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Abstract

Background—Depressed patients show mood-congruent errors in the identification of emotion in
facial expressions. Errors consist of impaired performance (recognition errors) and negative bias
(seeing faces as sadder than they are). This abnormal processing may both reflect and contribute to
the negative affective state. In this study, we administered an emotional recognition in facial
expression task to women with premenstrual dysphoric disorder (PMDD) to determine whether
processing errors similar to those in depression were present and whether they were confined to the
luteal phase (i.e., state dependent).

Methods—The Facial Discrimination Task (FDT) was administered in the follicular and luteal
phases to women with PMDD (n = 28) and asymptomatic controls (n = 27).

Results—ANOVA with repeated measures identified significantly increased negative judgments
(both performance errors and bias) in women with PMDD during the luteal phase (more neutral to
sad misjudgments and higher negative bias index) as well as impaired “specificity” of judgments [an
inability to discriminate neutral from emotional stimuli] (diagnosis by phase interactions, p <.05),
findings similar to those observed in depression. No menstrual cycle effects were seen in controls,
and no differences between patients and controls were seen on a control task (age assessment of
pictured subjects).

Limitations—The levels of significance obtained were modest and would not withstand correction
for multiple comparisons.

Conclusion—Women with PMDD display a luteal phase-dependent impairment (negative bias) in
the processing of non-verbal affective information. This negative bias may contribute to the
generation of negative mood states during the luteal phase and could suggest the presence of
dysfunction in those brain regions whose coordinated activity mediates the recognition of emotion
in facial expression.
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Introduction

Affective neuroscience requires the availability of cognitive or emotional probes that, in
imaging studies, activate and help detect behaviorally meaningful neurocircuitry. While a
variety of such probes have been validated, a challenge facing investigators is that of selecting
probes that sample processes known to be affected in the disorder under study. One such probe
that has been useful in studies of depression is the facial emotional discrimination task.
Abnormalities in the identification of affects in facial expression have been repeatedly
described in depressed patients and take two forms, either impaired performance (recognition
errors) (George et al., 1998; Gur et al., 1992; Marcel et al., 1993; Mikhailova et al., 1996;
Rubinow et al., 1992; Suslow et al., 2001) or negative bias (identification of more sadness in
facial expressions) (Bouhuys et al., 1997; David et al., 1990; Gur et al., 1992; Hale, 111 1998).
It is the bias toward identifying faces as sad that is more commonly seen in major depression
(versus bipolar depression) (Phillips et al., 2003), and this mood-congruent bias in the
processing of emotions in faces has both contributed to hypotheses about the generation and
perpetuation of depression and led to the use of affective recognition tasks to map out the areas
of the facial detection circuitry that are dysfunctional in depression (Elliott et al., 2002;
Lawrence et al., 2004; Phillips et al., 2003).

One affective disorder that is particularly well suited for study in this fashion — but to date
conspicuously ignored in imaging studies - is premenstrual dysphoric disorder (PMDD). In
this disorder, affective episodes occur in a regular and predictable fashion, thus permitting the
performance of study procedures across affective states in relatively close temporal proximity
and with the attendant opportunity to discriminate activation patterns related to state versus
trait. Detection of disturbances in facial recognition in women with PMDD would be of value
for several reasons: first, it would help explain the observed clinical phenomenon of affective
“misperception” that informs behavioral responses in women with this disorder (Schmidt et
al, 1990). Second, it would help identify brain regions that could mediate this perceptual
abnormality, given the extensive understanding of the neurocircuitry underlying facial
perception. Third, it would permit the investigation of the relationship between affective
symptoms and processing errors in an affective disorder distinct from major depression or
bipolar disorder. To date, it is not known whether women with PMDD suffer impairments of
facial recognition, either in a luteal-phase specific fashion or as a chronic trait characteristic.

To investigate whether women with PMDD demonstrate abnormal facial recognition, we
administered the facial discrimination task (FDT), which was specifically developed for testing
emotional processing (Gur et al., 1992). The reliability and validity of the FDT for emotion
research has been amply demonstrated (Rojahn et al., 2000). A common version of this task
involves distinguishing between happy, sad, and neutral faces. One component of this task is
the correct identification of the expressions, whereas the other component is the emotional
bias, i.e., whether the “errors” in identifying the expressions are more in the “sad” or the
“happy” direction. The latter component is relatively independent of motivation and attention,
as it is the direction (sad vs. happy) of the response rather than the accuracy of the response
that counts.

In this study we tested the hypothesis that women with PMDD would show a bias towards
negative mood, as has been reported in patients with depression. We also predicted such
negatively-biased judgments would occur only in the luteal phase, and thus would be “state-
linked,” as opposed to occurring during both follicular and luteal phases (“trait-linked”). A
pure performance sub-task, that of age discrimination, was concurrently administered as a
control for differences in non-mood related task performance.
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Methods

Subject selection

Medication-free women with regular menstrual cycles were selected from respondents to
newspaper advertisements for volunteers with a history of PMDD or without any history of
menstrual cycle-related mood changes. Before entry into the study, prospective participants
were screened with a daily visual analogue scale of self- ratings of affective symptoms (i.e., a
100 mm line bracketed by severity extremes [none to worst ever] for sadness and irritability/
anxiety) (Rubinow et al., 1984). In at least two of three menstrual cycles, women diagnosed
with PMDD (n = 28, age = 37.9. yrs, SD = 5.0) showed a 30% higher mean level (adjusted for
the range of the scale employed) of sadness and/or irritability/anxiety symptoms in the week
before menses than in the week following the end of menses. (Adjustment consists of dividing
30% by the percent of the scale spanned by the extreme high and low ratings (Smith et al.,
2003).) This criterion operationalizes the DSM-IV severity and cyclicity criteria for PMDD
(Smith et al., 2003), and all patient volunteers met DSM-1V criteria. On the daily ratings
comparison women without PMDD (n = 27, age = 33.5 yrs, SD = 7.0) showed no evidence of
mood changes related to menstrual cycle phase. All subjects were given a Structured Clinical
Interview for DSM-II1-R (SCID) (Spitzer et al., 1990) and a modified Schedule for Affective
Disorders and Schizophrenia-Lifetime (SADS-L) (Spitzer et al., 1979); women with PMDD
were required to have no current or recent (< 2 years) axis | condition, and comparison women
without PMDD were required to have no current or past history of an axis | condition. The two
year requirement eliminated subjects with significant current or recent comorbidities, which
could serve as confounds, but did not eliminate the majority of subjects with PMDD with more
remote histories of Axis I disorders. All gave written informed consent, and the protocol was
approved by the National Institute of Mental Health institutional review board. All subjects
reported menstrual cycles of regular length, ranging between subjects from 21 to 33 days, and
none had any significant medical illness either at intake or at time of testing or within the
previous year.

All women were tested at two points in the menstrual cycle, mid-follicular (days 5-11 after
the onset of the last menstrual period) and mid to late-luteal (days 19-28). The order of
menstrual cycle phase during which the FDT was administered was counter-balanced. All
subjects completed two self-rating scales at each time of testing: the Beck Depression Inventory
(BDI) (Beck et al., 1961) and the self-rated version of the Premenstrual Tension Syndrome
Scale (PMTS-S) (Steiner et al., 1980).

Task Administration

The Facial Discrimination Task (Gur et al., 1992) consisted of the presentation of facial
photographs expressing degrees of happy and sad emotion as well as neutral expressions.
Twenty one faces were happy or sad and 19 were neutral. Two forms of the task were employed
— one in each menstrual cycle phase — and were counter-balanced across subjects. Subjects
were instructed to indicate on a 1 to 7-point scale whether the face presented was very happy,
happy, mildly happy, neutral, mildly sad, sad, or very sad. Subjects were essentially asked to
discriminate between happy and neutral, as well as between sad and neutral, as the
discrimination between happy and sad was obvious. The polarity of the scale for the emotion-
discrimination tasks (i.e., whether 1 or 7 represented the very happy rating) was counter-
balanced across tasks and subjects.

As a control task, subjects were also given the age discrimination task, in which, using the
same photographs, subjects were instructed to indicate the age of the poser by decade (1 =
teens, 2 = twenties ... 7 = seventies; the polarity of this scale was not reversed). Stimuli
(photographs with a cardboard backing) were placed in front of the subjects, who indicated
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their answers verbally. Each task was self-paced with no time limit, and responses were
obtained for each stimulus before the next trial was initiated. Subjects were presented stimulus
sets of both sexes (i.e., male and female faces).

Data Analysis

Results

In the happy vs. sad discrimination task, true positives (i.e., response in the happy range for a
happy face and in the sad range for a sad face), false positives (neutral to sad [i.e., scores in
the sad range for neutral stimuli] or neutral to happy [i.e., scores in the happy range for neutral
stimuli]), true negatives (neutral responses to neutral faces), and false negatives (neutral
responses to either happy or sad faces) were counted for each task as previously described
(Gur etal., 1992). In addition, a negative bias was computed (happy to neutral false negatives
+ neutral to sad false positives divided by the total attempted neutral + total attempted happy)
(Gur et al., 1992). Finally, again as per Erwin et al., (Erwin et al., 1992) sensitivity (true
positives/true positives and false negatives) and specificity (true negatives/true negatives and
false positives) scores were calculated. The first of these is a measure of “sensitivity” to the
correct emotion, while specificity describes the ability of subjects to discriminate neutral from
emotional stimuli. For the age discrimination task, the number of errors (more than one decade
off) and the direction (older vs. younger) of the error were analyzed.

Statistical analysis was performed using the SYSTAT 9 (SPSS Inc, Chicago, IL) program and
consisted of repeated measures analyses of variance (ANOVAS) on the primary dependent
variables (false positives neutral to sad, sensitivity, specificity, negative bias, age
discrimination), with diagnosis (women with PMDD vs. controls) as a between-subjects factor
and menstrual cycle phase (follicular vs. luteal) as the within-subjects factor. When permitted
by significant results on the ANOVA-R, post-hoc comparisons were performed using
individually calculated Bonferroni t-tests employing appropriate mean square error terms
(measures of random variation) from the ANOVA to maintain an overall Type I error of 0.05.
The self-rating scales of depression (BDI) and PMDD symptoms (PMTS-S) were similarly
analyzed (with ANOVA-R) to confirm that the women with PMDD were symptomatic at the
time that they completed the FDT.

Secondary outcome measures were also analyzed with ANOVA-R and included positive bias,
true positives (sad, happy), false negatives (sad, happy) and the remaining false positive (i.e.,
towards happy): these measures were not expected to show menstrual cycle or diagnostic
effects.

To control for family-wise Type I error (the risk of finding significant differences where none
exist), we performed multivariate analysis of variance (MANOVA) for each set of
comparisons; i.e., four primary dependent variables (age discrimination, a control task, was
not included) six secondary dependent variables, and two mood measures. Effect sizes were
also calculated for the influence of menstrual cycle phase on test performance in patients and
controls. ANOVAs were re-performed with sex of the face displayed as a repeated measure to
determine whether diagnostic group effects differed for male versus female faces. Finally, for
the women with PMDD, correlations between the mood ratings and FDT were calculated with
Spearman rank order correlation coefficients. Values in the text are expressed as mean +/—
standard deviation (SD).

There was no significant difference between average day of testing in the follicular phase
between controls (day = 8.2, SD = 2.0) and women with PMDD (day = 7.7, SD = 1.8), or in
the luteal phase [controls (day = 22.6, SD = 2.2), women with PMDD (day = 24.5, SD = 2.4)].
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Symptoms—Moaod ratings in women with PMDD and controls are shown in Figures 1A and
B. As expected, women with PMDD showed a luteal phase increase in both symptom rating
scales and low or absent symptoms in the follicular phase (group by phase effect: F 56 = 97.9,
p <.001 and F1 56 = 18.7, p <.001 for PMTS-S and BDI scales, respectively; luteal versus
follicular phase in women with PMDD - Bonferroni ty, = 9.96, p <.001 and typ = 4.31, p <.
001 for PMTS-S and BDI scales, respectively). On both scales, controls showed low or absent
symptoms in both phases.

Task Performance—Main outcome variables were the precision of both groups in
determining posers’ ages (AGE — a control task), the tendency to characterize neutral faces as
sad (N — S), the sensitivity and specificity of responses, and the negative bias index (BIAS).
Results of task performance in women with PMDD and controls are shown in Figures 2-5. For
N — S errors, there was a significant group-by-phase interaction (F1 50 = 4.54, p <.05) (Figure
2), reflecting an increase in false positives (N — S) in the luteal phase in women with PMDD
(to7=2.80, p <.05) but not controls. A similar diagnosis-by-phase-related impairment was seen
for specificity but not for sensitivity (F1 53 = 4.61, p <.05) (Figure 3), accounted for largely by
the mislabeling of neutral stimuli as sad by patients during the luteal phase (t,7 = 4.71, p <.
001). For BIAS, there were significant phase and group-by-phase interaction effects (F1 53 =
5.93, p <.05) (Figure 4), again reflecting an increase in negative bias in the luteal phase only
in women with PMDD (t,7 = 4.52, p <.001). For all three measures [(N — S) false positives,
specificity, and negative bias], Bonferroni t-tests revealed significant menstrual cycle phase
effects (p <.05, p <.001, and p <.001, respectively) in women with PMDD but not in controls.
The tendency to characterize neutral faces as happy or very happy (positive bias) showed no
significant group, phase or interactive effects.

While no other interactive effects were observed, significant diagnostic effects were seen for
true positive happy items (correct identification of happy faces) (decreased in patients) (group
effect, F1 53 = 4.98, p =.03) and false negative happy items (H — N misjudgments) (increased
in patients) (group effect, F1 53 = 4.98, p =.03). There were no significant effects or trends for
AGE (number or direction of errors) (group, phase, and group by phase interactions, F’s =.09-
1.4, p = NS) (Figure 5) (data not shown for direction of errors). Results observed were not
affected by the sex of the faces in the FDT.

As six subjects with PMDD had past histories of major depression, the two analyses showing
a diagnostic effect (true positive happy and false negative happy) were repeated with these
subjects removed. The F values obtained increased for both measures and remained significant
(p =.014 for both).

In the MANOVAs performed to control for family-wise Type | error, a significant time-by-
diagnosis effect (F1 53 = 4.45, p <.05) was observed for the primary variables (false positives
neutral to sad, sensitivity, specificity, negative bias), confirming the significant phase-by-
diagnosis effects seen with the univariate F tests. In contrast, no significant diagnostic or phase-
by-diagnosis effects were seen with the MANOVA for the secondary variables. As expected,
the phase-by-diagnosis effects (as well as the primary effects) were highly significant for the
MANOVA for the mood variables (F1 56 = 25.6, p <.001).

Menstrual cycle effect sizes for the three significant primary measures in women with PMDD
- false positive sad, specificity, and negative bias - were.42,.90, and.74, respectively.
Corresponding effect sizes for controls were.03,.39, and.22, and effect sizes for secondary
measures were all small (.3 or less) in both subject groups.
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Correlations—There were no significant correlations between mood ratings and any task
performance variable. Spearman correlation coefficients ranged from.0001 t0.415, p = NS.

Discussion

Women with PMDD significantly differed from control women in displaying a luteal phase-

related increase in negative judgments of mood in the facial expression of the photos, both N
— S false positives and negative bias. The FDT task was untimed and was based on subjective
judgments that do not require any concerted effort of concentration, so results are unlikely to
have been influenced by impairments in attention or lack of motivation potentially consequent
to the symptoms experienced by women with PMDD during the luteal phase. This inference

is supported by the lack of any significant differences between patients and controls on the age
discrimination task.

The potential import of these findings is as follows: first, the negative bias on the FDT
represents one of several measures that show menstrual cycle-related variation in patients with
PMDD but not controls. Other examples include luteal phase-related increases in measures of
personality dysfunction (Berlin et al., 2001) and the reporting of negative life events (Schmidt
etal., 1990). Further, unlike some cognitive measures that have shown abnormalities in patients
with PMDD independent of menstrual cycle phase (Keenan et al., 1995), the bias in affective
assessment in PMDD appears to be a state-linked rather than a trait-linked characteristic.
Consequently, we can postulate that in women with PMDD, events related to the luteal phase
trigger a functional dysregulation in specific brain regions known to play a role in the
recognition of emotional facial expression (e.g., amygdala, fusiform gyrus, orbital frontal
cortex (OFC), superior temporal sulcus) (Izquierdo et al., 2004; Killgore et al., 2004; LaBar et
al., 2003). Disturbances in these same brain regions have been implicated in depression (Elliott
etal., 2002; Lawrence et al., 2004; Phillips et al., 2003), and the FDT abnormalities in PMDD
during the luteal phase are similar to those in major depression (i.e., decreased specificity and
increased negative bias) (Surguladze et al., 2004). The relevance of luteal phase endocrine
changes for the modulation of affective processing is supported by recent fMRI findings that
anterior-medial OFC activity for negative vs. neutral stimuli increased premenstrually and
decreased postmenstrually (Protopopescu et al., 2005). Interestingly, performance in our study
was not related to severity of mood measures in either patients or controls. While correlations
between performance on the FDT and measures of either depression (Gur et al., 1992) or
anxiety (Bouhuys et al., 1997) have been reported previously, so has the absence of relationship
to either mood measure (Elliott et al., 2002; Lawrence et al., 2004).

Second, the bias in affect assessment that we observed may reflect a critical element of the
phenomenology of these patients, who report that their perceptions and elicited behaviors differ
as a function of menstrual cycle phase. This tendency for women with PMDD to view emotions
expressed in faces more negatively during the luteal phase has three possible attendant
implications. First, it may significantly contribute to both the generation and perpetuation of
the negative affective state during the luteal phase. As has been postulated in MDD, a negative
bias in the processing of emotion in facial expression reflects the experience of stimuli as both
more emotional and more negative, with consequent elicited behaviors more likely to reinforce
rather than reverse the negative affective state (Fu et al., 2004; Phillips et al., 2003). Second,
it suggests additional avenues of investigation that may more precisely define both the nature
of the affective disturbance in PMDD as well as its underlying neurophysiologic basis. For
example, Hooker et al. (Hooker et al., 2004) show that an inability to perform reversal learning
with emotionally charged faces is associated with an oversensitivity to negative social cues,
cognitive inflexibility, and a differential pattern of brain regional activation on fMRI (Hooker
et al., 2004). Studies by Schultz and colleagues (Schultz 2004) demonstrate that a reward that
is smaller than that expected will actually inhibit the firing of dopamine neurons associated
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with the expectation of reward. Hence, an affective misperception may contribute to as well
as reflect the experience of anhedonia or dysphoria. Third, the state-dependent nature of the
negative bias should, in a disorder with rapid (monthly), predictable state changes, permit a
more precise delineation of the underlying neurocircuitry than a disorder with much less
frequent or predictable state changes.

While the major outcome measures showed diagnostic by phase effects, two secondary
measures revealed diagnostic effects independent of menstrual cycle phase. Comparison
women showed better performance identifying true positive happy items and in avoiding false
negative happy judgments. These findings are consistent with the demonstration that just as
depressed patients are biased towards sad information, controls may be biased toward happy
information (Elliott et al., 2002) (although differences specifically in positive bias did not reach
significance in our study). Indeed it has been suggested that the medial frontal region may
respond differentially to sad targets in depressed patients and to happy targets in controls
(Elliott et al., 2002). It is possible that the recurrence of negative affective states in women
with PMDD may be accompanied by perceptual residua that eliminate the normal tendency to
“over-identify” happy items even during the asymptomatic phase of the menstrual cycle. The
differences in true positive happy and false negative happy items observed between women
with PMDD and comparison women did not appear confounded by a past history of depression,
as the diagnostic effects remained significant when the analyses were repeated without the six
subjects with a past history of depression.

This study has several limitations First, the levels of significance obtained were modest and,
while consistent, would not have withstood the most conservative correction for multiple
comparisons. Second, we did not have adequate numbers of PMDD women with a past history
of MDD to determine whether such a history would predict a different pattern of results. Third,
despite reasonable sample sizes, our findings must be viewed as preliminary until replicated
in an independent sample. If replicated, the observation of menstrual cycle phase-related,
mood-congruent, negative processing biases in women with PMDD would suggest that (luteal
phase-specific) affective symptoms in PMDD potentially share a neurobiological commonality
with depression. As such, future studies of disturbed perception of emotion in facial expressions
in women with PMDD may not only help define the neurocircuitry (with functional imaging)
of PMDD but may as well exploit the presence of a specific physiologic variable - the change
in reproductive steroids - that is directly relevant to changes in affective state and hence may
promote a more detailed general understanding of the physiological disturbances and substrates
of affective dysregulation.
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1A Fig. 1B
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Fig 1.

Significant luteal phase increase in symptom rating scale scores in women with PMDD but not
in comparison women. 1A. PMTS-S: Steiner-Carroll Premenstrual Tension Syndrome Scale,
self-rated version [*Bonferroni t in women with PMDD, p <.001, luteal phase vs. follicular
phase]. 1B. BDI: Beck Depression Inventory [*Bonferroni t in women with PMDD, p <.001,
luteal phase vs. follicular phase].

PMDD: Premenstrual Dysphoric Disorder
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Facial discrimination task:
neutral to sad misjudgments
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Fig 2.

Significant luteal phase-related increase in neutral to sad misjudgments in women with PMDD
but not in comparison women [*Bonferroni t in women with PMDD, p <.05, luteal phase vs.
follicular phase].

PMDD: Premenstrual Dysphoric Disorder
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Facial discrimiation task:
specificity
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Fig 3.

Significant luteal phase-related decrease in specificity in women with PMDD but not in
comparison women [*Bonferroni t in women with PMDD, p <.001, luteal phase vs. follicular
phase].

PMDD: Premenstrual Dysphoric Disorder
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Facial discrimiation task:
negative bias
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Fig 4.

Significant luteal phase-related increase in negative bias in women with PMDD but not in
comparison women [*Bonferroni t in women with PMDD, p <.001, luteal phase vs. follicular
phase].

PMDD: Premenstrual Dysphoric Disorder
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Facial discrimination task:
age misjudgments
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Fig 5.
No significant differences in age misjudgments.
PMDD: Premenstrual Dysphoric Disorder
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