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We performed simple segregation analyses 
of panic disorder using 126 families of 
probands with DSM-111-R panic disorder 
who were ascertained for a family study of 
anxiety disorders at an anxiety disorders re- 
search clinic. We present parameter esti- 
mates for dominant, recessive, and arbi- 
trary single major locus models without sex 
effects, as well as for a nongenetic transmis- 
sion model, and compare these models to 
each other and to models obtained by other 
investigators. We rejected the nongenetic 
transmission model when comparing it to 
the recessive model. Consistent with some 
previous reports, we find comparable sup- 
port for dominant and recessive models, and 
in both cases estimate nonzero phenocopy 
rates. The effect of restricting the analysis 
to families of probands without any lifetime 
history of comorbid major depression (MDD) 
was also examined. No notable differences 
in parameter estimates were found in that 
subsample, although the power of that 
analysis was low. Consistency between the 
findings in our sample and in another inde- 
pendently collected sample suggests the 
possibility of pooling such samples in the 
future in order to achieve the necessary 
power for more complex analyses. 
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INTRODUCTION 
Panic disorder (PD), a common psychiatric disorder 

with a lifetime prevalence estimated at 1-3.5% [Robins 
and Regier, 1991; Kessler et al., 19941, shows significant 
clustering within families [Crowe et al., 1983; Noyes 
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et  al., 1986; Weissman et al., 1993; Mendlewicz et  al., 
1993; Maier et al., 19931. Although the familial aggre- 
gation of PD and related anxiety conditions has been 
noted for over a century [Oppenheimer and Rothschild, 
1918; Wood, 1941; Cohen et  al., 1951; Beard, 1969; 
Noyes et al., 19781, the mechanism for this aggregation 
remains unclear. Estimates of relative risks of PD in 
first-degree relatives of PD probands compared to rela- 
tives of controls range from 3-21, with a median rela- 
tive risk of 9.6 for the family studies cited. Twin studies 
suggest that a component of this aggregation may be ge- 
netic [Torgersen, 1983; Kendler et al., 19931. However, 
the nature of underlying genetic factors is unknown. 

Three published genetic studies have considered the 
involvement of a major gene. Pauls e t  al. [1980], in the 
first such analysis, examined 19 families of probands 
with DSM-I11 PD. Clinical diagnoses of PD in relatives 
were made using direct interviews of all available first- 
degree relatives and family history data on second- 
degree, third-degree, and the remaining first-degree 
relatives. Pauls et al. [1980] were unable to reject a 
dominant model. Their best-fitting model yielded the 
following parameter estimates: frequency of the dis- 
ease allele = 0.014; penetrance for gene carriers = 0.75; 
and penetrance for noncarriers (phenocopy rate) = 0. 

Crowe et al. [1983], in an extension of the earlier 
work of Pauls et al. [1980], carried out genetic model- 
ling in a set of 41 families of probands with primary 
DSM-I11 PD that included the 19 families from the 
analysis by Pauls et al. [1980]. Only first-degree rela- 
tives were included in this study, with diagnosis by di- 
rect interview or by family history when the relatives 
were unavailable. Both single major locus (SML) and 
multifactorial polygenic models provided an acceptable 
fit to the distribution of PD in their sample. The best- 
fitting SML model included different penetrances for 
males and females and for heterozygotes and homozy- 
gotes, with a disease allele frequency of 0.05. Sex- 
averaged penetrances for individuals homozygous for 
the disease allele, heterozygous for the disease allele, 
and homozygous for the normal allele were 0.83, 0.35, 
and 0, respectively. 

Vieland et al. [1993] performed simple segregation 
analyses using 30 families of probands with DSM-I11 
PD without any lifetime major depression. Data for the 
analyses by Vieland et  al. [1993] were collected by 
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Weissman et al. [1993]. Diagnoses in probands and rel- 
atives were obtained via best-estimate procedures that 
utilized information from direct interviews, family his- 
tory data, and medical records when available. Segre- 
gation analyses were carried out with individuals with 
probable or definite DSM-I11 panic considered affected, 
and all other individuals treated as  unaffected. They 
determined parameter estimates for single major locus 
models, but because of lack of power they were unable 
to test the fit of their SML models. 

However, their results were of interest for several 
reasons. First, they reported that recessive and domi- 
nant models fit their data equally well. Second, they 
also reported nonzero phenocopy rates of 0.01 under 
both their best-fitting dominant and their best-fitting 
recessive models, in contrast to the earlier results of 
Pauls e t  al. [1980] and Crowe et  al. [19831, which had 
both estimated phenocopy rates of 0.0. Third, 49% of all 
cases under the dominant model were estimated to be 
phenocopies, as  were 26% of cases under the recessive 
model. Finally, the model obtained by Pads et al. 
[19801 could be rejected for their data. 

In this paper we present simple segregation analyses 
using a sample of families of probands with PD that is 
independent of those used in prior segregation analyses 
[Fyer et al., 19951. Our primary goals were 1) to esti- 
mate parameters of SML models in the new data set, 
and 2) to assess the comparability of these data with 
the earlier reports mentioned above. Although this 
sample is larger than any of the previous samples ana- 
lyzed, it was too small to test the fit of more complex 
models. However, if the results in this sample are com- 
parable to those obtained in the study by Vieland et al. 
[1993], then in the future we may be able to combine 
these two data sets in order to obtain more power to 
test a broader range of models. 

As is well-known, PD shows high rates of comorbid- 
ity with a number of diagnoses, including major de- 
pression [Breier et al., 1984; Stein et  al., 1990; Angst 
et al., 19901. Weissman et al. [1993] noted higher rates 
of familial aggregation of PD in families of probands 
without comorbid major depression, and suggested that 
the PD + major depression (MDD) group might be more 
heterogeneous than the families of PD probands with- 
out comorbid MDD. For this reason, Vieland et  al. 
[19931 (but not the earlier studies of Pauls et al. [19801 
and Crowe et  al. [ 19831) restricted their analyses to the 
families of probands without comorbid MDD. However, 
in a more recent analysis of the data from the family 
study by Weissman et  al. [19931, Wickramaratne et al. 
[in press] found that source of proband ascertainment 
(depression clinic vs. anxiety clinic vs. epidemiologic 
catchment area study) had significant effects on rates 
of PD in relatives of PD + MDD probands, although 
source of ascertainment did not fully explain the differ- 
ence in rates of PD between relatives of PD-only and 
PD + MDD probands. The family study data set which 
we used for these analyses [Fyer et al., 1993,19951 con- 
sisted of 126 families of probands with PD, of whom 72 
had no lifetime history of comorbid MDD (PD without 
MDD), while 54 had an episode of MDD (PD + MDD) 
[Mannuzza et al., 19951. We initially present analyses 

for the data set consisting of only the 72 families of PD 
probands without comorbid MDD. However, because all 
probands for this study were ascertained from an anxi- 
ety disorder clinic, and because there were no signifi- 
cant differences in rates of PD in relatives of PD-only 
vs. PD + MDD probands [Mannuzza et al., 19951, we 
also fit SML to the full data set of 540 adult first-degree 
relatives and spouses of all 126 probands with PD. We 
compare the models obtained from the full data set to 
those obtained using the subset of PD-only families. 

SUBJECTS AND METHODS 
Sample 

Subjects came from a family study of anxiety disor- 
ders conducted a t  the Anxiety Disorders Clinic of the 
Columbia College of Physicians and Surgeons/New 
York State Psychiatric Institute [Fyer et al., 19951. PD 
probands were recruited from the treatment and bio- 
logical research programs of the clinic. All patients en- 
tering these studies between 1983-1988 and the last 6 
months of 1989 who met DSM-111-R criteria for PD, and 
who were of European descent, English speaking, and 
had at least one living first-degree relative were asked 
to participate in the family study. Probands were re- 
cruited irrespective of lifetime history of major depres- 
sive disorder or alcohol or drug abuse, although since 
current MDD and drug and alcohol abuse were exclu- 
sion criteria in some clinic treatment studies, some po- 
tential probands with these disorders were excluded 
[Fyer et al., 19931. In no cases was there more than one 
proband per family, nor is there any reason to suspect 
nonindependence of ascertainment across families. 
Thus the data appear to conform to  single ascertain- 
ment [Morton, 19591. 

All potential probands were directly interviewed using 
the Schedule for Affective Disorders and Schizophrenia- 
Lifetime Version modified for the study of anxiety dis- 
orders (SADS-LA) [Fyer et al., 19851. Proband inter- 
views were conducted by one of three specially trained 
senior clinicians who were not blind to the proband’s 
participation in the clinic program. Clinical records 
for the 126 probands, including narrative case histories 
and interview forms, were reviewed by the principle 
investigator (A.J.F., who was also blind to diagnoses 
in relatives) in order t o  ensure conformance with 
DSM-111-R criteria. Of the probands, 91.3% were non- 
Hispanic whites and 8.7% were Hispanic. Mean age a t  
interview was 34 years (SD = 8.6 years); 69.0% were 
female, and 45.2% were college graduates, while only 
5.6% had not completed high school; 51.6% were cur- 
rently married, 31.8% were never married, and 16.6% 
were widowed, separated, or divorced. 

All available adult first-degree relatives and spouses 
were directly interviewed by interviewers blind to 
proband diagnosis using the SADS-LA. Family history 
data on all relatives were also obtained from every di- 
rectly interviewed subject, using the Family Informant 
Schedule and Criteria (FISC) [Mannuzza et al., 19851. 
In order that  interviewers remained blind to proband 
diagnostic status, family history data about probands 
were not obtained from the relatives. Direct interviews 



Segregation Analysis of PD 149 

the A allele for the three parental genotypes AA, AB, 
and BB, respectively = T ~ ,  T ~ ,  T ~ ;  the mean p and vari- 
ance u2 of the age of onset distribution; and the pene- 
trances (lifetime susceptibilities) for the three geno- 
types, separately for each sex = Y M ,  Y A A ~ ,  ymf, YABm, 

YBBf, yBBm. All analyses were carried out assuming 
Hardy-Weinberg equilibrium, thus making population 
genotype frequencies dependent on frequency of the 
disease allele. Transmission probabilities were also 
fixed a t  1.0, 0.5, and 0.0, respectively, in order to corre- 
spond to Mendelian inheritance, except when explicitly 
testing the hypothesis 7 2  = 1/2. Because we had conver- 
gence problems, even when we used the full sample of 
126 families, we were forced to further constrain the 
models by requiring identical penetrances for males 
and females for each genotype. Using these restrictions 
we were able to estimate the remaining parameters 
(9, p ,  (r2, yu ,  YAB, and YBB) in the subset of PD without 
MDD families as  well as in the full sample. We used 
several different sets of initial parameters for each 
model in order to ensure that the parameter estimates 
to which the program converged represented global and 
not local maxima. 

We used the program to specify different models, i.e., 
no genetic transmission (NGT), dominant, recessive, 
and arbitrary SML, and we calculated the correspond- 
ing maximum likelihood estimates and the natural log- 
arithm of the maximum likelihood (LnL). Nested mod- 
els were tested against one another using the -2 times 
the LnL, which is asymptotically distributed as  a chi- 
square statistic with degrees of freedom corresponding 
to the difference in the number of parameters between 
the two models. 

RESULTS 
PD Without MDD Families 

Table I presents the maximum likelihood estimates 
and corresponding values of LnL for the four SML 
models (NGT, dominant, recessive, and arbitrary SML) 
for the 72 families of probands with PD and no lifetime 
history of major depression. Because the parameters of 
the age distribution were essentially identical across 
models ( p  = [36.5-37.41, u = [103.7-108.611, we omit- 
ted their values from the table. Testing the recessive, 

2 

were done on 78% of all living or 66% of all total (living 
and dead) first-degree relatives. 

The best-estimate procedure has been described in 
detail elsewhere [Fyer e t  al., 19951 and will only be re- 
viewed here. Two senior clinicians blind to proband di- 
agnosis independently reviewed all available informa- 
tion from direct and informant assessments of each 
relative. Best-estimate lifetime DSM-111-R diagnoses 
were arrived a t  in consensus meetings following inde- 
pendent review. For the purpose of these analyses, rel- 
atives with definite or probable DSM-111-R PD were 
considered affected, irrespective of the presence of co- 
morbid DSM-111-R MDD. 

In preparation for genetic modelling we also exam- 
ined distribution of the ages of onset of the 170 subjects 
with PD. (Age of onset data could not be determined for 
2 affected relatives and were treated as missing val- 
ues.) Ages of onset appeared normally distributed, with 
a mean age of onset of 26.6 years (SD = 8.9 years) and 
a median age of onset of 24 years. As in the sample of 
Vieland et al., there was no gender difference in age of 
onset of PD, with a mean age of onset in females of 26.6 
years (SD = 9.4 years), and in males of 26.7 years (SD 
= 7.7 years). 

Genet ic  Modelling 
All calculations were performed using the REGTN 

program as implemented in the Statistical Analysis for 
Genetic Epidemiology (SAGE) computer program [SAGE, 
19921. REGTN performs segregation analysis of a dicho- 
tomous trait with a variable age of onset where the age 
of onset is assumed to be normally distributed. We used 
REGTNs model 2, where each genotype is presumed to 
influence the susceptibility to developing the trait but 
not the age of onset, since we found no relationship be- 
tween age of onset in the probands and rates of panic in 
the relatives, nor to the best of our knowledge has any 
such relationship been reported in the literature. Ascer- 
tainment was corrected for by conditioning likelihoods 
on the phenotypes of the probands [Cannings and 
Thompson, 1977; Vieland and Hodge, 19951. 

The full model specifies 15 parameters: frequency of 
disease allele A = q; population frequencies of the three 
genotypes = QAA, GAB, +BB; probabilities of transmitting 

TABLE 1. Parameter Estimates and Corresponding Log-Likelihoods for Models Obtained 
Using Families of Probands With No Lifetime History of Major Depression* 

Arbitrary SML Recessive Dominant NGT 

0.100 0.180 0.021 NA" 
YAA 1.00Ob 0.806 0.485 0.126 
YAB 0.057 [0.030] [0.4851 L0.1261 
YBB 0.002 0.030 0.052 10.1261 
L~~Likel ihood -353.17 -353.36 -354.39 -355.06 

0.38 2.44 3.88 X 
d.f. 1 1 
P NS NS NS 

:ir Numbers in brackets are either fixed in advance or determined by other parameters in the model. 
a Gene frequency is not applicable to NGT models. 

somewhat less than they would have been had this parameter not converged to the boundary. 

3 

Converged to boundary value. Note that xz tests will tend to be conservative, since the d.f. are probably 

x 2  tests compare Ln Likelihoods for each model to Ln Likelihood for the arbitrary model. 
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dominant, and random models against the arbitrary 
model, we see that there are no significant differences 
between any of the models. However, we note that the 
arbitrary SML model is most similar to the recessive 
model. We also tested the arbitrary model against a 
model in which r2 was estimated, in order to test for 
Mendelian inheritance. We were unable to reject the 
hypothesis 72 = ?4 (estimate of T~ = 0.77, x2 = 0.66). 

Table I1 compares the best-fitting SML model obtained 
with these data to the best-fitting models obtained by 
Pauls et al. [1980], Crowe et al. [1983], and Vieland et al. 
[1993]. The LnLs for the recessive and dominant mod- 
els obtained by Vieland et al. [1993] do not differ sig- 
nificantly from the LnL for the best-fitting SML model. 
However, the models of Crowe et al. [1983] and Pauls 
et al. [19801 $0 not fit this sample (x2df  = = 11.40, 
P < .05, and x d f =  = 41.08, P < .001, respectively). 

PD With or Without Comorbid MDD 
Table 111 presents the maximum likelihood parame- 

ter estimates and corresponding values of the LnL for 
the four SML models for the full sample of 126 PD fam- 
ilies. We again found minimal differ-ences between 
models in age-of-onset parameters (p = L33.8-34.41, u2 
= [102.9-106.51) and omitted them from the table. In 
this larger sample, the parameter estimates were sim- 
ilar to those obtained in the smaller samples, but we 
had more power to discriminate between models. Fur- 
thermore, when we applied the specific parameter esti- 
mates obtained from the subset of probands without 
comorbid MDD to this full sample, the LnLs were ex- 
tremely close to those of the best-fitting models, with 
differences ranging from .04 for the arbitrary model to 
.23 for the dominant model (data not shown). Thus we 
did not find evidence that  adding the additional 54 fam- 
ilies of probands with PD + MDD changed the pattern 
of transmission obtained with the original sample, al- 
though the original 72 families comprised the majority 
of families in the combined data set and must accord- 
ingly induce some similarity between the two analyses. 
We were unable to fit models in the PD + MDD sample 
alone, due to the small number of families. 

Table I11 shows that the arbitrary SML yodel is mar- 
ginally superior to the dominant model (x d f =  l = 2.88, 

P < .lo) and to the NGT model (xZdf = = 7.22, P < .lo). 
Once again, the arbitrary and recessive models were 
similar, and their LnLs were not significantly differ- 
ent. We also see that the recessive model was signifi- 
cantly better than the model of no genetic transmission 
(x2df, = 6.32, P < .05), while the dominant model was 
not (X'df, = 4.34, P = NS). As before, when we tested 
the arbitrary model against a model in which 7 2  was es- 
timated, we were unable to reject the hypothesis 72 = Y2 
a t  the 0.1 level (estimate of T2 = 1.00, x2 = 1.94). 

Table IV shows, using the full sample, the fit of the 
models obtained by other investigators. As in Table 11, 
we see that the parameter estimates of Vieland et al. fit 
our data well, with the recessive model slightly closer 
to the best-fitting model than the dominant model. The 
estimates of Crowe et al. [19831 and Pauls e t  al.Jl9801 
do not fit our data (x2df  = = 16.76, P < .01, and x df = = 
77.38, P < .001, respectively). 

We also tested the fit of "pure" Mendelian models 
with full penetrance and no phenocopies (results not 
shown). We were able to reject both the pure dominant 
(P  < .001) and the pure recessive (P  < .05) models. 
However, neither the hypothesis of full penetrance 
(with phenocopies) nor of no phenocopies (with reduced 
penetrance) could be rejected for either the dominant or 
recessive models. 

DISCUSSION 
The primary findings of this study are as follows: 

1) When we restricted our analysis to the 72 families 
of probands with PD and no lifetime history of major de- 
pression, our best-fitting model was disease allele fre- 
quency q = 0.100, and lifetime susceptibilities for the 
three genotypes of y u  = 1.000, YAR = 0.057, YBB = 0.002. 
We were able to reject the earlier models of Pauls et al. 
[1980] and Crowe et al. [1983], but were unable t o  dis- 
criminate between arbitrary SML, recessive, dominant, 
and NGT models. We found comparable support for 
dominant and recessive models, as did the earlier re- 
port of Vieland et al. [1993] and obtained parameter es- 
timates similar to theirs, including nonzero phenocopy 
rates. 

2) The parameter estimates obtained from the fami- 

TABLE 11. Log-Likelihoods for Models Obtained by Other Investigators Applied to 
Families of Probands Without Comorbid Major Depression* 

Arbitrary Vieland [19931, Vieland [19931, Crowe Pauls 
SML" recessive dominant et al. [19831 et  al. L19801 

0.100 [0.2001 [O.OlOl [0.0501 [0.0141 

Y A R  0.057 [0.0101 [0.5001 10.3511 [0.750] 
YAA 1.00Ob [0.7001 [0.5001 10.8341 ro.7501 

YRB 0.002 [0.0101 [0.0101 [0.0001 [0.0001 
Lp Likelihood -353.17 -353.55 -355.37 -358.87 -373.71 
X 0.76 4.40 11.400 41.08 
d.f. 4 4 4 4 
P NS NS < .05 <.001 

* Note that Ln likelihoods in columns 2-4 are obtained by analyzing the present data set, but fixing the 
parameters at the estimates obtained by previous investigators in independent data sets. Thus they rep- 
resent tests of the fit of previously reported models within our own data set. 
a Repeated from Table I for purposes of comparison. 

Converged to boundary value. 
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TABLE 111. Parameter Estimates and Corresponding Log-Likelihoods for Models Obtained 
Using Families of All Probands Irrespective of Historv of Maior Depression 

Arbitrary SML Recessive 

YAA 
YAB 
YBB 
Lp Likelihood 
X 
d.f. 
P 

0.099 0.231 
1.00” 0.586 
0.064 [0.013] 
0.001 0.013 

-660.82 -661.27 
0.90 
1 

NS 

Dominant 

0.020 
0.491 
0.4911 
0.032 

-662.26 
2.88 
1 

<. lo  

NGT 

NA 
0.134 

L0.1341 
L0.1341 

.664.43 
7.22 
3 

<.lo 

a Converged to boundary value. 

lies of PD-only (no MDD) probands were comparable to  
those obtained in the full sample of PD families irre- 
spective of comorbid MDD in the probands. There thus 
did not appear to be any evidence of a different pattern 
of transmission in the full sample compared to the re- 
stricted sample. However, we were unable to  fit models 
in the sample comprised of families of PD + MDD 
probands due to the small number (N = 54) of such 
families. 

3) Using the full sample, our best-fitting model was q 
= 0.099, yAA = 1.000, yAB = 0.064, YBB = 0.001. While we 
could not reject a recessive model (q = .231, yAA = 0.586, 
y a  = YBB = .013), we found marginally less support for 
the dominant (q = .020, yAA = yAB = 0.491, YBB = .032) 
and NGT = YAB = YBB = 0.134) models. The reces- 
sive model also resulted in a significant improvement 
in fit over the model of random (nongenetic) occurrence. 
We again found that the parameter estimates of 
Vielandet al. fit our data, while the estimates of Pauls 
et al. [19801 and Crowe et al. 119833 did not. Although 
our best-fitting recessive and dominant models both 
included nonzero phenocopy rates, we could not reject 
a recessive model without phenocopies; we found mar- 
ginally less support for a dominant model without 
phenocopies. 

We note that our best-fitting arbitrary, recessive, 
dominant, and NGT models predict population lifetime 
prevalence of 2.2%, 4.4%, 5.0%, and 13.4%, respectively. 
The prevalence predicted by the NGT model differs 
markedly from what is found in population samples 
[Robins and Regier, 1991; Kessler et al., 19941, but the 

others are within the range of what would be expected 
based on epidemiologic studies (reported rates of 14% 
are not adjusted for the age distribution of the popula- 
tion, so that lifetime prevalence such as we obtained 
should be somewhat higher than these rates). This sug- 
gests that the NGT model should be rejected as a plau- 
sible model for PD based on our data. 

Epidemiologic studies have also consistently found 
higher rates of PD in females than in males [Robins 
and Regier, 1991; Kessler et al., 19941. This observation 
holds for our sample as well, with 69% of probands be- 
ing female. One possible explanation for the difference 
in rates in males and females is a polygenic threshold 
model. This model postulates an underlying continuous 
distribution of liability to  illness, with individuals 
whose liability exceeds a certain threshold having the 
disorder. Under such a model, the difference in rates of 
PD between males and females is explained by a differ- 
ence between the sexes in the threshold for PD. The 
polygenic model in this case implies that the threshold 
for PD is higher in males than females, accounting for 
the lower rates of PD in males. 

One corollary of this model is that relatives of male 
probands should show higher rates of the disorder than 
relatives of female probands (because male probands 
must have higher underlying liabilities and hence 
greater genetic “loading” for PD than female probands). 
Both Crowe et al. [19831 and Vieland et al. [1993bl 
sought for but failed to find support for this model in 
their PD samples. We obtained findings similar to 
theirs, with no significant differences in rates of PD in 
siblings of male and female probands ( 5  of 67 = 7.5% of 

TABLE IV. Log-Likelihoods for Some Specific Models Applied to the Full Data Set 

Arbitrary Vieland [19931, Vieland [19931, Crowe Pauls 
SML” recessive dominant et al. [19831 et al. [19801 

~ 

cl 
YAA 
YAB 

YBB 
Lp Likelihood - 

X 
d.f. 
P 

~~ 

0.099 [0.2001 
1.00Ob [0.700] 
0.064 [0.0101 
0.001 [0.0101 

-660.82 ~ 661.51 
1.96 
4 

NS 

[0.0101 
[0.5001 
[0.500] 
[0.0101 

-662.80 
3.96 
4 

NS 

[0.0501 [ 0.0 141 
[0.834] l0.7501 
L0.3511 [0.750] 
[0.0001 [0.0001 

-669.20 - 699.51 
16.76 78.38 
4 4 
<.05 <.001 

a Repeated from Table I11 for purposes of comparison. 
Converged to boundary value. 
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siblings of male probands are affected; 15 of 162 = 9.3% 
of siblings of female probands are affected; x 2 d f =  = 

0.19, P = NS). Thus, the data do not appear to support 
the polygenic threshold model. 

Limitations 
Under the SML models, the differences in rates of ill- 

ness between males and females is attributed to differ- 
ences in susceptibilities. A limitation of our study is 
that, due t o  lack of power, we were compelled to assume 
equal susceptibilities for males and females. Sex effects 
clearly do exist in PD, and one outstanding question is 
the extent to which our results may have been influ- 
enced by requiring that yf = ym. Resolution of this ques- 
tion will have to await the analysis of larger, more in- 
formative data sets. 

We also note that the estimate of the mean age of 
onset obtained in these analyses (approximately 34 
years) is somewhat different from the mean age of 
onset as  calculated in the relatives within this sample 
(27 years), as  well as from estimates generally reported 
[Breier et al., 1984; Klein, 1964; Von Korff et al., 19851 
on the basis of epidemiologic samples. The discrepancy 
between mean age of onset in relatives and the esti- 
mated mean for our own sample is due to the ascertain- 
ment correction inherent in the analysis model. It is 
known that failure to adjust for ascertainment and the 
age structure of the population when estimating age-of- 
onset distributions can result in biased estimates, even 
in epidemiologic samples [e.g., see Faraone et al., 19941. 
For this reason, the discrepancy between our estimated 
mean age of onset and the mean age of onset as  reported 
for epidemiologic samples does not necessarily repre- 
sent an error in the present study, but may be a cause 
for concern and should be pursued in future work. 

Also, we have not examined more complicated mod- 
els, e.g., a multifactorial model allowing for major gene, 
polygene, and environmental effects. The size of our 
sample precludes fitting such models, which require es- 
timation of many additional parameters. However, 
Vieland et al. [19931, using a data set that was inde- 
pendently ascertained and assessed, reported results 
strikingly similar to ours. The similarity of our results 
to their earlier results is encouraging, and suggests the 
possibility of pooling the two data sets in the future. 
This would yield a substantially larger sample and pos- 
sibly sufficient power to test more complex models. 

ACKNOWLEDGMENTS 
This work was supported in part by NIMH grants 

MH37592, MH30906, MH00884, MH48858, MH28274, 
and MH43878. D.W.G. was supported by a Research 
Fellowship from the DeWitt Wallace/New York Hospi- 
tal Fund. The analysis was conducted using the pro- 
gram package S.A.G.E., which is supported by U.S. 
Public Health Service resource grant RR03655 from 
the National Center for Research Resources. We appre- 
ciate the helpful comments of Dr. Sal Mannuzza re- 
garding this manuscript. 

REFERENCES 
Angst J ,  Volrath M, Merikangas KR, Ernst C (1990): Comorbidity of 

anxiety and depression in the Zurich cohort study of young adults. 

In Maser JD, Cloninger CR (eds): “Comorbidity of Mood and Anxi- 
ety Disorders.” Washington, DC: American Psychiatric Press, Inc., 
pp 123-138. 

Beard GM (1969): Neurasthenia, or nervous exhaustion. Boston Med 
Surg J 3:217-221. 

Breier A, Charney DS, Heninger GR (1984): Major depression in pa- 
tients with agoraphobia and panic disorder. Arch Gen Psychiatry 
41: 1129-1 135. 

Cannings C, Thompson EA (1977): Ascertainment in the sequential 
sampling of pedigrees. Clin Genet 12:208-212. 

Cohen ME, Badal DW, Kilpatrick A, Reed EW, White PD (1951): The 
high familial prevalence of neurocirculatory asthenia (anxiety 
neurosis, effort syndrome). Am J Hum Genet 3:126-158. 

Crowe RR, Noyes R J r ,  P a d s  DL, Slyman DJ (1983): A family study of 
panic disorder. Arch Gen Psychiatry 40:1065-1069. 

Faraone SV, Chen WJ, Tsuaung MT (1994): Estimating the morbidity 
risk for disease having a variable age at onset. Psychiatr Genet 4: 
135-142. 

Fyer AJ, Mannuzza S, Klein DF, Endicott J (1985): “Schedule for Af- 
fective Disorders and Schizophrenia-Lifetime Version Modified 
for the Study of Anxiety Disorders (SADS-LA). New York New 
York State Psychiatric Institute. 

Fyer AJ, Mannuzza S, Chapman TF, Liebowitz MR, Klein DF (1993): 
A direct interview family study of social phobia. Arch Gen Psychi- 
atry 50:286-293. 

Fver AJ. Mannuzza S. Chauman TF. Martin LY. Klein DF (1995): 
“ Specificity in Familial Aggregation of Phobic Disorders. Arch Gen 

Psych 52:564-573. 
Kendler KS, Neale MC, Kessler RC, Heath AC, Eaves LJ (1993): Panic 

disorder in women: A population-based twin study. Psych Med 23: 

Kessler RC, McGonagle KA, Nelson CB, Hughes M, Eshleman S, 
Wittchen HU, Kendler KS (1994): Lifetime and 12-month preva- 
lence of DSM-111-R psychiatric disorders in the United States: Re- 
sults from the National Comorbidity Survey. Arch Gen Psychiatry 
51:8-19. 

Klein DF (1964): Delineation of two drug responsive anxiety syn- 
dromes. Psychopharmacology (Berlin) 5:397-408. 

Maier W, Lichtermann D, Meyer A, Oehrlein A, Klingler T (1993): A 
controlled family study in panic disorder. J Psychiatric Res 27: 
79-87. 

Mannuzza S, Fyer AJ, Endicott J, Klein DF (1985): “Family Informant 
Schedule and Criteria (FISC).” New York: New York State Psychi- 
atric Institute, Anxiety Disorders Clinic. 

Mannuzza S, Chapman TF, Klein DF, Fyer AJ (1995): Familial trans- 
mission of panic disorder: Effect of major depression comorbidity. 
Anxiety 1:180-185. 

Mendlewicz J, Papadimitriou G, Wilmotte J (1993): Family study of 
disorder: Comparison with generalized anxiety disorder, major de- 
pression, and normal subjects. Psychiatr Genet 3:73-78. 

Morton NE (1959): Genetic tests under incomplete ascertainment. Am 
J Hum Genet 11:l-16. 

Noyes R J r ,  Clancy J, Crowe R, Hoenk PR, Slymen DJ (1978): The fa- 
milial prevalence of anxiety neurosis. Arch Gen Psychiatry 35: 
1057-1059. 

Noyes R J r ,  Crowe RR, Harris EL, Hamra BJ, McChesney CM, 
Chaudhry DR (1986): Relationship between panic disorder and 
agoraphobia: A family study. Arch Gen Psychiatry 43:227-232. 

Oppenheimer BS, Rothschild MA (1918): The psychoneurotic factor in 
the irritable heart of soldiers. JAMA 70:1919-1922. 

Pauls DL, Bucher KD, Crowe RR, Noyes R Jr (1980): A genetic study 
of panic disorder pedigrees. Am J Hum Genet 32:639-644. 

Robins LN, Regier DA (eds) (1991): “Psychiatric Disorders in America: 
The Epidemiologic Catchment Area Study.” New York: The Free 
Press. 

SAGE (1992): Statistical Analysis for Genetic Epidemiology Release 
2.1. Computer program package available from the Department of 
Biometry and Genetics, LSU Medical Center, New Orleans, LA. 

Stein MB, Tancer ME, Uhde TW (1990): Major depression in patients 
with panic disorder: Factors associated with course and recur- 
rence. J Affective Disord 19:287-296. 

Torgersen S (1983): Genetic factors in anxiety disorders. Arch Gen 
Psychiatry 40:1085-1089. 

397-406. 



Vieland VJ, Hodge SE, Lish JD, Adams P, Weissman MM (1993): 
Segregation analysis of panic disorder. Psychiatr Genet 3: 

Vieland VJ, Hodge SE (1995): Inherent intractability of the ascertain- 
ment problem for pedigree data: A general likelihood framework. 
Am J Hum Genet 563343 .  

Von Korff MR, Eaton WW, Key1 PM (1985): The epidemiology of panic 
attacks and panic disorder: Results of three community surveys. 
Am J Epidemiol 122:970-981. 

63-71. 

Segregation Analysis of PD 153 

Weissman MM, Wickramaratne P, Adams PB, Lish JD, Horwath E, 
Charney D, Woods SW, Leeman E, Frosch E (1993): The relation- 
ship between panic disorder and major depression. A new family 
study. Arch Gen Psychiatry 50:767-780. 

Wickramaratne PJ, Weissman MM, Honvath E, Adams PB (in press): 
The familial aggregation of panic disorder by source of proband as- 
certainment. Psychiatr Genet. 

Wood P (1941): Etiology of Da Costa’s syndrome. Br Med J [Clin Resl 
1:845-851. 




