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Sources of Individual Differences in Depressive Symptoms:
Analysis of Two Samples of Twins and Their Families
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Objective: Self-reported symptoms of depression are commonly used in mental health re-
search to assess current psychiatric state, yet wide variation in these symptoms among indi-
viduals has been found in both clinical and epidemiologic populations. The authors sought to
understand, from a genetic-epidemiologic perspective, the sources of individual differences in
depressive symptoms. Method: Self-reported symptoms of depression were assessed in two
samples of twins and their spouses, parents, siblings, and offspring: one sample contained
volunteer twins recruited through the American Association of Retired Persons and their rela-
tives (N=19,203 individuals) and the other contained twins from a population-based twin
registry in Virginia and their relatives (N=11,242 individuals). Model fitting by an iterative,
diagonal, weighted least squares method was applied to the 80 different family relationships
in the extended twin-family design. Results: Independent analyses of the two samples revealed
that the level of depressive symptoms was modestly familial, and familial resemblance could
be explained solely by genetic factors and spousal resemblance. The estimated heritability of
depressive symptoms was between 30% and 37%. There was no evidence that the liability to
depressive symptoms was environmentally transmitted from parents to offspring or was in-
fluenced by environmental factors shared either generally among siblings or specifically be-
tween twins. With correction for unreliability of measurement, genetic factors accounted for
half of the stable variance in depressive symptoms. Conclusions: Depressive symptoms in
adulthood partly reflect enduring characteristics of temperament that are substantially influ-
enced by hereditary factors but little, or not at all, by shared environmental experiences in the

family of origin.
(Am J Psychiatry 1994; 151:1605-1614)

S cales for the assessment of self-reported symptoms
of depression are widely used in clinical and epi-
demiologic research in psychiatry and the social sci-
ences (1-7). These scales are used frequently because
they provide a convenient and broadly valid measure of
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current psychiatric symptoms. In particular, data from
self-report depression scales both strongly predict a
clinical diagnosis of depression (8~11) and demonstrate
substantial stability over time (12). Furthermore, ele-
vated levels of depressive symptoms are associated with
increased utilization of services and social morbidity (13).

As with other measures reflecting psychological well-
being, levels of self-reported depression show substantial
variability among individuals in both clinical and general
population samples (1-3, 5-7). The goal of this study was
to obtain a relatively definitive understanding, from a ge-
netic-epidemiologic perspective, of the sources of individ-
ual differences in depressive symptoms.

Several twin studies have reported modest to moder-
ate familial resemblance in symptoms of depression
(14-17) and suggested that this resemblance was due
largely or entirely to genetic factors. In this report, we
attempt to extend and replicate these findings by exam-
ining self-reported symptoms of depression in two large
samples of twins and their families.
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FIGURE 1. Complete Ideal Pedigree for the Extended Twin-Family
Study Design®

{D 6

aThis pedigree contains a pair of monozygotic male twins (II-2 and
1I-3), their parents (I-1 and I-2}), two full siblings (II-5 and II-6),
spouses of both of the twins (II-1 and II-4), and two offspring of both
the first twin (III-1 and I1I-2) and the second twin (III-3 and III-4).

The extended twin-family design has at least two im-
portant advantages over the study of twins alone (18,
19). First, it permits an evaluation of the validity of the
twin model: can results obtained in studies of twins be
extrapolated to other more common relationships,
such as those between nontwin siblings and between
parents and their offspring? Second, the extended
twin-family design permits a much finer discrimination
of environmental causes of familial resemblance. Twin
studies are restricted to a single category of “familial”
environment. By contrast, extended twin-family stud-
ies can discriminate at least three forms of familial en-
vironment: 1)} vertical cultural transmission, in which
behavior by parents leads directly, by imitation or so-
cial learning, to similar behavior by their offspring
(20), 2) sibling environment (other environmental fac-
tors, such as the effects of socioeconomic class, that
make siblings reared in the same household similar),
and 3) twin environment (environmental factors, such
as the shared uterine environment, which make twins
more similar than nontwin siblings).

METHOD

Data for this study were obtained from two sources: a volunteer
twin sample solicited through an American Association of Retired
Persons (AARP) newsletter and the Virginia Twin Registry, a popu-
lation-based register constructed from a systematic review of public
birth records in the Commonwealth of Virginia in which addresses of
twins were largely obtained by matching birth certificates with other
public records. Twins obtained through both sources were asked to
provide names and addresses of spouses and first-degree relatives. An
ideal pedigree contained a set of twins, their spouses, parents, sib-
lings, and offspring (figure 1). Inclusion in the study was based only
on an individual’s willingness to return a mailed questionnaire cover-
ing health and lifestyle issues. The lower age limit for the samples was
18 years; there was no upper age limit. Second and third mailings
were sent to nonrespondents to the first mailing who had not indi-
cated their refusal to participate. A telephone follow-up was con-
ducted in an attempt to obtain complete information on sets of twins
in cases in which only one twin had responded. Completed question-
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naires were received from 69.8% (N=15,510) of the twins and 44.7%
(N=14,933) of the known first-degree relatives of these twins. The
true cooperation rate would certainly have been higher, since an un-
known number of individuals did not receive the questionnaires be-
cause of inaccurate addresses.

The zygosity of twins was determined with the use of answers to
two questions pertaining to how often people confused the twins
when they were children and their physical similarity. As validated
against blood typing, this method has been shown to be about 95%
accurate (21). For a small subgroup of the female twins in the Virginia
sample, additional information on zygosity was also available in the
form of blood typing and current photographs (22).

A self-report symptom inventory was obtained for each participant
with a 30-item subset of the SCL-90 (23) that was included in the
questionnaire. Twenty-seven of these items were chosen empirically
from four SCL-90 subscales: depression (10 items), somatization (five
items), anxiety {seven items), and phobic anxiety (five items). In ad-
dition, three items from the SCL-90 that deal with sleep difficulty
were included. The instructions to the individuals regarding these
items were as follows: “Below is a list of problems and complaints
which people sometimes have. Read each one carefully, and circle the
number (1 to 5) which best describes HOW MUCH DISCOMFORT
THAT PROBLEM HAS CAUSED YOU DURING THE PAST 30
DAYS, INCLUDING TODAY.” The five possible responses were 1) not
at all, 2) a little bit, 3) moderately, 4) quite a bit, and 5) extremely.

Measures of the similarity with which the twins were treated in
childhood and the current frequency of contact between them were
also obtained. Each twin was asked how often the two had shared the
same room, had the same playmates, been dressed alike, and been in
the same classes at school (24} and how often they were currently in
contact with each other (16).

As part of the study, twins from both the AARP sample (N=3,965
individuals) and the Virginia sample (N=1,433 individuals) completed
the 30 items from the SCL-90 twice, a mean of 14.6 months (SD=3.6)
apart and a mean of 14.3 months {SD=4.0) apart, respectively.

Readers interested in the details of the statistical methods used for
this report should consult Truett et al. (25). An abbreviated summary
appears in appendix 1.

RESULTS

The sizes of groups of individuals in the AARP and
Virginia samples and their demographic characteristics
are shown in table 1. Because of the small number of
Virginia twins with offspring older than 18 years, this
class of relatives was not included in further analyses.
Twins from the AARP sample were, on average, about
60 years of age, while the twins in the Virginia sample
were about 30 years old. The AARP and Virginia sam-
ples included a total of 19,203 and 11,242 individuals,
respectively. The AARP sample was 99.8% Caucasian
and 61.4% female, while the Virginia sample was
99.9% Caucasian and 58.9% female.

Our model-fitting analyses were restricted to twins’
families in which the twins’ zygosity was known. The
numbers of these pairs are shown in table 2. The AARP
sample contained 3,634 complete twin pairs, 10,367 par-
ent/offspring pairs, and 6,104 pairs of full siblings. The
Virginia sample contained 2,171 complete twin pairs,
5,185 parent/offspring pairs, and 3,618 full sibling pairs.

Validation of the SCL Depressive Symptom Factor
and the Equal Environment Assumption

Prior to our twin-family analyses of the depressive
symptom factor obtained from answers to the 30 SCL-
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TABLE 1. Age and Educational Status of Groups of Unique tndividuals in Two Samples of Twins and Their Relatives

AARP Sample® Virginia Sample®
Level of Education Level of Education
Age (years) Less Than  College Age (years) Less Than  College
———————— High School Degree ———————— High School Degree

Group N Mean SD Diploma (%) (%) N Mean SD Diploma (%) (%)
Monozygotic male twins 1,007 58.79 15.23 6.8 44.4 618 34.19 11.00 11.5 38.9
Monozygotic female twins 2,983  60.10 14.52 8.6 24.0 1,211 2942  8.38 6.0 27.7
Dizygotic male twins 497 59.97 16.95 7.4 40.7 721 3712 12.66 10.3 36.8
Dizygotic female twins 1,726 61.82 13.74 11.0 21.8 988 30.83 8.64 7.4 25.6
Dizygotic opposite-sex twins 1,485 60.12 14.21 9.2 31.3 1,307  35.77 11.95 12.0 35.2
Mothers 225 71.08 12.88 12.4 21.2 1,223 57.81  9.89 17.0 26.2
Fathers 110 69.29 11.35 6.5 40.2 803 60.27 9.75 20.8 23.8
Wives 1,103 61.86 8.59 7.6 27.2 773  38.00 1141 12.2 373
Husbands 1,904 65.00 7.40 9.3 371 611 37.16 10.20 12.3 37.9
Sisters 969 58.67 14.71 7.1 314 956 3591 10.42 10.8 41.9
Brothers 613 5824 15.13 6.9 46.4 648 36.11 10.04 12.9 41.0
Daughters 2,893 35.52  9.15 2.2 48.7 — — —_— — —_
Sons 1,882 35.54 8.75 2.2 61.8 — — — —_ —
Female twins of unknown zygosity 1,174 62.18 17.03 11.7 21.4 710 35.62 13.03 5.4 422
Male twins of unknown zygosity 561 6237 16.12 11.7 34.1 522 40.07 13.33 13.6 24.3
Miscellaneous® 71 53.77 17.03 8.6 30.0 151 4565 16.95 20.5 24.1

2Volunteer twins solicited through the American Association of Retired Persons and their relatives.

bTwins from the Virginia population-based register and their relarives.

¢Contains small numbers of respondents with other relationships (half-

90 items (appendix 1 gives details), we examined the
validity of the factor in four different ways and tested
the equal environment assumption. First, the test-retest
reliability (product-moment correlation) of the depres-
sive symptom factor was 0.65 in the AARP sample and
0.56 in the Virginia sample. Second, the 30 items from
the SCL-90 were administered to two groups along
with the Center for Epidemiologic Studies Depression
(CES-D) Scale (8), a widely used self-report measure of
depression. In a mixed group of 7,056 twins and rela-
tives, the correlation between the SCL depressive
symptom factor and the CES-D Scale score was 0.53.
In a smaller group of female twins in the Virginia
sample (22) this correlation was 0.61. In that female
group, we also administered the 30-item SCL and the
CES-D Scale at two time points more than a year apart
{N=1,500). Correcting for short-term fluctuation and
measurement error by structural equation modeling
(26) and using the computer program Mx (27), we
found the correlation between the “stable” SCL de-
pression scale score and the CES-D Scale score to be
very high (r=0.90). Third, for 2,096 of these female
twins, we examined the prospective relation between
the SCL depressive symptom score and the probability
of a DSM-III-R diagnosis of major depression, assessed
in a personal interview, in a subsequent year. This re-
lationship was highly statistically significant (2=
103.68, df=1, p<0.0001); an increase of one standard
deviation in the depressive symptom score increased
the risk of a future depressive episode by 88%. Fourth,
2,154 of the female twins completed our SCL scale
right after a personal interview that included an assess-
ment of past and current major depression according
to DSM-III-R criteria. With an empirical cutoff score
(appendix 1 contains details), the SCL depressive symp-
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siblings, adoptive parents).

TABLE 2. Correlations of Symptoms-of Depression in Nine Types of
Relationships in Two Samples of Twins and Their Relatives

AARP Sample? Virginia Sample®
Correlation Correlation
Number With Number With
Relationship of Pairs Depression  of Pairs Depression
Monozygotic twins 1,902 0.36 786 0.30
Dizygotic twins 1,732 0.16 1,385 0.17
Parents/offspring 10,367 0.10 5,185 0.13
Full siblings 6,104 0.13 3,618 0.12
Avuncular® 3,871 0.03 — —_
Monozygotic half-
siblings? 1,213 0.01 — —
Cousins 709 0.13 — —
In-laws 6,498  0.02 3,265 0.02
Spouses 2,968 0.16 2,020 0.19

2Volunteer twins solicited through the American Association of Re-
tired Persons and their relatives.

bTwins from the Virginia population-based register and their rela-
tives.

¢Aunts, uncles, nieces, nephews.

dThe offspring of one member of a monozygotic twin pair and the
offspring of the other member of that pair.

tom scale had a sensitivity of 71.4% and a specificity
of 86.2% in identifying individuals with a current di-
agnosis of major depression.

The equal environment assumption posits that mem-
bers of monozygotic and dizygotic twin pairs have
equal correlations with exposure to environmental fac-
tors that influence the trait under investigation. We ex-
amined this assumption for depressive symptoms by a
model-fitting method that estimates any excess resem-
blance between twins due to these environmental fac-
tors (28). Separate models for childhood environmental
similarity and frequency of contact as adults were fitted
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TABLE 3. Model Fitting for Data on the Depressive Symptom Factor in Two Samples of Twins and Their Relatives

a L. b
Model Tested AARP Sample Virginia Sample
Model Description Against ¥ df Result x? df Result

1 Full sex-dependent 83.04 63 18.24 15

2 Full sex-independent 1 102.64 74  Accepted 25.10 26 Accepted
3 No assortative mating 2 189.30 75  Rejected 101.12 27  Rejected
4 No effects of familial environment 2 105.85° 77  Accepted 27.85° 29  Accepted
5 No genetic effects 2 151.60 76  Rejected 33.87 28  Rejected
6 No dominance genetic effects 4 166.96 78  Rejected 31.74 30 Rejected

aVolunteer twins solicited through the American Association of Retired Persons and their relatives.

YTwins from the Virginia population-based register and their relatives.

Best-fitting model.

TABLE 4. Proportions of Variance in the Liability to Symptoms of
Depression Accounted for by Genetic and Environmental Factors
From the Best-Fitting Models in Two Samples of Twins and Their
Relatives

Proportion of

Variance
AARP Virginia

Source of Variance Sample® Sample
Genetic

Total 0.367 0.297

Additive 0.162 0.218

Dominance 0.205 0.078
Total individual-specific environmental 0.633 0.703
Assortative mating 0.16 0.19

aVolunteer twins solicited through the American Association of Re-
tired Persons and their relatives.

bTwins from the Virginia population-based register and their rela-
tives.

to data on depression from complete twin pairs in the
AARP and Virginia samples. In each of these four
analyses, the best-fitting model estimated that the ex-
cess similarity between twins due to violations of the
equal environment assumption was zero.

Correlations of Depression With Types of Relationships

Table 2 presents the correlations of the self-report de-
pressive symptom factor in the AARP and Virginia
samples for nine key types of family relationships
pooled across genders: monozygotic twins, dizygotic
twins, parents/offspring, nontwin full siblings, avuncu-
lar relationships (uncle, aunt, niece, nephew), half-sib-
lings (offspring of monozygotic twin pairs), cousins
(offspring of dizygotic twin pairs), all in-law relation-
ships, and spouses. (Individual correlations for the 80
different relationships are available on request from the
first author.)

All of the correlations were relatively modest; none
exceeded 0.36. In both samples, however, the highest
correlations with depressive symptoms were for mono-
zygotic twins, and these were substantially greater
than those found for dizygotic twins. In both samples,
the correlation for full siblings was less than that
for dizygotic twins (although this difference was
quite small in the AARP sample) but very similar to
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that for parents and offspring. With the exception of
the cousins in the AARP sample (for whom there was
an anomalously high correlation), correlations for
more distant relatives were generally quite small.
While the correlations for in-laws were very small, the
correlations for spouses were similar to those for dizy-
gotic twins. Finally, the correlations for the different
classes of relatives in the AARP and Virginia samples
were very similar.

Model Fitting in the AARP and Virginia Samples

The details of model fitting to the AARP and Virginia
samples are outlined in appendix 2 and table 3. In both
samples, the best fit was provided by the same simple
model, which required only additive and dominance ge-
netic factors, individual-specific environment, and as-
sortative mating. In neither sample was there evidence
that self-reported symptoms of depression were influ-
enced by 1) effects of familial environment or 2) gen-
der-specific genetic or environmental factors.

The proportions of variance due to specific genetic
and environmental effects estimated by the best-fitting
model in the two samples are shown in table 4. In the
AARP sample, the heritability of depressive symptoms
was estimated at 36.7%, with slightly more than one-
half of the genetic effect due to dominance. In the Vir-
ginia sample, the heritability was slightly lower (29.7%),
with only about one-fourth due to dominance effects.
Estimates of assortative mating were similar in the AARP
and Virginia samples.

Adding Test-Retest Data to the Model

The results we have reported reflect the sources of
variance for self-reported depressive symptoms as-
sessed once. Because self-reported psychiatric symp-
toms are relatively stable over time (12), it is of interest
to determine the impact of removing short-term fluc-
tuation in symptom scores, thereby examining the
sources of individual differences in depressive symp-
toms that are stable over time. By including these data
in our best-fitting models, we estimated that genetic fac-
tors accounted for §6.1% of the stable variance in self-
reported symptoms of depression in the AARP sample
and 51.7% in the Virginia sample.
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DISCUSSION

We obtained, by mailed questionnaire, self-reports of
symptoms of depression from two large samples of
twins and their families. Before examining our attempt
to clarify the sources of individual differences in self-re-
ported symptoms in these data, we examined the valid-
ity of our measure.

Since self-reports of symptoms of depression have
well-known limitations (29), we tested the reliability
and validity of our SCL-based depressive symptom fac-
tor in four ways. First, this measure was relatively sta-
ble over time. These results, consistent with other find-
ings with the use of similar measures (8, 12), suggest
that depressive symptoms, at least in part, reflect stable
“temperament-like” attributes. While these self-report
instruments were designed to measure psychiatric
“state” (10), in fact, they reflect, to a large extent, “trait”
characteristics. Second, scores on the SCL were corre-
lated with those on the widely studied CES-D Scale (8)
about as highly as would be expected given their respec-
tive reliabilities. Indeed, with correction for measure-
ment error, the correlation between scores on these
scales was very high, indicating that they measure the
same underlying construct. Third, scores on the depres-
sive symptom factor strongly predicted the prospective
risk of major depression. Fourth, scores on our depres-
sive symptom factor were highly correlated with the di-
agnosis of major depression made at personal inter-
view, with a sensitivity and specificity of 71.4% and
86.2%, respectively. Two studies performed similar
analyses of CES-D Scale data from nonclinical samples
and found slightly lower sensitivity rates of 64% (9)
and 60% (10) and similar specificity rates of 94% (9)
and 83% (10). In aggregate, these results provide
strong evidence for the validity of our measure of self-
reported depressive symptoms.

In the AARP sample, the best-fitting model for symp-
toms of depression required only assortative mating,
additive and dominance genetic effects, and individual-
specific environment. Neither genetic nor environ-
mental factors that influence symptoms of depression
differed in males and females. Heritability was esti-
mated at 36.7%. This same model fitted well in the Vir-
ginia sample, the only difference being a slightly lower
estimate of heritability.

We are aware of four studies that have reported re-
sults of model fitting with symptoms of depression in
genetically informative populations. In 3,810 volunteer
twin pairs from Australia, Jardine et al. (17) found that
variation in scores on the depression subscale of the De-
lusions-Symptom State Inventory (30) could be ex-
plained only by additive genes and individual-specific
environment. Heritability was estimated at 37% in fe-
males and 33% in males. Clifford et al. (31) used the
depression subscale of the Middlesex Hospital Ques-
tionnaire (32) to examine 1,742 twins and their parents
and siblings. They reported a variety of analyses in
which the heritability of self-reported depression
ranged from 13% to 48%, with substantially higher es-
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timates for females than for males. In another smaller
Australian twin sample in which the Delusions-Symp-
tom State Inventory was also used, MacKinnon et al.
(14) found that the depressive symptom scores from the
General Health Questionnaire (33), averaged over five
occasions of measurement, could best be explained by
a model with only additive genes and individual-spe-
cific environment; the heritability was 35% for males
and 49% for females. In a multivariate analysis of a
subset of the female twin pairs from the Virginia sample
in the present report, Silberg et al. (34) found that the
heritability of the single latent factor underlying the
CES-D Scale (8) was 29%. Our results confirm the find-
ings of previous twin studies in suggesting that familial
resemblance in self-reported depressive symptoms is
moderate and appears to be due largely or entirely to
genetic factors. With the possible exception of the study
by Clifford et al. (31), the remaining reports are consis-
tent with our results in suggesting that the heritability
of symptoms of depression probably lies in the range of
30%-40%. However, we did not confirm previous evi-
dence that the heritability of depressive symptoms is
higher in females than in males.

In both the AARP and Virginia samples, the correla-
tions of depressive symptoms in spouses (r=0.16 and
r=0.19, respectively) were similar in magnitude to
those in dizygotic twins and full siblings. In addition,
we found low but positive correlations for symptoms
of depression in spouses of twins and their in-laws.
Our results are consistent with previous evidence for
greater rates of clinical depression in both the spouses
and the in-laws of depressed patients (35-37). We are
aware of one previous study that examined spousal
correlations for depressive symptoms and found, in a
much smaller sample, a considerably higher correla-
tion (r=0.34) (31).

Given both the very large samples and the variety of
family relationships, these analyses represent one of the
most powerful genetic-epidemiologic designs for de-
tecting the impact of familial environment on symp-
toms of depression. However, we failed to detect such
an effect. More specifically, we found no consistent evi-
dence that parents influenced the risk of depressive
symptoms in their adult offspring beyond transmitting
to them their genes. We also found no evidence that
other aspects of the sibling environment, such as family
social class, neighborhood, and school, played a sub-
stantial role in influencing levels of depression in aduit-
hood. Finally, we found no evidence that the exposures
of members of a twin pair differ in any significant way
from those of nontwin siblings.

These results are consistent with findings emerging
from a wide range of behavior genetics studies (21, 38),
which suggest that environmental effects on most be-
havioral traits arise almost entirely from environmental
experiences that are not shared by members of the same
sibship. Our results are at odds with a long tradition of
belief in psychiatry that the familial environment is the
crucible in which healthy psychological functioning or
psychopathology is forged. Our findings are also incon-
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sistent with more recent empirical attempts to demon-
strate that certain aspects of parental behavior shared
by siblings, such as rearing patterns (39, 40) and disci-
plinary practices (41), play a major etiologic role in de-
pressive conditions. It is important to note that these
results do not suggest that aspects of family functioning
or parental behavior are necessarily unimportant for
psychopathology. However, they do suggest that either
the impact of any such factors is not substantially cor-
related in siblings or that their impact does not endure
into adulthood.

The total heritabilities of depressive symptoms in the
AARP and Virginia samples were far more similar than
were the specific proportions of variance due to addi-
tive versus dominance genetic effects. These results
suggest that in comparison with our other findings,
less confidence can be placed in our partitioning of the
total genetic variance into additive and nonadditive
components. These results are not surprising, since in
twin and twin-family designs, estimates of additive and
dominance effects are highly correlated and can be dif-
ficult to distinguish accurately, even with large samples
(42, 43).

No purely observational method, such as human twin
research, can approach the rigor of controlled labora-
tory experiments. Therefore, it is incumbent on those
who rely on such methods to evaluate critically the as-
sumptions on which these methods are based. One of
the most rigorous of validations is the attempt to pre-
dict, from twin studies, the patterns of resemblance
among other kinds of family relationships.

Therefore, another major goal of this study was to
determine whether the addition of large groups of non-
twin relatives would change the results obtained from
twins alone. In the AARP sample, the best-fitting model
for depressive symptoms applied to twins alone had a
heritability identical to that obtained from the entire
twin-family sample (36.7%), and no evidence for ef-
fects of familial environment was found. The additive
component, however, was considerably greater and the
dominance component considerably less than those es-
timated from the entire sample. In the Virginia sample,
the best-fitting model applied to twins alone estimated
the total heritability at 31.3%, slightly higher than that
found in the entire twin-family sample (29.7%). Again,
no evidence was found for familial environment fac-
tors. While the twin-family analyses in the Virginia
sample found evidence for dominance genetic effects, in
the twins alone all genetic effects were additive.

With respect to the estimation of total heritability
and the detection of familial environment factors, the
answers obtained from twins alone agreed closely with
those obtained from the inclusion of large numbers of
nontwin relatives. These results provide important evi-
dence for the validity of the twin method in psychiatric
research, at least with respect to symptoms of depres-
sion. However, these findings also provide further
evidence of the difficulty of reliably subdividing total
genetic effects into additive versus dominance compo-
nents in human populations.
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In addition to cross-sectional assessments of self-re-
ported psychiatric symptoms in twins and their rela-
tives, we also had longitudinal data on a large group of
twins from both the AARP and Virginia samples. The
addition of these test-retest data to our model fitting
allowed us to address an additional important question:
the role of genetic factors in the “trait-like” character-
istics of symptoms of depression, subtracting out the
“state-like” effects. Our results suggest that genetic fac-
tors account for at least half of the individual differ-
ences in the stable trait-like component of depressive
symptoms.

The results of this study should be interpreted in the
context of five potentially significant limitations. First,
all results presented here are based on symptoms re-
ported in mailed questionnaires. In fact, the collection
of this large data set has been possible only because of
the convenience and low cost of such assessments. It
should not be assumed that the results obtained apply
to the clinically defined syndrome of major depression.

Second, the larger of our two samples was not ob-
tained by epidemiologic research methods. Indeed, the
AARP twins had all of the typical characteristics of a
volunteer sample: high average educational level and a
preponderance of females and monozygotic twins (44).
Most theoretical analyses suggest that volunteer bias, if
present, is more likely to diminish than increase herita-
bility estimates (45, 46). We cannot however, rule out
the possibility that the slightly higher heritability esti-
mates found in the AARP sample resulted from volun-
teer bias.

Third, our analytic model assumed that spousal re-
semblance on self-reported symptoms results entirely
from phenotypic assortative mating (in which the
choice of a spouse is based on the spouse’s characteris-
tics) (47-49). However, spouses could directly influ-
ence symptom levels in each other. Such spousal inter-
action predicts increasing spousal resemblance with
increasing years of marriage. Or spouses may be se-
lected on the basis of their social background. This can
be distinguished from phenotypic assortative mating by
examining the correlation between a twin’s depression
score and that of the spouse of the co-twin in monozy-
gotic versus dizygotic pairs. If spouses are chosen by
social background, these correlations will be the same,
while they will be higher for monozygotic than dizygo-
tic twins if spouses are picked for their own character-
istics. Although the software that will allow us to test
these models formally with these data has not yet been
developed, the available evidence supports the validity
of our assumption about assortative mating. In the
AARP sample 1) the correlation between years of mar-
riage and similarity of depressive symptoms in spouses
was essentially zero (r=—0.01), and 2) the correlation
between a twin’s score and that of the co-twin’s spouse
averaged 0.07 for monozygotic twins and —-0.01 for di-
zygotic twins.

Fourth, a critical assumption of our models was that
genetic factors that influence self-reported symptoms of
depression are stable in their effect throughoutadulthood.
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However, gene expression can be variable over the life
cycle, with certain genetic systems “switching on” and
“switching off” (50). While the rate of such switching is
highest during development, genetic effects assessed at
one age may not be the same as those expressed at a later
age. We tested the assumption of genetic temporal stabil-
ity in pairs of nontwin siblings from the AARP sample.
In this large sample, resemblance between siblings in
symptoms of depression was independent of their age dif-
ference at assessment. These results suggest that, at least
with the age differences commonly seen in sibships, ge-
netic influences on self-reported psychiatric symptoms are
temporally stable. However, we cannot rule out the pos-
sibility that the higher heritabilities found in the older
AARP sample may in part result from a trend for the

APPENDIX 1. Analytic Methods
Validation of the Measure of Depressive Symptoms

Controlling for age, we assessed by logistic regression the
ability of our depressive symptom factor to predict prospec-
tively the 1-year prevalence of major depression, assessed, on
average, 17 months after the administration of the 30 items
from the SCL-90. Several previous studies have examined
performance of the CES-D Scale in identifying individuals
with major depression in epidemiologic samples (8-11). We
wished to test our SCL-90-based scale in a comparable way.
To do this, we calculated the z score on the SCL depressive
symptom factor that was comparable to the traditional
CES-D Scale cutoff score of 216 for “diagnosing” major de-
pression.

Equal Environment Assumption

A test of the equal environment assumption (that monozy-
gotic twins have no higher correlations than dizygotic twins
with trait-relevant environmental variables) was performed
by using a model-fitting approach which, as outlined else-
where (28), added to the standard twin model a “specified”
form of familial environment. In these analyses, this specified
environment was indexed by similarity of twins’ childhood
environment or frequency of contact as adults. Scores on
these environmental variables, averaged across twin pairs,
were trichotomized, and this model was then fitted directly to
six 2x2 contingency tables cross-classifying the affection
status of twin 1 and twin 2, three each for monozygotic and
same-sex dizygotic twins, divided by their scores on the form
of specified familial environment. The contribution of this
specified familial environment (representing violations of the
equal environment assumption) could then be tested with the
use of standard approaches.

Factor Analysis

We performed a factor analysis for the 30 SCL-90 items,
using an oblique rotation (to obtain the best representation of
the true factor structure), with the Statistical Analysis System
(55) and the PROMAX criteria. We examined the AARP
sample first, and the scree test readily identified four inter-
pretable factors, the first of which clearly reflected symptoms
of depression. Of the 10 highest loadings of items, nine came
from the SCL-90 depression scale and reflected at least five
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heritability of self-reported psychiatric symptoms to in-
crease with age.

Finally, in our analysis, both genes and environment
were treated as latent constructs that were inferred
from the pattern of familial resemblance rather than di-
rectly assessed (51). When they are specifically meas-
ured, it is possible to detect the effect of individual en-
vironmental risk factors that would go unrecognized in
latent variable models (52). There probably exist famil-
ial environment experiences that have a substantial im-
pact on self-reported depressive symptoms in adult-
hood (53, 54). However, our results suggest that they
are unlikely, in aggregate, to account for a significant
proportion of the individual differences in symptoms of
depression in nonclinical populations.

key dimensions of depressive symptoms: 1)} mood: “feeling
blue” (0.80); 2) anhedonia: “feeling no interest in things”
(0.61); 3) depressive cognitions: “feelings of worthlessness”
(0.71), “feeling hopeless about the future” (0.66), and “blam-
ing yourself for things” (0.67); 4) fatigue and psychomotor
changes: “feeling everything is an effort” (0.52) and “feeling
low in energy or slowed down” (0.43); and 5) worry: “wor-
rying too much about things” (0.67) and “feeling tense or
keyed up” (0.53).

The factor analyses were repeated with the data from the
Virginia sample with very similar results; the congruency co-
efficient for the depressive symptom factor was 0.995 (56).
The factor structure was also very similar in males and fe-
males and in twin 1 and twin 2 from complete twin pairs.
Three other factors were present in both samples, reflecting
symptoms of panic/phobia, somatization, and insomnia.
These will be examined in detail elsewhere.

Analytic Model

Prior to analysis, the depressive factor score was corrected
by multiple regression for linear and quadratic effects of age,
the effects of sex and twin status, and their interactions with
each other and with age. Using information from all families
in which the zygosity of twins was established, we then com-
puted correlations for the 80 different one- and two-genera-
tion familial relationships present in the ideal pedigree struc-
ture. Multiple estimates for the same correlation (e.g., for the
father-son correlation, this would include father with first
twin, father with second twin, father with brother of twin,
etc.) were obtained separately and then pooled into a single
joint estimate (57). Pooling correlations that are not statisti-
cally independent results in an estimate that is unbiased but
has an underestimated standard error (58). McGue et al. (58)
have examined this problem and concluded that it rarely leads
to major biases in parameter estimation.

This set of 80 correlations was then supplied to a specially
developed model-fitting program written by one of us (L.J.E.)
(25). This program permits two broad classes of models to be
ficted to the data: sex-dependent models that allow for sex
differences in genetic and environmental factors and sex-in-
dependent models that do not allow for such differences.

Total genetic variance is divided into additive and domi-
nance genetic effects. Additive genetic effects result from the
additive impact of alleles within an individual locus, while
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dominance genetic effects result from nonadditive interac-
tions between alleles at the same locus (59). While additive
genetic effects contribute to resemblance among all classes of
“blood” relatives, dominance genetic effects contribute only
to resemblance among individuals who can share both copies
of a gene that is identical by descent, which in this study were
monozygotic twins, dizygotic twins, and full siblings.

The model includes the effects of nonrandom or assortative
mating and assumes that spousal resemblance results from
spouses selecting individuals who are similar to themselves
for the relevant trait (phenotypic assortative mating). Vertical
cultural transmission refers to nongenetic parent-to-offspring
transmission, where children learn or “model” their behavior
from their parents. Here, vertical cultural transmission is
modeled as a path from the phenotype of the parent to the
individual-specific environment of the offspring. Four pa-
rameters are required to model vertical cultural transmission,
since mothers and fathers may affect their offspring by differ-
ing amounts, and a parent may have a different impact on
daughters than on sons. The model also includes genotype-en-
vironment correlation, which will arise if both genetic and
cultural transmission is present, because parents will tend to
have both genotypes and phenotypes that differ from the
mean in the same direction.

In addition to vertical cultural transmission, the model con-
tains two other environmental sources of familial resem-
blance: sibling environment (other environmental factors un-
related to parental behavior that make siblings reared in the
same household similar) and twin environment (environ-
mental factors that make twins more similar than nontwin
siblings). The sibling environment is assumed to be perfectly
correlated in sibling pairs (including twins) and uncorrelated
in all other relatives. The twin environment is assumed to be
perfectly correlated in monozygotic and dizygotic twin pairs
and uncorrelated in all other relationships. The final parame-
ter of the model specifies the unique {or individual-specific)
environmental effects that are unshared with other relatives
including co-twins.

The full model (25) permits the correction of results for
“error” or short-term fluctuation in scale scores. We per-
formed all standard model fitting without our data on test-re-
test reliability, so that our main results would represent the
sources of variance for the cross-sectional assessment of de-
pressive symptoms. This is the way this and similar scales are
most commonly used in mental health research. It should be

noted, however, that in such a model, individual-specific en-
vironment and error or short-term score fluctuations are con-
founded. Therefore, for the best-fitting model for each of our
two samples, we also fitted the full model, including our test-
retest data. In so doing, we describe the sources of variance
for depressive symptoms that are stable over time. That is, the
impact of error and short-term fluctuations in SCL scores is
subtracted out of the model.

Model Fitting

All models were fitted to the z-transformed observed corre-
lations by an iterative, diagonal, weighted least squares
method with the use of the constrained nonlinear Numerical
Algorithms Group optimizing routine EO4UCF (60). In most
previous reports on our personally interviewed sample of
twins (22, 61), we used Akaike’s information criterion (62) as
an index of goodness of fit. In this report, because we were
dealing with much larger samples, we chose, a priori, to use
the more rigorous chi-square difference test to avoid the in-
clusion of parameters that explained extremely small propor-
tions of the overall variance and yet substantially complicated
the final best-fitting model.

We began by fitting a full sex-dependent model and a full
sex-independent model to the data. The comparison of these
models determined the necessity of including sex-dependent
parameters in further model fitting. Next, we tested, as a
group, all genetic and all environmental sources of familial
resemblance. If one of these groups was not, as a whole, sig-
nificant, the relevant parameters were set to 0 for the remain-
der of the analyses. If they were significant, a set of independ-
ent tests was carried out to determine the significance of
individual parameters or, in some cases, groups of parameters
by independently dropping each from the model. However,
in the presence of significant genetic effects, we never tested
for the presence of additive genetic effects, because a model
with only dominance and no additive genetic effects is bio-
logically unrealistic (63). Because the sex-independent model
fitted depressive symptoms well in both samples, we do not
describe here the sex-dependent models implemented in this
program.

The total proportion of variance due to additive and domi-
nance genetic effects is sometimes referred to as “broad” heri-
tability, which, for the sake of convenience, is called in this
report simply “heritability.”

APPENDIX 2. Model-Fitting Procedure for Self-Reported Symptoms of Depression

We outline here and in table 3 the model-fitting procedure
for self-reported symptoms of depression in the AARP and
Virginia samples. Low chi-square values for a model indicate
a good fit to the data, while large values suggest that the
model does not adequately explain the observed data. The
AARP data set contains 80 different relationships, hence 80
degrees of freedom. Model 1, the full sex-dependent model,
contains 17 parameters, leaving 63 degrees of freedom.
Model 2, a full sex-independent model, could not be rejected
against model 1 (x?=19.60, df=11, n.s.), indicating that sex-
dependent genetic and environmental effects were not re-
quired to explain the data. In models 3-5, we set to 0, in turn,
assortative mating (model 3), all sources of resemblance in
familial environment (model 4), and all sources of genetic re-
semblance (model 5). Models 3 and 5 could both be rejected
against model 2 (model 3: x?=86.66, df=1, p<0.001; model 5:

2248.96, df=2, p<0.001), providing strong evidence for the
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importance of the effects of assortative mating and genetic
effects on symptoms of depression. By contrast, model 4
could not be rejected against model 2 (¥?=3.21, df=3, n.s.),
suggesting that familial environment factors play no signifi-
cant etiologic role in self-reported symptoms of depression.

In the final model (model 6), we set dominance genetic ef-
fects to 0. This model could be rejected against model 4
(which contained both additive and dominance genetic fac-
tors) (x2=61.11, df=1, p<0.001), indicating that dominance
genetic factors were necessary to explain the pattern of famil-
ial resemblance in symptoms of depression. Therefore, the
very simple model 4 was the best-fitting model. It contained
only three parameters: assortative mating and additive and
dominance genetic effects.

The Virginia twin sample had an insufficient number of
children to permit useful analysis. Lacking cousins (including
monozygotic half-siblings), avuncular relationships, and cer-
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tain in-law relationships, this data set had only 32 different
relationships (leaving 15 degrees of freedom for the full sex-
dependent model 1). As shown in table 3, the sex-independent
model (model 2) could not be rejected against model 1 (x2=
6.86, df=11, n.s.), indicating that sex-dependent genetic and
environmental effects were 7ot needed to explain the data. As
with the AARP sample, we could set to 0 neither assortative
mating (model 3) (¥%=76.02, df=1, p<0.001) nor all sources
of genetic resemblance (model 5) (x?=8.77, df=2, p=0.01).
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