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INTRODUCTION

The burden of mood disorders upon women in the United States is substantial, with a
lifetime prevalence rate of approximately 25% in adult women compared to 17% in adult
men [1]. This gender difference is further magnified when taking into consideration the
exclusivity of menstrually related mood disorders (MRMDs) to women only. Menstrually
related mood disorders represent a constellation of clinically significant affective,
behavioral, and physical symptoms, along with functional impairment, occurring in the late
luteal phase of the menstrual cycle and remitting shortly after the onset of menses [2, 3].
Among premenopausal women, approximately 30% experience some form of a MRMD,
including the 8% of women who suffer from premenstrual dysphoric disorder (PMDD), the
most severe MRMD [4-6]. The disability adjusted life years lost due to a MRMD is within
the same magnitude as other affective and anxiety disorders, such as major depressive
disorder (MDD) and posttraumatic stress disorder [5, 7], and is associated with a significant
risk of attempted suicide [8].

Despite more than 65 years of research investigating MRMDs, underlying
pathophysiological mechanisms remain elusive. There is recent evidence that psychosocial
history may provide the context for distinct pathophysiological phenotypes in MRMDs. For
example, women with both a MRMD and a history of sexual or physical abuse show a
unique thyroid axis and adrenergic profile relative to women with a MRMD, but no history
of abuse [9-11].

A history of depression provides another context of vulnerability that may be of particular
relevance to MRMD. A history of depression and other affective disorders has been reported
in 30-70% of women with a MRMD [8, 12-14]. Not only are women with a MRMD more
likely than non-MRMD women to have experienced a prior episode of depression [13, 15],
but a MRMD also predicts the development of major depressive disorder (MDD) [16-18].
The comorbid relationship between MDD and MRMDs has fueled studies investigating the
nosology of the two disorders. While MDD and MRMDs do share genetic and
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environmental risk factors to a modest degree [19], it has been argued that MRMDs are a
distinct entity when compared to other mood disorders in terms of cognitive factors,
physiological biomarkers, and treatment outcomes [14, 20].

Examination of stress responsive pathways may shed light on unique versus shared stress
phenotypes in MRMD compared with other mood disorders, since both MRMDs and other
mood disorders are associated with increased daily stress [21-24] and are either triggered or
exacerbated by stressful life events [19, 25-27]. Although studies examining stress
responses in women with a MRMD have been scant, and results mixed [e.g. 28], the
majority of evidence points toward hypo-responsiveness to challenge in both the
hypothalamic pituitary adrenal (HPA) axis [22, 28-33] and the sympathetic nervous system
(SNS) [21, 22, 35] in women with a MRMD relative to women without a MRMD [36].

While hyperactivity of the HPA and SNS stress axes is consistently found in patients with
current melancholic depression [37-47], studies of euthymic patients with a history of
depression have produced conflicting results, showing hyperactivity [35, 48-53],
hypoactivity [54-56] or no differences [54, 56] relative to never depressed controls in
measures reflecting SNS or HPA axes. Stress response dysregulation in those with a history
of depression, as found in the majority of previous studies, may be clinically relevant, since
a recent study in remitted MDD patients reported HPA-axis dysregulation in response to a
mild stressor may predict the development of future depressive symptoms [57].

Few studies have directly compared MRMD women with women who have suffered from
other mood disorders for stress reactivity phenotypes. The results of such investigations may
be relevant to understanding not only the pathophysiology of mood disorders in general, but
particularly that of MRMDs. The primary aim of the present study was to compare women
with MRMD to non-MRMD women, approximately half of whom had a history of
depression, and to investigate whether the hypoactive responses to stressors previously
reported in women with a MRMD reflect a unique phenotype of MRMDs or could more
parsimoniously be explained by a history of depression in this population. A secondary,
exploratory aim was to investigate the relationship of stress reactivity to premenstrual
symptomatology in order to examine any potential pathophysiological relevance of stress
reactivity to mood disorders.

The sample of 126 women (19-51 years of age) who comprise this report were recruited via
newspaper, radio, or posted advertisements targeting either women with severe premenstrual
symptoms or women without premenstrual symptoms. The final sample of participants was
composed of four groups: 1) Women with a MRMD without a history of depression (n =
37); 2) Women with a MRMD plus a history of depression (n = 26); 3) Women without a
MRMD and without or depression (n = 43); and 4) Women without a MRMD but with a
history of depression (n = 20).

Participants with a current Axis | psychiatric disorder were excluded (based on interview,
see below), but referred for treatment. Women who were pregnant or breastfeeding, had
irregular menstrual cycles, taking prescription medication (including oral contraceptives and
psychotropics), had a cardiovascular disorder, a current chronic or acute pain condition, an
endocrine disorder (including diabetes or thyroid disorder), or other chronic medical illness,
were also excluded from the final sample. A diagnosis of a history of depression was based
on a structured clinical interview (see below). The never depressed groups were free of any
lifetime depressive illness, including minor depression, dysthymia and adjustment disorder
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with depressed mood. The protocol was approved by the institution’s Institutional Review
Board, and all participants provided informed, written consent. Participants received $100
compensation.

Screening and Enrollment—During the enrollment session, informed consent was
obtained, as was a series of stethoscopic blood pressures and a medical history. Participants
were instructed on the Daily Record of Severity of Problems (DRSP) form [58], which they
were asked to complete daily for 2-3 consecutive menstrual cycles in order to confirm the
diagnosis of MRMD. Upon completion of the DRSP ratings, a comprehensive psychiatric
history was obtained.

Confirmation of MRMD Diagnosis—MRMD and non-MRMD status was confirmed
prospectively using the DRSP [58]. The DRSP forms were mailed back weekly in order to
discourage retrospective reporting. The DRSP consists of 24 items and allows for the
quantification of the severity of physical, emotional and behavioral symptoms of MRMD as
well as functional impairment using a 6-point scale (1 = absent, 2 = minimal, 3 = mild, 4 =
moderate, 5 = severe and 6 = extreme). A diagnosis of MRMD was based on the following
criteria: (1) at least a 30% decrease in emotional symptom severity from the seven luteal
phase days preceding menses compared with follicular phase days 4-10; (2) a rating of
emotional symptoms as moderate, severe or extreme on at least two of the seven
premenstrual days; (3) remission of symptoms shortly after the onset of menses followed by
a clear symptom free period (= 6 consecutive days) during the early-to-mid follicular phase
and (4) criteria 1-3 met in at least two menstrual cycles [58, 59]. Since we did not require
the arbitrary 5 or more different symptoms during the luteal phase as required by the DSM-
IV for the diagnosis of premenstrual dysphoric disorder (PMDD), we describe our sample as
women with a menstrual mood disorder (MRMD). However, 53 (84%) of the women in this
report did, in fact, display 5 or more symptoms premenstrually that met severity and
remission criteria above (criteria 2 and 3) and would therefore meet DSM-1V criteria for
PMDD.

Women without a MRMD met the following criteria: (1) no more than minimal emotional
symptoms occurring on fewer than three days during the premenstrual week; (2) less than a
30% decrease in emotional symptom severity from the luteal to the follicular phase; and (3)
these criteria met in at least two menstrual cycles.

A total of 232 women were prospectively evaluated for MRMD, with 78 (33%) meeting
prospective criteria consistent with other reports [21]. A total of 85 entered as non-MRMD
controls, with 79 (93%) meeting prospective control criteria. Following the prospective
diagnostic phase, 14 MRMD women did not enter into the experimental phase of the study
(8 lost to follow-up, 5 declined, and 1 was withdrawn) and 16 non-MRMD women did not
enter into the experimental phase of the study (9 lost to follow-up, 1 declined, and 6 were
not tested due to laboratory relocation at that time). One additional woman with a MRMD
was enrolled in the study, but was not included in the analyses because no SNS data was
collected due to equipment error. Consequently 63 women with MRMD (26 with a history
of depression) and 63 non-MRMD women (20 with a history of depression) comprise the
sample for this report.

Diagnosis of Psychiatric Disorders—The MINI Structured Psychiatric Interview [60]
was used to evaluate all women for current and past Axis | psychiatric disorders. All
diagnoses were based on a consensus diagnostic session with a clinical psychologist. Since
lifetime histories of mood disorders are prevalent in women with a MRMD [13, 15], one
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year in full remission was required for mood disorders, while for other Axis I disorders three
years in remission was required.

Test Session—All laboratory sessions took place during the luteal phase of the menstrual
cycle, 5-12 days after home urine ovulation testing indicated the luteinizing hormone surge
that indicates ovulation (corresponding to days 18-25 of an idealized 28 day cycle). The
luteal (symptomatic) phase was the only phase studied since there is little consistent
evidence that menstrual cycle phase influences blood pressure (BP) or heart rate (HR)
reactivity in healthy controls [61, 62] or BP, HR, and neuroendocrine differences between
MRMD and non-MRMD groups at rest or during stress [21, 22, 32, 34].

All laboratory testing began between the hours of 7:00 am and 9:30 am. The laboratory visit
lasted approximately three hours and thirty minutes and followed a fixed sequence.
Although the entire testing sequence is reported here, we focus solely on the results of the
stress testing portion of the protocol in the present report.

The order of testing was as follows: 1) Instrumentation for BP monitoring (Suntech 4240
Exercise BP monitor) and stethoscopic BP assessments to ensure reliable cuff placement and
microphone position; 2) 1V setup and recovery; 3) Baseline 1 Rest; 4) Beck Depression
Inventory-I1 (BDI-II) and Spielberger State Anxiety Inventory (SAI); 5) Pain Testing; 6)
Recovery; 7) Baseline 2 Rest; 8) Trier Social Stress Test (TSST).

Intravenous Blood Draw Setup: A research nurse inserted a butterfly needle into a forearm
vein. A non-heparinized, multi-stop-cock system was employed, to allow the nurse to draw
blood samples without the added stress involved in multiple venipunctures. Once the needle
was in place, a curtain was drawn to prevent the participant from viewing blood sampling. A
15 minute recovery period followed the intravenous blood draw setup.

Baseline 1 Rest: Participants rested quietly for 10 minutes in order to serve as the baseline
for pain testing. Depression and state anxiety were measured at the end of this rest period
using the BDI-II and SAL.

Pain Testing: Participants were exposed to two pain tests: the submaximal effort tourniquet
procedure and the hand cold pressor. Results and details on the pain testing procedure are
reported elsewhere [63].

Recovery: A five minute recovery period followed each pain task.

Baseline 2 Rest: Following the recovery period, quiet rest ensued for an additional 10
minutes, serving as a baseline from which to calculate SNS reactivity. Blood pressure and
HR measures were taken at minutes 1, 3, 6, and 9 and averaged. Blood was sampled at
minute 10 for baseline levels of norepinephrine (NE).

TheTrier Social Stress Test (TSST): A modified version of the TSST [64] was employed
(modified to include serial addition as opposed to serial subtraction). The TSST is a stress
test which reliably induces large and consistent cardiovascular responses [64—66]. The TSST
involves four components: 1) Pre-Task Instructions (5 minute) during which time
participants are told that the first task entails giving a speech that will serve as an interview
for their ideal job and are then introduced to the ‘selection committee” who will later listen
to their job talk. Participants are also given the instructions for the mental arithmetic task. 2)
Soeech Preparation Period (5 minute): Participants were told that they should imagine that
they are applying for their ideal job and were then left alone for 5 minutes to prepare their
talk describing why they would be the ideal candidate for the position; 3) Job Speech (5
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minute): Immediately following the preparation period, the selection committee returned to
the testing room and asked the participant to deliver her talk describing to the committee
why she would be the perfect applicant for the position. If the participant finished before 5
minutes, the committee responded in a standardized way, with prepared questions to ensure
that the participant spoke for the entire period; and 4) Paced Auditory Serial Addition Test
(PASAT,; [67]) (8.5 minutes): Involves the tape recorded presentation of numbers from 1 -
9. Participants are to add each number presented on the tape to the immediately preceding
number and to state the answer out loud to the committee. There are four series of numbers,
with progressively shorter inter-digit intervals (2.4, 2.0, 1.6, and 1.2 seconds). The
experimenter remained in the room to monitor performance.

Task Assessments: Task assessment questionnaires were administered after the cessation of
the TSST. Using a visual analog scale, the participants rated: 1) how difficult they found the
task; 2) how tense they were during the task; 3) how well they were able to concentrate
during the task; and 4) how much effort they put into the task.

Cardiovascular Sampling During the TSST: All measurements took place while
participants were in a comfortable seated position. Blood pressure and HR measures were
taken at minutes 1, 3, and 5 of the Speech Preparation Period, minutes 1, 3, and 5 of the Job
Speech, and minutes 2, 4, 6, and 8 of Serial Addition and averaged to constitute task levels.
Norepinephrine was sampled at the end of minute 2 of Speech and minute 2 of Serial
Addition since catecholamines peak within the first minutes of stress and have a short half-
life (3 min) [68].

Measurements

Physiologic recording procedures—The Suntech Exercise BP monitor, Model 4240
(SunTech Medical Instruments, Inc., Raleigh, NC) provided automated measurement of
systolic BP, diastolic BP and HR during the sessions. Prior to initiating the Baseline 1 Rest
period, five standard stethoscopic blood pressures were taken simultaneously with the
automated pressures in order to ensure correct microphone placement and cuff positioning.

Impedance cardiography was used to permit non-invasive monitoring of cardiac
performance [69]. A custom-designed impedance cardiograph (HIC-100, Bioimpedance
Technology Inc., Model 100, Chapel Hill, NC, USA) was used in conjunction with a
tetrapolar band electrode configuration to record impedance dZ/dt and Z0 signals.
Impedance and electrocardiogram signals were processed on-line by specialized computer
software (BIT, Chapel Hill, NC) with subsequent manual editing to improve accuracy. For
each minute of interest, a 30 s continuous sample of waveforms (obtained concurrently with
BP) was processed to generate an ensemble-averaged cardiac cycle, from which stroke
volume (SV) was determined by means of the Kubicek et al. [70] equation and HR was
determined by the mean interbeat interval. Cardiac output (CO) and total peripheral
resistance (TPR) for these same minutes were then calculated using standard formula [69].
Since we found that, in those with no history of depression, women with a MRMD had a
greater BMI than women without a MRMD (see results), SV, CO and TPR were adjusted for
body surface area (BSA), yielding stroke index (SVI), cardiac index (Cl), and total
peripheral resistance index (TPRI). BSA was calculated using the following formula: BSA
(m?) = W(kg)%425> x H(cm)?-725 x .007184.

Norepinephrine concentrations—Plasma levels of NE were determined using the high-
pressure liquid chromatography with electrochemical detection (HPLC-ECD) technique.
The lower limit of quantification is 2.5 pg/ml, and the intra- and inter-day coefficients of
variation are less than 10%.
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DATA ANALYSIS

Demographics

Group differences in demographic factors, state anxiety and depression scores, as well as
baseline SNS factors were examined using a 2 (MRMD: yes vs. no) x 2 (History of
Depression: yes vs. no) ANOVA for continuous variables and chi square analyses for
dichotomous variables as appropriate. For women with histories of depression, MRMD and
non-MRMD groups were compared on months since last major depressive episode with a
one way ANOVA. Where significant interactions emerged, simple effects analyses
performed separately in prior depression or MRMD groups were conducted to explore the
source of the interaction.

Daily Symptom Ratings

For each of the 24 DRSP symptoms, a follicular (days 4 through 10) and luteal (days -7
through -1 before menses) phase average was calculated for cycle one. Average
premenstrual symptom severity from the first menstrual cycle only was analyzed in order to
avoid the confounding effect that repeated symptom monitoring over several months may
have on symptoms [71]. Next, each symptom was placed into one of five core symptom
categories [58]: 1) Somatic (fatigue, breast tenderness, breast swelling or bloating, headache,
joint or muscle pain); 2). Depression: (depressed, hopeless, worthless or guilty, slept more,
trouble sleeping, overwhelmed); 3) Anger/Irritability: (anger or irritability, conflict); 4)
Anxiety: (anxiety); and 5) Impairment: (less productivity or efficiency, interference with
hobbies or social activities, interference with relationships), and averaged to yield one total
follicular and luteal score for each of the five core categories.

Women were assessed for differences in the five core symptom categories using a 2
(MRMD) x 2 (History of Depression) x 2 (Menstrual Cycle Phase) repeated measures
ANOVA with Menstrual Cycle Phase as the repeated factor. Where significant interactions
emerged, simple effects analyses conducted separately in prior depression or MRMD groups
were conducted to explore the source of the interaction.

Sympathetic Nervous System (SNS) Stress Reactivity

Group differences in baseline measures were analyzed using a 2 (MRMD) x 2 (History of
Depression) ANOVA. Next, cardiovascular and NE stress responsivity were examined by
calculating delta scores (Stress task — Baseline) and performing a 2 (MRMD) x 2 (History of
Depression) x 2 (Stress Task: Speech vs. Math) repeated measures ANOVA with stress task
as the repeated factor.

Sympathetic Nervous System (SNS) Stress Reactivity and Premenstrual Symptom Severity
Ratings

In order to explore the role of sympathetic stress reactivity in premenstrual symptom
severity, exploratory analyses examining the relationship between SNS stress reactivity and
luteal phase symptom severity ratings for the five core symptom categories were conducted
using Pearson’s correlational analyses. In order to reduce Type | error rates, and because of
the relatively small cells sizes, we created a mean reactivity score for each dependent
measure (averaging speech and math reactivity), conducted these analyses in the entire
sample of women, and restricted these analyses to SNS measures that were found to differ
by MRMD status or history of depression (see Results). Consequently, we examined the
relationship between daily symptom severity ratings and HR, DBP, NE, and ClI reactivity to
stress.
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Subjective Response to Stress

The participants’ experiences of each stress task (difficulty, tension, inability to concentrate,
effort) as measured by the task assessment questionnaire was analyzed by MRMD and
history of depression status using a 2 (MRMD) x 2 (History of Depression) ANOVA. The
analyses were performed separately for the speech and math tasks and for each of the 4
items on the task assessment. Higher scores indicate greater difficulty, tension, inability to
concentrate, and effort.

RESULTS

Demographics and Baseline Measures

As summarized in Table 1, no group differences emerged for age, BMI, or minority race (ps
> .05). Women with a MRMD had higher luteal phase depression (F(1, 122) =28.0,p <.
001) and state anxiety ratings (F(1, 122) = 7.9, p <.01) than women without a MRMD. All
but one participant in the groups with a history of depression had a history of major
depressive disorder; the other woman had a history of dysthymia. Women with and without
a MRMD did not differ in months in remission from their most recent depressive episode
(all ps >.05). Women with histories of depression were more likely to have a history of
anxiety disorders (x2 (1) = 15.2, p < .001), substance abuse (2 (1) = 13.3, p < .01), and
suicidality (x2 (1) = 21.1, p < .001) than women without a history of depression.

There were no significant group differences involving resting cardiovascular measures
(Table 2).

Daily Symptom Ratings

As expected, MRMD x Menstrual Cycle Phase interactions were present for all core
symptom categories assessed via the DRSP [58] [somatic: F(1, 122) = 55.1, p <.001,
depression; F(1, 122) = 72.5, p < .001, anger/irritability: F(1, 122) = 135.8, p < .001,
anxiety: F(1, 122) = 69.72, p < .001, and impairment: F(1, 122) = 62.3, p < .001], reflecting
both a significant phase effect on symptoms in MRMD women only (ps < .001) and the
greater MRMD-related differences for all symptom categories in the luteal phase that were
not evident in the follicular phase (ps < .001) (Figure 1). Additionally, a History of
Depression x Menstrual Cycle Phase interaction emerged for impairment symptoms (F(1,
122) = 5.5, p <.05). Simple effects analyses revealed that women with a history of
depression reported greater impairment than women with no history of depression in the
luteal phase (t(124) = 2.3, p <.05).

Sympathetic Nervous System (SNS) Stress Reactivity

Both the speech and math task induced significant increases in HR, SBP, DBP, CI reactivity
and decreases in TPRI reactivity (Fs(1, 115-119) = 19.4 — 503.6, ps <.001). Stroke volume
index did not change significantly as a result of the stress tasks. Despite the absence of
diagnosis-related differences in any cardiovascular and NE measures at baseline rest (Table
2), women with a MRMD had blunted HR (F(1, 118) = 8.7, p < .01) and CI (F(1, 116) = 9.1,
p <.01) reactivity to stress relative to women without a MRMD, regardless of depression
histories (Figures 2 and 3). There was also a MRMD x History of Depression interaction for
NE stress reactivity (F(1, 100) = 4.1, p < .05) and a trend for DBP stress reactivity (F(1,
115) = 3.0, p =.09). Women with a MRMD showed blunted DBP (F(1, 75) = 11.37, p <.01)
and NE (F(1, 65) = 9.59, p < .01) responses to stress relative to women with no MRMD, but
only in women with no history of depression (Figures 4 and 5). There were no significant
effects involving SBP, SVI or TPRI stress reactivity (Table 2).
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Sympathetic Nervous System (SNS) Stress Reactivity in Relation to Daily Symptom

Ratings

In the sample as a whole, blunted stress reactivity predicted greater luteal phase symptom
severity. Specifically, blunted HR and CI reactivity to stress predicted greater premenstrual
depression (rs = —0.20 and -0.23, respectively, ps < .05), anger/irritability (rs = —0.19 and
-0.21, respectively, ps < .05), and anxiety (rs = —0.25 and —0.24, respectively, ps < .05).
There were no statistically significant relationships involving DBP or NE reactivity and
premenstrual symptomatology.

Subjective Responses to Stress

Women with a MRMD, regardless of depression history, reported greater difficulty during
speech stress (F(1, 117) = 8.3, p <.01) and inability to concentrate during math stress (F(1,
118) = 8.7, p <.01) than women without a MRMD. Women with a history of depression,
regardless of MRMD diagnosis, reported greater difficulty during math stress (F(1, 118) =
3.9, p = .05) than women without a history of depression. A MRMD x History of
Depression interaction emerged for tension during the speech task (F(1, 117) = 4.8, p < .05),
since only in women with a history of depression did women with a MRMD report greater
tension (F(1, 117) = 12.4, p <.01) than women without a MRMD.

No statistically significant group differences in subjective effort ratings were found for the
speech or math stress tasks.

DISCUSSION

The chief findings of this investigation were: 1) women with a MRMD showed blunted
myocardial (HR and CI) reactivity to mental stress compared to non-MRMD women,
irrespective of histories of depression; 2) women with a MRMD showed blunted NE and
DBP stress reactivity relative to women with no MRMD, but only when no history of
depression was present; 3) blunted HR and CI stress reactivity predicted greater
premenstrual symptom severity. These results suggest that MRMDs are associated with
blunted myocardial reactivity to mental stress, while for NE and DBP, this hypo-reactivity in
MRMD women is seen only in women with no history of depression. Nonetheless, these
results support the contention that a blunted SNS reactivity profile represents a unique
phenotype of MRMDs that is not explained by a history of depression. Moreover, the
preliminary results suggest that the phenotypic profile of blunted myocardial stress reactivity
may be pathologically relevant since it predicts heightened luteal phase affective symptom
severity.

Blunted cardiovascular reactivity to stress in women with MRMDs has been previously
documented, though most studies did not control for depression histories [21, 22]. Blunted
myocardial stress reactivity in MRMDs would be consistent with alterations in the
myocardial B1-adrenergic receptors (B-AR), which mediate both inotropic and chronotropic
heart activity, and which have been previously implicated in MRMDs as suggested by
several lines of evidence. First, estrogen and progesterone, which are pathophysiologically
relevant in MRMDs [72], modulate the activity and expression of B-ARs in animal models
[73-75]. In humans, the density of lymphocytic f2-ARs vary with menstrual cycle phase
[76]. Second, the clinical relevance of f-ARs to MRMDs was suggested by the findings of
Gurguis et al. [77] who observed diagnostic differences in f2-AR density in MRMD relative
to non-MRMD women, and that $2-AR binding predicted premenstrual symptom severity.

Extending this line of evidence for the pathophysiological relevance of blunted myocardial
reactivity in MRMD was our correlational analyses, albeit conducted in the full sample of
women, showing that lower HR and CI stress reactivity predicted greater premenstrual
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depression, anxiety, and anger/irritability. Thus, the pattern of stress reactivity that
differentiated MRMD from non-MRMD women was predictive of clinical symptomatology.
This is consistent with the results of a recent longitudinal study in over 1,000 participants
that showed lower HR reactivity to mental stress predicted greater depression severity scores
over five years, even after controlling for baseline characteristics, medication use, and other
potential confounds [78]. These investigators speculated that alterations in B-AR receptor
mechanisms and/or vagal tone may mediate the link between blunted myocardial stress
reactivity and the development of depressive illness. If this is the case, this could contribute
to the association between a MRMD and the incident development of a major depressive
disorder [16-18]. Although preliminary, replication of our findings for blunted myocardial
stress reactivity predicting premenstrual symptoms could implicate SNS hypo-reactivity as a
physiological mechanism mediating the link between MRMDs and the increased risk for the
development of future depressive episodes [16-18].

Although we did not obtain statistical evidence that a history of depression, per se, is
associated with blunted stress reactivity, that is not to say that such a history is not of
relevance to the stress reactivity phenotype of women with a MRMD. Specifically, only in
women who had no other depression history did we see blunted NE and DBP stress
reactivity in MRMD women compared to women without a MRMD. Thus, a history of
depression served to mask the generally hypoactive stress reactivity profile that we and
others have previously reported in women with a MRMD. Examination of the mean DBP
and NE reactivity data (Figures 4 and 5), suggests that this masking came about because of
the generally blunted DBP and NE stress reactivity in non-MRMD women with prior
depression (relative to never depressed non-MRMD women). Consequently, in women with
a depression history, DBP and NE reactivity were roughly equivalent between MRMD and
non-MRMD women. Nonetheless, these results contribute to the growing appreciation for
the contextual role of psychiatric history in stress reactivity. For example, the presence or
absence of a history of sexual abuse has been shown to differentially modify reactivity to
challenge in women with a MRMD [10, 79]. Consequently, the lack of appreciation for the
influence that historical context may have on stress reactivity may contribute to
discrepancies in the literature on stress reactivity in women with a MRMD and other mood
disorders.

The finding that a MRMD is associated with blunted SNS stress reactivity is not inconsistent
with conceptualizations of MRMDs as a chronic disorder, despite time limited
symptomatology. The cyclic recurrence of symptoms and a cyclic pathophysiologic trigger
(unknown at present) persists for decades during a woman’s reproductive years. While
cardiovascular responses to stress are adaptive in the short-term, long-term activation of
such responses due to repeated or chronic stress may lead to persistent dysregulation in
stress responsive systems. In humans, the price of repeated biological adaptations to stress
has been termed allostatic load, referring to the long-term effect of physiologic responses to
stress [80]. Allostatic load, or dysregulation in stress responsive systems, may manifest in a
variety of ways, including repeated elevations of neurohormonal stress mediators (e.g.,
norepinephrine) over long periods, as a failure to adapt to a stressor, as a failure to shut off
the normal stress response, or as an inadequate response to stress [80, 81]. It has been
suggested that such hypoactivation of stress responsive systems may result from a wearing
out or exhaustion of the system due to longterm stress exposure and allostatic load [80].
Thus, chronic mood disorders may increase allostatic load in stress-responsive pathways,
leading to long-term blunted sympathetic stress reactivity to even relatively mild stressors in
the future. The clinical relevance of increased allostatic load comes from substantial
evidence indicating that it is associated with increased risk for both cardiovascular disease
and depression [see 82].
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Lastly, both MRMD women and women with depression histories reported greater negative
subjective responses to stress relative to their non-MRMD and never depressed counterparts.
These results are unlikely to explain the stress reactivity differences since both MRMD
women and women with a depression history endorsed greater difficulty with the tasks, and
only those with both a depression history and MRMD reported greater tension (which would
be expected to be associated with greater, and not lesser, stress reactivity). However, these
results are consistent with a recent study showing heightened negative affect in response to
stress in women with a history of depression [54]. If a history of depression increases the
propensity to respond to stressors with greater negative affect or cognitive schemas, this
could contribute to our findings for greater premenstrual functional impairment in women
with a depression history relative to never depressed women. Since negative affect has been
shown to predict the development of a future depressive episode in never-depressed
individuals [83] as well as in those with a history of depression [84], altered affective
regulation during stress may contribute to the greater likelihood of women with a MRMD
experiencing future major depressive episodes [16-18]. If these findings are confirmed in
longitudinal research, these results would suggest a potential therapeutic target for
behavioral intervention that may decrease risk for stress-induced affective dysregulation in
women with a history of depression and in women with a MRMD.

While this study has many notable strengths, including the use of strict diagnostic criteria
based on a structured clinical interview and daily prospective ratings to establish the MRMD
diagnoses, as well as a comprehensive assessment of stress-relevant SNS biomarkers, it is
not without its limitations. First, although cycle phase was controlled for, the absence of
follicular phase testing limits any interpretation about diagnostic-related differences in stress
reactivity as a function of cycle phase. However, our prior research found blunted
cardiovascular reactivity in MRMD women relative to non-MRMD women in both the
follicular and luteal phases [21, 22]. A further limitation may be the possibility of a
carryover effect from the pain testing [reported in 63] to the stress testing for measures of
SNS stress reactivity. However, prior research from this laboratory in healthy non-MRMD
and never depressed individuals did counterbalance the order of pain testing and mental
stress testing using identical pain and stress tests employed in the present study, and found
no evidence that the order of events influenced responses to either the pain test or the mental
stress test [85]. Furthermore, by including a second baseline following pain testing it is
unlikely that a carryover effect played a role in the results of the present study.

In conclusion, the present study indicates that women with a MRMD exhibit
hypomyocardial reactivity to stress compared to women without a MRMD and that this
blunted stress reactivity phenotype is predictive of greater premenstrual symptom severity.
Although MRMD-related differences in DBP and NE stress reactivity were only statistically
evident in women with no history of depression, this effect largely resulted from the
generally blunted DBP and NE stress reactivity in the non-MRMD women with a history of
depression. These findings underscore the relevance of psychiatric history to stress reactivity
and suggest a potential mechanism (blunted stress reactivity) by which MRMD may
increase the risk for the development of MDD [16-18]. Longitudinal studies designed to
assess the ability of SNS hypo-reactivity to stress and heightened negative affect in response
to stress to predict premenstrual symptoms as well as the incidence of major depressive
disorder in women with a MRMD are indicated and would inform future intervention
studies.
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Fig. 1.

Mean (£SEM) daily mood ratings core symptom categories as a function of MRMD and
depression history status.

Dep = Depression; Ang/lrr = Anger/Irritability; Anx = Anxiety; Impair = Impairment
Prior Dep = A history of major depressive disorder (n = 45) or dysthymia (n = 1).
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Fig 2.

Mean (xSEM) change in heart rate (HR) from baseline to speech and math stress as a
function of MRMD and depression history status.

*MRMD < non-MRMD, p < .01

Prior Dep = A history of major depressive disorder (n = 45) or dysthymia (n = 1).
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Fig 3.

Mean (£SEM) change in cardiac index (ClI) from baseline to speech and math stress as a
function of MRMD and depression history status

*MRMD < non-MRMD, p <.01

Prior Dep = A history of major depressive disorder (n = 45) or dysthymia (n = 1).
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Fig 4.

Mean (£SEM) change in diastolic blood pressure (DBP) from baseline to speech and math
stress as a function of MRMD and depression history status.

*MRMD x History of depression interaction, p = .09; MRMD < non-MRMD only in no
prior depression, p < .01

Prior Dep = A history of major depressive disorder (n = 45) or dysthymia (n = 1).
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Fig5.

Mean (xSEM) change in norepinephrine (NE) from baseline to speech and math stress as a
function of MRMD and depression history status.

*MRMD x History of depression interaction, p < .05; MRMD < non-MRMD only in no
prior depression, p < .01

Prior Dep = A history of major depressive disorder (n = 45) or dysthymia (n = 1).
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Mean (xSEM) baseline and demographic factors as a function of MRMD and Depression History

Table |

Non-MRMD Non-MRMD MRMD MRMD
Never Depressed | Depression History | Never Depressed | Depression
(n=43) (n=20) (n=37) History
(n=26)
Age (years) 34.4 (+ 1.24) 34.0 (+1.97) 33.1 (+1.27) 35.3 (+ 1.52)
Body Mass Index 24.7 (+ 0.86) 27.2 (+ 1.61) 27.7 (+ 0.96) 26.2 (+ 1.34)
Beck Depression Inventory 1.86 (+ 0.36) 3.14 (£ 0.76) 7.51 (+ 1.15) 7.57 (+ 1.23)
State AnxietyA 27.4 (£ 1.17) 28.9 (+ 1.97) 315 (£ 1.33) 33.3 (¢ 1.66)
Months in remission from depression NA 66.8 (£ 9.70) NA 106.9 (+ 20.0)
No. (%) Minority Race 21 (49%) 5 (25%) 13 (35%) 9 (35%)
No. (%) History of anxiety disordersB | 7 (16%) 10 (50%) 8 (22%) 14 (54%)
No. (%) History of substance abuseB | 2 (5%) 6 (30%) 3 (11%) 8 (31%)
No. (%) History of suicidalityB 1(2%) 7 (35%) 4 (11%) 11 (42%)
No. (%) History of eating disorders 1 (2%) 0 (0%) 1(3%) 4 (15%)

A
MRMD > non-MRMD; p < .01

B, . . . - .
Histories of depression > no histories of depression; ps < .05
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Table Il
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Mean (£SEM) baseline cardiovascular and plasma norepinephrine levels at rest and, for measures with non-
significant group differences, in response to stress, as a function of MRMD and Depression History

Non-MRMD Non-MRMD MRMD MRMD

Never Depressed | Depression History | Never Depressed Depression History

(n=42) (n=20) (n=36) (n=25)
Systolic Blood Pressure (mmHg) 1155 (+ 1.96) 111.0(+ 2.0 1116 (+2.01) E 113.1 (+ 2.62)
Diastolic Blood Pressure (mmHg) 68.9 (+ 1.35) 67.4 (% 2.17) C 69.3 (% 1.29) E 67.6 (£ 1.90)
Heart Rate (bpm) 66.7 (+ 1.64) 65.7 (+ 2.99) 64.6 (+ 1.62) 67.5 (+ 1.60)
Cardiac Index (L/min/m?) 3.7(x0.17) 3.3(+0.19)B 3.5(x0.15) 3.7(x0.18)
Tc;;al Peripheral Resistance Index (dynes*sec/cm® [ 2070.7 (+ 156.8) | 3g67.5 (+ 1887.5) C | 2183.6 (+ 149.8) E | 1972.3 (+ 151.0)
m
Stroke Volume Index (mL/beat/m?) 57.1(x3.11) 50.3 (+ 4.34) 55.3 (+ 4.14) 55.1 (+3.17)
Norepinephrine (pg/mL) 354.6 (+17.7) 350.2 (+ 29.5) B 3252(+236)E | 3327(x387)F
Delta Speech Systolic Blood Pressure (mmHg) 24.89 (£ 1.75) 22.23 (+ 3.10) D 2213 (+1.88) E 21.86 (+2.18)
Delta Math Systolic Blood Pressure (mmHg) 14.84 (+ 1.36) 13.5 (£ 2.4) C 10.73 (£ 1.44) E 12.6 (+ 1.69)
Delta Speech Total Peripheral Resistance Index -193.8 (+ 48.8) -218.5 (+79.3) D -91.0 (+53.4)E -99.0 (+82.4)
(dynes*sec/cm®/m?)
Delta Math Total Peripheral Resistance Index -110.1 (+37.4)A | -175.9 (+66.3) C -62.3(x46.6)E -117.8 (£ 47.6)
(dynes*sec/cm®/m?)
Delta Speech Stroke Volume Index (mL/beat/m?) 1.07 (£1.38) -052(+212)B —0.17 (+ 1.36) —0.096 (+ 1.27)
Delta Math Stroke Volume Index (mL/beat/m?) 115 1.28) A 241 (x14) 0.78 (£ 0.93) 1.29 (+1.13)

An=41

Bn=19
Cn=18
Dn=17
En=35

Fn=23
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