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Abstract
Objective—We examined changes in drive for thinness, body dissatisfaction, and dietary
restraint across the menstrual cycle and associations between these symptoms and ovarian
hormones in two independent samples of women (N = 10 and 8 women, respectively) drawn from
the community.

Method—Daily self-report measures of disordered eating and negative affect were completed for
35–65 days. Daily saliva samples were assayed for estradiol and progesterone in Study 2 only.

Results—Levels of body dissatisfaction and drive for thinness were highest during the mid-
luteal/pre-menstrual phases in both studies and were negatively associated with estradiol, and
positively associated with progesterone. By contrast, dietary restraint showed less variation across
the menstrual cycle and weaker associations with ovarian hormones.

Discussion—Differential associations between ovarian hormones and specific disordered eating
symptoms point to distinct etiological processes within the broader construct of disordered eating.
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Eating disorders are one of the most sex differentiated forms of psychopathology with the
female-to-male ratio ranging from 4:1 to 10:1 (1). Research indicates that ovarian hormones
may be important biological factors contributing to the etiology and increased risk for eating
disorders in women (2–4). Ovarian hormones regulate food intake in a variety of animal
species. For example, removal of the source of ovarian hormones through bilateral
ovariectomy increases food intake in animals, and the administration of estradiol reverses
this effect (5–7). In contrast, progesterone has stimulatory effects on food intake (5, 6), in
part, by antagonizing the effects of estradiol (8). These findings highlight the central role of
ovarian hormones in the control of food intake.
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In addition to influencing food intake in general, ovarian hormones also have been
implicated in the etiology and expression of eating disorder symptoms (2, 3, 9). Recent
studies have used within-subject, longitudinal designs across the menstrual cycle to examine
the role of ovarian hormones in binge eating behaviors, in particular (2, 3). The menstrual
cycle provides a strong quasi-experimental design for examining hormone-behavior
associations, as all normally cycling women experience natural changes in levels of estradiol
and progesterone to prepare for conception (2, 3). Further, changes in ovarian hormones that
precede changes in binge eating most likely represent the influence of hormones on binge
eating rather than the reverse (2, 3).

Data thus far suggest that binge eating fluctuates across the menstrual cycle, with levels of
binge eating being highest in the mid-luteal and pre-menstrual phases compared to other
cycle phases (2, 3, 10). Moreover, estradiol is inversely associated, and progesterone is
positively associated, with increased binge eating across the menstrual cycle (2, 3).
Hormone-binge eating associations are independent of body weight and menstrual cycle
changes in negative affect (2, 3), suggesting a direct effect of ovarian hormones on binge
eating.

To date, studies examining phenotypic associations between hormones and disordered eating
have focused almost exclusively on binge eating. This emphasis makes sense given extant
data implicating ovarian hormones in the control of food intake (see above). However, it is
important to examine the influence of hormones on other types of disordered eating
symptoms such as drive for thinness, body dissatisfaction, and dietary restraint. These
symptoms are present in nearly all eating disorders (i.e., anorexia nervosa, bulimia nervosa,
eating disorders not otherwise specified) and are robust, prospective risk factors for the
development of clinically significant eating disorders (11). The fact that these symptoms are
also correlated with binge eating suggests that they may exhibit associations with ovarian
hormones, either directly or indirectly through binge eating. Examining the extent to which
hormone-disordered eating associations are specific to binge eating or are present for a range
of symptoms will increase our understanding of the role of ovarian hormones in the
spectrum of eating pathology.

To our knowledge, the only other disordered eating symptom to be examined across the
menstrual cycle is body dissatisfaction. Body dissatisfaction was found to be highest in the
peri-menstrual phase (pre-menstrual plus menstrual phases) compared to the follicular/mid-
luteal phases (12–14). These patterns partially conform to results for binge eating, as binge
eating also was elevated pre-menstrually in several studies (2, 3, 10). However, studies of
body dissatisfaction have only assessed participants on one occasion during each cycle
phase (12–14), whereas studies of binge eating consisted of daily symptom reports across
the menstrual cycle (2, 3, 10). Thus, menstrual cycle changes in body dissatisfaction must be
examined via longitudinal studies that employ more frequent observations. In addition,
previous research has not examined whether changes in ovarian hormones, mood, or
physical symptoms account for menstrual cycle changes in body dissatisfaction. Similar to
binge eating, low levels of estradiol during the pre-menstrual phase may lead to higher
levels of body dissatisfaction (2, 3). Alternatively, body dissatisfaction may be elevated
during the peri-menstrual period as a result of psychological factors (e.g., increased negative
affect), increases in food intake (including binge eating; 2, 3), or common physical changes
(e.g., bloating) that occur during these phases (13). Although additional research is needed,
preliminary findings highlight the possible presence of hormone-behavior associations for
other disordered eating symptoms and a need to directly examine their presence.

Notably, one previous study reported significant positive associations between estradiol
levels and a composite measure of disordered eating symptoms assessing drive for thinness,
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body dissatisfaction, binge eating, and compensatory behaviors (15). However, this study
used onetime assessments of estradiol during the follicular phase only, and post-hoc
analyses indicated that the data collection method (i.e., salivettes) likely reversed the
direction of associations (from negative to positive) between estradiol and disordered eating
(16).

Given the above, additional studies are needed to investigate associations between ovarian
hormones and disordered eating symptoms using within-person, longitudinal designs that
can clarify the nature and direction of associations. We conducted two pilot studies to
address this gap. In Study 1, we compared fluctuations in drive for thinness, body
dissatisfaction, and dietary restraint across menstrual cycle phases in a community sample of
women. In Study 2, we extended these findings by directly investigating associations
between ovarian hormones and these disordered eating symptoms across the menstrual cycle
in an independent, community sample of women. Both studies also included negative affect
and emotional eating as two potential “third variables” in analyses in order to determine if
changes in disordered eating symptoms occurred above and beyond menstrual cycle changes
in these other potentially important variables.

STUDY 1
METHODS

Participants—Participants included 10 adult women who were recruited through public
advertisements at the University of Iowa and surrounding community. Inclusion criteria are
detailed elsewhere (2), and thus are only briefly mentioned here. These criteria included a
body mass index between 19–29 kg/m2, regular menstrual cycles, no pregnancy or lactation
in the past 6 months, no hormonal, psychotropic, or steroid medication use in the past 8
weeks, and no history of diseases or medical conditions that could impact hormone
functioning. Participants had a mean age of 28.0 years (SD = 8.1) and a mean BMI of 22.9
kg/m2 (SD = 4.2). Eight participants were Caucasian and 2 were Asian. All but one
participant was in college or had completed a college degree.

Procedures—Procedures were identical to those reported in Klump et al. (2). Briefly,
participants completed behavioral questionnaires each evening for 35 consecutive days in
order to capture one full menstrual cycle. Evening assessments were chosen because they
have been found to maximize convenience and reduce potential recall biases, as compared to
recalling the previous day’s behaviors each morning (3, 10). Participants came into the
laboratory for two study visits. During the intake assessment, participants provided informed
consent, data collection procedures were described, and study materials were distributed. At
the end of the 35-day period, participants returned study materials and were compensated
$75 for their participation.

Measures
Disordered eating attitudes: Subscales from the Eating Disorder Inventory (EDI; 17) were
used to assess daily changes in levels of drive for thinness and body dissatisfaction. The
Drive for Thinness subscale consists of 7 items that inquire about preoccupation with
weight, dieting, and the pursuit of thinness. The Body Dissatisfaction subscale is composed
of 9 items that ask about dissatisfaction with the size and shape of certain parts of one’s
body. The instructions for both scales were modified with permission to inquire about
disordered eating attitudes on that day.

The Drive for Thinness and Body Dissatisfaction subscales exhibited high internal
consistency (α’s = .85–.92; 17, 18) and test-retest reliability (r’s = .70–.74 over 1 year; 19)
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in previous work. Convergent and discriminant validity is also well-established, as these
measures correlate with overall measures of disordered eating (i.e., Eating Attitudes Test
total score; 18) and discriminate between patients with eating disorders and healthy control
women (17). In Study 1, internal consistencies for the modified EDI Drive for Thinness and
Body Dissatisfaction subscales were .92 and .97, respectively.

Dietary Restraint: Dietary restraint was assessed using the Cognitive Restraint scale from
the Three Factor Eating Questionnaire (TFEQ; 20). The TFEQ Restraint scale consists of 21
items that inquire about both conscious efforts to restrict food intake and dietary behaviors
that lead to weight loss/maintenance. As with the EDI scales, the instructions for this
measure were modified with permission to inquire about restrained eating over the current
day.

Internal consistency of the unmodified Restraint scale is excellent (α = .93; 20), and test-
retest reliability over 1 year is also very high (r = .81; 21). In addition, this scale correlates
highly with other measures of dietary restraint (e.g., Dutch Restrained Eating Scale; r = .66;
22). Internal consistency of the modified version of the TFEQ Restraint scale in Study 1 was
high (α =.87).

Emotional Eating: Binge eating was assessed using the Dutch Eating Behavior
Questionnaire (DEBQ) Emotional Eating scale (23), as this measure demonstrated the most
robust hormone-behavior relationships across the menstrual cycle in previous research (2).
The Emotional Eating scale is composed of 13 items and assesses the tendency to eat large
amounts of food for reasons that are typically endorsed by individuals who binge eat. The
instructions for this scale were modified with permission to ask about binge eating over the
current day.

The DEBQ Emotional Eating scale has been shown to fluctuate across the menstrual cycle
(2) and is able to distinguish between individuals who have bulimia nervosa/binge eating,
overweight individuals, and normal-weight individuals (24). Previous studies report high
internal consistency (α = .93) and good factor validity of the DEBQ Emotional Eating scale
(23). The internal consistency of the modified version was also excellent (α = .93) in Study
1.

Mood symptoms: Daily fluctuations in negative affect were measured using the Positive
and Negative Affect Schedule (PANAS; 25). The PANAS was designed to assess changes in
mood states (e.g., depression, anxiety) over differing time periods, including a single day,
and thus no modifications to the PANAS were required. Good convergent and discriminant
validity have been demonstrated for the PANAS (25), and internal consistency of the
Negative Affect scale was .85 in Study 1.

Menstrual period: In order to determine menstrual cycle phase, participants reported dates
of menstrual bleeding in a daily log book.

Data Analyses—Data analytic procedures followed those of Lester et al. (10). Briefly, for
each subject, the first day of menstrual bleeding was labeled day +1 and the previous day
was labeled day -1. Five day rolling averages were calculated for each measure (i.e., drive
for thinness, body dissatisfaction, dietary restraint, negative affect, emotional eating) by
participant. For example, the level of dietary restraint on day −5 was computed as the
average level of symptoms on days −7 to −3 inclusive. A minimum of 3 data points were
needed to calculate a rolling average value for each variable on each of the 35 days. Across
all participants, only 3.5% of data were missing across the 35-day collection period.
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However, these rates of missing data only resulted in missing rolling average values on 9
occasions across all participants.

Daily averages were converted to Z scores based on each participant’s overall mean and
standard deviation for each measure across data collection. In order to determine whether
menstrual cycle fluctuations in disordered eating symptoms persist after controlling for
negative affect and emotional eating, the daily rolling average of these “third” variables was
partialled out of the daily rolling average for the disordered eating symptom score. This was
done by conducting regressions in which negative affect and emotional eating were entered
as independent variables and the disordered eating symptom was entered as the dependent
variable. Standardized residual scores were saved and used in the partial analyses, as these
values represent the daily level of each disordered eating symptom after accounting for the
effects of negative affect and emotional eating.

Menstrual cycle phases were defined as follows. The ovulatory phase included days −15 to
−12 (i.e., 12–15 days before the first day of menstrual bleeding), the mid-luteal phase
included days −9 to −5, the pre-menstrual phase included days −3 to +1, and the follicular
phase included days +5 to +10. Daily symptom scores were averaged across the days of each
cycle phase for each participant. Contrast analyses were used to examine the hypothesis that
levels of disordered eating symptoms would be higher in the mid-luteal/pre-menstrual
phases compared to the follicular/ovulatory phases.

RESULTS
Of the three disordered eating symptoms, body dissatisfaction displayed the most robust
pattern of fluctuation across the menstrual cycle (see Figure 1). Contrast analyses indicated
that levels of body dissatisfaction were significantly higher in the mid-luteal/pre-menstrual
phases compared to the follicular/ovulatory phases (see Table 1). Results did not change
substantially after controlling for negative affect and emotional eating.

Drive for thinness appeared to exhibit a similar pattern of menstrual cycle changes (i.e.,
increases during the mid-luteal and premenstrual phases), but the changes were less dramatic
than that observed for body dissatisfaction (see Figure 1). Indeed, contrast analyses
indicated no significant phase differences, particularly after controlling for negative affect
and emotional eating (see Table 1).

Finally, levels of dietary restraint also varied less across the menstrual cycle, and the pattern
of fluctuation was opposite to that of body dissatisfaction and drive for thinness (i.e.,
increases during the follicular phase; see Figure 1). However, contrast results across phase
were non-significant both before and after controlling for negative affect and emotional
eating.

DISCUSSION
Findings from Study 1 suggest that levels of body dissatisfaction significantly fluctuate
across the menstrual cycle, and this is not primarily a function of changes in negative affect
or emotional eating. This is similar to the pattern of findings for binge eating in both clinical
and non-clinical samples (2, 3, 10), and indicates that body dissatisfaction may be associated
with changes in ovarian hormones across the menstrual cycle. Levels of drive for thinness
and dietary restraint varied less across the menstrual cycle and were not significantly
different across the mid-luteal/pre-menstrual and follicular/ovulatory phases.

Notably, this study defined menstrual cycle phase based on participant self-report of dates of
menstrual bleeding. Although self reports provide a reasonably accurate gauge for
retrospectively assessing the mid-luteal phase, they provide a weak indicator of the duration
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of the follicular phase or timing of ovulation. Furthermore, this method does not account for
women experiencing anovulatory cycles. In such cases, the mid-luteal phase is reduced in
length and is not associated with increased food intake (26). Directly assaying ovarian
hormone concentrations provides a much more precise indicator of the presence of ovulation
and allows for direct examination of estradiol’s and progesterone’s ability to predict
disordered eating symptoms. Study 2 addressed these issues by assessing ovarian hormone
concentrations and examining their associations with disordered eating across the menstrual
cycle.

STUDY 2
METHODS

Participants—Participants for this study included 8 healthy adult female twins (3
monozygotic twin pairs, 1 dizygotic twin pair) from the Michigan State University Twin
Registry (MSUTR: 27). The MSUTR is a population-based twin registry focused on
understanding biological and environmental risk factors for internalizing and externalizing
disorders across development. Inclusion/exclusion criteria for the twins included in Study 2
were identical to those for Study 1 (see above). All twins were full-time college students
with a mean age of 20.3 years (SD = 2.37) and a mean BMI of 21.9 kg/m2 (SD = 3.18). Six
participants were Caucasian and 2 were African-American.

Procedures—Study procedures were identical to those reported in Klump et al. (2).
Briefly, participants completed behavioral questionnaires and saliva sample collection for 65
consecutive days (i.e., two menstrual cycles). Saliva samples were collected each morning
by having participants passively drool into a cryovial tube through a straw within 30 minutes
of awakening. We used this passive drooling method for saliva collection instead of
salivettes to ensure that results were not unduly influenced by data collection methods.
Behavioral questionnaires were completed each evening after 5 pm. The timing of saliva and
behavioral data collection was such that ovarian hormone measurements clearly preceded
the report of disordered eating symptoms each day.

In addition, participants came into the laboratory for three study visits. During the intake
assessment, participants gave their informed consent, study procedures were described, and
study materials were distributed. Approximately 30 days later, participants returned for their
intermediate assessment, and research assistants collected study materials and assessed
continued study eligibility and compliance. At the end of the data collection period,
participants returned their study materials and were compensated $175 for their
participation.

Measures—Measures assessing disordered eating symptoms and negative affect were
identical to those used in Study 1. Internal consistencies for these measures in Study 2 were
excellent: Drive for Thinness (α = .89), Body Dissatisfaction (α = .95), Dietary Restraint (α
= .84), Emotional Eating, (α = .98), Negative Affect (α = .91).

Menstrual Period: Participants reported dates of menstrual bleeding in a daily log book.

Ovarian Hormones: Daily saliva samples were assayed for both estradiol and progesterone
levels. Using saliva to examine hormone concentrations has distinct advantages over other
biological fluids (e.g., serum; 28). Saliva sampling is less invasive, especially when repeated
samples are needed, and salivary hormone levels reflect unbound hormones that provide a
more accurate estimate of active estradiol and progesterone. Finally, previous research has
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reported that saliva sampling is associated with greater compliance and more robust
hormone-behavior associations that blood spot sampling (3).

Saliva samples for each participant were stored until all of her saliva tubes were received;
assay runs were then conducted on all 65 tubes for each participant. Estradiol assays were
conducted by Salimetrics, LLC (State College, PA, USA) using radioimmunoassay
techniques (Diagnostic Systems Laboratory, Webster, TX, USA). Progesterone assays were
conducted by the Michigan State University Genetics Service Laboratory, also using
radioimmunoassay (Diagnostic Systems Laboratory). All assay procedures used previously
described methods (29). Average intra- and inter-assay coefficients of variation (CV) for
estradiol were less than 6% and 9%, respectively, and the lower limit of sensitivity was 0.25
pg/ml. For progesterone, CV values for progesterone were 12% and 14%, and assay
sensitivity was 10 pg/ml.

Data analyses—Data analytic procedures followed those of Edler et al. (3) and Klump et
al. (2). Similar to Study 1, the first day of menstrual bleeding for each participant was
labeled day +1 and the previous day was labeled day −1. The menstrual cycles of each
subject were then aligned based on this numbering scheme. Inspection of each subject’s
hormone profile confirmed the presence of ovulation in all participants by examining a peak
in estradiol between days −18 to −12 and a peak in progesterone between days −9 to −5.
Daily assessments of hormone levels allowed for confirmation of ovulation, representing a
distinct methodological advantage over Study 1.

Consistent with Study 1, five day rolling averages (described above) were calculated for
estradiol levels, progesterone levels, and all behavioral measures. Daily averages were
converted to Z scores based on each participant’s overall mean and standard deviation for
each measure across data collection. Five-day rolling averages were used because they
minimize random variation in behavioral data due to environmental circumstances (30),
reduce the influence of hormone-release pulsatility, and smooth the pattern of hormone
variability (31, 32). Again, a minimum of 3 data points were needed to calculate a rolling
average value. Only 1% of saliva samples and 1% of behavioral questionnaires were missing
across the entire 65-day study period. However, these rates of missing data only resulted in a
missing rolling average value on three occasions for the behavioral variables and on one
occasion for the saliva samples across all participants. Thus, rates of missing data were very
low in this sample. Correlations between Z scores for daily hormones (i.e., estradiol,
progesterone) and disordered eating measures (i.e., drive for thinness, body dissatisfaction,
dietary restraint) were calculated separately for each participant. Initial analyses consisted of
partial correlations that controlled for the effect of the other hormone (i.e., progesterone in
correlations between estradiol and disordered eating, estradiol in correlations between
progesterone and disordered eating). Next, in order to examine the potential contributions of
third variables (i.e., negative affect, emotional eating) to hormone-disordered eating
relationships, partial correlations that controlled for the other hormone, levels of negative
affect, and levels of emotional eating were calculated. These analyses helped understand
whether ovarian hormones have direct effects on disordered eating symptoms and/or
whether relationships are mediated by negative affect and emotional eating.

Within subject, partial correlations were converted to Fisher’s Z scores and combined across
participants. The combined Fisher Z score was converted back to a Pearson correlation to
provide an overall effect size for each hormone-behavior relationship (33). To determine the
significance of each effect, one-tailed significance levels from partial correlation analyses
were converted to Z scores and assigned a negative value if the direction of effect was
opposite to the predicted direction. Adjusted Z scores were summed and divided by the
square root of the number of participants and converted back to a significance level for the
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overall effect. These analyses represent combined correlation effect sizes and significance
levels from within-subject partial correlation analyses, and advantages of this approach
include providing interpretable effect sizes for hormone-behavior associations.

One potential drawback of Study 2 was the use of a twin sample, resulting in a non-
independent data structure. Although the non-independence of these observations could be
addressed using multi-level modeling approaches, the small number of twins included in this
pilot study makes implementation of these approaches difficult (34). Thus, in data tables,
correlations are presented for each individual twin and are organized by family in order to
examine both within- and between-family patterns of correlations (see Table 2). These
comparisons can help determine if the inclusion of genetically related individuals unduly
influenced our results.1

RESULTS
In Study 2, both body dissatisfaction and drive for thinness peaked during the mid-luteal
phase of the menstrual cycle (see Figure 2a and b) and exhibited negative associations with
levels of estradiol and positive associations with progesterone levels. Importantly, these
relationships remained largely unchanged after controlling for the effects of negative affect
and emotional eating (see Table 2). The one exception was the association between body
dissatisfaction and estradiol levels; this correlation decreased significantly when controlling
for negative affect and emotional eating. Post-hoc analyses were conducted to determine if
negative affect, emotional eating, or both variables accounted for menstrual cycle
associations between body dissatisfaction and estradiol levels. Estradiol-body dissatisfaction
associations remained significant when controlling for emotional eating only (partial r = −.
18, p = .03), but decreased and became non-significant when controlling for negative affect
only (partial r = −.07, p = .08)2. Examination of the pattern of individual correlations for
drive for thinness and body dissatisfaction suggests relative consistency in the pattern of
effects, both within- and between-families (see Table 2). Indeed, with some exceptions,
individual twins exhibited correlations in the same general direction and magnitude as their
co-twin, as well as unrelated twins from other pairs.

Findings for dietary restraint were somewhat different. Levels of dietary restraint appeared
to exhibit less variation across the menstrual cycle than the other two disordered eating
symptoms (see Figure 2c). Moreover, dietary restraint showed significant inverse
associations with estradiol across the menstrual cycle, but relationships with progesterone
were small and non-significant. Dietary restraint-estradiol associations became non-
significant when controlling for the effects of negative affect and emotional eating (see
Table 2). Post-hoc analyses indicated that estradiol-dietary restraint relationships were
primarily accounted for by emotional eating (partial r = −.10, p = .61), although negative
affect also had an effect (partial r = −.17, p =.04). This last set of findings suggests that
small changes observed for dietary restraint may be primarily a consequence of changes in
the tendency to eat in response to negative emotions than changing hormone levels. This
interpretation is supported by the fact that small peaks in dietary restraint are observed

1To further confirm that the use of twins did not significantly influence our results, we randomly selected 1 twin per pair, 3 separate
times, resulting in three samples of 4 twins each. We then recalculated hormone-disordered eating correlations. Despite the significant
decrease in sample size, results were highly similar in 2 out of the 3 re-analyses (e.g., estradiol-drive for thinness association: r = −.17,
r = −.18), although findings varied somewhat in the third sample (i.e., r = .05). Nonetheless, the majority of the correlations were in
line with results from the full sample of twins (i.e., r = −.11).
2Given that both drive for thinness and body dissatisfaction varied across the menstrual cycle and were significantly associated with
ovarian hormones, we investigated whether results persisted after controlling for the effect of drive for thinness in hormone-body
dissatisfaction associations, and the effect of body dissatisfaction in hormone-drive for thinness associations. The pattern of
correlations was very similar after controlling for drive for thinness/body dissatisfaction, in that both hormones were associated with
drive for thinness, and progesterone was associated with body dissatisfaction (data not shown).
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during the beginning of menstrual bleeding and the follicular phase which occurs after peak
periods of binge eating during the mid-luteal and pre-menstrual phases (2, 3, 10). Relative to
drive for thinness and body dissatisfaction, the pattern of individual twin correlations for
dietary restraint is less consistent, i.e., twins vary more both within and between families.
This may be due to the relative lack of a relationship with ovarian hormones and/or
changing levels of negative affect and emotional eating (see above) that appear to impact
levels of dietary restraint across the menstrual cycle.

DISCUSSION
Results from Study 2 suggest that both drive for thinness and body dissatisfaction are
significantly associated with estradiol and progesterone and that the majority of these effects
appear to be direct (i.e., not accounted for by negative affect or emotional eating). Dietary
restraint fluctuated less across the menstrual cycle. It exhibited weaker associations with
ovarian hormones, and associations that were present appeared to be accounted for by
changes in other factors (i.e., negative affect, emotional eating). By assaying daily levels of
estradiol and progesterone, this study was able to directly examine longitudinal associations
between ovarian hormones and disordered eating symptoms and confirm the presence of
ovulation in all participants.

GENERAL DISCUSSION
The purpose of our pilot studies was to examine changes in several disordered eating
symptoms (i.e., drive for thinness, body dissatisfaction, dietary restraint) across the
menstrual cycle and to determine whether symptom fluctuations may be related to changing
levels of ovarian hormones. Given that ovarian hormones have been implicated in binge
eating (2, 3), it was important to understand whether similar effects can be observed for
other eating disorder symptoms that are common across the spectrum of eating pathology.
Findings for body dissatisfaction and dietary restraint were largely consistent across the two
studies. Body dissatisfaction exhibited clear patterns of menstrual cycle fluctuations, and
both estradiol and progesterone were significantly associated with body dissatisfaction
across the menstrual cycle. Dietary restraint exhibited minimal fluctuations across the
menstrual cycle, and ovarian hormones did not directly impact levels of dietary restraint. In
contrast, drive for thinness demonstrated much stronger fluctuations across the menstrual
cycle in Study 2 as compared to Study 1, and associations between drive for thinness and
ovarian hormones were detected in Study 2. Taken together, our findings highlight
differential associations between ovarian hormones and disordered eating symptoms and
point to potential differences in etiology between these key eating disorder characteristics.

Ovarian hormones exhibited both direct and indirect effects on body dissatisfaction.
Progesterone-body dissatisfaction associations were unaffected by negative affect and
emotional eating, suggesting that progesterone has direct effects on levels of body
dissatisfaction. Indeed, the mean level of body dissatisfaction in the mid-luteal phase, when
progesterone is at its peak, did not change significantly after controlling for negative affect
and emotional eating in Study 1 or Study 2. The effects of estradiol may be indirect,
however, as controlling for negative affect significantly reduced the estradiol-body
dissatisfaction correlation in Study 2. This may not be surprising given that negative affect is
a strong prospective risk factor for body dissatisfaction (35), and experimentally-induced
negative mood increases body dissatisfaction in women (36, 37). Data from our study
suggest that high levels of body dissatisfaction observed during the pre-menstrual phase and
menstrual bleeding (see Figure 1 and 2b and 13, 14) are likely due to increased negative
affect rather than emotional eating or ovarian hormones. This is particularly the case since
progesterone is low during menstrual bleeding while levels of negative affect are elevated at
this time (38, 39).
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Drive for thinness exhibited the most direct relationship with ovarian hormones in Study 2.
Hormone-behavior correlations were not significantly reduced after controlling for levels of
negative affect or emotional eating, suggesting that associations between ovarian hormones
and drive for thinness may be direct (i.e., they are not accounted for by these other potential
“third” variables). However, drive for thinness did not exhibit significant menstrual cycle
fluctuations in Study 1, particularly after controlling for the effects of negative affect and
emotional eating. Given the methodological advantages of Study 2 (i.e., daily assessment of
ovarian hormone levels, confirmation of ovulation), it is likely that ovarian hormone-drive
for thinness associations exist, particularly since the small cycle fluctuations that were
observed in Study 1 were consistent with findings in Study 2. Future research with larger
samples is needed to confirm these impressions.

If our results are confirmed and replicated, it will be important for studies to examine
potential mechanisms underlying associations between ovarian hormones, body
dissatisfaction, and drive for thinness. Anxiety is an interesting candidate in this regard.
Drive for thinness and body dissatisfaction can be conceptualized as anxiety driven concerns
about one’s body and significant fears of gaining weight or becoming fat. Thus, it may be
that associations between ovarian hormone and these disordered eating attitudes are caused
by changes in anxiety across the menstrual cycle (40–42). This may be particularly true
given that anxiety has been significantly associated with ovarian hormones in both animal
and human research. Indeed, experimental evidence suggests that estradiol has anxiolytic
effects (43–45), which is consistent with the inverse relationship between estradiol and
levels of drive for thinness observed in this study. This relationship was not significantly
reduced when controlling for negative affect, but our measure of negative affect (i.e., the
PANAS) assesses general negative affectivity rather than anxiety, leaving open the
possibility that anxiety may contribute to hormone-drive for thinness associations.

Nonetheless, if associations between ovarian hormones, anxiety, and disordered eating
symptoms are present, they are likely to be complex. Progesterone also reduces anxiety in
animals (46, 47), a finding opposite to the positive associations between progesterone and
both drive for thinness and body dissatisfaction observed in our study. Reasons for the
opposing patterns of findings are unclear. It is possible that estradiol influences drive for
thinness through its effects on anxiety, but progesterone influences drive for thinness and
body dissatisfaction through different mechanisms. Alternatively, associations between
progesterone and anxiety may differ in animals and humans, as species-specific effects have
been detected for progesterone and other behavioral phenotypes (e.g., binge eating; 48).
These possibilities should be examined in future research aimed at understanding the range
of mechanisms that may underlie ovarian hormone, drive for thinness, and body
dissatisfaction associations in humans.

In comparison to findings for both drive for thinness and body dissatisfaction, dietary
restraint varied less across the menstrual cycle, and associations with ovarian hormones
were more modest. Progesterone-dietary restraint associations were small and non-
significant, and estradiol-dietary restraint relationships were accounted for by emotional
eating and negative affect. Slight increases in dietary restraint during the follicular phase
observed in both studies (see Figures 1 and 2c) may be driven by increases in emotional
eating that occur during the mid-luteal and pre-menstrual phases of the menstrual cycle (2,
3, 10, 30). Indeed, ecological momentary assessment studies have found that overeating and
binge eating result in increased levels of dietary restraint (49, 50), as individuals may try to
compensate for calories ingested by increasing their level of restraint over food intake. Our
findings add to this literature by suggesting that changes in dietary restraint across the
menstrual cycle appear to be due to changes in negative affect and emotional eating rather
than changes in ovarian hormones.
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Several limitations of the current study must be acknowledged. Sample sizes for both studies
were small, as data were drawn from two pilot studies. However, small samples would be
expected to decrease power to detect significant effects, and thus our data my under- rather
than over-estimate associations between hormones and disordered eating. Moreover, our use
of repeated measures over 35–65 days increased the reliability of our measurements and
power to detect significant results. Future studies should replicate our findings to further
clarify the role of ovarian hormones in changes in disordered eating symptoms across the
menstrual cycle. This is especially the case for drive for thinness given somewhat
inconsistent findings between Study 1 and Study 2.

Second, we examined associations within a community sample of women rather than
women with diagnosed eating disorders. The symptoms we investigated are strong
prospective risk factors for the development of clinical eating disorders (11). Thus, our
findings likely contribute to understanding ovarian hormone influences on eating disorder
symptoms in clinically significant eating disorders. Additional research with clinical
populations is needed to directly examine this possibility.

Third, our use of a twin sample in Study 2 meant that our data were non-independent. This
could have artificially increased the correlations between hormones and disordered eating in
Study 2. However, results from Study 2 were largely consistent with those in Study 1 (which
included unrelated individuals), and inspection of individual twin correlations indicate both
within-pair and between family consistency in associations (see Table 2). Thus, while
additional research with non-twins is needed to confirm our results, we believe it is unlikely
that our use of twins unduly influenced our findings.

Finally, this study was unable to establish with certainty whether ovarian hormones have
direct, causal effects on disordered eating symptoms. We did not employ a strict
experimental design involving the manipulation of ovarian hormone levels, and we did not
examine all possible third variables that could impact hormone-disordered eating
associations (e.g., changes in food intake, anxiety, menstrual bloating). However, our
longitudinal assessment of participants across the menstrual cycle represents a strong quasi-
experimental design, as natural changes in estradiol and progesterone occur in all normally
cycling women. Thus, changes in ovarian hormones that precede changes in disordered
eating symptoms likely reflect the impact of ovarian hormones on disordered eating rather
than the reverse. In addition, the majority of associations remained unchanged after
controlling for two important third variables (i.e., negative affect, emotional eating). Taken
together, our results represent an important first step in understanding direct and indirect
influences of ovarian hormones on levels of drive for thinness, body dissatisfaction, and
dietary restraint that should be examined in greater depth in future work.
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Figure 1. Levels of Drive for Thinness, Body Dissatisfaction, and Dietary Restraint across
Menstrual Cycle Phases in Study 1
Mean Z scores represent 5-day rolling averages calculated within subjects and then averaged
across subjects. Follicular phase includes days +5 to +10; Ovulatory phase includes days
−15 to −12; Mid-luteal phase includes days −9 to −5; Pre-menstrual phase includes days −3
to +1; EDI = Eating Disorder Inventory; TFEQ = Three Factor Eating Questionnaire.
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Figure 2. Levels of Estradiol, Progesterone, and Disordered Eating across one Menstrual Cycle
in Study 2
Mean Z scores represent 5-day rolling averages calculated within subjects and then averaged
across subjects. Ovulatory phase includes days −15 to −12; Mid-luteal phase includes days
−9 to −5; Pre-menstrual phase includes days −3 to +1; Follicular phase includes days +5 to
+10. EDI = Eating Disorder Inventory; TFEQ = Three Factor Eating Questionnaire
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