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Genetic Influences
on Midlife Functioning

Nancy L. Pedersen,
Erica Spotts, and Kenji Kato

Regardless of the definition of “midlife,” most of the research in this
area is typically normative. Behavioral genetic designs, on the other
hand, focus on individual differences, on partitioning genetic and envi-
ronmental sources. Our goal in this chapter is to provide a review of
behavioral genetic studies of midlife, focusing, when possible, on longitu-
dinal findings. Surprisingly little research of this nature has been explic-
itly devoted to the adult years (between 30 and 65 years of age), although
several twin and family studies are either maturing into midlife, have
included individuals in midlife because they were parents of adolescents,
or have included participants under the age of 65 in studies of aging.

Behavioral Genetic Designs
and What They Can Tell Us

Before beginning our review of the research on genetic and environmental
influences in midlife, we felt that we should provide some background on

65

e



03-Willis-4658.gxd 3/24/2005 2:12 PM Pag$6

66 EARLY LIFE INFLUENCES ON MIDDLE AGE

behavioral genetics in general. Specifically, we wanted to define some key
terms, discuss basic aspects of the methodology involved, and present
several different study designs.

Key Terms

Behavioral genetic studies are designed to partition variance into
genetic and environmental components. Estimates of genetic influences
are referred to as heritability estimates and are the proportion of total vari-
ation that can be attributed to genetic differences among individuals in
the population. It is important to remember that heritability, as well as
estimates of environmental influences, are statistics based on variability
in a population, not on mean or group differences.

Environmental variance can be partitioned into two types: shared and
nonshared. Shared environmental influences are those nongenetic factors
that make family members similar, and nonshared environmental influences
are those nongenetic factors that make family members different.

Genetic and environmental influences may not always have direct
effects; rather, there might be interplay of some sort between genetic and
environmental factors. This interplay might take the form of a genotype-
environment (GE) correlation, simply a correlation between a genotype and
the environment to which the genotype is exposed. There are three ways
that a genotype and an environment can be correlated: passively, evoca-
tively, and actively (Plomin, DeFries, & Loehlin, 1977; Scarr & McCartney,
1983). Passive GE correlation refers to the transmission of both genes and
environment from parents to their children. For example, parents who
have a very loving and warm marriage may pass on to their children
those genetically influenced characteristics that have both helped to cre-
ate their good marriage and also provided an environment for their child
that teaches the skills needed for a warm and loving marriage. Evocative
GE correlation refers to environments that are elicited by an individual’s
genotype. To again use the example of marriage, an adult who is warm
and loving is likely to elicit warm, positive responses from their spouse,
resulting in a satisfying marriage. Finally, active GE correlation occurs
when individuals actively select environments that are correlated with
their genotype. A caring adult is more likely to seek out other people who
are also warm, rather than befriend those who tend toward more negative
behaviors.
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Genes and environments might also have moderating effects on each
other. Genotype-environment (GXE) interactions refer to the sensitivity of
one’s genotype to the environment, such that genetic propensities might
be modified by environmental circumstances. Searching for GxE interac-
tions has been more successful in nonhuman primates than in humans
because researchers can breed strains of animals uniform for the genes
that influence particular behaviors and then randomly assign these
strains to different environments. Regardless, there has been some recent
evidence in human populations for GxE interaction (Caspi et al., 2003;
Heath, Eaves, & Martin, 1998; Turkheimer, Haley, Waldron, D"Onofrio, &
Gottesman, 2003).

Methodology and Designs

Behavioral genetic studies are based on quantitative genetic theory,
which means that the model fitting that is done is based on expectations
about familial similarity. For example, monozygotic (MZ) twins share all
of their segregating genes, whereas dizygotic (DZ) twins share, on aver-
age, 50% of their genetic makeup, just as full siblings do. Half siblings
share 25% of their genetic makeup. Unrelated siblings (either adopted
siblings, or unrelated step siblings) share none of their genetic makeup,
but they are excellent indicators of the shared environment because their
similarity can only be explained by experiences that they have shared. By
including these expectations in the model fitting, we can arrive at esti-
mates of genetic and environmental influences for a given population.

There are a number of different study designs that behavioral geneti-
cists use. One is the family design. Here a proband is selected, usually
matched with a nonaffected control. Researchers then examine the inci-
dence of a disease (or other phenomenon) in the proband’s and control’s
relatives. Finding a higher incidence in relatives of the proband than in
relatives of the nonaffected control suggests that the disease is familial in
origin. By familial, we mean that genetic and\or shared environmental
factors are influencing the disease. This design does not allow us to distin-
guish between the two types of factors.

Twin and sibling designs do allow us to distinguish between genetic,
shared environmental, and nonshared environmental influences. If
genetic factors were influencing a particular trait, we would expect corre-
lations between each member of a sibling pair to follow this pattern:
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MZ > DZ = full sibling > half sibling > unrelated sibling. If shared environ-
mental influences played a role, we would expect correlations between
each sibling of a pair to be of the same magnitude across sibling types.
Nonshared environmental influences are indicated by an MZ sibling
correlation that is not equal to one because any differences between MZ
twins can only be due to different environmental influences as they share
the same genotype.

Finally, adoption studies provide a unique way of disentangling
genetic and environmental effects by using two different “types” of
parents, so to speak. The biological parents of the adopted-away child
serve as a marker of genetic influence, while the adoptive parents serve as
a marker of environmental influences. Any correlation between the
adopted child and his biological parents for a given trait is assumed to be
due to genetic influences since the biological parent has had little if any
contact with the child. Conversely, any association between the adoptive
parent and the adopted child suggests an environmental contribution
to the parent-child resemblance. For example, if antisocial behavior were
largely heritable, we would expect to see similarities between birth
parents and adopted children, but no similarity between adopting parents
and adopted children.

What Behavioral Genetic Studies Can Tell Us

Behavior genetic studies allow us access to very crucial information
about development over the life course that other types of studies are not
able to provide. Namely, behavioral genetic studies are able to estimate
genetic and environmental influences rather than assume their presence.
Using these studies, we can get a better handle on the etiology of a wide
range of phenomena, as well as better understand why different traits,
disorders, and other constructs are interrelated. We have been able to clar-
ify the links between interpersonal factors and mental and physical
health. Genetically sensitive designs also allow us to identify influences
on developmental processes. Not only have we been able to highlight the
role of genes in individual development, but we have also been able to
elucidate the role of the environment by searching for sources of shared
and nonshared environmental influences. Genetically sensitive studies
are necessary to gain the most complete understanding of development.
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Behavioral Genetic Studies of Midlife

To our knowledge, the Twin Offspring Study in Sweden (TOSS) is the
only behavioral genetic study specifically designed to capture informa-
tion about adjustment in midlife. In this study, female and male twin pairs
who have adolescent children are the heart of the study design. At the
present time, the study is not longitudinal. The numerous studies based
on the Virginia Twin Registry and the “Virginia 30,000,” based at the
Virginia Institute of Psychiatric and Behavioral Genetics, have provided a
wealth of information about psychiatric phenotypes in twins who were
born between 1915 and 1971. Only some studies from these cohorts are
longitudinal. Other twin registries, such as those in the Netherlands and
Australia, have cohorts of twins, some of whom are currently in midlife,
although most efforts for the former have focused on development of
children and adolescents (Boomsma et al., 2002; Croft, Read, de Klerk,
Hansen, & Kurunczuk, 2002). The Scandinavian twin registries have the
largest cohorts of twins in midlife at the time of data collection (Bergem,
2002; Kaprio & Koskenvuo, 2002; Pedersen, Lichtenstein, & Svedberg,
2002; Skytthe, Kyvik, Holm, Vaupel, & Christensen, 2002), but most of the
analyses from these cohorts are cross-sectional and primarily on medical
end points. Two studies of aging, the Minnesota Twin Study of Adult
Development and Aging (MTSADA; Finkel & McGue, 1993) and the
Swedish Adoption/Twin Study of Aging (SATSA; Pedersen et al., 1991; see
also Finkel & Pedersen, 2004) have sufficient numbers of pairs in midlife
to provide comparisons of younger and older cohorts within the studies.
All told, these studies with genetically informative populations have
covered a broad array of behavioral and biomedical phenotypes and
numerous environmental exposures. Among the many domains of rele-
vance were social aspects (including education and occupation, environ-
mental impingement by stress and life events), interpersonal relationships
(parenting, marriage, social support), cognition, personality and adjust-
ment, psychopathology and substance abuse, and health. In the following,
we will focus on a limited number of traits that we believe are highly per-
tinent to understanding individual differences in midlife: interpersonal
relationships, social aspects, self-rated health, and cognitive abilities.
When possible, we will highlight longitudinal findings and multivariate
analyses that go beyond the relatively simplistic characterization of
heritabilities.
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Interpersonal Relationships and Adjustment

Interpersonal relationships are of great importance in midlife. Marital rela-
tionships and parent-child relationships can become a primary focus for
many people during this time. Support from friends and family is also an
important factor in coping with life changes, such as aging of parents and
one’s own aging. This section describes the behavioral genetic research
that has considered interpersonal relationships in midlife. Most studies
included in this section have used samples not specifically geared toward
studying midlife, but rather have used samples that happen to include
subjects who are in that stage of development. The exception might be
the Twin Moms study (Reiss, Cederblad, et al., 2001; Reiss, Pedersen, et al.,
2001), which by default focused on parents in midlife because selection cri-
teria required their children be between the ages of 10 and 18 years. We
will first discuss behavioral genetic studies of parenting; then, we will
move on to social support and then marriage. We will then discuss studies
that have tried to account for genetic influences on interpersonal relation-
ships, ending with studies that have examined underlying genetic and
environmental influences on links between interpersonal relationships
and outcomes.

Parenting

To date, the field of parenting research has probably been the area
most affected by behavioral genetic inquiry. Traditional psychosocial
research has long posited that parenting styles directly affect child outcome
(e.g., Baumrind, 1973). Genetically informed studies do not necessarily sup-
port those claims. Both child-based (genetic information comes from the
children) and parent-based (genetic information comes from the parents)
studies support the notion that children influence how parents parent.
Rowe was the first to examine the genetic and environmental influences on
parenting using samples of adolescents (Rowe, 1981, 1983). He found that
the adolescents’ genetic influences contributed to their reports of their
parents’ warmth, and shared environmental influences contributed to
parental control, with nonshared environmental influences contributing to
about half of the variance of each. These findings have been replicated in
several other studies (Braungart, 1994; Elkins, McGue, & lacono, 1997;
Goodman & Stevenson, 1989; Plomin, McClearn, Pedersen, Nesselroade, &
Bergeman, 1989).
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These findings come from child-based designs, so they only tell us
about the influences of the child’s genes. What about the parents’ genes?
Findings from the Twins Moms study—a sample of Swedish female
twins, their spouses, and their adolescent child—tell us that the parents’
own genetic factors also contribute to their parenting, for all aspects
except for attempted and actual control (Neiderhiser et al., 2004).

Through what processes do these genetic factors influence parenting?
There are several possibilities, all of which fall under the rubric of GE cor-
relations. GE correlations are correlations between genetic factors of an
individual and the environment. There are three types: passive, active, and
evocative. Passive GE correlations refer to the fact that each parent pro-
vides 50% of their child’s genetic makeup. So parents who exhibit warm
parenting styles pass along the genes that influence their warmth, result-
ing in a child who also tends to be warm and caring, thereby contributing
to the already pleasant family environment. In a case like this, it is difficult
to untangle how much the children are influencing their parents’ parenting
or are reflecting shared genes. However, genetic characteristics of the child
might influence their tendency to be caring and, as a result, lead them to
seek out positive environments. This is called an active GE correlation.
Finally, genetic characteristics of the child might elicit warm parenting; this
is referred to as an evocative GE correlation. Here, the child influences
parenting by evoking particular reactions from their parents. Much could
be said on this topic, but space considerations limit us to a brief summary
of findings from a study that attempted to tease apart these different
processes. A comparison of the child-based Nonshared Environment and
Adolescent Development study (Reiss etal., 1994; Reiss, Neiderhiser,
Hetherington, & Plomin, 2000) and the parent-based Twin Moms study
suggested that passive GE correlations may be important for parental neg-
ativity and positivity but not for parental control (Neiderhiser et al., 2004).
The implications of these findings contradict traditional socialization
research suggesting that parents have a direct influence on their child’s
outcome.

Remembered Parenting

Several studies have addressed genetic and environmental influences
on how adults remember their childhood family environment and parenting.
MZ twins report their rearing environment as being more similar than the
rearing environments of DZ twins, suggesting genetic influences on
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remembered parenting (Hur & Bouchard, 1995). A study using the Twin
Moms sample found genetic influences on all subscales of remembered
parenting, as well as shared environmental and nonshared environmental
influences (Lichtenstein et al., 2003). Parental warmth was most strongly
influenced by genetic influences, which could be accounted for by person-
ality characteristics. Shared environmental influences were explained as
an increasing importance of family-level experiences over time.

Social Support

High-quality social support is robustly associated with improved
health and well-being, whereas a lack of social support is linked with
poorer health (Ganster & Victor, 1988; Kessler, Kendler, Heath, Neale, &
Eaves, 1992; Wade & Kendler, 2000). A number of genetically sensitive stud-
ies have begun to examine genetic and environmental factors involved in
social support.

The first study to examine genetic and environmental influences on social
support came from SATSA. This sample included men and women with an
average age of 65.6, 62% of whom were female. Because this sample includes
twins separated at birth and reared apart, not only could estimates of genetic
and nonshared environmental effects be computed, but also shared environ-
mental variance could be separated into shared rearing environment and
correlated environment (similarity of twins beyond that accounted for by
genetic influences or shared rearing environments). Findings differed for
availability and adequacy of support. The availability of social support was
influenced entirely by environmental factors: Primarily nonshared environ-
ments, but also shared rearing environments and correlated environments,
played a substantial role. Adequacy of support was influenced by genetic
and, predominantly, nonshared environmental influences.

A series of studies using a sample of twins drawn from the Virginia
Twin Registry (now the Mid-Atlantic Twin Registry) have examined more
detailed aspects of social support. In the first study, Kessler and colleagues
(1992) examined more specific aspects of social support (perceived support
from spouse, from other relatives, and from friends; access to a confidant;
frequency of interaction with relatives and with friends; frequency of
church attendance and of club attendance) in a sample of same-sex female
twins aged 11 to 53 years. The aim was to examine the homogeneity versus
heterogeneity of social support as a construct. Genetic factors played a role
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in perceived relative support, perceived friend support, having a confidant,
frequency of church attendance, and frequency of club attendance. Shared
environmental influences were important for perceived spouse support,
perceived relative support, frequency of interaction with relatives, fre-
quency of interaction with friends, and frequency of attending church.
Nonshared environmental factors accounted for at least 50% of the variance
for all aspects of social support, with the exception of frequency of church
attendance (20%) and club attendance (48%). Given the differing patterns of
influence across different types of social support, it seemed clear that social
support is a heterogeneous construct.

A second study was conducted after an additional wave of data was
collected on the female twins. Here, the reliable components of different
aspects of social support were examined in a genetically informed way
(Kendler, 1997). Using six slightly different categories than the first study
(i.e., relative problems and support, friend problems and support, confi-
dants, and social integration), this study found that relative problems and
support were influenced by genetic, shared, and nonshared environmen-
tal influences, whereas the remaining four categories were influenced by
only genetic and nonshared environmental influences. Findings of shared
environmental influences on the relative problems and support were
explained by the fact that twins share the same relatives.

A sample of same-sex male twins and opposite-sex twins were col-
lected to correspond with the first wave of same-sex female twins. This
sample was used to examine sex differences in social support, using the
same constructs described in the previous paragraph (Agrawal, Jacobson,
Prescott, & Kendler, 2002). Findings indicated no qualitative gender dif-
ferences for any of the factors. In other words, there were no differences in
the sources of genetic influences for men and women. On the other hand,
quantitative differences in genetic influences between men and women
were found for relative support and confidants. Consistent with previous
studies, shared environmental influences were only found for relative
support and problems.

Marital Relationships

Most genetically informed studies of marriage focus on marital status
rather than marital quality, so those studies will be reviewed first. The first
study to examine a component of marital status was a study of the genetic
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and environmental influences on divorce, using a sample drawn from
the Minnesota Twins Registry (McGue & Lykken, 1992). Participants were
between the ages of 34 and 53 years. Both male and female MZ twins were
more similar for divorce status than DZ twins, indicating genetic influ-
ences. Having a divorced MZ co-twin increased one’s odds of getting a
divorce nearly sixfold, whereas having a divorced parent or DZ co-twin
only increased risk by less than twofold. Heritability estimates for divorce
were nearly equally divided between genetic and nonshared environmen-
tal influences, for both men and women.

The question has also been asked about whether people who have never
married and people who have divorced can both be categorized as having
“failed to marry successfully.” If they are two sides of the same coin, MZ co-
twins of those who have never married should have higher rates of divorce
than DZ co-twins, and the MZ co-twins of those who have divorced should
have a higher rate of never marrying than DZ co-twins. This question was
addressed using the National Academy of Sciences-National Research
Council (NAS-NRC) sample of World War II veterans (Trumbetta &
Gottesman, 1997). These males were born between 1917 and 1927 and were
surveyed in 1972 and 1985, when the men were 45 to 55 and 58 to 68 years
old, respectively. Never marrying and divorcing were not co-heritable,
though there was a nonsignificant trend for more co-twins of those who
had divorced to have never married. The authors suggest that this indicates
the possibility of a continuum of pair bondedness. The same authors later
explored marital status in the evolutionary terms of pair bondedness and
mate diversification, saying that being married resembles the former and
divorce maps onto the latter (Trumbetta & Gottesman, 2000). Again using
the sample of World War II veterans, they found that pair bonding seemed
to be more genetically influenced than mate diversification, though the
heritability declined over time.

The Vietnam Era Twin Registry was used to examine the heritability of
marital status, so again the sample was composed only of males. These
men served in the U.S. military between the years of 1965 and 1975 and
were assessed in 1987. This study examined never marrying versus get-
ting divorced, and whether the same factors that influenced never marry-
ing also influenced divorce (Jerskey et al., 2001). Jerskey and colleagues
found that there were no genetic influences on never marrying, but that if
one was to marry, there were genetic influences on getting divorced, repli-
cating previous work (McGue & Lykken, 1992). In other words, one twin’s
being married was independent of his co-twin’s likelihood of divorce.
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The propensity to marry seems to be a different story. A study using a
sample from the Minnesota Twin Registry examined the genetic and envi-
ronmental influences on getting married (Johnson, McGue, Krueger, &
Bouchard, 2004). The total heritability, including additive and dominant
effects, was .70. Gender differences were examined, and it was found that
the heritability for men and women were similar, but the genetic compo-
nents of variance were not the same for men and women. In other words,
different genetic factors influence men’s propensity to marry than influ-
ence women’s.

Only recently has the genetic and environmental influences on marital
quality been explored. One of the aims of the Twin Moms study described
above was to examine how marital satisfaction impacted maternal mental
health. Toward this aim, the Dyadic Adjustment Scale (DAS; Spanier, 1976)
and the Marital Adjustment Test (Locke & Wallace, 1987), both often-used
measures of marital quality, were administered to both the twin women
and their spouses. Most measures of wife’s marital quality were at least
moderately influenced by genetic factors (standardized parameter esti-
mates of .24-.33) and primarily influenced by nonshared environmental
influences (standardized parameter estimates of .67-.85; E. L. Spotts et al.,
2004). One exception was DAS Affectional Expression, which showed neg-
ligible amounts of genetic influence. Shared environmental influences
played no role in the twin women's reports of their marital quality. Genetic
influences on husbands’ reports of their marital quality were also exam-
ined, with results similar to those of wives’ reports. It needs to be noted
that influences on husband reports were those of the wife’s genetically and
environmentally influenced characteristics, so these findings of genetic
influences represent the effects of wife’s genetically influenced characteris-
tics on their husband’s perceptions of their marriage. This could be the
result of either active GE correlations, whereby the wife actively selects a
husband that fits with her genetically influenced characteristics, or evoca-
tive GE correlation, whereby the wife’s genetically influenced characteris-
tics elicit a particular response from her husband.

Accounting for Genetic
Influences on Social Relationships

This section will discuss studies that have set about trying to identify
what accounts for genetic and/or environmental influences on social
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relationships. These studies use multivariate analyses to examine the
covariance among variables.

What accounts for the genetic influences on aspects of marriage? It
appears that personality plays a large role. Using a sample drawn from
the Minnesota Twin Registry, Jockin and colleagues extended McGue and
Lykken’s (1992) study of divorce to examine the extent to which personal-
ity accounted for the genetic influences on divorce (Jockin, McGue, &
Lykken, 1996). They found that 30% and 42% of the genetic influences
on divorce could be accounted for by personality for women and men,
respectively. The authors suggested that the genetic influences on divorce
actually influence personality, which in turn influences divorce risk. They
also found that the environmental factors influencing personality and
divorce were almost entirely independent of each other.

Another study using the same sample examined the extent to which
personality characteristics accounted for the genetic influences (Johnson
et al., 2004). Using composite scales of the Multidimensional Personality
Questionnaire, they found that genetic influences accounted for 68% and
83% of the covariance between personality and the propensity to marry
for men and women, respectively.

Another study using the Twin Moms sample tried to account for the
genetic influences on marital quality and found that the personality char-
acteristics aggression and optimism accounted for all of the genetic influ-
ences on wives’ reports of marital quality (E. Spotts et al., in press). It had
also been hypothesized that husbands’ personality characteristics would
account for a substantial portion of the nonshared environmental influ-
ences on wives’ reports of marital quality, but this was not supported.

Associations Between Relationships and Adjustment

There is a large literature linking interpersonal relationships with vari-
ous forms of adjustment. Behavioral geneticists are beginning to explore
the underlying mechanisms of these associations by examining what
types of influences account for the links.

Parenting is usually discussed in conjunction with child outcome.
Because the focus of this book is on midlife, a discussion of these studies
will be omitted. However, one study used causal modeling to examine the
link between remembered parenting and psychological distress in adult-
hood (Gillespie, Zue, Neale, Heath, & Martin, 2003). The sample of
females was drawn from the Australian National Health and Medical
Research Council Twin Registry and ranged in age from 18 to 45 years.
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Genetic and nonshared environmental factors were found to account for
the association between remembered parenting and depressive and anx-
ious symptoms. The best fitting causal model suggested that remembered
parenting influenced psychological distress rather than the opposite.

Levels of social support are robustly associated with positive and nega-
tive outcomes. What is less clear are the mechanisms underlying this
association. In addition to the possibility of high-quality social support
leading to better health, there might also be genetic factors that influence
both social support and adjustment. Behavioral genetic studies are uniquely
equipped to test these possibilities.

Bergeman and colleagues used the SATSA sample to examine the links
between social support and well-being, as measured by self-reports of
depressive symptoms and life satisfaction (Bergeman, Plomin, Pedersen,
& McClearn, 1991). Genetic and nonshared environmental influences were
found to contribute to the associations between social support and each
of the two outcome measures. This suggests underlying genetically influ-
enced factors influence both social support and mental health, while factors
that make the twins different affect both their relationships and their mental
health. Such nonshared factors might include husbands, jobs, or children.

Studies using the Twin Moms sample expanded on this research by
including both marital quality and adequacy of social support in exami-
nations of associations among interpersonal relationships and both
depressive symptoms and well-being in women. This was done to see if
marital quality and social support made independent contributions to
mental health. When looking at depressive symptoms, genetic influences
were shared among marital quality, social support, and depressive symp-
toms (E. L. Spotts et al., 2005). Social support shared genetic and non-
shared environmental variance with depressive symptoms beyond that
common to all three variables. Two aspects of positive mental health were
examined: well-being and global self-worth (E. Spotts et al., 2005); differ-
ent patterns of genetic and environmental influences were found for each.
For well-being, marital quality and social support accounted for the same
genetic and nonshared environmental variance, with no additional vari-
ance explained by social support. On the other hand, social support was
independently associated with global self-worth by genetic and non-
shared environmental factors after taking marital quality into account.
Several conclusions can be drawn from these findings. First, there are
genetic factors that are common to relationships and mental health.
Second, these findings suggest that marital quality is not the only source
of social support influential to a sense of self-worth, though other aspects
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of marriage may be important. Third, it seems that influences on global
self-worth may be wider ranging than those on well-being, as indicated
by social support being independently associated with global self-worth.
Finally, we can speculate on the findings of nonshared environmental
influences. For each of these analyses, husbands’ reports of marital qual-
ity were substituted for the wives’ reports, and in all cases, nonshared
environmental influences were shared among marital quality, social sup-
port, and the measure of mental health (E. Spotts et al., 2005; E. L. Spotts
etal., 2005). These findings suggest that the husband is an important
source of nonshared environmental influence on his wife’s feelings about
her interpersonal relationships and her mental health.

Kessler, Kendler, Heath, Neale, and Eaves (1992) used the female twin
sample drawn from the Virginia Twin Registry to examine the processes
by which perceived social support and adjustment to stress, as indicated
by onset of major depression (MD), were linked. Among the models
tested was one hypothesizing that the link could be explained by a com-
mon genetic cause; the model was not supported. At first glance, these
results seem to contradict the findings from the Twin Moms study
reported above. However, the two studies used very different outcome
measures: depressive symptomatology versus acute onset of MD. Also,
the nature of the variables used in the analyses resulted in very different
sample sizes, with the Virginia sample being reduced to 22 cases.

Wade and Kendler (2000) tested several possibilities explaining associ-
ations between lifetime MD (as indicated by an onset of MD within the
past 12 months at either Time 1 or Time 2) and social support using the
Virginia female twin sample. Three hypotheses were tested, but the one
discussed here postulates that social support and the risk for MD may be
linked by common, genetically influenced traits. To test this hypothesis,
the level of social support in one twin was predicted by MD in her co-
twin. A significant association was found, and it was stronger for MZ than
DZ twins, indicating genetic influences on the association.

Measures of the Environment and Health

Education and Occupation

Not only family and social relationships but also socioeconomic status
characterize midlife. Of several ways to operationalize socioeconomic status,
education and occupation are referred to and examined most frequently.
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A great deal of research has demonstrated that socioeconomic status
relates to health and well-being as well as financial success in life. It is
therefore of interest to discuss here why there are individual differences in
socioeconomic status and how genes and familial environment contribute
to that variation.

One of the early attempts in this area was from studies using twins
born in Norway between 1915 and 1960. Heath and colleagues revealed
that the relative contributions from genetic and environmental sources
varied across cohorts for education (Heath et al., 1985). Heritability was
greatest (74% and 45% of the variance in men and women, respectively)
for subjects born between 1940 and 1949, slightly lower for the younger
subjects born after 1950, and lowest for those born before 1939. Similarly,
Tambs and colleagues also reported secular change in the importance
of genetic influences on education using part of the same cohorts of
Norwegian twins (Tambs, Sundet, Magnus, & Berg, 1989).

Behavioral genetic research with a more powerful study design was
conducted using Swedish twins including those who were reared apart.
Lichtenstein and colleagues first used this study design to explore the
sources of individual differences in educational achievement (Lichtenstein,
Pedersen, & McClearn, 1992). Having divided the sample at the age of 60
years, they found that younger and older groups showed significant dif-
ferences in the relative importance of genetic and environmental effects.
Their findings suggested that genetic influences seem to have a greater
impact on education for the younger age group than the older group,
which was in accord with the Norwegian studies mentioned in the previ-
ous paragraph. By using a similar sample, Lichtenstein and Pedersen then
investigated genetic and environmental contributions to educational
achievement as part of multivariate analyses (Lichtenstein & Pedersen,
1997). Genetic factors for educational achievement were estimated as
more important in this study than in the earlier study.

A large sample of Australian twins has provided longitudinal data
to study genetic and environmental effects on educational achievement
(Baker, Treloar, Reynolds, Heath, & Martin, 1996). Baker and colleagues
evaluated the heritability of self-reported educational achievement using
twins from older (born between 1893 and 1950) and younger (born after
1950) cohorts. Based on self-reports in 1981 and 1989, they estimated
genetic variance in the longitudinal correlation of educational achieve-
ment measured at these two occasions as 57%. In contrast to the
Norwegian studies, there were no differences in the estimates for the
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younger and older cohorts in this Australian study. Baker and colleagues
pointed out that the discrepancy in findings could be attributable to
cultural differences, sampling differences, or statistical power.

Occupational status and work environment have also been studied,
using twins primarily from socioeconomic status points of view. Arvey
and colleagues assessed genetic component to job satisfaction based on
the Minnesota Study of Twins Reared Apart, another unique resource for
studying twins reared apart (Arvey, Bouchard, Segal, & Abraham, 1989).
Having administered the Minnesota Job Satisfaction Questionnaire to
reared-apart twins whose mean age was 42 years, they reported that
approximately 30% of the variance in general job satisfaction was due to
genetic factors, based on intraclass correlations. Keller and colleagues
extended this study to evaluate the heritability of work values (Keller,
Arvey, Dawis, Bouchard, & Segal, 1992). With the Minnesota Importance
Questionnaire, they estimated genetic effects on the total variance as
approximately 40%.

In the aforementioned study in SATSA (Lichtenstein et al., 1992), the
authors investigated relative importance of genetic and environmental
effects on occupational status as well as educational achievement.
Substantial sex differences in the estimates were observed for this mea-
sure, although differences between younger and older groups were not
tested. Based on the same sample, Hershberger and colleagues examined
genetic and environmental influences on perceptions of organizational
climate, using the Work Environment Scale and another measure of job
satisfaction (Hershberger, Lichtenstein, & Knox, 1994). Genetic effects
were significant for Supportive Climate (22% of the variance) but not for
Time Pressure, implying difference in genetic effects on controllable and
uncontrollable environment. Unlike Arvey et al. (1989), genetic effects
were not significant for job satisfaction. Lichtenstein and colleagues then
analyzed the dimensions of occupation and distances between occupa-
tional categories, by using intrapair differences in adult occupational
position (Lichtenstein, Hershberger, & Pedersen, 1995). Genetic factors
showed substantial influences (60% of the variance) on occupational sta-
tus for men, while shared and nonshared environmental factors were of
about equal importance. For women, genetic effects were less important
(12% of the variance), and shared and nonshared environmental effects
accounted for more of the variation. The results pointed to the importance
of genetic effects for sources of familial resemblance in occupational status
for men.
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Lichtenstein and Pedersen further extended the previous SATSA
studies of occupational and educational achievements in a multivariate
study design with a measure of general cognitive ability (Lichtenstein
& Pedersen, 1997). They found that educational achievement and occupa-
tional status showed significant genetic variance both in common with
and independent of genetic variance for cognitive ability. The findings
indicated that, although genetic influences for cognitive ability were
important for socioeconomic status, a substantial portion of the genetic
variance in socioeconomic status was independent of that for cognitive abil-
ity. These results were in agreement with the aforementioned Norwegian
study (Tambs et al., 1989), in which the variance in occupational status was
accounted for more by specific genetic effects than by those in common
with educational achievement and general cognitive ability. In contrast,
Lichtenstein and Pedersen also found that rearing environmental effects for
educational achievement and occupational status were completely overlap-
ping, which implied that the same factors in the rearing home made family
members similar to each other for both education and occupation.

Taken together, there is evidence that genetic effects are responsible for
substantial part of individual differences in educational achievement and
occupational status. However, estimates for the relative importance of
genetic and environmental effects often differ between younger and older
cohorts, a difference that is likely to be attributable to cohort differences.
There also may be cultural differences that vary the estimates from study
to study.

Stressful Life Events

In general, individuals experience a number of major life changes as
they grow older. It is reasonable to think that such events significantly
correlate with psychological development and health in later life. Since
Holmes and Rahe introduced the Social Readjustment Rating Scale
(Holmes & Rahe, 1967), stressful life events have been an important topic
among developmental psychologists and behavioral geneticists, due to
their potential function in the etiology of various mental disorders.

A SATSA study first explored genetic influence on perceptions of
major events later in life (Plomin, Lichtenstein, Pedersen, McClearn, &
Nesselroade, 1990). By using twins reared apart and reared together,
whose ages ranged from 27 to older than 80, Plomin et al. estimated
genetic influence on the occurrence of life events as 40% of the variance of

e



03-Willis-4658.gxd 3/24/2005 2:12 PM Pag$2

82 EARLY LIFE INFLUENCES ON MIDDLE AGE

the total life events score. Saudino and colleagues then assessed sex
differences in genetic and environmental contributions to life events and
genetic influences of personality on its association with life events (Saudino,
Pedersen, Lichtenstein, McClearn, & Plomin, 1997). Significant genetic
variance was observed only for women in controllable, desirable, and unde-
sirable life events, and no sex differences were found for uncontrollable
events. Multivariate analyses of personality (as indexed by Neuroticism,
Extraversion, and Openness to Experience) and life events suggested that all
of the genetic variance on controllable, desirable, and undesirable life events
for women is common to personality. Saudino etal. thus concluded that
genetic influences on life events appeared to be entirely mediated by person-
ality in middle-aged and older women.

Besides the SATSA, a number of studies have been conducted to exam-
ine the relative contribution of genetic and environmental influences to
stressful life events using the Virginia Twin Registry. Kendler and col-
leagues (Foley, Neale, & Kendler, 1996; Kendler, Neale, Kessler, Heath, &
Eaves, 1993) reported that genetic factors and familial environment each
accounted for around 20% of the variance of total life events in twins aged
from 17 to 55 years. They suggested that stressful life events be classified
into “network events” (those which occur within an individual’s social net-
work), where twin resemblance was due solely to the familial environment,
and “personal” events (those in which the individual is directly involved),
where most twin resemblance was the result of genetic factors. Their find-
ings indicated that stable individual differences were more important
determinants of personal stressful life events than random (occasion-spe-
cific) factors. Bolinskey and colleagues provided additional support for the
previous findings with a sex limitation model (Bolinskey, Neale, Jacobson,
Prescott, & Kendler, 2004). Unlike Saudino et al. (1997), they found that
many of the same genetic factors were acting within both sexes.

Overall, genetic influences have been consistently demonstrated in adult
samples on the probability of experiencing stressful life events. On the other
hand, the importance of shared environment and sex remains unclear. In
addition, longitudinal studies that address age differences are necessary to
assessing changes in genetic and environmental effects across age.

Stress Coping

As we have seen significant genetic influences on stressful life events
thus far, it is reasonable to question whether variation in the way adult
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individuals cope with stress is also influenced by genetic factors. Stress
coping is, therefore, a potentially important area that could shed light
on the mechanisms of stress-induced health problems, a major issue in
later life.

Kendler and colleagues first investigated genetic and environmental
influences on stress coping in young adults ( Kendler, Kessler, Heath,
Neale, & Eaves, 1991). Data were collected by self-report coping behavior
based on 14 items of the Ways of Coping Checklist (WCC; Folkman &
Lazarus, 1980) from female twin pairs (mean age, 29 years) in the Virginia
Twin Registry. Using factor analysis, three coping factors were identified:
Turning to Others, Problem Solving, and Denial. The authors reported
that twin resemblance in turning to others and problem solving could be
explained entirely by genetic factors with heritability of approximately
30%. For denial, shared environmental factors accounted for 19% of the
total variation.

Busjahn and colleagues also attempted to evaluate genetic effects on
stress coping by using 19 coping styles as well as four secondary coping
factors, based on a German coping questionnaire with twin pairs aged
34 years on average (Busjahn, Faulhaber, Freier, & Luft, 1999). All the four
coping factors (Defense, Emotional Coping, Substitution, and Active
Coping) showed genetic influences, whereas shared environment had no
significant influence. For more specific coping styles, genetic influences
were found for 17 of the 19 coping styles, most of which were solely under
genetic influences. On the other hand, there was no single genetic factor
common to all the specific coping styles.

Whereas the two studies mentioned in the previous paragraphs used
relatively young samples, a recent SATSA study explored the relative
contribution of genetic and environmental influences to stress coping in
middle-aged and older adults (Kato & Pedersen, 2005). The subjects were
twins reared apart and reared together of both sexes, aged from 26 to 89
years. Three coping scales (Problem Solving, Turning to Others, and
Avoidance) were derived by factor analysis based on the Billing and Moos
coping measure (Billings & Moos, 1984). The results indicated not only
genetic influences on all three coping styles, a result in line with the previ-
ous studies, but also significant sex differences in variance estimates for
all of them. Shared rearing environmental influences were observed only
for Turning to Others and Avoidance in women. Kato and Pedersen
further examined the basis of covariation between coping styles and per-
sonality traits (as indexed by Neuroticism, Extraversion, and Openness
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to Experience) and revealed that genetic influences on adults” coping
differentially reflected genetic factors in common with personality traits.
The sources of covariation also showed significant sex differences.

As yet, little is known about the origin of individual variation in coping
styles with middle-aged adult samples, despite the vast amount of coping
studies at phenotypic levels. As with stressful life events, longitudinal
data are warranted in order to distinguish cohort effects from aging
effects on stress coping in adults.

Self-Rated Health

Self-rated (or self-reported) health is a global measure of an individ-
ual’s physical and mental health, as a summary of his or her own percep-
tion from different aspects. Self-rated health is often measured by using
three items based on Duke University’s Older Americans Resources
Survey (Duke University, 1978). Although it is a relatively simple mea-
sure, this subjective health assessment is often superior to clinical assess-
ments for predicting outcomes such as mortality (Idler & Benyamini,
1997). As change in health is another important feature that characterizes
midlife, it is rational to discuss behavioral genetic studies of self-rated
health in this section.

A series of studies using Swedish twins have demonstrated the impor-
tance of genetic factors for individual differences in self-rated health.
Harris and colleagues first analyzed cross-sectional data from twins
reared apart and reared together, aged 26 to 86 years (Harris, Pedersen,
McClearn, Plomin, & Nesselroade, 1992). There were significant age dif-
ferences in the genetic and environmental influences on self-rated health
in the sample: Genetic effects were important for subjects aged 60 years or
older, whereas the total variance was accounted for entirely by environ-
mental influences in the younger subgroup.

Using a computer-assisted telephone interview with twin pairs aged
17 to 85 years, Svedberg and colleagues tested age and sex differences
in genetic and environmental sources of variation for self-rated health
(Svedberg, Lichtenstein, & Pedersen, 2001). Having divided the sample
into four age groups, they found that increase in total variance was pri-
marily due to genetic influences in the two middle age groups (45-74
years), whereas no genetic influences were observed in either the
youngest or the oldest age group, which was similar to what Harris et al.
(1992) reported. In contrast, no sex differences were shown in variance
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components in the sample. Svedberg et al. further investigated longitudinal
data in the SATSA over a 9-year time period (Svedberg, Lichtenstein,
Gatz, Sandin, & Pedersen, in press). They revealed that changes in means
and variance of self-rated health were largely influenced by cohort differ-
ences, although socioeconomic status in childhood did not account for these
cohort differences. The results also indicated that correlations between mea-
surement occasions were explained almost equally by genetic and environ-
mental factors.

In another SATSA study, Lichtenstein and Pedersen examined how the
associations between self-rated health, stressful life events, and social
relationships were mediated by genetic and environmental influences
(Lichtenstein & Pedersen, 1995). For men, environmental influences were
solely important for variation in the psychosocial measures and were the
primary mediators of the relationship with health. For women, however,
a substantial portion of the variance in the psychosocial factors was due to
genetic influences, and these influences also contributed to the bulk of the
correlations with health. Although inconsistent with the previous results
from univariate analyses of self-rated health, these findings suggested the
importance of sex differences for the relationships and mediation with the
psychosocial factors.

In conclusion, it seems that individual variation in the way of assessing
one’s own health reflects complex effects of sex, psychosocial factors, and
changes in society, as well as genetic predisposition to diseases. Given that
the variance of individuals” health status increases with increased age, it
can be said that lifestyle in middle age deserves more attention for the bet-
terment of prevention and intervention that will lead to successful aging.

Cognitive Abilities

Until relatively recently, the greatest amount of longitudinal behavioral
genetic research has been on cognitive abilities, both general and specific.
Again, most studies concern childhood and adolescence, although cur-
rently there are a growing number of programs in “gerontological genet-
ics,” which include information on cognitive abilities in midlife. As has
been the case historically with most efforts at characterizing the genetic
and environmental sources of individual differences, the first analyses
comprised cross-sectional estimates of heritability for specific cognitive
abilities and composite measures of general abilities or IQ. As these studies
were performed at a time when demonstrating that genetic variation

e



03-Willis-4658.gxd 3/24/2005 2:12 PM Pag$6

86 EARLY LIFE INFLUENCES ON MIDDLE AGE

could be of at least some importance for behavioral traits, there was little
attention paid to hypothesis testing. The first heritability studies of cogni-
tive abilities were based on twin infants, children, and adolescents, fol-
lowed by adoption studies of the same part of the life span. As the results
from these early developmental behavioral genetic studies emerged,
Robert Plomin (1986) ventured a number of expectations about genetic
influences across the life span. Among the expectations, he predicted that
heritability would increase with increasing age, possibly as a result of
amplification of genetic effects existing early in development. This proved
to be the case for general cognitive abilities, at least from childhood
through midlife (McCartney, Harris, & Bernieri, 1990; Pedersen &
Lichtenstein, 1997), predominantly due to a concomitant decrease in
shared environmental influences.

SATSA provided some of the first evidence for the relative importance
of genetic and environmental influences on cognitive abilities in adults
older than 50 years of age. Eighty percent of the individual differences seen
for general cognitive ability are due to genetic differences (Pedersen,
Plomin, Nesselroade, & McClearn, 1992). This value is somewhat higher
than those found in adolescence and early adulthood but is consistent with
two reports from middle-aged adults (Bouchard, Lykken, McGue, Segal, &
Tellegen, 1990; Tambs, Sundet, & Magnus, 1984). The SATSA results were
based on the first wave of in-person testing data, where the sample was
treated as one age group, ranging from 50 to 85 years. However, a further
exploration into age differences in heritability estimates found some differ-
ences across age groups (Finkel, Pedersen, McGue, & McClearn, 1995).
Older Swedish twins (over 65 years) demonstrated a significantly lower
heritability for general cognitive abilities, suggesting a possible inverted
L-shaped function for the relationship between heritability and IQ later
in life. Thus, genetic influences are substantial and stable through midlife
but appear to decrease in importance after age 65, at least cross-sectionally.

Aging Trajectories for Cognitive Abilities

Any exploration of longitudinal changes in genetic and environmental
influences on individual differences should first characterize normative
(mean) and variance trajectories. If sufficient occasions of measurement
are available, latent growth models are ideal for describing such patterns.
Latent growth models incorporating two linear slopes were recently
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applied to cognitive data from SATSA in order to address several
phenotypic issues (Finkel, Reynolds, McArdle, Gatz, & Pedersen, 2003).
Results indicated stability or even improvement up to age 70 for measures
of crystallized ability, followed by significant decline. Linear age changes
were found for many cognitive abilities. For those measures with a large
speed component, a growth curve model incorporating two separate
slopes was indicated, suggesting stability prior to age 65 but a significant
acceleration in linear decline thereafter. Accelerating decline in cognitive
performance at age 65 may reflect true aging changes, or it may be a con-
sequence of the transition from an active (presumably stimulating) work
life to retirement. Furthermore, it is possible that a more accurate model of
cognitive aging includes not one but two transition periods when the rate
of decline changes.

Longitudinal Changes in
Heritability of Specific Cognitive Abilities

Early longitudinal analyses of SATSA were cohort-sequential such that
sliding-interval-based cohorts and longitudinal information were used to
examine changes in genetic and environmental components of variance.
Inspection of the longitudinal trends for the separate cohorts clearly
demonstrates that heritability is relatively stable longitudinally at approx-
imately 80% in midlife cohorts (50-65 years at first testing) but decreases
longitudinally from approximately 80% at Time 1 to 60% at Time 3 in the
older cohorts.

Subsequent research has taken advantage of expansions of the latent
growth curve models to include twin data to examine genetic and environ-
mental influences on mean level of cognitive ability, as well as rates of
change over a 13-year span. Various models have been applied, including a
two-slope model with centering based on time rather than age (Reynolds,
Finkel, Gatz, & Pedersen, 2002) and most recently, a model with linear
change prior to age 65 and a quadratic term for accelerated decline after
age 65 (Reynolds et al., in press). In all cases, genetic influences were of
greater importance for ability level than for linear change. Furthermore,
genetic variance was often of greater importance for quadratic (acceler-
ated) change than for linear change. Regardless of the model or time span,
the period of midlife (in this case, 50-65 years) was characterized by rela-
tive stability, not only in total variation, but also in sources of individual
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differences. After age 65, decreasing genetic variance, but increasing
nonshared environmental variance, was the most typical pattern across
cognitive domains. Genetic variance decreases were most apparent for
perceptual speed measures, fluid abilities, and general cognitive ability
late in life; however, one verbal measure and two memory-related mea-
sures showed evidence of both increasing genetic and nonshared environ-
mental variance after age 65. These results demonstrate clearly that the
relative influence of genetic factors will change as the dynamic combina-
tion of genetic and environmental factors changes over the life span.
Furthermore, each component of cognitive aging needs to be examined
independently; we will not find a single aging trajectory, nor will we find
a single explanation for cognitive aging. Relevant to students of midlife
will be explorations of turning points (i.e. when relative stability changes
to growth or decline) and the predictors of these events.

The Role of Speed in Cognition

In the previous descriptions of individual differences and cognition, we
have focused on individual abilities and domains, but not at the associa-
tions within or among domains. Within cognition, some of the strongest
evidence for age-related associations comes from studies of perceptual
speed and cognitive performance. The processing-speed theory (Birren,
1964; Salthouse, 1996) posits that cognitive aging results from generalized
slowing of perceptual and cognitive processes. Several lines of evidence
support this theory (Salthouse, 2004), although relatively little work has
been done to explore the role of genetic influences in these processes.
Cross-sectional analyses of SATSA indicate that the heritability of cogni-
tive ability in adulthood results, at least in part, from genetic influences
associated with perceptual speed instead of genes for cognitive function-
ing, per se (Finkel & Pedersen, 2000). Additional longitudinal analyses
were pursued in which latent growth curve models were applied to
cognitive data from which the speed had been partialed out (Finkel
& Pedersen, 2004). When variance components for original and speed-
corrected measures were compared, two patterns of results were found.
For Information and Thurstone’s Picture Memory, greater nonshared envi-
ronmental variance and less genetic variance were evident for the speed-
corrected measures. In contrast, removing the speed variance from Block
Design and General Cognitive Ability resulted in a marked difference in
the shape of the age trajectory in genetic influence. For both variables,
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estimates of genetic variance began at comparable levels at age 50, but
they decline at a much faster rate for the speed-corrected measure. This
suggests that already during midlife, speed is an important source of
genetic variation for fluid and general cognitive abilities.

Associations Between
Cognitive and Physical Functioning

It is not unlikely that if perceptual speed is important for cognitive func-
tioning in adulthood, motor speed is also important. A multivariate analy-
sis incorporating measures of motor speed, perceptual speed, and cognitive
ability was conducted on the middle-aged and young-old cohorts of SATSA
(Finkel, Pedersen, & Harris, 2000) to examine possible age differences in the
relationship between speed and cognition. Results indicated qualitative dif-
ferences between cohorts in the nature of the genetic and environmental
variance common to motor speed, perceptual speed, and cognitive abilities.
The genetic variance in cognitive functioning in the middle-aged cohort
was defined primarily by motor speed, whereas genetic variance in the
older cohort was defined by perceptual speed.

Recent analyses of SATSA data have focused on the aging trajectory for
variables that serve as markers of aging and on the genetic and environ-
mental influences on the rates of decline. Growth curve analysis of five
markers of aging indicate a steeper rate of decline for men than women in
forced expiratory volume and grip strength and a moderate rate of increase
in mean arterial pressure for both men and women (Finkel, Pedersen, et al.,
2003). For two variables, motor functioning and well-being, growth curve
analysis identified a turning point (age 70) at which functioning changed
from stability to decline. Quantitative genetic growth curve analysis indi-
cated genetic influences on the mean level of performance on all five mark-
ers of aging (Finkel, Pedersen, et al., 2003). The same was not true for the
rates of change with age. Genetic influences on the slope were found for
three of the variables: motor functioning, mean arterial pressure, and forced
expiratory volume.

Summary of Cognitive Abilities in Midlife

Even though most of the longitudinal results concerning cognitive abil-
ities in midlife have emanated from longitudinal studies of aging, we are
able to discern clear patterns. Throughout the period of midlife, there are
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few dramatic changes in means and variances. In other words, midlife is a
period of relative stability, at least with regard to cognitive abilities. Not
only do mean levels remain stable until age 65, but individual differences
also appear to be stable throughout this period. Similarly, sources of indi-
vidual differences, both genetic and environmental, appear to be quite
stable during this period. The exceptions appear to be related to the
role that genes have in mediating the speed-cognition relationship. The
reasons for this apparent stability, and at the same time considerable vari-
ability, may seem somewhat enigmatic. Perhaps our measures are not
sensitive enough to pick up the sensitive changes that may reflect pro-
gression into dementia. If this is the case, we may not be able to detect
whether there are changes in the genetic or environmental mechanisms
for these changes. Furthermore, almost none of these studies have exam-
ined cognitive trajectories as a function of measured changes in the envi-
ronment (such as lifestyle transitions) or biological processes (such as
menopause or disease onset). It may be that there are myriad GxE interac-
tions that can only be detected in stratified groups. Nevertheless, for the
population as a whole, this is a period of relative phenotypic, genotypic,
and environmental stability.

Conclusion

At the outset of this endeavor, we were skeptical as to whether there were
sufficient empirical data available not only based, but also in particular
focused, on behaviors and outcomes relevant to midlife. Our preconcep-
tions were in part fulfilled: All too few studies focus on midlife, in particu-
lar those that are concerned with individual differences rather than
normative characterizations. We found that most studies of developmen-
tal behavioral genetics included subjects in midlife only by default, as in
the case of family studies (parents in midlife); by accident, as in the case
of twin cohorts; or as a secondary baseline (aging studies). The lack of
focus on midlife is perhaps understandable, as the sine qua non of behav-
ioral genetic analysis is variability. For many outcomes, such as health,
there is indeed little variability in midlife, as most individuals can be clas-
sified as fitting within a fairly narrow band of “normality.” For other char-
acteristics, such as behavior, the few results available indicate relative
stability in variation throughout midlife. Furthermore, both theoretical
and empirical emphasis has been placed almost exclusively on early and
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late development. As a result, there is a dearth of systematic information
on sources of individual differences in midlife.

Fortunately, the era of demonstrating that genetic influences may be
of importance for behavioral characteristics is at an end. The efforts of
behavioral geneticists in the 1980s and 1990s, as well as public acceptance
of the results from the human genome project, have redirected research
inquiry toward understanding mechanisms and multivariate relation-
ships, with the implicit understanding that both genes and environments
are important for individual differences. There are enormous gains to be
made by approaches that evaluate the mechanisms contributing to associ-
ations among characteristics, rather than isolating behaviors as indepen-
dent entities. The associations between social support and adjustment,
psychosocial factors and self-rated health, and cognition and physical
functioning described earlier in this chapter exemplify the value of multi-
variate approaches, and further applications are to be encouraged.

Although little effort has been made to understand associations and
mechanisms in midlife, there are notable exceptions, such as the study of
interpersonal relationships described earlier in this chapter. These studies
exemplify three important aspects that should be encouraged:

1. The behaviors and outcomes of interests are relevant to the ageband of
interest (marital relationships, parenting, stress coping).

2. There are identifiable exposures (stressful life events, occupational stressors).

3. It is possible to test hypotheses regarding mechanisms because relevant
genetically informative constellations of individuals are available (twin-
family designs to test GE correlation).

Nonetheless, there are a number of areas in which improvement can
be made. At the very least, greater attention should be paid to phenotypes
of relevance in midlife. The study of interpersonal relationships is one
good example, but far more can be done to understand other relevant
responses, including responses to relevant stressors (e.g., work environ-
ment, familial demands, health-related behaviors, medically unexplained
disorders such as “burnout”). Despite advancements in methodological
techniques to incorporate measured environments in behavioral genetic
designs, far too little effort has been placed on identifying and measuring
relevant environmental exposures and incorporating these into the mod-
els. It is also quite likely that there are considerable gender and cultural
differences in the multitude of genetic and environmental interactions
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that influence individual differences in midlife. What is the importance
of genetic susceptibility to stress for women’s and men’s ability to adapt
to rigidity in occupational structure, or to infectious agents? Finally, the
study of variation in midlife must be approached from a longitudinal
point of view rather than as a series of cross-sectional snapshots in time.
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