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• While traditional multivariate statistical methods can de

scribe patterns of psychiatric symptoms, they cannot provide 

Insight Into why certain symptoms tend to co-occur In a 

population. However, thIs can be achieved using recently 

developed methods of multivarIate genetic analysis. examin

Ing self-report symptoms In a Clinically unselected twin sam

ple (3798 pairs), traditional factor analysis Indicates that 

symptoms of depression and anxiety tend to form separate 

symptom clusters. Multivariate genetic analysis shows that 

genes act largely In a nonspecific way to Influence the overall 

level of psychiatric symptoms. No evidence could be found for 

genes that specifically affect symptoms of depression without 
also strongly Influencing symptoms of anxiety. By contrast, 

the environment seems to have specific effects, Ie, certain 

features of the environment strongly Influence symptoms of 

anxiety while having little Impact on symptoms of depression. 
These results, whIch are replicated across sexes, suggest that 

the separable anxiety and depression symptom clusters In the 

general population are largely the result of environmental 
factors. 

(Arch Gen Psychiatry 1987;44:451-457) 

I ndividual psychiatric symptoms are not independently 
distributed in the population. Rather, symptoms tend to 

cluster to fonn recognizable psychiatric syndromes. Al
though initially the province of the diagnostician, the task of 
recognizing and describing clinical syndromes has been 
supplemented, for several decades, by multivariate statis
tical methods.u These methods can identify syndromes by 
showing that certain sYmptoms often occur together in 
individuals in a population; however, they provide no insight 
into why these symptoms tend to covary. 

In this article, we apply newly developed methods of 
multivariate genetic analysis' that can move beyond tradi
tional factor analysis to clarify why certain symptoms tend 
to cluster. We apply these methods to self-report symptoms 
of anxiety and depression from a large clinically unselected 
twin ~ple.« Our goal is to unders4md why certain individ
uals display depressive symptoms, while for others the 
symptoms of anxiety are more pronounced. ~ 

We wish to test two major hypotheses. The first is that 
certain genes specifically influence the liability to depres
sive symptoms and other genes specifically influence the 
liability to symptoms of anxiety. The second hypothesis is 
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that certain environmental factors are specifically depres
sogenic and others are specifically anxiogenic. 

METHODS 

Sample 

This study is based on completed postal questionnaires, mailed 
during the period from 1980 to 1982, received from 1978 same-sex 
female, and 91.8 same-sex male, and 902 opposite-sex volunteer 
twin pairs older than the age of 1.8 years from the Australian 
National Health and Medical Research Council (NHMRC) Twin 
Register, Canberra. As described elsewhere,« zygosity was deter
mined by questionnaire items shown to be at least 95% aecura.te. 
The questionnaire contained a seven-item anxiety and a seven-item 
depression subscale from the Delusions-Symptoms-States Inven
tory (DSSI), developed and validated by Bedford et at 14 Respon
dents were asked to indicate whether they had experieneed 
symptoms "recenUy": 1. not at a\l; 2, a litUe; 3, a lot; and 4, 
unbearably. The prevalence of symptoms of anxiety and depression 
as assessed by this scale was similar in the twin sample and in 
general population samples from Australia. « Frequency of contact 
among members of a twin pair was shown to be unrelated to 
concordance for symptoms. 'lb simplify the analyses, the 902 
opposite-sex twin pairs were excluded from the multivariate 
genetic analyses. 

Because few individuals checked the most extreme response 
(unbearably), response categories 3 and 4 were collapsed into a 
single category for the purposes of these analyses. Furthermore, 
because of the low response rate, the last item of the depression 
scale (depressed, thoughts of suicide) was eliminated from the 
multivariate analysis. Since the full text of these items has been 
presented previously,' in this report, we will use the abbreviated 
item versions. 

Data Analysis: An Overview 

Because of the statistical complexity of some of the material in 
this article, in this section, a relatively nontechnical overview of 
the methods of data analysis is presented. More technical aspects 
are ouUined in the "Data Analysis: Methods" section. Fina1ly, the 
first paragraph of the "Comment" section contains a nontechnical 
summary of the important results. 

There are three major steps to the data analysis presented in this 
article. First, a traditional factor analysis of the twin responses to 
the DSSI items is presented. Second, the fit of various models to 
these responses is examined using multivariate genetic analysis. 
Third, after the determination of the most appropriate multivari
ate genetic model, the results of that model are presented in detail. 

Factor analysis attempts to account for the observed correla
tions between a relatively large number of symptoms in tenns of 
the effects of a small number of1atent dimensions or factors. Factor 
analysis utilizes as "raw" data only the cross-eorrelations of 
symptoms within individuals. Thus, factor analysis is purely a 
descriptive technique that can succincUy summarize patterns of 
symptom covariation. For example, if the DSSI items are providing 
only a gross measure of overall "psychiatric distress," we would 
expect a single-factor solution. If the items are able to discriminate 
between two dimensions of symptomatology (eg, symptoms of 
anxiety vs depression), at least two factors would be needed to 
explain the observed pattern of symptoms correlations. 

The next step in the data analysis is multivariate genetic 
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Relationship. as depicted by schematic path diagrams. among 
hypothesized genetic factors (G, and G.). hypothesized environ
mental factors (E, or E, and E.). two hypothesized symptoms of 
anxiety (Anx 1 and Anx 2). and two hypothesized symptoms of 
depression (Dep 1 and Dep 2). Strong relationships among varia
bles are represented by black arrows and weak relationships by 
gray arrows. In common-pathway model, genetic and environmen
tal factors affect symptoms by both acting on same latent variable. 
That is. one genetic (G,) and one environmental (E.) factor specifi
cally influence latent variable anxiety (Anx). while second genetic 
(Gz) and second environmental (EJ factor specifically inRuence 
latent variable depression (Dep). Individual symptoms are In tum 
influenced by latent variables. In this model, genes and environ
ment, by their influence on latent variables, are equally specific (or 
nonspecifIC) in their influence on symptoms of anxiety and d4pres
sion. In independent-pathway model, genes and environment di
rectly and separately inRuence Individual symptoms. One of many 
possible configurations is depicted here with this model In which 
two genetic factors (<2. and GJ and one environmental factor <Et) 
directly Influence the four symptoms. <2. is relatively specific for 
symptoms of anxiety and ~ for symptoms of depression. but e. Is 
nonspecifiC and influences approximately equally symptoms of 
both anxiety and depression. Thus, in this SpecifIC configuration, 
genes and not environment are responsible for tendency of symp
toms of anxiety to correlate more highly with other symptoms of 
anxiety than with symptoms of depression, and vice versa. In 
another possible configuration of Independent-pathway model, and 
one more consistent with results of this artiCle, environmental 
factors would be relatively specific in their Impact on symptoms of 
anxiety and symptoms of depression while a genetic factor would 
nonspecifically influence both sets of symptoms. 

analysis. This technique can be understood as a generalization of 
factor analysis that permits the estimation of separate genetic and 
environmental factors. By using information from the correlations 
between monozygotic (MZ) and dizygotic (DZ) twin pairs for the 
same symptom and cross-correlations between and within twins 
for different symptoms, multivariate genetic analysis permits the 
separation of the genetic from the environmental impact on 
symptom covariation. . 

We wish to test two models in our multivariate gen~tic anal.ysis 
that represent different ~ in which genes and environment 
might affect multiple symptoms (Figure). The first, or "common
pathway, It model assumes that genes and environment botli con
tribute to one or more intermediate latent variables (eg, liability to 
"anxiety" and liability to "depression," denoted as .. ADX' and 
"Dep" in the upper section of the Figure), which are in turn 
responsible for the observed pattern of symptom covariation. In 
other words, this model assumes that genes and environment act 
on symptom covariation by a final common pathway. 

Under the second, or "independent-pathway," model, genes and 
environment may have different effects on the pattern of symptom 
coval'iation. For example (as pictured in the bottom section of the 
Figure), there could be two sets of gen~ne of whiehwas 
relatively selective for symptoms of anxiety and. the other for 
symptoms of depression-but eilvironmental influences that pre
dispoSe equally to both sets of symptoms. It can be shown 
algebraically that the common-pathway model can be subsumed as 
a submodel of the independent-pathway model, so that the fitofthe 
two models can be tested statistically (by means· of a likelihood 
ratio 'It test). IS . 

The final step in the "Results" section is to present in detail the 
findings of the most appropriate multivariate genetic model This 
presentation permits a detailed comparison of results between the 
conventional and multivariate genetic factor analyses and an 
examination of the consistency of the findings across sexes. 

Data Analysis: Methods 

Methods of data summary and analysis designed for continuous 
variables are inappropriate for discontinuous variables, BUchu our 
item scores, which have only three-point scales. The approach that 
we have used assumes the existence, for each item, of a no~y 
distributed liability that detennines the probability of response to 
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Common-Pathway Model 

G, E. G. Eo 

\ I \ I 
~ Dep 

~ 
Anx1 Anx2 Dep1 Dep2 

Independent-Pathway Model 

Anx1 Anx2 Dep1 Dep2 

that item. The observed distribution is related to the latent 
distribution by abrupt "'thresholds" superimposed on the latent 
distribution. With multicategory data a.s those used in this article, 
it is possible to test statistically the validity of these assumptions. 
AE. described previously, C the fit of this "'threshold" model to the 
observed data was good. 

The first step in our data aDalysis was a traditional factor 
analysis of the twin responses. The sample was subdivided by sex 
and then into first and second members from each twin pair. A 
factor anal.ysis was performed separately for each of thefoar 
resulting subsamples. Factor loadings were estimated by the 
unweighted least-squares method. W In each analysis, the number 
of factors extracted was determined by the number of eigenvalues 
greater than unity. We estimated uncorrelated ("orthogonal") 
factors for comparability with the multivariate genetic analysis. 'lb 
select for study one of the infinite number of statistically equiva
lent solutions ("factor rotations"), we used the simplest technique 
of fixing to 0 the loadings of one depression item ("lost interest in 
eWrythlng") on the second and third factors, and of an anxiety item 
("pain or tension in head") on the third factor.- This method of 
rotation ensured comparability of factor rotations between sexes, 
between first and second twins, and between the traditional and 
multivariate genetic factor analyses. These items were chosen by 
performing varimax rotations- on the results from the four sub
samples and then selecting the items for which the mean-squ.ared 
factor loadings were highest on the observed depression and 
anxiety factors. In fitting three factors, this traditional factor 
analysis required the estimation of 36 common factor loadings for 
13 items on the first latent factor, 12 on the second, and 11 on the 
third. ltem-specific factor loadings, which explain the variance not 
accounted for by the common factors loadings, were obtained by 
subtracting from unity the variance accounted for by the common 
factor loadings. By convention, these item-specific loadings are not 
tabulated. 

Although solutions that permit correlated ("oblique") factors are 
sometimes preferred for descriptive purposes, our chief interest 
was in causal analysis for which uncorre1ated factors are much 
simpler to interpret. This is particularly true with respect to the 
action of different genes that, in the absence of gametic-phase 
disequilibrium, should be uncorrelated in the population. 

Theoretically, the best data summaries for multivariate analysis 
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..------.--------~---------------------- ---- ------------_._---- -,,~., ~.,.~~~,-~~ .-
Table 1.-Factor Loadings (x 100) of Symptoms of Anxiety and Depression 

on Phenotypic Factors in Females and Males· 

Item 

Anxiety subscale 
1. Wonied about everything 

2. Breathless Of' heatt pounding 

3. WOIlced up, can .. sit stiU 

4. Feelings of panic 

5. Pain Of' tension In head 

6. Worrying kept me awake 

7. Anxious, can .. make up my mind 

0epIessi0n subscaIe 
1. MisefabIe diffICUlty with sleep 

2. 0epI8SSed without knowing why 

3. Gone to bed not caring 

4. low in spirits, Just sat 

5. Futu!e ~ hopeless 

6. lost interest in everyIhing 

~rthogonal factors. 
tParameter fIXed to O. 

I 

62 

37 

57 

66 

41 

58 

78 

68 

70 

84 

80 

83 

89 

Females 

Twin 1 

II III I 

37 16 63 

34 0 42 

44 3 61 

40 -8 72 

44 Of 41 

31 39 60 

32 -7 79 

31 74 72 

23 3 71 

1 7 85 

6 1 80 

-3 8 85 

Of Of 92 

of our discontinuous data would be l3-way contingency tables, 
cross-c1assifying the scores of individuals on each of the 13 items, 
for factor analysis, or 26-waytables, eross-cl.assifying responses of 
first and second twins on each of the 13 items, for multivariate 
genetic analysis. In practice, fitting models to such contingency 
tables, which would require the repeated numerical integration of 
the multivariate nonna! distribution, would be infeas:ible with 

- current computer ~urces. Instead, we have obtained maximum 
likelihood estimates of the "polychoric correlationtt17 between 
every pair of variables, separately for each twin group (male and 
female first and second twins for factor analysis; male and female 
MZ and DZ pairs for the multivariate genetic analysis). We then 
fitted models to 13 x 13 or 26 x 26 matrices of polychoric correla
tions. The factor analyses were performed separately on each 
13 x 13 matrix, but the multivariate genetic analysis involved 
simultaneous analysis of two matrices, one for MZ pairs and the 
other for DZ pairs of a given sex. Models were fitted byunweighted 
least squares, in the case of the factor analysis, but by weighted 
least squares, using estimates of the reciprocal of the sampling 
variance of each polychoric correlation as noniterative weights,-

- for the multivariate genetic analysis. The latter approach gives 
us an approximate 'It goodness-of-fit test of the absolute fit 
of the model with the number of degrees of freedom equal to the 
number of unique correlations (650 if we are analyzing two 26 x 26 
correlation matrices) minus the number of estiniated parameters. 
We can also compute an approximate likelihood ratio 'It (or -r' 
difference") test of the relative fit of each model compared with 
more complete models. For the full model, only a goodness-of-fit 
test is available. For subsidiary models, the likelihood ratio 'It 
provides a more powerful test. Thus, it is possible that by a 
goodness-of-fit test a model may provide an acceptable fit to the 
data, yet be rejected in favor of a different model by a likelihood 
ratio test. 

In our multivariate genetic analysis using the independent
pathway model, we estimated simultaneously item loadings on the 
common genetic factors, the common (nonfamilial) environmental 
factors, and item-specitic genetic factors. Loadings on the common 
genetic factors contribu,te both to the within~individual and to the 
between-twin ~rrelations between items. Loadings on the 
common (nonfamilial) environmental factors contribute to the 
within-individual but not to the between-twin item cross--correla
tions. Loadings of the item-specific genetic factors contribute to 
the correlation between twins for a specific item, but not the eross
correlations between items. Finally, item-sPecific environmental 
factors, which explain the residual variance, are obtained by 
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Males . 
Twin 2 Twin 1 Twin 2 . 
" III I II III I II I" 

28 22 55 37 20 55 33 29 

42 -8 43 44 1 35 55 0 

34 11 50 50 23 57 37 19 

27 0 71 29 1 63. 42 7 

44 Of 49 45 Of 38 59 Of 
25 51 54 25 58 55 27 56 

21 -2 73 16 14 74 34 6 

24 63 68 27 52 68 29 57 

18 -2 72 19 -2 72 22 1 

7 2 83 -3 -4 83 11 4 

10 2 76 5 -5 78 7 2 

-6 9 83 -18 7 84 10 4 

Of Of 86 Of Of 91 Of Of 

subtraction. Both common and item-specific loadings are expected 
to be the same for both members of a twin pair. An independent
pathway model that allows for three common genetic, three 
common environmental, and item-specific genetic factors requires 
the estimation of 85 parameters: 36 (13 + 12 + U) common genetic 
factor item loadings, 36 common environmental factor loadings, 
and 13 item-specific genetic factor loadings. 

Using the commo~-pathway model, we estimated as before 
-common genetic, item-specific genetic, and item-specific environ
mental loadings. However, under this model, the item loadings of 
each common environmental factor are expected to be a constant 
multiple of the loadings on the corresponding common genetic 
facto~ Therefore, it was necessary to estimate only a siDgle sealar 
multiplier ·for each common genetic factor from which loadings on 
the corresponding common environmental factor could be derived. 
In the three-factor common-pathway model, it was therefore 
necessary to estimate only 52 parameters: 36 ~mmon genetic 
loadings, three scalar multipliers, and 13 item-specific genetic 
loadings. 

The previous univariate analysis' indicated that the overall effect 
of common environmental or genetic dominance on symptoms of 
anxiety and depression in this sample was small or undetectable. If 
a variable accounts for a small proportion of variance in an item, 
statistical principles dictate that it cannot make a major contnDu
tion to the covariation of that item with other items. Therefore, our 
multivariate analyses considered only additive genetic and non
familial (or random) environmental effects, both of which were 
shown, in our univariate analysis, to have a large impact on 
symptoms of anxiety and depression. 4 

For an estimate of the similarity of factor loadings obtained on 
different samples (eg, twin 1 vs twin 2 or males vs females), the 
congruency coefficient (T.) was used.1I 

RESULTS 

Factor AnalysiS 

Using the eigenvalue criterion, three orthogonal factors were 
extracted in each case for the first and second members of the male 
and female twin pairs. The results of this traditional, or phe
notypic, factor analysis are seen in Table L Factor loadings (which, 
in an orthogonal solution, are equivalent to the correlation of an 
item with the underlying latent factor) are given for the rotated 
solution. 

The first phenotypic factor, which accounted for between 45.8% 
and 50.5% of the total variation, was similar across groups. The 
congruency coefficients were above.99 for all six possible compari-
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Table 2.-Factor Loadings ( x 100) of Symptoms of Anxiety and Depression 

on Genetic and Environmental Factors in Female and Male Twins· 

Genetic Factocs EnvIronmental Factors . 
Item I tI ttl SpecIfic I \I III Specific 

Females 
Anxiety subscale 

1. Worried about ewrything 51 2 10 

2. Breathless or heart pounding 31 39 -9 

3. Worked up, can't sit stiR 50 11 2 

4. Feelings of panic 59 14 1 

5. Pain or tension in head 33 34 Ot 
6. Worrying kept me awake 40 13 29 

7. Arucious, can't make up my mind 68 -2 -10 

DepresSion subscaIe 
1. Miserable, difficutty wiU\ steep 46 10 45 

2. Depressed without knowing why 53 2 13 

3. Gone to bed not caring 51 18 13 

4. lDw in spirits. just sat 60 1 17 

5. Future seems hopeless 53 2 1 

6. lost interest in ewrything 63 Of Of 

Males 
Anxiety subscale 

1. Worried about ewrything 33 8 46 

2. Breathless or heart pounding 42 44 7 

3. Woct<ed up, can't sit still 38 22 19 

4. Feelings of panic 74 1 15 

5. Pain or tension in head 32 34 ot 

6. Worrying kept me awake 44 6 23 

7. Anxious, can't make up my mind 60 13 18 

Depression subscale 
1. Miserable, adticufty wiU\ sleep 44 4 29 

2. Depressed without knowing why 51 -7 5 

3. Gone to bed not caring 51 -4 12 

4. lDw in spirits, lust sat 65 1 -16 

5. Future seems hopeless 51 

6. lost interest in 4IY8I}UlIng 62 

·Orthogonal factors, weighted Ieast-square solution. 
tParameter fIXed to o. 
tParameter value constrained to be positiw. 

-1 

Of 

sons across the four groups. The highest factor loadings in all 
groups were found on four core depression items: "gone to bed not 
caring, If "low in spirits, just sat,. "future seems hopeless," and 
"lost interest in everything," However, the factor was not highly 
specific for depression as all items loaded positively (ie, > + 0.30) 
on this factol:. This factor was termed "depression~tress" to 
signify that depression items consistently loaded highest on this 
factor, but it was also, in part, a general psychiatric distress factol:. 

The second phenotypic factor, which accounted for between 6.5% 
and 10.9% of the total variation, was also quite similar in the four 
groups. Five of the six possible congruency coefficients were above 
.96 and the sixth (between male twin 1 and male twin 2) was .93. 
The four highest loadings in all groups were from among five 
anxiety items: "worried about everything," "breathless or heart 
pounding," "worked up, can't sit still," "feelings of panic," and 
-pain or tension in head." Uulike the first factor, the second factor 
was relatively specific. The loadings of all anxiety items except 
"anxious, can't make up my mind- were in excess of .25, while the 
loadings for the four core depression items neverexeeeded.11. This 
factot was termed "general anxiety'-

A third factor, which aCcounted for between 5.6% and 5.9% of the 
total wriation, had in all four groups by far the highest loading on 
the two insomnia items: "worrying kept me awake" and "'miserable, 
difficulty with sleep." Five of the six possl'ble congruency coeffi
cients were above .90 and the 8ixth (between female twin 1 and 
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7 

Of 

33 40 32 21 56 

25 29 25 -1 73 

35 36 37 8 59 

20 41 26 -3 60 

34 28 34 Of 68 

29 43 25 39 50 

0 45 25 6 51 

0 51 28 50 at 
21 47 21 -16 61 

43 71 -2 1 17 

32 53 9 -11 46 

34 69 -11 14 32 

17 66 Of Of 37 

0 40 35 3 63 

0 14 28 -2 73 

36 31 45 13 58 

0 17 31 -5 55 

37 24 44 Of 63 

29 29 25 72 at 
6 45 25 1 51 

9 48 32 37 50 

23 39 35 -8 58 

5 56 -3 4 59 

0 48 10 4 55 

32 68 -2 2 41 

0 64 Of Of 45 

male twin 1) was .87. This factor was termed -msomnia." 
A useful way to quantify the contn'bution of the first two 

phenotypic factors to the original anxiety and dep~on8ubseales 
is to compare the proportion of total variance accounted for in the 
two 8ubseales by the first two factors. Aerosa all four groups, the 
mean (± SD) proportion of variance in the anxiety and depression 
s1,lbseales accounted for by the "'depression-distress" factor was, 
respectively, 33.8%±2.8% and 63.4%±LK. In other words, the 
"depression-distress" factor aeeouilted for one third of the total 
variance of the anxiety subscale, but for nearly two thirds of the 
total variance for the depression 8ubscale. The mean proportion of 
variance in the anxiety and depression subseales accotllJted for by 
the "general anxiety" factor was, respectively, 14.1%±3.0% and 
2.4% ± 0.4%. The "'general anxiety" factor accounted for over five 
times as much variance in the anxiety as in the depression 
subscale. 

Multivariate Genetic Analysts: Model RttIng 

We considered two ~or multivariate models: the common
pathway and independent-pathway models (Figure). By a 'It good
ness-of-fit test, the fit of a "full" independent-pathway model with 
three genetic and three environmental factors was exceUent for 
both females (t-=470.8; df-565; P-.98) and males (t=556.8; 
df ... 565; p ... • 59). For females, all subsidiary models with fewer 
than three genetic and three environmental factors could be 
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rejc,cted by lik(!lihood ratio l tests. For males, all subsidiary 
models could also be rejected except that which contained ;111 three 
environmental factors and only the first two genetic factors 
(Xz =16.:I; df=ll; 1'=.13). 

The two· and one·factor common·pathway models could be 
rejected at high levels of statistical significance (I'<.OOOOU for 
both males and femalcs. However, the three· factor common-path
way model produced a reasonable fit in both females (X'=550.0; 
df=598; P=.92) and males ()('=638.4; df=598; P=.12). However, 
compared with the full independent-pathway model, the three
factor common-pathway model could be rejected by likelihood ratio 
tests at high levels of significance for both females <x' = 79.3; 
df=33;P<.OOOl) and males <x'=8L6; df=33; P<.OOOl). 

Finally, we fitted the full independent-pathway model to both 
sexes simultaneously. The likelihood ratio test of heterogeneity 
was very highly significant <x' = 222.9; df = 85; P<.OOOl), indicating 
that although this model was appropriate for each sex, the fac:tor 
loadings differed significantly between females and males. 

Results of Best-Fitting Model 

Genetic and environmental factor loadings are given under the 
full independent-pathway model separately for females and for 
males (Table 2). Although a slightly simpler model also provided an 
adequate fit in males (ie, two genetic and three environmental 
fac:tors), the full model was somewhat superior in fit and had the 
advantage of simplifying the- comparison of the results across 
sexes. In comparing these results with the phenotypic fac:tor 
loadings shown in Table 1, it should be remembered that we are now 
fitting a total of six (three genetic and three environmental) factors 
rather than three phenotypic fac:tors, so that the individual fac:tor 
loadings will. in almost all cases, be lower in Table 2 than in Table L 
A comparison of these tables should focus on the pattern rather 
than the absolute value of the fac:tor loadings. 

The first genetic factor, which accounted for 26.7% of the total 
phenotypic variance in females and 27.3% in males, was very 
similar in both sexes (T. = .986). The four items with highest loading 
in both sexes were two anxiety items, "feelings of panic" and 
"anxious, can't make up my mind, " and two depression items, "low 
in spirits, just sat" and "lost interest in everything." Like the first 
phenotypic "depression-distress" factor, all items tended to load 
highly and positively on this fac:tor. Unlike the first phenotypic 
factor, the average loading for anxiety items was almost as high as 
that found for depression items. Because of the apparent lack of 
specificity of this factor, it was termed the "genetic distress" fac:tor. 

The second genetic factor accounted for 2.8% of the total 
variance in females and 3.0% in males and was reasonably similar 
across sexes (T. =.837). In both sexes, only two items had substan- -
tial loadings on this factor: "breathless or heart pounding" and 
"pain or tension in head." This factor differed from the second 
phenotypic "general anxiety" fac:tor in baving low loadings for 
other anxiety items, especially "worried about everything" and 
"feelings of panic." Therefore, this factor was termed the "genetic 
somatic anxiety" factor. 

The third genetic factor, which accounted for 2.9% of the total 
variation in females and 3.8% in males, was only modestly stable 
across sexes (T. = .510). In females, substantial loadings were seen 
only for the two insomnia items. In males, the highest loading was 
seen on the first anxiety item "worried about everything, .. followed 
by the two insomnia items. This factor was broadly similar to the 
third phenotypic factor and, hence, was tenned the "genetic 
insomnia" factor. The second and third genetic fac:tors, although 
statistically significant because of the large size of the sample, 
account for a small proportion of total variance in liability to 
symptoms in the twin population. The genetic specific loadings, 
which reflect the genetic influences unique to each symptom, were, 
on the average, relatively modest, accounting for only 7.8% of the 
total variation in liability to symptoms in females and 4.0% in 
males. These results suggest that the majority of genetic variance 
in these sympto~ is accounted for by the three extracted factors. 

The fu-st environmental factor, which accounted for 24.5% of the 
total phenotypic variance in females and 18.8% in males was similar 
across sexes (T.=.984). In both sexes, the four highest loadings 
were on the core depression items: "gone to bed not caring," "low in 
spirits, just sat," "future seemed hopeless," and "lost interest in 
everything." This factor was relatively similar to the first phe
notypic "depression-distress" factor, but the specificity for depres-
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sive symptoms was somewhat greater. Therefore, this factor was 
termed the "environmental depression" factor. 

The secund environmental factor, which accounted for 5.8% of 
the phenotypic vari;lIlce in females and 8.1% in males, was also very 
similar in the two sexes (r.= .986). In both sexes, the three highest 
loadings were on the core anxiety symptoms "worried about 
everything," "worked up, can't sit still," and "pain or tension in 
head." This factor was quite similar to the second phenotypic 
"general anxiety" factor in loading more equally on all the anxiety 
items and hence was termed the "environmental general anxiety" 
factor. 

The third environmental factor, which accounted for 4.0% of the 
total variance in females and 5.3% in males, was also reasonably 
similar in males and females (T. = .835). In both sexes, this factor 
had substantial loadings on only the two insomnia items. This 
factor was broadly similar to both the "insomnia" and "genetic 
insomnia" factors and was termed the "environmental insomnia" 
factor. 

For almost all the items, item-specific environmental loadings 
that represent environmental effects (mcluding measurement 
error) influencing one item but no others, accounted for a substan
tial proportion of the total variation. For all items, specific 
environmental variation accounted for 26.0% of the total phe
notypic variation in females and 30.0% in males. 

A useful way to contrast the contribution of the first genetic and 
environmental fac:tors to the anxiety and depression subscales is to 
compare the proportion of variance accounted for in these sub
scales by the two fac:tors. The "genetic-distress" factor contn"buted 
more to the total variation in the depression than to the anxiety 
subscale in both females (29.8% vs 24.1%) and males (3L8% vs 
23.3%), but the differences were quite small. This is in contrast to 
the "environmental depression" fac:tor, which contributed more 
than 2* times the total variance to the depression than to the 
anxiety subscale in females (36.3% vs 14.4%). In males, this ratio 
was over 3:1 (30.0% vs 9.3%). These results support the conclusion 
that the first genetic factor is nonspecific, while the first environ
mental factor is relatively specific for symptoms of-depression. 

COMMENT 

This article represents, to our knowledge, the first 
application of multivariate genetic methods to individual 
psychiatric symptoms. We analyzed responses of 3978 twin 
pairs to the anxiety and depression subsea1es of the DSSI. 
Our major ·goal was to clarify the role of genes vs the 
environment in the etiology of separable anxiety and de
pression symptom clusters in the general population. Three 
major results are noteworthy. First, a traditional factor 
analysis consistently identified two important factors 
termed "depression-distress" and "general anxiety." See
ond, in fitting multivariate genetic models, the common
pathway model could be clearly rejected in favor of the 
independent-pathway model. Third, fitting the full inde
pendent-pathway model produced three factors of par
ticular interest, tenned: "genetic distress, • "environmental 
depression," and "environmental anxiety." We could find 
little evidence that genes influenced specifieally either 
symptoms of depression or symptoms of anxiety. However, 
certain environments appeared to be specifically depresso
genic and others anxiogenic. 

Phenotypic Factor Analysis 

In this large volunteer twin sample, the traditional 
eigenvalue criterion readily identified three phenotypic 
factors that were stable across four groups (ie, twin 1 and 2 
in females and males). After rotation, the first of these 
phenotypic factors, tenned "depression-distress, " ac
counted for about half of the total variation. As the name 
implies, this factor loaded substantially on almost all items, 
but loadings were consistently highest on the depression 
items. The second phenotypic factor, which accounted for 
between 6% and 11% of the total variance, was tenned a 
"general anxiety" factor. Loadings for this factor were both 
relati vely specific for th,e anxiety subscale, and were similar 
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for almost all the anxiety items. The third or "insomnia" 
fadO!" had highest loadings on the two insomnia items with 
only quite modest loadings on all other items. 

Controversy ovel' the discrimination between symptoms 
of anxiety and depl'ession has a long history,··az. .. rI\vo major 
viewpoints, which have been termed the "distinct-syn, 
drome" and "unitary-syndrome" positions,' have been ar
ticulated. The distinct-syndrome position views depression 
and anxiety as qualitatively distinct, albeit with some 
overlap of symptomatology, The unitary-syndrome view
point, by contrast, argues that these two states are on a 
single continuum, and that any differences between them 
are basically quantitative and not qualitative. As recently 
reviewed,12.13 empirical studies using a variety of multivari
ate techniques have tended to support the distinct-syn
drome position, although these results are not unequivocal. 
In addition, follow-up studies have strongly supported the 
discrimination between anxiety states and depression. III,D 

Previous multivariate studies of the relationship between 
anxiety and depression have, with rare exception, at been 
perfonned on samples obtained in a treatment setting. Such 
an approach introduces an important possible bias. Individ
uals with symptoms of both disorders are more likely to 
present for treatment than those with symptoms from only 
one disorder. This bias can create a spurious covariation of 
symptoms. By contrast, no such bias can be operating in the 
general population sample studied in this article. 

The Australian NHMRC Twin Registry represents a 
large, volunteer twin population, in which reported levels of 
anxiety and depression do not differ from those observed in . 
the general Australian population.· Results from this sam
ple provide some support for the "distinct-syndrome" posi
tion in that two phenotypic factors that could be identified 
as depression and anxiety were extracted from each of the 
four subject groups. However, these symptom dimensions 
were not completely independent, as anxiety items con
sistently loaded positively on the first "depression-distress 
factor." By contrast, most depression items had very low 
loadings on the second "general anxiety" factor. 

Contrary to expectation, consistent evidence was found 
for a third "insomnia" factor. We are unaware of any similar 
results that suggest an insomnia factorean be discriminated 
from anxiety and depression in the general population. 
These insomnia items, along with other questionnaire data 
about sleep duration and quality, are the focus of another 
report in preparation. 

MUltivariate Genetic Model Fitting 

Three aspects of model fitting were examined: (1) the 
best-fitting model, (2) the required number of genetic and 
environmental factors, and (3) the consistency of results 
across sexes. We considered two different models of how 
genetic and environmental factors might influence symp
tom covariation. The first, or common-pathway model, 
assumed that both genes and environment act on symptoms 
by influencing the same latent variables. The second, or 
independent-pathway model, permitted genes and environ
ment to influence symptom covariation in different ways. 
The common-pathway model could be clearly rejected in 
favor of the independent-pathway model These findings 
indicate that in this sample genes and environment are 
influencing the pattern of covariation of individual symp
toms of anxiety and depression in qualitatively different 
ways. 

The previously reported univariate analysis of these 
symptoms included an examination of the genetic and 
environmental correlation of liability between sexes." 
These analyses required the consideration of opposite-sex 
DZ twin pairs, the inclusion of which in the present multi-
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variate analysis would ha\'e been extremely cumbersome 
In t.he mult.ivariate genetic analyses, our consideration of 
sex differences was limited to showing that, although the 
sallie model produced the best fit in both sexes, the individ
ual factol'loadings differed significantly between the sexes. 
These results required the separate analysis of results in 
females and males, which had the advantage of permitting 
an assessment of the similarity of results across sexes. 

Results of Best-Attlng Multivariate Genetic Model 

The results of the best-fitting multivariate model gave a 
striking confinnation of the previous finding that genes and 
environment were influencing symptom covariation in a 
qualitatively different fashion. Of the three genetic factors, 
the first two were relatively stable across sexes, while the 
third was only modestly so. The first "genetic-distres5' 
factor was so named because factor loadings were high on all 
items with relatively little difference found between de
pression and anxiety items. Compared with the first phe
notypic factor, the first genetic factor was substantially less 
specific for depression. This "genetic-distress" factor, 
which accounted for around 27% of the total phenotypic 
variance and over two thirds of the total genetic variance in 
both seJ!:es, indicated that genes were largely acting non
specifically to influence the predisposition to symptoms of 
psychiatric distress, 

The second and third genetic factors were quite minor, 
each accounting for less than 4% of the total phenotypic 
variance. The second, or "genetic somatic anxiety" factor, 
.loaded highly on only two anxiety items, both of which 
reflected the somatic symptoms of anxiety. This factor 
differed from the phenotypic "general anxiety" factor in the 
low loadings found for several key symptoms reflecting 
cognitive aspects.of anxiety. Although genes seem to "code" 
specifically for symptoms of anxiety to a modest degree, 
they apparently influence only the somatic symptoms of 
anxiety. 

The third, or "genetic insomnia" factor, was broadly 
similar to the third phenotypic factor in loading most 
prominently on the two insomnia items. Genetic factors that 
influence complaints of insomnia are, at least in part, 
separable from those that influence general levels of 
distress or symptoms of physical anxiety. 

Of the three environmental factors, the first two were 
stable and the third relatively stable across sexes. The first 
or "environmental depression" factor loaded consistently 
highest on four core depression items. This factor was more 
specific for depression than the first phenotypic "depres
sion-distress" factor, as reflected by the fact that ~he 
"environmental depression" factor accounted for over 2~ 
times the total vaiiance in the depression subscale than in 
the anxiety subscale. 

The second, or ~environmental general anxiety" factor, 
was quite similar to the phenotypic "general anxiety" 
factor. Loadings were consistently highest on both physical 
and cognitive symptoms of anxiety. while loadings were low 
on the core depression symptoms. The third, or "environ
mental insomnia" factor, like the two other insomnia fac
tors, had highest loadings on the two insomnia items. The 
environmental factors that .influence insomnia also appear 
to be in part separable from those that cause anxiety and 
depression. This is not surprising in that nighttime noise 
might be expected to produce precisely this effect. 

Umltatlons 

One potential limitation of this report is noteworthy. The 
symptoms studied were obtained by self-report from the 
general population. As noted above, this has distinct advan
tages for the kind of multivariate analyses performed. The 
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-use of a population-based sample avoids thc possiblc bias 
associatcd with help-sccking bchavior. Howcver, it docs 
mcan that thc results obtaincd hCI·c 011 symptoms of anxicty 
and depression cannot ncccssarily bc cxtrapolatcd to 
clinical syndromcs. For cxample, if thcrc wcrc gcnes spc
cific for panic disOI'dcr, individuals with such gcncs could bc 
rarc cnough in our samplc to prcvcnt detection of a scpara
ble "panic" genetic factor. 

Significance 

The results of this study suggest that the tendency in the 
general popUlation for symptoms of anxiety to co-occur with 
other symptoms of anxiety and symptoms of depression to 
co-occur with other symptoms of depression is largely the 
result of environmental factors. Contrary to our expecta
tion, genetic influences on these symptoms were largely 
nonspecific. That is, while genes may "set" the vulnerability 
of an individual to symptoms of psychiatric distress, they do 
not seem to code specifically for symptoms of depression or 
anxiety. These findings are consistent with a previous 
analysis of the total anxiety and depression scale scores 
performed with the Australian NHMRC Twin Registry 
data analyzed here. zs In that report, high genetic correla
tions were found between transformed total scores on the 
anxiety and depression subscales, indicating that the same 
genes were largely responsible for genetic variation in the 
two subscales. 

The one notable CJCception to the apparent nonspecificity 
of gene action on symptoms of anxiety and depression was 
the consistent emergence of a minor "genetic somatic 
anxiety" factor. These results suggest that genes may be 
responsible for the frequently observed partial indepen
dence of "somatic" from "psychic" symptoms of anxiety. Z6 

Because measures of relevant environmental variables 

were not obtaincd Oil twins fl'om thc Austl'alian NHMRC 
Twin Rcgistry, littlc fUI·thcl· infonnatioll can bc cxtractcd 
from thc I'cgistl'y I·cgardillg thc particular environmental 
variablcs that pl'cdisposc to symptoms of anxicty vs symp
toms of dcprcssion. HOWCVCI', as indicatcd by thc rcsults of 
thc univariate gcnctic analyscs of thcsc data,' thcse envi
ronmcntal variables werc not shared by membcrs of a twin 
pair. Therefore, the environmcntal effccts that spccifically 
predisposc to symptoms of anxicty vs symptoms of depres
sion could not plausibly be parcntal characteristics, to 
which both membcrs of a twin pair would be exposed. %1-2" By 
contrast, since most life events, except death or illness in 
relatives, are not shared by members of an adult twin pair, 
the results of this study are consistent with findings that 
certain classes of life events specifically precipitate either 
depression or anxiety. IC>-3Z This study demonstrates that 
genetically informative designs such as MZ and DZ twins, 
when appropriately analyzed, can not only provide insight 
into the role of genetic and environmental factors in the 
etiology of individual psychiatric symptoms, but can also 
clarify the degree to which the clustering of individual 
psychiatric symptoms into syndromes is the result of ge
netic vs environmental influences. 
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