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The fact that anxiety and gastrointestinal function are
linked is widely known. The experience of ‘butterflies in
the stomach’ as a result of stress is nearly universal. Studies
have also shown that anxiety and negative affectivity are
linked with increased endorsement of gastrointestinal
symptoms (Elklit & Christiansen, 2009; Johnson, 2003;
Watson & Pennebaker, 1989). However, the degree to
which anxiety and affective disorders are associated with
organic — as opposed to ‘functional’ — gastrointestinal
disorders (GD), is perhaps under appreciated. That is,
while elevated rates of psychological disorder are common
in individuals with unexplained gastrointestinal symp-
toms, higher rates of anxiety and affective disorder are
also associated with peptic ulcer (PUD) and Crohn’s
disease (CD), both of which are defined by observable
organic damage. In one prospective study (Bowen et al.,
2000), the authors found that anxiety disorder patients
were 1.4 times more likely to develop gastrointestinal dis-
order — defined as the presence of duodenal ulcer, peptic
ulcer, gastritis, and duodenitis — than controls.
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Although somatic symptoms are noted across anxiety
and affective disorders, panic disorder (PD) is the anxiety
disorder most closely associated with physical distress. PD
is a heritable disorder associated with physical (nonpsychi-
atric) disorders such as mitral valve prolapse, migraine
headaches, asthma, and hypertension (see Muller et al.,
2005; Zaubler & Katon, 1996 for review of medical comor-
bidity and Hettema et al., 2001 for a review of heritability).
While respiratory symptoms are the most common
symptom of panic attacks (PA; Barlow, 2002), they may
also include a variety of gastrointestinal symptoms
(Barlow, 2002; American Psychiatric Association, 1987,
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1994). Panic has also been associated with gastrointestinal
disorders. In Harter et al. 2003 (Harter et al., 2003), gas-
trointestinal problems — defined as the presence of a
range of conditions, including Hepatitis, liver disease, ulcer,
gallbladder problems, colitis, constipation, chronic enteri-
tis, and indigestion/nausea/nervous stomach — were
present at a higher rate in PD or generalized anxiety disor-
der (GAD) probands than controls, with an estimated odds
ratio of 3.14. In both clinical and population samples,
panic disorder has been linked to increased rates of irrita-
ble bowel syndrome (IBS), Crohn’s disease, and peptic
ulcer disease (Blewett et al., 1996; Irwin et al., 1996; Kaplan
et al., 1996; Katon, 1984; Kumano et al., 2004; Lydiard et
al., 1991; Lydiard et al., 1993; R. Noyes et al., 1978; R. Noyes
Jr. et al., 1980; Rogers et al. 1994; Tarter et al., 1987; Walker
et al., 1995; Walker et al., 1992; Walker et al., 1990; Walker
et al., 2008). Although the presence and nature of organic
damage in these three disorders differs substantially, they
do share some commonalities: all three are associated with
negative affectivity, all three are moderately heritable, and
they all have a complex etiology with multiple risk factors
including smoking and alcohol abuse (Addolorato et al.,
2008; Bengtson et al., 2006; Farnam et al., 2008; Farnam et
al., 2007; Goodwin et al., 2006; Goodwin & Stein, 2003;
Levy et al., 2001; Malaty et al., 2000; Morris-Yates et al.,
1998; Raiha et al., 1998; Robertson et al., 1989; Sheffield &
Carney, 1976; Talley et al., 1998; Tysk et al., 1988).

There are sound biological reasons to expect comorbid-
ity between psychiatric disorders and GD. The enteric
nervous system (ENS) is a complex, semi-autonomous
local nervous system that regulates gastrointestinal func-
tion (Gershon, 1981). It consists primarily of two layers of
neurons within the wall of the digestive tract. The nerves
of the ENS are responsible for stimulating the motility
(movement) of food through the gut and regulating a
variety of functions including secretion of acid and
enzymes, blood flow, and inflammation in the gastroin-
testinal tract (Gershon, 1981). Functioning of the ENS is
mediated by a diverse array of neurotransmitters including
serotonin, corticotrophin-releasing factor (CRF), uro-
cortin, and cholecystokinin (Gershon, 1981). Overlapping
diathesis of panic and GD is quite plausible based on the
functional relationships and biological similarity between
the central nervous system (CNS) and the ENS. Elements
of the ENS regulate specific parts of the immune response
and can have pro- and anti-inflammatory (Barbara et al.,
2008). Much of research into the ENS and its association
with GD has focused on neural disregulation associated
with irritable bowel disease (IBD) as a function of inflam-
mation, and the further effects of that disregulation on
gastrointestinal function (Barbara et al., 2008; Mawe et al.,
2009). Another area of interest has been specific brain
structures associated with the interpretation of pain and
gastrointestinal distress in individuals with IBS. It has been
noted that the limbic system plays a central role in both

emotional regulation and the interpretation of signals
from the ENS (Jones et al., 2006). This presents another
pathway by which psychiatric disease and gastrointestinal
perception and function may be linked. Therefore, given
the similarities in structure and function, and the interac-
tion between the CNS and ENS, it is quite possible that
there are genes whose function might have an impact on
both anxiety and gastrointestinal function. For example, it
is reasonable to hypothesize that a gene involved in sero-
tonin transport would have implications for IBS (Van
Kerkhoven et al., 2007). Alternately a gene that helped
regulate CRF as part of the stress response in the hypothal-
amic-pituitary-adrenal (HPA) axis of the CNS, might also
have an effect on motility (Lydiard, 2001).

In this article, we examine panic attacks, the key feature
of panic disorder and the co-occurrence of gastrointestinal
disorders in a sample of male–male veteran twin pairs
from the Vietnam Era Twin Registry (VETR). While
several studies of IBS and IBD suggest that anxiety disor-
ders generally (but not universally) precede GD (Dewsnap
et al., 1996; Lydiard et al., 1993; Sykes et al., 2003; Tarter et
al., 1987), the temporal relationship is not conclusive evi-
dence that one disorder generally causes the other. We
used the Neale-Kendler models of comorbidity (described
in Table 1) to rigorously assess evidence of directional
effects (e.g., GD causes PA or vice-versa) and other rela-
tionships of  liability between PA and GD (Neale &
Kendler, 1995). We additionally used a co-twin analysis to
establish whether or not the presence of PA increased the
rate of GD in a co-twin without PA. This would indicate
any observed cross-twin cross-trait correlation was the
effect of shared underlying susceptibility rather than
direct causation (PA causes GD or vice-versa) for two
independently heritable traits.

Next, we fit a series of genetic twin models to the data.
These models test for evidence of genetic determinants
shared between PA and GD. While it has been noted that
those suffering from unexplained gastrointestinal distress
and IBS should be screened for anxiety disorders in clini-
cal settings (Alpers, 2008; Bray et al., 2006; Choung et al.,
2009), establishing a shared genetic vulnerability would
argue that their relatives are also at higher risk for anxiety
disorders. The presence of a PA-GD link would also be rel-
evant to those performing studies to map genomic
variants underlying susceptibility to panic and anxiety.
Incorporating GD information may yield novel candidate
genes that could be examined for joint panic-GD effects.
The incorporation of additional health information in the
analysis of PD has already been used in a genetic linkage
study to gain additional insight into the genetics of PD. A
group at Columbia University has used an expanded
panic-syndrome phenotype, which includes panic disor-
der and panic-associated physical diseases, to obtain
increased evidence of the role of a region on Chromosome
13 in panic susceptibility (Hamilton et al., 2003; Talati et

Panic Disorder and Gastrointestinal Disorders

17TWIN RESEARCH AND HUMAN GENETICS FEBRUARY 2011

https://doi.org/10.1375/twin.14.1.16 Published online by Cambridge University Press

https://doi.org/10.1375/twin.14.1.16


al., 2008; Weissman et al., 2000). This region has been
implicated in psychological vulnerability for bipolar dis-
order, schizophrenia, and recurrent major depression
(Blouin et al., 1998; Detera-Wadleigh et al., 1999; Lin et
al., 1997; McGuffin et al., 2005; Shaw et al., 1998).
Establishing that GD shares genetic overlap with panic
would suggest that similar analyses should be performed
incorporating GD into genetic studies of PD. It would also
suggest that plausible risk loci for anxiety and anxiety dis-
orders be considered as possible GD candidate genes.

To our knowledge, this is the first study to jointly con-
sider the co-occurrence of PA and GD in twin pairs.
However, the possibility of a genetic link between anxiety
and GD has previously been examined in a family study,
at least in the case of  IBS (Woodman et al., 1998).
Woodman et al. compared the rates of psychiatric illness
in first-degree relatives of 20 IBS probands and 20 gall-
bladder surgery patients and found elevated rates of
anxiety disorder in the relatives of IBS patients, indicating
that anxiety disorder and IBS share overlapping genetic
influences. The rate of PD was higher in relatives of IBS
patients versus controls (12% vs. 8%); however, this dif-
ference was not significant.

Materials and Methods
The data used was obtained from the VET registry and
consisted of male–male twin pairs. Registry twins served

during the Vietnam War era, between 1965 and 1975
(Eisen et al., 1987; Goldberg et al., 1987). This sample of
individuals has been extensively characterized elsewhere
(Goldberg et al., 1987). Twin-pair zygosity was determined
using a method shown to have 95% accuracy (Eisen et al.,
1989). The presence of DSM III-R definition panic attacks
was assessed using the diagnostic interview schedule (DIS)
version III-R as part of the 1992 Harvard Twin Study of
Substance Abuse (Tsuang et al., 2001). Of the 8,152 indi-
viduals assigned a PA status, 309 (3.8%) were diagnosed as
having panic attacks. PD was present in 143 individuals
(1.8%). As the number of individuals with PD in our
sample is low, we focused on panic attacks for the remain-
der of the article to retain adequate power. The presence
of gastrointestinal disorders (GD) was assessed as part of a
1987 health survey (Henderson et al., 1990). GD is defined
here as a positive response to the question, ‘Since 1975 or
your discharge from active duty (if that was earlier), have
you ever had any of the following health problems? …
Stomach or digestive disorders such as ulcers, inflamma-
tions, etc.’ Of the 10,731 valid responses to the GD
question, 1,720 (16%) responded yes. A subset of the sub-
jects were subsequently questioned about specific GD as a
part of the Vietnam Era Twin Study of Aging (VETSA).
Here, due to the reduced sample size and loss of power in
this sample to analyze PA and GD in structural equation
modeling (SEM), we only use the VETSA data descrip-
tively, to relate GD and PA to specific diagnoses of
gastritis, ulcer, IBS, CD, and ulcerative colitis. The rela-
tionship between the 5 gastrointestinal disorders
examined in VETSA and the presence of GD, as assessed in
the survey of health (SOH) for VETSA participants is pre-
sented in Table 2. We included data from 11,288
individuals from the VET registry with at least 1 diagnosis
for either PA or GD contained in 6,194 twin pairs. Mx-
based SEM analysis was performed on the 3,372 VET
registry pairs with unambiguous zygosity status (1,874
MZ and 1,498 DZ).

Mx (Neale et al., 2006) was used to fit structural equa-
tion models to the twin data. These models assume a
threshold over a normally distributed underlying vulnera-
bility for both traits. First, we examined the Neale-Kendler

TABLE 1

Thirteen N-K Comorbidity Models, as Applied to Panic Attacks (PA)
and Gastrointestinal Disorder (GD)

Model Description

1. Chance The disorders are independent

2. Alternate Forms Both disorders share a single liability 
dimension.

3. Random multiformity Independent liability dimensions, but a 
random subset of those with PA will manifest
the symptoms of GD and vice-versa.

4. Random multiformity of PA A random subset of those with PA will 
manifest the symptoms of GD.

5. Random multiformity of GD A random subset of those with GD will 
manifest the symptoms of PA.

6. Extreme multiformity Independent liability dimensions, but those
with extreme liability for PA will develop GD
and vice-versa.

7. Extreme multiformity of PA Those with extreme liability for PA will 
develop GD.

8. Extreme multiformity of GD Those with extreme liability for GD will 
develop PA.

9. Three indep. disorders Apparent comorbid cases represent a third
disorder with independent liability.

10. Correlated liabilities Excess comorbidity occurs because the 
liabilities are not independent.

11. PA causes GD Having PA increases the liability for GD

12. GD causes PA Having GD increases the liability for PA.

13. Reciprocal causation PA and GD cause each other in a feedback
loop.

TABLE 2

Presence of Specific Gastrointestinal Disorders (GD) in VETSA by GD
Response From the Survey of Health

GD No GD Fisher’s 
n = 1,720* n = 9,011* exact test

Gastritis 12% 3% p < .0001

Stomach or duodenal ulcer 29% 3% p < .0001

Irritable bowel syndrome 6% 2% p = .001

Crohn’s disease 1% 0.1% p = .07

Ulcerative colitis 2% 0.4% p = .09

None of the above 58% 92% p < .001

Note: *Denominator for particular GD may vary slightly due to missing values.
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(NK) models of comorbidity (Neale & Kendler, 1995). In
small or moderate sample-sized datasets (like the one
examined here), these models are most useful for finding
models that are not compatible with the observed data
rather than for identifying one particular ‘correct’ model
(Rhee et al., 2004). Next, we used Mx to estimate tetra-
choric correlations and to fit a series of genetic models to
the data. Using this genetically motivated model, along
with the assumption that shared environmental influences
on the twin pair are equal for MZ and DZ twins, allows us
to factor the variance of liability for these two traits into
three categories: variance due to additive genetic factors
(A), variance due to environmental factors that the twins
share in common (C), and variance due to environmental
factors that are unique to each twin (E). Estimates are
obtained for the A, C, and E components of the variance
in liability for each of the diagnoses (APA, CPA, EPA, AGD,
CGD, EGD). The correlation between these components of
variance is also assessed (rA, rC, rE). The final ACE model
for the data is the most parsimonious model that still has
an adequate goodness of fit, as indicated by a nonsignifi-
cant χ2 likelihood ratio tests. In the event that two ACE
models fit the data approximately evenly, the model with

the lowest Akaike’s information criterion (AIC) would be
selected as the best fitting model.

Results
Responses for the 7,595 individuals with non-missing
values for both GD and PA are contained in Table 3. Of
the individuals with PA, 30% (89/293) were diagnosed
with GD, while the rate of GD was only 15% (1,102/7,302)
in individuals not affected with PA. Using a Fisher’s Exact
Test yields a p value on the order of 10-10, strongly reject-
ing the null hypothesis that PA and GD were unrelated in
this sample. Table 3 further summarizes the percentage of
specific GD as assessed in the VETSA study by diagnosis of
PA. The percentages of gastritis, ulcer, and IBS were much
higher in those with PA than those without PA, however,
these differences were not significant due to the small
sample size of PA individuals who participated in VETSA.

The results of fitting the 13 NK comorbidity models are
summarized in Table 4. We were unable to reject any of the
models except for independence of the two factors. The
most likely model, as indicated by the smallest AIC, is the
excess co-occurrence of PA and GD is due to a shared

TABLE 3

Frequency of Gastronintestinal Disorder (GD) for Those With and Without Panic Attacks (PA) and for Specific Diagnoses in VETSA Subjects

Affected with PA (n = 293) Unaffected with PA (n = 7,302) Relative Risk Fisher’s exact test

Percent GD In VETSA 30% 15% 2.0 p < .0001

Affected with PA (n = 41*) Unaffected with PA (n = 1,194*)

Gastritis 7% 4% 1.7 p = .42

Stomach or duodenal ulcer 15% 7% 2.1 p = .11

Irritable bowel syndrome 5% 2% 2.5 p = .20

Crohn’s disease 0% .2% 0.0 p = 1

Ulcerative colitis 0% .7% 0.0 p = 1

None of the 5 above GD 80% 87% 0.9 p = .23

Note: * Denominator for particular GD may vary slightly due to missing values.

TABLE 4

Fit Statistics for Thirteen N-K Comorbidity Models (Best-Fitting Model in Bold)

Model x2 df p AIC

1. Chance 37.094 12 < .001 13.094

2. Alternate Forms 14.714 13 .326 -11.286

3. Random Multiformity 6.590 10 .764 -13.410

4. Random Multiformity of PA 10.583 11 0.479 -11.417

5. Random Multiformity of GD 6.503 11 0.838 -15.497

6. Extreme Multiformity 5.855 10 0.827 -14.145

7. Extreme Multiformity of PA 5.839 11 0.884 -16.161

8. Extreme Multiformity of GD 11.593 11 0.395 -10.407

9. Three Indep. Disorders 14.714 9 0.326 -11.286

10. Correlated Liabilities 3.799 9 0.975 -18.201

11. PA causes GD 5.864 11 0.882 -16.136

12. GD causes PA 6.316 11 0.851 -15.684

13. Reciprocal Causation 5.692 10 0.840 -14.308
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underlying liability (model 10). However, the data were
consistent with many of the other models listed, so that the
results of fitting the NK models were largely inconclusive.
A co-twin analysis also indicates that shared risk factors,
either genetic or shared between twins, are a likely expla-
nation for comorbidity between PA and GD. The rate of
GD in PA-free co-twins of index twins with PA-only was
20%, while the rate of GD in PA-free co-twins of index
twins unaffected with either PA or GD was 13%. This
increased rate of GD (estimated odds ratio of 1.7, Fischer’s
exact p value of .02) in the co-twins demonstrates that PA,
by itself, is enough to increase the rate of GD in relatives,
even if those relatives have not developed panic.

Next, we fit a saturated model (unconstrained correla-
tion estimates), and a series of genetic models to the data.
An examination of the saturated model indicates that
equating all of the thresholds for a given phenotype across
twins 1 and 2 and across MZ/DZ pairs did not signifi-
cantly worsen the fit of our model (p = .40). We observed
increased twin 1–twin 2 correlation for MZ pairs com-
pared to DZ pairs for both PA (.37 vs. .15) and GD (.33 vs.
.09), which indicates that some of the liability for both PD
and GD is due to genetic risk factors. The possibility of a
shared heritability for PA and GD was explored as a part
of the genetically based ACE model described below.

Table 5 presents a summary of all of the twin-models
that were tested to arrive at the ‘best fitting’ bivariate-
genetic model (in bold). Imposing the constraints of the
ACE model — with increased correlation for MZ twins
compared to DZ twins — also did not significantly worsen
the fit of the model (p = .34). Table 6 presents the parame-
ter estimates from a standard bivariate ACE model and
the associated 95% confidence intervals. Consistent with
existing literature, common environmental factors did not
explain a significant proportion of the variation in PD lia-
bility. Estimates of the common environmental variance
for both PA and GD were equal to 0. Therefore, dropping
the C component of the ACE model did not reduce the
quality of the fit (p = 1). Any model that excluded the
additive genetic component was rejected (CE model p =
.02, E model p = .000). The correlation between the

unique environmental components to the two disorders
(rE) was nonsignificant (estimate = .09, 95% CI of -.07 to
.26, p = .28). In contrast, we could not drop the correla-
tion between additive genetic components for PA and GD
(rA) from the model (p = .004). Therefore, our best fitting
model is a bivariate AE model in which the twin-specific
environmental risk factors for PA and GD are assumed to
be uncorrelated.

The estimates of the best-fitting structural equation
model and the 95% confidence intervals on the parame-
ters are represented in Figure 1. Consistent with results
from other studies, the ACE model indicates that both PA
and GD are moderately heritable traits. We estimate that
the additive genetic component of PA explains 37% of the
variance in underlying PA susceptibility and that additive
genetic factors explain 31% of underlying GD susceptibil-
ity. Perhaps the most interesting result to emerge from the
bivariate ACE model is the substantial correlation between
the genetic components of PA and GD risk. The bivariate
AE model estimates that the correlation between the addi-
tive genetic component of PA and GD susceptibility, rA =
.55 (95% CI of .34 to .82). Because our best-fitting model

TABLE 5

c2 Tests and AICs Used to Determine the Best-Fitting Bivariate PA-GD ACE Model (in bold)

Model # Par -2LogL AIC DIF χ2 DF P Vs. model

SAT 20 7566.9 -18587.1 — — — —

SAT- ALL=CO 12 7574.3 -18595.7 7.5 8 0.48 SAT

ACE 11 7577.1 -18598.9 10.2 9 0.33 SAT

AE 8 7577.1 -18604.9 0.0 3 1.00 ACE

AE, rE = 0 7 7578.3 -18605.7 1.2 1 0.28 AE

AE, rA = 0 7 7585.3 -18598.7 8.2 1 0.004 AE

CE 8 7587.3 -18594.7 10.2 3 0.017 ACE

E 5 7639.6 -18548.4 62.5 36 <0.001 AE,ACE

Note: PA = panic attack. GD = gastrointestinal disorder. A = proportion of risk attributable to additive genetic components. E = proportion of risk attributable to
non-shared environmental effects. rA, and rE = correlation between the A and E components of risk.

TABLE 6

Parameter Estimates (and 95% CIs) of the Components of Variance
From the Full Bivariate ACE Model

Parameter Estimate and (95% CI)

APA 0.37 (0.00, 0.52)

AGD 0.31 (0.12, 0.40)

rA 0.43 (-1.00, 1.00)

CPA 0.00 (0.00, 0.37)

CGD 0.00 (0.00, 0.15)

rC 0.54 (-1.00, 1.00)

EPA 0.63 (0.48, 0.81)

EGD 0.69 (0.60, 0.78)

rE 0.09 (-0.07, 0.26)

Note: PA = panic attack. GD = gastrointestinal disorder. A = proportion of
risk attributable to additive genetic components. C = proportion of risk
attributable to shared (common) environmental effects. E = proportion
of risk attributable to non-shared environmental effects. rA, rC, and rE =
correlation between the A, C, and E components of risk.
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does not include a common environmental component to
PA and GD susceptibility and because there is no correla-
tion between the environmental components of PA and
GD, our data are consistent with a susceptibility model in
which all of the comorbidity between PA and GD is due to
shared underlying genetic factors.

Discussion
In this sample of male Vietnam-era veterans, panic attacks
and gastrointestinal disorder co-occur more often than
their individual rates would predict if PA and GD were
unrelated. Not surprisingly given the sample size and
prevalence rates, the results of fitting the 13 Neale-Kendler
models of comorbidity were inconclusive. While the data
were not sufficient to reject any model other than inde-
pendence between PA and GD, the best fitting NK model
suggests that PA-GD comorbidity is due to correlated lia-
bility. The hypothesis of correlated liability was also
supported in a co-twin analysis which indicated that the
presence of PA was enough to raise GD rates in relatives
that were panic-free. We then examined these traits
together in a bivariate genetic (ACE) model and obtained
evidence that the comorbidity between PA and GD was
entirely due to overlapping genetic liability. Even if some
underlying correlation between the environmental com-
ponents exists and we simply have too little power to
detect it, this study indicates that genetic covariation is the
primary source of PA and GD comorbidity.

Based on these data, it is not possible to identify a par-
ticular biological or psychological mechanism by which
putative joint risk genes influence PA and GD. As we dis-
cussed briefly in the introduction, it is possible that GD
and psychiatric disorders are correlated due to underlying

abnormalities in nerve functioning and signaling affecting
both the CNS and ENS, or an abnormality that affects
communication between the CNS and ENS. It is also pos-
sible that the association is due to a heritable personality
factor that makes an individual more likely to report
somatic symptoms consistent with both diagnoses.

The results presented here are clearly preliminary and
there are several limitations that should be kept in mind.
The sample we examined consisted of only males. While
the underlying structure of genetic liability for PD has not
been found to differ substantially between males and
females (Hettema et al., 2006), differences in somatization
styles between males and females (Cain et al., 2009) may
cause differences in the relationship between PD and GD.
Given the small number of individuals affected with PD in
this sample, we focused our analysis on the occurrence of
panic attacks rather than panic disorder in order to retain
adequate power. However, as a follow-up analysis we also
examined PD for association with GD. Likely due to the
reduced power, the model rA=0 could not be rejected (p =
.08) unless first assuming rE = 0. If we similarly assume an
AE model with rE = 0, we obtain an estimate of rA = .52
for PD and GD, similar to what we received for our initial
PA-GD model.

Perhaps the most serious limitation of the current
study is the lack of screening for specific GD as a part of
the survey of  health. While some specific GD were
assessed in a subset of participants as a part of the VETSA
study (as presented in Table 3), the smaller number of par-
ticipants in VETSA and the low rates of relevant diagnoses
leave us with too little power to detect correlation between
PA and specific GD. The low rate of GD in VETSA for
those who reported the presence of GD in the SOH (58%)
could lead one to question our characterization of GD as
gastrointestinal disorder, and instead characterize it as a
measure of simple gastrointestinal distress. However, we
note that a response of GD on the survey of health is sig-
nificantly associated with increased rates of gastritis, IBS,
and ulcers. Additionally, as only five specific GD were
assessed as part of VETSA it is possible that many of those
not reporting a specific GD in VETSA still suffer from a
serious gastrointestinal disorder. We also note that of
those responding positively to the question ‘Since 1975 or
your discharge from active duty (if that was earlier), have
you ever had any of the following health problems? …
Stomach or digestive disorders such as ulcers, inflamma-
tion, etc.’, 80% also reported positively to the question
‘Since 1975 or your discharge from active duty (if that was
earlier), have you seen a physician for any of the following
health problems? ... Stomach or digestive disorders such as
ulcers, inflammation, etc.’, which we will refer to as GD2.
That is, for the vast majority of those respondents that
reported GD, their symptoms were serious enough that
they obtained medical care. Moreover, when we examine
GD2 in a bivariate ACE model with PA, we get almost

FIGURE 1
Parameter estimates (and 95% CIs) of the components of variance
from the best-fitting bivariate ACE model of PA and GD.
Note: PA = panic attack. GD = gastrointestinal disorder. A = proportion of

risk attributable to additive genetic components. E = proportion of risk
attributable to non-shared environmental effects. rA and rE = correlation
between the A and E components of risk.

APA EPA

PA GD

AGD EGD

.37 (.20, .52) .63 (.48, .80) .31 (.22, .40) .69 (.60, .78)

rA 
.55 (.34, .82)
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identical results to our initial analysis: that there is no sig-
nificant contribution of common environmental variance
to the fit of the model, and that we can drop the rE para-
meter from the model (p = .10) but not the rA parameter
(p = .02). The AE model with rE = 0 yields an estimate of
rA that is nearly identical to our original estimate: rA= .58
with a 95% CI of .35 to .89. That is, we received a nearly
identical answer whether or not we require that subjects
received medical care for their gastrointestinal disorder
(GD2) rather than simply report its presence (GD).

These results support the notion that panic-associated
physical disorders (and GD in particular) should be taken
into account when investigating the genetic underpin-
nings of PA and PD. There may be specific liability genes
associated with the combination of panic disorder and
stomach disorders, and GD diagnoses and symptomatol-
ogy may be useful in linkage and association studies for
PD. Whether or not specific GD should be incorporated
into the PD syndrome identified by Columbia University
researchers in their genetic linkage study (Hamilton et al.,
2003; Talati et al., 2008; Weissman et al., 2000) remains to
be seen. However, any anxiety disorder risk locus identi-
fied on chromosome 13 should also be considered a viable
GD risk locus. Researchers designing future PD associa-
tion studies should consider collecting gastrointestinal
diagnosis information, along with a careful reporting of
the gastrointestinally-related PA symptoms, such as
nausea and abdominal distress. This information may be
invaluable in identifying PD risk loci, either by identifying
genetic subtypes of PD or by better characterizing the
genetic components of anxiety underlying PD susceptibil-
ity. As most of the genetic liability for anxiety disorders is
shared (Hettema et al., 2006; Hettema et al., 2005), this
genetic relationship may not be panic-specific. Further
study should be performed to validate this possible
genetic link between panic attacks and gastrointestinal
disorders. In particular, these results need to be replicated
in samples including females and also replicated for spe-
cific GD diagnoses.
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