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Abstract
The definition of Generalized Anxiety Disorder (GAD) has been narrowed in successive editions of
DSM by emphasizing intrusive worry and deemphasizing somatic symptoms of hyperarousal. We
tried to determine the clinical characteristics of more broadly defined chronically anxious patients,
and whether they would show physiological signs of sympathetic activation. A group whose chief
complaint was frequent, unpleasant tension over at least the last six weeks for which they desired
treatment, was compared with a group who described themselves as calm. Participants were assessed
with structured interviews and questionnaires. Finger skin conductance, motor activity, and ambient
temperature were measured for 24 hours. Results show that during waking and in bed at night, runs
of continuous minute-by-minute skin conductance level (SCL) declines were skewed towards being
shorter in the tense group than in the calm group. In addition, during waking, distributions of minute
SCLs were skewed towards higher levels in the tense group, although overall mean SCL did not
differ. Thus, the tense group showed a failure to periodically reduce sympathetic tone, presumably
a corollary of failure to relax. We conclude that broader GAD criteria include a substantial number
of chronically anxious and hyperaroused patients who do not fall within standard criteria. Such
patients deserve attention by clinicians and researchers.
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1. Introduction
Whether psychiatric diagnostic categories are distinct biological entities or the artificial product
of classificatory logic has long been a matter of debate. The absence of firm biological
foundations for most psychiatric diagnoses has weakened arguments for biological categories
and encouraged logical ones. From a logical point of view, anxiety disorders should be assigned
to categories on the basis of the presence or absence of sets of features. To qualify for a disorder,
the anxiety should be excessive, more than the anxiety of the average person under similar
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circumstances and severe enough to impair functioning. Essential for categorization as an
anxiety disorder is that anxiety be a primary aspect of the diagnosis and not secondary to other
diagnoses such as psychosis or depression. After that, further classification is attempted on the
basis of further qualitative or quantitative descriptors of the anxiety. Features usually
considered are whether the anxiety is acute or chronic, whether it is in response to identifiable
external stimuli, whether there was a history of traumatic events, and what behavior or thinking
accompanies the anxiety.

Based on these considerations, diagnostic systems have usually identified a category of chronic
anxiety where external stimuli, traumatic events, and psychotic thought processes have not
played a major role. In the current diagnostic system, this category is Generalized Anxiety
Disorder (GAD), the evolution of which through DSM editions is instructive of classificatory
logic. Patients diagnosed with DSM-III GAD were often given other diagnoses by clinicians
ostensibly following the same diagnostic definitions, which challenged the distinctness and
thereby the legitimacy of this category. To improve separation from other mood and anxiety
disorders, DSM-III-R made worry that included topics different from those typical of other
anxiety disorders, a required symptom (reviewed by Barlow, Blanchard, Vermilyea,
Vermilyea, & DiNardo, 1986). Extending the requirement in DSM-IV to be that the worry had
to be difficult to control, further improved this separation. At the same time, many of the
symptoms of autonomic hyperactivity were dropped because DSM-III-R defined GAD patients
endorsed these symptoms infrequently and inconsistently (Marten et al., 1993).

We suspected as have others that the changes in the definition of GAD might have left
undiagnosed a substantial number of patients with general persistent anxiety who do not have
intrusive worry as a prominent symptom (e.g., Rickels & Rynn, 2001). If this less worrying
group properly belongs to a valid category of chronic anxiety, it should show signs of
sympathetic activation, perhaps even more so than in currently defined GAD, since worriers
as a subgroup of chronic anxiety patients may be anomalous in having little physiological
arousal. Evidence for this comes from experiments in which worry was manipulated: heart rate
increases to phobic imagery were diminished in the high worry condition (e.g., Borkovec &
Hu, 1990). That may be a reason why GAD patients are often found to show a narrowed range
of physiological activation, “diminished physiological flexibility” (Hoehn-Saric, McLeod, &
Zimmerli, 1989), rather than increased activation. A recent ambulatory study confirmed this
by showing that DSM-IV defined GAD patients had neither higher heart rates nor skin
conductance than controls (Hoehn-Saric, McLeod, Funderburk, & Kowalski, 2004). On the
other hand, a number of studies have found autonomic changes associated with GAD and
worry. In one, heart rate was elevated and respiratory sinus arrhythmia (a measure of vagal
tone) was reduced in a GAD sample at baseline (Thayer, Friedman, & Borkovec, 1996). Others
reported a similar pattern of heart rate changes (reviewed by Brosschot, Gerin, & Thayer,
2006).

With the study reported here we attempted to determine what kinds of chronically anxious
people are being left out by the current DSM-IV GAD criteria, and whether a more broadly
defined group would show physiological signs of sympathetic activation, a cardinal biological
characteristic of fear. In rats, for example, the neural pathways of fear have been traced from
the central amygdaloid nucleus to the lateral hypothalamic area and from there down the
sympathetic branch of the autonomic nervous system (LeDoux, Iwata, Cicchetti, & Reis,
1988). We recruited people whose chief complaint was frequent, unpleasant tension over at
least the last six weeks for which they desired treatment. After casting this wider net, we
examined our catch for symptoms and signs of anxiety, and established where they fell among
DSM-IV categories. Unlike most diagnostic endeavors, we supplemented the participants'
verbal report of anxiety and its symptoms with a psychophysiological assessment of anxiety
repeated over a 24-hour period. Using finger skin conductance, we measured sympathetic
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autonomic activation less inferentially than from reports of activation symptoms. Since skin
conductance is affected by temperature and physical activity, we measured these variables
along with it.

2. Methods
Participants

Participants who might be suffering from persistent anxiety were recruited and selected with
broader and simpler criteria than DSM-IV defined GAD. We posted advertisements in
newspapers, flyers, and the internet for the following: “Have you recently been suffering from
so much tension that it is distressing you or interfering in your daily life? Has this been going
on for 6 weeks or more? Are you between 18 and 65 years old? Researchers at Stanford
University and the Palo Alto VA Health Care System are offering free physiological
evaluations of your tension and a seminar in ways of reducing it.” To be included, applicants
had to answer “yes” to the following questions at phone screening:

1. “Do you often feel tense?” The word “tense” was chosen rather than “anxious” or
“afraid” as being a more general description of negatively felt hyperarousal. In factor
analytic studies of moods as self-reported in terms of adjectives, a bipolar dimension
emerges that loads on the words “tense,” “jittery,” “fearful” vs. “calm,” “quiet,”
“placid,” showing that tension and fear are closely associated semantically and in life,
and that tension is not at all restricted to muscle sensations (reviewed by Thayer,
1989).

2. “Does the tension interfere with your life or is it greater than with other people?”

3. “Have you felt this way more than half the days in the last 6 weeks?” Questions 2 and
3 were meant to exclude applicants whose tension did not rise above that occasionally
experienced in daily life by ordinary people. In DSM-III GAD symptoms had to last
only 1 month, while in DSM-III-R this was increased to 6 months to reduce
comorbidity, with the intention of making the disorder less overlapping with other
disorders and less like a situational stress reaction. However, a recent analysis of a
US household sample of almost 10,000 people has shown that GAD symptom
episodes of 1 to 5 months do not differ from > 6 month episodes in onset, persistence,
impairment, comorbidity, parental GAD, or sociodemographic correlates (Kessler et
al., 2005). Thus, we chose 6 weeks as a broader criterion than DSM-IV's 6 months.

4. “Do you find these feelings unpleasant?”

5. “Are you interested in learning how to be less tense and to relax?” Questions 4 and
5 were meant to establish that the feeling had a negative valence. Psychophysiological
studies show that heightened arousal accompanies both positive and negative
emotions (Lang, 1995), although ordinarily it is only the latter that are sources of
subjective distress.

In addition to answering yes to these questions in the telephone screening, tense participants
had to confirm on a questionnaire when they came in for evaluation that they had felt tense for
at least half the days in the last two months (rather than 6 weeks, because the questionnaire
was given after the screening).

Exclusion criteria for the study were a history of, or current, psychosis, cognitive impairment,
or substance abuse or dependence in the past year. Participants were allowed to continue on
stable doses of medicines prescribed by physicians, but were excluded if they were taking drugs
with substantial anticholinergic effects, such as tricyclic antidepressants, which have direct
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effects on skin conductance. They were also told not to take benzodiazepines prescribed “as
needed” on the day of testing.

Calm comparison subjects were recruited with the following advertisement: “Researchers at
Stanford University and the Palo Alto VA Health Care System are looking for healthy men
and women ages 18-65, who are not anxious or depressed. Volunteers are needed as a
comparison group in an evaluation of physiological reactions, emotions, and thoughts. Those
who qualify will be paid for their participation.” Inclusion criteria were answering “yes” to
these two questions during the phone screening: (1) “Do you generally feel calm?” and (2)
“Have you felt this way most days in the last 6 weeks?”

Procedure
Individuals who passed the phone screening were invited to an appointment, where after
complete description of the study, they gave written informed consent for further assessment.
This began with a Structured Clinical Interview for DSM-IV-TR Axis I Disorders (First,
Spitzer, Gibbon, & Williams, 2002). If no grounds for exclusion were found, they were asked
to wash their hands with soap in preparation for the application of skin conductance electrodes.
Next they underwent testing in a laboratory room where numerous autonomic and respiratory
measures were taken while they were trying to relax and to change their breathing according
to several different instructions. The results of this testing will be reported separately.

After the laboratory session, an ambulatory monitoring device was connected and participants
performed the first of four identical ambulatory relaxation tests (ARTs). For each test they first
walked at a normal pace for 3 minutes and then sat quietly, without talking or moving for 8
minutes, during which they were instructed to relax. Test instructions and timing had been
recorded on a portable cassette recorder, which subjects played at the prescribed times of each
test: the first in the hospital at a mean time of 13:40 hours by the 24-hour clock, the second in
the afternoon after leaving the hospital (mean 19:00), the third the next morning (mean 9:30)
before returning to the hospital, and the fourth back at the hospital (mean 12:30). Subjects filled
out a short questionnaire each time before and after they completed the 8 minutes relaxation
part of the ART. This questionnaire assessed their current emotional state before and during
the last minute of relaxation on a subjective units of distress scale from 0, “not at all”, to 10,
“extremely”. Of most interest for this report are the adjectives “anxious” and “tense.”

In addition, participants were given a packet of questionnaires to return completed the next
day. The packet included the Penn State Worry Questionnaire (Meyer, Miller, Metzger, &
Borkovec, 1990) asking “how typical these statements are for you,” the Perceived Stress Scale
(Cohen, Kamarck, & Mermelstein, 1983) to be answered for the past week, the short version
of the Beck Depression Inventory (Abdel-Khalek, 2001) to be answered for the past week, the
Pittsburgh Sleep Quality Index (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1989) to be
answered for the past month, the Liebowitz Social Anxiety Scale (Liebowitz, 1987) to be
answered for the past week, and the Anxiety Sensitivity Index Revised (Peterson & Reiss,
1993) without a specific time frame.

Equipment
Physiological data were recorded with a 3-channel ambulatory digital recorder (3991x/3
BioLog, UFI, Moro Bay, CA, USA) worn in a handbag or waist pack. The device measures
3.3 × 7.1 × 12.7 cm and weighs 230 g with its battery. Channels were (1) skin conductance
measured by applying 0.5 V DC to electrodes on the middle or lower phalanges of digits 2 and
3 of the non-dominant hand. Skin conductance in the range 0.01 to 39.95 μS(iemens) was
sampled with +/− 0.01 μS resolution at 10 Hz. Disposable electrodes with a circular contact
area of 1 cm diameter pre-filled with isotonic gel were used (EL507, Biopac Systems, Inc.,
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Goleta, CA, USA). In order to maintain contact for 24 hours, additional Biopac isotonic gel
(Gel 101) was applied to the center of the electrode. (2) Bodily activity was sampled at 1 Hz
from a UFI 1110 Jitterbug Actigraph attached to the same side as the dominant hand. This
device responds to motion in all directions and axes. (3) Ambient temperature was sampled
with an accuracy of 0.1 degrees C at 0.1 Hz from a sensor in the pack. The device had an event-
marker button, with which participants could indicate periods of emotional arousal, time of
getting into bed and turning out the lights, getting up in the morning, or unusual events. The
nature of the event was recorded in a paper log along with the time the button was pressed.

The selection of channels was based on the following considerations: Skin conductance and
heart rate are the two most common experimental indices of autonomic arousal, but skin
conductance has the advantage of increasing with tension and arousal, while heart rate can
either increase or decrease depending, among other things, on whether cardiovascular
preparation will be beneficial in coping with the arousing events (Obrist, 1981). Interpretation
of heart rate is complicated by the dual sympathetic-parasympathetic innervation of the heart
with opposing effects, whereas skin conductance depends only on the effects of firing of
sympathetic fibers that raise it. Since sweating is affected by temperature, it is necessary to
monitor ambient temperature to avoid confusing effects of temperature with effects of emotion.
Since physical activity may have some of the same activating effects on skin conductance that
it has on heart rate, activity should also be monitored. Of course, no single autonomic measure
such as skin conductance can be presumed to represent all sympathetic activity or general
activation, insofar as the last concept is even valid.

Data analysis
Physiological recordings were examined visually for artifacts, particularly in the skin
conductance channel, where they were sometimes caused by loose electrodes. Segments
containing artifacts were excluded from further analysis. The record was segmented into
waking and sleeping (in bed with the intention to sleep) parts by locating two points: the time
of getting into bed and turning out the lights and the time of getting up, both on the basis of
event markers and of an examination of the activity channel for cessation or resumption of
activity. The results presented below for the two periods are based on one-minute epochs of
measurements from each channel, excluding the periods when the ART was performed.

The skin conductance channel yielded two measurements, mean skin conductance level and
skin conductance fluctuation. The latter was calculated as within-minute standard deviations
of skin conductance level after it had been digitally filtered with a bandpass of 0.1 to 4 Hz to
reduce low frequency tonic activity in favor of the higher frequency phasic activity. The
temperature channel needed no filtering. Signals from the activity channels were oscillations
around zero volts. The activity measure was calculated as the average absolute deviation from
zero of these oscillations over the one-minute epochs.

Physiological measures were analyzed separately for the waking and sleeping periods in two
ways. First, within-subject distribution parameters of the run lengths of continuous minute-by-
minute SCL decline (based on one-min SCL averages) were calculated for each measure and
each subject. The n+1st minute was considered a continuation of a descending run if its value
was less or equal than the value of the nth minute. The distribution parameters included the
mean, minimum, maximum, standard deviation, and skew (like the standard deviation but
based on the cube rather than the square of the differences from the mean). Second, within-
subject distribution parameters of the one-minute averages for each measure and participant
were calculated, and these were compared between tense and calm subjects.

In a separate analysis the means of all the physiological measures and the run lengths of SCL
decline were calculated for the 8-min sitting periods of the ART combined over the 4 repetitions
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for each subject. Similarly, the mean ratings on the current emotional state questionnaire for
the adjectives “anxiety” and “tension” were calculated by combining scores for each subject
and each adjective from before and during the last minute of each of the 4 repetitions of the
ART.

In addition, two measures of sleep disruption in the sleeping period were calculated based on
the number of 30-minute periods during which above threshold maxima SCL or above
threshold maxima activity levels occurred. Bursts of physical activity in arms and legs have
been documented as a useful albeit imperfect indicators of sleep disruption (reviewed by
Ancoli-Israel et al., 2003), but whether bursts of SCL activity are also indicators was unknown.

Physiological, clinical, and questionnaire measures were tested for group differences using
independent-sample two-tailed t-tests corrected for unequal group variance when necessary
using the Levene test. Data were generally log transformed to make their distributions more
normal. Rather than adjusting our statistics for multiple comparisons because of the high ratio
of number of measures to number of subjects, we selected some measures as primary for testing
the hypothesis of sympathetic group differences: mean waking SCL, mean ART SCL, mean
run length of SCL decline, skew of waking SCL, and skew of run length of SCL decline. For
these measures we predicted that tense subjects would show higher SCLs and shorter SCL
declines than the calm, and that skews of SCLs would be more positive in the tense and skew
of run length of SCL decline would be more negative in the calm. We considered maxima and
minima to be secondary, descriptive measures since they are easily affected by singular events
during the recording period. Standard deviations were likely to depend on events and activities
more than group. All skin conductance fluctuations measures were considered secondary since
they usually give much the same information as SCL, with which they tend to be highly
correlated.

3. Results
The sample comprised 18 tense participants, 42.3 ± 12.4 (mean ± standard deviation) years
old, and 18 calm participants, 39.7 ± 12.4 years old. The tense group had 9 women, the calm
group, 11.

Diagnoses and medications
Only 5 of the tense group met DSM-IV criteria for GAD. In the structured interview, 14 of the
tense group definitely endorsed the initial question of being particularly nervous or anxious in
the last 6 months, and of these, 4 were diagnosed with GAD. The 10 of this 14 who failed to
meet GAD criteria did so for various reasons: for example, 5 did not report much worry; one
did not find it hard to stop worrying; 3 could not affirm that “anxiety, worry, or physical
symptoms” caused them significant distress or impairment. One member of the tense group
whose answer to the initial question was rated as unsure was ultimately diagnosed as having
GAD.

Other current diagnoses and the number of people diagnosed with them were Major Depressive
Disorder (3), PTSD (3), Adjustment Disorder (2), Specific Phobia (2), Social Anxiety Disorder
(1), Panic Disorder (1), and Somatoform Disorder (1). One participant suffered from clinically
significant anxiety that did not meet the criteria of any of the DSM-IV anxiety disorders and
was therefore diagnosed with Anxiety Disorder NOS. Two participants had three diagnoses,
two had two, 10 had one, and four had no diagnosis. None of the calm group met criteria for
a current DSM-IV diagnosis. The tense patients with anxiety disorders in which an object or
situation triggers their anxiety did not encounter that object or situation during the day tested.
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Five of the tense group took psychotropic medications: two took two medications, and three,
one. Three took selective serotonin reuptake inhibitors, two took buproprion, and two took
benzodiazepines irregularly, but not on the day of testing. None of the calm group took
psychoactive drugs.

Self-report and physiological measures
As shown in Table 1, the tense group rated themselves as more worried, under more stress,
more depressed, and having poorer sleep than the calm group. Their worry on the Penn State
Worry Questionnaire was less than expected for people meeting GAD criteria, who, for
example, in another study (Molina & Borkovec, 1994) had a mean of 67.7. Only 5 of the tense
group had scores above 65, the optimal score for discriminating GAD from Social Anxiety
Disorder (Fresco, Mennin, Heimberg, & Turk, 2003).

Table 2 gives distribution parameters of waking descending SCL run lengths, a measure of
length of periods of sympathetic deactivation, and by inference relaxation. There is a more
positive skew in the calm group and a greater maximum (tense= 0.13 ± 0.25, calm= 0.00± 0.00,
t= 2.21, df= 17, p<.05). Figure 1 plots the distributions of the descending run lengths for the
two groups. These distributions, pooled within groups, are consistent with the statistics based
on individual distributions in that the curves are skewed towards longer run lengths for calm
individuals. Because the means of individual distributions are subtracted from the run lengths,
negative values occur even though skews are always positive.

Table 3 documents a similar positive skew for sleep period descending run lengths in the calm
group, which in addition, had longer maximum run length (tense= 27.4 ± 10.6, calm= 37.4±
15.6, t= 2.14, df= 32.4, p<.04). Sleep disruption was assessed by the number of 30-minute
periods during which above threshold maxima SCL or activity levels occurred. For SCL, the
number of such periods did not differ between groups (tense=14.4 ± 3.6, calm=13.7 ± 4.1, t=
0.61, df= 34, NS), but for activity, the tense group had significantly more disruptions (tense=3.8
± 3.1, calm= 1.6 ± 2.1: t= 2.53, df= 29.9, p<.02).

Table 4 gives the distribution parameters of one-minute SCL levels during the waking period.
Means and standard deviations of two groups do not differ, but skews for the tense group are
significantly more positive than skews for the calm group, which is congruent with the results
for descending run length, since more sustained runs are likely to result in lower SCLs as the
run continues. The two physical variables that could have a direct effect on SCL, namely
temperature and activity did not differ in distributions between groups, except for the skew of
waking temperature (tense= −0.27 ± 0.76, calm= 0.37 ± 0.68, t= 2.45, df= 32.2, p<.02). Note
that the difference in temperature skew between the groups is in the wrong direction to account
for the difference in SCL levels. During the sleeping period, distribution parameters of SCL
levels did not differ between groups. However, one parameter of the sleep period skin
conductance variable, minimum one-minute skin conductance fluctuation, was less in the calm
group (tense= 0.13 ± 0.25, calm= 0.00± 0.00, t= 2.21, df= 17, p<.05).

In comparisons of ART physiological measures between the two groups, none approached
significance. However, on the ART questionnaire assessing current emotional state, the tense
group rated itself as more anxious (tense= 2.0 ± 0.76, calm= 0.2 ± 0.68, t= 2.90, df= 34, p<.
01) and more tense (tense= 2.4 ± 4.5, calm= 0.3 ± 0.8, t= 3.0, df= 34, p<.01) than the calm
group.

4. Discussion
Considering that most of our 18 tense participants were chronically anxious by self-report and
desirous of treatment, reported elevated anxiety and tension on a test day, and exhibited
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evidence of less relaxation in terms of shorter periods of sympathetic deactivation, it is
surprising that only four met DSM-IV criteria for GAD. They did fulfill criteria for other DSM
anxiety disorders and depression as is common in GAD patients, but to regard their tension
and anxiety as secondary to another primary anxiety diagnosis would be a dubious inference.
Participants with comorbid anxiety disorders did not regard their anxiety as focused on
particular external events like phobics or the internal event of an anticipated panic attack as do
Panic Disorder patients. Three met the criteria for Major Depressive Disorder, but as usual
whether to assign the depression or anxiety precedence was uncertain.

Some of our tense sample failed to qualify for GAD because they felt their worries were
controllable. For some, worry was not a salient symptom, which is understandable considering
that human emotions such as anxiety are expressed in three general ways: motoric-behavioral
(e.g., avoidance), verbal-cognitive (e.g., worrying), and physiological (e.g., sympathetic
activation) (Lang, 1988). Individual and situational differences between individuals result in
different proportions of these expressions. Not all individuals express their fear and anxiety in
cognitive terms of worry, any more than all exhibit avoidance or less sympathetic deactivation.
However, the average levels of these expressions can be expected to be higher in an anxious
group than in a calm group.

Evidence for sympathetic abnormalities in the tense group was not found in mean SCL levels
but in the skews of run lengths of SCL decline and in waking SCLs. Skew represents the degree
of asymmetry of the distribution because one of the tails is higher than the other. It depends
on the cube of the deviation from the mean, so extreme values have more weight. Our results
are most straightforwardly interpreted as indicating fewer and less prolonged periods of
relaxation in tense subjects. In a typical active day, many cognitive and emotional challenges
accompanied by sympathetic activation are likely to occur both in tense and in calm subjects.
What characterized the tense group, however, was the relative shortness and infrequency of
periods of sympathetic deactivation. This did not occur enough for the mean SCL in the tense
group to be higher than in the calm group, since periods of relaxation in a typical day were
relatively short and infrequent even in the calm. Sleep disruption in the tense group resulted
in fewer long runs of SCL decline in while in bed. Another reason that run lengths and the
distributional metric skew had larger effect sizes in cross-sectional comparisons than mean
SCL is that SCL varies widely across subjects due to idiosyncratic skin differences unrelated
to emotion (Levey, 1980).

Lack of group differences in mean SCL and runs of SCL decline in our Ambulatory Relaxation
Test may indicate that the tense subjects could relax as much as calm subjects if they took time
to sit quietly and temporarily disengage from their current activities. Whether the instruction
to relax made a difference cannot be known without a contrast condition in which subjects sat
without trying to relax. Without that we cannot conclude that the tense group equaled the calm
group in the ability to relax voluntarily.

To compare our results to those of previous studies of the psychophysiology of GAD is difficult
because recording was usually confined to the special environment of the laboratory and was
not repeated throughout the day. However, in one recent study patients with DSM-IV GAD
were monitored intermittently during their daily activities for heart rate, skin conductance,
respiration rate, ambient temperature, and activity (Hoehn-Saric et al., 2004). As in the current
study, those patients did not have higher mean skin conductance levels than controls, but
sympathetic deactivation was not calculated using run lengths of SCL decline or skew. Some
of our tense group had other anxiety disorders in which objects or situations would trigger
anxiety, but since our group did not encounter these situations during the test day, sympathetic
activation in our sample cannot be attributed to them. However, the tense group did experience
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themselves as encountering more stressors, so it is possible that their shorter relaxation periods
were a result of relaxation being more frequently interrupted by external activating events.

A strength of our study is its 24-hour outside-the-laboratory assessment of an autonomic
variable, skin conductance, in parallel with physical activity and temperature, which could
spuriously affect it. Most tests of autonomic activation have been more restricted in time and
space. A weakness, however, is that only one sympathetic activation variable was assessed:
cardiovascular measures and other autonomic and hormonal variables associated with
emotional arousal could contribute important information. It is uncertain whether skin
conductance would validly reflect activation in colder environments where marked hand
vasoconstriction might occur. The minimum temperature recorded by our monitor for these
participants was 13.8° C. Furthermore, the anxious group tested was small and was recruited
by a specific advertisement. Samples recruited in others ways might lead to different
conclusions. Another sample is also desirable for trying to replicate the current findings: only
a few of our measures showed group differences, and multiple measures increase the
probability of Type 2 errors.

In summary, we suspect that current DSM-IV GAD criteria define a subtype of chronic anxiety
that is atypical for the disorder as a whole. The majority of chronic anxiety patients have become
“orphans”, who fall outside the purview of most psychological and pharmaceutical research,
and consequently whose treatment with medication is prejudiced as “off label.” On a biological
level, this GAD subtype may be atypical in having greater activation of regions of the frontal
cortex reflecting worried thinking and less activation of the amygdala and ANS as a result of
cortical inhibition. Perhaps the diagnostic categories of DSM-V can be reconfigured in a way
that will give disenfranchised chronic anxiety patients an appropriate diagnosis and give
researchers appropriate subjects for investigating how the mechanisms that regulate anxiety
and arousal can go awry. However, exactly how such categories should be reconfigured is not
clear. We could simply broaden the current category of GAD, although one implication of
deemphasizing worry is that the focus of current psychological therapies for the disorder might
have to change. We could create new categories or subcategories such as “Generalized Worry
Disorder” and “Generalized Tension Disorder,” although the boundaries between categories
like these might be difficult to set. Finally, we could change from a categorical to a dimensional
system where worry and tension are two dimensions, although dimensional descriptions have
so far not been as successful as categories in communicating the nature and degree of a mental
disorder within the mental health system and between that system and the public.
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FIGURE 1.
Distributions of mean deviations of waking run lengths of one-minute skin conductance level
declines pooled across all subjects within each group. The mean run length for each subject
was subtracted from each of that subject's run lengths. The relative numbers are normalized as
the fraction of the total number for each subject. Bins are 1 minute. No smoothing was applied.

Roth et al. Page 11

J Psychiatr Res. Author manuscript; available in PMC 2009 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Roth et al. Page 12
TA

B
LE

 1
Q

ue
st

io
nn

ai
re

 S
co

re
s

M
ea

su
re

T
en

se
(m

ea
n 

± 
SD

)
C

al
m

(m
ea

n 
± 

SD
)

t
df

p

PS
W

Q
57

.9
 ±

 1
2.

4
32

.9
 ±

 9
.9

6.
46

32
<.

00
1

PS
S1

0
22

.0
 ±

 7
.5

8.
1 

± 
6.

8
5.

52
31

<.
00

1
B

D
Is

v
44

.3
 ±

 1
4.

2
21

.4
 ±

 1
3.

1
5.

02
34

<.
00

1
PS

Q
I

6.
7 

± 
3.

4
3.

9 
± 

2.
0

2.
97

27
.5

<.
01

LS
A

S-
F

21
.1

 ±
 1

2.
3

10
.0

 ±
 8

.3
2.

98
31

<.
01

A
SI

21
.4

 ±
 1

0.
2

12
.9

 ±
 1

2.
7

2.
22

34
<.

04
A

bb
re

vi
at

io
ns

: S
D

=s
ta

nd
ar

d 
de

vi
at

io
n.

 t=
un

pa
ire

d 
t-t

es
t. 

df
=d

eg
re

es
 o

f f
re

ed
om

 (t
he

se
 v

ar
y 

be
ca

us
e 

of
 m

is
si

ng
 d

at
a.

 T
he

y 
ar

e 
co

rr
ec

te
d 

to
 lo

w
er

 fr
ac

tio
na

l v
al

ue
s b

y 
th

e 
Le

ve
ne

 te
st

 if
 v

ar
ia

nc
es

 a
re

si
gn

ifi
ca

nt
ly

 u
ne

qu
al

.) 
p=

tw
o-

ta
ile

d 
pr

ob
ab

ili
ty

. P
SW

Q
=P

en
n 

St
at

e 
W

or
ry

 Q
ue

st
io

nn
ai

re
. P

SS
10

=P
er

ce
iv

ed
 S

tre
ss

 S
ca

le
, 1

0 
ite

m
 v

er
si

on
. B

D
Is

v=
B

ec
k 

D
ep

re
ss

io
n 

In
ve

nt
or

y 
Sh

or
t V

er
si

on
.

PS
Q

I=
Pi

tts
bu

rg
h 

Sl
ee

p 
Q

ua
lit

y 
In

de
x 

(h
ig

he
r s

co
re

s i
nd

ic
at

e 
w

or
se

 sl
ee

p.
). 

LS
A

S-
F=

 L
ie

bo
w

itz
 S

oc
ia

l A
nx

ie
ty

 S
ca

le
-F

ea
r. 

A
SI

=A
nx

ie
ty

 S
en

si
tiv

ity
 In

ve
nt

or
y.

 T
he

 ti
m

e 
fr

am
es

 fo
r t

he
 P

SS
10

, B
D

I,
an

d 
LS

A
S-

F 
ar

e 
th

e 
pa

st
 w

ee
k,

 a
nd

 fo
r t

he
 P

SQ
I, 

th
e 

pa
st

 4
 w

ee
ks

. T
he

 P
SW

Q
 a

nd
 A

SI
 a

sk
 h

ow
 ty

pi
ca

l t
he

 st
at

em
en

ts
 a

re
 fo

r t
he

 p
er

so
n.

J Psychiatr Res. Author manuscript; available in PMC 2009 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Roth et al. Page 13
TA

B
LE

 2
Pa

ra
m

et
er

s o
f W

ith
in

-S
ub

je
ct

 D
is

tri
bu

tio
ns

 o
f R

un
 L

en
gt

hs
 o

f O
ne

-m
in

ut
e 

Sk
in

 C
on

du
ct

an
ce

 L
ev

el
 D

ec
lin

es
M

ea
su

re
(m

in
ut

es
)

T
en

se
(m

ea
n 

± 
SD

)
C

al
m

(m
ea

n 
± 

SD
)

t
df

p

W
ak

in
g 

M
ea

n
3.

90
 ±

 0
.4

8
3.

98
 ±

 0
.3

8
0.

54
34

N
S

 
 
 
 

SD
2.

52
 ±

 0
.7

5
2.

92
 ±

 0
.9

9
1.

32
34

N
S

 
 
 
 

Sk
ew

2.
46

 ±
 0

.7
4

3.
69

 ±
 2

.1
4

2.
22

22
.3

<.
03

7
Sl

ee
pi

ng
 M

ea
n

5.
05

 ±
 1

.3
9

5.
34

 ±
 1

.3
7

0.
66

34
N

S
 
 
 
 

SD
4.

89
 ±

 2
.3

1
6.

05
 ±

 2
.5

3
1.

49
34

N
S

 
 
 
 

Sk
ew

2.
69

 ±
 0

.8
4

3.
51

 ±
 1

.3
8

2.
14

29
.6

<.
04

1
A

bb
re

vi
at

io
ns

: S
D

=s
ta

nd
ar

d 
de

vi
at

io
n.

 t=
un

pa
ire

d 
t-t

es
t o

n 
lo

ga
rit

hm
ic

al
ly

 tr
an

sf
or

m
ed

 d
at

a.
 d

f=
de

gr
ee

s o
f f

re
ed

om
 (t

he
se

 v
ar

y 
be

ca
us

e 
of

 m
is

si
ng

 d
at

a.
 T

he
y 

ar
e 

co
rr

ec
te

d 
to

 lo
w

er
 fr

ac
tio

na
l v

al
ue

s
if 

va
ria

nc
es

 a
re

 si
gn

ifi
ca

nt
ly

 u
ne

qu
al

.) 
p=

tw
o-

ta
ile

d 
pr

ob
ab

ili
ty

.

J Psychiatr Res. Author manuscript; available in PMC 2009 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Roth et al. Page 14
TA

B
LE

 3
Pa

ra
m

et
er

s o
f W

ith
in

-S
ub

je
ct

 D
is

tri
bu

tio
ns

 o
f O

ne
-m

in
ut

e 
W

ak
in

g 
Sk

in
 C

on
du

ct
an

ce
 L

ev
el

s
M

ea
su

re
(μ

Si
em

en
s)

T
en

se
(m

ea
n 

± 
SD

)
C

al
m

(m
ea

n 
± 

SD
)

t
df

p

M
ea

n
5.

91
 ±

 3
.0

1
5.

79
 ±

 2
.7

6
0.

07
34

N
S

SD
2.

20
 ±

 0
.9

6
2.

56
 ±

 1
.3

9
0.

83
34

N
S

Sk
ew

1.
21

 ±
 1

.2
2

0.
58

 ±
 0

.4
4

2.
07

23
.0

<.
05

A
bb

re
vi

at
io

ns
: S

am
e 

as
 T

ab
le

 2
.

J Psychiatr Res. Author manuscript; available in PMC 2009 February 1.


