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Abstract
The current study examined the interactive effects of anxiety sensitivity (AS; fear of anxiety and
anxiety-related sensations) and menstrual cycle phase (premenstrual phase vs. follicular phase) on
panic-relevant responding (i.e., cognitive and physical panic symptoms, subjective anxiety, and
skin conductance level). Women completed a baseline session and underwent a 3-minute 10%
CO2-enriched air biological challenge paradigm during her premenstrual and follicular menstrual
cycle phases. Participants were 55 women with no current or past history of panic disorder
recruited from the general community (Mage = 26.18, SD = 8.9) who completed the biological
challenge during both the premenstrual and follicular cycle phases. Results revealed that women
higher on AS demonstrated increased cognitive panic symptoms in response to the challenge
during the premenstrual phase as compared to the follicular phase, and as compared to women
lower on AS assessed in either cycle phase. However, the interaction of AS and menstrual cycle
phase did not significantly predict physical panic attack symptoms, subjective ratings of anxiety,
or skin conductance level in response to the challenge. Results are discussed in the context of
premenstrual exacerbations of cognitive, as opposed to physical, panic attack symptoms for high
AS women, and the clinical implications of these findings.
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Anxiety sensitivity (AS), or the tendency to respond fearfully to anxiety symptoms
(McNally 2002), is a cognitive risk factor for the development of panic disorder (PD;
Donnell and McNally 1989; Maller and Reiss 1992; McNally and Lorenz 1987). First, AS is
elevated among individuals with PD compared to other anxiety and mood disorders
(McNally 1996; Taylor et al. 1992). Second, it is related to greater anxiety levels in response
to a biological challenge (Zvolensky and Eifert 2000). Finally, it predicts the development of
spontaneous panic attacks and PD in longitudinal studies above and beyond trait anxiety (Li
and Zinbarg 2007; Schmidt et al. 2006) and negative affectivity (Zvolensky et al. 2005). AS
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is often, but not uniformly (van Beek and Griez 2003), significantly elevated among females
as compared to males in university samples (Stewart et al. 1997) and among PD patients
(Schmidt and Koselka 2000), particularly pertaining to physical concerns (Foot and
Koszycki 2004).

The premenstrual phase of the menstrual cycle may constitute a possible sex-specific,
cyclical stressor that contributes to the onset of maladaptive anxiety and panic pathology in
women with a vulnerability to anxiety (i.e., high AS). A variety of psychological and bodily
symptoms have been correlated with the premenstrual phase, including anxiety (Bloch et al.
1997; Chrisler and Caplan 2002; Logue and Moos 1986; Freeman 2003), and approximately
50-80% of women report that they experience at least some symptoms during this phase
(Halbreich et al. 2003; Pearlstein and Stone 1998; Wittchen et al. 2002). Although only
2-8% rate these symptoms as ‘disabling’ or ‘severe’ (Asso 1983; Halbreich et al. 2003), the
majority of women experience some degree of impairment (Barnard et al. 2003).

Several different areas of research implicate the menstrual cycle in the development and/or
maintenance of panic psychopathology. First, greater premenstrual symptoms or a diagnosis
of PMDD are associated with increased panic attack symptoms following laboratory-based
panic provocation (Kent et al. 2001; Le Melledo et al. 1999; Harrison et al. 1989; Nillni et
al. 2009). Second, both retrospective and prospective studies have often, but not uniformly
(e.g., see Stein et al. 1989), found an increase in anxiety symptoms and frequency of panic
attacks during the premenstrual phase among women with PD (Breier et al. 1986; Kaspi et
al. 1994). Additionally, studies have found menstrual cycle phase differences in panic
symptoms and skin conductance response frequency and magnitude following anxiety
induction procedures in women with PD, but not controls (Perna et al. 1995; Sigmon et al.
2000). Third, ovarian hormones (e.g., progesterone) and their metabolites (e.g.,
allopregnanolone or THP) have been shown to influence GABAA receptor expression and,
subsequently anxiety behavior (Follesa et al. 2000), and have been hypothesized to
correspond to anxiety and premenstrual symptoms in women, but the literature is
inconsistent (Halbreich et al. 1986; Schmidt et al. 1991).

To our knowledge, only one study has examined the role of AS physiological responding to
anxiety-provoking stimuli during the premenstrual phase (Sigmon et al. 1996). Specifically,
the authors examined the interaction between AS (high vs. low) and menstrual phase
[premenstrual (Days −5 to −1) vs. intermenstrual (Days 8-22)] on psychophysiological and
psychological reactivity to anxiety-provoking stimuli (i.e., listening to descriptions of
anxiety-provoking vs. neutral scenarios) using a cross-sectional design. High AS women
measured in their premenstrual phase displayed greater skin conductance response
frequency and magnitude in response to the anxiety scenes in comparison to high AS
women assessed in the intermenstrual phase and low AS women assessed in either cycle
phase above and beyond the effects of baseline state anxiety and panic attack history
(Sigmon et al. 1996). This study suggested that AS may play a prominent role in
premenstrual panic symptoms. Additionally, past work (Sigmon et al. 1996, 2000), suggests
that skin conductance responsivity increases premenstrually in reaction to anxiety-provoking
stimuli, but does not fluctuate across the menstrual cycle in the absence of a stressor.

Although some evidence exists for menstrual cycle phase differences in panic attack
symptoms and responding among individuals with PD, little work has examined this within
at-risk samples (i.e., high AS). Additionally, to our knowledge, no prior study has examined
panic-relevant responding during the premenstrual (Days −5 to −1) versus follicular (Days
6-12) phases among the same women. These two phases may be the most theoretically
important comparison, particularly in the context of AS, because the premenstrual phase, a
period of flux in progesterone levels, is associated with increased symptom reports, while
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the follicular phase, a period of stable progesterone levels, is associated with low symptom
reports (Gonda et al. 2008). The current study also extends previous work by using a
repeated measures design and utilizing a strict method of cycle phase confirmation as
opposed to relying solely on day count.

Together, the current study examined panic-relevant responding to a CO2 biological
challenge in women varying in AS across the premenstrual and follicular phases of the
menstrual cycle. It was hypothesized that women higher on AS would report greater post-
challenge panic and anxiety sensations and exhibit heightened skin conductance level during
the biological challenge in their premenstrual phase as compared to their follicular phase and
as compared to women lower on AS assessed in either cycle phase. We examined the
severity of total panic symptoms, as well as the two key facets of panic symptoms (physical
and cognitive symptoms) separately. Although a panic attack does not necessarily
necessitate the presence of cognitive symptoms (e.g., fear of dying), the presence of these
catastrophic misinterpretations of physical symptoms (e.g., rapid heart beat) during a panic
attack have been shown to differentiate individuals with PD from nonclinical panickers or
other anxiety disorder groups (Barlow, Brown, & Craske, 1994). Moreover, inclusion of the
cognitive component of panic attacks has been recommended in research on anxiety
psychopathology (Barlow et al., 1994). Based on the hormonal-stress vulnerability model,
this study posits that when AS is elevated in women, it serves as an underlying cognitive
vulnerability that interacts with both a naturally-occurring internal stressor (premenstrual
phase) and an external, anxiety-provoking stressor to elicit panic-relevant responding in
women (Nillni et al. 2011).

Materials and Method
Participants

Participants were normally menstruating (i.e., average cycle length of 25-35 days that did
not regularly vary in length month-to-month by ≥ 7 days) community women who
responded to advertisements for a “study on women’s health.” Data collection took place
between June 2009 to October 2010.

Exclusion criteria included: a) hormonal birth control methods; b) postmenopausal or
perimenopausal (e.g., hot flashes, irregular periods) status; c) pregnancy or trying to become
pregnant; d) current or past PD with or without Agoraphobia, e) current Generalized
Anxiety Disorder, Specific Phobia, Post Traumatic Stress Disorder, Social Anxiety
Disorder, Obsessive Compulsive Disorder, Alcohol or Substance Dependence, or psychosis;
f) current serious suicidal intent; g) contraindicated medical conditions (e.g., cardiovascular
or seizure disorder, asthma); and h) current use of anxiety medication (e.g., Beta blockers,
anxiolytics).

Pre-Challenge Measures
The Structured Clinical Interview for DSM-IV Axis I Disorders–Non Patient Version
(SCID-NP; First et al. 1994) is a structured diagnostic interview that was administered to
assess for the presence of current and lifetime Axis I diagnoses and current suicidal ideation.
10% of the interviews were coded for diagnostic reliability by an independent rater. There
were no disagreements between raters.

The Medical Screening Questionnaire was administered to assess exclusionary criteria
pertaining to medical conditions (e.g., asthma, cardiovascular disorders, seizure disorder),
psychotropic medications (e.g., Beta blockers, anxiolytics), and irregular menstrual cycles.
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Provisional Premenstrual Dysphoric Disorder (PMDD) Assessment—A
provisional PMDD assessment using DSM-IV-TR PMDD criteria, excluding prospective
recording of symptoms across two menstrual cycles, was conducted at the screening visit in
order to potentially control for PMDD diagnosis given its relevance to CO2 challenge
responding (e.g., Le Melledo et al., 1999). In accordance with DSM-IV-TR criteria, daily
data on the Daily Record of Severity of Problems (DRSP, described below) was utilized to
confirm the provisional PMDD diagnosis.

Daily Record Severity of Problems (DRSP)—The DRSP (Endicott, Nee, & Harrison,
2006) is a 14-item daily questionnaire that measures severity of symptoms (e.g., “felt angry,
irritable”) on a 6-point Likert scale (1 = “Not at all” to 6 = “Extreme”) across the menstrual
cycle, including 11 psychological and physical symptom items and 3 impairment items. The
DRSP has been shown to be a reliable and valid measure for identification of premenstrual
symptoms and impairment (Endicott et al., 2006). Participants completed this questionnaire
daily throughout the study duration (≥ one full menstrual cycle). Following the method
described in Borenstein, Dean, Leifke, Korner, and Yonkers (2007), a diagnosis of PMDD
required DRSP data indicating: 1) 5 symptoms, including one emotional symptom (i.e.,
depressed, anxious, affect lability, and irritability), with a rating as > 3 during the
premenstrual phase (Days −5 to −1), 2) an average daily score of < 3 in the follicular phase
(Days 6-12), and 3) at least a 30% change from follicular to premenstrual phase.

The Anxiety Sensitivity Index (ASI; Reiss and McNally 1985; Reiss et al. 1986) is a 16-
item, self-report assessment that measures fear of bodily sensations related to anxious
arousal on a 5-point Likert scale (0 = very little to 4 = very much). Prior research has
demonstrated acceptable test-retest reliability (ranging from .71 to .75) and validity (Reiss et
al. 1986), good internal reliability (α = .88; Peterson and Heilbronner 1987), and has been
shown to be a good representation of a single factor structure (Reiss et al. 1986). The ASI
total score was used in the present study. Internal consistency of the ASI total score in the
current sample was good (α = .78).

The Positive and Negative Affect Schedule – Negative Affect Scale (N-PANAS; Watson et
al. 1988) is a 10-item self-report scale that assesses negative affectivity and has
demonstrated sound psychometric properties (Crawford and Henry 2004; Watson et al.
1988). The N-PANAS was used to control for negative affectivity and internal consistency
of N-PANAS total score in the current sample was excellent (α = .89).

Challenge Measures
During the CO2 challenge procedure, skin conductance level (SCL) was measured using a
J&J Engineering I-330-C2 system, which digitally recorded physiological data online at a
sample rate of 1024 samples per second across all channels using J&J Engineering
PhysioLab Software. SCL was assessed in micromhos by using a Coulbourn S71-23 isolated
coupler, and collected by placing Ag-AgCl electrodes filled with electrode paste to the
medial phalanxes of the third and fourth fingers of the nondominant hand. SCL was used
because prior studies have shown changes in SCL across a biological challenge (e.g.,
Bernstein et al. 2009). Any non-readable data (i.e., missing data due to electrode falling off a
participant) was eliminated following standard data reduction strategies employed in past
biological challenge studies (Zvolensky et al. 1998).

The Diagnostic Sensations Questionnaire (DSQ; Sanderson et al. 1988, 1989) is a widely-
used 16-item self-report measure of DSM-IV-TR panic symptom intensity rated on a 9-point
Likert scale (0 = not at all noticed to 8 = very strongly felt). The DSQ measures both
physical (e.g., “pounding of racing heart”) and cognitive (e.g., “fear of losing control”)
symptoms of panic. The DSQ was administered at baseline and post-challenge at both
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laboratory visits, and the DSQ mean intensity score, as well as physical and cognitive
subscales were used as the primary outcomes of self-reported panic response in this study. In
the current sample, the internal consistency was excellent: post-challenge DSQ total score
(premenstrual α = .94; follicular (α = .94), physical subscale (α = .93; α = .92), and
cognitive subscale (α = .88; α = .89).

The Subjective Units of Distress Scale (SUDS; Wolpe 1958) is a self-report visual analogue
scale, where participants indicate along a 100-mm line the degree of anxiety they are
experiencing from 0 (“no anxiety”) to 100 (“extreme anxiety.”) Participants completed
SUDS at baseline and post-challenge.

Procedure
Screening Visit—A medical screening questionnaire and the SCID-NP were administered
in order to assess inclusion and exclusion criteria. Participants who met exclusionary
psychiatric diagnoses were given referral information. Those meeting final eligibility criteria
were administered the provisional PMDD assessment, asked to complete self-report
questionnaires, and compensated $10.

Randomization and Scheduling Procedure—The first laboratory visit was scheduled
according to random assignment to occur during either the next premenstrual phase (Day −5
to −1) or the next follicular phase (Days 6-12). These day ranges were based on a 28-day
cycle and were adjusted for women with other normal cycle lengths (i.e., 25-35 days). First,
an estimated first day of bleeding for the next menstrual cycle was calculated at the
screening visit based on the beginning date of the last menstrual cycle as a reference point.
Then, participants were instructed to call or email the experimenter on their first day of
bleeding. At that time, she was either scheduled for her follicular lab visit (if randomized to
Follicular-Premenstrual) or scheduled for an ovulation test start date (if randomized to
Premenstrual-Follicular). These procedures were completed at the end of the first laboratory
visit to schedule their second visit. For participants who were randomized to Premenstrual-
Follicular, there were times when a participant would begin bleeding prior to her scheduled
premenstrual visit despite use of day count and ovulation testing. In 16% of these cases (n =
9), lab visit 1 was switched to Follicular-Premenstrual in order to increase study retention,
resulting in slightly uneven groups for order of testing (63.6% Follicular-Premenstrual vs.
36.4% Premenstrual-Follicular).

Ovulation Testing—At the end of the screening visit, eligible participants were given
ovulation detection kits, and instructed to begin testing for their LH peak by urinating
midstream on an ovulation test starting on a day specified by the experimenter and to
continue testing their urine daily until detection of the LH peak (after which ovulation
should occur within 48 hours; Epting and Overman 1998). The start date of testing was
determined based on their average menstrual cycle length via the ovulation test kits (i.e.,
would begin testing on Day 12 if their average cycle length was 28 days). They were
scheduled for their premenstrual laboratory visit within 12-14 days following this peak.
Participants were compensated $15 for completing these at-home procedures.

Saliva Sampling Procedure and Confirmation of Cycle Phase—There is typically
only about 50% agreement between day count and later progesterone assay results (Shirtcliff
et al. 2001). Therefore, the use of a more conservative method for assessing cycle phase,
including day count, ovulation testing, and a progesterone assay, was used in order to
increase confidence that women were measured in the menstrual cycle phase intended.
Participants provided a saliva sample at each laboratory visit and progesterone level was
examined. Participants rinsed their mouths with water 10 minutes prior to collection. They
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were instructed to imagine that they were chewing their favorite food, while allowing the
saliva to pool in their mouth. Then they passively drooled down a 2-inch piece of a plastic
straw into a 2 ml cryovial with their heads tilted forward until 1/3 of the tube was filled.
Samples were frozen within 30 minutes at a temperature of −40°C and sent to Salimetrics,
LLC within 2 months for assaying of progesterone.

For normally menstruating women, mean progesterone level is 136.30 pg/ml (SD = 82.3) in
the premenstrual phase and 80.35 pg/ml (SD = 34.8) in the follicular phase (Salimetrics LLC
2010). However, a wide range of normal values were expected, particularly in the
premenstrual phase, given that women would be at different rates of progesterone decline.
Specifically, progesterone levels begin to decline 8 days prior to menstruation with the
steepest drop occurring 2 days prior to menstruation (Rubinow et al. 1988), therefore,
premenstrual visit assessment 1 day prior to menstruation would likely reveal lower
progesterone levels than assessment 5 days prior to menstruation. Next menstrual cycle start
date and LH peak were used as the primary measures of cycle verification, and progesterone
level was used as a secondary measure of cycle verification if there was missing information
on the primary measures. For the follicular phase laboratory visit, follicular cycle phase was
considered verified if: 1) women reported an LH peak following their follicular phase visit,
or 2) progesterone level fell within one standard deviation of the follicular phase mean
reported above. For the premenstrual phase laboratory visit, premenstrual cycle phase was
considered verified if: 1) women reported an LH peak prior to their premenstrual phase visit,
2) women reported a menstrual cycle start date within 5 days following their premenstrual
phase visit, or 3) progesterone level fell within one standard deviation of the premenstrual
phase mean reported above. Laboratory visits that did not meet verification of current
menstrual cycle phase according to the steps outlined above were excluded from the
analyses.

Laboratory Visits CO2 Challenge Procedure—Participants were asked to refrain
from any type of substance (e.g., caffeine, nicotine, alcohol) on the days of their two
laboratory visits to avoid confounding the effect of the challenge with other substances.
Upon arriving to the laboratory, participants were seated in a 9 ft × 10 ft room and
participants received an overview of the CO2 procedure, including possible side effects of
breathing CO2-enriched air (e.g., breathlessness, dizziness, chest pain, and tachycardia;
Eifert et al. 1999). Then a positive pressure Downs C-PAP mask and electrodes for
measuring skin conductance were attached. The CO2 was stored in a 101 cm cylinder and
fed through a 5 cm × 5 cm hole via aerosol tubing from an adjacent control room to the C-
PAP mask worn by participants.

The participant was instructed to sit quietly for an adaptation period (i.e., 10-minutes of
breathing regular room air through the mask; Forsyth and Eifert 1998), while baseline skin
conductance level was recorded. However, she was not told of the onset, timing, dose, or
offset of the CO2 inhalation. Prior to CO2 inhalation, participants completed baseline
measures of anxiety and panic symptoms (i.e., DSQ and SUDS). Then she underwent a
single 3-minute administration of 10% CO2-enriched air (10% CO2, 21%O2, 69% NO2),
while skin conductance level was continuously recorded. An automated and well-established
apparatus was used for CO2 delivery (Lejuez et al. 1998). Immediately following the
biological challenge procedure, participants were instructed to complete post-challenge
anxiety (i.e., SUDS) and panic symptom (i.e., DSQ) measures. Following these procedures,
participants were debriefed, compensated $20 and $25 for participation in laboratory visit 1
and 2 respectively, and instructed to contact the experimenter on the day they began their
next menstrual cycle (if randomized to Premenstrual-Follicular), or given an ovulation test
start date and instructions (if randomized to Follicular-Premenstrual).

Nillni et al. Page 6

Arch Womens Ment Health. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Data Analytic Strategy
To examine the interactive effects of AS and menstrual cycle phase (premenstrual vs.
follicular) on panic-relevant responding, regression equations using Linear Mixed Models
(LMM) analysis were conducted in SPSS. Participants with at least one cycle-confirmed
timepoint were included. Each model tested had one between-subjects factor (AS) and two
within-subjects factors: time during the challenge (baseline vs. post-challenge) and
menstrual phase (premenstrual vs. follicular). Each measure of panic response (DSQ mean,
DSQ cognitive, DSQ physical, SUDS, and SCL) was modeled as a linear function of these
three fixed effects and their interactions in 5 separate LMMs. Participant was included in the
model as a random effect to control for correlations between repeated measurements of the
same participant. AS was examined continuously rather than as two groups (high, low) as
has been done in previous research (Sigmon et al. 1996) in order to more accurately capture
the range of AS when examining the interactive effects of AS and menstrual phase.1

Negative affectivity (N-PANAS) was included in the models as a fixed effect covariate, as
this variable has been shown to influence challenge response (Vujanovic et al. 2006).
Significant interactions were explored graphically in order to characterize the nature of the
interaction.

Results
Participant Characteristics

The final sample of participants included 55 women (Mage = 26.18, SD = 8.9). See Tables 1
and 2 for complete demographic information.

Menstrual Cycle Phase Differences in Baseline Challenge Variables
Premenstrual baseline SUDS ratings, DSQ total mean scores, DSQ total physical scores,
DSQ total cognitive scores, and SCL were not significantly different from follicular baseline
scores on these measures (p’s > .05), suggesting that women experienced comparable panic,
anxiety, and psychophysiological symptoms in each cycle phase prior to the challenge.

Zero-Order Correlations Among Study Variables
In terms of zero-order correlations among Aim 1 predictor and baseline challenge variables,
N-PANAS total scores, and ASI total scores were significantly positively correlated with
one another (r = .49, p < .001; sharing approximately 24% of the variance). ASI total scores
were significantly positively correlated with follicular baseline DSQ mean (r = .40, p < .01),
physical (r = .39, p < .01), and cognitive (r = .32, p < .05) subscale scores and SUDS scores
(r = .29, p < .05). Similarly, N-PANAS total scores were significantly positively correlated
with follicular baseline DSQ mean (r = .38, p < .01), physical (r = .36, p < .01), and
cognitive (r = .34, p < .05) subscale scores and SUDS scores (r = .38, p < .01). Alternatively,
neither ASI total scores or N-PANAS total scores were correlated with any of the
premenstrual baseline self-report variables or with premenstrual and follicular baseline SCL.

ASI total scores were significantly positively correlated with premenstrual post-challenge
DSQ cognitive subscale scores (r = .32, p < .05), but not with any other post-challenge
outcome variable (p’s > .05). N-PANAS total scores were significantly positively correlated

1Additional models were run including a variable indicating which menstrual phase was tested first to examine whether the ordering
influenced response, and including a variable indicating whether or not the participant completed one or both laboratory visits. These
factors did not predict any of the outcomes and were not included in any of the final models. Additionally, a total of 3 participants
(5.5%) met criteria for PMDD, and all analyses were run including PMDD diagnostic status as a covariate. Results did not vary as a
function of PMDD diagnosis, therefore, final models presented in this manuscript do not include PMDD diagnosis as a covariate.
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with follicular post-challenge SUDS scores (r = .31, p < .05), but not with any other post-
challenge outcome variable (p’s > .05).

LMM Analyses
Five models were tested examining the main effects of time-invariant or between-subject
factors, time-varying or within-subject factors, and their interactions on the five outcome
measures (DSQ mean score, DSQ physical, and DSQ cognitive subscale scores, SUDS, and
SCL). The final model included N-PANAS, ASI, cycle phase, challenge, ASI × cycle phase,
ASI × challenge, cycle phase × challenge, and ASI × cycle phase × challenge. Additionally,
after fitting the model with several covariance structures, the unstructured covariance
structure provided the best fit based on the AIC and BIC fit statistics (i.e., lower numbers
equal better fit). For example, using the unstructured covariance structure, the AIC and BIC
fit statistics were 1062.5 and 1114.2, respectively, whereas they were 1207.9 and 1205.9
using the compound symmetry covariance structure.

Time at challenge significantly predicted DSQ mean total scores (F(1, 43.9) = 31.23, p < .
001), physical (F(1, 45.7) = 35.23, p < .001), and cognitive (F(1, 43.8) = 11.46, p < .01)
subscale scores, SUDS scores (F(1, 44.9) = 29.54, p < .001), and SCL (F(1, 41.7) = 15.89, p
< .001), whereby scores were lower at baseline as compared to post-challenge. There was a
trend for N-PANAS on DSQ mean total scores (F(1, 46.2) = 3.78, p = .06), DSQ physical
subscale scores (F(1, 46.9) = 4.04, p = .05), and SUDS (F(1, 44.6) = 3.78, p = .06) such that
higher N-PANAS scores predicted higher scores regardless of the time at challenge and
cycle phase of assessment.

There was a three-way interaction between ASI × cycle phase × challenge was significant
(F(1, 37.9) = 4.96, p < .05), suggesting that DSQ cognitive scores in each phase
(premenstrual and follicular) and time of challenge (baseline and post-challenge) depended
on the level of AS. This interaction was examined by graphing the predicted values of the
premenstrual baseline, premenstrual post-challenge, follicular baseline, and follicular post-
challenge DSQ cognitive scores as a function of ASI score, allowing examination of the
slope of ASI for each cycle phase/time of challenge group; see Figure 1 for a graphic
representation of the observed interaction. Women higher on AS measured in the
premenstrual cycle phase reported the greatest DSQ cognitive subscale scores as compared
to women higher on AS measured in the follicular cycle phase and women lower on AS
measured in either cycle phase. See Table 3 for LMM results of DSQ cognitive panic
symptoms. There were no other significant main or interaction effects on DSQ outcomes
(p’s > .05).

Analyses were reconducted examining the three ASI subscales (physical, cognitive, and
social concerns). The only significant three-way interaction occurred between ASI physical
subscale scores × cycle phase × challenge (F(4.4, 37.0) = 4.41, p < .05) predicting DSQ
cognitive scores. This finding suggests the possibility that the three-way interaction
observed using the total ASI score is driven by the physical items (e.g., “it scares me when
my heart beats rapidly”).

Discussion
There was a significant three-way interaction between anxiety sensitivity (AS), time at
challenge, and menstrual cycle phase in predicting cognitive panic symptoms following the
carbon dioxide challenge. Specifically, during the premenstrual phase, post-challenge scores
evidenced the greatest increase as a function of AS level, whereby women with higher AS
scores reported higher Diagnostic Sensations Questionnaire (DSQ) cognitive symptom
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scores during the premenstrual phase than during their follicular phase and as compared to
women with lower AS during either phase.

Contrary to prediction, there were no significant main or interactive effects of AS and cycle
phase in predicting DSQ mean scores, DSQ physical panic attack symptoms, subjective
anxiety (SUDS), and SCL. The null findings for subjective anxiety and physical panic
symptoms are inconsistent with a prior study that found increased subjective anxiety and
physical panic symptoms in the menstrual vs. mid-luteal phase following a CO2 challenge in
Panic Disorder (PD) patients vs. controls (Perna et al. 1995). However, that study differed
from the current study in the menstrual cycle phases assessed (menstrual vs. luteal) and in
the sample used (PD patients vs. controls). The current findings also are inconsistent with
prior research that reported increases in SCL in the premenstrual vs. intermenstrual phase in
PD patients vs. controls (Sigmon et al. 2000) and in nonclinical participants with high vs.
low AS following an induced external stressor (Sigmon et al. 1996). However, in contrast to
those studies, the current study considered AS as a continuous variable rather than as a
dichotomous grouping variable (high vs. low AS), and employed a different panic
provocation paradigm. Thus, methodological differences may have influenced, in part,
consistency in reported findings.

The significant finding for DSQ cognitive, but not physical, symptoms is interesting and
provides a platform for theory refinement and future research in at least two substantive
ways. First, the present findings suggest that the increased vulnerability to panic-relevant
responding may be operative in the cognitive mode of responding, specifically (e.g.,
misinterpretation and catastrophizing of physical symptoms) among high AS women in the
premenstrual phase, rather than in the physiological mode of responding (e.g., intensity of
physical symptoms). Therefore, high AS women may experience similar levels of physical
symptoms and psychophysiological arousal in response to a biological challenge across the
menstrual cycle, but may be more likely to misinterpret the elicited symptoms as ‘more
personally dangerous or threatening’ in the premenstrual than in the follicular phase. Given
that the CO2 challenge is a potent physiological stressor involving induction of intense
physical symptoms (Zvolensky and Eifert 2000), variability in physical panic symptoms and
in psychophysiological reactions (i.e., SCL) across repeated measures may be attenuated
within subjects, particularly in those without PD.

Second, catastrophic misinterpretations in the meaning, as opposed to the intensity, of
physical symptoms may involve other moderating processes that influence the interpretation
of physical symptoms. One potential moderator is coping behaviors. Women high on AS
engage in more avoidant-oriented coping, including mental and behavioral disengagement,
alcohol/drug use, and denial, and engage in less acceptance coping strategies as compared to
women low on AS (Sigmon et al. 2004). In nonclinical samples, increased avoidant-oriented
coping predicts increased physical and cognitive panic symptoms and subjective anxiety
following CO2 challenge procedures (Karekla et al. 2004; Spira et al. 2004). Additionally,
women with PD prospectively reported using more mental and behavioral disengagement
and less acceptance coping strategies in their premenstrual phase as compared to their
intermenstrual phase (Sigmon et al. 2004). Collectively, this literature suggests that at-risk
women (e.g., high AS women or PD patients) may use more avoidant-oriented coping
during the premenstrual phase as compared to other cycle phases. Therefore, it is possible
that at-risk women engage in more maladaptive coping (i.e., avoidant) in response to
physical symptoms during the premenstrual phase. Subsequent repeated practice with this
type of coping may, in turn, strengthen catastrophic misinterpretations of physical
symptoms, as is typical in models of panic etiology and maintenance (Barlow 2002).
Longitudinal designs are needed to delineate the progression of coping and panic symptoms,
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and the current study cannot answer this question, which remains an important area for
future research.

The current study adds unique insight into how experience and interpretation of physical
sensations varies across the menstrual cycle among the same women without PD. Clinically,
this work may inform prevention and intervention efforts for women. For example,
prevention or treatment for panic psychopathology could be modified to include
intensification of treatment, particularly cognitive restructuring, in the premenstrual phase as
well as assessment of and psychoeducation around menstrual cycle-related exacerbations of
panic symptoms in both outpatient psychological and primary care settings. Additionally,
current AS reduction prevention programs (e.g., Schmidt et al. 2007) may benefit from
inclusion of several of the modifications listed above for women. These findings also
suggest that menstrual cycle phase should be assessed and potentially controlled for in
biological challenge research.

Although the study methodology made several improvements beyond previous studies,
several limitations should be noted. First, the sample consisted of a relatively homogenous
group of highly educated primarily Caucasian women. Future research would benefit from
examining more diverse samples in order to increase generalizeability of the findings.
Second, the sample was a relatively healthy group of women with lower variability of AS
scores as compared to other biological challenge studies using a community sample (e.g.,
Nillni et al. 2010). Specifically, only 9% of the sample had an ASI score of ≥ 25, which is
often used to denote high AS group status (e.g., Sigmon et al. 1996) and as an inclusion
criteria for prevention programs aimed at decreasing AS in at-risk groups (e.g., Schmidt et
al. 2007). The null findings regarding the main effects of AS on panic-relevant responding
are inconsistent with literature that widely supports the association between AS and anxiety
and panic symptoms following a CO2 challenge (see Zvolensky and Eifert 2000, for a
review), and may have been a result of lowered variability of AS in this sample.

Third, although the CO2 challenge provides an opportunity to observe panic-relevant
responding in “real time,” future research could also benefit from prospective, longitudinal
studies that examine how potential risk factors and their interactions relate to the
development of naturally-occurring panic psychopathology using ambulatory monitoring.
Fourth, the current study methodology assumed the same degree of hormonal cyclical
change for every woman at the time of the premenstrual assessment. Gonadal hormone
fluctuations, particularly the decline of progesterone and its neurosteroid metabolite
allopregnanolone (THP) in the late luteal phase, have been theorized to underlie the
experience of premenstrual symptoms (e.g., Halbreich 2003) and anxiety response (e.g.,
Smith et al. 2006). Therefore, the rate of progesterone decline in the premenstrual phase may
be a more important predictor of anxiety response than simply being in the premenstrual
phase (Days −5 to −1), and an increased rate of progesterone decline may differentiate
women at risk for anxiety response during the premenstrual phase and represent a better
marker of risk. Future studies would benefit from inclusion of more frequent hormonal
assessments to examine the interaction between a psychological vulnerability (i.e., AS) and
the slope of progesterone decline in furthering understanding of panic response across the
menstrual cycle.
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Figure 1.
ASI × Cycle Phase × Challenge Interaction on DSQ Cognitive Symptoms
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Table 1

Participant Demographics (N = 55)

Age, Mean (SD) 26.18 (8.90)

Ethnicity, Number (%)

 Hispanic/Latino 4 (7.3%)

 Non Hispanic 51 (92.7%)

Race, Number (%)

 Caucasian 47 (85.5%)

 African American 2 (3.6%)

 Asian 2 (3.6%)

 Native American 2 (3.6%)

 Other 1 (1.8%)

Marital Status, Number (%)

 Single 38 (69.1%)

 Married 13 (23.6%)

 Living Together 3 (5.5%)

 Divorced 1 (1.8%)

Education, Number (%)

 11th Grade 1 (1.8%)

 High School Degree 1 (1.8%)

 Currently in College 30 (54.5%)

  Freshman 4 (7.3%)

  Sophomore 9 (16.4%)

  Junior 6 (10.9%)

  Senior 6 (10.9%)

  Other 1 (1.8%)

 Graduated from a 2-yr College 1 (1.8%)

 Graduated from a 4-yr College 19 (34.5%)

 Graduated with a Master’s Degree 3 (5.5%)
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Table 2

Rates of Current and Past Axis I Diagnoses

Current Axis I Diagnosis,
Number (%)

Past Axis I Diagnosis,
Number (%)

Any Diagnoses, Number (%) 5 (9.1%) 29 (52.7%)

Alcohol Abuse 0 (0.0%) 8 (14.4%)

Alcohol Dependence 0 (0.0%) 3 (5.4%)

Anorexia Nervosa 0 (0.0%) 4 (7.2%)

Anxiety Disorder NOS 1 (1.8%) 0 (0.0%)

Bulimia Nervosa 1 (1.8%) 1 (1.8%)

Dysthymia 3 (5.4%) 0 (0.0%)

Generalized Anxiety Disorder 0 (0.0%) 1 (1.8%)

Major Depressive Disorder 3 (5.4%) 22 (39.6%)

Obsessive Compulsive Disorder 0 (0.0%) 1 (1.8%)

Other Substance Dependence 0 (0.0%) 2 (3.6%)

Post Traumatic Stress Disorder 0 (0.0%) 2 (3.6%)

Social Phobia 0 (0.0%) 2 (3.6%)

Specific Phobia 0 (0.0%) 1 (1.8%)
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Table 3

Linear Mixed Modeling Results for DSQ Cognitive Symptoms

b SE t p

N-PANAS .04 .04 1.06 .29

ASI .00 .18 .03 .98

Phase −4.52 3.27 −1.38 .18

Challenge −10.77 2.71 −3.98 .001

Phase × ASI .35 .20 1.69 .10

Challenge × ASI .10 .17 .59 .55

Phase × Challenge 6.22 3.33 1.87 .07

Phase × Challenge × ASI −.46 .21 −2.23 .03

Note: DSQ = Diagnostic Sensations Questionnaire (Sanderson et al. 1988, 1989); N-PANAS = Positive and Negative Affect Scale – Negative
Affect Scale (Watson et al. 1988); ASI Total = Anxiety Sensitivity Index Total Score (Reiss and McNally 1985; Reiss et al. 1986); phase =
premenstrual vs. follicular cycle; challenge = baseline vs. postchallenge
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