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Abstract

Background: A recent epigenetic hypothesis postulates that ‘a sex-specific male-line
transgenerational effect exists in humans’, which can be triggered by childhood trauma
during ‘the slow growth period’ just before puberty. The evidence is based on a few ra-
ther small epidemiological studies. We examine what response childhood trauma pre-
dicts, if any, in the birth size and prematurity risk of almost 800 000 offspring.

Methods: Children of parity 1, 2 or 3, born 1976-2002 in Sweden, for whom we could
trace both parents and all four grandparents, constituted generation 3 (G3, n = 764 569).
Around 5% of their parents, G2, suffered parental (G1) death during their own childhood.
The association of such trauma in G2 with G3 prematurity and birthweight was analysed,
while controlling for confounders in G1 and G2. We examined whether the slow growth
period was extra sensitive to parental loss.

Results: Parental (G1) death during (G2) childhood predicts premature birth and lower
birthweight in the offspring generation (G3). This response is dependent on G2 gender,
G2 age at exposure and G3 parity, but not G3 gender.

Conclusions: The results are compatible with the Pembrey-Bygren hypothesis that trauma
exposure during boys’ slow growth period may trigger a transgenerational response; age
at trauma exposure among girls seems less important, suggesting a different set of path-
ways for any transgenerational response. Finally, parental death during childhood was not
important for the reproduction of social inequalities in birthweight and premature birth.

Key words: Childhood trauma, parental loss, transgenerational response, birthweight, prematurity, slow growth
period, inequalities, Sweden
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Key Messages

effect in humans.

traced, n = 764 000.

response in their offspring.

nerational response.

* A recent epigenetic hypothesis suggests that childhood trauma may trigger a sex-specific male-line transgenerational

¢ We studied whether death of a parent during childhood was associated with prematurity risk and birthweight deficit
in the next generation, using all Swedish births 1976-2002, for whom both parents and all four grandparents could be

Parental (G1) death during (G2) childhood predicts prematurity and lower birthweight in the offspring generation
(G3). This response is dependent on G2 gender, G2 age at exposure and G3 parity, but not on G3 gender.

The results are compatible with the hypothesis that trauma exposure during boys’ slow growth period may trigger a

¢ Age at trauma exposure among girls seems less important, suggesting a different set of pathways for any transge-

Introduction

A human being’s early experience is known to be formative
for development, physical growth, health and cognitive
ability. A suggested mechanism is ‘biological program-
ming’ in utero or infancy. The focus on fetal and infant
growth, however, is somewhat narrow, as early social and
family circumstances may be equally important and mod-
ify early biological programming.

There is
school achievement and health across generations.

in  birthweight,
1-3

considerable continuity
One tradition has typically stressed its genetic basis. A dif-
ferent tradition, in the humanities and the social sciences,
has identified learning from parents and the transmission
of knowledge, material resources and social opportunity
across generations as a driver of such continuity.

The concept of ‘transgenerational response’, however,
does not focus primarily on phenotypic continuity but on
determinant-outcome associations across generations.
Here also there are two principal, but not mutually exclu-
sive, types of pathway. Learning from parents and oppor-
tunity created by parental circumstances represent cultural
or social pathways.* Alternatively, exposures in previous
generations may modify gene expression in later gener-
ations. Although of great theoretical interest, there is at
best scarce evidence that any transgenerational response
among humans is driven by modifications of gene expres-
sion. However, if it were a common phenomenon it would
open up new ways of thinking about disease risk, including
its prevention.”® Our aim in this study is to add to the
knowledge about transgenerational response among
humans by studying the association between parental loss
in childhood, and birth outcomes in the next generation.
A further question is whether or not such response may
contribute to the reproduction of health inequalities across

generations.”

We look at one particular childhood experience:
the loss of a parent through death. Such loss has conse-
quences later in life, psychologically, for morbidity and
mortality.®™'? Carey'* suggests that childhood trauma con-
tributes to later neuropsychiatric disorders via epigenetic
mechanisms. In mammals and plants, early exposure can
modify gene expression, not only in the soma line but in
the germ line too, without changing the DNA sequence.
Such modifications (through methylation, histone acetyl-
ation or microRNAs) represent a specific biological mech-
anism for transgenerational response. In mice, early
trauma caused changes in sperm microRNA content, con-
sistent with a specific male-line response.'’

Few, if any, studies on humans demonstrate such a
mechanism. Bygren et al. identified starvation during ‘the
slow growth period’ as a trigger of transgenerational re-
sponse along the paternal line.'®'” Pembrey, following
Bygren, found that boys who took up smoking before age
11 tended to have offspring with a different metabolism
from that of other boys.'"® We note two observations in
these studies: (i) ‘the slow growth period’, just before pu-
berty, is suggested as sensitive for triggering a transgener-
ational response; (ii) this response, observed in successive
generations, differs by whether it is paternally or mater-
nally transmitted. Although Pembrey and Bygren did not
have access to biological samples, their results are generally
interpreted as support for an epigenetic mechanism. The
'8 that their studies

<

authors themselves write ...provide
proof of principle that a sex-specific male line transgenera-
tional effect exists in humans’, a point which was rein-
forced by the editor, Emma Whitelaw, in the same issue.'’
Behind this claim is the idea that spermatogenesis is envir-
onmentally programmed during boys’ slow growth period,
which is also the period when the testis starts developing.
If trauma influenced such programming and if this had an

effect on offspring’s birth characteristics we should be able
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G1 Maternal grandmothers
364 475 unique individuals
G1 Women

629 820 unique
individuals

G1 Maternal grandfathers
364 419 unique individuals

G1 Paternal grandmothers
364 442 unique individuals

G1 Men
629 343 unique
individuals

G1 Paternal grandfathers
363 843 unique individuals

Figure 1. Description of the three generations included in the analysis.

to detect this in population studies, with data on age at
trauma exposure and birth outcomes, even without genetic
or epigenetic data.

We make no a priori assumptions about the mechan-
isms that cause transgenerational response. We hypothe-
size that (i) experiencing severe childhood trauma such as
parental death may trigger a cascade of events impacting
on development across several generations, detectable
in their children’s birth characteristics. We examine
(ii) whether the slow growth period is a sensitive ‘window
of susceptibility’, allowing such a transgenerational re-
sponse to evolve, and (iii) whether its impact is similar
along paternal and maternal lines of transmission.

Methods

Population under study

The social mobility database is a large, temporary and anony-
mized database covering all individuals resident in Sweden at
any point after 1960 and born 1932-2002, irrespective of
country of birth. Additionally, there is information on their
biological parents from the Swedish Multigeneration Register
even when born before 1932. In total, the database consists
of 13.6 million individuals, linked to information from sev-
eral Swedish national registers. We used the following: the
Population and Housing Census 1960, Cause of Death
Register 1961-2002, the Swedish Register of Education 1990
and the Swedish Medical Birth Register (MBR) 1973-2002.
Stockholm Regional Ethics Committee gave ethical permis-
sion [2009/1115-32].

We extracted all births from the MBR as generation 3
(G3) and established ancestral lineages by tracing their par-
ents (G2) and grandparents (G1). Our study population was
restricted to single births (97.7% of all births) and to births
of parity 1, 2 or 3 (96.3%) in G3; to families where both
parents (G2) were born from 1961 onwards (i.e. it was pos-
sible to trace G1 deaths in the Cause of Death Register;

G2 Fathers

426 870 unique individuals
19 790 (4.7%) lost a parent before 18

G2 Mothers

426 301 unique individuals
19 301 (4.5%) lost a parent before 18

G3 Children
I~ n=764 569

with link to all four grandparents
(G3) through both parents (G2)

33.0%); and families with complete links between G1, G2
and G3 (83.6% of all G1-G2-G3 families). This gave 764
569 individuals in G3 with complete linkages to G2 and
G1, in total 2 876 903 unique individuals across the gener-
ations (Figure 1). Figure 2 describes birth year distributions.

Variables

Exposure

Parental (G1) death during the childhood of G2, 0-17
years, was experienced by 4.6%; in over 70% of these
cases this was the father’s death, in 2% the death of both
parents. If both parents died, G2 age at the first death was
considered. G2 age at parental loss was calculated as calen-
dar year when the loss occurred minus birth year; then
classified as 0-2, 3-7, 8-12 or 13-17. Age 8-12 is considered
the slow growth period.

Outcomes

Birthweight was treated as a continuous variable.
Implausible values (< 0.01% of records) were removed.
Births were classified as premature (< 37 completed weeks

of gestation) or not premature.

Covariates

Education of G2 was defined as short (compulsory, 8-9
years), medium (secondary, usually 12 years), long (post-
secondary/university) or missing. Missing constituted a
separate category in order not to systematically exclude the
youngest part of G2. Social class of G1 was categorized as
non-manual, self-employed, manual, other or missing.
Missing was treated as a separate category.

Method of analysis

We compared children (G3) of individuals (G2) who expe-
rienced parental (G1) death during their own childhood
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Figure 2. Birth year distribution in G1 (left), G2 (middle) and G3 (right) The two lines in G2 represent mothers and fathers, respectively. The four lines

in G1 represent the four kinds of grandparental ancestor.

with children of other G2 individuals. G3 birthweight and
prematurity were analysed by G2 age at parental death
and G2 gender, while adjusting for potential confounders/
mediators using linear or logistic regression. To take into
account the interdependence between siblings, we clustered
the standard errors at the family level throughout analyses.
Parity-specific analyses were undertaken, since previous re-
search suggests that parity may modify transgenerational
response.”” Initially, analyses were run separately for male
and female offspring (G3). As the result did not differ (not
shown), G3 genders were combined. Variables were

categorized as in Table 1.

Confounders

Mortality falls over time. Birthweight increases.”’ To ac-
count for temporal trends, the birth year of G2 individuals
was treated as a potential confounder behind any associ-
ation between parental loss and offspring birth outcomes.
G1 age and social class at G2 birth predict G2 parental
loss. They may also predict both G2 birthweight** and
education, being potential confounders. We addressed con-
founding by controlling for G2 birth year, age of G1
(mother) when G2 was born and social class of G1 (father)
in 1960.

Mediating factors

These help us to understand pathways between parental
loss and offspring birth characteristics. Achieved education
and age at first childbirth of G2 individuals may be influ-
enced by a parent’s death during childhood and predict
their offspring’s birth characteristics; these are therefore
possible mediating factors. Additionally, achieved educa-
tion can be viewed as a marker of earlier social circum-
stances and may thus at the same time confound and
mediate the association between parental death and off-
spring birth outcomes.

Consequently, in analyses of prematurity and birth-
weight, three models were applied: (1) crude differences; (2)
model 1, plus adjustment for confounding factors; and (3)
model 2, plus additional adjustments for hypothesized medi-
ators. In birthweight analyses we considered, but avoided,
adjustments for prematurity as this may introduce ‘collider
bias’ in the estimated association.”® Examining whether any
period of boys’ childhood is particularly sensitive to parental
loss allowed us to test a recent epigenetic hypothesis.

Results

Table 1 describes the population stratified by G2 gender
and parental loss in childhood.
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Table 1. Characteristics of the population under study

G2 women

G2 men

Did not lose a parent

Lost a parent at < 18

Did not lose a parent Lost a parent at < 18

years years
Characteristics of G1 n = 407000 n=19301 n = 407080 n=19790
Age of G1 (grandmother) at childbirth

<21 59623 (14.7%) 2142 (11.1%) 60018 (14.7%) 2162 (10.9%)
2125 152596 (37.5%) 5217 (27.0%) 148396 (36.5%) 5221 (26.4%)
26-34 163912 (40.3%) 8074 (41.8%) 164273 (40.4%) 8252 (41.7%)
>35 30 869 (7.6%) 3868 (20.0%) 34393 (8.5%) 4155 (21.0%)

Social class of G1 (grandfather) in 1960

Non-manual 77444 (19.0%

3577 (18.5%

82367 (20.2% 3907 (19.7%

( ) ( ) ( ) ( )

Self-employed 45735 (11.2%) 2286 (11.8%) 44747 (11.0%) 2428 (12.3%)
Manual 189757 (46.6%) 9477 (49.1%) 188307 (46.3%) 9618 (48.6%)
Other 59535 (14.6%) 2256 (11.7%) 56422 (13.9%) 2138 (10.8%)
Missing 34 529 (8.5%) 1705 (8.8%) 35237 (8.7%) 1699 (8.6%)
Characteristics of G2 n = 407000 n = 19301 n = 407080 n =19790
Birth year of G2

1961-65 107444 (26.4%) 5732 (29.7%) 164457 (40.4%) 8818 (44.6%)
1966-70 160067 (39.3%) 7411 (38.4%) 149114 (36.6%) 6843 (34.6%)
1971-75 104200 (25.6%) 4380 (22.7%) 75027 (18.4%) 3179 (16.1%)
after 1975 35289 (8.7%) 1778 (9.2%) 18 482 (4.5%) 950 (4.8%)
Age of G2 at parental death

0-2 N.A. 1488 (7.7%) N.A. 1486 (7.5%)
3-7 3860 (20.0%) 3882 (19.6%)
8-12 5623 (29.1%) 5903 (29.8%)
13-17 8330 (43.2%) 8519 (43.1%)
Achieved education of G2 in 1990
Short 90931 (22.3%) 4974 (25.8%) 86635 (21.3%) 4923 (24.9%)
Medium 220119 (54.1%) 10266 (53.2%) 232607 (57.1%) 11342 (57.3%)
Long 45847 (11.3%) 1638 (8.5%) 58434 (14.4%) 2056 (10.4%)
Missing 50103 (12.3%) 2423 (12.6%) 29 404 (7.2%) 1469 (7. 4%)
Mean age (SD) of G2 26.2 (4.4) 25.7 (4.6) 27.9 (4.4) 27.5 (4.
in years at the birth
of the first child (G3)

Characteristics of G3 n= 729569 n = 35000 n = 728688 n = 35881
Birth order of children born to G2

1 391709 (53.7%) 18326 (52.4%) 390994 (53.7%) 19041 (53.1%)
2 263108 (36.1%) 12642 (36.1%) 262870 (36.1%) 12880 (35.9%)
3 74752 (10.3%) 4032 (11.5%) 74824 (10.3%) 3960 (11.0%)
Prematurity ( < 37 weeks of gestation) (7, %), by birth order

1 23742 (6.1%) 1154 (6.3%) 23716 (6.1%) 1180 (6.2%)
2 9624 (3.7%) 504 (4.0%) 9655 (3.7%) 473 (3.7%)
3 2854 (3.8%) 197 (4.9%) 2885 (3.9%) 166 (4.2%)
Birthweight in grams (mean, SD), by birth order

1 3481 (551) 3456 (559) 3480 (551) 3469 (557)

2 3645 (534) 3619 (542) 3644 (534) 3629 (550)

3 3680 (553) 3638 (561) 3678 (553) 3668 (561)

Compared with unexposed, the exposed G2 individ-
uals had older mothers and more often fathers of man-
ual class. They tended to have lower education and be
younger when they had their first baby, within each

period of birth of G2 men and women (not shown).
Their children were premature more often and had
lower birthweight, on average, than children of unex-
posed G2.
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Table 2. Parental (G1) death during childhood of G2 and risk of offspring (G3) premature birth by G2 age at parental loss and G3
parity; OR (95% Cl) estimated by logistic regression*

Age of G2 at parental death Model 1 Model 2 Model 3

G2 women

All G3 parities combined, n = 760925
no parental death before 18 REF REF REF
at age 0-2 1.18 (0.99, 1.40) 1.18 (1.00, 1.41) 1.16 (0.97,1.38)
at age 3-7 1.01 (0.90, 1.13) 1.02 (0.90, 1.14) 0.99(0.88,1.12)
at age 8-12 0.99 (0.90, 1.09) 1.00 (0.91, 1.10) 0.97(0.88,1.07)
at age 13-17 1.12 (1.04, 1.21) 1.14 (1.05, 1.23) 1.11(1.02, 1.20)

Parity = 1,7 = 407678
no parental death before 18
at age 0-2
atage 3-7
at age 8-12
atage 13-17
Parity =2, n = 274780
no parental death before 18
at age 0-2
at age 3-7
at age 8-12
atage 13-17
Parity = 3, n = 78467
no parental death before 18
at age 0-2
atage 3-7
at age 8-12
atage 13-17
G2 men
All G3 parities combined, 7 = 760925
no parental death before 18
at age 0-2
at age 3-7
at age 8-12
atage 13-17
Parity =1, n =407678
no parental death before 18
at age 0-2
at age 3-7
atage 8-12
atage 13-17
Parity = 2, n = 274780
no parental death before 18
at age 0-2
at age 3-7
at age 8-12
atage 13-17
Parity = 3, n = 78467
no parental death before 18
at age 0-2
at age 3-7
at age 8-12
atage 13-17

REF
0.89, 1.36)
0.80, 1.07)
0.90,1.13)
1.00, 1.20)

1.10
0.93
1.01
1.10

REF
0.95,1.73
0.96, 1.42
0.78,1.12
0.99,1.29

1.28
1.17
0.94
1.13

REF

0.89,2.44
0.86, 1.66
0.82,1.46
1.10,1.71

1.47
1.19
1.09
1.38

REF
0.90 (0.74, 1.09)
0.92 (0.82, 1.04)
1.12 (1.02, 1.22)
1.03 (0.95, 1.11)

REF
0.97 (0.78, 1.21)
0.92 (0.80, 1.06)
1.11 (1.00, 1.23)
1.03 (0.94, 1.13)

REF
0.52,1.11
0.76,1.16
0.94,1.31
0.85,1.13

0.76
0.94
1.11
0.98

REF
0.77 (0.40, 1.50)
0.88 (0.59, 1.30)
1.20 (0.91, 1.59)
1.18 (0.93, 1.49)

REF
1.11(0.90, 1.37
0.93 (0.81, 1.07
1.02(0.91,1.14
1.11 (1.01, 1.21

REF
1.28 (0.95, 1.74
1.18 (0.97, 1.43
0.95(0.79, 1.13
1.14 (1.00, 1.31

REF
1.47(0.89, 2.44
1.20(0.86, 1.68
1.11(0.83, 1.48
1.40 (1.13, 1.75

REF
0.90 (0.74, 1.09
0.92 (0.82, 1.04
1.12 (1.03,1.23
1.04 (0.96, 1.12

REF
0.97 (0.78, 1.21
0.92 (0.80, 1.06
1.12 (1.00, 1.24
1.04 (0.95, 1.14

REF
0.76 (0.52, 1.11
0.94(0.75,1.16
1.11(0.94, 1.31
0.98 (0.85, 1.13

REF
0.78 (0.40, 1.51
0.88 (0.59, 1.31
1.22(0.92, 1.61
1.19 (0.95, 1.51

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)

REF
1.10 (0.89, 1.36)
0.92 (0.80, 1.06)
1.01 (0.90, 1.13)
1.10 (1.00, 1.20)

REF
0.93, 1.70)
0.94, 1.39)
0.76 1.08)
0.96, 1.26)

1.26
1.14
0.91
1.10

REF
1.44(0.87,2.39)
1.17(0.84, 1.63)
1.04 (0.78, 1.40)
1.34 (1.07, 1.67)

REF
0.88 (0.73, 1.07
0.91 (0.81, 1.02
1.10 (1.00, 1.20
1.02 (0.94, 1.10

REF
0.97 (0.78, 1.20)
0.91 (0.79, 1.05)
1.10 (0.99, 1.22)
1.03 (0.94, 1.13)

REF
0.51,1.09
0.74, 1.14
0.92,1.28
0.83,1.11

0.74
0.92
1.09
0.96

REF
0.39, 1.46)
0.59,1.29)
0.89, 1.56)
0.92, 1.48)

0.75
0.87
1.18
1.17

Model 1: unadjusted.

Model 2: controlled for confounders: age of G1 grandmother at G2 birth, social class of G1 grandfather in 1960, birth year of G2.

Model 3: controlled as Model 2 + mediators: achieved education of G2 in 1990, age of G2 when G3 is born.

* Emboldened entries mark OR-s where the CI does not include unity.
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Table 2 gives odds ratios (ORs) for premature birth of
offspring (G3) of men and women (G2) exposed to paren-
tal (G1) death, compared with offspring of non-exposed
G2. Offspring of women who lost their parent at the age of
0-2 or at the age of 13-17 had an increased risk for prema-
turity, after control for confounding (model 2). In all age
groups, for births with parity 3 the point estimates were
higher than for parity 1 and 2.

Combining all parities, offspring of men who lost a parent
at ages 8-12 had an increased risk of prematurity [OR =1.12
with 95% confidence interval (CI) 1.03-1.23 in model 2].
The point estimates were highest for this age group within
each parity group but the parity-specific associations were
less precise, with confidence intervals including unity.

Table 3 gives estimated differences in birthweight
between offspring (G3) of individuals (G2) exposed to par-
ental (G1) death during childhood and offspring of non-
exposed G2. For women exposed to a parent’s death at age
0-2, there was no significant deficit in their offspring’s
birthweight in any parity class. For women exposed at later
ages we observed a deficit in birthweight, largest in chil-
dren born as parity 3, and similar in magnitude across
ages-at-exposure.

Among children whose fathers experienced parental
loss, there was little variation between parity groups.
Experiencing parental death at ages 8-12 in particular, or
at ages 13-17, but not at ages 0-2 or 3-7, did predict having
lighter offspring (model 2). The offspring of men exposed
to parental loss at ages 8-12 were around 25-30 g lighter at
birth than other children; the birthweight deficit among
those exposed at 13-17 was around 15 g (model 2).

Adjustments for confounders (model 2 in Tables 2
and 3) had minor effects (mainly reductions) on the esti-
mated ORs and birthweight differences, but among boys
exposed during their slow growth period, the birthweight
deficit appears to grow on adjustment for confounders.
Adjusting for G2 education and age (model 3) tended to re-
duce the ORs and estimated birthweight deficit, more so in
women than in men, indicating the importance of G2 edu-
cation for G2 women’s offspring.

Contribution to inequalities in birthweight and
prematurity

Table 4 displays differences in prematurity risk and birth-
weight in G3 by G1 social class and G2 educational
achievement, after controlling for confounders (model 1).
Controlling additionally for G2 exposure to parental loss
had virtually no effect on these estimates (model 2). Thus,
experiencing parental death during childhood does not
seem important for the reproduction of social inequalities

in birthweight and prematurity across generations. Family
social background and parents’ education mainly exercise
their influence through other pathways.**

Discussion

Social, behavioural and natural scientists are puzzled by
how the social world gets ‘under the skin’, or how social
experience is ‘embodied’.>>*® The influence of previous
generations can be conceptualized in many ways, tradition-
ally either as social or cultural influences or as genetic
ones. Genetic influences are not independent from those of
the (social/cultural) environment; the latter may change
gene expression.

Thus, the experiences of previous generations may in-
fluence later generations in ways that do not resemble
Mendelian inheritance based on dominant and recessive
genes. Gene expression is a more complex field than the
study of polymorphisms and random mutations and their
phenotypic correlates. The idea of transgenerational re-
sponse tries to capture ancestral environmental influences,
including those of the social environment, on human devel-
opment, with*”*® or without* reference to epigenetic
modification of gene expression.

We were inspired by Pembrey and Bygren, who claimed
to have ‘proof of principle that a sex-specific male-line
transgenerational effect exists in humans’.'® We test their
hypothesis in a much larger population, while at the same
time trying to consider alternative, chiefly social, pathways.

We found that parental (G1) death during (G2) child-
hood predicts premature birth and lower birthweight in
the offspring generation (G3). This response is dependent
on G2 gender, G2 age at exposure and G3 parity, but not
G3 gender. Parental death during childhood was not im-
portant for the reproduction of social inequalities in birth-
weight and premature birth.

Our analyses rely primarily on ‘hard’ exposure (parental
death) and outcome (offspring prematurity; birthweight) data
that were available in national registers. The Cause of Death
Register and the Medical Birth Register are both virtually
complete and of the highest quality. Data on social class and
achieved education, derived from a census or the Swedish
Register of Education, are routinely used in epidemiological
studies. The Multigeneration Register allowed us to establish
complete ancestral lineages. Its data structure, however, im-
poses a limitation. Any G2 death before 1991 (an unlikely
event) will reduce the likelihood of tracing its G1 parents.?’
The loss of a G1-G2-G3 lineage will follow. This selection
bias is likely to be small and conservative. A similar bias may
be introduced by selecting only families with complete lin-
eages G1-G2-G3.The large size of the G3 population should
minimize random error in our results.
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Table 3. Parental (G1) death during childhood of G2 and difference in offspring (G3) birthweight (in grams) by G2 age at parental

loss and G3 parity; coefficients (95% Cl) estimated by linear regression*

Age of G2 at parental death Model 1 Model 2 Model 3
G2 women
All G3 parities combined, n = 760925
no parental death before 18 REF REF REF
at age 0-2 ~8.0(-34.1, 18.2) ~7.3(-33.3, 18.8) ~0.0 (-25.9, 25.9)
at age 3-7 -24.1 (-40.2, -8.0) 23.2(-39.3,-7.1) ~15.6 (-31.7,0.5)
at age 8-12 -25.8(-39.1,-12.4) -24.9 (-38.2, -11.6) -14.8 (-28.1, -1.5)
atage 13-17 -26.5 (-37.5,-15.5) -26.0 (-37.0, -14.9) -17.0 (-28.0, -6.0)
Parity = 1, n = 407678
no parental death before 18 REF REF REF
at age 0-2 ~7.6(-38.1,22.8) ~6.9(-37.3, 23.6) ~2.3(-32.6, 28.0)
at age 3-7 —-17.5(-35.9,1.0) —16.8 (-35.3, 1.6) —12.0(-30.4, 6.4)
at age 8-12 -27.5 (-42.6,-12.4) -26.5 (-41.6, -11.5) -20.9 (-35.9,-5.8)
atage 13-17 -28.7 (-41.2,-16.2) -27.7 (-40.2, -15.1) -22.2 (-34.7,-9.7)
Parity =2, n = 274780
no parental death before 18 REF REF REF
at age 0-2 —2.6(-37.7,32.5) ~2.3(-37.3,32.7) 3.1 (-31.9, 38.0)
at age 3-7 -31.3 (-52.8, -9.9) -30.6 (-52.0, -9.2) 23.6 (-44.9,-2.3)
at age 8-12 -32.4 (-49.9, -15.0) -31.4 (-48.9, -14.0) -21.3 (-38.7,-3.9)
at age 13-17 23.0 (-37.7,-8.3) 223 (-37.0,-7.6) —14.0 (-28.7, 0.6)
Parity = 3, n = 78467
no parental death before 18 REF REF REF
at age 0-2 —38.5(-102.4, 25.5) —38.6 (-102.7, 25.5) -33.7(-97.0, 29.7)
atage 3-7 -53.4 (-92.0, -14.9) -53.3 (-92.0, -14.6) -46.0 (-84.5,-7.4)
at age 8-12 —23.7 (-56.0, 8.6) —22.0(-54.4,10.4) —7.1(-39.4,25.1)
atage 13-17 -49.8 (-76.9, -22.7) -50.2 (-77.3,-23.0) —38.1(-65.0,-11.1)
G2 men
All G3 parities combined, 7 = 760925
no parental death before 18 REF REF REF
at age 0-2 10 3 (-14.4, 35.0) 7(-17.0, 32.3) 13 4(-11.2,37.9)
at age 3-7 9 (-14.6, 16.4) 71 2 (-16.7,14.3) 7(-10.7,20.2)
at age 8-12 -24 1(-37.1,-11.1) -26.4 (-394, -13.4) -18 8(-31.7,-5.9)
atage 13-17 -11.9 (-22.6,-1.2) -15.1(-25.8,-4.3) —8.2(-18.9,2.5)
Parity = 1,7 = 407678
no parental death before 18 REF REF REF
at age 0-2 9 (-18.6, 36.3) 7.6 (-19.9, 35.0) 10 8 (-16.5,38.2)
at age 3-7 9(-13.0,22.8) 3.8 (-14.0, 21.7) 9 (-10.0, 25.7)
at age 8-12 -23. 7( 38.6, -8.8) -24.4 (-39.3,-9.6) -19.2 (-34.0, -4.3)
atage 13-17 12.6 (-24.9,-0.3) 13.7 (-26.0, -1.4) ~8.9(-21.2,3.5)
Parity = 2, n = 274780
no parental death before 18 REF REF REF
at age 0-2 17.2 (-17.6, 52.1) 14.7 (-20.0, 49.5) 20.2 (-14.4, 54.8)
at age 3-7 —12.8 (-34.0, 8.4) —14.1(-35.3,7.1) ~8.5(-29.6,12.6)
at age 8-12 -27.7 (-45.6,-9.7) -29.0 (-47.0, -11.1) -22.9 (-40.8, -5.0)
atage 13-17 -15.0 (-29.6, -0.4) -16.9 (-31.6,-2.2) —10.7 (-25.3, 4.0)
Parity = 3, 7 = 78467
no parental death before 18 REF REF REF
at age 0-2 —15.6 (-75.5,44.2) —21.4 (-81.3, 38.5) —13.3(-73.1, 46.5)
at age 3-7 17.9 (-20.1, 55.9) 13.7 (-24.3, 51.7) 19.1 (-18.7,57.0)
at age 8-12 ~23.9(-56.5, 8.7) ~29.3(-61.8,3.2) ~19.1 (-51.6,13.3)
atage 13-17 ~12.3(-39.9, 15.2) —18.0 (-45.6, 9.7) ~10.7 (-38.2, 16.7)

Model 1: unadjusted.

Model 2: controlled for confounders: age of G1 grandmother at G2 birth, social class of G1 grandfather in 1960, birth year of G2.

Model 3: controlled as Model 2 + mediators: achieved education of G2 in 1990, age of G2 when G3 is born.

* Emboldened entries mark coefficients where the CI does not include zero.
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Table 4. Educational and social class differences in prematurity and birthweight in G3 (n = 760325) before (Model 1) and after

(Model 2) accounting for G2 parental loss; OR (95% Cl) from logistic regression, birthweight difference in grams (95% CI) from

linear regression model

OR for prematurity in G3

Birthweight difference in G3

Model 1 Model 2

Model 1 Model 2

Achieved education of G2

G2 women
Short 1.36 (1.30, 1.43) 1.36 (1.30, 1.42) —89.2(-95.3,-83.2) —88.6 (-94.7, -82.5)
Medium 1.14 (1.10, 1.19) 1.14 (1.10,1.19) —-36.7 (-41.5,-31.9) —36.4 (-41.2,-31.6)
Long REF REF REF REF
Missing 1.40 (1.29, 1.51) 1.39 (1.29,1.50) —87.6(-97.8,-77.3) —87.1(-97.3,-76.8)
G2 men
Short 1.20(1.15, 1.25) 1.20 (1.15, 1.25) —66.7 (-72.2,-61.3) —66.4 (-71.8, -61.0)
Medium 1.10 (1.06, 1.14) 1.10 (1.06, 1.14) —30.5(-34.9,-26.2) —30.4 (-34.7,-26.0)
Long REF REF REF REF
Missing 1.24 (1.14, 1.34) 1.24 (1.14, 1.34) —84.4(-95.7,-73.2) —84.1(-95.3,-72.9)
Social class of G1
G2 women
Non-manual REF REF REF REF
Self-employed 1.01 (0.97, 1.06) 1.01 (0.97, 1.06) 0.3(-5.4,6.1) 0.5(-5.2,6.2)
Manual 1.08 (1.05,1.12) 1.08 (1.05, 1.12) —-17.7 (-21.9, -13.6) —-17.5(-21.7,-13.4)
Other 1.00 (0.96, 1.04) 1.00 (0.96, 1.04) —0.8(-6.1,4.6) —0.8 (-6.1, 4.6)
Missing 0.99 (0.94, 1.03) 0.99 (0.94, 1.03) —41.2 (-47.6,-34.8) —41.0 (-47.3, -34.6)
G2 men
Non-manual REF REF REF REF
Self-employed 1.04 (1.00, 1.09) 1.04 (1.00, 1.09) 14.8 (9.2, 20.4) 14.9 (9.3, 20.5)
Manual 1.11 (1.08, 1.15) 1.11 (1.08, 1.15) —13.0(-16.9, -9.0) —12.8 (-16.8,-8.9)
Other 1.05 (1.00, 1.09) 1.05 (1.00, 1.09) —2.8(-8.1,2.5) -2.8(-8.0,2.5)
Missing 1.07 (1.02, 1.12) 1.07 (1.02, 1.12) —59.8 (-66.0, -53.6) —59.6 (-65.8,-53.5)

Model 1: controlled for confounders: age of G1 grandmother at G2 birth, social class of G1 grandfather in 1960, birth year of G2.

Model 2: controlled as Model 1 + age of G2 at parental death.

G3 births span nearly three decades; those of their
grandparents span five. Birth years of generations of the
same family, and birth years of married couples, are corre-
lated. By controlling for birth year of the intermediate gen-
eration, we placed the whole G1-G2-G3 family on the time
axis and controlled for temporal trends (such as in birth-
weight and mortality) influencing all generations, while
avoiding over-controlling.

In interpreting the results, the principal problem was to
differentiate between potential pathways, in particular be-
tween broader life-course explanations and epigenetic and
genetic explanations, as we had no information about be-
haviours and biological markers or genes.

We considered genetic pathways first. Could G1 deaths
during G2 childhood be a marker of G1 genetic character-
istics which also predict G3 birthweight? It is known that a
child’s birthweight may predict its parents’ subsequent all-
cause and cardiovascular mortality, with weak associations
for fathers and stronger ones for mothers.***! Smith et al.
discussed whether this could reflect common underlying

genetic factors and concluded that, at most, this was a par-
tial explanation. They saw no obvious reason why any gen-
etic influence should be weaker along the paternal
pathway than the maternal and concluded®' that the stron-
ger association between offspring birthweight and subse-
quent mortality of mothers was consistent with
intergenerational effects on intrauterine growth: continuity
in birthweight from mothers to their children plus fetal
programming of cardiovascular profile. In our case, birth-
weights of G2 women, and of their G3 offspring, are very
unlikely to be genetically linked to G2 parental loss in
childhood, since most G1 deaths were fathers rather than
mothers and since spouse correlations in birthweight are
very low (< 0.02).%? Separating the analyses by whether a
G1 death was male or female gave no indication of a genet-
ically transmitted risk (data not shown).

For the paternal line, it seems unlikely that any common
genetic influence behind G2 parental loss and G3 birth out-
comes should be particularly pronounced in those G2 men
who were exposed at ages 8-12. Sensitivity during this
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exposure period is, however, compatible with the epigen-
etic hypothesis that we wanted to test.

Parental loss during childhood may influence a person
through absence of attachment to one or both parents.
Two large studies®™” based on Swedish data found it to pre-
dict later morbidity, such as depression, and behavioural
problems, such as drug and alcohol use/abuse and crime,
as well as smoking-related cancer and HPV infection. It
has been linked to later life obesity®* and poor educational
achievement.”** Negative economic consequences for
the child’s family are also likely, in particular from the loss
of a father. Thus, parental loss appears to trigger a cascade
of events, psychological, behavioural, metabolic and
social.

These influence, in a broad way, the life course of G2
women and may therefore also modify the intrauterine en-
vironment experienced by their babies. We may see this as a
socially-mediated, female-line transgenerational response,
consistent with our results for exposed G2 women. It is a
general response in that, unlike for boys, trauma during
girls’ slow growth period appears to be no more detrimental
than during other periods. Repeated childbirths among the
exposed G2 women may represent a cumulative burden, re-
sulting in the observed high birthweight deficits and prema-
turity ORs in parity three births. The elevated risk of G3
prematurity was observed for G2 women exposed at ages
0-2 and 13-17. In animal studies, maternal and grandmater-
nal stress in pregnancy, but not at later ages, has been linked
to epigenetic programming of offspring prematurity.>®

Parental loss is equally likely to influence the life course
of G2 men but much less likely to directly influence the
intrauterine environment of the children they father. In our
data, the association of G2 men’s parental loss with birth-
weight and prematurity in the next generation seems
weaker, less general and not modified by parity. The find-
ing that trauma during boys’ slow growth period is linked
to offspring birthweight deficit and prematurity in all mod-
els, therefore suggests a more specific pathway. Two recent
studies of mice, one of which was inspired by the Pembrey-
Bygren hypothesis, do indeed suggest that early trauma
could modify sperm microRNA, with consequences for
gene expression in subsequent generations, although the re-
searchers could not separate the slow growth period from
the rest of puberty.'*?” Whether our finding is in fact epi-
genetic, carried via the male germ line as suggested by
Pembrey-Bygren, we cannot say. However, it seems en-
tirely possible that this could be the case.

Animal studies suggest that early trauma can influence
gene expression in later generations, via the male germ
line. There are so far very few human population studies
addressing this issue. Our study fails to refute the hypoth-
esis that a male-line epigenetic mechanism exists which

may be triggered by trauma during boys’ slow growth
period. If ancestral trauma (psychological, nutritional or
economic) can influence later generations’ health and de-
velopment in such a way, this will change the way we think
of disease causation and prevention and will inspire new
studies. It would highlight the long-term importance of his-
torical events, such as wars and famines, and cast light on
a new mechanism through which these may play a role.

Funding

This research was funded by the Swedish Foundation for humanities
and the social sciences (Riksbankens jubileumsfond) [P14-0500:1].

Conflict of interest

The authors have no conflict of interest.

Acknowledgments

Reidar Osterman prepared the data. Samantha Kearney helped with
references. We also thank two anonymous referees for valuable
comments.

References

1. De Stavola BL, Leon DA, Koupil I. Intergenerational correl-
ations in size at birth and the contribution of environmental fac-
tors: the Uppsala Birth Cohort Multigenerational Study,
Sweden, 1915-2002. Am | Epidemiol 2011;174:52-62.

2. Modin B, Erikson R, Viger6 D. Intergenerational continuity in
school performance: Do grandparents matter? Eur Soc Rev
2012;29:858-70.

3. Velleman R. Intergenerational effects — a review of environmen-
tally oriented studies concerning the relationship between paren-
tal alcohol problems and family disharmony in the genesis of
alcohol and other problems. I: The intergenerational effects of al-
cohol problems. Int | Addict 1992;27:253-80.

4. Modin B, Koupil I, Vagero D. The impact of early twentieth
century illegitimacy across three generations. Longevity and in-
ter-generational health correlates. Soc Sci Med 2009;68:
1633-40.

5. Bateson P, Gluckman P. Plasticity and robustness in develop-
ment and evolution. Int | Epidemiol 2012;41:219-23.

6. Pembrey M, Saffery R, Bygren LO; Network in Epigenetic
Epidemiology. Human transgenerational response to early-life
experience: potential impact on development, health and bio-
medical research. | Med Genet 2014;51:563-72.

7. Barker D. The fetal and infant origins of inequalities in health in
Britain. | Public Health Med 1991; 3:64-68.

8. Marks N, Jun H, Song J. Death of parents and adult psycho-
logical and physical well-being: a prospective US national sur-
vey. | Fam Issues 2007;28:1611-38.

9. Wilcox HC, Kuramoto SJ, Lichtenstein P, Langstrom N, Brent

DA, Runeson B. Psychiatric morbidity, violent crime and suicide



International Journal of Epidemiology, 2017, Vol. 46, No. 1

229

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

among children and adolescents exposed to parental death. ] Am
Acad Child Adolesc Psychiatry 2010;49:514-23.

Kennedy B, Valdimarsdottir U, Sundstrom K et al. Loss of a par-
ent and the risk of cancer in early life: a nationwide cohort study.
Cancer Causes Control 2014;25:499-506.

Rostila M, Saarela J. Time does not heal all wounds. Mortality fol-
lowing the death of a parent. ] Marriage Fam 2011;73: 236-49.

Li J, Vestergaard M, Cnattingius S ef al. Mortality after parental
death in childhood: a nationwide cohort study from three
Nordic countries. PLoS Med 2014;11:e1001679.

Smith KR, Hanson HA, Norton MC, Hollingshaus MS, Mineau
GP. Survival of offspring who experience early parental death:
Early life conditions and later life mortality. Soc Sci Med
2014;119:180-90.

Carey N. The Epigenetics Revolution: How Modern Biology Is
Rewriting Our Understanding of Genetics, Disease and
Inheritance. London: Icon Books, 2011.

Rodgers AB, Morgan CP, Bronson SL, Revello S, Bale TL.
Paternal stress exposure alters sperm microDNA content and re-
programs offspring HPA stress axis regulation. | Neurosci
2013;33:9003-12.

Bygren LO, Kaati G, Edvinsson S. Longevity determined by pa-
ternal ancestors nutrition during their slow growth period. Acta
Biotheor 2001;49:53-59.

Kaati G, Bygren LO, Edvinsson S. Cardiovascular and diabetes
mortality determined by nutrition during parents’ and grandpar-
ents’ slow growth period. Eur ] Hum Genet 2002; 10:682-88.
Pembrey ME, Bygren LO, Kaati G et al. Sex-specific, male-line
transgenerational responses in humans. Eur | Hum Genet
2006;14:159-66.

Whitelaw E. Sins of the fathers, and their fathers. Eur | Hum
Genet 2006;14:131-32.

Lumey LH, Stein AD. Offspring birth weight after maternal
intrauterine undernutrion: A comparison within sibships. Am |
Epidemiol 1997;146:810-19

Socialstyrelsen. Hela Sverige. Graviditeter, forlossningar och
nyfodda barn 2013. Stockholm, 2015. (National Board of
Health and Welfare. All Sweden. Pregnancies, delivieries and
new-born children in 2013. Stockholm, 2015)

Shah PS; on behalf of the knowledge Synthesis Group on
determinants of preterm/low birth weight births. Paternal factors
and low birth weight, preterm and small for gestational age births:
a systematic review. Am | Obstet Gynecol 2010;202:103-23
Wilcox AJ, Weinberg CR, Basso O. On the pitfalls of adjust-
ing for gestational age at birth. Am | Epidemiol 2011;174:
1062-68.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Viégero D, Koupilova I, Leon D, Lithell U. Social determinants of
birth weight, ponderal index and gestational age in Sweden in
the 1920s and the 1980s. Acta Paediatr 1999;88:445-53.
Champagne, FA. Interplay between social experiences and the
genome: Epigenetic consequences for behavior. Adv Genet
2012;77:33-57.

Demetriou CA, van Veldhoven K, Relton C, Stringhini S,
Kyriacou K, Vineis P. Biological embedding of early-life expos-
ures and disease risk in humans: a role for DNA methylation.
Eur ] Clin Invest 2015;45:303-32.

Szyf M, McGowan P, Meaney MJ. The social environment and
the epigenome. Environ Mol Mutagen 2008;49:46—60.

Tung J, Barreiro LB, Johnson ZP et al. Social environment is
associated with gene regulatory variation in the rhesus
macaque immune system. Proc Natl Acad Sci U S A
2012;109:6490-95S.

Statistics Sweden. Multigenerational register 2010. A description
of contents and quality. Stockholm 2011. http://www.scb.se/sta
tistik/_publikationer/BE9999_2011A01_BR_BE96BR1102.pdf
(15 November 20135, date last accessed).

Davey Smith G, Sterne ], Tynelius P, Lawlor DA, Rasmussen F.
Birth weight of offspring and subsequent cardiovascular mortal-
ity of the parents. Epidemiology 2005;16:563-69.

Davey Smith G, Hyppénen E, Power C, Lawlor DA. Offspring
birth weight and parental mortality: prospective observational
study. Am | Epidemiol 2007;166:160—69.

Magnus P, Gjessing HK, Skrondal A, Skjerven R. Paternal con-
tribution to birthweight. | Epidemiol Community Health
2001;55:873-77.

Oliveira AJ, Rostila M, Saarela J, Lopes CS. The influence of be-
reavement on body mass index: results from a national Swedish
survey. PLoS One 2014;9:¢95201.

Berg L, Rostila M, Saarela J, Hjern A. Parental death during
childhood and subsequent school performance. Pediatrics
2014;133:682-89.

Adda J, Bjorklund A, Holmlund H. The role of mothers and
fathers in providing skills: Evidence from parental deaths. [ZA
discussion paper no 5425 January 2011. http://www.iza.org/en/
webcontent/publications/papers/viewAbstract?dp_id=5425 (15
November 2015, date last accessed).

Yao Y, Robinson AM, Zucchi FCR et al. Ancestral exposure to
stress epigenetically programs preterm birth risk and adverse ma-
ternal and newborn outcomes. BMC Med 2014;12:121.

Gapp K, Jawaid A, Sarkies P ez al. Implication of sperm RNAs in
transgenerational inheritance of the effects of early trauma in
mice. Nat Neurosci 2014;17:667-69.


http://www.scb.se/statistik/_publikationer/BE9999_2011A01_BR_BE96BR1102.pdf
http://www.scb.se/statistik/_publikationer/BE9999_2011A01_BR_BE96BR1102.pdf
http://www.iza.org/en/webcontent/publications/papers/viewAbstract?dp_id=5425
http://www.iza.org/en/webcontent/publications/papers/viewAbstract?dp_id=5425
http://www.iza.org/en/webcontent/publications/papers/viewAbstract?dp_id=5425

