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Parental characteristics and offspring mental health
and related outcomes: a systematic review of
genetically informative literature
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Abstract

Various parental characteristics, including psychiatric disorders and parenting behaviours, are associated with offspring
mental health and related outcomes in observational studies. The application of genetically informative designs is
crucial to disentangle the role of genetic and environmental factors (as well as gene—environment correlation)
underlying these observations, as parents provide not only the rearing environment but also transmit 50% of their
genes to their offspring. This article first provides an overview of behavioural genetics, matched-pair, and molecular
genetics designs that can be applied to investigate parent-offspring associations, whilst modelling or accounting for
genetic effects. We then present a systematic literature review of genetically informative studies investigating
associations between parental characteristics and offspring mental health and related outcomes, published since 2014.
The reviewed studies provide reliable evidence of genetic transmission of depression, criminal behaviour, educational
attainment, and substance use. These results highlight that studies that do not use genetically informative designs are
likely to misinterpret the mechanisms underlying these parent-offspring associations. After accounting for genetic
effects, several parental characteristics, including parental psychiatric traits and parenting behaviours, were associated
with offspring internalising problems, externalising problems, educational attainment, substance use, and personality
through environmental pathways. Overall, genetically informative designs to study intergenerational transmission
prove valuable for the understanding of individual differences in offspring mental health and related outcomes, and
mechanisms of transmission within families.

Introduction Thus, observed parent—offspring associations may be wholly

Parents are considered a driving force in the develop-
ment of their children and parental factors are associated
with various mental health outcomes in offspring,
including emotional and behavioural problems'. How-
ever, although observed associations between parental
factors and offspring outcomes are often interpreted as
direct environmental influences, in truth parents provide
both the rearing environment and genes to their children.
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or partially explained by genetic factors shared between the
parent and child; i.e. in a gene—environment correlation
(rGE), when exposure to specific environments depends on
an individual’s genotype. The potential mechanisms
(genetic transmission, environmental transmission and
gene—environment correlation) underlying associations
between parental characteristics and offspring outcomes are
described in detail in Fig. 1. Designs that do not account for
the role of genetic factors in parent—offspring correlations
can lead to biased estimates and erroneous conclusions
about the extent to which these associations are causal.
Genetically informative designs that explicitly model or
control for potential genetic effects are essential for

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction
BY in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changes were made. The images or other third party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecormmons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-9667-7555
http://orcid.org/0000-0002-9667-7555
http://orcid.org/0000-0002-9667-7555
http://orcid.org/0000-0002-9667-7555
http://orcid.org/0000-0002-9667-7555
http://orcid.org/0000-0002-6218-0428
http://orcid.org/0000-0002-6218-0428
http://orcid.org/0000-0002-6218-0428
http://orcid.org/0000-0002-6218-0428
http://orcid.org/0000-0002-6218-0428
http://creativecommons.org/licenses/by/4.0/
mailto:e.shahid@ucl.ac.uk

Jami et al. Translational Psychiatry (2021)11:197

Page 2 of 38

Genetic
transmission
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Human beings have 22 pairs of
autosomal chromosomes and
one pair of sex chromosomes.
In any given pair of
chromosomes in an individual,
one is inherited from the
mother, and the other from the

father. Therefore, a child shares —}

50% of their genes with each
parent. As many traits,
including mental health issues
and educational attainment,
are heritable, any parent-
offspring correlation could be
(partly) due to shared genes,
reflecting genetic transmission.

Gene-environment
correlation

A child’s genotype can be associated
with the parentally-provided
environment they experience,
resulting in a gene-environment
correlation (rGE). This rGE can be
passive, when the parent passes on
both trait-associated genes and
environment to the child, or active or
evocative, when a child seeks or elicits
a parental behaviour due to their own
genetically influenced traits. rGE can
be a source of bias, if not accounted
for when looking at the association
between a parental factor and an
offspring outcome. This bias is known
as genetic confounding.

l

Environmental
transmission

B |
U
Developmental theories
suggest that the parentally-
provided rearing environment
can impact offspring
behaviours. This can include
pre-natal factors such as
substance use, and post-birth
factors such as parental traits,
personality, and parenting style.
Although these influences may
be environmentally
transmitted, parental genes can
have an underlying influence on
these factors. This is described
as an indirect genetic effect or
genetic nurture.

\

Fig. 1 Mechanisms underlying parent-offspring associations. A figure describing potential mechanisms (genetic transmission, environmental
transmission, and gene-environment correlation) underlying associations between parental characteristics and offspring outcomes.

improving our understanding of the true effect of the par-
entally provided environment on offspring mental health.
In genetic epidemiology, the classical twin design is
generally used to decompose the contribution of
genetic and environmental effects underlying human
traits>. Twin-based research shows that most mental
health and related traits are moderately heritable (under
the influence of additive genetic effects), with additional
variance explained by the unique environment (which is
specific to each individual), and for some traits also the
shared environment (environments that the twins have
in common)®. However, classical twin studies say little
about mechanisms of transmission within families
where, in addition to genetic transmission, parental
effects may be transmitted through both the shared

environment via parentally provided rearing factors,
and to a lesser extent, the unshared environment
through specific parent—child interactions. Conse-
quently, genetically informative designs that include
both the parent and offspring generations are required
to disentangle genetic and environmental effects
underlying parent—offspring associations.

The present review aims to synthesise literature inves-
tigating the association between parental characteristics
and offspring mental health and related outcomes in
genetically informative designs. An earlier systematic
review published in 2014 focused on the children-of-twins
method®. However, several novel methodologies that
investigate within-family transmission using innovative
techniques have emerged in the past few vyears.
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Consequently, there is a gap in the literature for a broad
systematic overview that incorporates all genetically
informative designs that can be applied to study
parent—offspring associations. Here, we focus on studies
published from 2014 onwards, as these have not been
covered by previous reviews. We first provide a brief
overview of the types of genetically informative designs
that can be employed to investigate parent—child asso-
ciations. This is followed by a systematic review of studies
investigating associations between parental characteristics
and offspring mental health and related outcomes,
including internalising behaviours (such as anxiety and
depression), externalising behaviours (such as attention-
deficit/hyperactivity disorder), educational attainment,
substance use and personality.

Genetically informative designs

Designs that can be used to separate genetic and
environmental mechanisms of transmission from parents
to offspring broadly fall into the following three cate-
gories: behavioural genetics designs, matched-pair
designs, and molecular genetics designs. In this section,
we summarise the principles underlying these approaches
(Fig. 2), describe specific methods in detail and discuss
their application as well as advantages and disadvantages
(Table 1).

Behavioural genetics designs

Behavioural genetics designs leverage knowledge of
relatedness among individuals within a family to make
inferences about the contribution of genetic and envir-
onmental factors underlying parent—offspring associa-
tions. The adoption” and children-of-twins™® designs (Fig. 2)
are key tools used to distinguish the effects of genetic and
environmental transmission. Associations between biolo-
gical parents and their adopted-away offspring suggest
genetic transmission as although these parents and off-
spring are genetically related, the parents do not raise the
child and hence have no environmental influence. On the
other hand, associations between adoptive parents and
offspring suggest environmental transmission as these
parents and offspring are genetically unrelated, and are
only connected through the environment. In children-of-
twins studies, children of monozygotic twins are as
genetically similar to their twin aunt/uncle as they are to
their twin parent, whereas children of dizygotic twins
share less genetic similarity with their aunt/uncle. Higher
monozygotic than dizygotic avuncular correlations
(between uncle/aunt and niece/nephew) are likely due to
the higher proportion of shared genes, suggesting genetic
transmission, whereas higher parent—offspring than
monozygotic or dizygotic avuncular correlation indicates
environmental transmission through the shared
parent—child environment. Another key characteristic of
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adoption and children-of-twins studies is that they can be
used to investigate rGE (Table 1). This is particularly
important as even within genetically informative designs,
unmeasured rGE can inflate estimates of genetic or
environmental effects. For instance, if an observed
parent—offspring association is present in both biological
and adoptive duos, but the correlation is higher in bio-
logical (shared genes plus rearing) than adoptive (rearing
only) families, this indicates the contribution of both
genetic and environmental effects; i.e. passive rGE. If
unaccounted for, this 7GE, reflected in increased similarity
between biological parents and lived-with offspring, could
potentially lead to an inflated estimation of genetic
transmission in adoption studies.

Due to modern developments in assisted reproductive
technology and the availability of large-scale population-
based registers, novel pseudo-adoption designs have
emerged that apply the same principles (see adoption and
related designs in Fig. 1) to investigate genetic and
environmental effects in non-adoption families. Within
assisted conception’ studies, genetically related or
genetically unrelated parents are analogous to the biolo-
gical and adoptive parents in an adoption design, whereas
in triparental family® and multiple parenting relation-
ships’ designs, the rearing effect of step-parents and
genetic effect of not-lived-with biological parents are
examined (Table 1).

Matched-pair designs

Matched-pair designs strengthen the causal inference of
an observed parent—offspring association by adjusting for
all unmeasured genetic and environmental familial effects.
In sibling comparison'® studies (Fig. 2), a sibling with no
exposure to the parental candidate environment is included
in the analysis as a control, as siblings are naturally mat-
ched for shared genes and the family environment. Envir-
onmental transmission is indicated if the parent—offspring
association is observed only in the exposed offspring.
Similarly, the case—control'' design includes matched
parent—child control pairs who share the same proportion
of genetic and environmental factors as the case
parent—child pairs, but do not share the candidate expo-
sure. As the matching is done by the researchers here, it is
crucial that the process is thorough so that it can be rea-
sonably argued that unmeasured confounders are unlikely
to bias the results. Matched-pairs designs cannot be used to
investigate rGE, as they do not directly measure genetic
effects. However, sibling comparison studies generally rule
out passive rGE, as the random distribution of parental
alleles across offspring ensures that siblings are equally
likely to receive genes associated with the exposure in the
parent, and the outcome in the offspring. Evocative rGE can
also be ruled out if exposure to the parental characteristic
definitively precedes the offspring outcome.
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A. Behavioural genetics designs
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biological biological or step-
parent parent parent Twin 1 Twin 2
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Fig. 2 Schematic diagrams demonstrating the principles underlying commonly used genetically informative designs which separate
genetic and environmental mechanisms of transmission in parent-offspring associations. A In adoption and related designs, knowledge of
the type of relationship shared between parent and offspring is leveraged to gain insight into genetic and environmental factors underlying parent-
to-offspring associations. Lived-with biological parents can influence offspring through both genetic and environmental transmission, as they provide
both genes and the rearing environment. Not-lived-with biological parents who have no contact with the offspring provide only genes, indicating
genetic transmission, whereas adoptive or step-parents provide only the rearing environment, indicating environmental transmission. In children-of-
twins studies, children of identical (monozygotic) twins are as genetically similar to their aunt/uncle as they are to their parents (50% shared genes),
whereas children of fraternal (dizygotic) twins share 25% of genes with their aunt/uncle. Higher monozygotic than dizygotic avuncular correlations
(between uncle/aunt and niece/nephew, i.e. between Twin 1 and Child 2 or Twin 2 and Child 1) are likely due to a higher proportion of shared genes,
suggesting genetic transmission, whereas higher parent—offspring than avuncular correlation suggests environmental transmission of a parental
factor, above and beyond the effect of shared genetic or environmental effects. B In sibling comparison studies, the association between a specific
parental factor and offspring outcome is studied in exposed versus unexposed offspring, as siblings are naturally matched for parentally provided
genes and a rearing environment. Environmental transmission is indicated if the parent-offspring association is observed only in the exposed
offspring. C In molecular genetics studies, the effect of shared parent-offspring (i.e. transmitted) genes on offspring outcome indicates the presence
of genetic transmission. However, both transmitted genes and non-transmitted parental genes can also have an indirect (i.e. environmentally
mediated) effect on offspring through parental traits that are genetically influenced; this is otherwise known as genetic nurture.




Page 5 of 38

197

Jami et al. Translational Psychiatry (2021)11

umouyy s
JuaJed SUO AJUO WO} UOHeULIOJU!

‘ubIsap SIY3 Ul pIyd Yoes oy s(ualed auo
Se J0J 9AIIED0AD 21eDIISIAUL JoUURY) - Jo sdiysuonejau
2JeJ 9Je 2INPNAS  paulene 3 ued sazis a|dwes abie - Bundsyo sjdnnw
Ajlwey Jo s|ie1ap yum saseqere( - papnpul 304 aAIssed 515966ns (Ajuo Buneal) ‘pasndoj-1ualed)
394 dnissed 01 anp sedusNyul DaULb  aue sdiysuonees bundsyo-iusied uaIp|iya-dais Jlsyl yum ueyy (buniess UOISSIWISUPI] [EJUSWIUOIIAUS UOISSIUISURI) D12Uab S1ed1pul (Ajuo sdiysuoneyau
Jo 21ewnse seiq Apiemdn ued Jo sadAy |je se uonendod snid ssuab) uaip|iy> [ea1bojoig yam sa1edIpul (A|uo Buneal) pliyd>-dals  seuab) Buudsyo [e160joIg Yum-panl-1ou Bunua.ed
S)uted YUM-PIAI-IOU YIIM 1DBIUOD) - [eJ2uab ay3 Jo aAlRIURSAIARY - -PAAI| JIRYL YUM UONe|a10d [elualed JaybiH J19Y) pue Jualed e UIIMIF UOIIRIDOSSY JI2Y) pue Juaied e U39MISQ UOIIRIDOSSY aidinny
3DJ DAIIBDOND
$15966Ns 1uaied-dais sey) Ag papiroid
JUSWIUOIIAUD 3U) YlIM UoNe|21i0d buldsyo
Juanbasgns pue ‘Alljigel| J1ausb sa1edIpul
(Aluo sausb paseys) juaied [ed160[0Ig YUM o(Bundsyo auo
9JeJ 9Je 2INIDNIS  PaUlele 3 Ued $3z1S o|dwies 9b1e] - -paAll-1oU ISyl YUM UuoNeRu0d Bbuldsyo Jo sdiysuoneal
Ajlwey JO s|ie1op Yyum saseqele( - papnpul 394 anissed s15966ns (Kluo |eaussed
304 aAIssed 01 anp saouanyul deuab  ale sdiysuonepal bundsyo—uaied  Buueas) Juaied-dals vyl yum uey (bunesl UOISSIUISURI} [PIUSWIUOIIAUD uolssiwsuel) D11aUab saredipul (Ajuo  ajdinw ;pasndoy
JO 91ewnss selq Apsemdn ued Jo sadAy |je se uonendod snid sauab) juaied [e2160[0I1q Ym-panl| sa1ed|pul (Auo Bupeas) uased-dals sauab) Jualed (2160|101 YUM-PIAII-IOU -bundsyo)
S1uaied YUM-PaAI-IoU Ylim 1D8IUOD) - |eJousb 2yl Jo aaleIURSAIdRY - J19Y) Yum uoliejaod bundsyo JaybiH 19yl pue buudsyo Ue Uaamiag UOeIDOSSY JI9Y1 pue Buldsyo ue Usamiaqg UoneRossy  Ajiwe) [eyussedi]
SUOIIE[2110D
1USWUOJIAUS—3USD Bunebnsanul
Joj [ewndo 1ou s ubisaqg -
ubisap
94l Selq pjnoOM UoNeuop Ajiuwey
-UIYLM B ULIM S31|ILUey JO UOISNU] -
snosusboIsIvy
Kian Ajjesausb aie sajdwes - uolssiusuel}
Sseiq UOIID3|ds 9oNPOoiIul J12UaH S1edIPUI (A|UO WUBUWIUOIIAUD
Aew uondaouod paisisse asn |ereuaud) Buudsyo Jay pue Jsyiow yuiq
OUM SI9YI0UW JO SINOIABYSQ [E1RURI - UOISSILUSURIY [RYUSWIUOIIAUD $21EDIPUI  Pale[aIun A|jedlausb e ueyl (JUSWUOIIAUD
pawl| 9 pjnod uolendod (AJuo JuswuoJAuS [eyeuald) buudsyo |eyeuaud snid sauab) Bupdsyo Jay
[eJ2uab ay3 01 All|IgeSIeIBUID) - 1USWUOIIAUD J2y pue (£5ebolins ‘uoneuop oAlquia  pue (UOIIeUOp Wiads 1O UONES||1J2) OJIA Ul
||lews Ajjensn aie pue |ereuald 2y} JO S129)49 WiRI-HUO) 10 214000 ‘663 6°3) Jay1ow Yuig palefpiun snobojowoy “63) Jaylow Yuiq paiejas ,uondaduod
UIe1QO 01 JNJYJIP o9 ued sajdules - pue uoys BulIsa) 10} dAIIRYT - pa1pn3s 10N Aj[eonauab e usamiaq uoneossy  A|jednausb e usamiag uonelalod JaybiH pa1sISsy
ubISSp BY3 SPUNOJUOD (saljIudey
aAndope pue [e2160|01q UsamMIag JD4 9AIRD0AS S359HBNS Juaied
10e3U02) uondope uado Ul aseanu] - aandope J1ay) Ag papiAcid JUSBWUOIIAUD UOISSIWISUPI] [EIUSWIUOIIAUS S21edIpUl
Selq UoI19]9s 9onpo.iul Aew 91 Yum uoinejauiod saidope jusnbasgns (Aluo sauab) bundsyo Aeme -pardope
uondope Jo $s9201d WOPUBI-UON - pue ‘Aljigel| dnsusb sa1edipul (Ajuo sausb syl ueyy (buueas snid seusb) Bundsyo
||lews Ajjensn aie pue pa.eys) buldsyo Aeme-pardope Jiayy pue YUM-paAl| Jiayl pue jualed [ed1bojolq
UIe10o 01 3NJYJIP = ued sajdules - Bundsyo ay1 uo 1299 syualed [e2160]0Iq USaMIS] UON.|SHI0D el | e U92M130 UONE[21I0D Jaybiy ede
JUSUWIUOIIAUD Bulieas ou aAey pjnom sjussed 394 anissed -paseal-sbuligis/poyiaw Apnmis aa1dopy
|ereusid jewndogns e Bupusuadxe |e2160j0Ig Se papN[IXe 2q ued s15966ns (Kuo Buueas) buudsyo pue UOISSIWISURIY [e1UBWIUOIIAUS
JO YsU 1aybiy e aney Aew seaidope (JUSWUOJIAUS BulRINeIIUl 9y} Jo  syualed aandope ueyy (bulieas snid sauab) sa1e21pul (A|uo Buneal) Bundsyo UoIsSILSURI) D1BUb sa1edIpUl (K|UO SDUSB
se ‘paywil| 2q pjnod uoneindod  9pISINO $I01B) UO) SIdUSNYUI FOI Bundsyo pue syuaied Jayiebol-buinl aAndope J1sy) pue Jusied e USaMISg  paleys) buudsyo Aeme-pardope syl pue
|e1ouab ay3 01 Ajigesielauan) - aAIssed ‘UYuig 1e SIN220 Uondope §j - pue [ed160|olq U9amIaq UoNe|R1i0d JaybiH UOIIBDOSSE {pOYISW ANeja) s,991dopy  Judled [eD160]0Ig B U39MISC UOIRIDOSSY uondopy
subisap sdauab |einoireysg
ERIEIETEY]
sabejueapesiq sabejuenpy UOI1E[3110D JUBWUOIIAUD—IUSD Iwisuel) [eJUSWUOIIAUT uoIssiwsues} d11dUIDH ‘ubisaq

*sawodjno Huudsyo
pue s>nsieeIRYd [Rjudled udamlaq suoneosse Bulfpdapun uoissiwisues) Jo swisiueydaw Apnys 0} pasn aq ued jey) subisap JuALIND JO MIIAIBAQ | 3|qeL



Page 6 of 38

197

Jami et al. Translational Psychiatry (2021)11

351 SA}EI0AS $35966NS

SOd [eausued oy bunsnipe isye ‘Bunusied
UM $Dd Bundsyo Jo uonenossy

354 anissed s1s966ns Hupuated

2Jel ale souy 1o sonp padAlousb
Bundsyo-iualed yum siasereq -
Sos1eIs Alewuns

uoneuojul didAlousyd
|eauJed INOYUM UOISSILISURIY

SYMD palomod-|[am saiinbay - [PIUSUIUOIIAUD SUIUIEXD U - pue SHd buudsyo UsamIag UoNeOSSY
So1IseIS Alewiwins
SYMD patomod-|jam saiinbay -
sauab paieys e Jo 1Day2 sauab paieys 0. anIssed

31 Xapul J0UURD pue A)jigeiay Jo 01 anp Ajued aie suopeposse  $1s966Ns SHd Bupdsyo o) Bunsnfpe aye
uoiodoid jjews e Ajuo ainided sHd - Bundsyo-iuaied Jay1aym 191 UeD - Uone|RAI0d Bundsyo-iuaied Jo uondNpay

uone[@1I0d
JUSWIUOIIAUR—-2USD JO UoIsSILUSURL
o)2uab 21ebsaAul Jouued) -
sited Bundsyo-jualed 51010B§ BUIPUNOJUOD JO
paY2IeW PUY O) Paiinbai $92IN0S9Y - 10949 OU SAINSUS ‘[[oM Paydlewl Jj -
SI0MI9 01 9|gndadsns s pue uone|ndod
12y21easal Ly Aq auop S| buiydiel - [eiouab au1 Jo aAneIUsAIdaY - paIpnis 10N

SUONE[21I0D
1USWUOJIAUS—3USD Bunebnsanul
Joj [ewndo 1ou S| ubisaq -
$10108} [EJUSLUUOIIAUD IO d1ausb 01 sopadald ainsodxa |erualed
anp s1 sbulgls U9aM19q 9DUR|GLUDSI aU1 1eY) ueuad Ji ubissp oyl
[eI[ILR) 9Y) JI YSINBUNSIP J0UURD - UIYIM FDI SAIIRIOAS SPN|IXD UED -
SeIQ UOMD3I9S  JUSWUOIIAUS papirold Ajleuaied
1019 UBd YdIym ‘sbuljgis usamiaq aules ay3 aleys AjjeaidAr sbuqis
2Insodxa [eruaIaYIp sainbay - se 30J aAIssed sapNRXd A|[eIauLD) - palpnis 10N

awodno bundsyo

Aujigelay paseq-uimy
21ewnss 01 pasn aq ued ubisaq -

Ajiwiey Jay1o Jo 1oedw
3y} Apnis 03 pasn ag ued ubisaq -

Awebowoy

pasamodiapun si [PIDOS 4O UOISSIWISURIL [BANYND
Apnis ay1 Jo pa1e|oIA ale ubissp syl 01 aNp 35lie 1ey1 e} [elualed 391 anissed
Jo suondwinsse Ji pajewisaiopun  dyads e JO S109))9 [PIUSWUOIAUS  $15966NS uoIssiwsuen [elualed pue 129)9
Alisea 8q UeD UOIsSIWSURI) [RIN)ND - paJeys Bunewnss Joj [NaMod - diausb aAIPPe 8yl Usamiag adUeLRAOD)

3D SAIIBPDOAS
s15966Ns ajdwes uiml paseg-pliyo e

Ul (159Uab JO SdUSN|UI Y1 Jopun) S[qeILISY

uopelauab bupdsyo pue juased sI91aweled [eUORIPPe 1eWISD se djisiaoeIeyd [elualed e JO UONBUIST

Y1 y1og Ul adfouayd ay) aduanyul pue 9a.i61pad 2y} JO SIaqUIDU 394 aAIssed $15966nNs s1yy
S9USD DUles Syl 1By} SaWNSSY - JaYlo pue sbulgls a1esodiodul ued  ‘sjdwies uiml paseq-pliyd e Ul JUSWUOIIAUD

aules ay3 s adA1ousyd Bundsyo pue  S3IPNIS SUIMI-JO-USIP|IYD PapuUIX] - paleys ayl JO aduUSN|Ul 8yl JSpun S|
1uaJed Ul UOIBLIEA O) UOINQLIUOD SI010BJ [EIUSWUOIIAUS  INQ o|dwies uiml paseg-lualed e ul (ssusb
219uab 2y} JO 9ZIS 9Y) 1Byl SAWNSSY - 10 D119Uab 01 SNP SI UOIIBISLI0D  JO 10349 SYI Japun) S|GeIlay Se paleuiss
urelqo 01 3yndYyIp oq ued sajduwes - [eljlwe) 3yl JI SullLIRIRp ue) - Ajobue| si dnsus1deIeyd [elusled e J|

SDd buudsyjo Joy Bunsnfpe Jaie ‘Swodno
Bundsyo pue $o4d [erusied usam1Sq
UOIIBIDOSSe {POYISU [0JIUOD [BDNSIIRIS
2JnuNU 2132Uab $31EDIPUI BUOINO
Bundsyo pue seusb |ejusaied paniwsuen
-UOU UO Paseq SHd Uaamiag UOIIeIDosse
:POYIRUI Pa1IUISURI-UOU/PaIIUISURI ]

UOISSIWISURIY [BIUSWUOIIAUD
S91RWINSD ‘SHel) SUW0DINO pue Jo1dIpaid
2y} 10oj $Dd Bupdsyo Joj Bunsnlpe Jaye

‘uoneja.i0d bundsjjo-uaied bulurewsl ay |

UOISSILUSUPIY [PIUSWIUOIIAUS $31€JIPpUl
S|02UOD UBY) S9SBD Ul S[9AS| SWODINO
Jayb1y (sjo1uod) uaip|iyd pasodxaun pue
(sased) ainsodxa |ejuaied dydads e yum
USJP[IY2 U9aM1aq pasedulod aie saWodIN0
{S1 2auUsb pue [eljiwie) UO payd1ew
Ajlenuew ale sied Bundsyo-1usied

UOISSILUSUPIY [PYUSWIUOIIAUD $91BJIPUl
sbulgis pasodxaun ueyy pasodxa Ul

S[2A3| BWOINO JAYBIY HSU (JPIUSWUOIIAUD
pue d1auab) [eljiuiey Joj paydiew Ajjeinieu
9SIMISYIO S| oym Buligis |ny pasodxaun
11941 pue ainsodxa [elusied dynads

© )M UIP|IYD Ul S3W0DINO JO uosteduwio)

uolssiusuel) p|iyd-o1-1ualed Aq paute(dxe si
184} 1094 JUSWUOIIAUS paJeys dy3 jo ued
sa1nded Iyl - UOISSIWUSURIL (|PIUSWIUOIIAUS
9'1) [eAnynd saxedipul adAiouayd Bupdsyo

pue [pluaied US9MISC UONE[DLIOD Y|

UOISSILUSUPIY [PIUSWUOIIAUD
S91edIpul (A|UO sauab) suoneR1I0d
Jejnounae dnobAzouow ueyy (bulies)

snid seusb) uonee.i0d pliyd—-1uaied Jaybiy

UOISSIWISURI] D119USH $21PDIPUI SWIODINO
Bundsyo pue ssusb |prusied paniwsuell onausb
U0 paseq SHJ U2aMIag UONRIDOSSY SO AlIUIRj-UIYIAA

3U1 Ul (Pliyd> 03 1ualed wioly uo passed aie
$soUab JO 940S) G0 O} PaXY INQ P3IBWNSS YL pue SUImi)
10U SI UOISSIWISUI) 211auUab se ‘palpnls 10N UIM} papualxg

mm.imyjtjc

uoIssIwsuRY

D119Uab S1edIPUI SHE} SWODINO

pue Jopipaid syl Joj SHY buudsyo oy
Bupsn(pe Jaye uone@110d buudsyo-juated  ANARISUSS dnauab
PaAISSQO U JO 2dueseaddesip 9y :SDd AJIWe)-UIYIA

< SisAjeue

subisap sdniauab Jejndsjop

su d1ausb

uo payoiew ase siled Buudsyo-ualed
|01JUOD pUB SISED SB ‘PaIpNis 10N | [oluod-ased

510108} [EJUSWUOIIAUD JO DaUSH
01 anp 3 pJnod sbuligis [Ny UaamiIsq
2DUB|QUIDS3I [Bl]IWe) 3} S ‘PaIpNnis JON| Bulais

Scom:mQEOu

subisop saied-paydepy

#[opowl

27 (Slualed

uolssusuRy

2132uab sa1edIpUl (SaUSD paleys

05GC) UOIR[31I0D IejndunAe-2110bAzIp

ueyl (ssusb paleys 940G ‘maydau

/2031U PUB JUNE/3[DUN UIM) 7|\ US9M1SJ)
UOI1R[21I0D JeNdUNAR-D10BAZOUOW JOYBIH  SUIMI-O-URIPIIYD

sabejuenpesiq sabejueApy UO11L[31103 JUSWUOIIAUS—-3UID)

UOISSIWSURI} [BJUSIUOIIAUT

ESICIEIEY]
uoIssIWSuel} J13PUID ‘ubisag

panuniuod | a|qel



Page 7 of 38

197

Jami et al. Translational Psychiatry (2021)11

‘syuaied J19y1 woly saudb J19Y1 SAI3II URIP|IYD 1ey) umouy Apdidwi st ybnoyije ‘uoissiwsues) d13ausb xapul A[12211p J0u ssop
siy] "Apnis 1apun uonejndod sy ul uonelea cnausab Aq paulejdxs aq ued eyl adAlousyd e ul dueleA jo uoiuodoad ayy 3l ‘sawodino Bundsyo 1oy Aljigelay paseg-dNS JO UIM] 31ewilsd 01 Pasn 3q ued subisap 95y ]y

swsiydiowAjod

3pno3PNU-3|BUIS Se UMOUY SlueLeA D133uUab UOWWOD JO 1033 diauab aAlppe oyl Aq paureidxa st jeys ety 196iel e ul adueueA AJjIqLIIBY Pasbg-gNS ‘s2103s d1uabAjod SDY ‘UOIIRSII0D JUBWUOIAUS—-BUSH JDI

2lel ale soly Jo sonp padAiousb
Bundsyo-1uaied yum s1aseleq -

e1ep d1_uab uo paseq syusauodwod

2oueleA a|diNu a1ewiNss

Aujgensay paseq-dNs

9lewss 01 pasn aq ued r_m_mwﬂ -

uopejndod

[e12Uab By} JO dAnRIUSSIdRY -

[9pOW swies sy ul syuased
410Q Woij 2inunu diauab Jo

01 palinbai aie sozis s|dudes abie - 1dedwll [ENPIAIPUL SY1 S1BWINSS e -

aues aJe soul padAoush
Bundsyjo-1ussed yum siaseleq -
e1ep dnauab uo paseq siusuodwod
2dueleA 3dnjNW S1eWNS
01 palinbai ale sazis s|duies abie] -
apnyubew [enba
JO pue dWes auy) ale S99 dlausb

Auligeisy paseq-dns

21ewnsa 01 pasn aq ued ubisaq -

uone|ndod
|e1auab oY) JO aAleluSsalday -
paulqwiod

syuased Yiog Wol aInuNU dnausb

|eusaled pue [euldleW 1BY) SAWNSSY - JO 10edWl [|BISAO B} 91RWIISD UED) -

2Jel aJe sou} 1o sonp padAlousb
Bundsyo-1ualed yum siaseleq -
e1ep dnauab uo paseq siusuodwod
@dueLRA 9|dnNW 21eWNSS
01 palinbai ase sazjs a|dules abie -
Sw Swes oyl
1€ S12949 INUNu dsusb |eussied

Aujgensay paseq-dNs

9lewlise 01 pasn ogq ued C@_me -

uone|ndod

|esauab ay3 Jo anleIudsIdRY -
JEIEC
1O JBYIOW WOy} aInunu dausb

pue [PUISIEW YIOG [9POW JOUURD) - JO 10edUl [|RI2AO 33 23RWIISD URD) -

351 anIssed
$15966Ns 10949 BuLnuNu dnausb pue
109)49 dN2UB 1D31IP UM 3DURLIRACD

354 aAissed
$15966Ns 10949 HBuununu dRauUab pue
109)J9 D19USb 1031IP US9MISG 9DUBLIEAOD

351 anissed
$15966Ns 10949 BuLnuNu dnausb pue
109)49 dN2UB 1D31IP UM 9DURLIRACD

(510949 d112USD panIWsUel) 1o}
Bupunodde Jaye) adAiouab [eulared pup
[UIR1EW JO 129)49 1234IpUl 3Y) AQ paule|dxa
Ajo1esedas | 1eyy swodno buudsyo

Ul 9dUeleA UnUNU D132USb [eusaled

pue [eUJS1BW JO 10342 PalewlIsa] ay |

(512942 D1IaULb paniwsuen

1o} Bununode Jaye) adA1ousb usied-piw
4O 12949 ay1 Aq paure|dxa sI 1Byl SWodIN0
Bupdsyo ul adueleA RINUNU D1IRURD
[e1uaied JO 103jJ3 PaIRWINSS ||RIDAO BY|

(s129)49

onausb paniwsuell Joj Bununodde Jayye)
2dA1ouab [eulaled Jo [euIRIBW JO 109)9
oY1 Aq paule|dxa I 1eyy swodino bupdsyo
Ul 9dUeLeA UnUNU D132Ub |eusaled

JO [PUISIEW JO 12949 P1RWISD Y]
2JNUNU D112USD S31EDIPUI S1D9YD

J12Uab pjiyd-1ualed paleys 1o} JUNOIJe O}

P3PS 10N s ¥1DD-0u]

«PaIpNIs 10N

0, (V109

-IN) SIsAjeue

e} xo|dwod

apIm-swousb

«P3IPNIS 10N S1094a- (eIl

sabejueapesiq

sabejuenpy

uol11e|24400 JUBWUOIIAUD—BUDD

UOISSIWSURI} [BJUSIUOIIAUT

ESICIEIEY]
uoIssIWSuel} J13PUID ‘ubisag

panuniuod | a|qel



Jami et al. Translational Psychiatry (2021)11:197

Molecular genetics designs

Recent advances in molecular genetics provide novel
ways of investigating genetic and environment effects
underlying parent—offspring associations by using geno-
mic data. In molecular genetics studies, the effect of
genetic variants transmitted from parent-to-offspring on
offspring behaviour indicates the presence of genetic
transmission. As described in Figs. 1 and 2, parental genes
can also have an indirect effect on offspring, through
parental traits that are environmentally mediated but
genetically influenced; a process otherwise known as
genetic nurture. One way to separate genetic transmission
and genetic nurture effects underlying specific
parent—offspring associations is the use of polygenic
scores. Polygenic scores (PGS) represent an aggregate
genetic liability for a trait, determined by the presence and
effect sizes of alleles associated with the trait'*. In within-
family PGS genetic sensitivity analysis, offspring PGS for
exposure and outcome traits are included as covariates in
the regression analyses to explore whether the association
between a parental exposure variable and offspring outcome
is attenuated by the offspring’s PGS. If that is the case,
genetic transmission explains part of the parent—offspring
association', Although adjusting for PGS does not entirely
eliminate genetic transmission as current PGS capture only
a small proportion of trait heritability, such sensitivity ana-
lyses can show whether shared genes partially account for
an observed parent—offspring association. In within-family
PGS genetic nurture analyses, PGS can additionally be used
to estimate the environmental influence of parental alleles
not passed on to the offspring'*'>. If PGS based on non-
transmitted parental alleles are associated with an offspring
trait (transmitted/non-transmitted method in Table 1), the
effect of these parental genes on offspring behaviour likely
occurs via an environment pathway, i.e. genetic nurture.
Similarly, if parental PGS are associated with an offspring
trait, after adjusting for the child’s own PGS (statistical
control method in Table 1), this also suggests a nurturing
effect of parental genes beyond that which is due to trans-
mitted genes (see statistical control method in Table 1). The
overall contribution of genetic nurture to offspring traits can
be estimated using maternal-effects genome complex trait
analysis (M-GCTA)'®, relatedness disequilibrium regression
(RDR)Y or trio-GCTA'® (Table 1). Each of these methods
uses genotyped data from unrelated parent—offspring pairs
to estimate the variance in offspring behaviour that is
explained by their own genotype (SNP-based heritability;
heritability accounted for by differences in measured genetic
variants known as single-nucleotide polymorphisms) and
genetic nurture (parental additive genetic effects acting via
genetically influenced parental behaviours).

It is important to note that as current genetic nurture
designs only index parental effects that are captured by
their common genetic variation, these designs capture
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only a part of the overall parent-to-child environmental
transmission. Parental traits that are not under the
influence of common genetic variation may also influence
offspring outcomes. To test whether specific parental
behaviours are responsible for observed genetic nurturing
effects, the parental phenotype can be included as a
covariate in within-family genetic nurture analyses, M-
GCTA, RDR or trio-GCTA. If a genetic nurturing effect
on offspring behaviour is attenuated with the inclusion of
the parental phenotype to the model, the parental phe-
notype is shown to be involved in the manifestation of the
genetic nurturing effect. As with behavioural genetics
designs, molecular genetics designs can be used to
investigate rGE, by estimating covariance between addi-
tive genetic effects and indirect genetic nurturing effects

(Table 1).

Methods

We searched for articles investigating associations
between parental characteristics and offspring mental
health and related outcomes. We defined related traits as
those that have an established link to mental health in the
literature. The Web of Science database was used to
conduct a systematic search of studies published from
2014 to June 2020. The search terms consisted of study
design variables (“children-of-twins” or “offspring of
twins” or “adoption” or “assisted conception” or “sibling
comparison” or “genetic nurture” or “non-transmitted” or
“polygenic score”), parent variables (“parent” or “mother”
or “father” or “maternal*” or “paternal*”), offspring vari-
ables (“offspring” or “child*”) and topic variables (“gene*”
or “environment”). The search did not include predictor
or outcome-specific search terms, so as not to limit the
review to a particular set of traits. We restricted the
search to scientific articles published in English. Through
the results of the initial search, we identified additional
designs that were relevant (Table 1), and ran separate
follow-up searches for these study design variables
(“extended twin” or “triparental” or “multiple parenting
relationships design” or “matched pair” or “genome-wide
complex trait analyses” or “relatedness disequilibrium
regression”). Aside from the database searches, we scan-
ned the references of papers for relevant studies and
checked bioRxiv and medRxiv for relevant preprints.

After removing duplicates, the overall search yielded
2097 hits. Studies were included in the systematic
review when the following criteria were met: the asso-
ciation between a parental characteristic and offspring
behaviour was examined, a genetically informative
design was used, and the phenotype in the offspring was
a mental health or related trait. As current literature
shows that most complex traits have a polygenic
architecture, candidate gene studies were excluded
from this review.
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Results

After screening and assessment of search results
(Fig. 3), we identified 89 articles for inclusion in this
review. We present our synthesis of the literature by
grouping the studies according to the offspring outcome
in the following sections: internalising behaviours,
externalising behaviours, educational attainment, sub-
stance use and personality. The number of studies
and key findings for each outcome are summarised in
Table 2. Details of all studies and their results are
reported in Tables 3—7. Effect sizes showing the relative
contribution of genetic and environmental factors in
parent—offspring associations are included in the tables
when studies provided standardised, well-interpretable
statistics, i.e., odds ratios, percentage of variance
explained or standardised betas.
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Offspring internalising behaviours
Intergenerational transmission of internalising behaviours
Studies investigating the association between parent and
offspring internalising behaviours (Table 3), including
depression and anxiety, showed substantial evidence of
genetic transmission of depressive symptoms'®~*?, and
major depressive disorder (MDD) diagnosis®®. This is in
line with twin literature which shows that depression is a
heritable phenotype®. After accounting for genetic effects,
parental depression was associated with offspring inter-
nalising behaviours through environmental pathways, and
these associations were observed throughout child-
hood?*??*%5 " adolescence'”?®, and adulthood?®. Simi-
larly, associations between parental anxiety and offspring
internalising behaviours also showed evidence of envir-
onmental transmission across development, from

Records excluded, for the following
reasons:

v

- 43 animal studies

- 20 reviews, protocols, or
conference abstracts

- 1825 not related to parent-
offspring transmission

Full-text articles excluded, for the following
reasons:

A\ 4

2097 records

5 identified through searches
2

5]

£

T

)

3

2097 records screened

=]

£

c

3

e

O

%]

\4
2009 full-text articles assessed for
eligibility

2

3

2

i

k-]

S

=4 v

©

£

89 studies included in qualitative
synthesis
reasons for exclusion at each stage.

\.

Fig. 3 Flow chart of study selection. A description of the screening and assessment procedure, reporting the number of records excluded and

- 12 candidate gene studies

- 42 had no or insufficient control
for genetic confounding

- 8 had parent as outcome

- 53 had irrelevant phenotype

- 5 did not report or study main
environmental effect
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toddlerhood to early adulthood® . However, unlike
depression, this association was not partly explained by
shared genes, as there was no evidence of genetic overlap
between parental anxiety and offspring internalising
behaviours®*”***®32, The lack of evidence for genetic
transmission of anxiety is at odds with findings from twin
literature which estimate that 40% of individual differ-
ences in anxiety are explained by genetic factors®. How-
ever, there are some possible explanations of why genetic
transmission is not evident within the adoption and
children-of-twins studies reviewed here. Measures of
inherited risk in the adoption studies could lack validity,
and may not adequately capture the genetic risk of anxiety
from birth parents. Alternatively, as longitudinal studies
show that genetic factors involved in anxiety change
across the lifespan33, different genes could be relevant for
the occurrence of anxiety in early life and adulthood.
Therefore, parental anxiety and offspring internalising
symptoms may share fewer common genetic factors that
are not easily captured using adoption or children-of-
twins designs. Even if different genes are involved in
childhood internalising symptoms and adult anxiety, the
observed environmental association indicates that expo-
sure to an anxious parent is a risk factor for offspring
internalising symptoms.

Overall, environmental associations between parental
factors and offspring internalising behaviours were gen-
erally driven by exposure to concurrent parental anxiety
or depression, whereas prenatal and post-natal symptoms
did not have a long-lasting effect****"3*, This finding
stands in contrast to the substantial body of literature that
interprets associations between perinatal maternal dis-
tress and offspring mental health outcomes in causal
terms®. Based on the current findings, such
parent—offspring associations detected in previous
observational studies are likely to be attributable to
unmeasured rGE, or concurrent parental depression. In
investigating the presence of gene—environment correla-
tion, several adoption studies found no evidence of evo-
cative rGE, although some child-to-parent effects were
identified'***?%?*%, These studies highlight the dynamic
nature of parent and offspring relationships, where asso-
ciations can be bidirectional, with both parent and off-
spring behaviour influencing the other.

Parenting behaviours

Children-of-twin studies examining genetic overlap
between parenting and offspring mental health found that
genes involved in parenting behaviours (such as parental
criticism, parental affection and parent—child relationship
quality) did not overlap with genes involved in offspring
internalising behaviours® ~*° (Table 3). After accounting
for genetic relatedness, several parenting behaviours were
associated with offspring internalising behaviours.

Page 17 of 38

Negative parenting behaviours, including over-reactive
parenting®™, harsh parenting® and parental criticism>”*°
were associated with more offspring internalising beha-
viours, whereas parental expressed affection and a good
parent—child relationship quality were associated with
positive offspring self-worth®®, and fewer internalising
problems®®, respectively. Of note, an innovative sibling
comparison based on Swedish registry data identified a
protective effect of adoptive parenting in children of high-
risk biological parents with MDD diagnosis**. In inter-
preting associations between parenting behaviours and
offspring outcomes, it is important to again note that
these parent—offspring associations can be bidirectional,
with each affecting the other over time. Furthermore,
parenting behaviours can be evoked by the offspring’s
genetically influenced internalising behaviours. However,
three adoption studies found no evocative rGE effects of
offspring internalising symptoms>>*®%’, although one
study reported child-to-parent effects wherein child anger
predicted prospective harsh negative parenting™®.

Genetic nurture

Genetic nurture is a relatively new topic within psy-
chiatric genetics, and as such, we identified only two
studies that investigated environmentally mediated effects
of parental genes on offspring internalising behaviours
(Table 3). Both studies were based on the Norwegian
Mother, Father and Child (MoBa) sample and estimated
variance in offspring depression and anxiety symptoms
that was explained by indirect parental genetic effects,
over and above the transmission of genes from parent to
child. The earlier study, with a smaller sample size, found
no evidence for genetic nurture®’, whereas the subsequent
study with three times the sample size identified a genetic
nurturing effect on offspring depressive symptoms that
was mediated by maternal emotional symptoms**, This
finding is in line with the studies reviewed above which
showed environmental associations between maternal
depression and offspring internalising behaviours®®*!**
and shows that seemingly environmental associations
between parental factors and offspring outcomes may
nonetheless be driven by genetically influenced parental
traits.

Parental educational attainment

A large children-of-twins and siblings study investigat-
ing associations between parental educational attainment
and offspring depressive symptoms found evidence of
genetic, but not environmental transmission® (Table 3).
Genetic overlap between education attainment and
depression has been reported previously®®, and this study
highlights that without the use of genetically informative
designs to account for genetic transmission, phenotypic
associations between parental educational attainment and



Jami et al. Translational Psychiatry (2021)11:197

offspring internalising symptoms could be misinterpreted
as causal.

Parental substance use

A large sibling comparison study investigated associa-
tions between maternal alcohol use during pregnancy and
offspring emotional problems*” (Table 3). Although
exposed children were more emotionally reactive and had
more somatic complaints than their unexposed siblings,
associations between maternal drinking and offspring
anxiety and depressive symptoms seemed to be explained
by factors shared by siblings born of the same mother.
Previous literature investigating the impact of drinking
during pregnancy on offspring internalising behaviours
shows mixed findings*’, making it difficult to make firm
conclusions on whether there is an environmental
association.

Offspring externalising behaviours
Intergenerational transmission of externalising behaviours

Several adoption studies investigating the intergenera-
tional transmission of externalising behaviours (Table 4)
were based on the Early Growth and Development Study
(EGDS) sample. Detection of effects in these studies
seemed to correlate with sample size, indicating that
power considerations are important in interpreting these
results. In studies with fewer participants (up to 361
families), birth parent externalising behaviour, antisocial
behaviour and self-regulation were uncorrelated with
offspring externalising behaviours**~>°, suggesting no
shared genetic effects. However, studies with more par-
ticipants (561 families) showed correlations between birth
parent and offspring externalising behaviours®', and
between birth parent antisocial behaviour and offspring
callous—unemotional behaviours®?, although oppositional
and attentional-deficit behaviours were uncorrelated with
birth parent antisociality®”. Findings from previous lit-
erature show substantial heritability of externalising
behaviours® and highlight the important role of genetic
transmission in explaining parent—offspring simarlity®. It
is likely that the detection of genetic transmission in
adoption studies requires more power, especially if the
specific parent and offspring phenotypes under investi-
gation are related, but not identical traits.

The role of environmental transmission in externalising
behaviours has also been previously implicated*. Here, we
identified one adoption study which found no robust
evidence for an association between parent antisociality
and offspring disruptive behaviours®. In addition, three
large Swedish population-based studies of criminal
behaviour found robust evidence of both genetic and
environmental transmission of criminal behaviour®>**>
and showed that risk of criminal behaviour was strongest
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in families where the same parent provided both the genes
and the rearing environment®°”,

Parental anxiety or depression

Evidence from adoption and children-of-twins studies
showed genetic overlap between parental depression and
offspring externalising behaviours, including ADHD'?~>>°°
(Table 4), whereas associations between overall parental
internalising symptoms and offspring externalising symp-
toms showed mixed results in four adoption stu-
dies****7, Genetic overlap between depression and
externalising phenotypes has been reported previously”,
and the generalist-gene hypothesis suggests that the same
genes may pose genetic vulnerabilities toward multiple
distinct psychiatric disorders.

After accounting for genetic relatedness, exposure to
parental depression was associated with offspring exter-
nalising problems in several studies'®~>***?>°°, whereas
parental anxiety”> and overall internalising symptoms®”
were unrelated to offspring externalising behaviours.
Combined with the findings described above, this indi-
cates that exposure to a depressed parent is a risk factor
for both internalising and externalising behaviours. As
with childhood internalising problems, the association
between maternal depression and childhood externalising
problems was often observed only in relation to con-
current depressive symptoms>"*>**, although one
children-of-twins study reported an association between
prenatal maternal depression and ADHD in 5-year-olds™.
Current results mainly highlight that associations with
prenatal depression in observational studies that do not
control for genetic effects are likely partly explained by
unmeasured rGE. One adoption study investigating »*GE
reported evocative effects; birth parent depression pre-
dicted offspring externalising problems, which in turn
predicted adoptive parent depression'®. As well as
demonstrating how genes and environment work in
combination, the study highlights the bidirectional rela-
tionship between parent and offspring mental health
phenotypes.

Parenting behaviours

Genetic associations between parenting and offspring
externalising behaviours were scarcely investigated (Table
4). A children-of-twins study reported no genetic overlap
between parental monitoring and offspring externalising
problems®”, whereas an adoption study reported that birth
mother personality characteristics were partially asso-
ciated with offspring callous—unemotional behaviours®.
Previous children-of-twins studies show that it is plausible
that parents with a predisposition for negative parenting
behaviours have offspring predisposed to psychopathol-
ogy, and subsequently both phenotypes may share a
common aetiology®.
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Studies of environmental transmission found associa-
tions between both positive and negative parenting and
offspring externalising behaviours. Negative parenting
behaviours were associated with increased offspring
externalising behaviours***>°°~%%, but these effects were
sometimes inconsistent across raters. For instance, over-
reactive parenting was associated with parent-rated*'*®,
but not teacher-rated®® externalising problems. This
could reflect differences in the child’s behaviour observed
at home by the parent, or at school by the teacher.
Alternatively, these differences could be indicative of rater
biases resulting from differences in the interpretation of
scale items, a unique perception of the children’s beha-
viour, or the rater’s own mental health®®. More research is
required to clarify rater-specific findings. Focusing on
positive parenting, factors such as parental knowledge of
offspring whereabouts, good parent—child relationship
quality, positive reinforcement, and warm parenting were
associated with fewer externalising problems®®~>>°%%,
whereas there were no associations between parental
positive reinforcement and ADHD symptoms®, or
maternal support and offspring delinquent behaviour®”.
Investigation of possible gene-environmental correlation
between parenting and offspring externalising behaviours
in adoption samples found no passive or evocative rGE
effects in the associations between parental knowledge
and offspring externalising behaviours®”, whereas one
study reported an evocative rGE showing that parental
hostility was evoked by genetically influenced offspring
behaviour®, and another reported child-to-parent effects
on maternal support and negativity®. As well as high-
lighting the bidirectionality of parent—offspring associa-
tions, these studies show that associations between
parenting and offspring outcomes vary by phenotype and
no single explanation fits all parenting—offspring
associations.

Parental substance use

Two studies reported that parental drug abuse® and
smoking® shared genetic overlap with offspring exter-
nalising behaviours (Table 4). These reports of genetic
overlap are in line with classical twin studies which sug-
gest that comorbidity between substance use and exter-
nalising behaviours is partly due to overlapping genetic
factors®®®®. After accounting for genetic relatedness,
mixed evidence for environmental associations between
parental substance use and some offspring externalising
behaviours was found. Maternal smoking during preg-
nancy was linked to offspring oppositional defiant dis-
order’® and conduct problems’®, whereas a larger study
showed no association with offspring disruptive beha-
viours”". Similarly, smoking during pregnancy was asso-
ciated with parent-reported ADHD symptoms in one
sibling comparison study’?, but not another’®, and was
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not associated with ADHD diagnosis in a large
population-based sample’®, Exposure to maternal alcohol
use during pregnancy was linked to offspring aggression
in one study”’, and to offspring ADHD symptoms in
another’?, but the latter association was not reliably
observed across measurement instruments, and more-
over, maternal drinking was not associated with ADHD
diagnosis’* or attentional problems®’. Studies of parental
substance use during childhood found no environmental
effect of parent alcohol and tobacco use® or drug abuse®
on offspring externalising behaviours. The overall pattern
of results indicates that prenatal exposure to substance
use may be associated with some offspring externalising
behaviours, but no firm conclusions can be drawn from
current or previous work.

Parental education attainment

Three studies found evidence of genetic overlap
between parental education attainment and offspring
ADHD symptoms'®*>”> (Table 4). Genetic overlap
between educational attainment and ADHD is previously
known’®, and is hypothesised to either suggests a com-
mon neurobiological process underlying both inattention
symptoms and academic achievement, or an indirect
mechanism through which genetically influenced inat-
tention impacts academic achievement’”. Both of these
scenarios are feasible in the context of the observed
parent—offspring associations.

Findings for an environmental pathway were mixed.
Although a within-family PGS study estimated that the
association between maternal education and offspring
ADHD would be null after adjusting for PGS that cap-
tured all heritability based on twin-based estimates'®, a
large children-of-twins study found that maternal edu-
cation was associated with offspring ADHD symptoms
even after accounting for genetic relatedness. Parental
educational attainment has been associated with specific
parenting styles’®, and it seems plausible that these par-
enting behaviours subsequently influence offspring
ADHD. However, based on what we know from twin
literature, where ADHD shows very high heritability, and
little effects of the shared or unique environments®, the
overall impact of parenting behaviours on ADHD is likely
to be small.

Genetic nurture

One within-family PGS study of ADHD found no
genetic nurturing effect on offspring ADHD due to
ADHD or educational attainment related to parental
genes’®, Although this finding requires replication, it is
compatible with what we know from twin-based litera-
ture, discussed above.
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Offspring educational attainment
Intergenerational transmission of educational attainment
Studies investigating intergenerational educational
attainment showed consistent evidence of genetic overlap
between parent and offspring educational attain-
ment'>*>7?~81 (Table 5). Additional evidence of genetic
transmission was provided by several within-family PGS
studies showing that parental genetic liability for educa-
tional attainment predicted offspring educational attain-
ment'>7>%278  After accounting for genetic relatedness,
evidence of environmental transmission of intergenera-
tional educational attainment was observed in several
studies®>”?~%2, Taken together, current literature indicates
that as well as passing on education-associated genes,
parents may shape the rearing environment in a way that
influences the offspring’s subsequent educational attain-
ment. However, these environment influences may
nonetheless be partly influenced by parental genes. In line
with this, a within-family PGS study provided evidence of
passive ¥GE, showing that individuals with higher PGS for
educational attainment tended to grow up in better-
educated households than those with lower PGS®®.

Genetic nurture

Research into genetic nurture has gained traction in the
last two years, starting with the publication of three land-
mark studies with novel designs to identify genetic nur-
turing effects on offspring educational attainment'*%*%’
(Table 5). These studies have highlighted that parental
genes can have an indirect (environmentally mediated)
effect on offspring educational attainment through parental
traits that are genetically influenced. The genetic nurturing
effect on offspring educational attainment has been repli-
cated in several samples'>”>78847868889 and a few studies
reported that the observed effect was partly explained by
family socioeconomic status'*'>%, This finding is com-
patible with an adoption study which found that adoptive
parents with higher income had offspring with increased
educational attainment®. Other studies reported addi-
tional mediating effects of parental IQ®, maternal
health during pregnancy®” and parenting behaviours’®,
The last study was the first to show that specific par-
enting behaviours are under the genetic influence of
education-associated genes, and that these genetically
influenced parenting behaviours are subsequently asso-
ciated with offspring educational attainment. In addi-
tion, the study reported evidence of passive rGE, as
mothers with higher PGS for education attainment
provided home environments that were more conducive
to higher educational attainment (greater cognitive sti-
mulation, more warm and sensitive parenting, and less
chaotic and safer, tidier homes)”®. Evidence of passive
rGE was also found for the overall genetic nurturing
effect in a within-family PGS study of adoption samples,
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where parental PGS of educational attainment was more
strongly associated with offspring educational attain-
ment in biological families than adoptive families®*. This
particular passive rGE has also been reported outside of
the reviewed work”".

Maternal smoking during pregnancy

A large children-of-twins study reported genetic
overlap between maternal smoking during pregnancy
and offspring general cognitive ability®” (Table 5). This
finding is in line with the known negative genetic cor-
relation between smoking and educational attainment®*
and highlights that in observational studies without
genetically informative designs, this parent—offspring
association explained by unmeasured genetic effects
could lead to spurious conclusions. Investigations of
environmental transmission did not reveal robust asso-
ciations; maternal smoking during pregnancy was nega-
tively associated with reading cognition”!, but
associations with other measures of cognitive function-
ing”!, general cognitive ability®”, and academic achieve-
ment®” did not remain after accounting for genetic
relatedness. Previous literature on genetically informa-
tive designs suggests that familial factors, including
genetic effects, account for the relationship between
smoking during pregnancy and offspring cognition®®.

Offspring substance use
Intergenerational transmission of substance use behaviours
Studies investigating intergenerational transmission of
substance use behaviours (Table 6) showed consistent
evidence of genetic transmission of substance involve-
ment”, alcohol use”®>~’, drug abuse®***° and smoking
initiation'®. There was also evidence of environmental
transmission of many substance use behaviours, including
drinking behaviour'®?}, alcohol use disorder®>°>%7, drug
abuse®>!19892192 0 gmoking  behaviour'”'*®  and
addiction-prone  personalities'®*, whereas  parental
dependency on alcohol was not consistently associated
with offspring alcohol involvement®**, Two studies
showed no long-term effects of maternal smoking during
pregnancy on offspring substance use behaviours®”'%,
Although parental substance use behaviours were gen-
erally associated with an increased likelihood of substance
use in offspring, an extended twin study observed negative
environmental transmission of smoking behaviours,
whereby parental smoking had an inhibiting effect on
offspring smoking initiation'®>. The finding was margin-
ally significant and requires replication. One study found
evidence of passive rGE underlying parent—offspring
similarity in drinking behaviours, with more similarities in
biological parent—child relationships than in adoptive

families'%.
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Parenting behaviours

Studies investigating the associations between parenting
behaviours and offspring substance use (Table 6) showed
that adoptive parenting behaviours such as parental
involvement'?’, family care'%, family cohesion, parental
monitoring, parental care and parental support'®® were
associated with a lowered risk of offspring substance use
behaviours, whereas adoptive parents’ overprotectiveness
or control had no effect'®, In addition, children exposed
to adoptive parenting had a lower risk of drug abuse than
their unexposed sibling, indicating a protective effect of
adoptive parenting on substance use behaviours, which
was also reported for MDD above'®”.

Offspring personality

There was evidence of genetic and environmental
influences underlying associations between parental
characteristics and offspring personality (Table 7). Parent
sociability and offspring positive emotionality''®, and
parent behavioural motivation and offspring social moti-
vation®" shared common genetic factors, whereas the
intergenerational transmission of neuroticism seemed to
be environmentally explained®’. There was no evidence of
an environmental association between parental traits,
including anxiety''!, sociability"'®, and smoking during
pregnancy’’, and offspring personality traits such as
sociability and temperament. In addition, an extended
twin study found no evidence of environmental trans-
mission or rGE underlying associations between parent
and offspring dimensional personality traits''>. However,
two studies observed evocative effects of offspring social
behaviours on parenting; adopted offspring’s genetically
influenced social behaviours predicted adoptive parent
hostility®! and child-centred parenting'*. Overall, current
and previous literature indicates that relationships
between parental factors and offspring personality vary
substantially by phenotype, and can involve both genetic
and environmental processes.

Discussion

This review provides a broad overview of genetically
informative literature investigating associations between
parental characteristics and offspring mental health and
related outcomes. This is a topic of substantial interest, with
89 relevant articles published in the past 6 years. Overall,
reviewed studies showed reliable evidence of genetic trans-
mission of depression, criminal behaviour, educational
attainment, and substance use behaviours from parent-to-
child. Additionally, cross-phenotype genetic overlap was
observed in several instances; for example, parental depres-
sion, substance use, and educational attainment were all
associated with offspring externalising behaviours through
genetic pathways (Table 2). After accounting for genetic
transmission, parental depression or anxiety were associated
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with offspring internalising or externalising behaviours
through environmental pathways. For maternal exposures,
these associations were related to concurrent maternal
symptoms, with no long-lasting effect of prenatal depression
or anxiety on offspring mental health. Other environmental
associations and rGEs were observed for parent—offspring
similarity in criminal behaviours, substance use behaviours,
and educational attainment. In addition, positive and nega-
tive parenting behaviours held associations with offspring
internalising behaviours, externalising behaviours, substance
use behaviours, and educational attainment, with some
evidence of rGE. Finally, cross-lagged studies showed
bidirectional associations between parenting traits and off-
spring behaviours, where parenting predicted offspring
behaviours, and offspring behaviours predicted parenting.

The reviewed literature highlights that genetically
informative designs must be implemented to model or
control for genetic effects in studies investigating parental
influences on offspring development. There was sub-
stantial evidence of genetic overlap between parental and
offspring phenotypes for both similar traits (e.g. parental
depression and offspring internalising symptoms)'®~*
and dissimilar traits (e.g. parental depression and off-
spring externalising problems)'*~>*°°, As well as indicat-
ing genetic transmission of similar traits, these findings
indicate that the same genetic factors may be relevant for
the development of several distinct mental health pro-
blems®?, and could also partly explain the comorbidity
between mental health disorders that is widely observed
in literature'™®, Without accounting for genetic trans-
mission within families, observational studies run a ser-
ious risk of misinterpreting these associations as causal
environmental influences. For instance, it was observed
that after accounting for shared genetic effects, perinatal
maternal depression did not hold any long-lasting asso-
ciations with offspring internalising or externalising
behaviours in childhood®"*****"**, This is in contrast to
the substantial body of literature that interprets associa-
tions between perinatal maternal distress and offspring
mental health outcomes in causal terms®>, We urge future
studies investigating parent—offspring associations to err
on the side of caution in interpreting their results and
consider evidence from multiple methodologies in form-
ing their conclusions. Even genetically informative designs
can be skewed towards non-genetic findings if there is
insufficient power in the study. Triangulating evidence
from multiple methodologies is required before a general
conclusion can be reached on whether a given
parent—offspring association is likely to be truly present,
after accounting for shared genetic effects or rGE.

Even so, the reviewed studies indicate that both genetic
and environmental factors are important in associations
between parental factors and offspring mental health out-
comes (Table 2). These overall findings raise two important
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questions; to what extent are parent—offspring associations
due to genetic transmission, and to what extent does par-
enting truly matter? Findings from classical twin literature
indicate that between 40 and 80% of individual differences in
mental health phenotypes such as internalising and exter-
nalising problems between people are explained by additive
genetic effects®. This suggests that the largest way through
which parents influence offspring mental health outcomes is
through the passing on of their genes. In addition, estimates
of heritability for mental health phenotypes within classical
twin literature tend to increase with age, while the influence
of the shared family environment decreases'’*. From a
developmental perspective, this indicates that genetic influ-
ences on offspring mental health become increasingly
important as the child gets older while the overall environ-
mental impact of parental characteristics on offspring
behaviour is likely to be small. In the current review, effect
sizes showing the relative contribution of genetic and
environmental factors in parent—offspring associations were
not consistently reported and the available statistics are hard
to compare between studies. Some studies reported higher
effect sizes for genetic or environmental transmission, while
others reported equal effect sizes for genetic and environ-
mental effects in parent—offspring associations (Tables 3-7).
Based on prior knowledge, the overall effect of any single
parental environmental exposure is likely to be far lower
than the estimated heritability of offspring mental health and
related traits, as is the effect of a single genetic variant. It is
also worth highlighting that environmentally mediated
influences can still be under the influence of parental genes.
Previous twin literature shows that parenting behaviours are
under genetic influence themselves and reflect heritable
individual differences''>™'"”. Genetic nurture is a new way to
index the environmentally mediated effect of parental genes
on offspring behaviour. The reviewed studies provide evi-
dence of genetic nurture effects on offspring internalising
symptoms and educational attainment (Table 2). This is a
promising area of research and we expect the development
and application of genetic nurture designs to continue to
expand in the coming years.

As well as demonstrating genetic overlap and environ-
mental transmission within parent—offspring associations,
the reviewed studies showed that confounding by passive
rGE is also prevalent within genetically informative designs
(Table 2). If unmodelled, these unmeasured effects may
inflate the estimation of both genetic and environmental
factors. Additionally, evocative rGE can also explain
parent—offspring associations. The reviewed studies showed
evidence of evocative rGEs underlying associations between
parental characteristics and offspring internalising symptoms,
externalising symptoms and personality (Table 2). These
findings are compatible with previous literature which shows
a moderate impact of offspring’s genetically influenced
behaviours on parenting factors''®'*®, In instances where
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evocative rGE effects were not observed, child-to-parent
effects were sometimes still present'®?#303%36%5  Thege
findings highlight the bidirectional and dynamic nature of
parent—offspring associations, with child-to-parent effects, as
well as parent-to-child effects, and also show the importance
of cross-lagged models in modelling parent—offspring asso-
ciations over time.

Reviewed findings with clinical implications are worth
highlighting further. Parents with depression, anxiety, sub-
stance use problems, and externalising behaviours appeared
to pass on these traits to the offspring through both genetic
and environmental mechanisms. This information can be
used to extend preventative and early intervention services
to high-risk children of parents with internalising, exter-
nalising, or substance use disorders in healthcare settings.
Family-based interventions, including cognitive, beha-
vioural, and psychoeducational components, are already
shown to be effective in children of parents with inter-
nalising and externalising disorders'*. In addition, several
reviewed studies showed that positive parental environ-
ments, such as parental warmth and positive reinforcement,
were protective against externalising and substance use
behaviours in children with high inherited risk®">>'%,
Whilst preventative interventions for externalising pro-
blems already include a family component, current pre-
ventative strategies for substance use incorporate school-
based and skills training approaches'*'. A family-based
approach could be a valuable addition to preventative
interventions of substance use behaviours in early life.

To conclude, parental factors are important predictors of
offspring mental health and related outcomes. Both genetic
and environmental processes are important in these asso-
ciations. Further clarification of these processes requires
more research. Exciting opportunities for parent—offspring
research are increasingly present, with the availability of
more datasets and ongoing advances in methodologies.
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