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A Multidimensional Twin Study
of Mental Health in Women

Kenneth S. Kendler, M.D., John M. Myers, M.S., and Michael C. Neale, Ph.D.

Objective: While researchers have increasing insight into the role of genetic and envi-
ronmental factors in the etiology of psychiatric and substance use disorders, they know
much less about how such factors influence the dimensions of healthy psychological
functioning. Method: In a population-based sample of 794 female-female twin pairs, the
authors examined, by using multivariate structural equation modeling, six dimensions of
mental health: perceived physical health, nonconflictual interpersonal relationships, anx-
ious-depressive symptoms, substance use, social support, and self-esteem. Results: The
best-fit model was complex and constituted five common factors (two genetic, one family
environmental, and two unique environmental); variable-specific genetic effects for physi-
cal health, substance use, and social support; and variable-specific family environmental
effects for interpersonal relationships and substance use. Genetic effects were seen for all
six dimensions; total heritabilities ranged from 16% to 49%. Family environment was an
important influence on interpersonal relationships, substance use, and social support.
Conclusions: Mental health is a complex phenotype that is influenced by a diverse array
of genetic and environmental factors. While genetic factors appear to be of moderate etio-
logic importance in all major dimensions of mental health, the family environment is an im-

portant influence on only interpersonal relations, social support, and substance use.

(Am J Psychiatry 2000; 157:506-513)

An increasing number of twin, family, and adoption
studies are clarifying the role of genetic and environ-
mental factors in the etiology of a wide range of psy-
chiatric and substance use disorders (1). By contrast,
we understand much less about how these factors in-
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fluence overall mental health. While twin studies have
examined individual variables such as happiness (2),
self-esteem (3), and social support (4, 5), these con-
structs reflect only a part of what is generally consid-
ered to be mental health.

In this study, we begin to address this disparity by
examining, in a large sample of female-female twin
pairs ascertained from a population-based registry, six
variables chosen to reflect at least part of the diversity
of functions that constitute mental health. We attempt
to address the following specific questions about these
variables:

1. What is the structure of the genetic factors that in-
fluence these dimensions of mental health? Is there a
set of mental health genes, or is mental health more ge-
netically complex, with distinct genetic factors that in-
fluence certain dimensions?

2. While family environment appears to play little
role in the etiology of major psychiatric disorders (1,
6), is the same pattern true of dimensions of healthy
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psychological functioning? If family environment is
important in mental health, does it affect all dimen-
sions or only some? Is there a single factor that reflects
a health-inducing family environment, or are there sev-
eral dimensions of family experience that affect mental

health?

3. While individual environmental experiences cer-
tainly influence mental health, to what extent do these
environmental effects influence all dimensions or se-
lected dimensions of psychological functioning?

METHOD

Participants

The subjects examined in this study were participants in a longi-
tudinal investigation of the risk factors for common psychiatric dis-
orders in women. They were members of Caucasian female same-sex
twin pairs from the Virginia Twin Registry (6), a population-based
registry formed from a systematic review of all birth certificates in
the Commonwealth of Virginia. Twins were eligible to participate if
they were born during 1934-1971 and both members had previ-
ously responded to a mailed questionnaire. In our first interview, we
assessed 92% of the eligible individuals (N=2,163)—90% face-to-
face, the rest by telephone. Zygosity was determined blindly by stan-
dard questions (7), photographs, and—when necessary—DNA (6,
8). We recently conducted a validation study that involved perform-
ing polymerase chain reaction zygosity tests on an additional 269
pairs of twins and oversampling those for which our prior zygosity
assignment was uncertain. On the basis of these tests (where the
mean number of markers tested per pair was 17.5, SD=8.4), zygosity
was changed in 12 pairs (4.5%).

We performed three additional waves of telephone interviews
with this sample, but here we use data only from the third interview,
which was completed by 1,898 individuals—=87.7% of the individ-
ual twins from the original sample. The mean number of months be-
tween the first interview and the third interview was 61.3 (SD=5.1).
The mean age of the participating twins in the third interview was
34.6 years (SD=7.5, range=22-59). From all twins who participated
in interview wave 1, pairs in which both members participated in the
third wave were similar in age (t=1.33, df=2161, p=0.18) to pairs in
which one or both twins did not cooperate in the third wave, but the
former group had, on average, approximately 0.6 more years of ed-
ucation (t=5.56, df=2161, p<0.0001). All interviews were conducted
by interviewers who were blind to information about the co-twin.
Written informed consent was obtained before face-to-face inter-
views, and oral assent was obtained before telephone interviews.

Measures

We chose, a priori, six measures from the first and third inter-
views that reflected broad aspects of functioning that relate to men-
tal health. For simplicity, we scaled all dimensions so that increasing
levels reflected increasing mental health.

Self-perceived physical health was assessed by two items in the
wave 1 interview: 1) satisfaction with health and 2) number of days
spent sick in bed in the last 12 months. This variable was included
because of the strong evidence for a positive association between
physical and emotional health (9). The mean scores for these two
items were calculated after each was rescaled to contribute equal
weight. Cronbach’s alpha (10), a standard measure of internal scale
reliability, for these two items was 0.41.

Nonconflictual interpersonal relationships were assessed by sepa-
rate questions from a standard inventory of stressful life events (11),
and participants were asked at both the wave 1 and wave 3 inter-
views about any serious problems getting along during the preceding
12 months with 1) parents, 2) twin, 3) other siblings, 4) other rela-
tives, 5) close friends, 6) neighbors, or 7) in-laws. We examined the
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mean number of problems across the two interview waves. Cron-
bach’s alpha for these items was 0.61.

Levels of anxiety and depression were assessed by the response to
18 questions asked at both interviews about the experience, for at
least 5 days over the last 12 months, of 16 disaggregated symptoms
of major depression, as outlined by DSM-III-R (e.g., separate items
for weight gain and loss and psychomotor retardation and agita-
tion), and two screening questions for generalized anxiety disorder
(“feeling anxious, nervous, or worried” and “your muscles felt
tense, or you felt jumpy or shaky inside”). Positive responses to these
items, which were adapted from the Structured Clinical Interview
for DSM-III-R (12), were not counted if the symptoms were judged
to be the result of medications or physical illness. We examined the
mean number of symptoms reported across the two waves. Cron-
bach’s alpha for these items was 0.89.

Levels of substance use were measured with three variables that
assessed 1) alcohol consumption at both waves, measured as the
product of the number of days per month when an alcoholic drink
was consumed and the number of drinks consumed on an average
day when drinking occurred, 2) the frequency of use of “medicine
for your nerves or sleeping medicines,” assessed at the wave 1 inter-
view, and 3) the average number of cigarettes smoked per day in the
last year, assessed at the wave 3 interview. We examined the first
principal component derived from these measures. Cronbach’s alpha
for these three items was 0.39.

Social support was assessed as the first principal component of a
15-item social interaction scale that was previously developed and
used at the Institute for Social Research (13) and with which ratings
were obtained at both interviews. These items reflected the fre-
quency and quality of contact with friends and relatives, the fre-
quency of attendance at clubs or other organizations, and the num-
ber of friends and confidants. The highest negative loadings on this
factor (<-0.40) were for items that reflected interpersonal tensions
(e.g., “Do your relatives criticize you? Do your friends make too
many demands on you?”), whereas the highest positive loadings
(>0.40) were on items that reflected warm relationships (e.g., “Do
your relatives express interest in how you are doing? Do your rela-
tives make you feel that they care about you?”). Cronbach’s alpha
for these 15 items was 0.61.

Self-esteem was assessed by the 10-item Rosenberg Self-Esteem
Scale (14), which was completed at the wave 3 interview. We exam-
ined the first principal component derived from these items. Cron-
bach’s alpha for this scale was 0.89.

The distributional properties of these variables, even after analysis
of principal components, were often highly nonnormal. Therefore,
before analysis, we polychotomized all variables into three approxi-
mately equal classes that reflected low, intermediate, and high
scores. We then fitted to these resulting contingency tables a multi-
ple-threshold model, which assumes a normally distributed underly-
ing latent distribution. We tested the goodness-of-fit of this model
separately in monozygotic and dizygotic twins. Of the 12 tests, the
model failed at the 5% level only twice, a result not different from
chance expectations (15); no variable failed in both zygosities. We
also examined the relationship between these six variables and age.
The highest correlation was with nonconflictual interpersonal rela-
tionships (0.13); all other correlations were under 0.05. We did not,
therefore, include age in our model.

Statistical Analysis

Our approach to the analysis of twin data has been outlined in de-
tail elsewhere (16, 17) and consists of inferring the action of genetic
and environmental risk factors from the pattern of resemblance in
monozygotic and dizygotic twin pairs. For this article, we performed
a multivariate genetic analysis of our six putative dimensions of
mental health. While the goal of univariate genetic analysis is the de-
composition of the variance of a trait into its genetic and environ-
mental components, in multivariate genetic analysis, the focus shifts
to decomposing sources of covariance among traits. To illustrate the
difference between univariate and multivariate twin analysis, the
concept of latent or unobserved factors is introduced. In a tradi-
tional or phenotypic factor analysis, latent factors are postulated to
cause the resemblance (or, more technically, covariation) among
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TABLE 1. Within- and Between-Twin Correlations for Indices of Mental Health in 794 Pairs of Female Twins?2

Tetrachoric
Twin 1
Non- Low Low
Physical conflictual Anxiety/ Substance Social Self-
Twin and Index Health Relationships Depression Use Support Esteem
Twin 1
Physical health 0.26 0.22 0.13 0.14 0.11
Nonconflictual relationships 0.25 0.42 0.17 0.30 0.04
Low anxiety/depression 0.30 0.53 0.39 0.32 0.17
Low substance use 0.18 0.23 0.36 0.22 -0.02
Social support 0.11 0.41 0.28 0.07 0.20
Self-esteem 0.04 0.04 0.29 0.08 0.20
Twin 2
Physical health 0.09° 0.09 0.10 0.06 0.14 0.12
Nonconflictual relationships -0.03 0.25° 0.10 0.05 0.14 0.03
Low anxiety/depression -0.02 0.17 0.17° -0.03 0.16 0.01
Low substance use 0.01 0.11 0.21 0.47° 0.02 0.02
Social support 0.10 0.15 0.00 0.04 0.30° 0.03
Self-esteem -0.01 -0.05 0.01 -0.12 -0.04 0.20°

2 Shaded areas above the diagonal are monozygotic twins; clear areas below the diagonal are dizygotic twins.

TABLE 2. Results of Model Fitting to Determine Influence of Genetic and Environmental Factors on Mental Health Indices in 794

Pairs of Female Twins

Number of Factors

Analysis Akaike's
Family Individual-Specific Information

Model Additive Genetic Environmental Environmental G df p Criterion
Saturated 6 6 6 83.0 75 0.25 —67.0
Common pathway 1 1 1 184.3 111 <0.001 -37.7
Independent pathway

1 1 1 1 137.3 102 0.01 -66.7

2 2 1 1 105.0 97 0.27 -89.0

3 1 2 1 112.6 97 0.13 -81.4

4 1 1 2 114.6 97 0.11 -79.4

5 2 2 1 100.4 92 0.26 -83.6

6 2 1 2 93.7 92 0.43 -90.32

7 2 0 2 114.2 98 0.13 -81.8

8 2 2 2 90.7 87 0.37 -83.3
2 Best-fit model according to Akaike’s information criterion (22).

items. The goal of factor analysis is to explain the correlations
among a large number of variables as a result of the effects of a small
number of latent factors. Multivariate genetic analysis is also a
method of explaining correlations among multiple items. However,
it goes beyond traditional factor analysis in that it provides insight
into the causes of resemblance among variables.

As with all our twin modeling, we here assume that the variation
and covariation in liability to mental health can be ascribed to three
potential sets of factors: 1) additive genetic variables, which con-
tribute twice as much to the correlations between monozygotic twins
as they do to the correlations between dizygotic twins (because
monozygotic twins share identical genes by descent, whereas dizy-
gotic twins share, on average, half their genes), 2) common or family
environment (those familial factors such as parental attitudes that
are shared by members of a twin pair), which contribute equally to
the correlation between monozygotic and dizygotic twins, and 3) in-
dividual-specific environmental factors, which reflect environmental
experiences not shared by both members of a twin pair and therefore
contribute to differences between them in their reported levels of
mental health.

In univariate analysis, information regarding the causes of varia-
tion is obtained by comparing the resemblance of monozygotic and
dizygotic twin pairs for a single variable. In multivariate analysis, the
correlation between two or more variables is the primary unit of
analysis. By comparing the cross-twin, cross-variable correlation in
monozygotic and dizygotic twins, and contrasting that to the cross-
twin, within-variable and within-twin, cross-variable correlations,
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the covariation of two or more variables can be partitioned into its
genetic and environmental components.

Two alternative models were tested to describe how genetic and
environmental factors may influence covariation. In the common
pathway model (17-19), genetic and environmental factors influ-
ence covariation through a single pathway. Such a model contains no
separate genetic and environmental latent factors. Rather, genetic
and environmental variables act conjointly through one or more la-
tent phenotypes. By contrast, in the independent pathway model,
genes and the environment can contribute to covariation through
separate genetic and environmental latent factors. Because we had
only six dimensions of mental health, no model with more than two
common factors could be identified. In addition to these common
factors, the model estimated additive genetic (A), common or family
environmental (C), and/or individual-specific or unique environmen-
tal (E) factors that are specific to individual dimensions of mental
health. The common and specific factors are identified by subscripts
so that Ac; and Eg represent, respectively, the first common genetic
factor and a unique environmental factor specific to a particular
variable.

The form of data for our multivariate genetic analysis is two
12x12 polychoric correlation matrices calculated by PRELIS (20),
which gave the tetrachoric correlations within and across twins for
the six dimensions of mental health and separately for monozygotic
and dizygotic twins. To best describe how genes and the environ-
ment influence resemblance among the dimensions of mental health,
a series of multivariate models was fitted to these matrices by using
Mx software (21) by the method of asymptotic-weighted least
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Correlation
Twin 2
Non- Low Low
Physical  conflictual Anxiety/ Substance Social  Self-
Health Relationships Depression Use Support Esteem
0.28° 0.14 0.17 0.03 0.09 0.13
0.14 0.37° 0.25 0.17 0.24  0.06
0.20 0.35 0.49° 0.27 0.16 0.16
0.07 0.22 0.27 0.70° 0.09 -0.05
0.13 0.27 0.25 0.22 0.51° 0.08
0.10 -0.01 0.13 -0.01 0.13 0.36°
0.29 0.30 0.09 0.15 0.15
0.22 0.45 0.29 0.33 0.15
0.32 0.46 0.38 0.32 0.27
0.13 0.30 0.36 0.14 0.02
0.23 0.31 0.22 0.10 0.19
0.14 —-0.05 0.06 -0.07 0.25

b Within-trait, cross-twin correlation.

squares. The model, which best combined the features of parsimony
and goodness-of-fit, was selected by Akaike’s information criterion
(22), one of the best performing of such indices in a thorough simu-
lation study (23). To identify uniquely second common factors, the
loading of these factors on the first variable (physical health) was set
to zero.

RESULTS

Complete data were available from both members of
794 twin pairs, of whom 471 were classified as mono-
zygotic twins and 323 as dizygotic twins.

Correlation Matrix

The complete within- and between-twin correlation
matrix for the six variables is shown in table 1. Results
for monozygotic twins are above the diagonal (the up-
per-right shaded portion), and those for dizygotic
twins are below the diagonal (the lower-left unshaded
portion). For both monozygotic and dizygotic twins,
the matrix has three parts: correlations within twin 1,
correlations between twins 1 and 2, and correlations
within twin 2. The following patterns in this complete
matrix are noteworthy:

1. The within-twin correlations for the six traits are
generally positive and modest and range largely from
0.15-0.30. The strongest correlations are seen between
interpersonal relationships and anxiety/depression, in-
terpersonal relationships and social support, and anxi-
ety/depression and substance use.

2. The within-trait, cross-twin correlations (in
table 1) are higher for all six variables in monozygotic
twins than in dizygotic twins. These results suggest
that genetic factors are of etiologic importance for all
of these traits. However, the magnitude of twin re-
semblance for these traits varied widely: for physical
health, the traits correlated to 0.09 in dizygotic and
0.28 in monozygotic twins; for substance use, they
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correlated to 0.47 in dizygotic and 0.70 in monozy-
gotic twins.

3. For any two traits, there were two cross-twin,
cross-trait correlations (i.e., trait 1 in twin 1 correlated
with trait 2 in twin 2, and trait 2 in twin 1 correlated
with trait 1 in twin 2). With few exceptions, these
cross-twin, cross-trait correlations were higher for
monozygotic twins than for dizygotic twins. For exam-
ple, the correlations between interpersonal relation-
ships and anxiety/depression were considerably higher
in monozygotic twins (0.25 and 0.35, respectively)
than in dizygotic twins (0.17 and 0.10). This pattern of
results was consistent with the hypothesis that genetic
factors are in part responsible for the covariance of
these traits in the population.

Model Fitting

The results of model fitting are outlined in table 2.
We began by fitting a fully saturated Cholesky model,
which fit well but required the estimation of 63 sepa-
rate parameters. We then attempted to fit two very
simple models. The common pathway model allowed
for a single factor that influenced all six traits by acting
through a common latent variable. This produced a
relatively poor fit. The second simple model assumed
one genetic, one family environmental, and one unique
environmental common factor that acted on the six
variables independently of one another. This model
(independent pathway model 1 in table 2) fit much
better than the common pathway model and nearly as
well as the saturated model.

We then added to this very simple independent path-
way model a second genetic factor (independent path-
way model 2), a second family environmental factor
(independent pathway model 3), or a second unique
environmental factor (independent pathway model 4).
All three of these models produced an improvement in
Akaike’s information criterion, but the best fit was
found with independent pathway model 2, which was
substantially better than that found with the saturated
model.

We then explored whether we could improve the fit
yet further with additions to independent pathway
model 2. We added a second family environmental fac-
tor (independent pathway model 5) and a second
unique environmental factor (independent pathway
model 6). By Akaike’s information criterion, indepen-
dent pathway model 5§ was clearly inferior, but inde-
pendent pathway 6 produced a slightly superior fit.

We then tested two further variations on indepen-
dent pathway model 6. We tried dropping the one fam-
ily environmental factor (independent pathway model
7) and adding a second such factor (independent path-
way model 8). Neither improved upon the fit of inde-
pendent pathway model 6, which we concluded was
the model that provided the best overall explanation of
the data.
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FIGURE 1. Path Estimates of the Best-Fitting Model for Ge-
netic, Family Environmental, and Individual-Specific Environ-
mental Factors in Mental Health Indices for 794 Pairs of Fe-
male Twins?

Genetic

Physical Nonconflictual Low Anxiety/ . Social Self-
- . ) Substance
Health Relationships Depression Use Support Esteem
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2 Path estimates are standardized partial regression coefficients
and must be squared to determine the proportion of variance ac-
counted for in the dependent variable. Observed variables are de-
picted in squares and latent variables in circles. The following ab-
breviations are used: A, additive genetic effects; C, common or
family environment; E, individual-specific or unique environment.
The subscript C indicates a common factor, and the subscript S
indicates a factor that is unique to a single variable.
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Parameter Estimates

The path coefficients that were estimated from the
best-fitting model (independent pathway 6) are seen in
figure 1. Table 3 presents the proportion of variance in
these six aspects of mental health accounted for by the
various aspects of the model.

Seven aspects of these results are noteworthy:

1. The first genetic factor has substantial loadings on
all six variables, with the highest loadings on anxiety/
depression and self-esteem and the lowest loading on
substance use.

2. The second genetic factor—which, by definition,
did not load on physical health—had its highest load-
ings on anxiety/depression and substance use and neg-
ative loadings on social support and self-esteem.

3. Genetic risk factors for three of the variables (in-
terpersonal relationships, anxiety/depression, and self-
esteem) were entirely accounted for by the two genetic
common factors. By contrast, substantial variable-spe-
cific genetic loadings were found for physical health,
substance use, and social support.

4. The single common family environmental factor
had substantial loadings on only two variables: inter-
personal relationships and social support.

5. Variable-specific family environmental effects
were found for two variables—interpersonal relation-
ships and substance use—one of which (substance use)
was particularly large.

6. The first unique environmental common factor
had substantial loadings on physical health, interper-
sonal relationships, and anxiety/depression; a modest
loading on substance use; and very small loadings on
social support and self-esteem. By contrast, the second
unique environmental common factor had its highest
loadings on social support and self-esteem.

7. Substantial variable-specific unique environmen-
tal factors were seen for all of the putative dimensions
of mental health.

DISCUSSION

We sought, in this report, to explore the pattern of
genetic and environmental factors that influence im-
portant dimensions of mental health in women. We at-
tempted to address three specific questions and will ex-
amine our results in turn.

Genetic Factors That Influence Mental Health

Our first goal was to clarify the structure of the ge-
netic factors that influence healthy mental functioning.
One plausible hypothesis is that the genetic component
of mental health has a very simple structure; there is a
single set of mental health genes that are entirely re-
sponsible for the genetic contribution to the dimen-
sions of mental health. This hypothesis might seem
analogous to a genetic version of the unitary hypothe-
sis of mental illness (24). An alternative hypothesis is
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TABLE 3. Variance in Mental Health Indices Accounted for by Best-Fit Model of Genetic and Environmental Factors for 794 Pairs

of Female Twins

Proportion of Variance Accounted for by Model

Physical  Nonconflictual Low Anxiety/ Low
Source of Variance Health Relationships Depression  Substance Use Social Support  Self-Esteem
Additive genetic factors
Factor 1 0.11 0.11 0.32 0.05 0.12 0.24
Factor 2 —=a 0.05 0.17 0.12 0.01 0.11
Variable-specific factors 0.16 0.00 0.00 0.21 0.16 0.00
Total 0.27 0.16 0.49 0.38 0.29 0.35
Family environmental factors
Factor 1 0.01 0.11 0.00 0.01 0.22 0.04
Variable-specific factors 0.00 0.11 0.00 0.32 0.00 0.00
Total 0.01 0.22 0.00 0.33 0.22 0.04
Individual-specific environmental factors
Factor 1 0.12 0.14 0.10 0.03 0.00 0.00
Factor 2 —a 0.05 0.08 0.01 0.12 0.10
Variable-specific factors 0.60 0.42 0.33 0.25 0.37 0.52
Total 0.72 0.61 0.51 0.29 0.49 0.62

2 Set to zero.

that each dimension of healthy mental functioning is
influenced by its own independent genetic factors.

We found, however, that the impact of genes on the
dimensions of mental health were owing neither to a
single common factor nor to only dimension-specific
genetic effects. Rather, our results were more complex
than either of these simpler models. We found evidence
for two common genetic factors. High levels of the first
of these factors tended to produce individuals who had
warm, easy interpersonal relationships, were not prone
to developing symptoms of anxiety or depression, and
were predisposed to feeling good about themselves.
High levels of the second genetic factor tended to pro-
duce individuals with little propensity toward sub-
stance use or anxious/depressive symptoms yet who
tended to have surprisingly low levels of self-esteem.

However, these two common factors did not explain
all of the genetic variance for mental health. Substan-
tial variable-specific genetic effects were seen for phys-
ical health, substance use, and social support. Individ-
uals with high levels of mental health, who functioned
well across multiple psychological domains, were
likely to have a fortuitous combination of a range of
genetic factors.

Family Environment and Mental Health

Genetic studies of typical psychiatric disorders, in-
cluding schizophrenia (25), major depression (26), and
bipolar disorder (27), rarely find evidence for an etio-
logic contribution of family environment. Only in the
area of substance use or abuse (e.g., references 28-30)
is there a consistent impact of family environmental
variables. What would we find for dimensions of
healthy mental functioning?

Our results indicated that family environment signif-
icantly contributed to mental health. One common
factor was found that strongly influenced the two vari-
ables of interpersonal relationships and social support.
The general impact of family background on mental
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health appears to be in the domain of interpersonal
functioning.

However, this single factor did not account for all of
the impact of family environment on dimensions of
mental health. Specific family environmental effects in-
fluenced the rates of conflictual relationships and, es-
pecially, substance use. The shared environment of
twins might affect the rates of drug use through several
mechanisms that cluster in families, including parental
monitoring, religious and cultural values, community
organizations, and drug availability (31).

Nonshared Environmental Factors and Mental Health

The structure of nonshared environmental factors
that affect mental health was also quite complex. Two
general factors were observed. High levels of the first
factor predisposed individuals to low levels of both
physical and anxious/depressive symptoms and to non-
conflictual relationships. High levels of the second fac-
tor tended to produce individuals with good social
support, high levels of self-esteem, and low levels of
psychological symptoms. While it is difficult to specu-
late with any precision about the origin of these effects,
it is plausible that the second factor results from suc-
cess in a key life role such as marriage or work.

Unlike the results with genetic and family environ-
mental factors, strong variable-specific, nonshared en-
vironmental effects were seen for all six dimensions.
The interpretation of these loadings, however, is prob-
lematic because they reflect a confounding of true en-
vironmental influences and measurement error. Error
or unreliability of measurements is likely to be sub-
stantial for many of the variables examined here. For
example, the test-retest reliability for self-esteem over a
5-year period in this sample was 0.74 (3), which sug-
gests that almost one-half of the variance of our assess-
ment may be short-term fluctuations, actual change, or
error.
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Common and Independent Pathways

One of the advantages of genetic multivariate analy-
sis is the ability to peer below phenotypic correlations
to clarify the mechanisms of covariation. Standard fac-
tor analysis of our six dimensions produced evidence
for a single factor with substantial loadings on all di-
mensions but self-esteem. These results might lead to
the conclusion that the causes of the dimensions of
mental health would have a simple structure and be
very highly intercorrelated. Our findings suggest that
this is unlikely.

We were also able to test whether the genetic and
environmental causes of mental health had the same
underlying structure (as predicted by the common
pathway model) or had a different effect on the pat-
tern of covariation of the dimensions of mental health.
Our results clearly support the independent pathway
model, which further elucidates the complex and dis-
tinct ways in which genetic and environmental factors
affect healthy mental functioning.

Limitations

These results should be interpreted in the context of
five potential methodologic limitations. First, the sam-
ple was entirely women, and our findings may not ex-
trapolate to men. Second, our third interview, data
from which contributed to four of our six measures,
was performed by telephone. It is possible that different
results might have been obtained had this assessment
been face-to-face. Third, the traits examined in this
study, some of which were based on quite a small num-
ber of items, had variable reliability. Only two of them
(anxiety/depression and self-esteem) reflected a priori
scales, and our measures of social support had only
moderate internal reliability because social support was
the first principal component of a multidimensional
scale (5). In standard twin studies, errors of measure-
ment result in an overestimation of the individual-spe-
cific environment and an underestimation of heritabil-
ity (16). This might be a greater problem for the two of
our measures that were obtained at a single wave (phys-
ical health and self-esteem) than for the four measures
(interpersonal relationships, anxiety/depression, sub-
stance use, and social support) for which we averaged
results obtained over two waves of assessment.

Fourth, our twin models assume that the exposure to
relevant environmental factors was similar in monozy-
gotic and dizygotic twins. We tested the validity of this
assumption by examining whether standard measures
of the similarity of childhood environments (32) and
the current frequency of contact (as assessed at our
wave 1 interview) predicted twin similarity for the six
measures. Of these 12 analyses, two were significant at
the 5% level (frequency of contact predicted twin sim-
ilarity for physical health and substance use), a result
that would occur by chance approximately 12% of the
time (15). Of these two, the frequency of twin contact
at the wave 3 interview predicted twin similarity only
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for substance use. Our estimates of the heritability of
substance use may be upwardly biased. However, as
we discussed previously in the Journal (30), it is also
likely that the similarity in twin pairs of substance use
patterns or associated personality traits influences the
frequency of contact.

Fifth, we make no pretensions to have measured all
the possible dimensions of what might constitute men-
tal health. Were different dimensions included (e.g.,
the capacity to play), our results might have differed
substantially. We assessed some important dimensions
(e.g., marital adjustment and work satisfaction) but
did not include them because they were not available
for significant (and nonrandom) portions of our sam-
ple (e.g., single women and married homemakers).
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