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Abstract

Background: Premenstrual dysphoric disorder (PMDD) is a new DSM-5 diagnosis characterized
by the cyclical emergence of emotional and physical symptoms in the luteal phase of the menstrual
cycle, with symptom remission in the follicular phase. Converging evidence highlights the
possibility of distinct subtypes of PMDD with unique pathophysiologies, but temporal subgroups
have yet to be explored in a systematic way.

Methods: In the present work, we use group-based trajectory modeling (GBTM) to identify
unique trajectory subgroups of core emotional and total PMDD symptoms across the
perimenstrual frame (days —14 to +9, where day 0 is menstrual onset) in a sample of 74
individuals prospectively diagnosed with DSM-5 PMDD.

Results: For the total daily symptom score, the best-fitting model was comprised of three groups:
a group demonstrating moderate symptoms only in the premenstrual week (65%), a group
demonstrating severe symptoms across the full two weeks of the luteal phase (17.5%), and a group
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demonstrating severe symptoms in the premenstrual week that were slow to resolve in the
follicular phase (17.5%).

Conclusions: These trajectory groups are discussed in the context of the latest work on the
pathophysiology of PMDD. Experimental work is needed to test for the presence of possible
pathophysiologic differences in trajectory groups, and whether unique treatment approaches are

needed.
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modeling

Introduction

Premenstrual dysphoric disorder (PMDD) is a new DSM-5 disorder characterized by the
cyclical emergence of emotional and physical symptoms in the luteal phase of the menstrual
cycle with remission in the week following menses (APA 2013). Although just 5.5% of
females meet DSM-5 diagnostic criteria for PMDD, which requires five distinct cycling
symptoms (at least one emotional (Gehlert et al. 2009)), it is estimated that an additional
7.5-13.5% show milder or subthreshold symptoms of PMDD that interfere with daily life
(Halbreich et al., 2003). Some effective treatments for PMDD are available, including
selective serotonin reuptake inhibitors (SSRIs; (Marjoribanks et al. 2013)), drospirenone-
containing oral contraceptives on a 24-4 schedule (Lopez et al. 2012), and, in severe cases,
elimination of ovarian cycling using a GnRH agonist or oopheretomy (Wyatt et al. 2004).
Despite this, the majority of patients in clinical trials for PMDD do not respond adequately
(Halbreich 2008; Kleinstauber et al. 2012). A clearer understanding of the causes of PMDD
is necessary for targeted treatment development.

One limiting factor for treatment development is the implicit assumption that PMDD
represents a singular disorder with one pathophysiology. In fact, even samples comprised
exclusively of those who have been prospectively diagnosed with PMDD (using two months
of daily ratings) demonstrate heterogeneity with respect to symptom type, severity, and
treatment response, raising the question of whether distinct subtypes of PMDD might exist
(Pearlstein et al. 2005; Halbreich 2008). Heterogeneity of treatment response has been
observed in RCTs of both SSRIs and oral contraceptives for PMDD (Halbreich, 2008;
Halbreich et al., 2006; Freeman et al., 2011). Surprisingly, individuals with PMDD also
differ in response to treatment with GnRH agonist (which induces low, stable hormone
levels similar to menopause); only 50-60% of those with prospectively-confirmed PMDD
seem to respond to this treatment (Wyatt et al., 2004), with the rest developing persistent
symptoms during treatment. Given that GnRH agonists reliably suppress hormone change,
which is the widely-accepted pathophysiological trigger for PMDD (Schmidt et al. 1998),
this would seem to point to an alternative pathophysiology in some cases, such as sensitivity
to hormone withdrawal or deprivation (e.g., see Eisenlohr-Moul et al., 2018). It is possible
that unique risk processes underpin different subtypes of PMDD, which may help to inform
treatment development and selection.
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Previous work has focused on subtypes of PMDD with respect to content or degree of
background symptoms, but no work to date has used empirical methods to derive temporal
subtypes (defined by the timing of symptom onset and offset). A few studies have
distinguished symptom content subgroups on the basis of physical vs. emotional complaints,
or high-vs-low arousal symptoms (e.g., PMDD symptom of irritability vs. depression;
Freeman et al., 2011). Still other papers make theoretical or empirical distinctions based on
the presence or severity of background symptoms, such as differentiating between “pure”
PMDD (those with minimal or absent postmenstrual symptoms) and those with premenstrual
exacerbation (PME) of underlying psychiatric disorders, who show chronic symptoms that
are exacerbated premenstrually (ISPMD, 2016; Freeman et al., 1997). However, to our
knowledge, no studies to date have examined longitudinal data for evidence of subtypes of
the perimenstrual timing (i.e., trajectory) of PMDD symptom onset or offset (i.e., temporal
subtypes). As the time dynamics of symptoms are /¢ defining criteria for the diagnosis of
PMDD, individual differences in symptom timing may be important.

The timing of PMDD symptom onset (relative to ovulation or menses) varies substantially
(Pearlstein et al., 2005; Epperson et al., 2011), with PMDD symptom onset occurring
anywhere from the beginning of the luteal phase (i.e., immediately following ovulation) to
the final few days before menses. This timing can substantially alter the overall burden of
symptoms. For example, if symptoms appear at ovulation and remit when menses starts, the
patient would suffer the full 12-14 days of a typical luteal phase; however, if symptoms
appear only in the 4 days prior to menses and remit when menses starts, the patient would
experience just 4 days of symptoms. These timing differences could also correspond to
pathophysiological differences in severity or type. For example, PMDD symptoms that arise
quickly following ovulation and remit quickly with menses onset could indicate a marked,
rapidly-developing reaction to the early luteal surge in the neurosteroid metabolites of
progesterone (as in (Martinez et al. 2016), or a reaction to the pre-ovulatory surge in
estradiol, which is capable of triggering symptoms in some with PMDD (Schmidt et al.
1998). As another example, PMDD symptoms arising closer to menstrual onset may indicate
a more slowly-developing reaction to luteal progesterone changes (Redei & Freeman 1995),
or a rapid deleterious response to late luteal ovarian steroid withdrawal (Lovick et al. 2017).

Similarly, the offset of PMDD symptoms may vary. Although PMDD generally
demonstrates symptom offset during or just after menses, several studies have noted
variability in the timing and speed of this symptom offset. There appears to be a normative
rapid symptom offset in the first 3 days of menses (Pearlstein et al., 2005), but some
symptoms, especially those related to depression, sometimes demonstrate a slower offset in
PMDD (Bancroft et al. 1994; Dawson et al. 2018) and in PME of borderline personality
disorder (Eisenlohr-Moul et al. 2018b). Although the mechanisms of these offset differences
remain relatively understudied, both emotion regulation strategies (Dawson et al., 2018) and
differences in response to hormone withdrawal (Eisenlohr-Moul et al., 2018) may play a
role.

Although some authors have mentioned these timing differences as possible reasons that
standardized diagnostic systems fail to capture all individuals with cyclical mood change
(Schnurr 1989; Eisenlohr-Moul et al. 2017), no studies have used longitudinal data reduction
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methods to extract possible femporal subtypes of PMDD using prospective daily ratings in
samples with prospectively-confirmed PMDD. Therefore, the purpose of this study was to
use one month of daily symptom ratings and GBTM to identify underlying subgroups of
symptom timing in PMDD. Since many patients do not respond adequately to existing
treatments (Halbreich 2008; Kleinstauber et al. 2012), it is our hope that identification of
subtypes may aid in targeted treatment development and personalized medicine.

GBTM was chosen as a statistical method to identify temporal subtypes, since it allows for a
data-driven (i.e., bottom-up) determination of unique trajectory groups. Other analytic
options (e.g., group mixture modeling, multilevel modeling) assume that indicators of
subgroup membership are measured in one’s dataset (e.g., testing whether different
genotypes demonstrate unique effects of time on symptoms in a multilevel growth model),
whereas GBTM allows for the extraction of statistically unique symptom trajectory groups
regardless of whether causes or correlates of these subgroups are available (Nagin & Odgers
2010).

We used a prospective design and GBTM to test the following hypotheses:

1 We hypothesized the existence of a full luteal phase trajectory group for each
symptom characterized by onset around ovulation and offset during menses (two
weeks of symptoms), and a premenstrual week trajectory group for each
symptom characterized by onset in the week before menses and remission during
menses (one week of symptoms; as observed in Eisenlohr-Moul et al., 2017).

2. Consistent with previous work (e.g., Bancroft et al., 1994, Eisenlohr-Moul et al.,
2018; Dawson et al., 2017), we also hypothesized that, especially for depressive
symptoms, one trajectory group would show a late offset of symptoms, with
symptoms arising at any point in the luteal phase but remitting more slowly or
incompletely in the menstrual and postmenstrual weeks.

Participants of this study were recruited in the context of two studies: In one study,
emotional interference, attentional processes, and emotion regulation were examined in
PMDD. The other study (Kues et al. 2014) was clinical trial for an Internet-based cognitive
behavioral program for PMDD (clinicaltrials.gov identifier: NCT01961479). Both studies
included secondary analyses of diary data were approved by local institutional review
boards. In both studies, participants were recruited via media advertisements (articles, local
television, social networks) and through gynecologists and primary care physicians.

Inclusion criteria included a) 18-45 years of age, b) regular menstrual cycles, c¢) sufficient
knowledge of German, and d) meeting DSM-5 criteria for PMDD across two months of
daily ratings (American Psychiatric Association, 2013). Exclusion criteria were a)
gynecological problems (e.g., hysterectomy, gynecological cancer, infertility), b) pregnancy
or childbirth or lactation in past 3 months, c) psychosis, bipolar disorder, eating disorder,
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moderate or severe depression, somatic symptom disorder or suicidal ideation, d) intake of
psychotropic or hormonal medication, or e) current psychotherapy.

Of 355 females who initially decided to participate by signing informed consent for one of
the two studies, 235 (66%) were ineligible, and 46 (13%) were excluded due to insufficient
symptom ratings. The final sample comprised 74 individuals with mean age of 31.57 years
(SD=6.15, range: 20 to 44 years; see Table 1 for demographics).

Initially, those interested in participating signed informed consent and completed an initial
retrospective screening for PMDD (Ditzen et al. 2011) which covers all DSM-5 criteria
(American Psychiatric Association, 2013) and completed demographic, menstrual cycle and
medication questions, and the Brief Web-Based Screening Questionnaire for Mental
disorders (Donker et al. 2009). Eligible individuals completed a telephone interview based
on the International Diagnostic Checklists for ICD-10 (Janca & Hiller 1996) to assess
comorbid mental disorders. Eligible individuals were then asked to complete daily records
of their premenstrual symptoms over two consecutive menstrual cycles.

Measures and prospective diagnosis of PMDD

We applied a validated daily symptom report (Janda et al. 2017) with 27 items assessing all
11 DSM-5 symptoms of PMDD and 3 items measuring impairment. All items are rated on a
four-point Likert scale ranging from O=not true at all, to 3=absolutely true. In the present
study, we examined the daily total score, muscle pain (i.e., cramps), and four items that
capture the core emotional symptoms listed in DSM-5 PMDD: (1) sudden sadness
(representing mood lability symptoms), (2) anger/irritability, (3) anxiety, and (4) sadness
(representing depressive symptoms). Therefore, six outcomes were examined.

As mentioned above, to be included in the study, participants had to fulfill strict numerical
criteria for DSM-5 PMDD which was operationalized as follows: a) a score of =2 (on a
scale of 0-3) on at least five of the 11 DSM-5 PMDD symptoms (including at least one
affective symptom) for at least 2 days during the premenstrual week (corresponding to days
-7 to -1 where menstrual onset is day 0), and b) a score of = 2 for at least one dimension of
functional impairment for at least 2 days during the premenstrual week. The symptoms
which were elevated during the luteal phase had to remit to a score < 1 (on the scale of 0-3)
during the mid-follicular phase. As the follicular phase (determined as days 6-10 of a
menstrual cycle with a cycle length of 28 days) varies between individuals (Chiazze et al.
1968), it was adjusted for each participant related to the individual cycle length (see Janda et
al. 2017, for details). The diagnosis was made during a baseline menstrual cycle (the same
one used herein) using the numerical cut scores described above.

Statistical Analyses

Creating a Standardized Timeline for Trajectory Analysis.—The purpose of our
analyses was to identify, for each daily symptom examined, subgroups with unique
trajectories of symptom onset and offset across the menstrual cycle (i.e., where day of the
menstrual cycle represents the time variable on the X axis, and the daily symptom rating was
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the outcome variable on the Y axis). When using GBTM, it is important to ensure that the
time variable takes on the same meaning for all participants (Nagin & Odgers 2010). In the
case of the menstrual cycle, our goal was to standardize the hormonal meaning of each
menstrual cycle day on the timeline. Of note, differences or changes in the length of the
menstrual cycle (e.g., 28 days vs. 35 days) are known to be due almost entirely to
fluctuations in the length of the follicular phase, while the length of the luteal phase is
relatively fixed at 12-14 days due to the predetermined lifespan of the corpus luteum.
Therefore, a “menses-to-menses” cycle was rejected as our timeline due to differences in
length of the follicular phase (menses onset to ovulation), which would change the hormonal
meaning of a forward-count timeline (in which day 0 = menses onset). Instead, an “ovulation
to ovulation” cycle was created using a combination of backward and forward count (as in
Edler et al. 2007). A backward count from menses onset was used to identify days —15 to -1
(the day before menses onset), which correspond to ovulation (days —15 to —12), the mid-
luteal phase (-9 to -5), and the premenstrual phase (days —4 to 0). For the follicular phase, a
forward count from day 0 (the day of menses onset) to day +9 was utilized to identify the
menstrual (1 to +5) and mid-follicular ( +6 to +9) phases. Therefore, this timeline uses a
combination of backward and forward count strategically to align each person’s timeline to
predictable hormonal events (Schmalenberger et al. 2019). This timeline consists of 24 days
centered around the perimenstrual frame (Eisenlohr-Moul et al. 2017), when PMDD
symptoms generally emerge and then remit.

Group-Based Trajectory Modeling (GBTM).—We utilized GBTM to identify, for each
symptom examined, groups showing different trajectories of change across the ovulation-to-
ovulation timeline (days —15 to +9). This statistical approach yields discrete trajectory
groups that exhibit statistically unique patterns of change over time for a particular repeated
measure (Charnigo et al., 2011; Nagin & Odgers, 2010). PROC TRAJ (Jones & Nagin,
2007) was utilized in SAS statistical software (MVersion 9.4; SAS Institute Inc., Cary, NC).
PROC TRAJ allows persons with missing data to contribute to estimation of model
parameters. Because PMDD is characterized by many asymptomatic days (i.e., ratings of 0),
all daily symptom outcomes (except the total) violated assumptions of normality due to
zero-inflation of responses. Therefore, trajectory groups were estimated using zero-inflated
Poisson distributions, except for the total score, which was estimated using a normal model.
Because an appropriate number of trajectory groups was not known a priori, we used the
Bayesian information criterion (BIC; lower values preferred) and Akaike information
criterion (AIC; lower values preferred) to select the best-fitting number of groups,
examining one, two, and three groups for each symptom (more groups were not expected
and could replicability of groups given our moderate sample size; Nagin & Odgers 2010).
Likewise, for each group we used the BIC and AIC to select the polynomial orders of mean-
level symptom change for each group across the timeline (examining O=flat/absent, 1=linear,
2=quadratic, 3=cubic) as well as the polynomial orders of zero inflation across the timeline
for each group (0,1,2,3). For each outcome, a macro was used to test each permutation of (1)
number of groups, (2) all possible combinations of group polynomials for change over time,
and (3) all possible combinations of zero-inflation polynomials (representing the shape of
zero-inflation over time for each group). We present fit indices for the best-fitting models
(described in Table 2).
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Because we did not wish to assume that the trajectories for each PMDD symptom would be
the same, we applied PROC TRAJ separately for each of the six outcomes (total score,
sadness, anxiety, sudden sadness, anger/irritability, and muscle pain). Once the best-fitting
model was identified, we labeled the derived trajectories according to timing of symptom
onset and offset. Symptom trajectory groups characterized by elevated symptoms across the
entire luteal phase (ovulation through menses onset) were termed “full luteal phase”.
Symptom trajectory groups characterized by symptoms restricted to the week before menses
were termed “premenstrual week”. In some cases, symptom trajectory groups differed in
severity, and were labeled accordingly (e.g., mild, moderate, severe). For each trajectory, we
also considered whether the timing of symptom offset differentiated it from other groups. It
was sometimes a distinguishing characteristic that a group showed slower or less complete
offset of symptoms than other groups (“late offset”).

The total score analyses represent subgroups of people showing different global symptom
trajectories. However, for individual symptom analyses, a single participant could be in
different trajectory groups for two different individual symptoms. While our sample size was
consistent with recommendations for single-symptom trajectories (Nagin & Odgers 2010), it
was inadequate for confidently modeling dual trajectory groups (Charnigo at al. 2011). Also,
although each participant met prospective criteria for PMDD, not every woman met the
criteria of luteal phase confinement on every PMDD symptom included in these analyses.

Table 2 presents the GBTM results for each daily symptom, including the percentage of the
sample represented in each group. Figures 1-3 depict group means for the three symptom
trajectory groups identified for the total score and each of the emotional symptoms. For each
symptom, a three-group model provided the best model fit to the data and provided
sufficient additional information to be defensible relative to a two-group model (Nagin &
Odgers 2010). Each retained group followed an inverted-U-shaped quadratic or cubic
trajectory across the cyclical timeline, where symptoms started low around ovulation,
increased perimenstrually, and then decreased in the follicular phase (occasionally
increasing slightly again in the late follicular phase). Each group also retained a U-shaped
quadratic zero-inflation trajectory, where likelihood of zero-inflation started high around
ovulation, decreased perimenstrually, and increased in the follicular phase. As is
recommended (Nagin & Odgers 2010), the average posterior probabilities of group
membership were high for each trajectory group identified (ranging from 73% to 99%).

Hypothesis 1: Full luteal phase vs. premenstrual week trajectory groups

We hypothesized that, for each symptom, we would observe at least one full luteal phase
trajectory group (two weeks of symptoms from ovulation to menses) and at least one
premenstrual week trajectory group (one premenstrual week of symptoms). This hypothesis
was generally supported, with at least one full luteal and one premenstrual week group
identified for the total score and most outcomes (Table 2). The exception was sadness, for
which each of the trajectory groups showed primarily premenstrual week symptoms.
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Hypothesis 2: Normal vs. late symptom offset trajectory groups

Hypothesis 2 was that sadness would demonstrate at least one group characterized by late
offset of symptoms. Consistent with our hypothesis, sadness demonstrated one late-offset
group. However, we also observed one late-offset trajectory group for anxiety and the total
score. Symptom severity in both of these late-clearing groups appeared somewhat higher
than other groups.

Discussion

Derived trajectory groups of PMDD symptoms generally included both a full luteal phase
group, with symptoms occurring in the full two weeks between ovulation to menses, and a
premenstrual week group, with symptoms occurring only in the final premenstrual week.
Further, analyses for the depressive symptom of sadness demonstrated a subtype consistent
with relatively later offset of PMDD. Unexpectedly, anxiety as well as the total score also
demonstrated late offset trajectory groups.

Early Luteal Onset vs. Late Luteal Onset of PMDD

The majority of the symptom trajectory groups identified had symptoms confined to the
premenstrual week. Summary evidence suggests that these premenstrual week groups were
often split further into two groups, including a briefer or milder premenstrual week group
and a longer and more severe premenstrual week group. Given their greater prevalence and
milder subtypes, these premenstrual week groups may represent the upper range of an
underlying, normally distributed risk for premenstrual symptoms in the general population
(Hartlage et al. 2004). These delayed-onset symptoms could reflect a slow-developing form
of post-ovulatory hormone sensitivity (i.e., relative to the full luteal group), in which
symptoms are caused by an abnormal sensitivity to normal neurosteroid changes (Martinez
et al. 2016) and altered cellular processing of steroids (Dubey et al. 2017), and are not
related to late luteal hormone withdrawal (Schmidt et al. 2010). Alternatively, these late-
occurring symptoms could be caused by the precipitous withdrawal of ovarian steroids in the
late luteal phase (Lovick et al. 2017; Eisenlohr-Moul et al. 2018a). If a hormone-withdrawal-
sensitive subtype of PMDD does exist, it could also signal increased risk during other
periods of life when ovarian steroid withdrawal or deprivation also occurs, especially
postpartum and the late menopause transition (Schiller et al. 2013; Schmidt et al. 2015).
Experimental work should examine whether prevention of cyclical hormone withdrawal
might uniquely benefit these patients (Eisenlohr-Moul et al. 2018a).

There was also evidence for a smaller number of trajectory groups in which symptoms arise
quickly following ovulation and persist through the full luteal phase. In general, these
subgroups were characterized by high severity. We suspect that this early-onset PMDD
trajectory group is overrepresented in many of the most rigorous experimental studies of
PMDD (e.g., Schmidt et al. 1998; Dubey et al. 2017). In these studies, clinical samples are
strictly selected on the basis of positive clinical response to GNRH agonist (injectable
medications that cause a reversible menopausal state)—and such a positive response to
GnRH agonist are more common in those PMDD patients with a slower, smoother change
rather than erratic change across the cycle. (Pincus et al. 2011). The full luteal phase
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symptom pattern, which creates a roughly 14-day symptomatic luteal phase (followed by an
asymptomatic follicular phase for around 14 days, and so on), might be more consistent with
the predicable, smooth changes that are seen among those who benefit from GnRH agonist-
induced menopause (Pincus et al. 2011)). Therefore, since the seminal studies on the
pathophysiology of PMDD have selected the subgroup of patients with PMDD who show a
positive response to GnRH agonist, the findings in these studies may be most likely to
reflect the pathophysiology of a full luteal phase trajectory of PMDD symptoms (e.g.,
(Schmidt et al. 1998, 2010, 2017)), and it is possible that they may not accurately reflect the
pathophysiology of all patients with PMDD.

Given that the full luteal phase trajectory groups show emergence of symptoms during the
post-ovulatory steroid surge, they may also be vulnerable during other events characterized
by steroid surges, such as during puberty, pregnancy (Putnam et al. 2017)), and the early
peri-menopause (Gordon et al. 2015). If it is true that these individuals respond better to
medical menopause using GnRH agonist (Freeman et al. 1997; Pincus et al. 2011), they may
also show greater benefit from oophorectomy (Cronje 2004). Similarly, if it is true that this
group demonstrates post-ovulatory onset of symptoms due to neurosteroid change sensitivity
(Martinez et al. 2016), they may show a more beneficial response to 5-alpha reductase
blockers such as dutasteride or finasteride, which prevent the typical luteal conversion of
progesterone to neurosteroids (Martinez et al. 2016).

Normal vs. Late-Offset Symptom Trajectories in PMDD

Although we predicted that a late-offset trajectory would be found only for depressive
symptoms, we also observed one trajectory characterized by late offset for anxiety, as well
as for the total score. The late-offset phenomenon may be due in part to individual
differences in emotion regulation strategies. We have previously shown that those with high
trait levels of rumination have slower offset of premenstrual depressive symptoms (Dawson
et al. 2018) and some work has indicated that those with PMDD with a past history of
depressive episodes (i.e., compromised emotion regulation) show slower offset of their
PMDD depressive symptoms (Bancroft et al. 1994). Similar psychological processes may
mediate late offset of other symptoms. There are several psychosocial theories of PMDD
development, maintenance, or exacerbation that should be considered, especially in relation
to these late-offset trajectories. Factors such as symptom appraisal (Blake 1995), cultural
expectations and intrapsychic mode of evaluating changes of the body (Ussher 1997), or
symptom-related expectations and associated emotions (Sigmon et al. 2000) may be
informative.

Strengths and Limitations

We used a new data-driven approach (GBTM) to identify unique PMDD symptom trajectory
groups across the cycle; prior studies had primarily focused on content subtypes of PMDD.
However, the generalizability of the study is tempered by the moderate sample size and
single-cycle design. Since GBTM is not intended to define literal groups (Nagin & Odgers
2010), further multimethod exploration of individual differences in trajectories of PMDD
symptoms is important. Additionally, although many studies have found relative stability of
PMDD symptom patterns, some within-person variance in symptom onset and offset appears
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to be common (Pearlstein et al. 2005); therefore, further investigation of these trajectory
groups should also examine their stability within a given woman. Another limitation is that it
is very possible that differences in timing of onset or offset are caused by individual
differences in endometrial hormone sensitivity that drive variability in the timing of menses
relative to the timing of symptoms. It should also be understood that this sample is
representative of those with PMDD only; a substantial number of those who did not meet
strict PMDD criteria were excluded. Some were also excluded because they either did not
fulfill other eligibility criteria (e.g., significant comorbidities) or did not provide sufficient
ratings. Since the diagnostic daily ratings began prior to the initial visit, no information is
available regarding how individuals with insufficient daily ratings might have differed from
those with sufficient daily ratings; this is a limitation of the present study.

Of note, since we did not wish to assume that the groups would be the same when examining
different daily symptoms, the grouping analyses were repeated independently for the total
symptom score and each of five individual symptoms. For illustration, this means that it is
possible for a single individual to be in the “full luteal phase” group for one symptom (e.g.,
anger), but in the “premenstrual week with late offset” group for another symptom (e.g.,
depression). Outside of the total score, this complexity could not be captured using our
sample size; however, examination of these dual trajectory subtypes (Charnigo et al. 2011)
may be useful.

Kiesner and others (e.g., (Kiesner 2011; Kiesner et al. 2016) have found that in addition to
those with no menstrual cycle-related symptoms and those with perimenstrual increases in
symptoms (e.g., PMS/PMDD pattern), some individuals demonstrate a mid-cycle increase in
symptoms. Thus, there is evidence of further heterogeneity of temporal patterns of symptom
change across the menstrual cycle, among females without PMDD. Although not clearly
relevant to research on PMDD, understanding this additional heterogeneity may provide
clues for better understanding individual differences in response to reproductive steroids and
the menstrual cycle that may provide insights for understanding PMDD and its symptom
trajectories.

Conclusion

Given the observed heterogeneity of symptom timing and severity, it seems possible that
patients with prospectively-confirmed PMDD, typically treated as a single group, are
actually heterogeneous with respect to symptom patterns and perhaps etiology. While there
may be pathophysiologic differences between these “premenstrual week” and “full luteal
phase” PMDD subtypes, both trajectory groups meet DSM-5 criteria for PMDD diagnosis,
on average, with symptoms present in the week before menses and absent the week
following menses (APA 2013). Efforts to standardize the diagnosis of PMDD (e.g.,
(Eisenlohr-Moul et al. 2017)) and to identify homogeneous PMDD subgroups may improve
the clarity of research findings. More work is needed to establish the replicability and
stability of these trajectory groups, and to determine whether they have unique biological
and/or psychosocial etiologies that could inform more personalized approaches to treatment
of PMDD.
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Unique Trajectories of Total PMDD Symptoms Across the Perimenstrual Frame
in 74 Females with PMDD
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Figurel.
Mean daily symptom total for three PMDD symptom trajectory groups in females with

PMDD, derived using group-based trajectory modeling.
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Unique Trajectories of Anxiety Across the Perimenstrual Frame

in 74 Females with PMDD
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Figure 2.
Mean daily sadness (TOP) and anxiety (BOTTOM) for three PMDD symptom trajectory

groups in females with PMDD, derived using group-based trajectory modeling.
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Figure 3.
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«+0O+ Mild Premenstrual Wk (23.5%)
—#—Severe Premenstrual Wk (50.7%)
~@— Severe Full Luteal Phase (25.8%)

++0O+ Asymptomatic (21.6%)
—#=Moderate Premenstrual Week (23%)
—8— Moderate Full Luteal Phase (55.4%)

Mean daily sudden sadness (TOP) and anger/irritability (BOTTOM) for three PMDD
symptom trajectory groups in females with PMDD, derived using group-based trajectory

modeling.
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Table 1.
Participant characteristics (V= 74)
Variable Mer?rEO;oS)D); Range
Age 3157 (6.15) 20-44

German nationality
Education Level
Secondary school degree
Senior high school degree
Academic degree
Marital status
Married
Stable relationship
Single
Divorced/separated
Average cycle length in days
28 +/-5
>33
Age at menarche in years
Biological children

Previously received treatment due to premenstrual complaints

67 (90.54)

8(10.81)
24 (32.43)
42 (56.75)

25 (33.78)

28 (37.84)

19 (25.68)
2(2.70)

59 (79.73)
15 (20.27)
13.00 (1.60) 9-17
27 (36.49)
21 (28.38)
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Table 2.

Page 18

Results of Zero-Inflated Poisson Group-Based Trajectory Modeling of PMDD Symptom Trajectories Across
the Cycle (Days —14 to +9 relative to menses onset=0; N=74)

Group 1 Group 2 Group 3 . .
Symptom % (N) % (N) % (N) S indicestor
(shape of trajectory) (shape of trajectory) (shape of trajectory)
M oder ate Premenstrual Severe Premenstrual Week
Total Symptom Week with Late Offset Se"e’e'l:;’go}-‘?g Phase | gic. _1501.99
Score 65% (48) 17.5% (13) (cugi %) AIC: -1463.66
(quadratic) (cubic)
Severe Premenstrual Week M oder ate Premenstrual
Sadness with Late Offset ST Psrggg‘?zrsl;a' U Week BIC: ~1751.55
(Depression) 42.9% (32) (cubic ) u;drati czl) 18.9% (14) AIC: -1775.32
(quadratic, quadratic ZI) 4 (quadratic, quadratic ZI)
M oder ate Premenstrual : Severe Full Luteal Phase
- A?’lngf,’/to(’gg;'c with Late Offset BIC: ~1875.89
y 47.2% (35) ( n 0‘;1 e) 21.6% (16) AIC: -1834.85
(quadratic, quadratic ZI) (quadratic, quadratic ZI)
Sudden Sadness Severe Premenstrual Week Severe Full Luteal Phase Mild Premenstrual Week BIC: —1465.89
(Mood Lability) 50.7% (38) 25.8% (19) 2350 (17) AIC: ~1427.59
(quadratic, quadratic ZI) (cubic, quadratic ZI) (quadratic, quadratic ZI) : )
Moderate Full Luteal Phase VL BHEEE SEETED UL Asymptomatic L
Anger/ BIC: -1487.64
I A 55.4% (41) 21.6% (16) L
Irritability (quadratic, quadratic Z1) 23% (17) (none) AIC: -1454.81
’ (quadratic, quadratic ZI)
Moderate Full Luteal Phase Mild Premenstrual Week Asymptomatic BIC: -1045.94
Muscle Pain 35% (26) 30% (22) 35% (26) AIC: —1013.15
(quadratic, quadratic ZI) (quadratic, quadratic ZI) (none) : )

Note: Percentages refer to the proportion of the sample estimated as belonging to each of the model-identified PMDD symptom trajectories for that
specific symptom. BIC = Bayesian Information Criterion; AIC = Akaike Information Criterion. ZI=zero-inflated, referring to the shape of the zero-
inflation trajectory. Groups characterized by premenstrual week patterns are highlighted in pink, and groups characterized by full luteal phase
patterns are highlighted in green.
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