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Abstract
Objective—Associations between within-person changes in ovarian hormones and dysregulated
eating (binge eating, emotional eating) have been observed across the menstrual cycle. However,
studies have not examined moderators that may contribute to differential associations between
individuals. We investigated body-weight regulation variables (body mass index (BMI), dietary
restraint) that have theoretical relevance by virtue of their associations with both phenotypes.

Method—Women (N = 196) provided emotional eating ratings and saliva samples for 45 days.
BMI and restraint were assessed at three time-points and averaged.

Results—Results showed significant estradiol × progesterone interactions in the prediction of
within-subject changes in emotional eating. Neither BMI nor restraint moderated these
relationships, although a trend-level dietary restraint × estradiol interaction was observed where
estradiol’s effects were enhanced in high restraint scorers.

Conclusions—Findings confirm a role for hormones in changes in emotional eating and suggest
that restraint might enhance hormone effects in severe groups.

Emerging data suggest significant associations between within-person changes in ovarian
hormones and changes in dysregulated eating across the menstrual cycle. Binge eating and
emotional eating reach their peak during the mid-luteal phase of the cycle (1–4.) and are
predicted by within-person changes in estrogen and progesterone (1–3.). Early work
suggested that low levels of estradiol, and high levels of progesterone, predict increased
binge eating across the menstrual cycle in women with bulimia nervosa (BN) (1; 4.) and
from the community (2–3.). However, these studies did not examine interactions between
estradiol and progesterone, despite animal studies demonstrating significant interactions
between the hormones (with progesterone antagonizing the effects of estrogen) for food
intake (5–6.).
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In the largest sample of women studied to date, our group found significant interactions
between estrogen and progesterone, where emotional eating scores were highest when both
estradiol and progesterone levels were elevated (3.). These interactions seemed to account
for mid-luteal increases in dysregulated eating, as progesterone reaches its peak during the
mid-luteal phase and estrogen exhibits a secondary peak as well. Importantly, we accounted
for within-person, menstrual cycle changes in body mass index (BMI) and negative affect in
all analyses; although changes in BMI and negative affect significantly predicted changes in
emotional eating across the menstrual cycle, changes in hormones remained significant
predictors of emotional eating, even after controlling for the effects of these covariates.
Finally, the direction of associations was from the changes in hormones to the changes in
emotional eating (rather than the reverse) (3.). Data from our studies (2–3.) and those of
others (1; 4.) suggest that these within-person hormone/dysregulated eating associations are
present across the spectrum of binge eating tendencies in women with BN (1; 4.) and
women from the community (2–3.).

Although these studies have been helpful for identifying female-specific, biological risk
factors for changes in dysregulated eating across the menstrual cycle, they have not
identified specific conditions under which hormonal changes increase risk for dysregulated
eating. Identifying potential, between-subject moderators of hormone/dysregulated eating
relationships could significantly increase understanding of the multitude of factors
contributing to menstrual cycle changes in dysregulated eating.

A particularly important set of moderators to examine are those related to body weight
regulation, including body mass index (BMI) and dietary restraint (i.e., behavioral and/or
cognitive attempts to restrict food intake). Both risk factors predict the development and
maintenance of dysregulated eating (i.e., binge eating, emotional eating). For example,
higher BMI and higher dietary restraint scores predict binge eating (7–12.) and emotional
eating (13–18.). Although dietary restraint measures were originally conceptualized as
assessing actual dieting behaviors (e.g., decreased caloric content), recent research indicates
that self-reported dietary restraint may capture an “intent to diet” rather than pure caloric
restriction per se, as actual food intake does not always map on to self-reports of dietary
restraint (19–20.).

Importantly, although within-subject hormone/dysregulated eating associations cannot be
accounted for by changes in BMI across the menstrual cycle (i.e., they are not mediated by
BMI changes; see above), it remains unknown whether between-subject differences in BMI
and/or dietary restraint change the magnitude of associations between within-person changes
in hormones and dysregulated eating. These variables could strengthen associations between
within-person changes in hormones and dysregulated eating by increasing the risk for
dysregulated eating in the presence of vulnerable hormone environments.

Alternatively, it is possible that these between-subject variables could attenuate hormone/
dysregulated eating associations through their effects on ovarian hormone levels. Higher
BMI has been associated with elevated hormone levels (particularly estrogen) (21–22.),
while lower BMI and sustained dieting can lead to decreased hormone levels (23.). Both
types of effects attenuate within-person changes in hormones across the menstrual cycle
(23–24.), as they can lead to chronically high or low hormone levels, regardless of menstrual
cycle phase. In that case, we also would expect attenuated changes in dysregulated eating
and decreased associations between within-person changes in both variables.

In order to address both of these possibilities, we examined the moderating effects of BMI
and dietary restraint on associations between within-person changes in hormones and
emotional eating across the menstrual cycle in the large, community-based sample of
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women described in Klump et al. (3.). As in our previous analyses, we controlled for within-
subject changes in negative affect in all analyses, as negative affect is a potent predictor of
within-person changes in emotional eating (25.) and is also related to both of the moderators
examined herein.

Methods
Participants

Participants were 196 (110 monozygotic (MZ), 86 dizygotic (DZ)) female twins ages 16–22
drawn from the Twin Study of Hormones and Behavior across the Menstrual Cycle project
from the Michigan State University Twin Registry (MSUTR; N ~ 19,000 twins) (26.). The
MSUTR recruits twins through birth records using methods described previously (26.). Prior
(27.) and current analyses indicate that MSUTR twins are demographically representative of
the recruitment region (89% Caucasian; 11% African American).

Inclusion/exclusion criteria ensured that we captured natural variations in hormones: 1)
menstruation every 22–32 days for the past 6 months; 2) no hormonal contraceptive use in
the past 3 months; 3) no psychotropic or steroid medications within the past 4 weeks; 3) no
pregnancy or lactation within the past 6 months; and 4) no history of genetic or medical
conditions known to influence hormone functioning or appetite/weight. Despite these
criteria, BMI, emotional eating scores, and restraint scores did not differ between our
participants and other MSUTR twins (d‘s = .02–.18).

Procedures
The larger data collection included behavioral and hormone measures that were collected
daily across a 45-day study period, as well as repeated measures that were collected during
three in-person study visits. The daily measures included ratings of emotional eating,
negative affect, and the collection of salivary samples for ovarian hormones. Salivary
samples were collected every morning within 30 minutes of waking (see Klump et al., 2008
(2.)) for a detailed description of methods), while daily ratings of emotional eating and
negative affect were made each evening (after 5:00 pm). The timing of data collection
ensured that a given day’s hormone collection preceded that day’s behavioral ratings.

In addition to the daily measures, three in-person visits occurred at the start of the study (i.e.,
“intake” session), mid-way through data collection (~day 23, “intermediate” session), and at
the end of data collection (~day 45, “final” session). Each in-person visit included
assessments of BMI and dietary restraint (see below) as well as a re-assessment of study
eligibility and the collection of all samples. Between visits, staff contacted participants 1x/
week to answer questions and confirm protocol adherence. These procedures were effective
for minimizing drop-outs (3%) and missing data (≤ 6%) and identifying twins who were no
longer eligible (3% due to pregnancy or medication use).

Measures
Sample characteristics on all study measures are presented in Table 1. Although we used
daily data for emotional eating, hormones, and negative affect, we present average values
across the data collection period for all variables in order to characterize the sample and
allow for comparisons of sample composition in future work.

Daily Measures of Emotional Eating, Hormones, and Negative Affect
Emotional Eating: Emotional eating was assessed with the Dutch Eating Behavior
Questionnaire (DEBQ) (17.). The DEBQ emotional eating subscale assesses the tendency to
eat excessive amounts of food for reasons that are typically endorsed by individuals who
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experience recurrent binge-eating episodes (e.g., “Did you have a desire to eat when you
were discouraged?”). This scale was used in the previous community study of ovarian
hormones/binge eating (2.) because it exhibits robust fluctuations across the menstrual cycle
(2.) and is significantly correlated with traditional binge measures (e.g., r’s = .55 – .69) (28–
29.)as well as palatable food intake (e.g., ice cream) in the laboratory (30.). Subscale scores
also successfully discriminate among normal controls, overweight women, and bulimic
patients (31.). Similar to previous research (2.), instructions were modified with permission
to refer to that day (i.e., “true in relation to you TODAY”). Internal consistency of our
modified version was excellent (average α = .90).

Hormones: Hormone concentrations were measured in saliva. Saliva collection is a non-
invasive method for repeated sampling schedules that is associated with higher compliance
and more robust hormone-behavior associations than bloodspots (1.).

Salivary assays were conducted by Salimetrics, LLC (State College, PA) using enzyme
immunoassay kits that show excellent intra- and inter-assay coefficients of variation
(estradiol = 7.1 % and 7.5%; progesterone = 6.2% and 7.6%), assay sensitivity (determined
by interpolating the mean optical density minus 2 SDs of 10–20 replicates at the 0 pg/mL
level; estradiol = 0.10 pg/mL; progesterone = 5 pg/mL) and method accuracy (determined
by spike recovery and linearity; estradiol = 104.2% and 99.4%; progesterone = 99.6% and
91.8%). In order to capture key periods of hormonal change (e.g., mid-late follicular through
the premenstrual phase) while maximizing the number of subjects assessed, we assayed
samples every other day during menstrual bleeding and the early follicular phase when
hormone levels were expected to be low and stable.

Negative Affect: The Negative Affect scale from the Positive and Negative Affect Schedule
(32.) was used to measure negative affect (i.e., depression and anxiety) each day. This scale
exhibits good convergent and discriminant validity (32.) and excellent internal consistency
(average α = .85 in our sample).

BMI and Dietary Restraint—As noted above, BMI and dietary restraint were collected at
the intake, intermediate, and final in-person assessment sessions only. Because we were
interested in examining how stable, between-subject differences in these variables could
moderate within-person associations between hormones and emotional eating, we calculated
the average BMI and average dietary restraint score across the three assessment periods and
used these trait levels in analyses. This approach was supported by high correlations across
the three assessment periods for both variables (BMI r’s > .99; dietary restraint r’s = .70–.
81).

Body Mass Index (BMI): BMI (weight (in kilograms)/height (in meters)2) was calculated
using height and weight measured with a wall-mounted ruler and digital scale, respectively.

Dietary Restraint: The Restraint subscale from the Eating Disorders Examination
Questionnaire (EDE-Q) (33.) was used to assess dietary restraint in all participants. This
subscale assesses attempts to restrain eating, regardless of actual success, and has
demonstrated excellent internal consistency (33–35.) and convergent validity with the
restraint subscale of the EDE interview (33; 35–36.).

Statistical Analyses
Data Preparation—We standardized our between-subject moderators (i.e., BMI, dietary
restraint score) by the overall sample mean and standard deviation prior to analysis to aid in
interpretation of moderation effects. Similar to past studies (1–2.) and our previous analysis
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of this dataset (3.), we calculated five-day rolling averages for the within-subject, daily
measures (i.e., hormones, emotional eating, and negative affect) to reduce the influence of
hormone pulsatility and increase the signal to noise ratio (37–39.). These averages were then
converted into within-person Z scores based upon each participant’s overall mean and
standard deviation across data collection. Within-person, standardized values are ideal
because they index the extent to which changes in a woman’s hormones, relative to her
equilibrium, predict changes away from her equilibrium in emotional eating (1–2; 4; 37.).
They also tend to be sensitive to small deviations from equilibria, making them ideal
indicators of how within-person changes in hormones predict changes in emotional eating in
non-clinical samples of women.

Missing daily data were handled two ways. We prorated raw scores for all behavioral
measures (e.g., emotional eating, dietary restraint, and negative affect) when ≤10% of the
items were missing, and coded the scores as missing if > 10% of items were missing. For the
daily measures data (e.g., hormones, emotional eating, negative affect), we calculated the
rolling averages if ≥ 3 days of data were available within the 5-day window. If fewer than 3
days were available, then the average for that day was coded as missing (occurring < 2.6%
of the time).

Moderation—We used mixed linear models (MLMs) to examine the extent to which
average BMI and dietary restraint moderated associations between within-subject changes
in hormones and emotional eating across the menstrual cycle. MLMs are ideal for these
analyses as we can examine moderating effects while controlling for negative affect and the
non-independence of the repeated measures and twin data. We controlled for the non-
independence of the twin data by estimating random intercepts and allowing them to
correlate.1 Because most co-twins were assessed across the same 45-day period, we also
estimated a time-specific dyadic correlation that allowed the twins’ residual scores for
emotional eating to correlate from day-to-day. For each of these random effects, we
specified a compound symmetry covariance structure which estimates a single intercept
variance or a single residual variance across twins and time. The models also allowed for
random slopes for each of the repeated measures predictors (i.e., hormones, negative affect).
However, because there was no evidence that these slopes correlated across twins, we fixed
the cross-twin correlation to zero for all predictors.

Because we were interested in average BMI and dietary restraint as between-subject
moderators of hormone/emotional eating associations, our models focused on testing the
main effects of estradiol and progesterone, as well as all two-way (i.e., moderator ×
estradiol; moderator × progesterone, estradiol × progesterone) and three-way (moderator ×
estradiol × progesterone) interactions. A significant two- or three-way interaction between
the moderator and hormone levels would indicate that hormone-behavior associations differ
according to the moderator level (e.g., that hormone-behavior associations are stronger in
individuals with higher BMIs).

Results
As shown in Table 2, the strongest predictor of emotional eating scores was the estradiol ×
progesterone interaction. The nature of this interaction in both models (see Figure 1a for an
example in the dietary restraint model) was nearly identical to that observed in our prior
analysis where higher levels of both estradiol and progesterone (which characterize the mid-
luteal phase of the menstrual cycle) were associated with increased emotional eating (3.).

1To further ensure that our use of twins did not unduly influence results, we conducted analyses in samples of MZ and DZ twins only.
The pattern of results was identical to that in the full sample (data not shown).
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Importantly, the main effects of average BMI and restraint, and the two- and three-way
interactions between the moderators and ovarian hormones, were all non-significant. These
findings indicate that: 1) unlike within-subject changes in BMI (see Introduction and Klump
et al, in press), between-subject differences in BMI and dietary restraint do not significantly
predict within-subject changes in emotional eating across the menstrual cycle; and, most
importantly 2) between-subject differences in BMI and levels of dietary restraint also do not
affect the strength of associations between within-subject changes in ovarian hormones and
emotional eating across the menstrual cycle.2

However, there was a trend-level interaction (p = .07) between dietary restraint and
estradiol, where the highest levels of emotional eating were observed at low estradiol levels
(see Figure 1b) This interaction may seem contradictory or at odds with the significant
estradiol × progesterone interaction, as one interaction suggests that emotional eating is
highest at low estradiol levels (dependent upon dietary restraint), while the other suggests
that emotional eating is highest at high estradiol levels (dependent upon progesterone).
These findings can be reconciled when one considers the context for the changes, i.e., the
menstrual cycle. Figure 2 includes trajectories of emotional eating, estradiol, and
progesterone across menstrual cycle phase (i.e., follicular, ovulatory, mid-luteal, and
premenstrual) in women who scored one standard deviation below (N = 51; see Figure 2a)
or above (N = 25; see Figure 2b) the mean dietary restraint score in the sample. Similar to
previous studies (1–4.), peaks in emotional eating scores were observed in the mid-luteal
phase and, to lesser extent, in the follicular phase in low restraint scorers. This pattern maps
on well to the estradiol × progesterone interaction in Figure 1a, as the mid-luteal phase is
characterized by the highest levels of progesterone and the second highest levels of estradiol
of the cycle.

By contrast, in the high restraint group, emotional eating scores were elevated during both
the mid-luteal and the premenstrual phase. The premenstrual phase is characterized by low
levels of estradiol and progesterone and has been shown in previous work to be associated
with higher levels of binge eating in women with BN (1; 4; 37.). Our findings suggest that
elevated levels of dysregulated eating during the premenstrual phase in some (i.e., samples
with BN) but not all (e.g., unselected, community samples) samples may be due to increased
levels of dietary restraint and the interaction between restraint and low levels of estradiol.
Given that progesterone tends to be positively associated with emotional eating scores, it is
not surprising that no significant interactions were observed between restraint and
progesterone, as progesterone levels are low during the premenstrual phase.

Discussion
Our findings extend previous work by examining moderators of associations between
within-person changes in ovarian hormones and emotional eating across the menstrual cycle.
Overall, results suggest that hormone/dysregulated eating associations are robust to
between-subject differences in trait-levels of BMI and dietary restraint, as analyses showed
no significant interactions between these variables and ovarian hormones. Our prior analyses
had suggested that hormone/behavior associations were not mediated by changes in body
weight across the menstrual cycle (i.e., they were not due to these body weight changes)
(3.); our current results extend these findings by showing that between-subject differences in
BMI and levels of dietary restraint also do not moderate the strength of hormone/binge
eating associations. The fact that the estrogen × progesterone interaction remained

2Because BMI and dietary restraint were correlated (r = .23), we also ran the model for BMI with restraint as a covariate, and the
model for restraint with BMI as a covariate. Results were identical to those presented herein, with significant estradiol × progesterone
interactions but no significant 2- or 3-way interactions between the moderators and hormones.
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significant in the presence of other explanatory variables highlights the importance of
ovarian hormones for changes in emotional eating across the menstrual cycle.

There was one minor exception to this pattern of findings – dietary restraint exhibited a
trend-level interaction with estradiol, such that emotional eating scores were highest when
dietary restraint was high and estradiol levels were low. Importantly, the 3-way interaction
between restraint and both hormones was non-significant, suggesting that these effects were
independent of significant interactions between estradiol and progesterone. Graphs of
hormone/emotional eating interactions (Figure 1) and trajectories across the menstrual cycle
(Figure 2) suggested that the estradiol × progesterone interaction contributed to elevated
emotional eating in all subjects, whereas the trend-level restraint × estradiol interaction
contributed to elevated emotional eating scores during the premenstrual phase in high
restraint scorers only.

Overall, our findings add to a growing literature aiming to understand within-person changes
in dysregulated eating across the menstrual cycle. In community samples of women, who
exhibit the full range of variation in emotional eating, body weight, and dietary restraint, the
strongest predictors of within-subject changes in dysregulated eating across the menstrual
cycle are changes in ovarian hormones, most specifically, interactions between estradiol and
progesterone (2.). In these women, the primary force driving increased emotional eating
during the mid-luteal phase appears to be progesterone’s antagonizing effects on estrogen,
i.e., progesterone removes the inhibitory effects of estradiol on food intake.

In more disturbed samples (i.e., those with higher dietary restraint scores), we observe
broader and potentially stronger (1–3.) hormone effects on dysregulated eating where both
estradiol × progesterone interactions and, to a lesser extent, estradiol × restraint interactions
contribute to within-subject changes in emotional eating across different menstrual cycle
phases. Reasons for the novel effects of estradiol on emotional eating in high restraint
scorers remain unclear, but likely relate to processes described earlier, i.e., high dietary
restraint (a potent risk factor for dysregulated eating) increases risk for emotional eating in
the presence of a vulnerable hormone environment (i.e., low estradiol levels). Because we
did not collect food records in this study, it is unknown whether high restraint scores reflect
decreased caloric intake and/or “intent to diet”/cognitive restraint. Regardless of the exact
processes, however, it appears that emotional eating is more likely to occur in high restraint
women when estradiol and progesterone levels are high during the mid-luteal phase and
when their cognitive/behavioral control is disrupted by low estradiol levels and associated
increased craving/hunger for food (particularly palatable food) (23; 40.) during the
premenstrual phase.

Although we feel that our study had many strengths (e.g., large sample size, daily
measurements of emotional eating and hormones), there are two key limitations. First, we
examined emotional eating rather than binge eating and thus, it remains unclear whether our
results generalize to full-blown binge eating. Although emotional eating scores are highly
correlated with traditional measures of binge eating (30; 41.), it will be important to
replicate our findings for binge eating episodes.

Second, although we view our use of a community sample of women as a significant
strength that simultaneously increased samples sizes/power as well as generalizability to the
population at large, it limited our ability to examine moderating associations in women with
diagnosable eating disorders. Our use of a community sample also likely resulted in smaller
effect sizes for hormones and dietary restraint, as stronger associations between ovarian
hormones and dysregulated eating have been found in studies of women with BN (1; 4.) and
those with higher levels of emotional eating (3.). Additional research investigating

Klump et al. Page 7

Int J Eat Disord. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



moderators of hormone/emotional eating associations in clinical samples is needed to
replicate our findings and test hypotheses of differential effects of restraint on hormone/
behavior associations in more disturbed groups. The need for these studies is underscored by
the fact that the dietary restraint × estradiol interaction was only of trend-level significance
in our community sample. Future clinical studies should assess a large number of subjects
and directly measure daily food intake to determine effect sizes (i.e., trend-level or
significant effects?) and provide objective measures of dietary restraint and binge eating
episodes.
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Figure 1.
Interactions between Estradiol and Progesterone, and Estradiol and Dietary Restraint, in the
Dietary Restraint Model. “Emotional Eating Z Score” = 5-day rolling average calculated
within subjects, then averaged across participants.
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Figure 2.
Trajectories of Emotional Eating Scores, Estradiol Levels, and Progesterone Levels across
Menstrual Cycle Phases in Scorers falling a) One Standard Deviation below the Dietary
Restraint Mean; and b) One Standard Deviation above the Dietary Restraint Mean. Mean Z
Score = the mean of the 5-day rolling averages calculated within subjects, then averaged
across participants. The number of days included in each phase varied by participant based
on their cycle length, but the days roughly corresponded to the following (first day of
menstrual bleeding = +1; previous day = −1): Follicular = +3 to +12; Ovulatory = −15 to
−12; Mid-luteal = −9 to −5; Premenstrual = −3 to +1.
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Table 1

Sample Characteristics.

Variable Mean (SD) Range in Sample

Age 17.84 (1.58) 16–22

Body Mass Index (BMI) 23.98 (5.63) 16.71–46.78

Dietary Restraint 0.57 (0.82) 0–4

Emotional Eating 0.34 (0.43) 0–3

Estradiol (pg/ml) 3.19 (0.03) 0.95–10.63

Progesterone (pg/ml) 119.05 (63.21) 22.41–368.00

Negative Affect 15.09 (4.06) 10–35

Note. Values for BMI and dietary restraint are average values across the three in-person assessments. Values for emotional eating, estradiol,
progesterone, and negative affect are average values across the 45-day data collection period.
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Table 2

The Moderating Effects of Body Mass Index (BMI) and Dietary Restraint on Within-Person Associations
between Ovarian Hormones and Emotional Eating.

Model b (SE) t df p

Body Max Index (BMI) as a Moderator

Intercept −.04 (.01) −3.39 177 .001

Estradiol −.01 (.02) −0.63 215 .53

Progesterone .04 (.02) 1.77 213 .08

Negative Affect .18 (.03) 7.17 211 <.001

BMI .01 (.01) 0.83 176 .41

BMI × Estradiol .004 (.02) 0.16 211 .87

BMI × Progesterone −.02 (.02) −1.10 210 .27

Estradiol × Progesterone .05 (.02) 2.85 202 .005

BMI × Estradiol × Progesterone .008 (.02) 0.44 179 .66

Dietary Restraint as a Moderator

Intercept −.04 (.01) −3.31 161 .001

Estradiol −.004 (.02) −.15 193 .88

Progesterone .04 (.02) 1.85 193 .07

Negative Affect .17 (.02) 6.54 191 <.001

Restraint .02 (.01) 1.18 160 .24

Restraint × Estradiol −.04 (.02) −1.88 193 .07

Restraint × Progesterone .02 (.02) 1.09 185 .28

Estradiol × Progesterone .05 (.02) 2.53 185 .012

Restraint × Estradiol × Progesterone .005 (.02) 0.26 205 .79
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