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AbsTrACT
background Social and biological circumstances at 
birth are established predictors of adult socioeconomic 
position (SEP). This study aims to assess the trends in 
these associations across two generations and examine 
the effects of parental early- life characteristics on 
descendants’ adult SEP.
Methods We studied men and women born in the 
Uppsala University Hospital 1915–1929 (G1) and their 
offspring born 1932–1960 (G2). Data were collected in 
archives and routine registers. Adult SEP was assessed 
as an aggregate measure combining education 
and occupation. The exposures were family SEP, 
mother’s marital status, mother’s parity, mother’s age, 
standardised birth weight, gestational length and birth 
multiplicity. Linear regression was used to examine the 
associations across generations.
results The difference in adult SEP between low 
and high family SEP at birth was 15.8 (95% CI: 13.3 
to 18.3) percentage points smaller in G2 compared 
with G1, although a considerable difference was still 
evident in G2. The associations of adult SEP with small 
birth weight for gestational age, post- term birth and 
high parity were stable between the generations: the 
generational differences in adjusted coefficients were 1.5 
(95% CI: −1.1 to 4.1), 0.6 (–1.7 to 2.9) and 1.8 (–0.2 
to 3.8) percentage points, respectively. The association 
between grandparental and grandchildren’s SEPs was 
largely explained by parental socioeconomic conditions. 
Father’s preterm birth was independently associated with 
offspring’s SEP.
Conclusion The stability of the associations between 
early- life biological disadvantages and adult SEP and the 
persistent, although attenuated, association between 
early- life and adult SEPs necessitates increased policy 
attention to both social and health conditions at birth.

InTroduCTIon
A challenge in public health is the persistent health 
inequalities between educational and occupational 
groups. The socioeconomic gradient in health 
continues to exist even in societies with generous 
welfare arrangements.1 2 The genesis of the socio-
economic gradient in health is conventionally 
explained by two theoretical frameworks: social 
causation and health selection. In view of the 
social causation approach, socioeconomic position 
(SEP) determines health while the health selection 
approach posits that health status itself or health 
determinants influence SEP through selection into 

higher social positions since the healthier persons 
are more likely to move up the social hierarchy.3

Individuals are not randomly allocated to adult 
social positions and health statuses which have their 
systematic origins in early life4–6 and the current study 
draws on the life course approach to understand how 
early- life circumstances systematically set individuals 
onto different socioeconomic trajectories. Within this 
approach, both social and health conditions in the early 
stages of life are integrated into a single framework 
to predict the socioeconomic and health outcomes 
across the life course and across generations.7–9 While 
the health indicators at birth such as low birth weight 
or preterm birth are known to be constituting an 
important mechanism in the process of social stratifi-
cation, they themselves tend to be socially patterned, 
implying a SEP- health gradient already taking place 
at birth.9 10 The advantaged socioeconomic condi-
tions of parents may lead to offspring’s upward social 
mobility by providing opportunities for education 
and employment. Socioeconomic conditions of the 
parents may also act through biological mechanisms 
by exposing the offspring to increased vulnerability 
to stress and malnutrition during pregnancy, thereby 
affecting fetal growth and development11 12 which, 
in turn, may lead to poorer SEP through cognitive, 
non- cognitive and biological pathways9 (See online 
supplementary figure 1).

Although the disadvantaged conditions at birth 
are often demonstrated to be associated with poorer 
cognitive, educational, labour market and health 
outcomes along the life span,13–16 little research has 
been carried out to examine whether the same asso-
ciations are subject to changes in different histor-
ical contexts. With the advent of the modern social 
welfare regime in Sweden in the post- World War II 
period, dramatic changes in the social environment 
took place: opportunities for education and health-
care services were equalised, living standard was 
improved, a universal child allowance was intro-
duced, infant mortality declined and childbearing 
outside of wedlock increasingly became socially 
acceptable.17–19 Given the large- scale egalitarian 
reforms, it is reasonable to assume that the impact 
of family social background and the associated early- 
life biological conditions on subsequent educational 
and socioeconomic successes have attenuated over 
time. To monitor the early- life determinants of social 
and health inequalities and evaluate policy efforts 
to alter them, it is crucial to pay an explicit atten-
tion to the changing societal, political and historical 
contexts.20 21
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One potential route through which early- life disadvantages 
may persist over time is intergenerational reproduction. There 
is ample intergenerational research linking parental social 
disadvantages to the educational and socioeconomic outcomes 
of their descendants.22–27 However, not much is known about 
the intergenerational influences of parents’ early- life biological 
disadvantages on the offspring’s socioeconomic achievements. 
Based on register data from two generations of Swedish families, 
the current study sought to answer two major research questions 
(see also online supplementary figure 2):
i. Have the associations of biological and social disadvantages 

at birth with SEP in adulthood changed across generations?
ii. Are the parent’s biological and social conditions at birth 

associated with the offspring’s adult SEP? Are these as-
sociations mediated by parents’ adult socioeconomic 
circumstances?

MeThods
study populations
The study base includes the first (G1) and the second (G2) gener-
ations of the Uppsala Multi- generational Birth Cohort Study. G1 
comprise all live births in the Uppsala University Hospital in 
Sweden during 1915–1929. G2 was the biological offspring of 
G1 born 1932 and onwards.28

Of the 14 192 members in G1, 12 168 could be traced in regis-
ters through unique personal identification numbers. The study 
sample included 11 937 individuals who were alive and living in 
Sweden until November 1960 (when the population and housing 
census was carried out). Of them, 86% (n=10 233) had complete 
information on all study variables. Main analyses of G2 individuals 
were restricted to 9248 offspring of parents resident in the Uppsala 
region as obstetric records of individuals born elsewhere could not 
be obtained. A total of 7238 G2 obstetric records were traced. We 
further excluded individuals born after 1960 (n=335) to allow the 
study subjects to attain their occupational class at a minimum age 
of 30 during the latest census in 1990. Of the remaining 6903, 
88% (n=6055) had complete data on all the study variables (See 
online supplementary figure 3). Our sensitivity analyses included 
all members of G2 with data on relevant social and demographic 
characteristics available.

Measures
Outcome
Adult SEP was assessed through Hollingshead’s Index of Social 
Position (HISP), a measure aggregating occupation and educa-
tion.29 30 The 1960 Swedish census provided data on the occu-
pation of G1 and 1980 and 1990 censuses on occupation of 
G2. The data on education were obtained from censuses and 
education registers until 2008 and the highest education ever 
achieved at age 21+years was used. Education was categorised 
on a 7- point hierarchical scale: (1) pre- secondary<9 years, (2) 
compulsory 9 years, (3) upper secondary≤2 years, (4) upper 
secondary>2 years, (5) post- secondary<3 years, (6) post- 
secondary≥3 years and (7) postgraduate. Based on Statistics 
Sweden’s socioeconomic classification scheme,31 occupation was 
also hierarchically arranged: (1) unskilled workers, (2) skilled 
workers, (3) self- employed other than professionals, (4) lower 
non- manuals, (5) mid- non- manuals, (6) upper non- manuals and 
(7) self- employed professionals. While we primarily used partic-
ipant’s own occupation to calculate the socioeconomic index, 
household head occupation was also used in G1 if own occupa-
tion was not available. The HISP is a weighted score calculated 
by multiplying the values of education and occupation (1–7) by 

the factor weights of 4 and 7, respectively.29 30 32 33 The aggre-
gated sum ranged from 11 to 77, with a lower score indicating 
lower SEP. We transformed the HISP scores into percentages 
(range 0–100) to facilitate interpretations of the findings.

For sensitivity analysis, we divided the HISP scores within 
each generation into tertiles which, in turn, were dichotomised 
into advantaged SEP (highest tertile) and disadvantaged SEP 
(two lower tertiles). In addition, education and occupation were 
used as separate binary outcomes. Education was dichotomised 
as high (education higher than senior high school, ie, university 
level) and low (≤senior high school). Occupation was dichot-
omised as advantaged (self- employed professionals and upper 
non- manual and mid- non- manual workers) and disadvantaged 
(lower non- manuals, self- employed other than professionals, 
skilled and unskilled workers).

Exposures
The exposures of interest were family SEP, mother’s marital 
status at child birth, mother’s parity, standardised birth weight, 
gestational age, multiplicity of birth and mother’s age at child 
birth. Exposures were derived from archived obstetric, school 
and census 1930 records. Family SEP for G2 was based on 1960 
census data. Birth weight was standardised for gestational weeks, 
separately for men and women. Using its percentile distribu-
tion, the standardised birth weight was then divided into three 
categories: small- for- gestational age defined as infants at the 
bottom 10th percentile; normal defined as infants between 10th 
and 90th percentiles; and large- for- gestational age defined as 
infants above the 90th percentile. Gestational age was grouped 
into preterm (≤36 weeks), term (37–41 weeks) and post- term 
(≥42 weeks) births. Multiplicity of birth was dichotomised as 
single and twin/triplet. Mother’s parity was categorised into 1, 2 
and ≥3. Mother’s marital status was dichotomised into married 
and unmarried (ie, single/divorced/widowed). Mother’s age at 
child’s birth was grouped as <20, 20–24, 25–29, 30–34 and 
≥35 years.

We assessed family SEP in G1 using father’s occupation if 
recorded (80%) and mother’s occupation if father’s occupation 
was not available (20%). For G2, occupation of the household 
head from census 1960 was used. In both generations, family 
SEP was categorised as follows: high family SEP (self- employed 
professionals and the upper and intermediate non- manual 
workers); medium (lower non- manuals, military, farmers and 
the self- employed other than the professionals) and low (skilled 
and unskilled workers and parents with no occupation).

Control variables
The main control variables were year of birth and gender 
obtained from archived records and registers. For effect esti-
mation of each specific exposure, additional confounders were 
chosen from the remaining exposures in line with the respec-
tive causal model. When assessing the effects of parents’ early- 
life exposures on offspring’s adult SEP, parents’ year of birth 
was used as a confounder and parent’s education, occupation 
and equivalised disposable income as mediating variables. The 
highest income ever recorded at ages 30–64 years was stan-
dardised for age, gender and calendar year and was equivalised 
to account for the family size and composition.

statistical analyses
Stata/SE V.15.0 was used for all analyses. The distributions of 
the early- life characteristics were assessed separately for the two 
generations. Linear regression models were fitted to estimate 
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Table 1 Distribution of early- life characteristics in two generations 
from the Uppsala Multi- generational birth cohort, Sweden

early- life characteristics

Generation 1 Generation 2

P valuen % n %

Family socioeconomic position

  High 909 8.9 2247 37.1 0.001

  Medium 4213 41.2 1466 24.2

  Low 5111 49.9 2342 38.7

Mother’s marital status

  Married 8514 83.2 5449 90.0 0.001

  Unmarried 1719 16.8 606 10.0

Mother’s parity

  1 3821 37.3 2823 46.6 0.001

  2 2490 24.3 1982 32.7

  ≥3 3922 38.3 1250 20.6

Birth weight (standardised)

  SGA 920 9.0 613 10.1 0.051

  Normal 8255 80.7 4838 79.9

  LGA 1058 10.3 604 10.0

Length of gestation

  Preterm (≤36 weeks) 727 7.1 362 6.0 0.019

  Term (37–41 weeks) 8274 80.9 4970 82.1

  Post- term (≥42 weeks) 1232 12.0 723 11.9

Multiplicity of birth

  Singleton 9971 97.4 5960 98.4 0.001

  Twin/triplet 262 2.6 95 1.6

Mother’s age (years) at birth

  <20 458 4.5 510 8.4 0.001

  20–24 2692 26.3 2093 34.6

  25–29 2913 28.5 2144 35.4

  30–34 2147 21.0 1044 17.2

  ≥35 2023 19.8 264 4.4

  Total 10 233 100 6055 100

LGA, large- for- gestational age; SGA, small- for- gestational age.

the effects and their 95% CIs. The main statistical analysis was 
carried out at two stages:

First, we tested whether the associations between early- life 
exposures and adult SEP varied significantly between the two 
generations. This was done by fitting a regression model with a 
product term between each exposure of interest and generation, 
with a statistically significant interaction indicating a change of 
the studied association. The differences in the associations were 
assessed both in minimally and multiply adjusted models. The 
minimally adjusted models mainly controlled for year of birth as 
well as gender when appropriate. The multiply adjusted models 
additionally controlled for different sets of confounders relevant 
to the respective models. Any potential interaction between the 
exposures or effect modification by gender was also systemati-
cally explored and reported. To facilitate better comparison of 
the associations, the analyses were repeated using a restricted G2 
sample born during 1945–1960 and the results were reported as 
supplementary.

The second stage of analysis focused on parent- to- offspring 
transmissions. The G2 study subjects were considered as the 
units of analysis and the associations between G1’s early- life 
characteristics and G2’s adult SEP were estimated separately 
along maternal and paternal lines. In addition to the confounding 
factors, we adjusted for parental education, occupation and 
income as mediators in the regression models. We accounted for 
the intra- cluster correlation in siblings by estimating robust stan-
dard errors in all statistical models.

Additional analyses using HISP, education and occupation 
as separate binary outcomes were based on logistic regression 
models. The results from logistic regression are presented as 
ORs in supplementary tables.

resulTs
The distribution of the early- life characteristics of the two gener-
ations is shown in table 1. There was a slightly higher prevalence 
of SGA and lower prevalence of preterm births in G2 compared 
with G1. The distribution of family SEP suggests a substantial 
upward trend from low to medium and high family SEP. The 
proportion of multiple births and mothers of higher parity 
declined over time and the number of younger mothers has risen 
considerably. Compared with the G2 sample, there was a higher 
representation of single mothers in G1.

The distribution of HISP scores was skewed to the right in both 
generations, with a higher proportion of individuals at the lower 
end of the scale (figure 1). When compared with G1, G2 had a 
relatively high concentration of individuals at the upper socioeco-
nomic spectrum. The mean HISP scores in G1 and G2 were 31.1 
(SD 25.1, median 31.8) and 38. 2 (SD 24.9, median 34.8), respec-
tively, suggesting an upward intergenerational social mobility in 
the younger generation. The distribution of the HISP by early- life 
characteristics is presented in online supplementary table 1.

Table 2 displays the associations between early- life expo-
sures and adult SEP as well as the differences in the associations 
between the two generations. Compared with high family SEP, 
low and medium SEPs showed substantially lower HISP scores 
in both generations. The effect size among individuals with 
low family SEP was found to be even greater in the whole G2 
population (ß: −17.1; 95% CI: −17.9 to −16.3) in comparison 
with the studied G2. The early- life biological characteristics—
birth weight, gestational length and birth multiplicity—did not 
mediate the estimated associations between early- life family SEP 
and adult SEP (data not shown). Having a mother with high 
parity or having a younger or unmarried mother was associated 

with lower HISP scores in both generations. The association 
between mother’s marital status and adult SEP in G1, however, 
attenuated when family SEP was accounted for. Being born small- 
for- gestational age in G1 was associated with 2.9 point lower 
score (95% CI:−4.7 to −1.2) on the HISP scale as compared 
with being born with normal birth weight for gestational age. 
Controlling for the confounders hardly affected the strength of 
this association (table 2). The association did not reach statis-
tical significance in G2, although a strong and statistically signif-
icant association was found in women (ß: −3.5; 95% CI: −5.3 
to −1.7, see also table 3). Preterm birth showed no association 
with HISP in either generation while post- term birth was associ-
ated with poorer HISP in both generations. Adjustment for the 
confounders resulted in a reduction of this association in G1 and 
a non- signification association in G2 (table 2).

The associations of adult SEP with standardised birth weight, 
gestational length, mother’s parity and multiplicity of birth 
remained mostly stable over time, as evident from the exposure–
generation interactions in both minimally and multiply adjusted 
models. On the other hand, the association between family SEP 
and adult SEP substantially attenuated, with low versus high family 
SEP showing a decline in the HISP score by 15.8 percentage points 
(95% CI: 13.3 to 18.3) in G2 compared with G1. Furthermore, the 
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Figure 1 Density of the distribution of Hollingshead’s Index of Social 
Position by generation.

associations of adult SEP with mother’s marital status and mother’s 
younger age at birth turned stronger in G2 (table 2).

Logistic regression analysis assessing HISP as a binary outcome 
revealed very similar trends (online supplementary table 2) with 
an exception of high parity showing an attenuated association. 
Similarly, the observed trends in the logistic regression models 
using education and occupation as separate outcomes (online 
supplementary table 3 and online supplementary table 4, respec-
tively) were largely consistent with the overall trends in the 
linear regression analysis, with a somewhat weaker association 
between SGA and educational attainment in G2 relative to G1.

No interactions were found between biological and social 
exposures with regard to the outcome. There was, however, an 
evidence of three- way interaction among family SEP, generation 
and gender (p value for interaction 0.009). A similar three- way 
interaction was detected among mother’s marital status, gener-
ation and gender (p value for interaction: 0.016). As shown in 
table 3, the relative difference between low and high family SEP 
declined to greater extent in men (ß change: 18.9; 95% CI: 15.6 
to 22.3) than in women (ß change: 12.3; 95% CI: 9.1 to 15.7). On 
the other hand, the association between mother’s marital status 
and adult SEP became stronger among women while the same 
association among men remained unchanged.

Table 4 shows the associations linking offspring’s adult SEP 
to maternal and paternal early- life characteristics. The results 
reveal that children’s adult SEP was associated with parents’ low 
family SEP at birth (ie, grandparental SEP) along both lines of 
parents (ßmother: −10.3; 95% CI: –16.0 to −4.1. ßfather: −7.9; 
95% CI: –14.1 to −1.7). The associations were attenuated when 
grandmothers’ marital status was adjusted for (Model 2) and 
became considerably reduced with the adjustment for mothers’/ 
fathers’ education, occupation and income (Model 3). On the 
other hand, the association between grandmothers’ marital 
status and G2’s adult SEP remained robust to the control for 
parents’ family SEP (Model 2) and parental adult socioeconomic 
characteristics (Model 3) along the maternal lineage.

Compared with children whose fathers were born within the 
normal duration of gestation, children with fathers born preterm 
performed poorer as adults on the HISP scale (ßfather: −4.3; 
95% CI: −7.9 to −0.7). This association remained significantly 
strong and robust even when the fathers’ early- life conditions 
(Model 2) and adult socioeconomic circumstances (Model 3) 
were adjusted for (ßfather: −4.4; 95% CI: −7.7 to −1.2). Addi-
tional conditioning on children’s birth weight, gestational age 

and multiplicity of birth did not explain the association either 
(data not shown).

The studied associations were not generally modified by the 
gender of children, except for father’s family SEP which showed 
an association among male children only (data not shown).

dIsCussIon
Main findings
We investigated the connections between unfavourable condi-
tions at birth and attainment of social class position in adult life 
across two Swedish generations. In line with previous research, 
we found that in both generations, individuals with poorer SEP in 
adulthood were more likely to have experienced social and biolog-
ical disadvantages at birth, that is, had parents with lower social 
class,9 22 younger or unmarried mothers,22 families with relatively 
large number of older siblings,34 35 restricted fetal growth9 14 22 or 
were born post- term.14 36 37 The trend analysis further suggests 
that the association between SEP of origin and SEP of destination 
became weaker over time while the associations between biolog-
ical conditions at birth and adult SEP tended to be stable. We 
further demonstrated that the association between grandparental 
and grandchild SEPs was largely accounted for by parental adult 
socioeconomic conditions. On the other hand, paternal preterm 
birth remained associated with offspring’s adult SEP irrespective of 
paternal adult socioeconomic circumstances.

Interpretations
The attenuation of the association between parental and own 
SEPs in the more recent generation suggests that Sweden has 
partially accomplished its political goal in establishing equal 
opportunity structures. This finding is unsurprising since the 
two generations under investigation had their upbringing and 
schooling in two different historical epochs, roughly before and 
after the period of sweeping social reforms in the late 1940s.17 18 
We have further shown that men made longer strides over time 
than women when it comes to social mobility—an important 
gender difference which partly reflects the relatively low- skilled 
occupations held by women despite their increased participation 
in education and the labour force over time.

Whereas the effects of parental marital status and high parity 
on child outcomes are often attributed to socioeconomic disad-
vantages or the dilution of material household resources,38 39 our 
findings are not entirely in accord with this common explanation. 
Irrespective of parental SEP, this study shows strong birth order 
effects on own SEP in both generations and a stronger effect of 
mother’s marital status in the younger generation. A stable trend 
of such effects across different birth cohorts were demonstrated 
in previous studies.22 34 40 Importantly, with the increased egal-
itarian social structure and reduced social stigma tied to births 
outside of marriages over time, the persistence of the effects in 
more advanced societies might involve a different mechanism. It 
is plausible that children having both parents or fewer siblings 
receive better quality environment for parent–child interaction 
which in turn favours their intellectual stimulation.41 42

Contrary to prior research that demonstrated cognitive and 
educational deficits in children born preterm,14 43 44 we found 
no effect of preterm birth on adult SEP in either generation. 
However, reduced fetal growth and post- term birth emerged in 
this study as important early- life biological factors that impact on 
educational and occupational attainment. Importantly, our study 
provides little evidence of attenuation regarding the impact of 
biological disadvantages which seem to have a sustained influ-
ence on adult socioeconomic trajectories.
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Table 2 Generational differences in the associations between early- life characteristics and adult SEP measured by Hollingshead index, the Uppsala 
Multi- generational birth cohort, Sweden (n=16 288)

Early- life characteristics*

Model 1† Model 2‡

Generation 1 Generation 2
difference in 
association Generation 1 Generation 2

difference in 
association

ß(95% CI)§ ß(95% CI)§
ß change

(95% CI)¶ ß(95% CI)§ ß(95% CI)§
ß change

(95% CI)¶

Family seP

High Ref. Ref. Ref. Ref. Ref. Ref.

Medium −24.9
(–26.8 to –23.1)

−10.8
(–12.7 to –8.9)

14.1
(11.4 to 16.8)**

−24.9
(–26.8 to–23.0)

−10.8
(–12.8 to –8.9)

14.1
(11.4 to 16.7)**

Low −30.3
(–32.1 to –28.4)

−13.7
(–15.4 to –12.1)

16.5
(14.0 to 19.0)**

−29.4
(–20.7 to –18.2)

−13.6
(–15.3 to –12.01)

15.8
(13.3 to 18.3)**

Mother’s marital status

Married Ref. Ref. Ref. Ref. Ref. Ref.

Unmarried −5.9
(−7.2 to –4.7)

−7.4
(−9.4 to –5.3)

−1.5
(−3.8 to 1.0)**

−1.0
(−2.4 to 0.3)

−6.9
(−8.9 to –4.9)

−5.9
(–8.2 to –3.4)**

Mother’s parity

1 Ref. Ref. Ref. Ref. Ref. Ref.

2 −2.1
(−3.3 to –0.9)

−3.4
(−4.7 to –2.1)

−1.3
(−3.0 to 0.5)

−4.3
(−5.5 to –3.1)

−4.6
(−5.9 to –3.3)

−0.3
(−2.0 to 1.4)

≥3 −7.7
(−8.8 to –6.6)

−8.2
(−9.9 to –6.5)

−0.5
(−2.6 to 1.5)

−11.4
(–12.7 to –10.2)

−9.6
(–11.3 to –7.9)

1.8
(−0.2 to 3.8)

birth weight (standardised)

SGA −2.9
(−4.7 to –1.2)

−1.6**
(−3.8 to 0.5)

1.3
(−1.4 to 4.1)

−3.00
(−4.6 to –1.4)

−1.5**
(−3.6 to 0.5)

1.5
(−1.1 to 4.1)

Normal Ref. Ref. Ref. Ref. Ref. Ref.

LGA −0.1
(−2.6 to 0.7)

1.4
(−0.8 to 3.6)

2.4
(−0.3 to 5.2)

−0.1
(−1.6 to 1.5)

2.5
(0.4 to 4.6)

2.6
(−0.0 to 5.2)

length of gestation

Preterm (≤36 weeks) −1.2
(−3.1 to 0.8)

−1.6
(−4.5 to 1.3)

−0.4
(−3.91 to 3.07)

−0.1
(−2.0 to 1.7)

−1.3
(−4.1 to 1.4)

−1.2
(−4.4 to 2.1)

Term (37–41 weeks) Ref. Ref. Ref. Ref. Ref. Ref.

Post- term (≥42 weeks) −3.1
(−4.6 to –1.6)

−2.6
(−4.6 to –0.4)

0.5
(−2.03 to 2.96)

−2.3
(−3.7 to –0.9)

−1.7
(−3.5 to 0.2)

0.6
(−1.7 to 2.9)

Multiplicity of birth

Singleton Ref. Ref. Ref. Ref. Ref. Ref.

Twin/triplet −2.8
(−6.6 to 0.9)

−6.0
(–11.6 to –0.4)

−3.2
(−9.9 to 3.5)

−2.7
(−6.1 to 0.7)

−4.5
(−10.1 to 1.1)

−1.8
(−8.3 to 4.7)

Mother’s age (years) at birth

<20 −4.6
(−6.9 to –2.2)

−7.1
(−9.5 to –4.7)

−2.5
(−5.9 to 0.8)

0.3
(−2.1 to 2.7)

−5.7
(−8.1 to –3.3)

−6.0
(−9.3 to –2.7)

20–24 −2.9
(−4.3 to –1.6)

−3.7
(−5.3 to –2.2)

−0.8
(−2.8 to 1.2)

−0.5
(−1.8 to –0.8)

−2.9
(−4.4 to –1.5)

−2.4
(−4.2 to –0.5)

25–29 Ref. Ref. Ref. Ref. Ref. Ref.

30–34 1.0
(−0.4 to 2.5)

0.7
(−1.2 to 2.5)

−0.3
(−2.7 to 2.0)

0.2
(−1.1 to 1.5)

0.8
(−1.0 to 2.6)

0.6
(−1.7 to 2.8)

≥35 −1.7
(−3.2 to –0.2)

−1.0
(−4.3 to 2.4)

0.7
(−2.9 to 4.4)

−2.6
(−4.0 to –1.1)

−0.9
(−4.1 to 2.4)

1.7
(−1.8 to 5.2)

Bold typeface indicates statistical significance (p<0.05).
*Each exposure represents a separate linear regression model.
†Model 1 statistically adjusted for year of birth (gender was also adjusted for to estimate the effect of length of gestation).
‡Model 2 additionally adjusted for different sets of confounders for different exposures. The associations with family SEP and mother’s marital status were estimated by adjusting for each 
other. The association with mother’s parity was estimated by adjusting for family SEP, multiplicity of birth, mother’s marital status and mother’s age at child birth. The associations with 
standardised birth weight, length of gestation and multiplicity of births were estimated by adjusting for all exposures. The association with mother’s age at birth was adjusted for family SEP 
and mother’s marital status. An exposure*generation interaction term was fitted in all models to assess if the associations vary by generation. Since a significant interaction between family 
SEP and generation was detected in Model 1, this interaction was adjusted for in Model 2 when appropriate.
§Obtained in post- estimation from the fitted linear regression models.
¶Obtained from linear regression models by fitting an interaction term of exposure*generation.
**Estimates modified by gender: p value for family SEP*generation*gender=0.009; p value for marital status*generation*gender=0.016. See also table 3.
ß, beta coefficient; LGA, large- for- gestational age; Ref., reference group; SEP, socioeconomic position; SGA, small- for- gestational age.
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Table 3 Generational differences in the gender- modified associations between early- life characteristics and adult SEP measured by Hollingshead 
index, the Uppsala Multi- generational birth cohort, Sweden

Early- life social characteristics*

Men (n=8513) Women (n=7775)

Generation 1 Generation 2
difference in 
association Generation 1 Generation 2

difference in 
association

ß(95% CI)† ß(95% CI)†
ß change

(95% CI)‡ ß(95% CI)† ß(95% CI)†
ß change

(95% CI)‡

Family seP

High Ref. Ref. Ref. Ref. Ref. Ref.

Medium −28.7
(–31.3 to −26.1)

−13.1
(–15.6 to −10.6)

15.6
(12.0 to 19.2)

−20.7
(–23.1 to −18.3)

−8.5
(–10.9 to −6.0)

12.2
(8.8 to 15.7)

Low −33.8
(–36.4 to −31.2)

−14.9
(–17.0 to −12.7)

18.9
(15.6 to 22.3)

−24.7
(–27.2 to −22.3)

−12.4
(–14.6 to −10.1)

12.3
(9.1 to 15.7)

Mother’s marital status

Married Ref. Ref. Ref. Ref. Ref. Ref.

Unmarried −3.8
(−5.7 to −1.9)

−5.2
(−8.0 to −2.4)

−1.4
(−4.7 to 2.0)

−1.2
(−2.9 to 0.6)

−8.1
(–11.0 to −5.2)

−6.9
(–10.3 to −3.6)

birth weight (standardised)

SGA −2.4
(−4.7 to −0.2)

0.1
(−2.9 to 3.0)

2.5
(−1.2 to 6.2)

−3.6
(−5.9 to −1.4)

−3.4
(−6.3 to −0.5)

0.2
(−3.4 to 3.9)

Normal Ref. Ref. Ref. Ref. Ref. Ref.

LGA 1.1
(−1.1 to 3.2)

3.1
(0.2 to 6.0)

2.0
(−1.6 to 5.6)

−1.2
(−3.2 to 0.9)

2.1
(−0.9 to 5.0)

3.3
(−0.4 to 6.8)

Bold typeface indicates statistical significance (p<0.05).
*Each exposure represents a separate linear regression model. The association with family SEP was adjusted for year of birth and mother’s marital status. The association with mother’s 
marital status was adjusted for year of birth, family SEP and family socioeconomic position*generation. The association with standardised birth weight was adjusted for year of birth, 
mother’s age at birth, mother’s parity, length of gestation, multiplicity of birth, family SEP, mother’s marital status, and family SEP*generation.
†Obtained in post- estimation from the fitted linear regression models.
‡Obtained from linear regression models by fitting an interaction term of exposure*generation.
ß, beta coefficient; LGA, large- for- gestational age; Ref., reference group; SEP, socioeconomic position; SGA, small- for- gestational age.

The empirical literature to compare this trend with is scarce. 
A Swedish study14 conducted among the school children born 
1973 through 1994 suggests a persistent effect of reduced fetal 
growth on later school performance with no indication of effect 
modification by time period. Both reduced fetal growth and post- 
term birth are known as markers of nutritional deficiencies and 
unhealthy uterine environments that may impair fetal brain and 
body development.45–47 This, in turn, may lead to child’s poorer 
cognitive functioning,48 behavioural and emotional problems,49 
and other neurological or developmental disorders50 compro-
mising later intellectual performance and entry into the labour 
market. The observed stability of the impact of biological disad-
vantages over time, therefore, points to the urgency of undertaking 
further research for an improved understanding of the health selec-
tion processes and for informing specific policies and interventions 
supporting the biologically disadvantaged children.

In keeping with previous transgenerational research,22–27 this 
study further suggests that the effects of early- life characteris-
tics are likely to persist through several generations. The social 
exposures in this study (ie, family SEP in childhood and mother’s 
marital status at birth) span over three generations—grandpar-
ents, parents and children—allowing us to assess the multigen-
erational effect of grandparent’s SEP and grandmother’s marital 
status on grandchildren’s adult SEP. The effects of grandparent’s 
SEP and the grandmother’s marital status were found to be trans-
mitted to their grandchildren along both maternal and paternal 
lines. Partly contradicting previous studies that reported a direct 
effect of grandparent’s SEP on the SEP of grandchildren,23–25 our 
study found only an indirect effect operating through parental 
education, occupation and income.

An unexpected finding is the father’s preterm birth exerting a 
strong effect on offspring’s adult SEP. Intriguingly, this effect is 

explained neither by paternal adult socioeconomic circumstances 
nor by offspring’s health conditions at birth. This persisting inter-
generational influence might theoretically be attributed in part 
to the increased susceptibility of the male fetuses to maternal 
stress during pregnancy,12 a biological disadvantage likely to be 
passed on to the succeeding generation via genetic or epigenetic 
pathways12 51 and may include mechanisms involving person-
ality traits or cognitive function51 52 of the offspring of preterm 
fathers. Further research is needed to replicate this novel finding 
in other settings and explore its mechanisms.

strengths and limitations
We accounted for a broad set of social, demographic and/
or biological factors when assessing the effect of a particular 
exposure on the socioeconomic outcome, although residual 
confounding by unobserved family traits could remain. A merit 
of the paper is the capturing of two most important dimensions 
of socioeconomic stratification—education and occupation—
into a composite outcome measure. Previous studies applying 
the Hollingshead’s index in the Swedish context found it to be a 
good discriminator of mortality and other health outcomes.32 33 
Finally, the availability of comparable early- life biological indi-
cators across two generations allowed this study to document 
systematically, for the first time, the historical comparison of the 
established associations in a changing societal context. At the 
same time, it extends the current literature by generating new 
evidence on the lineage- specific reproduction of early- life disad-
vantages across two generations.

While G1 was broadly representative of all Swedish births 
in terms of infant mortality and fertility during the respective 
historical period,53 the G2 participants include children born in 
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Table 4 Associations between maternal and paternal early- life characteristics and children’s adult SEP measured by Hollingshead Index, the 
Uppsala Multi- generational Birth Cohort, Sweden

Parents’ early- life characteristics*

Mothers (n=3192) Fathers (n=3126)

Model 1† Model 2‡ Model 3§ Model 1† Model 2‡ Model 3§

ß(95% CI) ß(95% CI) ß(95% CI) ß(95% CI) ß(95% CI) ß(95% CI)

Family SEP

  High Ref. Ref. Ref. Ref. Ref. Ref.

  Medium −6.9
(–12.9 to −0.9)

−6.8
(–12.8 to −0.8)

−0.9
(−6.1 to 4.3)

−6.0
(−12.2 to 0.2)

−6.0
(−12.2 to 0.2)

−3.7
(−1.1 to 8.5)

  Low −10.0
(–16.0 to −4.1)

−9.0
(–15.0 to −2.9)

−2.2
(−7.5 to 3.0)

−8.5
(–14.6 to −2.3)

−7.9
(–14.1 to −1.7)

−2.7
(−2.0 to 7.5)

Mother’s marital status

  Married Ref. Ref. Ref. Ref. Ref. Ref.

  Unmarried −4.9
(−7.7 to −2.1)

−3.7
(−6.6 to −0.8)

−2.8
(−5.4 to −0.1)

−3.3
(−6.2 to −0.4)

−2.1
(−5.1 to 0.9)

1.9
(−4.6 to 0.9)

Mother’s parity

  1 Ref. Ref. Ref. Ref. Ref. Ref.

  2 −1.3
(−1.6 to 4.2)

−0.0
(−3.1 to 3.0)

2.2
(−0.6 to 5.0)

−0.7
(−3.5 to 2.0)

−2.3
(−5.2 to 0.5)

−1.6
(−4.2 to 1.0)

  ≥3 −1.1
(−3.6 to 1.4)

−3.7
(−6.7 to −0.8)

−0.7
(−3.4 to 2.1)

−2.2
(−4.6 to 0.2)

−4.7
(−7.6 to −1.7)

−1.7
(−4.5 to 1.0)

Birth weight (standardised)

  SGA −3.2
(−6.9 to 0.4)

−3.9
(−7.8 to 0.0)

−2.6
(−6.0 to 0.9)

−0.4
(−4.4 to 3.5)

−0.0
(−3.8 to 3.8)

0.1
(−2.4 to 4.3)

  Normal Ref. Ref. Ref. Ref. Ref. Ref.

  LGA −0.85
(−4.4 to 2.7)

−0.7
(−4.3 to 2.8)

−1.2
(−4.6 to 2.2)

1.3
(−2.0 to 4.6)

1.6
(−1.7 to 5.0)

1.1
(−2.0 to 4.3)

Length of gestation

  Preterm (≤36 weeks) −1.1
(−5.0 to 2.8)

−0.8
(−4.9 to 3.2)

−1.2
(−4.8 to 2.4)

−4.3
(−7.9 to −0.7)

−3.8
(−7.5 to −0.1)

−4.4
(−7.7 to −1.2)

  Term (37–41 weeks) Ref. Ref. Ref. Ref. Ref. Ref.

  Post- term (≥42 weeks) −1.1
(−4.5 to 2.2)

−0.7
(−4.0 to 2.5)

1.0
(−2.0 to 4.0)

−1.2
(−4.6 to 2.1)

−0.9
(−4.2 to 2.3)

−0.1
(−3.2 to 3.0)

Multiplicity of birth

  Singleton Ref. Ref. Ref. Ref. Ref. Ref.

  Twin/triplet −2.8
(−9.6 to 4.0)

−3.1
(−10.2 to 4.0)

−1.2
(−7.2 to 4.9)

−6.3
(−15.6 to 2.9)

−6.90
(−14.9 to 3.0)

−5.2
(−13.2 to 2.8)

Mother’s age (years) at birth

  <20 −0.1
(−4.5 to 4.4)

2.9
(−1.8 to 7.7)

3.2
(−1.3 to 7.8)

−5.4
(–10.7 to −0.0)

−3.6
(−9.4 to 2.1)

−2.4
(−7.8 to 3.0)

  20–24 −1.5
(−4.4 to 1.5)

−0.2
(−3.2 to 2.8)

0.7
(−2.0 to 3.4)

−2.6
(−5.3 to 0.1)

−1.9
(−4.6 to 0.9)

−1.8
(−4.4 to 0.7)

  25–29 Ref. Ref. Ref. Ref. Ref.

  30–34 1.5
(−1.7 to 4.7)

1.1
(−2.1 to 4.2)

1.6
(−1.2 to 4.5)

−0.2
(−3.1 to 2.7)

−0.5
(−3.4 to 2.3)

−0.7
(−3.3 to 1.8)

  ≥35 0.4
(−2.7 to 3.4)

−0.2
(−3.3 to 2.9)

0.9
(−1.8 to 3.6)

−2.5
(−5.5 to 0.6)

−3.1
(−6.2 to 0.0)

−2.3
(−5.1 to 0.4)

Bold typeface indicates statistical significance (p<0.05).
*Each exposure represents a separate linear regression model.
†Model 1 adjusted for mother’s/father’s respective year of birth and child’s year of birth.
‡Model 2 additionally adjusted for different sets of confounders for different exposures. The associations with parent’s family SEP and mother’s marital status were estimated by adjusting for 
each other. The association with mother’s parity was estimated by adjusting for mother’s/father’s respective early- life family SEP, multiplicity of birth, mother’s marital status and mother’s age 
at birth. The associations with parental birth weight, length of gestation and multiplicity of births were estimated by adjusting for all exposures. The association with parent’s mother’s age at 
birth was adjusted for the parent’s early- life family SEP and mother’s marital status.
§Model 3 further adjusted for mother’s/father’s respective education, occupation and income.
ß, beta coefficient; LGA, large- for- gestational age; Ref., reference group; SEP, socioeconomic position; SGA, small- for- gestational age.

the Uppsala region only. To the extent that being born in versus 
outside Uppsala is correlated with both early- life characteristics 
and adult SEP (online supplementary table 6), the results might 
suffer from selection bias. A sensitivity analysis of the association 
between early and adult SEPs in the entire G2 population indicates 

a likely underestimation of the social inequalities in the current 
study. Another limitation is that while G1 were born in a 15- year 
historical period (1915–1929), G2 was composed by people born 
across 29 years (1932–1960). However, we obtained very consistent 
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results when performing sensitivity analysis on a restricted G2 
sample born during 1945–1960 (online supplementary table 5).

ConClusIons
The role of parental social class on own socioeconomic achieve-
ment substantially declined over historical time, whereas the 
biological conditions around the time of birth continue to take their 
toll. Hence, more effective policies and interventions specifically 
designed for biologically disadvantaged offspring are warranted. 
This requires further research to pay more attention to health in 
early life and better document and understand the health selec-
tion mechanisms. The fact that the early- life SEP remains strongly 
associated with adult SEP in the later- born generation is a cause 
for concern and highlights the importance of continued efforts to 
minimise the rich–poor gap from the very start of life.

What is already known on this subject

 ► The associations of social and health conditions at birth 
with socioeconomic outcomes in adult life have been well 
documented. Whether the established associations have 
become stronger or weaker over historical time remains to be 
known.

 ► Offspring’s adult socioeconomic position (SEP) is shown to be 
associated with parents’ early- life socioeconomic conditions 
but little is known about its association with parent’s early- 
life biological conditions.

What this study adds

 ► The current study systematically examines the associations 
of both social and biological conditions at birth with the 
attainment of adult SEP across two generations of Swedish 
families.

 ► The association between early- life and adult SEPs has 
become weaker, but still clearly evident, in the more recent 
generation while the associations between biological 
conditions at birth and adult SEP remain unchanged.

 ► The early- life SEP of both fathers and mothers was found 
to affect offspring’s adult SEP mostly via parental adult 
socioeconomic circumstances.

 ► Father’s preterm birth remained associated with offspring’s 
adult SEP independent of father’s adult circumstances.

 ► The study findings highlight the importance of effective 
policies and interventions supporting the offspring who are 
disadvantaged at birth, either socially or biologically.

Correction notice This artice has been corrected since it first published. Note that 
there is a discrepancy between the print version and the online version - this online 
version should be considered the final version of record.
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