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Abstract

Results from three studies suggest fluctuation in estrogen level may influence the expression
of borderline personality disorder (BPD) symptoms. In the first study, 226 women were admin-
istered the Personality Assessment Inventory, borderline scales (PAI-BOR; L.C. Morey, The
Personality Assessment Inventory, Professional Manual, 1991) and a questionnaire that
assessed time in menstrual cycle and use of oral contraceptives, that is synthetic estrogens.
BPD symptoms were most common in women using oral contraceptives and during times in
the menstrual cycle when estrogen level is rising. In Study 2, 52 women were measured four
times across one menstrual cycle and provided salivary samples at each test session. The
samples were assayed and estrogen levels were obtained. The principle finding was that vari-
ation in estrogen levels predicted the presence of BPD symptoats4( p<<0.01). This
relationship remained significant when a general increase in negative affect was statistically
controlled. Study 3 employed a pre—post Oral Contraceptive (OC) design with a control group.

It was found that for women with high pre-existing levels of BPD, symptoms became signifi-
cantly worse after starting pill usd=((3,42)4.7; p<0.01). Research findings that link the
serotonin system and estrogen are reviewed and theoretical and practical implications are dis-
cussed.
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Estrogen has been shown to be related to a myriad of behavioral and cognitive
patterns, especialy those known to differ as a function of sex (see Kimura, 1999
for a review; Geary et al., 2002). Borderline Personality Disorder (BPD) is more
common among women and thus an influence of female hormones on the expression
of associated symptoms is possible, but has not been empirically investigated. The
higher prevalence among women (DSM-1V, 1994) coupled with alife history pattern
that suggests increased BPD symptoms during adolescence and the perimenopausal
years (Stone, 1992; Bardenstein and McGlashen, 1988)—times of rapid hormonal
change—are consistent with a hormonal influence on the expression of BPD symp-
toms. For example, Myers et al., (1993) found that 47% of inpatient adolescent
females and none of the males met DSM criteria for BPD. Grilo et a. (1996) found
that male and female adolescent inpatients differed in the prevalence of BPD, and
that the prevalence of no other personality disorder nor demographic variables were
significantly different for males and females in this age-group. Similarly, when per-
sons suffering from BPD are compared in their late forties and early fifties—again
a time of hormonal change for women—the functioning of women is significantly
worse than that of men, but this sex difference is not found for persons suffering
from BPD in their thirties and early forties (Bardenstein and McGlashen, 1988).

When considering a potential relation between sex hormones and behavior, change
and rate of change, as well as absolute level of the sex hormone, are potential moder-
ating factors in the expression of the behavior (see also Vliet, 1997; Frank, 2000).
If absolute levels of a hormone affect some neural system, fluctuating levels of the
hormone could have an especially pronounced effect if the hormone exerts part of
its effect via up- and down-regulation of one or more neurotransmitter receptors.
Importantly in this regard, estrogen has been shown to increase receptor density of
various monoamine receptors (Fink et al., 1996). Although there are other potential
mechanisms, one potential link between estrogens and BDP is the serotonin system.
Because estrogen is known to affect the serotonin system, and because problems
within the serotonin system have been identified in persons with BPD, it is possible
that estrogen, and in particular changes in estrogen levels, influence these systems
and the expression of BDP. Estrogen has been shown to influence the functioning
of the serotonin system (Joffe and Cohen, 1998; Robinow et al., 1998; Bethea et
al., 1998). For example, serotonin and the principal metabolite of serotonin, 5-HIAA,
are higher during high estrogen phases of the cycle (Fludder and Tonge, 1975),
increases in 5-HIAA following estrogen replacement therapy have been reported
(Lippert et a., 1996; Mueck et a., 1997), and Bethea and colleagues (see Bethea et
al., 1998 for a review) have demonstrated estrogen’s influence on the function on
both afferent and efferent serotonin neurons as well as receptor sites.

1. Borderline personality disorder
Approximately 2% of the general population has Borderline Personality Disorder

(BPD) at any given time (DSM-1V, 1994). Furthermore it seems likely that non-
clinical populations are often affected by borderline traits and thus show related
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impairment, although to a lesser extent than clinically diagnosed populations (Trull
et al., 1997). Persons who have this disorder are markedly unstable in terms of
employment, education, relationship patterns and self-image. Those suffering from
the disorder are generally quite impulsive, and self-mutilation and suicide attempts
are not uncommon. In fact, it is estimated that nearly 10% of those with BPD will
end their own life (DSM-1V, 1994).

1.1. Etiology

BPD and the factors that modify its expression are not fully understood, although
severa etiological factors have been identified. Factors that have received empirical
support include childhood trauma (Zanarini and Frankenburg, 1997), genetic factors,
and neurochemical abnormalities. At the genetic level, a large-scale twin study sug-
gested that the heritability estimate for BPD may be as high as 0.62 (Torgersen et
al., 2000). Neurochemically, a disruption in the ability to utilize and respond to
serotonin may be associated with BPD, as described below (deVegvar et a., 1994).
Although the etiology is amost certainly multifactorial, the focus of the present
research is on the role that biological factors, particularly estrogen fluctuation, may
play in the expression of BPD.

The prolactin responses of males with BPD are reduced compared to normal con-
trols and to those with other personality disorders (Coccaro et al., 1989; Trestman
et a., 1992), suggesting that reduced responsiveness in the serotonin system may be
a hallmark of BPD. Although serotonin response is usually found to be reduced in
patients with BPD, most of the biological studies of BPD have focused on men,
even though the majority of those diagnosed with the disorder are women (Martial
et a., 1997). In challenge studies where women are included, women who have BPD
do not always show the blunted response that is typical with men (Hollander, 1994).
Indeed an unusually rapid response within the serotonin system has been demon-
strated among women with BPD in at least one fenflouramine challenge study in
which control for estrogen effects was attempted by measuring all women during
the post-ovulatory phase of the menstrual cycle (Martial et al., 1997).

1.2. Summary of hypothesis rationale

It is hypothesized that the expression of BPD symptoms, although certainly influ-
enced by awide variety of factors, may be moderated by rapid fluctuations in estro-
gen. Supporting this hypothesis is the finding that BPD is more common among
women and that the sex difference begins with the cyclical pattern of estrogen levels
associated with the reproductive years and is largest during times of relatively greater
hormonal flux. The sex difference in male and female serotonin systems and the
observation that serotonin systems may be maladaptive in those with BPD make the
hypothesis more appealing, in that serotonin may provide a plausible vehicle for
estrogen to moderate the expression of BPD symptoms. To summarize, we propose
that rapid changes in estrogen will relate to the expression of borderline symptoms
in women. This leads to severa testable hypotheses. One, individual women whose
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monthly cycles are marked by relatively greater fluctuations would be expected to
show more BPD symptoms. Two, given that estrogen change is highest during week
2—that is a time of high estrogen preceded by a time of low estrogen—this time
should be associated with increases of BPD symptoms. Finally, the use of exogenous
hormones which increase the daily fluctuations of estrogen levels—as occurs with
oral contraceptives—would be expected to result in someincrease in BPD symptoms.
It should be noted that ingestion of oral contraceptives (OC) suppresses ovulation
and normally occurring monthly hormone fluctuations, but does increase variation
in hormone levels on a daily basis. There is a sharp peak in estrogen levels approxi-
mately two hours after the ingestion of each pill and a low point about 22 hours
later (Beck et al., 1980).

2. Study 1

The first of three studies examined the relation between BPD symptoms and (a)
the use of hormone-based hirth control, and (b) phase of menstrual cycle in a
between-subjects design. If estrogen relates to BPD symptoms, then use of oral con-
traceptives (OC) should be associated with more severe symptoms, and BPD symp-
toms should be higher during times of rising estrogen, that is during the second week
of the menstrual cycle.

2.1. Methods

2.1.1. Participants

The participants were 226 women (mean age=19 years) from general psychology
courses at the University of Missouri at Columbia. The participants received partial
course credit for their participation in the study and all participants gave informed
consent. All studies reported were approved by an Institutional Review Board. The
women were not screened for the presence or absence of psychopathology, however,
with a sample this size, it might be expected that some participants would meet the
diagnostic criteria of BPD, and a significant number would be experiencing clinically
significant levels of symptoms.

2.1.2. Questionnaires

Symptoms of BPD were assessed by self-report using the Personality Assessment
Inventory—Borderline Features Scale (PAI-BOR; Morey, 1991). The PAI-BOR is
considered to provide a valid assessment of BPD symptoms for non-clinical, as well
as clinical populations (Trull, 1995). In addition to providing an index of the overall
frequency of BPD symptoms, the measure provides sub-scales for four symptom
clusters: identity problems, affective instability, negative relationships, and self-harm.
The identity problems sub-scale measures fears of abandonment and malleability of
self-image, whereas affective instability measures sudden shiftsin mood and intensity
of emotion. The negative relationship sub-scale focuses on feelings of betrayal, lone-
liness, and instability in relationships, whereas the self-harm sub-scale focuses on
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impulsive and reckless behavior. Morey’s (1991) rule that 36 or more symptoms on
the PAI-BOR is indicative of significant borderline symptoms was used to classify
the level of symptomology. A separate questionnaire assessed the average length of
participants menstrual cycle, the number of days since the first day of their most
recent period, and, whether or not they were using birth control pills or any other
form of hormone-based method of birth control.

Women were divided into categories based on their cycle day.! On the basis of
typical patterns of estrogen fluctuation across the menstrual cycle (Ferin et al., 1993),
day 0 to day 3 and day 26 to day 29 were coded as Low Estrogen (n=55). Day 5
to day 10 were coded as Rising Estrogen (n=49), and day 11 to day 14 were coded
as High Estrogen (n=25). Although estrogen rises again around day 18 to day 20,
and remains relatively high until about day 24, this time is also marked by high
levels of progesterone. Progesterone itself has many effects on mood and cognition.
For example, progesterone tends to depress mood while estrogen alone does not
(Girdler et a., 1999). Thus, to reduce the potential confounding of estrogen and
progesterone levels, women who reported themselves to be between day 15 and day
25 in their cycle (n=129) were not included in the associated analyses.

The few participants (less than 5%) who did not answer an item were discarded
from the associated analyses and thus there is some variation in the various inventory
sample sizes.

2.2. Results

Women who were using OC showed significantly higher levels of borderline
symptoms, F(1, 192)=8.48, p<<0.01, than did women not using hormones and men-
struating normally. The difference in overall borderline symptoms was largely due
to a difference on the negative relationship, F(1, 196)=13.2, p<<0.001, and emotional
instability, F(1, 196)=4.8, p<0.05, sub-scales.

The proportion of women with clinically significant borderline features (i.e., over-
al PAI-BOR scores >36; Morey, 1991) were compared across the three groupings.
The results revealed that 17 of the 49 (35%) women in the rising subgroup endorsed
clinicaly significant levels of BPD symptoms, as contrasted with only 5 of the 20
(20%) women in the high subgroup. Women at low estrogen phases were least likely
to report significant borderline features (8 of the 55, or 15%). The difference between
the rising and low estrogen group was significant, (y?=5.8, p<<0.05) whereas the
difference between low estrogen and highest- absolute-level of estrogen group was
not (y?=0.4, p>0.4).

1 Based on each woman's reported average cycle length and the number of days since the beginning
of her last reported menstrual cycle, each woman's day in cycle was estimated. Each woman'’s cycle was
standardized to an average 28 day cycle by dividing the number of days since the fist day of her last
menstrual period (LMP) by the reported cycle length and then multiplying the quotient by 28. For instance,
if a woman reported a cycle length of 30 days and reported it had been 15 days since the first day of
her most recent period, her cycle day was coded as 14 (half-way through a standard 28 day cycle).
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2.3. Discussion

Study 1 yielded two potentially important findings. First, women using hormone-
based birth control showed elevated BPD symptoms, relative to women not taking
hormones. Second, BPD symptoms were more common in women assessed on cycle
days during which estrogen generally rises relative to women assessed on other cycle
days. This suggests that rising or changing levels of estrogen may have more of an
influence on BDP symptoms than absolute levels. Of course, the first finding might
be due to pre-pill-use differences among the groups of women who were or were
not using OC. This question was addressed directly in Study 3.

3. Study 2

The primary goa of Study 2 was to employ a within-subjects design to explore
further the potential relation between fluctuations in estrogen levels and BPD symp-
toms and to do so by directly measuring estrogen levels via salivary assay four times
across one month. In addition to estradiol assays, the assessments included the PAI-
BOR asin Study 1, as well as questions from three of the nine sub-scales (hostility,
depression and anxiety) of the Brief Symptom Inventory (BSI; Derogatis and Melisa-
ratos, 1983). The BSI items were included as covariates to address the possibility
that absolute or variable levels of estradiol are actually related to negative affect,
rather than to BPD symptoms per se.

If BPD symptoms are exacerbated by fluctuations in estrogen levels, then varia-
bility in estradiol level across the month should be positively correlated with PAI-
BOR symptoms. Moreover, the change in estradiol level during the time of sharpest
increase—cycle-week one to cycle-week two—should be positively related to BPD
symptoms. On the other hand, if absolute level of estrogen is related to BPD traits,
then we would expect to find a correlation between absolute levels of estrogen and
PAI-BOR scores.

3.1. Methods

3.1.1. Participants

The participants were 57 women (mean age=20.1 years) who received partial
course credit for participation. Potential subjects were identified by their responses
to a pre-testing questionnaire that was administered to all students enrolled in general
psychology. Women who were not taking hormones of any kind and having normal
menstrual cycles were contacted by means of electronic mail and invited to partici-
pate. All women who agreed to participate signed informed consent and were debri-
efed at the end of the study.

Data from 5 of the 57 women who participated in the study were discarded,
because once the study began they reported irregularities in their menstrual cycle.
Of the remaining 52 participants, 31 participated in al four sessions and provided
adequate saliva samples at each session, whereas 21 women missed one of the four
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sessions or did not provide an adequate saliva sample on one occasion. As a result,
estradiol measures were only available for three sessions for these 21 women, and
thus the df differ across some of the analyses reported below.

3.1.2. Sliva collection

Participants were instructed to salivate by passive drool into a polypropylene
funnel connected to a cryovia. The sample was unstimulated and the participants
allowed al salivato be collected without interruption for a period of three minutes.
Samples were frozen within the hour, and later assayed by an independent laboratory
for salivary estradiol (Salimetrics, State College, PA); the procedure was a double
antibody radioimmunoassay developed and recently validated at the Penn State
Behavioral Endocrinology Laboratory (see Shirtcliff et al., 2000).

To test the hypothesis that variability in estradiol level is related to severity of
BPD symptoms, variance scores for estradiol and the PAI-BOR were computed for
each participant. As an example, if a woman's salivary assays resulted in 1.1, 0.51,
1.27, and 0.81 pg/ml across the four weeks, the associated variance for these scores
was 0.084.

3.2. Results

Each woman's data was aligned based on her reported day in menstrual cycle and
the averages can be seen in Table 1. Estradiol levels show the expected pattern of
fluctuation: low levels early in the cycle that increase and then decrease
(F(3,90)=11.07, p<<0.0001).2 Subjects began the study at various pointsin their cycle.
When the estrogen levels were analyzed by session number (that is unaligned and
random with respect to point in menstrual cycle), there was no difference in estrogen
levels from one hormone session to the next, as expected (F=1.53; p>0.2). Overall
these statistics serve to validate alignment procedures.

Table 1
Day in menstrual cycle and average estradiol levels

Day since beginning of cycle Estradiol levels (pg/ml)
M SD M SD
Week in cycle
Week 1 4 3 0.30 0.36
Week 2 11 4 0.62 054
Week 3 18 5 0.78 0.54
Week 4 26 6 0.72 0.60

2 This participant was closely monitored for additional difficulty and referred to the university coun-
seling center. We verified that she made contact with a professional counselor. To our knowledge, she
made no further suicidal gestures.
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3.2.1. Absolute values and week two changes

The relation between estradiol level and PAI-BOR scores was first examined by
means of zero-order correlations for each cycle week. Next, hierarchical regression
analyses were computed, whereby the estradiol variable of one cycle week was
entered first followed by the estradiol variable for the following week. The zero-
order correlation provides an assessment of the relation between absolute estradiol
levels and the variable in question, whereas the regression analysis provides an
assessment of the relation between relative change in estradiol between one week
and the next. As an example of the latter, a participant’s overall average PAI-BOR
score (averaged across the four weeks the survey was completed) would serve as
the dependent variable and the estradiol variables for week one and week two as
the independent variables. The beta coefficient for the week two variable would then
represent the relation between overall PAI-BOR scores and change in estradiol level
from week one to week two. On the basis of the predication that rising estradiol
levels are associated with increases in borderline symptoms, the week-two beta coef-
ficient for the just described regression analysis was tested using a one-tailed t-test.
All other week-to-week assessments were evaluated using a 2-tailed t-test.

The correlations between the weekly estradiol variables and overall PAI-BOR
scores and sub-scale scores ranged between —0.22 (week-one estradiol and overall
scores, df=44, p=0.13) and 0.19 (week-two estradiol and negative relationship, df=43,
p>0.20), and none of these were significant, providing no support for the hypothesis
that absolute level of estrogen predicts BPD symptom severity.

The regression analyses revealed one consistent pattern: A sharp rise in estradiol
level from week one to week two was associated with higher overall borderline
symptoms, 5=0.41 [t(1,36)=2.08, p<<0.025, 1-tailed], as predicted. There was a corre-
sponding tendency toward higher symptoms for each of the sub-scales, negative
relationships, f=0.33 [t(35)=1.52, p<0.07, 1-tailed], emotion, 5=0.37 [t(35)=1.70,
p<<0.05, 1-tailed], self-harm, $=0.38 [t(38) = 1.99, p<<0.03, 1-tailed] and identity,
B=0.33 [t(36)=1.54, p<<0.07, 1-tailed]. None of the other week-to-week regression
analyses reveded a significant relation between change in estradiol level and PAI-
BOR scores (ps>0.10).

3.2.2. Variability in estradiol and BPD symptoms

In keeping with the specific hypothesis that variation in estrogen levels may
worsen BPD traits, the variability variable for estradiol was significantly correlated
with overall PAI-BOR scores [r(38)=0.45, p<<0.01], and to three of the four sub-
scales. emotional instability [r(37)=0.44, p<0.01]; negative relationships
[r(37)=0.40, p<0.05)]; identity problems [r(37)=0.38, p<0.05) ]; and, for self-harm
was not significant [r(38)=0.17, p>0.25)].

To determine if the effect of estrogen on borderline symptoms could be explained
by amore general tendency to endorse negative items, and thus not specific to border-
line features, the BSI scores for depression, hostility, and anxiety were al entered
as covariates in a hierarchical regression analysis, followed by the average score on
the PAI-BOR. The estradiol variance variable still accounted for a significant amount
of variance in overall borderline symptoms [=0.26 [t(32)=2.07, p<0.05].
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3.3. Discussion

The data support the idea that variability and change in estradiol levels may be
related to borderline symptoms, whereas absolute levels are not. Importantly, the
changes in estrogen level seem to contribute unique variance to the expression of
BPD, variance not attributable to more general factors, as the pattern held when BS|
scores for depression, hostility, and anxiety were all statistically controlled.

4. Study 3

The third study was designed to determine if hormone administration causes an
increase in BPD symptoms using a quasi-experimental design. In this study, women
who indicated they were going to start using birth control pills were assessed four
times in the month before beginning OC and four times after they began taking OC.
Ancther group of women who were not planning to begin taking OC were tested
four times across one month, and four times across the subsequent month as well.

Although a higher level of symptoms was observed among women who were
using OC in Study 1, the interpretation of a within-subjects design as in Study 3 is
less susceptible to alternative explanations, and the hypothesis that women who take
OC have pre-existing differences compared to women who do not take OC can be
directly tested. Here, it was hypothesized that women who commence taking OC
will show an increase in symptoms of BPD, not explainable due to pre-existing
differences. Second, it was hypothesized that women who are already high on symp-
toms of BPD will show a more marked increase in BPD symptoms with the onset
of OC use. This second hypothesis arises from the conjecture that some persons who
have BPD have a pre-existing problem with their serotonin system (Coccaro et a.,
1989; Martia et al., 1997). Because the serotonin system is affected by estrogen on
a variety of levels (Bethea et al., 1998), daily ingestion of estrogen containing OC
could potentialy exacerbate a pre-existing problem.

4.1. Methods

4.1.1. Participants

The experimental group consisted of 24 women who were planning to begin OC
use in the near future. Of the 24 women, 17 completed the study. Three dropped
out after one or two sessions stating they had decided not to participate or that they
no longer met selection criteria, perhaps indicating they decided not to start using
OC. Four were dropped for missing multiple sessions. The control group consisted
of 29 women who were not planning to begin using OC. Six of the 29 missed one
of the eight sessions, but were still included in the subsequent analyses.

Participants received a letter of invitation by means of electronic mail if they
matched certain selection criteria based on their responses to a pre-screening ques-
tionnaire administered to all students taking general psychology at the University
of Missouri. Furthermore, the pre-screening questions included questions from the



760 M.C. DeSoto et al. / Psychoneuroendocrinology 28 (2003) 751-766

relationship sub-scale of the PAI-BOR. Women who scored higher on the relation-
ship sub-scale of the PAI-BOR were invited first, in an effort to increase the number
of participants who were in the clinical range of borderline symptomology. All parti-
cipants received partial course credit for their participation in the study, provided
signed consent and were debriefed at the end of the study.

4.1.2. Questionnaires and testing procedures

Participants completed the PAI-BOR, as in Study 1 and Study 2. Women in the
experimental group provided a copy of their birth control prescription and were
queried about the day they began taking their pills. All women in the experimental
group were taking combination-type OC and the dosage of their estrogen per pill
ranged from 20 to 40 ug of ethinyl estradiol, or for three participants, 50 pg of
mestranol. All participants completed the PAI-BOR eight times (except as noted
above). Subjects in the experimental group completed their surveys, one per week
for four consecutive weeks and then waited until they began using OC. After they
began the use of OC, the experimental participants completed the last four surveys,
approximately one week apart, on four consecutive weeks.

4.2. Results

4.2.1. Preliminary analyses

To determine if the two groups were equivalent to begin with, they were compared
on their first four sessions data. Specifically, a mixed ANOVA was conducted on
the first four sessions with session as a repeated factor, and plan to begin using OC
as a between factor. Here, the lack of a main effect for OC indicates that the two
groups did not systematically differ in their pre-existing levels of BPD symptoms
(F(1,41)=0.06, n.s.)

Next, the control group’s average across the last four surveys was compared to
the mean of the first four surveys via a dependent t-test. The finding of no significant
difference (t(28)=<1, n.s.) indicates that mean PAI-BOR scores do not typically vary
from one month to the next.

A mixed ANOVA was performed with one between factor (group; experimental
versus control) and two within factors (pre-OC versus post-OC; session 1 through
8). The non-significant interaction between group (OC versus no OC) and pre versus
post (first four sessions versus last four sessions) suggests that, as a whole, women
who begin use of OC do not show an increase in symptoms (F(1,36)<1, n.s.). The
remaining interactions were al non-significant as well; pre/post by time
(F(3,108)=1.64, p>0.1); OC by time (F(3,108)<1, n.s.); and pre/post by time by
group (F(3,108)=1.01, p>0.25), indicating there were no trends in scores on the
PAI-BOR as a function of session time.

4.2.2. High versus low pre-existing symptoms

Participants were divided into two groups, based on their BPD item endorsement
across the first four sessions. Participants who scored above the mean were coded
as “high BPD” (n=17, 12 control, 5 experimental). Women who had an average item
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endorsement below the overall mean were coded as “low BPD” (n=29, 12 experi-
mental, 17 control). An ANCOVA was conducted with group (OC versus control
group) and BPD symptom level (high versus low) as between factors and pre-existing
level of BPD symptoms (i.e., the average from the first four sessions) as the covariate.
The dependent variable was the post-OC mean on the PAI-BOR (i.e., scores averaged
across the last four sessions). The inclusion of pre-existing symptoms as a covariate
has the effect of removing the associated variance, thus isolating the change in symp-
toms following the use of OC from pre-existing symptom levels.

Means and standard deviations for pre- and post-pill use for high- and low-BPD
symptom groups are shown in Table 2. Here, the hypothesis that women with high
BPD symptoms will worsen after beginning use of OC is tested by the interaction
of group by level-of-symptoms. Results suggest that the use of OC has a different
effect depending of the level of pre-existing symptoms (F(1,41)=4.94, p<0.05).

Follow up analyses for simple effects compared the PAI-BOR scores for the
women who began taking the pill to the scores of the control group separated as a
function of high versus low pre-existing symptoms. Results indicated that among
women with lower levels of BPD symptoms, starting the pill had little effect on
symptom severity (F(1,26)<1, n.s.). Conversely, among women with higher BPD
symptoms, starting the pill was associated with an increase in symptom severity
(F(1,14)=3.99, p<0.05, one-tailed) as hypothesized. The nature of this interaction
can be seen in Fig. 1, which depicts the nature of the interaction in terms of a
difference scores (the average of the last four sessions minus the average of the first
four sessions).

In a further test of the possibility that only women with BPD symptoms in the
high range will be adversely affected by the daily rise and fal of estrogen levels
that occur with OC usage, both a bivariate correlational analysis was performed as
well as a multiple regression analysis. First, the Pearson correlation coefficient
between level of pre-existing symptoms (the average of the first four sessions) and
the amount of change after beginning OC (daily dose of female sex hormones) (i.e.,
the mean of the four post scores—the mean of the four pre scores) was calculated
among the experimental group. Results revea a significant relationship (r(15)=0.42,
p<0.05, one tailed). The positive correlation suggests that high levels of BPD item
endorsement are associated with an exacerbation of symptoms under the influence

Table 2
OC and BPD among women high and low on pre-existing symptoms

No-pillcontrol group (n=29) Pillexperimental group (n=17)

Low symptoms  High symptoms Low symptoms  High symptoms

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Pre-pill PAI-BOR 18 (4.7) 34 (6.0) 17 (4.8) 38 (7.8)
Post-pill PAI-BOR 18 (6.4) 32 (6.5) 17 (5.8) 41 (7.7)
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Fig. 1. Difference in PAI-BOR scores.

of estrogen. Among control group participants, the correlation was non-significant
and negative (r(25)=—0.28, p<<0.15) indicating a slight trend for women with higher
levels of BPD symptoms to score lower on the latter sessions and for women with
lower scores to score higher on latter sessions. This trend could be described as a
regression toward the mean, and is, of course, the opposite of the pattern seen in
the experimental group. Finally, it should be noted that for the experimental group
the pattern did not vary with type of OC (monophasic versus triphasic).

4.3. Discussion

As previously explained, it is possible that the serotonergic system may differ for
women with BPD relative to other women, and estrogen may exert an influence on
BPD via the serotonin system. Thus, if the serotonergic system influences BPD
symptoms and is, in turn, influenced by fluctuation in estrogen levels, it seems plaus-
ible that estrogen might effect women who have BPD differently than other women.
Although the results do not directly address whether the serotonergic system is
involved, they do indicate that participants who are higher on BPD symptoms experi-
ence an exacerbation of these symptoms when they begin to use OC, whereas other
women do not show a change in BPD symptoms. The latter finding is of significant
practical import, as it suggests that beginning use of OC does not appear to cause
a generalized increase in borderline symptoms among most women, at least in the
first month of use.

5. General discussion

The results of Study 1 demonstrated that clinically significant levels of BPD symp-
toms were more common in women assessed on cycle days during which estrogen
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generally rises than in women assessed on other cycle days. The implication is that
the rate of change in estrogen levels may influence BPD symptom expression. In
Study 1, it was aso found that women using hormone-based birth control showed
elevated BPD symptoms, relative to other women. Study 2, which directly measured
estradiol via salivary assay, demonstrated that variability and change in estradiol
level from week one of the cycle to week two of the cycle, a time of rapid rise in
estrogen level, were associated with higher levels of borderline symptoms. Again,
the results suggest that it is variation and not absolute levels of estrogen that may
influence symptoms of BPD. The changes in estrogen levels seem independent of a
general increase in negative affect, as the pattern held when the variance associated
with depression, hostility, and anxiety were statistically removed.

Study 3 was a follow up of the results of Study 1. Specifically, using a within-
subject pre—post pill design and a control group, the results of Study 3 support the
hypothesis that the use of OC may cause an increase in BPD symptoms but only
among women who have high pre-existing levels of BPD symptomology. It is aso
important to note that one participant whose pre-OC scores on the PAI-BOR sug-
gested a diagnosis of BPD had a worsening of symptoms after beginning the pill to
the extent that she made a suicidal gesture. Specifically, during the second post-OC
session, when asked how she was, she replied, “Well, OK | guess, except that | tried
to slash my wristslast night.”? She went on to report that she was just feeling terrible,
very moody and upset. At least in this one case, the observed increase in symptoms
on the PAI-BOR associated with beginning to use the pill co-occurred with a real
life indicator of a significant worsening of BPD symptoms.

The role of progesterone was not assessed in these studies. The results of Study
1 and Study 3 which link use of OC to BPD symptoms could be partially explained
by the fact that OC aso contain progesterone, which as previously noted also affects
mood and cognition. Although the results of Study 2 and week in cycle effects of
Study 1 suggest the importance of estrogen levels, future research should investigate
the possibility that levels of progesterone may be important as well.

The overall pattern suggests that variability in levels of estrogen, rather than absol-
ute levels, seem to better represent the potential relation between estrogen and BPD
symptomology. Women, of course, normally vary in the level of estrogen across the
menstrual cycle, but the results of these studies suggest that extreme fluctuations in
estrogen may be problematic, or that normal fluctuations are problematic for women
with BPD tendencies.

It is not clear from these studies, but a mechanism linking estrogen fluctuations,
serotonin and BPD symptoms could occur neurochemically via a variety of neural
mechanisms, including a series of receptor down-regulations and up-regulations.
Down regulation can occur quickly, within one or two hours of a maintained increase
in neurotransmitter levels (see Feldman et al., 1997 for a discussion of these
processes). Individual differences in serotonin system sensitivity do occur and theor-
etically may be magnified by estrogen fluctuations; equally plausible is that individ-
ual differences in estrogen fluctuation could result in individual differences in sero-
tonin system sensitivity. Such links between the serotonin system and estrogen
fluctuation many explain the results of the present studies and also join well with
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what is currently known about the relations among the serotonergic systems and
estrogens, and the serotonergic systems and BPD. Further studies will, of course, be
needed to determine whether or not these links exist.

An important limitation for these studies is the use of non-clinical samples. Given
the exploratory nature of the current research, a general cross-section of the popu-
lation was deemed most appropriate. In doing so the results may have applications
to the higher functioning BPD sufferers most likely to use OC, that is women with
significant but non-clinical levels of BPD symptoms. Although the sample size would
be expected to include a number of women who would meet diagnostic criteria and
the self-report measure used is well validated, future studies should address this issue
with a larger sample of clinically diagnosed patients and use semi-structured inter-
views as well as self-reporting of symptoms.

In summary, the present studies report a potential relation between estrogen and
symptoms of borderline personality, but do not imply that estrogen itself causes BPD.
Rather, the results suggest that in some women fluctuations in estrogen levels appear
to aggravate pre-existing BPD tendencies. Although the present findings have limi-
tations, they are of sufficient merit to warrant further investigation into the role of
estrogen on the expression of BPD symptoms.
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