjusted: variables entered separately, adjusting only for G3 gender and birthyear. 11G3 childhood socio-economic position: G3 family social
class at birth, G3 mother’s educational level and G3 father’s educational level.
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Discussion

This paper has examined the early-life characteristics predicting educational outcomes across
the lifecourse and across generations, using data from 12,674 Swedish infants born 1915-1929
(‘G1s’) and 9,706 of their grandchildren born 1973-1980 (‘G3s’). The predictors of school
achievement and educational continuation were very similar in the two cohorts. The
independent predictors of better schoolmarks were: female gender, heavier birthweight, lower
birth order, older mother, married mother and higher family social class. Here and in all
subsequent analyses, the social class effects were particularly large and were also largely
independent of the effects of birth characteristics or family composition. There was no
evidence of an independent effect of pre-term or twin status, but weak evidence of a
disadvantage to post-term infants. The predictors of education continuation were very
similar, the main exception being a marked male advantage in the G1s. The higher
probability of education continuation among heavier birthweight individuals seemed to be
explained by their better school achievement. By contrast, even after adjusting for school
achievement, entrance to tertiary education was still predicted in both cohorts by lower birth
order, older mother, married mother and higher family social class. In cross-generational
analyses, higher G3 school achievement and education continuation were predicted by higher
G1 birthweight; lower G1 birth order; and higher G1 family social class. These associations
became non-significant and/or substantially attenuated after adjusting for G3 socio-economic
position at birth, suggesting that intervening socio-economic position was the major
mechanism underlying these cross-generational effects.

Study limitations

In interpreting these findings, it is important to bear in mind our study’s limitations. By
definition, our G3 cohort consisted of infants with at least one grandparent born in Uppsala
between 1915 and 1929. The G3s were therefore not fully representative of all Swedish births
in 1973-1980; births to older parents were somewhat underrepresented and, by excluding all
children with four foreign-born grandparents, our G3 cohort will also underrepresent the
descendents of immigrants. Nevertheless, the close similarity between most G3
characteristics and total population data leads us to believe that many of our findings will
generalise to all Swedish births from this time period. Moreover, although the G3s are not
representative in the distribution of some early-life characteristics, we know of no reason to
hypothesise that this will bias the associations between those characteristics and subsequent
educational outcomes.

Perhaps a more important limitation is that our educational outcomes are not fully comparable
between the two cohorts. Schoolmarks were awarded at around age 10 in the G1s but at age
16 in the G3s. This is important because both social and biological characteristics may vary
in the strength of their effects upon educational outcomes according to the age at which
educational outcomes are assessed (Boardman et al 2002; Bradley and Corwyn 2002). Other
possible sources of non-comparability between the cohorts include differences in the criteria
applied by teachers when grading students, or differences in the degree of measurement error
when assigning schoolmarks. We therefore believe it is not advisable to make direct
comparisons of the magnitude of the schoolmark effect sizes between the two cohorts.
Similarly, although we used the same measures of education continuation in both cohorts,
their frequencies differ greatly — for example, 5% entering tertiary education in the G1s vs.
32% in the G3s. We partly addressed this limitation by demonstrating that our substantive
findings were generally unchanged when we used secondary school attendance as an
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alternative measure of education continuation, which had a G1 frequency which was
comparable to the G3 frequency of tertiary education (28% vs. 32%). Nevertheless, the
different frequency of educational continuation in the two cohorts again complicates direct
comparisons of effect sizes. Thus while we have certainly demonstrated that large
educational inequalities exist in both cohorts, we do not feel that we can comment with
confidence how the magnitude of these inequalities has changed in Sweden over the twentieth
century. It is for this reason that we have focused instead upon comparing the pattern of
relative advantage and disadvantage between the two cohorts.

Implications of study for understanding educational inequalities.

Bearing these limitations in mind, what do our results reveal about the early-life predictors of
educational outcomes? For birth characteristics, we did not find an independent effect of pre-
term birth upon our educational outcomes but, in accordance with previous findings (Record
et al 1969b; Yang et al 2010; Eide et al 2007), we did find some evidence of a disadvantage to
post-term infants. We also showed that the effect of birthweight upon school achievement
was not confined to low birthweight infants (<2500g); rather it extended until at least the
middle of the distribution in the G1s and right across the distribution in the G3s. This
replicates a recent systematic review (Shenkin et al 2004) and extends it by including more
evidence from study populations born pre-1945 and post-1965. The persistence of marked
birthweight effects in the G3s highlights that birth outcomes are an important public health
issue even in low mortality settings. This conclusion is reinforced by the fact that in both
cohorts the poorer school achievement of lighter infants was translated into a lower
probability of education continuation, thereby potentially having adverse implications for
adult life chances. Indeed, these deleterious effects even seemed to extend across generations,
with some evidence that the grandchildren of post-term and lighter birthweight G1s had
poorer school achievement and/or lower entrance to tertiary education. To our knowledge,
ours is the first paper to suggest such inter-generational effects of birth characteristics upon
educational outcomes.

With regard to family composition, the similarity between the two cohorts was striking, and
included a continued marked disadvantage to G3 children of unmarried mothers. This may
seem somewhat surprising given the substantially lower stigma attached to unmarried
parenthood when the G3s were born. Moreover, our results plausibly underestimate the
disadvantage to truly single G3 mothers, since many unmarried G3 mothers will have been
living in stable partnerships with the child’s father. Our results are, however, in line with
British findings which likewise show that the negative effect of parental divorce upon
educational attainment did not decrease over the 20™ century despite divorce becoming
substantially more common (Ely et al 1999). One interpretation is that a major mechanism of
this disadvantage is not external stigma, but rather a reduction in the total amount of cognitive
stimulation children get from their parents if they live with one parent rather than two.
Reduced parent stimulation is known to be associated with adverse effects across a range of
cognitive outcomes, and has also been suggested as the key mechanism underlying the
disadvantage to children of higher birth order and/or from larger families (Steelman et al
2002; Price, 2008). Indeed, while the G3 children of unmarried mothers may have benefitted
from reduced stigma, it is plausible that reduced parental stimulation was an even more
important source of relative disadvantage in the more gender-egalitarian G3 society — perhaps
for the G1s even ‘present’ fathers played a relatively small role in child-rearing.
Speculatively, large amounts of contact time with mothers and grandparents may partly
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explain why the school achievement of G1 children of housedaughters was no worse than
average, despite this being the most disadvantaged group for education continuation.

The extremely low probability of education continuation among G1 children of
housedaughters contrasts with the large advantages to the highest social class; of all the early-
life characteristics, high/mediate non-manual social class was the single strongest predictor of
educational advantage for all three outcomes in both cohorts. In the G1s, social class also
interacted with birth order and gender, highlighting a constellation of particular advantage to
first-born, male children of non-manual families.

That family social class affects educational outcomes is well-documented, including in
Swedish populations born at similar times to our study samples (Husén et al 1969; Husén and
Boalt 1967; Bjorklund et al 2003; Berggren 2006; Erikson and Jonsson 1993; Erikson and
Jonsson 1996). There is also some evidence of narrowing socio-economic inequalities in
recent decades, particularly with respect to education continuation (Erikson and Jonsson
1996; Erikson and Jonsson 1993). Nevertheless, it was striking how little change there was
in the pattern of social class differences between our two cohorts. This highlights the
continued policy imperative to seek to narrow these socio-economic inequalities, particularly
given our demonstration that strong social class effects persist after adjusting for multiple
plausible mediators or confounders such as birth characteristics or family composition. By
including these other biological and social characteristics, our study also permits some
comparison of the magnitude of their different effects. We believe that one contribution of
this paper is to demonstrate that socio-economic differences form only one important axis of
inequality. In particular, there were substantial educational disparities by birth order,
mother’s age and mother’s marital status, despite these receiving far less attention from
academics and policy-makers than socio-economic differences.

A further contribution of this paper has been to assess how far these early-life effects upon
educational continuation could be explained by prior school achievement. In the G3s,
schoolmarks explained almost all differences in secondary school attendance, which was also
near-universal among those who achieved schoolmarks above the bottom quintile. This
probably reflects the fact that G3s had few alternative occupational pathways at this age, and
attending secondary school was therefore standard for those with adequate school
achievement. By contrast, schoolmarks only partly explained the effects of family
composition and social class upon G3 continuation to tertiary education. The same was true
of G1 continuation to both secondary school and tertiary education. Previous Swedish
studies have documented such effects for low social class (Erikson and Jonsson 1993; Erikson
and Jonsson 1996; Husén and Boalt 1967), but to our knowledge this is the first
demonstration that children with higher birth order, younger mothers or unmarried mothers
are less likely to continue their education even after controlling for their school achievement.
This suggests a ‘two-stage’ process in creating educational inequalities, with disadvantages in
school achievement being compounded by a lower probability of education continuation net
of school achievement (Boudon 1974). This again highlights the greater attention which
family composition deserves as a source of educational inequalities across the lifecourse.

A final, unique contribution of our paper is to demonstrate that birth characteristics, family
composition and family social class may all have effects upon educational outcomes which
extend across multiple generations. Specifically, we showed that both the school achievement
and the education continuation of Swedes born in 1973-1980 were predicted by their
grandparents’ birthweight, birth order and family social class at birth — that is, the social class



Early-life predictors of educational inequalities in Sweden 20

of their great-grandparents four generations before. We also showed that these effects seemed
to be largely or entirely explained by the intervening educational attainment and social class
of the parents of the G3s. This indicates the ongoing importance of education as a mechanism
whereby early-life disadvantage is translated into social inequalities across the lifecourse,
social inequalities which may then be recreated across generations to create a long-term
legacy of social disadvantage.

Conclusion

The Swedish education system underwent major reforms between the births of our two
cohorts, many of which were explicitly designed to extend and democratise educational
opportunities (Erikson and Jonsson 1993; Husén and Boalt 1967). This paper demonstrates
Sweden’s success in increasing the proportion of young people entering secondary and
tertiary education, and also in equalising participation by gender. Nevertheless, for most
early-life characteristics the pattern of relative advantage and disadvantage changed little over
the twentieth century. Moreover, early-life disadvantage was not only associated with
educational inequalities across the lifecourse but was also found to predict educational
inequalities over three generations, as mediated by intervening socio-economic position.
These findings therefore indicate the persistent importance of multiple axes of educational
inequality in Sweden, and suggest the continued need for policies which seek to equalise
opportunities across children. The consistency of these findings across our two cohorts also
suggests their potential relevance for understanding educational inequalities in populations
around the world. Greater understanding of educational inequalities would, in turn, shed light
onto a major mechanism whereby health inequalities are created and recreated across
generations.
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Additional material

Additional Material, Table 1: Comparison of the early-life characteristics of the G3 study subjects with
all births in Sweden between 1973 and 1980.

Early-life Range/categories Percentin Percentin all Percent
characteristics G3 Swedish births  difference
(N=9,706) (N=786,743)% G3s minus
total

population
Gender Male 50.7 51.3 -0.6
Female 49.3 48.7 0.6
Birthweight <25009 35 4.0 -0.5
2500-3000g 13.0 11.8 1.2
3000-35009 34.2 33.7 0.5
3500-4000g 33.8 34.6 -0.8
>4000g 15.6 16.3 -0.7
Gestational age Pre-term (<37 weeks) 4.5 5.0 -0.5
Term (37-41weeks) 81.4 82.4 -1.0
Post-term (>42 weeks) 14.0 12.7 1.3
Birth multiplicity ~ Singleton 98.4 98.3 0.1
Twin/triplet 1.6 1.7 -0.1
Birth order 1 47.2 43.3 3.9
2-3 49.6 51.6 -2.0
4-5 3.0 4.6 -1.6
6 or more 0.2 0.6 -0.4
Mother’s age at 15-19 years 5.6 6.2 -0.6
birth 20-24 years 35.0 29.6 5.4
25-29 years 42.8 37.9 4.9
30-34 years 14.7 20.0 -5.3
35-39 years 1.9 5.6 -3.7
>40 years 0.1 0.9 -0.8
Mother’s marital Married 59.4 65.4 -6.0
status Unmarried 39.0 32.8 6.2
Widowed/divorced 1.6 1.7 -0.1
Family social High/mediate non-manual 38.0 34.4 3.6
classt¥ Low non-manual 13.3 12.0 13
Skilled manual 19.1 19.6 -0.5
Semi/unskilled manual 16.7 19.3 -2.6
Self-employed 7.2 7.4 -0.2
Farmer 2.2 2.6 -0.4
Retired, student, other 3.6 4.6 -1.0

tAs with the G3 sample, the total population sample excludes all those who died before turning 20 or were
adopted. Data on emigration was not available to us for the total population, but as only 0.5% of our G3 sample
emigrated this unlikely to affect findings. {{For the total Swedish population we did not have data on the
mother’s cohabiting partner unless this was the child’s father. This would be expected to underestimate family
social class, by ignoring non-biological-father partners with a higher social class than the mother. This plausibly
contributes to the slightly better social class profile of the G3 population.
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Additional Material, Table 2: School achievement and education continuation by early-life characteristics in subjects from the Uppsala Birth Cohort (G1s, born

1915-1929) their grandchildren (G3s, born 1973-1980)

Gls G3s
N+t Schoolmark % % tertiary Nt Schoolmark % secondary % tertiary
mean (z-score) secondary education mean (z-score) school education
school
Total population 12,674 0.00 28.2 4.7 9,706 0.00 89.5 32.3
Gender Male 6,560 -0.17 32.0 6.6 4,924 -0.20 87.9 27.2
Female 6,114 0.18 24.2 2.6 4,782 0.21 91.0 37.6
Birthweight <2500g 551 -0.07 24.7 35 333 -0.21 85.3 29.1
2500-3000g 1,806 -0.05 26.7 3.7 1,258 -0.09 87.4 30.2
3000-3500g 4,559 0.03 28.2 4.8 3,294 -0.01 89.2 315
3500-4000g 4,112 0.01 28.8 4.6 3,261 0.06 90.6 33.8
>4000g 1,561 -0.03 29.7 6.2 1,502 0.03 90.2 33.0
Gestational age Pre-term 899 -0.10 27.0 4.0 432 -0.11 85.9 31.9
Term 9,862 0.02 29.1 5.0 7,838 0.01 89.8 324
Post-term 1,480 -0.06 24.6 3.2 1,351 -0.01 89.0 32.1
Birth multiplicity Singleton 12,332 0.00 28.3 4.7 9,499 0.00 89.5 32.2
Twin/triplet 342 -0.07 24.9 4.8 156 0.03 89.5 38.6
Birth order 1 4,967 0.10 315 5.8 4,563 0.10 91.2 36.8
2-3 4,663 -0.03 29.1 5.0 4,784 -0.07 88.3 28.7
4-5 1,709 -0.10 24.8 3.3 286 -0.41 81.6 20.2
6 or more 1,332 -0.11 17.2 1.0 22 -0.57 77.3 18.2
Mother’s age 15-19 717 0.02 20.5 1.2 540 -0.42 81.0 17.3
at birth 20-24 3,380 -0.05 25.2 3.1 3,398 -0.14 88.6 27.2
25-29 3,557 0.02 30.1 5.6 4,158 0.11 91.0 35.7
30-34 2,574 0.04 31.2 5.8 1,422 0.18 90.3 39.2
35-39 1,675 -0.02 31.3 6.1 181 0.21 88.8 40.2
> 40 years 763 0.04 22.7 3.5 6 -0.34 83.3 16.7
Mother’s Married 10,073 0.03 30.5 5.6 5,488 0.12 91.2 37.1
marital status Unmarried 2,470 -0.11 18.9 0.9 3,625 -0.16 87.9 255
Widowed/divorced 103 -0.14 24.2 1.1 149 -0.61 69.8 12.8
Family High/mediate non-manual 1,065 0.36 62.6 30.1 3,619 0.41 94.3 50.1
social class Lower non-manual 841 0.02 41.1 7.2 1,255 -0.05 90.1 27.9
Skilled manual 1,753 -0.03 27.7 2.5 1,790 -0.22 87.9 20.6
Semi/unskilled manual 5,786 -0.10 219 1.2 1,554 -0.43 83.2 15.4
Self-employed 389 0.10 40.7 7.1 673 -0.15 89.0 22.3
Farmers 1,780 0.15 22.7 1.3 211 0.12 95.2 335
Housedaughter 679 -0.02 16.8 1.0
Retired, student, other 342 -0.37 78.6 22.3

t Missing data means that the number of individuals for some variables is less than the total.
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G1 characteristics predicting G1 schoolmarks: linear regression, regression
coefficients and 95% CI

G3 characteristics predicting G3 schoolmarks: linear regression, regression
coefficients and 95% ClI

Min. adjustedf Multivariable Min. adjusted Multivariable
N 12,674 12,674 12,674 12,674 9,706 9,706 9,706 9,706
Gender Male 0*** O*** O*** 0*** 0*** O*** O*** 0***
Female 0.35 (0.30, 0.41) 0.37 (0.31, 0.42) 0.36 (0.30, 0.41) 0.37 (0.32, 0.43) 0.42 (0.38, 0.46) 0.43 (0.40, 0.47) 0.41 (0.37, 0.45) 0.43 (0.39, 0.47)
Birth- <2,500g -0.13 (-0.22, -0.04) | -0.11 (-0.20, -0.01) -0.13(-0.23,-0.04) | -0.22 (-0.35, -0.10) | -0.23 (-0.36, -0.09) -0.22 (-0.34, -0.09)
weight 2,500-3,000g -0.09 (-0.17, -0.01) | -0.08 (-0.16, 0.00) -0.09 (-0.17,-0.02) | -0.10(-0.17,-0.04) | -0.10 (-0.17, -0.04) -0.10 (-0.17, -0.04)
3,000_3,5009 0** 0* 0** O*** O*** O***
3,500-4,000g 0.01 (-0.04, 0.05) 0.00 (-0.05, 0.04) 0.02 (-0.03, 0.07) 0.10 (0.05, 0.15) 0.07 (0.03, 0.12) 0.08 (0.04, 0.12)
>4,000g 0.01 (-0.06, 0.08) -0.01 (-0.09, 0.06) 0.04 (-0.04, 0.11) 0.11 (0.05, 0.17) 0.09 (0.03, 0.15) 0.12 (0.06, 0.18)
Gesta- Pre-term -0.10 (-0.17,-0.02) | -0.03 (-0.11, 0.04) -0.02 (-0.09, 0.05) | -0.09 (-0.20,0.02) | 0.08 (-0.03, 0.20) 0.10 (-0.01, 0.22)
tional Term 0** 0 0 0 0* 0*
age Post-term -0.06 (-0.11, 0.00) | -0.06 (-0.11, 0.00) -0.05 (-0.10,0.01) | -0.04 (-0.10,0.02) | -0.05 (-0.11, 0.00) -0.06 (-0.12, -0.01)
Multiple | Singleton 0 0 0 0 0 0
births Twin/triplet -0.10 (-0.24,0.05) | -0.05(-0.19, 0.10) -0.02 (-0.17,0.13) | -0.02 (-0.21,0.17) | 0.04 (-0.13,0.21) 0.12 (-0.04, 0.29)
B | rth 1 0*** o*** 0*** O*** O*** 0***
order 2-3 -0.12 (-0.16, -0.07) -0.19 (-0.24, -0.14) | -0.20 (-0.25, -0.15) | -0.18 (-0.21, -0.14) -0.29 (-0.33, -0.25) | -0.30 (-0.34, -0.26)
4-5 -0.18 (-0.24, -0.12) -0.30 (-0.37, -0.23) | -0.31 (-0.38, -0.24) | -0.55 (-0.68, -0.41) -0.64 (-0.76, -0.51) | -0.65 (-0.77, -0.52)
6 or more -0.21 (-0.28, -0.14) -0.37 (-0.46, -0.28) | -0.39 (-0.48, -0.30) | -0.66 (-1.13, -0.20) -0.72 (-1.17,-0.26) | -0.74 (-1.19, -0.30)
Mother’s | 15-19 years 0.04 (-0.04, 0.13) 0.06 (-0.03, 0.15) 0.06 (-0.03, 0.15) -0.29 (-0.38, -0.20) -0.20 (-0.29, -0.11) | -0.20 (-0.29, -0.11)
age 20-24 years 0* 0** 0** Q*** Q*** 0***
at birth 25-29 years 0.08 (0.02, 0.13) 0.07 (0.01, 0.13) 0.07 (0.01, 0.13) 0.25 (0.20, 0.30) 0.16 (0.12,0.21) 0.16 (0.11, 0.21)
30-34 years 0.09 (0.02, 0.15) 0.11 (0.03, 0.19) 0.11 (0.03, 0.19) 0.32(0.26, 0.39) 0.25(0.19, 0.32) 0.25 (0.18, 0.31)
35-39 years 0.04 (-0.02, 0.10) 0.11 (0.03, 0.18) 0.11 (0.03, 0.18) 0.32(0.17, 0.47) 0.33(0.19, 0.47) 0.33(0.19, 0.48)
>40 years 0.07 (-0.02, 0.15) 0.19 (0.09, 0.29) 0.19 (0.09, 0.29) [too few cases] [too few cases] [too few cases]
Mother’s | Married 0*** Q*** Q*** Q*** Ox** Q==
marital Unmarried -0.15 (-0.20, -0.10) -0.15 (-0.21, -0.08) | -0.14 (-0.21, -0.08) | -0.27 (-0.32, -0.23) -0.15 (-0.20, -0.11) | -0.15(-0.19, -0.11)
status Widow/divorced -0.21 (-0.41, -0.01) -0.09 (-0.29, 0.12) | -0.09 (-0.29,0.11) | -0.73 (-0.90, -0.56) -0.55 (-0.70, -0.39) | -0.54 (-0.70, -0.39)
Family High/mediate NM | 0*** Q*** Q*** Q*** Q*** Q*** Q*** 0***
social Low MN -0.34 (-0.47,-0.21) | -0.34 (-0.46, -0.21) | -0.30(-0.42,-0.17) | -0.30 (-0.42, -0.17) | -0.47 (-0.53, -0.40) | -0.46 (-0.52, -0.39) | -0.39 (-0.46, -0.33) | -0.39 (-0.45, -0.32)
class Skilled M -0.42 (-0.52,-0.32) | -0.41 (-0.51, -0.32) | -0.37 (-0.47, -0.27) | -0.36 (-0.46, -0.26) | -0.64 (-0.70, -0.58) | -0.63 (-0.69, -0.57) | -0.52 (-0.58, -0.46) | -0.51 (-0.57, -0.45)

Semi/unskilled M
Self-employed
Farmers
Housedaughter
Other

-0.48 (-0.56, -0.39)
-0.26 (-0.38, -0.13)
-0.22 (-0.32, -0.12)
-0.41 (-0.51, -0.31)

-0.48 (-0.56, -0.39)
-0.25 (-0.38, -0.12)
-0.22 (-0.32, -0.12)
-0.40 (-0.51, -0.30)

-0.40 (-0.49, -0.32)
-0.22 (-0.35, -0.10)
-0.15 (-0.25, -0.05)
-0.33 (-0.45, -0.21)

-0.40 (-0.48, -0.31)
-0.22 (-0.35, -0.09)
-0.15 (-0.25, -0.05)
-0.32 (-0.44, -0.21)

-0.86 (-0.92, -0.79)
-0.57 (-0.65, -0.48)
-0.29 (-0.43, -0.16)

-0.81 (-0.95, -0.67)

-0.84 (-0.91, -0.78)
-0.56 (-0.64, -0.48)
-0.30 (-0.43, -0.16)

-0.79 (-0.93, -0.65)

-0.70 (-0.77, -0.63)
-0.47 (-0.55, -0.39)
-0.23 (-0.36, -0.09)

-0.64 (-0.78, -0.51)

-0.69 (-0.76, -0.62)
-0.46 (-0.54, -0.38)
-0.23 (-0.36, -0.10)

-0.63 (-0.77, -0.50)

*p<0.05, **0<0.01,

***p<(0.001. Min. Adjusted = minimally adjusted: variables entered separately, adjusting only for gender and birthyear. NM=non-manual, M=manual.
Results not presented for G3 children of mothers aged 40 or more because of the very small sample size (N=6)
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Additional Material, Table 4: Early-life characteristics and secondary school attendance among
subjects from the Uppsala Birth Cohort (G1s, born 1915-1929) and their grandchildren (G3s, born

1973-1980)

G1 characteristics predicting G1lsecondary school
attendance: logistic regression, odds ratios & 95%

G3 characteristics predicting G3 secondary school
attendance: logistic regression, odds ratios & 95%

Cl Cl
Minimally Multivariable: Multivariable: Minimally Multivariable: Multivariable:
adjustedf all early-life all early-life adjustedf all early-life all early-life
characteristics characteristics characteristics characteristics
plus plus
schoolmarks schoolmarks
N 12,674 12,674 12,674 9,706 9,706 9,706
Gender Male 1*** 1*** l*** 1*** 1*** 1
Female 0.68(0.62,0.73)  0.67(0.62,0.73)  0.60 (0.55,0.66) | 1.40 (1.22,1.60) 1.43(1.24,1.64)  0.86 (0.74, 1.00)
Birth- <2,5009 0.87(0.70,1.09)  0.90(0.71,1.15)  0.93(0.73,1.19) | 0.69 (0.48,0.98)  0.76 (0.49, 1.18)  0.95 (0.61, 1.49)
weight 2,500-3,000g | 0.95(0.83,1.09) 0.95(0.83,1.10) 0.98 (0.84,1.13) | 0.82(0.67,1.01) 0.82(0.67,1.01)  0.91(0.73, 1.15)
3,000-3,500g | 1 1* 1 iRt 1* 1
3,500-4,000g | 1.00 (0.90,1.10) 1.05(0.94,1.17) 1.04(0.93,1.16) | 1.21(1.02,1.42) 1.16(0.98,1.38) 1.07 (0.89, 1.28)
>4,000g 1.02(0.89,1.16) 1.13(0.98,1.30) 1.12(0.97,1.30) | 1.18(0.96,1.45) 1.20(0.97,1.49) 1.06 (0.83, 1.34)
Gesta- Pre-term 0.89(0.76,1.04) 1.02(0.86,1.22) 1.03(0.87,1.23) | 0.71(0.52,0.95) 0.95 (0.66,1.36)  0.87 (0.61, 1.25)
tional Term 1** 1* 1* 1* 1 1
age Post-term 0.80 (0.70,0.91)  0.82(0.72,0.94)  0.83(0.72,0.95) | 0.89(0.74,1.08) 0.85(0.69,1.03)  0.90 (0.73, 1.12)
Multiple | Singleton 1 1 1 1 1 1
births Twin/triplet | 0.84(0.64,1.11)  0.83(0.63,1.10)  0.84 (0.63,1.12) | 1.00(0.54,1.83) 1.39(0.74,2.63) 1.11(0.57, 2.15)
B | rth 1 1*** 1*** 1*** 1*** 1
order 2-3 0.90 (0.82,0.98)  0.69(0.63,0.77)  0.73(0.66,0.81) | 0.74 (0.64,0.84)  0.59 (0.50,0.69)  0.82 (0.69, 0.97)
4-5 0.71(0.62,0.82)  0.50(0.43,0.59)  0.54 (0.46,0.64) | 0.43(0.31,0.59) 0.39 (0.27,0.57)  0.84 (0.55, 1.26)
6 or more 0.46 (0.39,0.54)  0.30(0.25,0.37) 0.33(0.27,0.41) | 0.34(0.12,0.93) 0.32(0.10,1.01) 0.78(0.21, 2.82)
Mother’ | 15-19 years
S 0.76 (0.62,0.93) 0.95(0.76,1.17)  0.93(0.75,1.15) | 0.52(0.40,0.66) 0.54 (0.42,0.70)  0.65 (0.49, 0.87)
age 20_24 years 1*** 1*** 1*** 1*** 1*** 1
at birth | 25-29 years | 1.28(1.14,1.43)  1.17(1.04,1.31) 1.15(1.02,1.29) | 1.36(1.16,1.59) 1.29(1.09,1.54)  1.10(0.91, 1.32)
30-34 years | 1.36(1.20,1.53) 1.36(1.19,1.55) 1.32(1.16,1.51) | 1.32(1.07,1.64) 1.37(1.07,1.76)  1.03(0.80, 1.34)
35-39 years | 1.34(1.17,1.54) 1.62(1.38,1.91) 1.58 (1.34,1.86) | 1.19(0.73,1.94) 1.43(0.83,2.47) 0.96 (0.52, 1.77)
>40 years 0.89(0.73,1.08) 1.38(1.10,1.74) 1.31(1.05,1.65) | [too few cases] [too few cases] [too few cases]
Mother’ | Married
S 1*** 1*** 1*** 1*** 1*** 1**
marital | Unmarried 0.52 (0.46,0.59)  0.69 (0.59,0.80)  0.71(0.61,0.83) | 0.72(0.63,0.83) 0.88(0.74,1.03)  1.05 (0.88, 1.25)
status Widow/
divorced 0.76 (0.46,1.27) 1.03(0.59,1.78) 1.07(0.62,1.84) | 0.21(0.15,0.31)  0.27 (0.18,0.41)  0.42 (0.27, 0.65)
Family High NM 1*** 1*** 1*** 1*** 1*** 1*
social Low NM 0.40 (0.33,0.48)  0.44(0.36,0.53)  0.47 (0.39,0.57) | 0.54 (0.42,0.69) 0.61(0.47,0.78)  0.99 (0.76, 1.29)
class Skilled M 0.22(0.19,0.26)  0.25(0.21,0.29)  0.27(0.23,0.32) | 0.43(0.35,0.54)  0.53 (0.42,0.66)  0.99 (0.78, 1.26)
Unsk. M 0.16 (0.13,0.18)  0.19(0.16,0.22)  0.21(0.18,0.24) | 0.29 (0.24,0.36)  0.38 (0.30,0.47)  0.87 (0.69, 1.10)
Self-empl. 0.40 (0.31,0.51)  0.43(0.33,0.55)  0.45(0.35,0.58) | 0.47 (0.36,0.62)  0.56 (0.42,0.75)  0.98 (0.72, 1.34)
Farmers 0.16 (0.14,0.20)  0.19(0.16,0.23)  0.19(0.16,0.23) | 1.19(0.61,2.32) 1.30(0.66,2.56)  1.79 (0.92, 3.48)
Housedau 0.11 (0.09,0.14)  0.15(0.12,0.20) 0.16 (0.12,0.22) | - - -
Other - - - 0.21(0.15,0.30)  0.28 (0.20,0.39)  0.59 (0.40, 0.87)

*p<0.05, **0<0.01, ***p<0.001. High NM = high/mediate non-manual, Low NM=Ilow non-manual,
Skilled M=skilled manual, Unsk M=semi/unskilled manual, Self-emp=self-employed,
Housedau=housedaughters, Other=retired/student/other. tMinimally adjusted: variables entered separately,
adjusting only for gender and birthyear. Results not presented for G3 children of mothers aged 40 or more
because of the very small sample size (N=6)
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Additional Material, Table 5: G1 early-life characteristics and educational outcomes among their G3
grandchildren

G3s
Nt Schoolmark % secondary % tertiary
mean (z-score) school education
Total
population 9,706  0.00 89.5 32.3
G1 gender Male 4,467 -0.01 89.2 31.6
Female 5239 0.02 89.7 32.9
G1 birthweight | <2,500g 386 -0.06 91.4 30.5
2,500-3,000g 1,346 -0.01 88.1 33.1
3,000-3,5009 3,542  0.00 89.3 31.2
3,500-4,0009 3,135 0.00 89.5 325
>4,000g 1,230 0.08 91.1 34.6
G1 gestational Pre-term 6,95 -0.04 88.7 30.7
age Term 7,530 0.03 89.9 32.7
Post-term 1,149 -0.11 87.6 31.0
G1 birth Singleton 9,464 0.01 89.4 32.3
multiplicity Twin/triplet 242 -0.07 90.4 31.3
G1 birth 1 3,656 0.02 90.2 33.3
order 2-3 3,459 0.03 89.3 33.0
4-5 1,411  -0.05 88.0 30.2
6 or more 1,177 -0.05 89.5 29.3
G1 mother’s 15-19 626 -0.06 88.3 30.0
age at birth 20-24 2,647  -0.06 88.1 30.0
25-29 2,670 0.04 90.5 32.9
30-34 1,936 0.07 90.0 345
35-39 1,193 0.04 89.6 34.1
> 40 years 629 -0.05 90.1 314
G1 mother’s Married 7,653  0.03 90.1 33.6
marital status Unmarried 1,945 -0.12 87.1 27.1
Widowed/divorced 87 0.14 90.7 37.2
G1 family High/mediate non-manual 745 0.32 91.6 44.0
social class Lower non-manual 666 0.15 89.0 40.4
Skilled manual 1,367 -0.01 89.1 33.7
Semi/unskilled manual 4568 -0.08 88.5 28.9
Self-employed 299 0.31 94.3 42.9
Farmers 1,399 0.06 914 31.0
Housedaughter 532 -0.17 88.5 26.8

+ Missing data means that the number of individuals for some variables is less than the total.




