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o We examined the etiologic role of genetic and environmen-
tal factors In 14 symptoms of anxiety and depression reported
by 3,798 pairs of aduit twins from the Austrailan Natlonal
Health and Medical Research Council Twin Register. Muitifac-
toriat muitipie-threshoid modeis fit the individual symptom
scores well. For a substantial majority of the symptoms, the
variance in llability was best explained by only genetic factors
and environmental influences specific to the individuai, where
33% to 46% of the variance was due to genetic factors. For four
symptoms, it was not possible to choose definitively between
modeis that, in addition to specific environment, included
genetic vs famillal environmentai effects. These resuits pro-
vide strong evidence for the role of genetic factors in the
etiology of symptoms of anxiety and depression as reported In
a general population. Evidence for an etioiogic role of familtai
environmental factors was much weaker. If famillal environ-
mental factors play any role In the production of these symp-
toms, they are more important in symptoms of depression than
of anxiety, and the factors that predispose to these symptoms
are only modestly correiated in males and females.

(Arch Gen Psychiatry 1986;43:213-221)

Athough symptoms of anxdety and depression are among
the most common complaints seen in psychiatriec and
general medical practice, relatively little is known about
their etiology. Family and twin studies have suggested that
genetic factors probably play an etiologic role in anxiety and
depressive disorders™®; much less is known about the eti-
ologic role of genetic factors in symptoms of anxiety and
depression as experienced in the general population. How-
ever, certain environmental variables, including stressful

Accepted for publication Jan 31, 1985.

From the Departments of Psychiatry (Dr Kendler) and Human Geneties
(Drs Kendler, Heath, Martin, and Eaves), Medical College of Virginia-—
Virginia Commonweaith University, Richmond.

Reprint requests to Department of Psychiatry, Medical Coilege of Vir-
ginia, PO Box 710, Richmond, VA 23298 (Dr Kendler).

Arch Gen Psychiatry—Voi 43, March 1986

life events,™ early parental loss,*” and specific patterns of
parental behavior,™” have been hypothesized to predispose
to the development of symptoms of anxiety and depression.

In this report, we examine the etiologic role of genetic
and environmental factors in the determination of the 14
symptoms of anxiety and depression from the anxiety and
depression scales of the Delusions-Symptoms-States In-
ventory (DSSI).* The sample studied was a large volunteer
twin population from the Australian National Health and
Medical Research Council (NHMRC) Twin Register. This
study represents an extension of an earlier investigation of
this sample by Jardine et al” that focused on the total scale
scores and their covariation with the trait of neuroticism.
The goal of this report is to clarify the role played by genetic
and environmental factors in the etiology of specific symp-
toms of anxiety and depression as experienced in the
general population. Specifically, we were interested in
testing two opposing hypotheses: that either genetic fac-
tors or family environment is responsible for the similarity
of symptom scores of twins.

SUBJECTS AND METHODS
Subjects and Questionnaire

Between November 1980 and March 1982, an extensive question-
naire was mailed to 5,967 twin pairs aged 18 years and over from the
Australian NHMRC Twin Register. After reminders to nonres-
pondents, questionnaires were returned by both members of 3,810
pairs, a 64% pairwise response rate.

Zygosity was diagnosed by questionnaire response, which, if
ambiguous, was resolved by having the twins send in recent
photographs of themselves. In other twin popuiations, this method
of zygosity determination has been shown to be approximately 95%
accurate.*®

Among the items contained in the mailed questionnaire were the
anxiety and depression seales of the DSSI® (Table 1). The 14 items
were answered on a four-point scale (0 to 3) with the categories
labeled as follows: none, a little, a lot, and unbearably. These
scales, which were intended to measure state rather than trait
characteristics, were developed and validated by Bedford et al.” In
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a sample of 96 twins from the NHMRC Twin Register who were
asked to return two questionnaires at a mean interval of three
months, the mean (=SD) correlation (Kendall ) between their
scores on the individual items was +0.42=0.10.

Analysis

Our method of analysis can be divided into three parts. First, we
determined whether any obvious differences between twins, such
as sex, birth order, age, and zygosity, affected symptom scoresto a
sufficient degree that they needed to be incorporated into further
anaiyses.

Second, we examined whether the observed response distribu-
tion could be fitted to a multiple-threshold model.?® This approach
hypothesizes that for each item there exists a normally distributed
liability that determines the response. To analyze four response
categories, three thresholds were required. As the scores for males
and females differed significantly on many items, it was often
necessary to postulate separate sets of thresholds for males and
females. In several cases, the number of individuals endorsing the
most extreme answer (ie, 3, or unbearably) on an item was very
small or zero. In these circumstances, it sometimes became
necessary to combine the two most extreme responses (ie, 2 and 3,
or a lot and unbearably) together into a single category. In
addition, when the number of extreme responses was small, slight
deviations from expectation in these responses could cause the
muitiple-threshold model to fail. Therefore, in the few situations
where the muitiple-threshold model did not fit well to the data
using all responses, response categories 2 and 3 were also com-
bined into a single category and the data reanalyzed.

The fit to the multiple-threshold modei was determined in two
ways. First, the fit was examined for the 70 individual tables of 14
symptoms by five zygosity groups. Second, the fit was examined
for each item over all five zygosity groups. This was determined by
the fit of what we term the “full model.” Because this model
contained five parameters to fit to the five polychoric correlations
from each zygosity group, this was a “perfect fit” model. This model
would be rejected only if the combined fit to the multiple-threshoid
model over all five zygosity groups were inadequate.

In the third part of the data analysis, we fitted various genotype-
environment models to the observed data, assuming a maultiple-
threshold model. These genotype-environment models assume
that the underiying liability is due to the combined additive action
of many genes and/or many environmental events, each of small
effect. The models and their application are derived from the school
of biometrical geneties. =% As this approach is probably unfamiliar
to most readers, we will briefly describe it here. Eysenck and
Eaveg®™ 9 oive a more detailed presentation of these methods.

In our models, variation in liability is seen as resulting from four
parameters, two genetic and two environmental. Additive genetic
variance (VA) is the proportion of variance in Hability that results
{rom the additive effects of alleles at each locus. Dominance genetic
variance (VD) is the proportion of total variance that resuits from
-he nonadditive effects of two alleies at a locus. The proportion of
total variance in liability due to VA and VA + VD is the narrow and
oroad heritability, respectively.

Common environmental variance (EC) is that proportion of
variance in liability that resuits from environmental events shared
by both members of a twin pair. Because most such events
oresumably result from the twins having been reared in the same
family, EC is sometimes referred to as familial environmental
variance. A wide variety of variables could contribute to EC,
including general rearing environment, specific parental personal-
ity traits, socioeconomic class, school attended, or geographic
location of rearing environment. Specific environmental variance
{ES) is that proportion of variance in liability that results from
anvironmental events that are not shared by both members of a
twin pair. Variables that might contribute to ES would include
aspects of the rearing environment unique to one member of a twin
pair, random developmental processes, environmental “acci-
dents,” experiences unique to each twin that occur after their
departure from the rearing environment, and measurement “er-
ror.” Three of these parameters (VA, VD, and EC) contribute and
one (ES) does not contribute to similarity between relatives.

The mean scores on many of the items differed in males and

214  Arch Gen Psychiatry—Vol 43, March 1986

females. It was therefore necessary in model fitting to permit the
thresholds to differ for the two sexes. If the thresholds differed,
but all the genotype environment parameters were the same for
both sexes, then this was equivalent to the “isocorrelational model”
of Cloninger et al.®

In addition, we considered two further situations in which VA or
EC might differ in the two sexes. First, the same genes or the same
common environmental events could influence liability in the two
sexes, but the magnitude of their effect might differ in the two
sexes. These models, termed the VA,, VA: and the ECy, EC:
models, respectively, correspond to the “environmental model” of
Cloninger et al.®

Second, the genes and/or common environmental events that
influence liability might differ in the two sexes (ie, the “indepen-
dent model” of Cloninger et al). In these models, which we term
VA, VA, VAy and ECy, EC;, ECy, respectively, two new
parameters are introduced: VA, and ECy,. These two parameters
represent the covariance between additive genetic effects and
common environmental effects, respectively, in males and females.
From VA, and ECyy two new parameters can be calculated,
which we define as the correlation in additive genetic effect (rgyy)
and the correlation in common environmental effects between the
two sexes (reyy). In other words, rgyy and rey measure the degree
to which the same genes or the same common environmental vari-
ables affect liability in males and females.

The contributions of each of the genetic and environmental
parameters to the correlation of liability in each zygosity group are
given in Table 2. We have assumed that EC contributes equally to
the correlation in monozygotic (MZ) and dizygotic (DZ) twins; ES,
by definition, makes no contribution to the resemblance of twin
pairs.

In studies of twins only, the effects of EC and VD are con-
founded.” As aresult, the fit of unconstrained VA, EC, ESand VA,
VD, ES models are identical. However, VD and EC have opposite
effects on the patterns of correlations between MZ and DZ twins.
Given the presence of VA, VD will increase and EC decrease the
ratio of the correlations between MZ and DZ twins. Therefore,
aithough the fit of the two models is identical, their predictions
regarding MZ and DZ correlations are opposite. As parameters in
these models are variance estimates, any model that results in a
significant negative estimate of EC or VD is automatically re-
jected. In fitting what we have termed the VA, EC/VD, ES model,
we first estimate EC. If estimates of EC are negative, we interpret
this as evidence that the VA, VD, ES model is to be preferred and,
therefore, obtain estimates of VD. Because of the strong negative
correlations between estimates of VA and VD in the twin design,®
when VD is present, estimates of VA are often negative. To provide
more reasonable estimates of VA and VD in this situation, we
estimate these two parameters when both are constrained to be
greater than or equal to zero.

Evaluating Specific Models

The initial step in the evaluation of specific genotype-environ-
ment models is to obtain the maximum likeiihood estimate of the
observed responses on a symptom given the specific parameters of
the model. The fit of the specific model is then tested, by a
likelihood ratio test, against what we term the full model. Twice
the difference in log likelihoods between two models has an
approximate x* distribution (two-tailed test) with the df equal to
the difference in the number of parameters between the full and
reduced models. Only when the parameters of one of the models
compared is a subset of the parameters of the other model can the
fit of the two models be directly compared.

We use two criteria in deciding on a best model. (1) The model
gives a likelihood that is not significantly less than that obtained
using the full model. (2) The addition of further parameters does
not significantly increase the likelihood of the model. Using these
criteria, we strive to arrive at the most parsimonious model that
can account for the observations. Under certain circumstances,
these rules will not permit an unambiguous identification of 2 best-
fit model. This will occur particularly when two models cannot be
rejected against the full model and cannot themselves be directly
compared because they contain different parameters. In this
situation, we are left with two possible models to explain the data.
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Table 1.—items of the 'State Anxiety-Depression’ Subscale of the Delusions-Symptoms-State Inventory=
Item Name Full Text Abbreviated Text

Anx1 Recently | have been worried about every little thing. Worried about everything

Anx2 Recently | have been breathless or had a pounding of my heart. Breathless or heart pounding

Anx3 Recently | have been so worked up | couidn't sit still. Worked up, can't sit still

Anx4 Recently, for no good reason, | have had feelings of panic. Feelings of panic

AnxS5 Recently | have had a pain or tense feeling in my neck or head. Pain or tension in head

Anx6 Recently worrying has kept me awake at night. Worrying kept me awake

Anx7 Recently | have been so anxious that | couidn’t make up my mind about Anxious, can't make up my mind
the simplest thing.

Dep1 Recently { have been s0 miserable that | have had difficuity with my sleep. Miserable, difficuity with sleep

Dep2 Recantly | have been depressed without knowing why. Depressed without knowing why

Dep3 Recantly { have gone to bed not caring if | never woke up. Gone to bed not caring

Dep4 Recenttly | have been so low in spirits that | have sat for ages doing Low in spirits, just sat
absolutely nothing.

DepS Recsntly the future has seemed hopeless. Future seems hopeless

Dep6 Recantly | have lost interest in just about everything. Lost interest in everything

Dep7 m { have been so depressed that | had thoughts of doing away with Depressed thoughts of suicide

*All items were scored on a four-point scale: 0, not at all; 1, a little: 2, a lot; and 3, unbearably.

Table 2.—Contribution of the Genotype-Environment
Factors to the Correlation in
Liability by Zygosity Group*
Factor

2Zygosity Group VA, VA, VA, VD EC, EC, EC, ES
MZ males 1 Q 0 1 1 Q 1] Q
MZ females Q 1 Q 1 0 1 o] Q
DZ males v 0 0 v 1 ] 0 0
DZ females Q <] Q Va Q 1 0 0
DZ Os o o0 % Y% 0 (] 1 0

*VA indicates additive genstic variance; VD, dominance genetic variance;
EC, common environmental variance; ES, specific environmental variance;
MZ, monozygotic; DZ, dizygotic; OS, opposite sex. Subscript letters indicate
sex influence on liability. In models with VA, VA, = VAg=VA,; in mod-
ais with EC, EC,,=EC;=EC,,:; !In models with VA, and VA5 VA=
(VA X VAG)Y2 in modeis with EC, and ECg, ECye=(ECy X EC)2.

On the principle of parsimony and small differences in goodness of
fit, it is often possible to prefer one of the models over the other.

Based on results from studies on a wide variety of traits in
animals® and on studies of personality variables in man,*%% we
established the following principles to guide our interpretation of
the results. First, because of its simplicity and wide applicability,
the VA, ES model was judged the most likely to fit the data.
Second, the major alternative explanation to the VA, . ES model
was considered to be the EC, ES model. We were particularly
interested in determining whether this model could adequately
explain the liability in symptoms as would be predicted by a
number of theorists.*” These two models are particularly impor-
tant theoreticaily because they represent the two extreme expla-
nations for family resemblance for psychiatric symptoms. The first
(the VA, ES model) assumes that all similarity between relatives is
genetic in origin. The second (the EC, ES model) assumes that all
similarity between relatives results from environmental factors.
Third, if neither the VA, ES nor the EC, ES model provided an
adequate fit for the data, we were interested in determining
whether we could find evidence for either genetic dominance or
sex-limited gene expression.

In this study we often evaluated multiple statistical tests. To
determine whether the number of significant results is in excess of
chance expectation, we followed a method previously outlined®
that provides an overall significance level for the number of specific
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results with a P value less than .05 or .01 as a function of the total
number of tests performed. The term significant will be used to
denote P values of less than .05.

RESULTS
Sample

Of the 3,810 pairs of twins who returned questionnaires, 3,798
(99.7%) provided responses from both twins to ail 14 anxiety and
depression items. The division of these 3,798 twins into their five
sex and zygosity groups is given in Table 3. As frequently noted in
volunteer twin studies,® both female and MZ twins are more
common than would be expected in the general population. In
addition, there is a slight, but statistically significant, difference in
the age distribution of the zygosity groups.

Effect of Sex, Birth Order, Age,
and Zygosity on item Scores

Females scored higher than males for all items (Table 4). The
difference was significant for ten of the 14 items, a finding far in
excess of chance expectations. Firstborn twins had slightly lower
symptom scores than secondborn twins, but these differences were
significant for only two of the 14 items, a result not different from
chance expectation. The correlation between symptom score and
age was calculated separately for each sex. Of the 28 correlations,
21 were statistically significant (19 negative and two positive). The
substantive significance of these correlations, however, is slight
because their magnitude was uniformly low. The mean absolute
value of the 21 significant correlations was .082. For these items,
age accounted for less than 1% of the total variance in symptom
scores.

The effect of zygosity on symptom scores was also analyzed
separately for the two sexes. None of the 28 differences in
symptom scores between male and female MZ and DZ twins was
significant. The effect of sex on mean symptom scores is often large
and must be incorporated into further analyses as differences in
thresholds between the sexes. We judged the effects of birth order,
age, and zZygosity to be either absent or small enough to require no
special treatment in further model fitting.

Testing Assumptions of the Twin Method

The questionnaire contained information on the frequency of
contact of members of a twin pair. The MZ twins had more frequent
contact than DZ twins and female twins had more frequent contact
than male twins (Kruskal-Wallis one-way analysis of variance,
X' =165.52, df =4, P<.001). If the greater similarity of item scores
of the MZ compared with DZ twins was due to more frequent
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Table 3.—Sample of Twin Pairs Studied
N Age, yr (Mean = SD)*
Monozygotic females 1,228 35.39=14.29
Monozygotic males 566 34.35=14.041
Dizygotic females 750 35.29=14.17¢
Dizygotic maies 352 32.26=13.89
Dizygotic, opposite sex 302 32.77 =13.72¢

*By one-way analysis of variance, ages differ significantly across groups:
F=8.243; df=4/3,790; P<.0001.
tAge was unavailable for one pair.

Table 4.—Symptom Scores as a Function of Sex

Females (n=4,857) Mafes (n=2,739)
% Scoring % Scoring
tem~ >Q Mean=SD >0 Mean= 5D P+

Anxt 53.2 0.653+0.702 43.4 0.509=0.637 <.0001
Anx2 16.1 0.191 =0.469 11.8 0.133=0.384 <.0001
Anx3 26.2 0.322=0.594 26.2 0.314=0.571 33

Anx4 13.3 0.160=0.444 9.1 0.107 =0.360 <.0001
AnxS 34.4 0.435=0.665 23.1 0.279=0.556 <.000t
Anx6 34.1 0.412=0.631 27.5 0.319+0.560 <.0001
Anx7 16.0 0.195=0.486 12.8 0.151=0.427 .0001
Dep1 24.2 0.229=0.584 16.8 0.197 =0.468 <.0001

Dep2 35.1 0.423+0.639 22.8 0.265=0.526 <.0001

Dep3 7.3 0.098 =0.389 5.6 0.072=0.320 .009
Qep4 19.5 0.247 =0.551 16.3 0.199=0.486 .0005
Dep5 17.8 0.233+£0.557 16.9 0.209=0.510 .26
Dep6 12.0 0.148 =0.437 10.9 0.133=0.408 .20
Dep7 4.2 0.054=0.287 3.5 0.042=0.238 .16

*For explanation of items, see Table 1.
18y Mann-Whitney U test corrected for ties.

contact of MZ twins, then the frequency of contact of twin pairs
should be negatively correlated with their difference in item
scores. As age has a strong negative correlation with frequency of
contact, partial correlations between frequency of contact and
difference in item score was computed for each item with the effect
of age removed. The number of significant correlations observed
(4/70) did not exceed chance expectations.

Estimations of Polychoric Correlations and
Fit of the Muitiple-Threshold Model

The polychoric correlation and its SE could be estimated using
all four response categories for 53 of the 70 tables of the 14
individual item scores from each of the five sex-zygosity groups
(Table 3). For 14 of the tables, small expected cell frequencies
required that the data be collapsed into three response categories.
For three of the tables, it was not possible to estimate accurateiy a
polychoric correlation even when the data were coilapsed into
three categories. .

By a x* goodness of fit test, the multiple-threshold model was
rejected at the .05 level in ten of the 67 tables. This is significantly
in excess of chance expectation. However, at the .01 level, the
muitiple-threshold model was rejected in only two of the tables, a
result not different from that expected by chance.

The fit of the multiple-threshold model was also assessed by a ¢
goodness of fit test for each item across all five zygosity groups
with the full model: VA,, VAy ECy, EC;, ECy ESy, and ES;
with sex-dependent thresholds. This fit could be tested for all
items except Dep7 (see Table 1 for explanation of items). For this
item. the very low endorsement rate (Table 4) made it impossibie to
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generate a meaningful goodness of fit test for the full model. Of the
remaining 13 items, the full model fit well in 11, was rejected at the
.05 level in one (Anx1). and was rejected at the .01 level in one
(Dep3). For the two items where the full model failed when applied
to all four response categories, the responses were collapsed into
three categories and retested. For Anxl, the full model now fit
(x'=38.42, df=31, P=.168). For Dep3, the fit of the full mode!
improved (x*=47.45, df = 31, P =.03) but still was not adequate. As
the failure of one or even two of 13 items at the .05 level does not
exceed chance expectation, we concluded from both methods of
testing that the multiple-threshold model adequately accounted
for the observed response pattern.

Fitting Genotype-Environment Modeis

The likelihood ratio tests of the specific models against the full
model for the anxiety and depression items are given in Table 8.
The parameter estimates of the best-fit model or models for the
iterns are seen in Table 7.

To illustrate the modei-fitting method, we examined in detail the
results for two symptoms, chosen to provide examples of the two
major outcomes of model fitting: Anx5, “pain or tension in head,”
and Dep2, “depressed without knowing why”

Anx5.—By likelihood ratio test, all models for this symptom
with sex-independent threshoids (ie, the same threshold for both
sexes) were strongly rejected against the full model (Table 6). With
sex-dependent thresholds (ie, thresholds differing for males and
females), the EC, ES model was rejected against the full model, as
were all other models without 2 VA parameter. Of the models not
rejected against the full model, the VA, ES model contained the
fewest parameters. When the VA, ES model was tested by
likelihood ratio test against the three more complex models that
were not rejected against the fuil model, none produced a signifi-
cant improvement in fit. For example, addition of the parameter
EC/VD produced no significant improvement in fit (x*=0.02,
df=1, not significant). Therefore, the VA, ES model with sex-
dependent thresholds was unambiguously the best-fit model
for this symptom. The proportion of variation in liability to Anx5
due to VA and ES was estimated as 0.351 and 0.649, respectively
(Table 7).

Dep2.—As for AnxS5, all three models with sex-independent
thresholds were strongly rejected against the full model for Dep2
(Table 6). Five models were not rejected against the full model,
four of which contained a VA parameter. The simplest model not
rejected was the VA, ES model with sex-dependent thresholds.
None of the three models containing VA parameters significantly .
improved the fit over that found with the VA, ES model. The EC,
ES and the ECy, EC,;, ESy, ES; models were significantly rejected
against the full model. However, the ECy, ECy, ECy;, ESy, ESp
model could not be rejected. Because the parameters ofthe VA, ES
model were not a subset of this more complex model, the two could
not be directly tested against one another. Therefore, it was not
possible to decide definitively whether the lability to Dep2 in the
population was due to additive genetic effects and random environ-
ment (with the additive genetic effects accounting for 33.4% of the
total variance) or to common environmental effects that differed in
the two sexes. If common environmental factors were responsible
for the variance in liability in this symptom, then rey, =.387.

Overview of Resulits

The details of the model fitting for each of the specific items can
be seen in Table 6. Here, we will only summarize these results. The
low endorsement rate for Dep7 resulted in many very small
expected cell frequencies, which prevented definitive caiculation of
log likelihoods for several models. For the eight modeis for which a
likelihood estimate could be obtained, none could be rejected
against the full model (Table 6). Too little information was available
in Dep7 to permit further meaningful analysis.

For the other 13 items, the following results were noted.

1. The VA, ES model with sex-dependent thresholds (which
ascribes the similarity between twins as due solely to additive
genetic effects) provided a good fit for the resuits in 12 of the 13
symptoms. )

2. The EC, ES model with sex-dependent thresholds (which
ascribes the similarity between twins as due solely to common
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Table 5.—Polychoric Correlations (= SE) for Individual Items for Each Sex and Zygosity Group*

item MZ Femaies DZ Females MZ Males DZ Males 0Z OS
Anx1 396 =.032 163 =.046 .333=.0531 .148=.074% .0B7 =.044
Anx2 .329=.053 .109:=.076 .344 = .096 -.007=.132%8§ .005=.076
Anx3 372=.042 245=.056 .393=.061 .018=.090% .0684=.054
Anx4 .435 = 053§ .040 = 087 .555=.086% .305=.133% .047 = .083
AnxS5 .354=.037 154 =.063 .351=.066 177 =.092% 202 =.052
Anx6 .331=.039 237 =.052 .318=.063 .192=.085% .125=.051
Anx7 .458x.047 206=.073 390=.085 239=.122¢ .233=.069
Depi 387 +.042§ .289=.058 .292= 080 A77=.107% .122=.061%
Dep2 .313=.039¢% .238=.051 .383x.065 222> .080% .118=.083
Dep3 504 = 067 144=.109 .345=.1431§ o .212=.098
Dep4 .480=.043 232065 419+ 073 277 =.104% .215=.062
DepS5 .395=.048 247 = .068§ .392%=.078 095 =.1124§ .152=.061
Dep6 .430=.055 .260=.081 .326=.099 241=.137¢ 104 =.081§
Dep7 377=.104 284 =.133 d o .045=.147§

*MZ reprasents monozygotic; DZ, dizygotic; and OS, opposite sex. For explanation of items, see Tabie 1. Polychoric correlations were calculated by maximum

likelihood, with six threshoids.
1P<.01, by x* goodness of fit.

tfor these tables, because of small expected cell frequencies, it was not possible to estimate accurately the polychoric correlations and the SE from the
original 4 x 4 tables. Therefore, the vaiues were obtained from 3 x 3 tables with four thresholds combining the scores for responses of “alot” and “unbearably.” In
tables where the polychoric correlation and its SE couid be calculated using both 4 x 4 and 3 x 3 tables, the resuits were uniformty very similar.

§P<.05, by x? goodness of fit.

|IFor these tables, aven if converted to 3 x 3, it was not possible to caiculate a meaningful polychoric correiation with SE. This resuited from either rare or a very

small number of pairs concordant for scores greater than Q.

environmental effects) was rejected as an adequate fit in all 13
symptoms. This was also the case of the ECy, EC, ES,, ES;
model, which permitted the common environmental effects to
differ in magnitude across sexes.

3. Values of ES (ie, random environmental effects) for all models
were greater than 0.44 and were frequently greater than 0.6.

4. Models with sex-independent thresholds provided an ade-
quate fit in five items (Anx3, Anx7, Dep3, Dep5, and Dep$6), but in
two of these (Anx7 and Dep3) the addition of sex-dependent
thresholds resuited in a significant improvement in fit.

5. The VA, ES model was the single best-fitting model for seven
symptoms (Anxl, Anx3, Anx3, Anx7, Dep3, Dep4, and Dep5). The
narrow heritabilities for these items ranged from 0.34 to 0.46.

6. The best-tting models for the other six symptoms can be
divided into three groups: (a) Although the VA, ES model for Anx2
was the simplest one not rejected against the full model, the
addition of EC/VD resulted in a significant improvement in fit
(x*=4.86, df=1, P=.027). Estimates for EC in this model were
negative, indicating that the VA, VD, ES model was the preferred
one. However, an unrestricted estimate of VA and VD (Table 8)
resuited in negative estimates for VA, When VA and VD were
constrained to be greater than or equal to 0, the improvement in fit
over the VA, ES model was still significant (x*=4.34, df=1,
P =.037); VA and VD were estimated to be 0 and 0.326, respec-
tively. (b) Anx4 was the only symptom for which the VA, ES model
was rejected. It was not possible to choose definitively between
two models (Table 7). The VA, EC/VD, ES model resulted in
negative estimates of EC, indicating that the VA, VD, ES model
was to be preferred. As with Anx2, unrestricted application of the
VA, VD, ES model resulted in negative estimates of VA. When VA
and VD were constrained to be greater than or equal to 0, VA was
estimated as 0 and VD as 0.458. The fit of this constrained VA, VD,
ES model against the full model was still good ()’=4.94, df=3,
P =.18). Parameter estimates from the VA, VA, VA, ES,, and
ES; model resuited in a low correlation of the additive genetic
effects between the two sexes (rgyp=.20) and a higher narrow
heritability in males than in females. (¢) In Anx6, Depl, Dep2, and
Dep6, it was not possible to choose definitively between two
possible best-fit modeis, one of which was ECy, EC¢, ECyg, ES,,
and ES. The correlation between the common environmental
variables influencing liability in the two sexes (reyy) varied in these
symptoms from .278 (Dep6) to .443 (Anx6). In three of the
symptoms (Anx6, Dep2, and Dep6) the other possible model
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was the VA, ES model with narrow heritabilities ranging from
.33 to .40. In Depl, the other possible best-fit model was VA,,
VAp ESy, ESp

COMMENT

Qur major goal for this study was to determine whether the
similarity of twins for individual symptoms of anxiety and depres-
sion could be explained by genetic or by familial-environmental
factors. The results strongly support the role of genetic factors in
explaining twin resemblance for the large majority of symptoms.
Contrary to prediction,*”® evidence of a role for familial-environ-
mental factors in influencing symptom scores was either absent or
weak.

The Sample

This study was carried out on a large twin registry in which
enrollment had been voluntary. To be included in the sample, both
members of a twin pair had to complete and return the question-
naire. As is usual in such studies,® more female than male and more
MZ than DZ twins were included. In populations of European
origin, approximately equal numbers of MZ and DZ pairs of the
same sex are found in the population.* However, in our sample, 1.6
times as many MZ than DZ same-sex pairs were observed (Table
3). Martin and Wilson® argued that this inequality could result if
sample selection were based on traits that were in part genetic.
They also predicted that, despite such selection, means and
variances of the MZ and DZ samples for the trait influencing
selection should still be similar. An alternative explanation, put
forward by Lykken et al,® is that for social reasons MZ twins are
more cooperative with twin research. This model predicts that for
any trait intfluencing selection, the variance in MZ twins in the
sample should exceed that found for DZ twins.

No systematic differences were found in the means or variances
in the symptom scores between MZ and same-sex DZ twin pairs. If
the symptoms of anxiety and depression influence the probability
of cooperation. these resuits are consistent with the model of
Martin and Wilson® but not of Liykken et al.® Fortunately, there is
a more direct way to test whether symptoms of anxiety and
depression were directly atfected by the sampling procedures of
the registry. Henderson et ai® collected a random population
sample of 390 individuals in Australia. Although not directly
matched for age or sex composition, this sample can serve as a
rough guide to the degree to which the symptoms of anxiety and
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Table 6.—Likelihood Ratio Test of Specific Models as Compared With Full Mode:
Anxiety Iitems
Specific Factors Thresholdst  df of 2 13 2 3 4 5 [ 7
VA, VAg, VA Sex dep 2 0.36 2.50 2.52 4.50 Q.18 1.64 0.24
ECuw» ECer. ECur Sex dep 2 18.00§ 11.12§ 12.08§ 18.42§ 10.78§ 3.70 9.12
VA, VAc Sex dep 3 4.52 5.70 7.28 9.364 0.32 2.22 0.28
EC\, ECe Sex dep 3 33.76§ 16.64§ 26.18§ 31.50§ 13.50§ 10.701 12,04§
VA, ECNVD Sex dep 3 2.74 1.18 5.74 4.52 0.30 232 0.68
£C Sex dep 4 38.06§ 18.76§ 29.06} 33.20§ 13.62§ 11.98] 13.08)
VA Sex dep 4 8.14 6.04 7.50 11.18} 0.32 254 0.68
VA, EC/VD Sex ind 6Y 67.48§ 29.32§ 11.64 33.66§ 104.508 42.00§ 13.381
zC Sex ind 7# 103.68§ 47.38§ 34.348§ §3.04§ 119.54§ 52.648 25.848
VA Sex ind T# 70.648§ 34.148 13.24 40.54§ 104.52§ 42.148 13.60
Minus log likelihood of fuil model 7.004.92 3,641.04 5,425.10 3,166.54 5.938.18 5.922.81 3,740.40

*For explanation of abbraeviations, see Table 2; dep represents dependent; ind, independent. For explanation of anxiety and depression items, see Tabie 1.
Twica the differencs in log likelihoods of the models under comparison has a x? distribution with the df equal to the difference in the number of parameters in the
two modets. For Anx3, Anx7, Dep3, DepS, and Dep6, more complex modeis were fit with sex-independent thresholds. For Anx3, Anx7, Dep3, and Dep$, these
modeis produced no significant improvement in fit. For Dep§, the EC,,, EC., EC,, model with sex-independent threshoids could not be rejected against the full
model (x*=7.18, df=5, not significant), was not improved significantly by the addition of sex-dependent thresholds (x?= 2.32, gf=3, not significant), and was
therafore to be considered as one of the best-fit models for this symptom. Certain log likelihoods for Dep7 could not be accurately estimated because of smafl
observed csil frequencies. Values for best-fitting model or medels are in boldface.

Table 7.——Parameter Estimates for Best-Fitting Models*
Symptom Thresholds VA VA, VA, VA EC EC, EC, ECue ES ES, ES,
Anx1 Sex dep 344 .656
Anx2 Sex dep 574 ~.241 o ce ces 867
Anx3 Sex ind 358 642
Anxdt Sex dep .768 ~.304 .536
Sex dep S 552 .400 0931 e .448 600
AnxS Sex dep 351 549
Anx6t Sex dep .333 667
Sex dep Ce 272 .293 125§ Ca .728 .707
Anx7 Sex dep 437 Ce S .563 . .
Depit Sex dep e .249 414 Ce . e - 751 .586
Sex dep L 227 .349 1094 Ca 773 .651
Dep2t Sex dep 334 s ce cen 666
Sex dep ... 326 282 116] Ce
Dep3 Sex dep .445 .555
Dep4 Sex dep .459 .541
Deps Sex ind .385 815
Dep6t Sex ind 398 502
Sex ind .303 362 .0924 Ce. 697 .638

*For axplanation of abbreviations, see Table 6.

+For these symptoms, two best-fit models were found, listed in order of likelihood.

1Correlation between VA,, and VA, for second best-fit modei for Anx4 is .198.
§Correiation between EC,, and EC. for second best-fit model for Anx6 is .443.

{Correlations between E£C,, and EC, for second best-fit model for Dep1, Dep2, and Dep6 are, respectively, .387, .383, .278.

depression reported by the twins are representative of those
reported in the general population.

The distribution of total anxiety and depression scale scores was
very similar for the twin and random population sample.” For nine
of the specific symptoms, no significant differences were found in
the two groups; for four symptoms the twins scored significantly
higher and for one significantly lower. However, for all but one
symptom, the magnitude of the difference in scores for the two
groups was small and reached statistical significance only because
of the large sample size of twins. These resuits suggest that the
symptoms of anxiety and depression reported in the NHMRC Twin
Register are probably representative of those experienced by the
general population of Australia.
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The Fit of the Muitiple-Threshold Model

Though the muitiple-threshold model in psychiatry has tradi-
tionaily been applied to diagnostic categories, the model is equally
applicable to levels of severity of a single symptom. As measured
by both individual polychorie correlations and the fit for each
symptom across the five zygosity groups, the multiple-threshoid
model failed to fit the symptom scores no more than would be
expected by chance. This finding is consistent with the hypotheses
that (1) many genes and many environmental events, each of small
effect, are responsible for the liability of these symptoms, and (2)
the four response categories for each symptom can be represented
by thresholds on a normally distributed continuum of liability.
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Depression ltems

1 2 3 4 5t [} 7

1.54 2.18 3.16 0.72 0.72 0.40

10.54§  4.84 0.26

4,56 3.24 12.84§ 12.52§

2.3 3.52 3.18 0.76 1.06 1.80 ..

9.68] 13.20§ 13.44§ 18.58§5 14.68§ 11.24] 0.44

6.56 3.74 3.30 1.12 0.70 3.40 6.36
45.48§ 13.26§ 15445 19.14§ 16.06§ 13.86§ 7.58

6.56 3.94 4.62 1.12 1.28 3.62 6.36

68.02§ 127.24 11.54 14,38} 6.00 5.42 8.36
80.50§ 139.00§ 23.38§ 32.30§ 20.66§5 15.80( 9.74
68.02§ 127.28§ 12.66 14.38]| 6.00 5.62 3.36

4,791.91 5777.80 2,198.22 4,393.23 4,190.71 3,201.56 1,436.74

tSex dep, 6 for Anx2 through Anx7, Dep1 through Dep4, Dep6. Dep7, and
4 for Anx1 and Dep5.

$Fit to 3 x 3 tables where item scores 2 and 3 were combined.

§P<.01.

|P<.085.

9Equals 5 for Anx1 and Dep5.

#Equals 6 for Anx1 and Dep5.

Table 8.—Further Analysis of Symptoms With Evidence of VD*

Likelihood

Ratio

Against Full

Modelt Best-Fit Modeils
Parameters Constraints dfotx? ¥ VA vD ES
Anx2
VA, VD None 3 1.18 -.149 482 .667
VA, VD VA and VD=0 3 1.70 0 326 .674
Anx4
VA, VD None 3 452 -.144 508 .536
VA, VD VA and VD=0 3 4.94 0 458 .542

*For explanation of abbreviations, see Table 6.
TAll models inciude sex-dependent thresnolds.

However, Reich et al® noted that for the range of heritabilities
found for these items, the power of the multiple-threshold model to
distinguish between monogenic and polygenic modes of inheri-
tance is low. In the context of their conclusions, our resuits
support, but by no means prove, a polygenic-muitifactorial mode of
transmission for symptoms of anxiety and depression in the
general population.

The Fit of Genotype-Environment Models

Models that were fitted to the responses of twin pairs to these 14
items contained five types of parameters: sex-independent or
sex-dependent thresholds, VA, VD, EC, and ES. In addition, the
values of VA and EC were permitted to take different values in the
two sexes and to be correlated to a variable degree in the two sexes.
We will discuss each of these parameters in turn. Because of
insufficient information, little of use can be said about item Dep7,
so our discussion will focus on the other 13 items.

Thresholds.—OQur analysis detected significant sex differences
in thresholds in all but three (Anx3, Dep5, and Dep6) of the 13
items. Not surprisingly, these were the three symptoms for which
the mean symptom scores did not significantly differ in males and
females (Table 4). For all other items, the thresholds of liability for
females were lower than the parallel thresholds for males, corre-
sponding to the higher observed symptom rates in {emales.

Genetic Factors: Additive Variance (VA).—A simpie model
consisting of only VA and ES was an adequate fit for 12 and the best
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fit for seven of the 13 items. This simplest of ail genetic models
suggests that the liability to symptoms resuits from only additive
genetic effects and random environmental variables. In the seven
symptoms for which the VA, ES model was the best fit, the
proportion of variance in the liability due to the additive genetic
effects (ie, narrow heritability) varied from 0.34 to 0.46.

Of the remaining six items, a VA, ES model was rejected against
the fuil model in only one (Anx4). In one of the items (Anx2), the fit
was significantly improved by adding VD to the model. In three
others, it was not possible to choose definitively between the VA,
ES model and an ECy, ECy, ECy, ESy, ESy model. In one item
(Depl), one of the best-fit solutions required that the magnitude of
the additive genetic variance differ across sexes. In one further
item (Anx4), a best-fit solution required that the correlation
between the additive genetic effects in males and females differ
significantly from unity. For at least 12 of the items, if genes were
contributing to the liability to develop symptoms, then the same
genes were contributing in males and females. Furthermore, with
the exception of two items, if these genes were contributing to
liability, they were contributing the same proportion of total
variance in males and females. For most items, the same genes
contributed to the underlying liability in both sexes.

Dominance Variance (VD).—This was present in the single
best-fit model for one item, Anx2 (“breathiess or heart pounding”)
and in one of the two best-fit models for another item, Anx4
(“feeling of panic”). Because of the large negative correlation
between estimates of VD and VA in the classic twin design,® it is
difficult to determine precise values for VD for these two items.
For both items, inclusion of VD resulted in estimates of broad
heritability in the range of .35 to .45. The two items in which
evidence was found for VD were those most prominently reflecting
paniclike aspects of anxiety. If confirmed, these results suggest
that the genetic basis of paniclike anxiety, as experienced in a
general population, may differ from that of “cognitive” or “phys-
ical-tension~like” anxiety (as typified by items Anxl and Anx7, and
Anx3 and Anx5, respectively).

EC.—Contrary to the predictions of several workers,** an
etiologic role for common environmental factors in symptoms of
anxiety and depression couid not be unequivocally demonstrated.
All models that assumed that the similarity of the symptom scores
of twins results from familial environmental factors that affected
both males and females were clearly rejected for all symptoms.
This was true regardless of whether the common environment
accounted for the same or differing proportions of variance in
liability in the two sexes. Only the most compiex modei incorporat-
ing common environmental effects was not uniformiy rejected.
This model, which permitted the common environmental events
affecting liability in males and females to differ, was not rejected in
four symptoms. However, in each of these symptoms, on the basis
of both differences in goodness of fit and the principle of parsimony,
models that assumed that additive genetic factors were solely
responsible for the similarity between twins were preferred. Of
these four symptoms, one was from the original anxiety scale of the
DSSI (Anx6) and three were from the depression scale (Depl,
Dep2, and Dep6). Though the results of this study regarding the
importance of common environment in the etiology of symptoms of
anxiety and depression are not conclusive, they suggest that if
common environment influences any of these traits, (1) it is more
important for depressive than for anxiety symptoms and (2) the
factors in the shared family environment that predispose to the
development of these symptoms in males and females are only
modestly correlated.

ES.—For all items, the greater part of the variance in underly-
ing Hability resulted from ES. Environmental events specific to the
individual appear to play the major role in the etiology of symp-
toms of anxiety and depression in the general population. This
finding is consistent with previous resuits that suggest that life
events influence the onset of states of depression and anxiety.”® No
measures of environmental variables were included in the ques-
tionnaire sent to the NHMRC Twin Register. Although it is
therefore impossible to delineate further what particular environ-
mental variables are important, it is possible to indicate roughly
the time course over which these specific environmental events
influence symptoms of anxiety and depression. This can be done by
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comparing the correlation in liability of MZ twins with that of the
same individual measured twice over a given time span. Mono-
zygotic twins share all of their genetic variance and all of their
common environmental variance. An individual tested twice over
rime shares with himself all the genetic and common environmen-
tal variance and the specific environmental variance due to events
that occurred prior to the first testing.

Although the sample size of individuals measured twice was
small, the correlation of a twin with himself over time for all the
items tested was higher, often substantially so, than that found
between MZ twins. Because the mean interval between testing was
three months, these results suggest that specific environmental
events oceurring at least three months prior to the time of testing
substantially affect symptoms of anxiety and depression. The
specific environmental events that affect these symptoms are not
entirely the result of either environmental events that occurred in
the days or weeks immediately preceding testing or random
aspects of the twing' questionnaire responses.

The Power of the Twin Study

The results of this study should be interpreted in the context of
knowledge about the power of the twin design. Though the precise
sower of the methods of analysis used herein (ie, multipie-thresh-
old analysis with VA and EC permitted to vary across sexes) has
not been fully examined, a detailed examination of the power of the
twin study using more conventional methods of analysis has been
carried out.® Three conclusions of this previous study are relevant
to our results. First, contrary to expectation, the twin design is
more powerful in detecting common environmental than additive
genetic effects. The inability of the current study to detect clearly
the common environmental factors for symptoms of anxiety and
depression cannot be aseribed to inherent limitations of the twin
method.

Second, the twin design is relatively weak for the detection of
VD. Only with the sample sizes in the range of those used in this
report is the method likely to detect even large amounts of VD.
Even these results are criticaily dependent on assumptions about
gene frequencies and an absence of common environmental effects.

Third, when the role of specific environment is as large as found
for the items in this study (ie, at least .50), the twin method has low
power for resolving the effect of VA and EC when one of them
accounts for most of the remaining variance in Hability. For
example, when analyzing normally distributed quantitative data
by the method of variance components®® in a population of half MZ
and half DZ twins where ES equals .5, VA equals .4, and EC equals
.1, an EC, ES model could be rejected at the .05 level in 95% of cases
with a total of only 940 twin pairs. However, to reject a VA, ES
model at the same level would require 11,458 twin pairs. These
results suggest that even in those items in which a VA, ES model
was the unambiguous best fit, common environmental factors
could be contributing 10% of the variance in liability and remain
undetected.

The Validity of the Twin Method

An assumption of the twin method that is often criticized is that
the contribution of common environment to the similarity of MZ
and DZ twins is the same. Evidence does support the view that the
social environment of MZ twins is more similar than that of DZ
twins.” Crities of the twin method assume that such evidence
demonstrates that environmental factors are responsible for the
greater similarity of MZ twins and hence is proof that the twin
method is biased. However, another interpretation of these find-
ings is possible: MZ twins behave more similarly than DZ twins,
thereby creating for themselves a more similar social environment.
A recent review found nine studies that examined the validity of
these two hypotheses.™ Using different twin populations and
several different experimental paradigms, all nine studies coin-
cided in supporting the second hypothesis; the similarity in social
environment of MZ twins is the result and not the cause of their
behavioral similarity.

In the aduit twins from the NHMRC Twin Register, MZ twins on
average had more frequent personal contact than did DZ twins.
This closer degree of personal contact could cause their greater
similarity in symptoms of anxiety and depression. This hypothesis

220 Arch Gen Psychiatry—Vol 43, March 1986

predicts that twins with more frequent contact should have more
similar symptom scores than twins with less frequent contact.
However, no overall relationship between similarity of contact and
similarity in symptom scores was found. A review of the relevant
literature and results from the NHMRC Twin Register both
support the validity of the assumptions of the twin method.

Comparison With Studles of Personality Traits

It is worthwhile to compare the results of this study on psychi-
atric symptoms with previous twin studies on normal personality
traits. Many studies, using a variety of psychometric scales, have
found evidence for genetic control of a trait variously called
neuroticism, stress reaction, or anxiety."®®3#% When genetic
models such as those used in this report have been applied to this
personality dimension, resuits have consistently suggested that
only VA and ES are needed to explain the observed variation. "%
Heritability estimates for this trait are only slightly higher than
those reported for the individual symptoms in this report. Given
these resuits, it is particularly interesting that Jardine et al'’ found
a high genetic correlation between neuroticism scores and total
scale scores for anxiety and depression in the same twins analyzed
in this report. These findings suggest that the “dichotomy” be-
tween psychiatric symptoms and personality traits may be neither
as clear-cut nor as useful as is commonly thought.

Limitations of the Current Analysis

Our study has at least three potentially important limitations.
First, it is uncertain whether the etiologic factors underlying the
commonly experienced symptoms of anxiety and depression are
similar to those involved in the fully syndromal states of anxiety
and depression. * We emphasize again that the resuits of this report
apply only to symptoms of anxiety and depression as reported in
the general population. Only further research will clarify which, if
any, of the conclusions of this report are applicable to the fully
syndromal states of panic disorder, anxiety disorder, and/or major
depression.

Second, the symptoms analyzed in this study were obtained by a
self-report questionnaire rather than by personal interview. Bed-
ford et al” found substantial correlations between clinician-rated
anxjety and depression and scores on the respective subscales of
the DSSI. Nonetheless, the results of this study might have
differed had the symptoms been assessed by clinical interview
rather than by self-report.

A third potential limitation is that this report contains only
univariate analyses. Scores on many of the specific items were
significantly correlated. It would be of interest to examine the
pattern of these correlations and to determine the degree to which
they were due to correlated genetic and/or environmental factors.
However, the large numbers of symptoms and the required analy-
sis of cross-polychoric correlations rather than the more conven-
tional covariances make this analysis technicaily difficult. We hope
the resuits of a mulitivariate analysis will be the subject of a further
report.

CONCLUSIONS

A viewpoint implicit in much of contemporary psychiatry
is that genetic and biologic factors play a major etiologic
role in the severe psychiatric disorders, such as schizophre-
nia and the affective disorders; however, in minor psychi-
atric disturbances, such as symptoms of anxiety and de-
pression, psychological and social factors are considered to
be of overriding etiologic importance. The results of this
study are not consistent with this viewpoint. Though this
study demonstrated that specific environmental events not
shared by members of a twin pair play a major role in the
etiology of symptoms of anxiety and depression as experi-
enced in the general population, an etiologic role for familial
factors could not be unambiguously demonstrated for any of
the items studied. In fact, familial factors equally influenc-
ing Hability in males and females could be ruled out for all
symptoms. Though these results do not eliminate a possibie
role for common environmental variables, they do suggest
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that factors such as rearing environment and culture play a
smaller role than has previously been thought in the eti-
ology of common symptoms of anxiety and depression.** By
contrast, for a majority of the symptom items studied
herein, genetic factors couid be unambiguously shown to
contribute substantially to liability.

Specifically, for nine of the items, the best-fit model
predicted a broad heritability of between .33 and .46.
Though these figures are substantiaily lower than the
reported heritability of liability for schizophrenia,®* they
are not much smaller than that often found for human
personality variables.®®® Furthermore, they are similar to
the heritability found in this sample for the entire anxiety
and depression scales by Jardine et al.” Qur demonstration

of a major role for genetic factors in the etiology of symp-
toms of anxiety and depression indicates that genetically
mediated biologic processes play an important role in
determining liability to symptoms of anxiety and depres-
sion as experienced in the general population.

This study was supported in part by the Department of Mental Heaith and
Mental Retardation, Commonwealth of Virginia, and National Institutes of
Health grants GM30250 and HL28922. The data on which this report is
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Twin Register.
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