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Abstract Genetically informative studies have established a new research field that
crosscuts disciplinary boundaries within the social sciences, as well as between
social science and biology, with proprietary aims and research questions. This hap-
pens, however, at the cost of appropriate integration into the current theoretical and
conceptual streams in the social sciences, e.g., sociology. That such a fruitful inte-
gration is possible is demonstrated for the case of life course research. The focus
in dominantly, though not exclusively, on sociological concepts of the life course.
This article first introduces central concepts of genetically informative research and
life course research and then discusses possible ways to integrate genetic infor-
mation into the life course research agenda, giving a brief overview of the main
methodological tools available.

Keywords Behavioral genetics · Sociogenomics · Epigenome · Life course ·
Family of origin

Wie kann genetisch informative Forschung zum besseren Verständnis
von Lebensläufen beitragen?

Zusammenfassung Genetisch informative Forschung hat einen deutlichen Auf-
schwung genommen und etabliert sich als eigenes Forschungsfeld zwischen den
verschiedenen sozialwissenschaftlichen Disziplinen und der Biologie. Dabei ver-
folgt sie zunehmend ihre eigenen Ziele und Fragestellungen. Dies geschieht jedoch
auf Kosten einer fruchtbaren Integration in die theoretischen und konzeptuellen
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Entwicklungen innerhalb der sozialwissenschaftlichen Disziplinen. Dabei ließe sich
leicht eine bessere Integration in vorhandene zentrale Konzepte herstellen. Dies wird
am Beispiel der Lebenslaufforschung demonstriert. Der Fokus liegt hauptsächlich,
aber nicht ausschließlich auf soziologischen Herangehensweisen. Der Beitrag führt
zunächst in zentrale Konzepte sowohl der genetisch informativen Forschung als auch
der Lebenslaufforschung ein. Darauf folgt eine Diskussion verschiedener Möglich-
keiten, wie genetische Information zentrale Konzepte und Forschungsfragen der
Lebenslaufforschung befruchten kann. Eine Übersicht über die methodologischen
Herangehensweisen genetisch informativer Forschung rundet den Beitrag ab.

Schlüsselwörter Lebenslaufforschung · Soziogenetik · Verhaltensgenetik ·
Epigenetik · Herkunftsfamilie

1 Introduction

In the perspective of the social sciences, life course research belongs to the research
fields that are most open for interdisciplinary cooperation, including biology. Never-
theless, genetic contributions to understand the life course have not yet found much
interest. The main purpose of this article is to fill this gap in a specific way: to in-
form about the possibilities of genetically informative research to deal with research
questions raised in the social sciences, foremost sociology, in the field of life course
research.

After long resistance, there are more and more genetically informative studies1

being published in social science journals. However, this does not yet mean that
such studies have already found their proper place in the social sciences in general
and in sociology in particular. There is no doubt that all characteristics sociology
is interested in are also influenced by genetic contributions,2 whether health, skills,
attainments, or whatever else. However, identifying correlations between genes, or
interindividual genetic variation, on the one side and phenotypic characteristics on
the other side does not yet mean that this correlation is causal. What we see in
human characteristics and behaviors results from both genetic variation (“nature”)
and experiences made in different social contexts and the respective living conditions
(“nurture”) and cannot be reduced to only one of these sources of development. In
other words, the outcomes that sociology is interested in are neither purely social
nor purely genetic, and a first question is to what degree both nature and nurture
are relevant. There is no general answer to this question because the relative shares
differ from characteristic to characteristic (Polderman et al. 2015) and vary across
populations, be it between groups within a society or between different societies

1 This term refers to studies that, either by twin or adoptive studies or by direct measurement of (parts of)
the genome and/or the epigenome, or both, try to identify (epi)genetic influences on phenotypic character-
istics and behaviors.
2 Therefore, I apply the most cautious term, “contribution.” If appropriate when citing thoughts and hy-
potheses about genetic contributions to behaviors and characteristics, I use the term “influence” but avoid
the term “causal” (see end of Sect. 4).
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across time and space. So far, it is widely accepted that genetically informative
designs are a helpful tool to cope with unobserved heterogeneity and that it is
important to estimate the degree to which phenotypic correlations are biased by
genetic confounding.

Separating genetic from environmental influences can become hugely important
for answering core sociological research questions, not least about mechanisms cre-
ating social advantage and social disadvantage. That concerns about genetic instead
of social mechanisms were already raised a long time ago was recently noted by
Mills (2022). For instance, Conley et al. (2015) found that the relation between
parental and offspring education was up to five-sixths social inheritance, but one-
sixth could be traced back to genetic transmission. Social inheritance largely out-
does genetic inheritance. Otherwise, a claimed dominance of genetic influences
could have been true, say five-sixths genetic inheritance and only one-sixth social
inheritance. Especially in heated debates about the pros and cons of compensatory
social policy, it can become important to disentangle the degrees to which social
advantage and disadvantage are shaped by genetic variation or variation in envi-
ronmental conditions. This is not to move in the direction of genetic determinism.
Rather, genetically informed approaches can help to estimate the expected effective-
ness of institutions and policies. For example, short-time training of cognitive ability
proved to be ineffective in the longer run due to a pronounced fade-out effect after
the end of the intervention (Protzko 2015). Given the paramount relevance of long-
term gene–environment interplay for cognitive development, this had to be expected
from the very beginning (Dickens and Flynn 2001). Only steady stimulation has the
potential for sustained improvement of intelligence (see Sect. 3 for more elaboration
on this point).

Contemporary research goes regularly beyond considering the relative im-
pact of genetic versus social variation alone. It focuses on the various forms of
gene–environment interplay and the processes that mediate the relation between the
genome and the social phenomena over and above additive contributions. These
mechanisms encompass, on the one hand, gene–environment interaction (G× E)
and, on the other hand, gene–environment covariation (rGE). A G×E interaction
reflects either changes in environmental contributions occurring with genetic vari-
ation or changes in genetic contributions occurring with changes in environmental
contexts (Selita and Kovas 2019; Branigan et al. 2013; Tucker-Drob and Bates
2016). For example, in the first case we can think of genetic predispositions affect-
ing a person’s sensitivity to environmental circumstances, leading to differences in
how individuals react to, for instance, stressful environmental conditions (Plomin
et al. 2012). In the second case, we can think of environmental conditions providing
different opportunities to the realization of genetic potential and risk. The other
form of gene–environment interplay, rGE, means that environmental influences are
not always independent of the characteristics and behaviors of an individual and
that the latter are shaped to some degree by genes. Consequently, in such cases, the
environment is not completely exogenous to an individual’s genome but is geneti-
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cally conflated, and estimating the additive contributions of genes and environment
may be biased.3

Researchers in the field of genetically informative research see themselves firmly
as social scientists. Comparably few come from sociology. Aside from economists,
demographers, and political scientists, psychologists also often see themselves as
social scientists (e.g., Turkheimer 2011; Harden 2021), though they are usually not
trained in sociological theories about the life course, social inequality, or social mo-
bility. For all, the core task remains the same: to separate genetic from environmental
contributions and study the interplay between the two in the emergence of the phe-
notypes of interest and their development, and to integrate them into explanatory
models. Such study interests do not threaten sociology (or other social sciences) but
create a new field for sociological expertise to understand the mechanisms behind
phenotypes of highly sociological interest—such as income, status, education, skills,
and demographic life events—and the role of genetic variation thereby. Given the
rise of genetically informative research, sociologists should not miss “the opportu-
nity to affect the precision and direction of this burgeoning field exactly when their
expertise is needed most” (Braudt 2018, p. 2). Genetically informative research also
needs expertise in the theory-driven phenotypic modeling of social explanations in
the fields of social differentiation and social inequalities, such as models of status
attainment, family formation, or the mechanisms of intergenerational transmission
of advantage and disadvantage. This also applies to the degree to which phenotypes
as predictors in multivariate analyses are genetically confounded, e.g., skills as pre-
dictors of educational achievement (e.g., Krapohl et al. 2014). To fully understand
the pathways of how an outcome like education is achieved, the predictors also have
to be included in partitioning genetic and environmental contributions.

Less clear, however, is how genetically informative research fits into sociological
explanations in a way that it can be integrated into the scientific agenda and theoreti-
cal body of sociological thinking about how social mechanisms work. This question
is far from trivial. There is not a traditional place for the role of genes in the devel-
opment of the sociological agenda, nor has genetically informative research taken
much notice of sociological thinking (see, for example, Plomin 2019). The partic-
ipation of sociologists has been sparse, with psychologists having a much longer
and larger involvement. Even some of those sociologists working successfully in
the field are skeptical about a fruitful combination of social science genetics with
sociological theories (Fletcher 2023). These shortcomings might frustrate a deeper
interest of sociologists in this now rapidly developing field that looks at first quite
unfamiliar to them. In consequence, there is not enough motivation for the acknowl-
edgment and integration of research results from genetically informative research in
the sociological mainstream.

This paper aims to demonstrate how genetically informative studies can add
to and be integrated into life course research as a complex research agenda in
sociology informed by several theoretical approaches. Some of them are dominantly
sociological, others are more psychological, and some are shared by both disciplines.

3 See Verhulst and Hatemi (2013) for different directions of how this may come about and how relevant
distorted estimates might be.
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The study of the life course is not “owned” by sociology alone but was from the
very beginning an interdisciplinary endeavor in the behavioral sciences. It is not too
simplified to see a psychological approach of individual development to a psychic
system on the one side and a sociological approach of a social being embedded in
a multilayered social environment, from family to state institutions, on the other side.
For a long time, these two perspectives were the main drivers of life course research.
Following an increasing interest in health issues (Mayer 2009; Hoffmann 2023), the
insight that the organism also contributes to understanding of the life course was
later included in life course theory (e.g., Kuh et al. 2003). This was not only an
additive extension but refers especially to how the organism interacts with psychic
and social developments and therefore helps in the understanding of development on
both levels. Consequently, an account exclusively drawing on a purely sociological
perspective of the life course is difficult to pursue. Moreover, theories in the domain
of life course research are comprehensive, since the life course is a frame for many
substantive topics and research questions. This allows for a similarly comprehensive
overview of different aspects.

Since DNA is fixed and largely immutable from the very beginning of the indi-
vidual life course, any idea about how genetics4 could enrich the study of the life
course may seem rather limited. However, as will be demonstrated in the follow-
ing, longitudinal designs in behavioral genetics and molecular genetics as well as
epigenetics can enrich several central concepts of life course research. Before these
specific contributions to mainly sociological life course research are demonstrated
(Sect. 3), I first give an overview of central terms and definitions relevant here: life
course, genes, and mechanisms of gene–environment interaction and covariation
(Sect. 2). After these mainly conceptual elaborations, Sect. 4 provides a brief and
not exhaustive overview of the major challenges and possibilities of three differ-
ent methodological approaches to study the interplay of genetic and environmental
influences over the life course: twin-based studies, molecular genetics, and epige-
netics. For molecular genetics, solely polygenic scores as the by far most often
applied approach is considered. The overall goal is to demonstrate the specific ca-
pacities of these approaches for identifying genetic contributions to the life course,
in addition to and intersecting with environmental forces. The conclusion summa-
rizes successes and problems in existing research and then moves to prospects for
genetically informative research in sociology for the near future.

To exemplify the respective contributions, I mostly refer to processes of educa-
tional attainment and achievement, since education plays a large role in genetically
sensitive research, with many studies available for both twin-based and molecular ge-
netic methodology. This focus also includes the individual development of cognitive
and other skills as theoretically and empirically important contributors to education.
It allows us to demonstrate that patterns of longitudinal gene–environment inter-
play differ between phenotypes under consideration, even within this field. Given
the overall still scarce longitudinal, life course–oriented, genetically informed stud-
ies, it would be too ambitious to extend the overview to more phenotypes in other

4 To be sure: When looking at genes in this paper, genetic information always relates to genetic information
as a population parameter and not to the individual genetic makeup and related questions.

K



496 M. Diewald

life domains. Therefore, any generalizations of the patterns found here to other life
domains are not intended. Also, I restrict my considerations to contributions to pri-
marily sociological concepts of life course research and do not intend to additionally
cover individual development over various life phases as a whole in genetically in-
formative studies. Such an endeavor would largely overexpand the narrative and
what is possible in an article like this one.

2 Genes and the Life Course: Definitions and Mechanisms

In this section, some central definitions and mechanisms are introduced. This is
not only to inform readers not yet familiar with genetically informative research or
contemporary life course research, but also to avoid potential misunderstanding,
as there is a lack of universally shared understandings of some definitions. To
start with the term “mechanism”: Broadly speaking, referring to mechanisms means
that “explanations should reflect the causal processes actually responsible for the
observations” (Hedström and Ylikoski 2010, p. 64). This implies considering also
those “cogs and wheels” (Hedström and Ylikoski 2010, p. 54), if they are causally
relevant, that are outside sociology’s classical scope.

2.1 What Genes Do and Do Not Do

There are many definitions of what genes are. For our purposes, it may be enough
to keep the following in mind: Genes are units of DNA that contain fundamental
information for the organism to develop characteristics of an individual. Some of
these genes are relevant for characteristics that differ among individuals, e.g., per-
sonality, skills, height, diseases, and many others, depending on how specific genes
are coded. To contribute to the development of specific characteristics, the DNA has
to be transcribed to RNA. The RNA transmits the information for building proteins,
which are biologically active and inform the different types of cells how to work
in a specific way, i.e., genetic functions can be switched on or off, diminished or
enhanced. These processes are called gene regulation.

The DNA is immutable from conception on. It does not change over the life
course aside from a very limited number of accidental mutations. Nevertheless,
genetic variation can directly influence life course developments, e.g., the onset of
puberty (Mancini et al. 2022), aging (Melzer et al. 2020), and learning (Plomin and
Kovas 2005).

Gene regulation is not immutable over the life course. Quite the contrary, expe-
riences over the life course, including changes in daily life as well as single events,
can affect gene regulation and become embodied in the form of epigenetic markers,
which in turn can have enduring influences on physiological development as well
as behavioral patterns (Diewald et al. in press). Experiences from conception on
may lead to changes in the epigenome (e.g., Cao-Lei et al. 2020). Such changes are
not irreversible but rather stable. It is still discussed whether the epigenome is even
heritable in humans and can be transmitted over generations (Ghai and Kader 2022).

K



How Can Genetically Informative Research Contribute to Life Course Research? 497

Several biological mechanisms can lead to such changes in gene regulation.
Among them, chemical modification of the DNA, called DNA methylation, is the
most important one. The so-called epigenome contains information about cellular
modifications in the functioning of the genome without changing the DNA itself.
These modifications mirror intrinsic biological programming processes as well as
modifications due to the accumulated effects of the environment. Epigenetic mark-
ers identify the loci where this happens. The increasing focus on gene regulation
and epigenetics marks a shift in the conceptualization of genes as fixed biological
“equipment” to a more fluid understanding of genetic influences (Turner et al. 2020).
It provides a direct link between genetic variation and social experiences over the
life course as a biological outcome of gene–environment interaction (see Sect. 2.2).
Gene regulation makes evident why DNA is influential but far from deterministic
for shaping the life course.

2.2 Genes in Social Contexts: Mechanisms of Genetic Influences

Aside from uniform, additive effects of genetic variation, genetic contributions are
moderated and mediated by social contexts in various ways. The mechanisms ex-
plaining how this happens can be distinguished in gene–environment interaction and
gene–environment correlation.

2.2.1 Gene–Environment Interaction

Gene–environment interaction (G× E) has two variants. In one variant, influences
from the environment are moderated by genetic variation. In the other variant, the
influence of genetic variation is moderated by characteristics of the environment.
Overall, the first case has found much less attention in research than the second one.
For this type of G× E, the possibility that an influence of the social environment is
moderated by genetic variation, environmental sensitivity (Pluess 2015) has emerged
as a concept of how individuals react to good or bad living conditions. Other than
the juxtaposition of being either vulnerable or resilient, environmental sensitivity
means that some people have a generally elevated openness to environmental influ-
ences, which means that they both suffer more severely from bad living conditions
and strains than others, as well as profit more than others from good conditions
and stimulation.5 Genetically, environmental sensitivity is predominantly based on
genes that regulate the immune system and stress. Methylation of these genes plays
a decisive role in which direction the sensitivity is more pronounced, in the direction
of either resilience or vulnerability (Daskalakis et al. 2021; Heim and Binder 2012;
Yehuda et al. 2016).

For the more frequently investigated second case of the environment moderating
the influence of genetic variation, Shanahan and Hofer (2005) have proposed four
types: Triggering, also referred to as the diathesis–stress model (Broerman 2020),
means that a person has a genetic vulnerability that is expressed only in specific

5 This is a partially different viewpoint of categorizing environmental sensitivity than that of Mills (2022),
who understands environmental sensitivity as a variant of diathesis–stress.
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social situations. Here the social context is detrimental and triggers the occurrence
of genetic risk. This is surely the most frequently studied type of G× E in genetically
informative research, which might be due to diseases and psychological disorders
being important topics (Polderman et al. 2015). The second type, social compensa-
tion, refers to the opposite: There is a genetic vulnerability, but the social context
is helpful and hinders the expression of a genetic risk. For example, genes for ag-
gressive behaviors can be dimmed for individuals growing up in intact families with
warm relationships. Note that in both the first type and the second type, a labeling
of certain genetic predispositions as bad or unwanted is the starting point. However,
what is unwanted or seen as “bad” is not an objective classification of genetic pre-
dispositions but is subject to evaluations in the society. The effect of genes is always
contingent on the social context: An advantage under certain conditions may be
a disadvantage under others. For example, a predisposition for aggression can lead
to aggressive behaviors, which then lead to criminal behaviors and consequently to
prison.6 But for higher social classes, some cultivated kinds of aggressive behaviors,
combined with polished good manners, could help the individual enter higher social
ranks in highly competitive career pathways. A third type is called social control.
For it, too, the starting point is a genetic predisposition for unwanted behaviors such
as drug use or externalizing. The mechanism here is a restrictive social environment
limiting individual behaviors by supervision through parents, neighbors, mentors,
policing, or strict societal norms. The fourth type, enhancement, is also referred to
as the bioecological model (Bronfenbrenner and Ceci 1994). In contrast to the other
three types, the starting point is desirable behaviors or outcomes, e.g., self-control,
cognitive ability, or higher education. Enhancement describes a social context that
accentuates the effect of a genetic predisposition toward socially valued character-
istics or behaviors, which is most likely reached via resource-rich environments.

Whereas environmental sensitivity goes beyond vulnerability and resilience as
well-known phenotypic concepts in life course research, it is obvious that all four
types of environments moderating genetic influences fit standard sociological think-
ing. However, whereas in genetically informative research the dominant focus is
on stressors that trigger a genetic predisposition for unwanted characteristics and
behaviors, in sociological thinking about inequality the dominant focus is clearly on
the positive role of resources, as in the enhancement type of G× E.

Better understanding of the social mechanisms at play in any of these types, how-
ever, requires additional theoretical work that engages with the link between genetic
variation and environment on a more detailed and specific level. The first point is
to define a resource-rich environment in terms of different resources with a spe-
cific impact on the characteristics of interest. What is called socioeconomic status
is a mix of several conditions that do not necessarily have the same influence on the
development of a specific outcome. Consequently, instead of a composite measure
of socioeconomic status, it should be tested which one of the resources linked to
socioeconomic status leads to an effect: money in the household, parental occu-
pational status, education, skills, or the absence of stressors (see Mönkediek et al.

6 This is an adage used by Conley (2009) to exemplify the context-dependence of social influences filtering
genetic influences.
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2023 for such an exception). The statistical influence of these resources is closely
linked to different social mechanisms at work when creating social inequalities (Tilly
2003; Diewald and Faist 2011). It might not only be interesting whether a higher
occupational status matters, but it might also link higher social status or a higher
income to societal processes of social closure, opportunity hoarding, or exploita-
tion creating these differences in income and status (e.g., Bol and Weeden 2015).
Also, in international comparisons the more or less compensatory role of the welfare
state could be of interest.7 A lack of material resources, e.g., poverty measured via
equivalent household income, may not only have material consequences but may
also result in nonmaterial harm in the form of stereotyping and discrimination by
others or more within-household conflicts. Moreover, it should be taken into account
that these four types (triggering, enhancement, social compensation, social control)
may not work independently from each other but are intertwined. According to
the resources–demands approach as well as the inducement–contribution approach,
higher resources linked to occupational status might be linked to higher strains as
well and trigger vulnerabilities despite protective resources (Schieman et al. 2006).
At the same time, protective resources linked to higher status may compensate for
these stressors. As a consequence, it is an open question whether higher occupations,
mostly measured by status scales, are indeed a resource for enhancement or a trigger
for stress–diathesis, or both.

2.2.2 Gene–Environment Correlation (rGE)

Environments are not always exogenous to individual behaviors. Genetic variation
and variation in environments may covary because genetic variants influence the
exposure to certain environments and because behaviors relevant for exposure are
genetically influenced. There are three ways of how rGE may come about (Plomin
et al. 1977). First, passive rGE may arise from the fact that genes are transmitted
from parents to children. Therefore, the parental home environment is shaped by
the same genes that are also the genetic makeup of the child. Evocative or reactive
rGE occurs when an individual’s genetically influenced characteristics and behav-
iors evoke reactions from others. Active rGE refers to the fact that social contexts
are not always simply given but are selected by individuals who seek to live in
environments that fit their preferences, which are to a smaller or larger extent genet-
ically predisposed. Similarly, exposure to risk can stem from individuals selecting
themselves into high-risk environments (Kendler and Karkowski-Shuman 1997). In
all these cases, environmental measures are to some degree genetic in origin.

When investigating the relative share of genes versus environment or gene–env-
ironment interaction, the basal precondition is that both sources of variation are
exogenous to each other and not conflated. It is therefore advisable to test whether
this is indeed the case before calculating G× E.

7 In their study on social origin moderating the genetic influence on IQ development, Tucker-Drob and
Bates (2016) speculated about such a moderating role of different welfare state regimes.
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2.3 Life Course Research

The term “life course,” or “life course research,” denotes not a single theory but is
an umbrella term that covers several heterogeneous theoretical ideas about how life
develops, along with methodological approaches used to study them. Although the
study of the life course was an interdisciplinary endeavor from the beginning, the
different disciplines involved followed different interests and focused on different
topics. The sociological view on the life course is dominated by following individ-
uals through the institutions and the social structure of societies, i.e., the different
trajectories and events in different life domains (Elder and O’Rand 1995, p. 454), as
well as social inequalities. These trajectories and events can be interrelated, some-
times longitudinally, as in the case of occupational careers preceded by educational
careers, or cross-sectionally when, for example, insecurity in labor force participa-
tion and insecurity in close personal ties are interrelated. However, not only do the
events and trajectories themselves define the individual level in life course analyses,
but the benefits and burdens linked to them are important, since they are drivers for
decisions to stay or switch participation in different life domains.

As international comparisons have convincingly demonstrated, the patterns of
interrelated pathways through life domains reflect different institutional character-
istics of societies. These patterns are also influenced by other macro conditions
such as wars, economic cycles, and pandemics.8 Such a reference of individual-
level processes and outcomes to influences from supra-individual levels is standard
in sociology. However, individual-level processes also display individual behaviors
that are not uniformly shaped by supra-individual opportunities and constraints but
are shaped to some degree by individual agency directed by preferences, percep-
tions, and decision-making. Individual agency is a central idea for understanding
the interplay between life domains and processes at the different levels and their
interdependence. Central to the sociological understanding is the idea that agency
is bound not only to present life conditions but also to experiences in the past and
expectations about the future (Bernardi et al. 2019). The importance of this concept
is illustrated in a definition of the life course by Giele and Elder (1998, p. 22) as
“a sequence of socially defined events and roles that the individual enacts over time”
(italics added by me).

Following some classical overviews (e.g., Elder and O’Rand 1995; Mayer 2015),
overarching research questions at the level of behaviors and outcomes of behaviors
are as follows: (1) How decisive is the family of origin for later life, and why;
(2) what role does individual agency play in coping with environmental opportunities
and constraints; (3) how are parallel behavioral processes in work, family, leisure,
and other domains interrelated; (4) how do stability and change come about over
the life course, not least concerning unequal life chances; (5) how do differences
in macro social conditions shape life courses differently across time and place; and
(6) what role do significant others play in our lives?

It is a result of the interdisciplinary openness of life course research that an-
swers and explanations for these questions are not limited to the level of behavioral

8 The same applies to meso-level constructs such as organizations, neighborhoods, and social networks.
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processes and resulting outcomes, as well as supra-individual contexts alone. Aside
from being social actors, individuals also have a mental system, which is the main
focus of psychological interests. Mental states and processes are interrelated with
behavioral states and processes (Diewald and Mayer 2009). Therefore, the explana-
tion for biographical developments may also include mental states and processes.
Recently, awareness has risen that for understanding life courses and individual
development, one needs to complement these two levels of processes with an un-
derstanding of the characteristics and the development of their organism.9 Processes
in the organism are interrelated with the former two levels and, thus, can also con-
tribute to behavioral and mental processes. This multilevel interdependence of the
life course is constitutive of newer conceptualizations of the life course (Bernardi
et al. 2019).

3 Perspectives on Integrating Genetic Influences into the Conceptual
Framework of Life Course Research

When looking at possibilities to integrate genetic influences into life course research,
these classical overarching research questions provide an insightful starting point.
However, in the following I slightly deviate from this list in two respects to high-
light recent contributions of genetically informative research. First, mechanisms of
cumulative advantage and disadvantage are part of considering stability and change
over the life course, but they received their own subsection to demonstrate the influ-
ence of gene–environment interplay for a research field combining the life course
approach in general with studies of social inequality. Second, I added a subsection
on how integrating new views on life phases, in which institutions play a lesser role
than in other views, nevertheless provides a better understanding of research topics
of high relevance in sociological life course research. Finally, I omitted a subsection
on significant others. The reason is that there is slowly growing research on genetic
confounding of the role of significant others, but to date has little, if any, embedding
in life course research.

3.1 What Is the Relevance of the Family of Origin?

Parents not only use their resources to support their offspring’s attainment and well-
being but also transmit their genes to them. The latter is neglected if “social” ori-
gin alone is taken as the starting point of the life course. We have two starting
points—the social conditions relevant to growing up in a family, and the DNA. The
DNA sequence is fixed at conception except for a few mutations. Because of this,
inequalities exist among individuals from birth not only in their social origin but
also in their genetic endowments. From the previous depiction of gene–environment
interplay, we know that social and genetic origins are already confounded at birth.
In addition to the traditional components of social origin such as parental education,
occupation, and income, some studies also examine parental cognitive ability and

9 For the case of inflammation, see Landecker (2024).
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other skills. In this latter case, the conflation becomes a bit easier to trace. Marks and
O’Connell (2023) investigated the link between socioeconomic status variables and
a child’s cognitive ability and school achievement. They found that parental ability
was an important mediator in this correlation, with substantive genetic contribu-
tions to the parental ability mediators. From this viewpoint, any correlation between
parents’ social resources and children’s characteristics may be due to the role of
cognitive ability and other skills rather than to a causal impact of parental resources.
In other words, when influences of social origin are investigated in a genetically
noninformative design, social origin effects are genetically conflated to an unknown
degree. Genetic information is therefore an important contribution to the basic ques-
tion of the degree to which our lives are predetermined by the family in which we
are born. Consequently, relying on a causal impact of parents’ social, economic,
and cultural resources alone seems to be a poor concept for capturing the “luggage”
with which we start our lives. This “luggage” also includes the genetic variation
we inherit from our parents. A major challenge is to disentangle these intertwined
influences, to separate the social from the genetic transmission, and thereby to avoid
bias in phenotypic correlation caused by rGE.

In all of this, as should by now have become quite clear, there is genetic deter-
minism. Rather, genes set an upper and a lower boundary of a developmental range,
with subsequent experiences driving the development in one or the other direction.
Also, the understanding of genes as “fluid” in the sense of changes in the epigenome
is relevant to defining the family of origin as the starting point of the life course. Ex-
periences in the parental home contribute substantially to changes in the epigenome.
Especially between conception and the very early years of life, and again during
puberty, the organism is wide open to environmental influences. Moreover, these
early changes seem to be quite stable over the life course (Danese and Lewis 2017;
Turner et al. 2020). Epigenetic markers make evident that already before birth, in
the womb of the mother, the genetic makeup interacts with the environment, with
often long-term consequences for later behaviors, health, and social advantage and
disadvantage (Mastrotheodoros et al. 2023; Raffington et al. 2023; Diewald et al.
in press).10 Epigenetic markers are foremost influenced by the mother’s exposure to
stressors and the amount of resources to cope with them (Li et al. 2022; Cao-Lei
et al. 2020), and in early years of life with the amount of resources available in the
household (Needham et al. 2015).

How to interpret a higher or lower influence of (epi)genetic contributions as part
of the family of origin influences is debated. Sociologists have tended to interpret
a high relevance of genetic contributions as “opportunity for achievement” (Nielsen
2006, p. 193) or openness of the opportunity structure: “Favorable environments,
permitting fuller expression of potential, are characterized by high heritability. Un-
favorable environments, inhibiting expression of native talent, are characterized by
low heritability” (Nielsen 2006, p. 198). There are fewer barriers to exploiting one’s
genetic potential. However, it can also mean more exposure to a genetic vulnera-

10 The crucial role of prenatal experiences is also discussed in life history theory as part of the adaptation
to changing living conditions, preparing the unborn child via gene regulation for what follows after birth
(e.g., Coall et al. 2015).
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bility because sheltering or compensating social mechanisms are missing. However,
Diewald et al. (2015) and later Harden (2021) challenged this viewpoint. It can
be argued that individuals cannot be held responsible for their genes. Why should
social origin, but not genetic origin, be interpreted as social closure? Is the opportu-
nity structure more open if life chances are largely inscribed in the genes rather than
shaped by parental resources? It seems reasonable to consider genetic predisposition,
along with parental resources, as the main source for social closure in a society.

However, several international comparative studies indicate that higher genetic
contributions to educational or occupational attainment are correlated with more
open institutional arrangements and a higher amount of social mobility (Selita
and Kovas 2019; Engzell and Tropf 2019). A possible explanation could be that
the genetic lottery involving the combination of the father’s and the mother’s
genes—children inherit half from both parents—reshuffles these genes in the ge-
netic makeup of the offspring. This results in genetic potentials that are not merely
a copy of the parents’ but rather are new combinations of genetic potentials and
risks. The less that genetic assortative mating occurs, the more diverse these com-
binations become. These new mixes are a source of social mobility. Therefore,
including genetic inheritance as a starting point of life is more than just avoiding
genetic conflation of social origin; it has substantive research potential in addition
to the study of social inheritance.

3.2 Agency as a Core Concept of Actively Shaping Life Courses

In life course research, a counterpoint to the formative power of social inheritance
and social conditions is the role of individual agency. There are many concepts re-
lated to agency, all centered on the core idea that individuals have a choice in how
they react to their experiences and environments. Whether these reactions in the end
effectively and efficiently serve their preferences is an open question, as is the ques-
tion of whether these reactions are based on conscious decisions or are routinized
behavioral patterns. Adhering to the idea of individual agency inherently limits
the acceptance of genetic determinism in explaining behavior. Nevertheless, genetic
information can add to a better understanding of why individuals’ behaviors may de-
viate from effectively pursuing goals that are good for them and fit their preferences.
Phenotypic characteristics well-known for deviating from rational behaviors are, for
example, lack of cognitive ability, lack of self-control, or kinds of externalizing
behaviors. All of them have sizable genetic sources to varying degrees (Polderman
et al. 2015). Knowing about these genetic sources adds to our understanding of the
extent to which these characteristics are inherited aside from nurturing and, thus, to
what degree behaviors are preshaped by genes that are out of our control. Moreover,
the genetic overlap of characteristics and behaviors—a phenomenon called genetic
pleiotropy—informs about mechanisms underlying observed correlations between
phenotypes. As an example, Koenen et al. (2006) found considerable genetic over-
lap between low IQ and antisocial behavior. The phenotypic correlation was well-
known and mostly attributed to environmental causes. However, the study identified
that it was caused 100% by genetic overlap, i.e., the same genes linked to a low IQ
were also linked to exhibiting antisocial behavior.
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As noted previously, agency refers to the capacity to react to environments ac-
cording to one’s own preferences. There is an obvious correspondence to the active
variant of rGE (see Sect. 2.2). Active rGE is defined as self-selection into environ-
ments that fit an individual’s preferences, which are to a smaller or larger extent
genetically predisposed. Therefore, the identification of active rGE can probably
be seen as an indicator of agentic behavior. To what degree active rGE does in all
cases indicate agency in the positive sense is, however, debatable. It may be ap-
propriate for desirable outcomes, but in the prediction of unwanted outcomes, say,
externalizing, active rGE would indicate choosing environments that are not helpful
for realizing preferences, though it might nevertheless be an agentic behavior. It
would help to learn more about phenotypic correlates of active rGE by combining
the identification of active rGE with phenotypic measures of agency. However, I do
not know of any study having done this.

The same is true for investigating whether different variants of rGE, active ver-
sus passive, are age-graded or more frequent for different life phases and, thus,
inform about differences in agency between life phases. For newborns and toddlers,
passive rGE should be especially important, since possibilities for actively choos-
ing and influencing environments are limited. However, evocative11 rGE could also
be important, i.e., the capacity to evoke benevolence and stimulation from others.
More active rGE should be expected from adolescence and young adulthood on,
since choosing the right networks as well as institutions of education and training
becomes more important. Again, evocative rGE is also expected to be relatively
prevalent, since it is important for successfully navigating through education and
training to influence gatekeepers positively. In middle and late adulthood, it can be
expected that institutionalized career ladders, seniority rule, and long-enacted roles
in business and personal life require comparably less active behaviors.

Genomic regulation can influence behaviors as well. Variants in key neuroregula-
tory genes, interacting with environmental experiences, can have large and enduring
influences on behavioral differences. This applies, for example, to the often cited
“fight-or-flight” response as an enduring pattern to cope with environmental chal-
lenges based on epigenetic regulation (Househam 2023). Epigenetic embodiment
of former life experiences can explain why people react to stressors consistently
in either the fight or the flight direction, with low awareness of situation-depen-
dent risks and chances. The same demands are perceived either as a challenge and
stimulation or, in contrast, as an overwhelming, unmanageable threat. The reason is
former experiences of having been helplessly confronted with stressors, especially
when experienced in utero and during the first years after birth when it is more likely
that such experiences get under the skin in the form of changes in the epigenome.
That former experiences are relevant for behavioral responses and decision-making
thereafter is well-known in life course research as the “shadow of the past” (Bernardi
et al. 2019). In the case of epigenetic embodiment, the programming follows a spe-
cific, organismic mechanism with a high probability that it will be enduring, insofar
as it influences and will probably also include a “shadow of the future” such that it

11 Evocative rGE can be seen as a variant of active rGE, insofar as it is a way of influencing the environ-
ment.
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affects “people’s internal sense that they can influence their lives” (Hitlin and Kwon
2016, p. 432) and, consequently, how they shape their expectations, aspirations, and
plans for the future.

3.3 Interdependencies Between Life Domains

In life course research, interdependencies between life domains are among the most
addressed topics. In sociology, this is mostly done at the individual level of par-
ticipation patterns in the different life domains of work, family, and sometimes
activities outside these two life domains. These are often related to influences of the
supra-individual level in the form of the social embedding in partnership, family,
and nonkin networks (Elder et al. 2003). On the one side, international comparisons
of the influence of welfare institutions, policies, demographic structures, and other
macro conditions are addressed as the supra-individual level (Aisenbrey and Fasang
2017). On the other side, “internal” dispositions and mental as well as physical func-
tioning influence how participation in different life domains is patterned (Bernardi
et al. 2019). Especially for this internal level, genetics can help in tracing back why
interdependencies between life domains at the phenotypic level of participation may
occur. As an example, a much-researched topic is the hypothesis that an individual
needs safety and trust in educational and occupational attainment to get into long-
term, committed relationships, especially family formation, and that, vice versa,
family commitments call for safer employment. This is plausible, but it could be
that these correlations over time have a common source in a general predisposition
of safety needs or risk aversion partly rooted in the genetic makeup or early experi-
ences in the family of origin. In this case, the phenotypic correlation is spurious and
not causal. In this direction goes the study of Tropf and Mandemakers (2017) on the
relationship between educational attainment and fertility postponement. Though the
choice of a genetically informed design for the study was mostly motivated by the
suspicion of genetic confounding, the genetic overlap between the two phenotypes
under investigation was not strong enough to make the correlation spurious, but in
this case the unobserved experiences in the family of origin did.

That the same genes can influence the development of different characteristics
was demonstrated by Belsky et al. (2016). What the authors called “success genes”
predicted different behaviors in different life domains across the life course, from
early acquisition of speech and reading skills through geographic mobility and mate
choice and on to financial planning for retirement. Similarly, Demange et al. (2021)
showed that education-related genes have an overlap with longevity-related genes.
They also provide an explanation via cognitive and noncognitive skills. The genetic
overlap between longevity and education is mainly due to genes relevant to skill
development.

3.4 New Views on Life Phases

Including the organism as part of life course research directs the attention to life
phases in which gene regulation plays a specifically large role. Whereas the DNA
is largely fixed from conception on, gene regulation is a lifelong process. There are
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quite detailed windows of risk and opportunity for specific experiences to become
important for gene regulation. As already mentioned, this starts in utero, which adds
to sociological life course research in several respects. First, it extends the window
of observation from conception rather than birth. After conception, social influences
become relevant, and due to the openness of the organism during pregnancy, they
often have a large impact (Heim and Binder 2012), specifically the lasting effects
of maternal smoking (Knopik et al. 2012). Second, experiences during this phase
can leave their mark in the epigenome. These biological markers can inform about
experiences during the prenatal time window for which we usually have little infor-
mation aside from mother–child health records12 and the mother’s memories. Due to
this embedding in the organism, the DNA methylation signature is rather stable and
can have an influence later on, with considerable phases of latency in between (Cao-
Lei et al. 2014; Gaunt et al. 2016). For example, it could explain why in a study
only perinatal experiences of poverty proved to be predictive for many detrimental
health and attainment indicators around the age of 35 years, whereas such experi-
ences later in adolescence and early adulthood were not (Duncan et al. 2010). Due
to lack of appropriate data, the authors could not further explore the reasons for
this difference. In a second article about the same data, the same authors speculated
about biological imprints of prenatal and perinatal experiences as an explanation
(Ziol-Guest et al. 2012).

A second difference often overlooked in sociological life course literature con-
cerns puberty. Though puberty is a topic in sociological life course research, geneti-
cally informative research, especially in epigenetics, shows how complex and varied
the timing of genetically regulated neurobiological processes associated with pu-
berty can be. Discrete periods of sensitivity, times of heightened plasticity, are very
specific for different brain functions (Heim and Binder 2012), and the respective
windows of opportunity are considerably smaller than the age bracket usually used
to define puberty as a life phase. In other words, to take the cross-level interplay
of biological trajectories seriously requires a more finely graded differentiation of
windows of opportunity than is covered by puberty age brackets.

These two life phases are highlighted because their relevance as the most sen-
sitive life phases that are more open to biological influences than other phases is
specifically neglected in sociological theorizing about the life course.

There are many more examples of how age differences are linked to genetic
regulation and how genes become more important or lose importance over the life
course. As an example, Haberstick et al. (2005) found that uncorrelated age-specific
effects are relevant to change in phenotypic internalizing, At the same time, heritable
contributions to phenotypic stability were identified as well. These were largely the
same across middle childhood and early adolescence. However, as already clarified in
the introduction, it would overstress the agenda of this paper to report in more detail
about changes in gene–environment interplay across ages for various characteristics
of individual development.

12 In Germany, all pregnant women get a “Mutterpass,” which offers clinical examinations to ensure a safe
pregnancy for mother and child. These maternity records contain the most important medical findings of
fetal development during pregnancy.
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3.5 Stability and Change over the Life Course

A crucial question in sociological life course research is which factors cause stability
and change over the life course or, in other words, what drives the tension between
path dependency and turning points. Path dependency goes beyond the recent past
and instead focuses on the possible channeling of the life course through important
earlier decisions (e.g., educational or occupational choices) or the more or less
favorable conditions that were present when making such transitions. For example,
wartime or economic crises prevent investments in educational and occupational
careers, with long-term consequences for later life (Mayer 2015). Whereas path
dependency refers to chains of experiences that are likely or foreseeable based
on past experiences, turning points signify radical deviations or disruptions in an
individual’s trajectory. These are unexpected switches to a new path, whether due to
personal decisions or external shocks at a societal level (Bernardi et al. 2019, p. 4).
It is not the place here to discuss the multiple variants of how path dependencies
and turning points can occur in more detail.

Genetically informative approaches can help us to better understand the mecha-
nisms behind path dependence and turning points. Generally, life events are heritable
like all other phenotypes. As Bemmels et al. (2008) have shown, most heritable are
life events that occur through one’s own initiative and behaviors, such as educational
achievement. Most attributable to influences from the environment are life events
shared by family members but not initiated by the respondent, such as parental
divorce. Unsystematic environmental influences are the largest contributor to life
events that are neither shared by family members nor initiated by the respondent.
Over the life course, stability in phenotypic characteristics, and presumably also
for path dependency as a pattern, is often due to stable genetic influence for most
phenotypes.

The role of environmental influences or stochastic perturbation increases over the
life course. The degree to which these influences provide plasticity in development
or even trigger turning points is an open question and differs for different types of
development. Educational achievement is an example of a development in which
many institutional arrangements and reforms are launched to influence the devel-
opment of school achievement positively. A study in the United Kingdom assumed
that margins were limited. Overall, school achievement was highly stable. Individ-
ual differences in school achievement were to a high extent heritable (around 70%),
even when intelligence was controlled for as the most important mediator for genetic
contributions (and was then still 60%; Rimfeld et al. 2018).

The fact that heritability generally provides stability while the environment in-
duces change does not preclude the stability of the degree of heritability itself.
Heritability can vary across the lifespan due to different reasons: (1) because ge-
netic influences are expressed differently at different biological stages of life (e.g.,
early childhood, pubertal changes, or old age); (2) because different contexts down-
grade or enhance the degree of heritability; and (3) because the possibility for
gene–environment correlation rises with age; when an increase in genetic contribu-
tions to phenotypes with age is often observed (Polderman et al. 2015), this relates
to genetic confounding of environmental influences. In other words, genetic influ-
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ences are amplified by correlated environmental influences. If this confounding is
not explicitly modeled, but instead modeling comprises purely additive effects, rGE
shows up as an increase in genetic influences (see Sect. 4).

Studying gene–environment interaction in longitudinal designs can help to detect
not only whether stability or change characterizes phenotypic development but also
the degree to which a genetic potential can be actually exploited or a genetic risk
triggered, and when this happens. An exemplary research question regarding the
exploitation of a genetic potential is how different educational tracks are not only
selective for a different genetic potential but also exploit it differently. Educational
transitions may (in this regard) lead to stability or change, if not affect turning points.
An example of triggering a genetic risk is the relevance of stressful life events. There
is abundant literature on which stressors are most important to trigger a genetic
risk. These studies confirm that everyday experiences matter more than stressful
life events, experiences during sensitive phases matter more than during others,
nonnormative experiences matter more than normative ones, and violations through
perceived discrimination, mortification, humiliation, or lack of respect matter at
least as much as poverty and low socioeconomic status (Diewald 2023; Mullins
et al. 2024; Goosby and Cheadle 2024).

For G× E in the form of changes in the epigenome as a composite of genetic
and environmental influences, methylation levels are highly stable over the lifetime
(Gaunt et al. 2016). Methylation variation increases over time, most likely due to
increased environmental or stochastic influences of the same type as listed above.
However, this does mean that changes in the epigenome immediately show up in
phenotypic characteristics and behaviors. Influences on developments at the pheno-
typic level may stay latent over a longer period (Gaunt et al. 2016; Heim and Binder
2012). Therefore, the identification of pathways in life courses may be difficult to
identify when changes in the epigenome are involved. In such cases, path depen-
dencies at the individual level of phenotypic life courses may remain undiscovered
or be wrongly assigned to other causes that are more easily visible.

That patterns of gene–environment interplay over the life course are not uni-
form was demonstrated in a comparison of cognitive ability and personality. Briley
and Tucker-Drob (2017) found three marked differences between the two: First,
the heritability of cognition increases substantially with child age, while the heri-
tability of personality decreases modestly with age. Second, the increasing stability
of cognition with age is overwhelmingly mediated by genetic factors, whereas the
increasing stability of personality with age is entirely mediated by environmental
factors. Third, the timing of stability during life differs: Stability of cognition nears
its asymptote by the end of the first decade of life, whereas stability of personal-
ity takes three decades to near its asymptote. These differences can be traced back
to different patterns of gene–environment interplay. For cognitive ability, genetic
influences increase during childhood in both magnitude and stability. As a result,
genetic effects increasingly contribute to phenotypic stability in child development.
The main mechanism behind this development is gene–environment correlation. It
is an upward spiral created by actively seeking stimulating environments beneficial
for cognitive development. Moreover, especially in the educational attainment pro-
cess, positive responses to perceived cognitive ability differences may be identified
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and reinforced by teachers, parents, and peers, thus amplifying initially smaller dif-
ferences to larger ones. This is what Dickens and Flynn (2001) called a genetic
multiplier effect (see also Nisbett et al. 2012). However, such a mechanism does not
apply, or at least applies much less, to the development of personality. Such reinforc-
ing training as in cognitive ability does not take place here. Rather, with increasing
age the diversity of environmental experiences initially grows, but then, due to path
dependence, gets less heterogeneous with increasing age. Taken together, genes are
the crucial stabilizing force for personality (Briley and Tucker-Drob 2015). Never-
theless, phenotypic stability increases over a lifetime, which cannot be explained by
genetic contributions as in the case of cognitive ability. Rather, adaptation to unique
environmental demands plays this role.

3.6 Cumulative Advantage and Disadvantage

The gene–-environment interplay governing the development of cognitive ability is
an example of one of the most prominent ideas of how social inequality develops
over time: cumulative advantage and disadvantage (Dannefer 2003). “Disadvantage
increases exposure to risk, but advantage increases exposure to opportunity” (Ferraro
and Pylypiv Shippee 2009, p. 335). Upward and downward spirals of success and
failure lead to an accentuation of inequality in the sense that early limited differences
in success and failure become bigger over time.

That biological influences and genetic variation may contribute to generating cu-
mulative advantage and disadvantage is not new (DiPrete and Eirich 2006; Ferraro
et al. 2009). As already exemplified for cognitive ability, more endowed individuals
choose more stimulating environments, which in turn provide better opportunities to
boost cognitive ability, not least because significant others react with more encour-
agement and more nurturing than to less endowed individuals. This then provides
higher levels of development allowing for a higher jump to the next level than for
those who cannot profit from such experiences to the same degree. Thus, active and
evocative gene–environment correlation go hand in hand and become relevant again
and again in subsequent decisions about pathways to follow. What was demon-
strated for cognitive ability could be relevant also for cumulative advantage and
disadvantage in other outcomes, such as educational and occupational achievement
and attainment or health.

Also, the concept of environmental sensitivity and related concepts such as dif-
ferential susceptibility, vantage sensitivity (Jolicoeur-Martineau et al. 2017), and
sensory processing sensitivity (Greven et al. 2019) might help in the understanding
of cumulative advantage and disadvantage. These concepts of individual reaction
to environmental conditions are based on genetic and epigenetic variants related
to immune regulation and brain functioning related to stress regulation (Heim and
Binder 2012). While multiple genes operate in multiple environments to induce risky
stress, these same genes also seem to enhance the beneficial effects of a positive
environment. These differential reactions to environmental forces may contribute to
understanding resilience as well as vulnerability as central concepts of life course
research on the development of unequal life chances (Spini andWidmer 2023). How-
ever, whereas resilience and vulnerability as stable dispositions may make downward
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or upward spirals more likely, environmental sensitivity may make turning points
more likely, since it accentuates the consequences of both good and bad experiences.

4 Methodological Approaches to Genetically Informative Research

In the following, I give only a short overview of methodological approaches to study
gene–environment interplay, with a focus on mechanisms governing the life course.
Two methodologies are used to study genetic origin in addition to social origin
as point of departure of life courses and individual development (see Sect. 3.1).
These two are based on an understanding of genes as (nearly) fixed and immutable
over the life course. Genetic variation is traditionally studied by comparing twins
or adoptees, sometimes including the family members with whom they live. In
this article, solely the twin-based approach, including twin family studies, as the
by far most frequent application compared to adoptee studies is presented. More
recently, molecular genetic approaches have won ground, starting with candidate
genes. Today, the most applied approach is the use of polygenic scores (PGSs),
but there are several other whole genome methods as well. This article refers to
PGSs only. A third approach, epigenetics, conceptualizes genetic contributions as
“fluid.” The focus here is on gene regulation over time—a “genome with a life
span” (Lappé and Landecker 2015)—instead of (nearly) fixed DNA (see Sect. 2.1).13

Irrespective of what methodology is applied, there are two important supportive
conditions for the study of life courses. First, phenotypes should be available to
allow for operationalizing the mechanisms of gene–environment interplay presented
in Sects. 2 and 3. Second, longitudinal data should be available to follow study
participants over time with a sufficient number of cases for sophisticated modeling.

4.1 Variance Decomposition Based on Twin Comparisons

Variance decomposition models utilize twins to study the extent to which variation
in genes and environments contributes to the variation of a phenotype—be it per-
sonality, skills income, education, or health. Here, the variance of the phenotype
is attributed to an additive genetic (A), a shared environment (C), and a nonshared
environment (E) component, which together total 100% of the overall variance.
These three components are all unobserved latent sources of variation, i.e., neither
genes nor social characteristics are measured but are estimated from the compari-
son of dizygotic (DZ) and monozygotic (MZ) twins. Twin-based models typically
assume that DZ twins share on average 50% of their genes, whereas MZ twins are
genetically identical. Moreover, it is assumed that MZ and DZ twins share the same
environments to the same degree. Consequently, any additional similarity between
MZ compared to DZ twins should be attributable to genetic variation. The con-
tribution of the environment is additionally subdivided into two components. The

13 It would go too far to discuss in-depth the underlying assumptions and variations for the three ap-
proaches. For ACE decomposition, see Knopik et al. (2017) and Diewald et al. (2015). For molecular
genetic approaches, see Mills et al. (2020) and Young et al. (2019). For epigenetic approaches, see Li
(2021).
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difference between a shared (C) and nonshared environment (E) is that in the first
case, environmental influences make twins effectively more similar due to the same
experiences perceived in the same way, whereas in the second case, environments
drive twins apart concerning the characteristic under study. This happens through
different experiences and also different perceptions and evaluations of the same en-
vironments. The C component is often taken as proxy for all living conditions linked
to social origin, whatever the concrete experiences are, and these can also be located
outside the family household, e.g., the neighborhood (Freese and Jao 2017). This
equation of C with social origin is more appropriate if the sample controls for other
possible sources of uniform experiences, i.e., ethnic homogeneity in the population
studied, and a cohort–sequential design. It is important to note that the black box
approach provides population parameters, i.e. the estimates of the variance compo-
nents that may differ considerably across different groups in a society and between
societies across time and place (Selita and Kovas 2019; Branigan et al. 2013). It is
possible neither to generalize results from one population to others nor to infer from
population parameters the role of genes for particular individuals.

The fact that these variance components constitute explanatory black boxes seems
at first glance a drawback compared to precise measurements. However, they have
advantages as well. They allow for a rough overall estimate of the size of the
contributions that genetic as well as social origin provide for predicting life courses.14

Especially for educational attainment, these genetic estimates are much bigger than
estimates for parental resources, parenting, or cultural capital as the favorite concepts
in sociology for explaining the long shadow of the family of origin (Mönkediek and
Diewald 2022).

Though in ACE decomposition models genetic origin is often conceptualized with
a fixed DNA in mind, these models also allow modeling of changes in the contri-
bution of genes to phenotypic developments over the life course, as was done in the
study of Briley and Tucker-Drob (2017) on the different developments of personality
and cognitive ability, as well as in studies about the changing impact of genes and
environment on educational achievement (e.g., Johnson et al. 2009). Studies using
ACE modeling can include rGE as well as G× E, and moreover interdependencies
between different strands of development, e.g., when the heritability of education
is explained by the heritable contribution of cognitive and so-called noncognitive
abilities such as conscientiousness (Krapohl et al. 2014; Starr and Riemann 2022).
Also, the intergenerational transmission of educational attainment can be modeled

14 This approach has been criticized for its underlying assumptions, the violation of which has led to
bias in estimates (e.g., Burt and Simons 2014). There is the equal environment assumption that DZ and
MZ twins share environmental influences to the same degree; that there is no assortative mating of the
parents concerning the characteristics of interest; that there is neither gene–environment interaction nor
gene–environment correlation and also only additive genetic effects; and, finally, that twins and their fam-
ilies are in all respects representative of the population as a whole. Most of these concerns, though not all,
can be checked and resolved by more complex variants of the ACE decomposition, most notably by mod-
eling gene–environment interaction and covariation (Turkheimer and Harden 2014) and by using a twin
family design including parents and siblings (Wolfram and Morris 2002). In sum, most researchers in the
field, as well as those with a primarily molecular genetic background, agree that a twin-based approach
provides reasonable estimates of the role of genes for, in principle, all phenotypes that exist, if they are
only included in such studies.
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(for a comparison between classical twin design and a nuclear twin family design,
see Wolfram and Morris 2022).

Moreover, ACE decomposition can be used not only in univariate analyses but also
in bivariate analyses to detect whether a correlation between two phenotypic vari-
ables is confounded by shared genes or shared environments. For example, Stienstra
et al. (2021) investigated the association between cognitive ability and educational
attainment dependent of social origin. In a design not controlling for genetic con-
founders or shared environmental influences, parents of high socioeconomic status
seem to compensate for the lower cognitive ability of their children. However, when
possible confounding by genetic variation and the shared environment are included
as latent variables, this compensation effect is no longer significant.

Finally, the biggest strength of twin-based modeling is the fact that to date there
is no other possibility to provide a reasonable estimate of the whole genome effect.
This strength is at the cost of not knowing which genes contribute which effects to
unravel what the genetic makeup has to do with the development of phenotypic char-
acteristics and behaviors. For example, a high A for attainment is often interpreted in
a way that attainment is not limited by social barriers preventing the exploitation of
one’s respective genetic potential. However, a high A could also be based on being
left alone with genetic risks for attainment, e.g., chronic inflammation or anxiety.
Moreover, a major disadvantage of twin-based modeling is the limited availability
of large samples of twins and their families representative of the whole society,
combined with a rich selection of phenotypic measurements. Most twin samples are
small and selective, with few exceptions. This shortage limits the generalizability of
results and the possibility of making use of more complex, especially longitudinal
ACE modeling.

4.2 Molecular Genetics and Epigenetics

The era of molecular genetic approaches started with the so-called candidate gene
approach. Compared to the twin-based methodology, it was attractive to have a ge-
netic variant that could be used as any other variable in multivariate analyses, which
makes things much easier for social scientists given the methodological background
they are mostly trained for. Moreover, instead of a black box, we now have specific
alleles that are hypothesized to have considerable effects on biological processes
relevant to an individual characteristic under consideration. This allows a theory-
guided investigation of genetic effects. As appealing as candidate genes are, most
studies failed to replicate and seemed to be false positives (Dick et al. 2015). More-
over, the growing number of genome-wide association studies showed how small
the proportion of variance is that is explained by single genes. As a consequence,
interest switched from hypothesis-guided testing of single alleles to exploiting the
whole genome for an exploratory, hypothesis-free searching of the genetic sources
of a phenotype of interest that does not follow simple Mendelian monogenic in-
heritance but is polygenic, i.e., many genes contribute to its development. In the
following, I concentrate on polygenic scores (PGSs) only because they are by far
presently the most frequent molecular genetic approach applied in empirical social
research. They are calculated as the weighted sum of genetic variants, where the
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weights are proportional to the strength of the association between a genetic variant
and the outcome under consideration. As a rule, the effects of single variants are
tiny. The underlying mechanisms by which these effects contribute to the phenotype
of interest are only partly known. Though molecular genetic research is increasingly
identifying the roles of single genes for phenotypes, the inclusion of single genes
into a score is purely correlational, which means that even if some of the genes
included are known for their specific functioning, the PGS is not.

Polygenic scores still suffer considerably from “missing heritability.” This term
denotes the gap between heritability from twin-based variance decomposition and
heritability estimates from genotyped data. Up to now and in the near future, only
a smaller part of the whole genome contribution can be identified by the latter
method. Therefore, working with PGSs instead of ACE decomposition is only an
imperfect move away from a black box approach, one that in addition is avail-
able only for a limited, though rapidly growing, number of PGSs.15 By far, the
most predictive PGS is that for educational attainment. In its latest version (Ok-
bay et al. 2022), 3952 significant single-nucleotide polymorphisms (SNPs) were
identified, which together explain 12–16% of the variance of educational attain-
ment—compared to about 40% for the A component (Silventoinen et al. 2020). For
most PGSs, the explained variance is much lower, especially for more specific char-
acteristics or subdimensions of broader concepts (for an overview, see Becker et al.
2021). It is unclear to what degree the missing heritability systematically distorts
the results because it is not random which SNPs are captured and which ones are
not. A second problem is environmental confounding. Burt (2023) points to several
reasons why genetic influences are hard to distinguish from environmental influ-
ences, especially in surveys based on unrelated individuals, and how this may come
about.16 As Burt (2023) infers convincingly, this may lead to obscuring structural
disadvantages and cultural influences as environmental factors with high relevance
in sociological thinking.

Nevertheless, working with a PGS by simply using it as a variable in multivariate
analyses has many practical advantages.17 Wickrama et al. (2021) provide an exam-
ple of how the PGS for education, interacting with early socioeconomic adversity,
influences educational and economic attainment by life course processes. Influences
of genes and environment contribute to persisting disadvantage not only additively
but also by creating chains of failure through circles of cumulative disadvantage,
with contributions of partly different experiences across life stages.

15 https://www.pgscatalog.org/
16 Polygenic scores are often interpreted as indexing individual genetic risk for a trait, but they can also
capture the environmental risk for the family (Kong et al. 2018). Therefore, as a rule, within-family genetic
effects are smaller than between-family effects. Genome-wide association studies of unrelated individu-
als represent a combination of inherited genetic variation (direct effects, which are what they intend to
measure), as well as indirect genetic effects based on population stratification (systematic ancestry dif-
ferences), assortative mating, and genetic nurture from relatives (meaning that influences from family
members around us, and to a much lesser degree also from nonkin significant others, are genetically con-
founded).
17 Moreover, it is information that can be collected later in life and therefore be of use in long-running
panel studies that are representative of the whole population, even long after their start.
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Methodologically, PGSs provide additional possibilities to cope with gene–env-
ironment interaction and covariation. It is possible to calculate active gene–environ-
ment correlation, which cannot be calculated in a twin design. However, because
genetic variation and environmental variation are confounded for unrelated individ-
uals as a rule, molecular genetic studies usually overestimate the role of genes if
measured for unrelated individuals; within-family estimates are only about half of
the estimates of unrelated individuals (Young 2019). The reason is that a within-
family design removes the total influence of indirect genetic effects from family
members, assortative mating, and population stratification, all of them nurturing
rGE.

Like twin-based designs, PGSs capture average genetic effects within a particular
environment, and their effects cannot be simply transferred to populations other than
those from which the genome-wide association study discovery sample was drawn.
As in twin-based methodology, molecular genetic variation does not tell transcen-
dent, ever-valid truths about nature but provides population-specific parameters. But
other than twin-based methodology, molecular genetics allows for creating supra-
individual, aggregate measures of populations—for the whole society, for selected
regions and neighborhoods, and for groups such as immigrants (Abdellaoui et al.
2019).

Both ACE decomposition and molecular genetics do not allow the study of bio-
logical developments parallel to social and mental development. The idea of possibly
intersecting processes comprising not only the social and mental development but
also the organism is realized in looking at changes in the epigenome (see Sects. 2.1
and 3.1).

Working with epigenetic data is similar to working with molecular genetic data.
Methylation may have a causal role consistent with an infinitesimal model in which
many methylation sites each have a small influence, amounting to a large overall con-
tribution that can be captured by aggregate scores, such as several epigenetic clocks
predicting the pace of biological aging as the surely most applied example (Horvath
and Raj 2018). It allows prediction of life expectancy better than chronological age.
There are other applications as well, such as an inflammation-related score (Steven-
son et al. 2020) and combinations of genetic and epigenetic information (Shah et al.
2015). For studying the life course, combining genetic and epigenetic information
is especially useful for theoretical constructs that include both ideas about a fixed
component rooted in DNA variation and epigenetic variation dependent on the ac-
cumulation of life experiences. This is, for example, the case with environmental
sensitivity, which can be expressed more into the direction of vulnerability or more
into the direction of resilience due to diverging life experiences within, and probably
also across, generations (see Sect. 2.2).

4.3 Combining Twin (Family) Designs with Molecular Genetic and Epigenetic Data

There is not one approach that covers everything best. Rather, a comparison of
results across different approaches and especially a combination of genome- and
epigenome-based methods with (twin) family designs are best practice, since these
allow for combining the strengths and compensating for the weaknesses of the
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various approaches (Young et al. 2019; Friedman et al. 2021). Even better than
comparing results across approaches is to combine them; PGS-based analyses profit
from within-family designs in the first instance by the best control of rGE and pop-
ulation stratification in ancestry, which makes analyses more reliable for assessing
pure genetic contributions to an outcome of interest. Analyzing unrelated individuals
with molecular genetics overstates the genetic contribution due to correlation with
the environment. Family-based quasi-experimental designs such as sibling compari-
son, adoption, and extended family studies are effective means to disentangle direct
genetic effects from indirect ones (McAdams et al. 2023; Selzam et al. 2019).

In a family design, not necessarily a twin family design, it is possible to separate
direct genetic transmission from parents to children from nontransmitted alleles
as indirect genetic transmission, also called genetic nurture. Genetic nurture is an
indirect influence of parental genotypes on children’s characteristics and behaviors
through the family environment influenced by parental genes (Baier and Lyngstad
2024). Because direct genetic transmission is calculated separately from indirect
transmission, the latter is a form of passive gene–environment covariation restricted
to the nontransmitted genes (Kong et al. 2018). In other words, it is a parsimonious
way to disentangle the genetic influence of parents from the environmental influence
of parenting. This possibility made a remarkable career in sociogenomics in a very
short time. For example, the nonnegligible influence of genetic nurture on education
was not always found, but in the majority of studies on genetic nurture, it was (Wang
et al. 2021).

For life course research, there are three obvious added values of family-based
molecular genetic studies. First, this possibility can add new insights to the classical
question of “linked lives” (Elder 1994), i.e., how significant others, not least family
members, influence individual life courses. Second, a sibling comparison could con-
tribute to a better understanding of privilege and affront experienced in the family.
Still, within-family inequality is much less researched, and therefore less under-
stood than between-family inequality, with the first contributing about a third to the
overall inequality structure in contemporary societies (Conley 2005; Grätz 2018). In
studies about compensation and accentuation of inequality among siblings, a crucial
problem is to exhaustively operationalize all possibilities of how parents treat their
offspring, especially in the case of largely age-divergent siblings. A possibility to
circumvent this problem, as well as to control for differences in ability and effort
between siblings, is to study differences in the degree to which a given genetic
potential is realized. A PGS of education or cognitive ability can be taken as a
genetic predictor of this potential and can easily be integrated as a variable in such
studies (Fletcher et al. 2023). Thus, we do not know without additional phenotypic
information why siblings profit differently from the home environment in realizing
their genetic potential, but we know to what degree this is the case without prob-
lems of improper measurements of age-dependent environmental influences. Third,
the separation into direct and indirect effects could also be helpful for another re-
search problem mentioned previously: that genetic inheritance can be on the one
hand a mechanism contributing to status stability in the social mobility regime, and
on the other hand a mechanism contributing to upward and downward mobility,
depending on different mixes of direct and indirect genetic transmission.
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In medical research, a case co-twin design with monozygotic twins discordant in
their experiences of interest has been established as the gold standard. Such a design
takes advantage of the mostly shared early life environment, starting in utero, as
well as almost completely identical genetic makeup. Moreover, there are no age
or sex differences as third variable confounders. Thus, MZ twins strengthen causal
claims compared to less controlled designs and are an alternative to randomized
controlled trials. Especially when social, psychological, and biological developments
are part of the research as parallel and intersecting processes, such a controlled
design is required (e.g., Tan et al. 2015 for epigenetics). Against the identical twin
folklore, the often quite low shared environment component in the twin-based ACE
decomposition of developmental outcomes and human traits makes evident that
there is a less uniform impact of environments on individuals than is commonly
assumed, which is not least because a shared environment may impact differently
on individuals, even MZ twins. This has, for example, been shown for perceived
chaos in the parental household (Starr et al. 2023). Moreover, parents often decide to
put MZ twins into different extrahousehold contexts, at school or in extracurricular
activities, to encourage them to develop individuality (Segal and Russell 1992).

4.4 Problems of Causality

Many researchers in the field, including myself, started to study gene–environment
interplay motivated by the awareness that not considering genetics makes purely
phenotypic calculations partly spurious due to unobserved genetic and environmen-
tal influences. Many studies confirmed this suspicion. However, identifying the role
of genes and environments properly is problematic as well. Whereas behavioral
geneticists working with ACE decomposition mostly avoided the term of causal-
ity for their analyses of variance decomposition, molecular geneticists fight against
criticism with rapid statistical development of ways to separate genetic from en-
vironmental contributions. Taken together, there is much effort devoted to making
this separation statistically convincing. This is, not only in this research field but
more generally, an important criterion to distinguish between more or less causally
robust analyses. However, in a mechanistic view of causality, following the cogs and
wheels operating on the way from (epi)genetic variants to variation in phenotypic
developments, it would be necessary to disentangle what exactly they contribute to
an understanding of the genetic sources of phenotypic developments. Despite all
methodological efforts, this is not a realistic aim for the moment. Many insights
are more exploratory than deduced from the theoretical ground. Genetics and epige-
netics cover important components of the interplay of biological and social forces.
Nevertheless, even together they still simplify the biological processes linked to
gene–environment interplay. Most discussed are endocrinological processes of hor-
mones and the microbiome to understand these biological mechanisms more deeply
(Landecker 2024). In the face of these gaps in the chain of interlinked biological
and social processes between the genome and phenotypic variation, any causal claim
in a strict sense cannot be fulfilled. However, seen from the other side, there are
methods that are more or less causally robust, with increasing tendency to more
robust modeling. Even imperfect, biased modeling is better than negating genetic

K



How Can Genetically Informative Research Contribute to Life Course Research? 517

contributions, as it implies comparably smaller biases and less omission of causally
relevant information.

5 Conclusions

Genetics could enrich life course research by studying the ways that “social and
biological forces interact in complex and dynamic ways to define ranges of likely
behaviors.” This was already stated by Shanahan et al. (2003, p. 599) about 20 years
ago. Life course research seems an ideal example of how different disciplines can
contribute to a better understanding of some of its central premises and research
questions. Nevertheless, life course research has gone its way largely without in-
cluding genetically informative approaches. Vice versa, genetically informative re-
search, though longitudinal modeling exists, has not yet taken much notice of life
course theories. In this paper I focused on how genetically informative designs
can contribute to answering research questions more properly than can designs
without genetic information. When theorizing and operationalizing social mecha-
nisms in gene–environment interplay, genetically informative research seems only
loosely linked to current theoretical developments and research questions. The so-
cial sciences, particularly sociology, do not call very loudly for including genetic
information (Hopcroft and Schnettler 2024). Consequently, researchers in the field
of genetically informative research often orient themselves more to a common de-
nominator with other researchers in the field, coming from a variety of scientific
backgrounds, than to the refinements of their disciplinary approaches.

This paper has tried to demonstrate for the life course approach that it is fruitful
to go this way as well: Take concepts and research questions of life course research
as a starting point and look at how genetically informative research can visibly
add to explanations over and above correcting for unobserved genetic confounding.
Though maybe not fully exhaustive, it could be shown that for central concepts
and questions, the inclusion of genes and the epigenome can indeed enhance our
understanding. More generally, relating to the state-of-the-art research questions in
a discipline can help to integrate genetically informed research into the disciplinary
mainstream as well as profit from up-to-date conceptualizations of environmental
influences.

The inclusion of PGSs into many big studies with a large number of cases should
open the field to many more interested researchers. The same is true for the method-
ology of using PGSs almost like any other variables in multivariate modeling. Es-
pecially when applied in a household or family design, which is often the case in
long-running surveys, this provides a reliable control for confounding. Reasonable
estimates are possible without very large investments in a new methodology, though
it may not always be the very best solution available.

This does not at all mean that genetically informative research only serves the
theories and concepts of research usually neglecting genetic contributions. Rather,
including genes can raise new questions that were not in the foreground before, such
as the distinction of shared and nonshared environmental influences. If we intend to
raise the quality of, e.g., school environments, this is a gain, but in behavioral genetic
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research it has been shown that it also has the potential to increase the inequality
of life chances, since the more talented should profit more from resourceful and
stimulating environments than the less talented. This is not unavoidable but calls for
accompanying countermeasures to avoid such unintended consequences. Including
genetic variation and gene regulation, rather than focusing solely on social origin,
allows us to trace from the very beginning of life how a society shapes the indi-
viduals within it. This shaping occurs both as a whole and within subsystems such
as education, occupation, and the welfare state, and it includes changes in the ge-
netic pool through immigration, outmigration, and spatial mobility within society’s
borders.
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