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ARTICLE INFO ABSTRACT

Keywords: Objective: Estrogen replacement prevents worsening body dissatisfaction with weight gain in adolescents with
Amenorrhea anorexia nervosa. However, the impact of estrogen administration on eating disorder (ED) pathology in normal-
Athletes

weight young women with exercise-induced amenorrhea is unknown. We hypothesized that (1) normal-weight
oligo-amenorrheic athletes (OA) would show greater ED pathology than eumenorrheic athletes (EA) and non-
athletes (NA), and (2) 12 months of estrogen replacement would improve those symptoms.

Trial design: Randomized trial.

Methods: One hundred seventeen OA, 50 EA, and 41 NA completed the Eating Disorder Inventory-2 (EDI-2) for
measures of Drive for Thinness (DT) and Body Dissatisfaction (BD) and the Three-Factor Eating Questionnaire-
R18 (TFEQ-R18). OA were then randomized to receive 100 mcg transdermal 17-estradiol with cyclic proges-
terone (PATCH), an oral contraceptive pill (30 mcg ethinyl estradiol + 0.15 mg desogestrel) (PILL), or no es-
trogen (E-) for 12 months. Data are reported for the subset that completed questionnaires at 0 and 12 months
between 11/2009 and 10/2016.

Results: OA showed higher EDI-2 DT and TFEQ-R18 Cognitive Restraint scores than EA and NA and higher EDI-2
BD scores than EA. Over 12 months, the E+ group (PATCH +PILL), compared to E-, showed improved trajec-
tories for EDI-2 DT and BD scores. In 3-group comparisons, PATCH outperformed E- for decreases in EDI-2 DT
and BD, and the PILL for TFEQ-R18 Uncontrolled Eating.

Conclusion: In OA, 12 months of estrogen replacement improves ED pathology trajectories, emphasizing the
broad importance of normalizing estrogen levels.

Clinical Trial Registration: ClinicalTrials.gov identifier: NCT00946192.

Body dissatisfaction
Drive for thinness
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1. Introduction rodent and human studies, hypogonadism has been associated with

cognitive dysfunction, worsening anxiety, and dysphoric mood

Disordered eating behavior and attitudes are common in conditions
of functional hypothalamic amenorrhea, such as anorexia nervosa (AN)
and exercise-induced amenorrhea (Beals and Hill, 2006; Quah et al.,
2009), which are also associated with significant psychiatric co-mor-
bidity, including anxiety and depression. Hypogonadism in these con-
ditions has been implicated in psychological morbidity. Estrogen and
progesterone receptors are expressed in appetite regulation centers
(e.g., the hypothalamus) and regions regulating emotion and cognition
(e.g., the amygdala, ventral tegmental area, insula, and hippocampus)
(Campolier et al., 2016; Coyoy et al., 2016; Minervini et al., 2015). In

(Baskaran et al., 2017b; Gogos et al., 2014; Lasaite et al., 2014). For
example, hypogonadal, oligo-amenorrheic athletes show impaired
verbal memory and poor cognitive control, key to successful goal-di-
rected behavior (Baskaran et al., 2017b), and both improved after 6
months of estrogen replacement (Baskaran et al., 2017a). Hypoestro-
genic rodents exhibit increased anxiety-related behaviors, which im-
proved with estrogen replacement (Diz-Chaves et al., 2012; Rachman
et al., 1998). Similarly, estrogen replacement in adolescent girls with
AN reduces trait anxiety (Misra et al., 2013). While these findings
highlight the close link between estrogen status and cognition, emotion,
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and behavior, little is known regarding the impact of hypoestrogenism
on eating disorder (ED) pathology.

Changes in feeding patterns across the menstrual cycle suggest an
impact of gonadal hormones on eating behavior (Campolier et al.,
2016; Dye and Blundell, 1997). Data from early and late follicular
phases (low vs. high estrogen states) suggest that estradiol may reduce
food intake by decreasing sensitivity to food cues in conditions of en-
ergy deprivation (Alonso-Alonso et al., 2011). Further, food intake is
higher in the mid-luteal compared to the follicular phase (Barr et al.,
1995; Dye and Blundell, 1997), indicating that unlike estrogen, pro-
gesterone (predominant in the mid-luteal phase) may increase appetite.
In contrast, estradiol administration (with or without progesterone)
decreased expression of pro-opiomelanocortin (POMC) mRNA in hy-
poestrogenic rats; increased POMC signaling is anorexigenic (Treiser
and Wardlaw, 1992). Moreover, animal studies have linked female
gonadal hormones to overconsumption of food coupled with a loss of
control, namely binge eating behavior. Ovariectomized female adult
rats display increased binge eating (Klump et al., 2011), and estradiol
administration (with progesterone) reversed this effect (Yu et al,
2008). Further, in a small study of adolescents with AN, those rando-
mized to physiologic transdermal estradiol replacement did not show
the positive association of increasing body dissatisfaction (via Eating
Disorder Inventory-2; EDI-2) with increasing body mass index (BMI)
observed in girls not receiving estrogen (Misra et al., 2013), suggesting
a beneficial role of estrogen in AN. However, AN represents an extreme
state of functional hypothalamic amenorrhea; and low weight, in-
dependent of low estrogen, is likely to have an important impact on
these endpoints.

The oligo-amenorrheic athlete, even when of normal weight, is also
at increased risk for disordered eating behaviors and psychopathology
(Cano Sokoloff et al., 2015). Data are lacking regarding the impact of
estrogen administration on ED pathology in these women. Examining
the link between hypoestrogenism and eating behavior/attitudes and
the impact of estrogen replacement in normal-weight oligo-amenor-
rheic athletes permits investigation of the impact of hypoestrogenism
on ED pathology without low weight as a confounder and could provide
a novel strategy for improving clinical care for the female athlete triad.
We hypothesized that (1) normal-weight oligo-amenorrheic athletes
would show more pronounced ED pathology compared to eumenor-
rheic athletes and non-athletes, and (2) 12 months of estrogen re-
placement would improve these symptoms. We focused on primary
eating attitudes and behaviors underlying ED pathology, namely body
dissatisfaction, drive for thinness, cognitive restraint, uncontrolled
eating, and emotional eating. Briefly, body dissatisfaction refers to a
discrepancy between perceived and desired body image, while drive for
thinness represents the desire to be thinner; and both body dis-
satisfaction and drive for thinness represent key risk factors for devel-
oping and maintaining an ED (Beals and Hill, 2006; Stice et al., 2017;
Stice and Shaw, 2002). Cognitive restraint represents an individual’s
effort to consciously limit caloric intake, uncontrolled eating is over-
consumption of food accompanied by a perceived loss of control (binge
eating), and emotional eating refers to eating in response to negative
emotions. These three behaviors characterize the core behaviors of ED
pathology.

2. Materials and method
2.1. Cross-sectional study

The cross-sectional study included 117 oligo-amenorrheic athletes,
50 EA, and 41 NA, 14-25 years old. All were normal weight; 10th-90th
percentiles for age and > 85% of median BMI. None met criteria for AN
at enrollment. However, many athletes, particularly oligo-amenorrheic
athletes, had a history of disordered eating (Table 1). Specifically, of the
35 participants with a lifetime history of an ED, 18 had a history of AN,
one had a history of bulimia nervosa (BN), 5 had an eating disorder not
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otherwise specified (EDNOS) in the past, one had a history of both BN
and EDNOS, and the specific ED was not recorded for 8 participants.
Importantly, none of the participants had a current diagnosis of AN. The
initial interview by a study physician included assessment of lifetime
ED symptoms and diagnosis. Participants endorsing ongoing ED
symptoms were interviewed by the study psychologist to confer diag-
nosis. Further exclusion criteria included conditions other than ex-
cessive activity that may cause oligo-menorrhea, including pregnancy,
thyroid dysfunction, primary ovarian insufficiency, hyperprolacti-
nemia, and polycystic ovarian disease.

Athletes were endurance athletes engaged in = 4h of weight-
bearing activity or = 20 miles of running per week for = 6 months in
the preceding year. Non-athletes were defined as individuals engaged
in < 2h of weight-bearing activity per week and not involved in any
team sports. Oligo-amenorrhea was defined as = 3 months of ame-
norrhea within = 6 preceding months of oligomenorrhea (cycle
length > 6 weeks) or absence of menarche at = 15 years. Eumenorrhea
was defined as = 9 menses in the preceding 12 months (cycle length
21-35 days).

Study participants were recruited through advertisements on local
college campuses and websites and flyers posted in offices of pediatri-
cians, adolescent medicine physicians, and internists. The study was
approved by the Partners HealthCare Institutional Review Board (IRB).
Informed consent was obtained from participants = 18 years and
parents of participants < 18 years. Assent was obtained from those <
18 years old. The study was registered at ClinicalTrials.gov (identifier:
NCT00946192).

After confirming eligibility, participants underwent a baseline visit.
Weight was measured on an electronic scale to 0.01 kg and height in
triplicate against a wall-mounted stadiometer. Participants completed
the EDI-2 (Garner, 1991) measures of Drive for Thinness (DT) and Body
Dissatisfaction (BD) and the Three-Factor Eating Questionnaire-R18
(TFEQ-R18) (de Lauzon et al., 2004) as self-report assessments of eating
attitudes and behaviors. Baseline data for a subset have been previously
reported (Cano Sokoloff et al., 2015).

2.2. Randomized controlled trial (RCT)

Participants included in this analysis were a subset of participants
(n = 117) from a larger pool of oligo-amenorrheic athletes (N = 121)
enrolled in a study examining the impact of estrogen administration on
bone endpoints (primary outcomes for the parent study). Only those
participants in the parent study that also completed the EDI-2 and/or
the TFEQ-R18 (secondary analyses of the parent study) were included
in the current analysis (Fig. 1). Oligo-amenorrheic athletes were ran-
domized to either the 100 mcg transdermal 17f3-estradiol patch with
cyclic progesterone (PATCH), a combined oral contraceptive pill (OCP)
with 30 mcg ethinyl estradiol and 0.15mg desogestrel (PILL), or no
estrogen (E-) for 12 months (1:1:1). The study was not blinded given
regulatory body concerns (NIH and IRB) for a blinded randomization
design that included an OCP as a possible intervention in an adolescent
and young adult sample. The concern was that with a blinded design,
some participants in the PATCH and E- arms may assume that they were
randomized to an OCP based on symptomatology and not use adequate
contraceptive measures when necessary. However, the primary end-
points for the parent study were bone density and structure. As parti-
cipants were informed that the aim of the study was to investigate the
impact of PATCH and PILL on bone health, we believe that our parti-
cipants were unlikely to have been biased in perceiving and/or re-
porting (changes in) ED symptoms based on allocation to a specific
randomization arm. The randomization sequence was computer-gen-
erated and maintained and allocated by the research pharmacy. Parti-
cipants were enrolled by study investigators and coordinators.

Participants in the PATCH group used the 100 mcg 17[-estradiol
patch continuously (applied twice weekly) and took micronized pro-
gesterone for 12 days of every month to avoid unopposed estrogenic
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Table 1
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Baseline clinical characteristics and Eating Disorder Inventory-2 (EDI-2) and Three-Factor Eating Questionnaire-R18 (TFEQ-R18) scores in oligo-amenorrheic athletes

(OA), eumenorrheic athletes (EA), and non-athletes (NA).

Characteristics OA(n=117) EA (=500 NA(n=41) Overall comparison (ANOVA) Tukey-Kramer HSD
F/y?  df P n,2  OAvs. EA OA vs. NA EA vs. NA
p d p d p d

Age (years) 19.8 = 0.2 19.0 = 0.4 19.8 = 0.4 1.61 2,205 .202 0.02 .193 0.31 .998 0.00 .373 —-0.32
Height (cm) 164.6 = 0.6 165.2 = 1.1 163.1 = 1.2 1.03 2,194 .358 0.01 .868 -0.09 .474 0.23 .349 0.28
Weight (kg) 55.9 + 0.7 61.4 + 1.5 57.9 + 1.4 7.26 2,194 .0009 0.07 .0006 -0.66 .401 -0.26 .126 0.37
BMI (kg/m?) 20.6 = 0.2 22.4 + 0.4 21.7 + 0.4 10.66 2,194 <.0001 0.10 <.0001 -0.75 .034 -0.48 .338 0.29
BMI Z-score —-0.09 £ 0.08 0.61 = 0.11 0.43 = 0.13 15.00 2,190 <.0001 0.14 < .0001 —-0.83 .001 —-0.62 .581 0.24
Percent body fat 245 = 0.4 27.4 = 0.6 31.2 = 0.8 31.70 2,194 <.0001 0.25 .002 —-0.63 <.0001 -1.20 .0007 -0.78
Total daily caloric intake 2,156 += 70 2,001 + 104 1,995 + 88  1.25 2,149 .291 0.02 .445 0.24 .402 0.26 .999 0.01

(keal)
Activity (hours/week) 10.6 = 0.5 11.6 = 0.9 0.7 = 0.2 63.99 2,189 <.0001 0.40 .484 -0.18 <.0001 1.57 <.0001 1.58
Resting energy expenditure 1,206 *= 16 1,359 = 32 1,222 + 31 11.17 2,186 <.0001 0.11 < .0001 —0.78 .894 —0.09 .003 0.65

(kcal)
Eating disorder (ED) status:
No history 86 (73.5) 46 (92.0) 41 (100.0)
Past history 17 (14.5) 4 (8.0) 0 (0.0)
Ongoing restrictive eating 3(2.6) 0 (0.0) 0 (0.0)

behavior
Ongoing diagnosed ED 11 (9.49) 0 (0.0) 0 (0.0) 29.76 6 <.0001
Menarchal age (years) 13.6 = 0.2 12.5 + 0.2 12.4 = 0.2 14.84 2,201 <.0001 0.13 < .0001 0.61 <.0001 0.67 .955 0.08
Estradiol (pg/mL) 44.6 = 5.2 70.2 + 126 83.6 = 16.1 10.32 2,167 <.0001 0.11 .005 —0.59 .0004 —-0.75 .725 -0.21
EDI-2 n=116 n=>50 n=41
Drive for Thinness 4.21 = 0.52 1.66 = 0.42 1.61 = 0.48 7.80 2,204 .0005 0.07 .004 0.50 .007 0.50 .999 0.02
Body Dissatisfaction 5.06 = 0.58 2.60 = 0.53 3.00 = 0.62 4.65 2,204 .011 0.04 .020 0.43 .091 0.35 .934 —-0.10
TFEQ-R18 n =105 n=47 n=37
Cognitive Restraint 46.05 + 2.20 33.52 + 2.88 34.57 = 3.22 7.43 2,179 .0008 0.08 .003 0.57 .015 0.52 .973 —-0.05
Uncontrolled Eating 33.55 £ 1.78 31.76 = 2.10 29.63 = 2.77 0.76 2,186 .471 0.01 .822 0.10 .455 0.22 .838 0.14
Emotional Eating 26.51 * 2.20 26.95 + 3.46 30.63 = 4.21 0.44 2,186 .648 0.01 .994 -0.02 .629 -0.18 .756 -0.15

Mean * SEM or n (%); significant p-values are bolded. ANOVA, analysis of variance; df, degrees of freedom; HSD, honestly significant difference.

stimulation of the uterine endometrium. 17f-estradiol is the physio-
logic form of estrogen (also referred to simply as estradiol) and mi-
cronized progesterone the physiologic form of progesterone; this group
thus received physiologic forms of hormone replacement. However,
unlike the normal physiologic state where estradiol and progesterone

levels vary across the menstrual cycle, estradiol levels were overall
constant throughout the study duration. Participants in the PILL group
took the combined ethinyl estradiol and desogestrel pill continuously
for three weeks followed by a week of placebo pills (28-day pill pack)
and restarted a fresh pack immediately after completing the previous

Assessed for eligibility (N = 140)

Excluded (n = 19)
« Did not meet study criteria (n = 9)

A4

« Lostinterest (n =9)
« Dropped out because of injury (n = 1)

Randomized (n = 121 for parent study, 117 for current analysis)

Allocation

No Estrogen (n = 36)

Received allocated intervention (n = 41)
Did not start allocated intervention (n = 2)

Received allocated intervention (n = 38)

Received allocated intervention (n = 36)

12-Month Follow-Up

Completed 12 months (n = 26)
Lost to follow-up (n = 6)
Discontinued intervention (n = 9)
» Personal/time reasons (n = 5)
* Dizziness (n=1)
+ Migraines (n = 2)
» Care team recommendation (n = 1)

Completed 12 months (n = 20)
Lost to follow-up (n = 9)
Discontinued intervention (n = 9)
* Personal/time reasons (n = 6)
* Unrelated heart problem (n = 1)
« Significant weight loss (n = 1)
+ Care team recommendation (n = 1)

Completed 12 months (n = 27)
Lost to follow-up by 6 months (n = 6)
Discontinued intervention (n = 3)
« Personal/time reasons (n = 1)
« Determined ineligible (n = 1)
« Started combined oral contraceptive pill
(n=1)

Fig. 1. CONSORT flow diagram.
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pack. This pill (30 mcg ethinyl estradiol and 0.15 mg desogestrel) is one
of the most commonly used OCP formulations. Participants were fol-
lowed every 3 months. Interviews at subsequent visits, medication ca-
lendars, and counts of leftover medications in medication containers at
subsequent visits were used to assess compliance. Compliance was also
assessed at study completion using measurement of estradiol levels in
the PATCH group (which delivers 17B-estradiol, the physiologic form of
estrogen, and is thus measurable in the standard estradiol assay), and
sex hormone-binding globulin (SHBG) levels in the PILL group (which
delivers ethinyl estradiol, which is not measurable in the standard es-
tradiol assay). However, ethinyl estradiol (but not 173-estradiol) causes
an increase in SHBG, thus an increase in SHBG indicates overall com-
pliance with the PILL. Participants in the E- group did not use systemic
hormonal contraception for the study duration.

A subset of 117 oligo-amenorrheic participants (43, 38, and 36
oligo-amenorrheic athletes in the PATCH, PILL, and E- arms respec-
tively) completed the EDI-2 and/or TFEQ-R18 at baseline. Twenty-six,
20, and 27 young women in the PATCH, PILL, and E- groups, respec-
tively completed the EDI-2, and 22, 16, and 23, respectively completed
the TFEQ-R18 at both baseline and 12-month follow-up visits. Thus,
62.4% of participants completed one or both questionnaires at both
time points. Completers did not differ from non-completers for baseline
characteristics except for a slightly lower weight (but similar BMI; data
not shown). Data were collected between 11/2009 and 10/2016. The
study was conducted at the Clinical Research Center of our institution.
Stopping rules included pregnancy or occurrence of study-related se-
vere adverse events.

2.3. Assessment of ED pathology

The EDI-2 (Garner, 1991) is a 9l-item 11-subscale self-report
measure assessing eating attitudes and behaviors and related psycho-
pathology on a 6-point scale ranging from “Always” to “Never” with
responses rated 0-3. For the current study, responses were added up to
scale scores for the DT and BD subscales (primary outcomes) with
higher values indicating more pronounced presentation of the captured
construct. The TFEQ-R18 (de Lauzon et al., 2004) is an 18-item 3-scale
self-report assessment of eating behavior, shortened and revised from
the original 51-item TFEQ (Stunkard and Messick, 1985). Participants
rated dietary practices on a 4-point response scale ranging from “De-
finitely true” to “Definitely false.” Scores were then added up to a total
score and scale scores for three domains, namely Cognitive Restraint,
Uncontrolled Eating, and Emotional Eating (secondary outcomes). Scale
raw scores were transformed to a percentage scale with higher scores
indicating greater ED pathology (Karlsson et al., 2000). The EDI-2 and
TFEQ-R18 were administered at baseline and after 12 months of the
study. The questionnaires were reviewed by the study psychologist.

2.4. Caloric intake and biochemical analysis

Total caloric intake was assessed using a four-day food diary vali-
dated for use in young women (3 weekdays and 1 weekend day; ex-
ploratory outcome) (Chinnock, 2006; Sawaya et al., 1996). Only a
subset of 16, 15, and 22 participants in the PATCH, PILL, and E- groups
submitted food diaries at both the baseline and 12-month follow-up
visits. Estradiol was assessed using the LabCorp Esoteric Testing, Bur-
lington, NC, USA with a sensitivity of 25.0 pg/mL and intra-assay
coefficient of variation of 1.2-6.7%.

2.5. Statistical analysis

JMP Pro (version 13; SAS Institute, Cary, NC, USA) was used for
analysis, except for the Mann-Whitney U-test and Wilcoxon signed-rank
test, which were performed in STATA (version 14.2, StataCorp, College
Station, TX, USA). Data are reported as mean = SEM. The initial power
calculation was based on the primary outcome measures of the parent
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study and is not reported here. A power calculation was also performed
at the time of secondary data analysis for EDI-2 and TFEQ-R18 out-
comes. Primary study outcomes were changes in DT and BD (EDI-2);
secondary outcomes included changes in TFEQ-R18 measures. For the
RCT, the study had at least 80% power to detect an effect size of
0.5 x SD at a 2-sided alpha level of .05 for EDI-2 outcomes for the 2-
group comparison.

For the cross-sectional study, oligo-amenorrheic athletes, eu-
menorrheic athletes, and non-athletes were compared using analysis of
variance (ANOVA) followed by the Tukey-Kramer honestly significant
difference test to control for multiple comparisons. Cohen’s d and np2
are reported as estimates of effect size for between-group differences.
Estradiol data were log-transformed prior to the analysis. This proce-
dure was also applied to compare baseline characteristics across ran-
domization groups in the RCT. For the RCT, E4+ (PATCH +PILL) and E-
groups were compared using the Mann-Whitney U-test. This was fol-
lowed by a comparison of the PATCH, PILL, and E- groups using the
Kruskal-Wallis test followed by the Steel-Dwass test to control for
multiple comparisons. While rank-based tests were conducted, mean
and SEM are reported instead of median and IQR. In addition to the p-
value for 2 or 3-group comparisons, r = Z/sqrt(N) and ¢? are reported
as estimates of effect size for between-group differences between
change scores. For changes in EDI-2 and TFEQ-R18 scores over 12
months, we also controlled for (i) baseline values, and (ii) baseline
values, age, and weight changes over 12 months (as these variables can
independently affect changes in EDI-2 and TFEQ-R18 scores). For EDI-2
and TFEQ-R18 scores, to determine whether observed changes re-
presented an improvement or absence of worsening of the measure over
time, we performed Wilcoxon signed-rank tests within E+ and E-
groups and within PATCH, PILL, and E- groups, which are com-
plemented by r as effect size estimate. As exploratory analyses, we also
examined the effects of study interventions on total caloric intake over
the 12-month period. Finally, the number of individuals reporting ad-
verse events was contrasted across randomization groups using Fisher’s
exact test. A p-value of < .05 was considered statistically significant
and between .05-0.10 a trend for all analyses.

3. Results

Participant enrollment, study visits, and data management occurred
between 11/2009 and 10/2016. The trial was concluded after the re-
quired number of participants (per power calculations) had been en-
rolled in the randomized trial.

3.1. Cross-sectional study

3.1.1. Baseline clinical characteristics

Oligo-amenorrheic athletes, eumenorrheic athletes, and non-ath-
letes did not differ for age and height. As expected, although in the
normal range, BMI and BMI Z-scores were lower in oligo-amenorrheic
athletes than eumenorrheic athletes and non-athletes and percent body
fat lowest in oligo-amenorrheic athletes, intermediate in eumenorrheic
athletes, and highest in non-athletes. As per study design, the number of
hours of activity per week was higher in oligo-amenorrheic athletes and
eumenorrheic athletes than non-athletes with no difference between
the two athlete groups. Resting energy expenditure was higher in eu-
menorrheic athletes than oligo-amenorrheic athletes and non-athletes,
menarchal age higher, and estradiol levels lower in oligo-amenorrheic
athletes than eumenorrheic athletes and non-athletes. Groups did not
differ in total daily caloric intake (Table 1).

3.1.2. EDI-2 and TFEQ-R18 scores

Oligo-amenorrheic athletes showed higher EDI-2 DT and TFEQ-R18
Cognitive Restraint scores than eumenorrheic athletes and non-athletes
and displayed a higher EDI-2 BD score than eumenorrheic athletes
(Table 1).
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Table 2
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Changes in Eating Disorder Inventory-2 (EDI-2) and Three-Factor Eating Questionnaire-R18 (TFEQ-R18) scores, weight, body mass index (BMI), and BMI Z-score in
oligo-amenorrheic athletes randomized to estrogen (E+, PATCH + PILL) or no estrogen (E-).

Changes over 12 months E+ (PATCH+PILL) E-

E+ vs. E- (Mann-Whitney U-test)

E+ vs. E- controlled E+ vs. E- controlled for baseline, age,

for baseline and weight changes over 12 months

u a4 p r p p

EDI-2 n =46 n=27
Drive for Thinness —0.70 = 0.40 1.50 = 0.81 375.0 1 .007 -0.32 .014 .018
Body Dissatisfaction —-0.83 = 0.49 2.30 = 0.81 377.0 1 .004 -0.33 .001 .0002
TFEQ-R18 n =38 n=23
Cognitive Restraint —4.94 + 3.10 —4.04 = 427 3955 1 .994 0.001 925 .835
Uncontrolled Eating —2.58 + 1.93 0.81 + 2.92 372.5 1 .336 -0.12 .208 119
Emotional Eating 2.63 £ 2.95 4.35 + 3.87 434.0 1 .964 —-0.01 438 123

n=48 n=27
Weight (kg) 1.71 = 0.67 1.94 = 0.52 636.5 1 .899 —-0.02 N/A N/A
BMI (kg/mz) 0.59 = 0.24 0.66 *+ 0.19 644.0 1 .965 —0.005 N/A N/A
BMI Z-score 0.02 + 0.12 0.10 = 0.12 589.0 1 .953 —-0.01 N/A N/A
Total daily caloric intake 11 = 99 —243 + 126  258.0 1 134 0.21 N/A N/A

(kcal)

Mean * SEM; significant p-values are bolded. df, degrees of freedom.
3.2. RCT

3.2.1. Baseline characteristics

Randomization groups (PATCH, PILL, and E-) did not differ for
clinical characteristics or EDI-2 and TFEQ-R18 scores at baseline
(Supplemental Table 1). Fig. 1 depicts study enrollment and subsequent
attrition, which did not significantly differ between intervention
groups.

3.2.2. Changes in EDI-2 and TFEQ-R18 scores over 12 months in groups
that did or did not receive estrogen (E+ and E- groups)

Over 12 months, the E+ group (PATCH+PILL), compared to E-,
showed improved trajectories for EDI-2 DT and BD scores (Table 2,
Fig. 2A). These differences remained significant after controlling for
baseline values, and for baseline values, age, and weight changes over
12 months. Based on Wilcoxon signed-rank tests, the difference be-
tween E + vs. E- groups for BD was driven by an increase in BD in the E-
group (p = .016, r = 0.33) that was not evident in the E+ group (p =
172, r = -0.14). The difference in DT resulted from an increase in DT

scores in the E- group (p = .042, r = 0.28) versus a trend for a decrease
in DT in the E+ group (p = .086, r = -0.18). Changes in TFEQ-R18
scores did not differ between groups, neither did weight, BMI, or BMI Z-
score (Table 2).

3.2.3. Changes in EDI-2 and TFEQ-R18 scores over 12 months in groups
receiving transdermal vs. oral vs. no estrogen

In 3-group comparisons (PATCH, PILL, and E-), the overall com-
parison revealed a significant impact of the factor group for EDI-2 DT
and BD and TFEQ-R18 Uncontrolled Eating (UE) scores. Using posthoc
pairwise comparisons, improved trajectories were observed for changes
in EDI-2 DT and BD scores in the PATCH versus the E- group, with
trends for improvements in TFEQ-R18 UE scores (Table 3, Fig. 2B and
C). In addition, TFEQ-R18 UE scores in the PATCH group showed an
improved trajectory compared to the PILL group. After controlling for
baseline scores, and for baseline scores, age, and weight changes over
12 months, differences among groups persisted at a significant level for
EDI-2 BD and TFEQ-R18 UE scores and at a trend level for changes in
EDI-2 DT scores (Table 3). Based on Wilcoxon signed-rank tests,

Fig. 2. A. Changes in Eating Disorder
Inventory-2 (EDI-2) Drive for Thinness and
Body Dissatisfaction scores in oligo-amenor-
rheic athletes randomized to estrogen (E+) or
no estrogen (E-). B. Changes in EDI-2 Drive for
Thinness and Body Dissatisfaction scores and
C. Three-Factor Eating Questionnaire-R18
(TFEQ-R18) Uncontrolled Eating scores in
oligo-amenorrheic athletes randomized to
transdermal 17(-estradiol with cyclic proges-
terone (PATCH), oral ethinyl estradiol and
desogestrel (PILL), or no estrogen (E-). *p <
.05, **p < .01.
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Table 3

Changes in Eating Disorder Inventory-2 (EDI-2) and Three-Factor Eating Questionnaire-R18 (TFEQ-R18) scores, weight, body mass index (BMI), and BMI Z-score in oligo-amenorrheic athletes randomized to transdermal

17B-estradiol with cyclic progesterone (PATCH), oral ethinyl estradiol and desogestrel (PILL), or no estrogen (E-).

Steel-Dwass pairwise comparisons

Overall comparison adjusted for

Overall comparison

Overall comparison (Kruskal-Wallis

test)

PILL

PATCH

Changes over 12 months

baseline, age, and weight changes over

12 months

p

adjusted for baseline

PILL vs. E-

PATCH vs. E-

PATCH vs. PILL

daf

n=20 n=27

n=26

EDI-2

-0.28
-0.19

.026 -0.36 .131
—-0.46 .398

.002

—0.03
—0.30

982
.109

.063

0.10 .049

0.17

.026
.003

—-0.85 = 0.79 1.50 + 0.81 7.29

—0.58 = 0.40

Drive for Thinness
Body Dissatisfaction

TFEQ-R18

.001? .0003?

2

11.94

2.30 + 0.81
n=23

-1.62 = 0.55 0.20 * 0.83

n=22

16
—-6.25 = 6.10

n

989  0.02 992 -0.02

.098
.999

0.01

.999
.037

973
.043
.305

.992
.047
.740

0.002
0.12

990
.025
.998

2

—4.04 = 427 0.02

0.81 = 2.92
4.35 = 3.87
n=27

—3.89 = 2.88

Cognitive Restraint

737 0.12

991

-0.31
0.01

—0.40
—0.002

7.39

—6.48 = 2,40 278 * 2.72

2.53 = 3.79
n=26

Uncontrolled Eating
Emotional Eating

—0.02

0.9999

0.001

2

0.005

2.78 + 4.81
n=22

-0.07
-0.07
—0.05

.875
.884
933

0.03
0.05
0.03
0.35

.969
.936
974
.081

0.09
0.08
0.12
0.37

.826
.858
.709
.095

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

0.01
0.01
0.01
0.12

.803
.814
773
.050

0.44
0.41
0.51
5.99

1.94 + 0.52
0.66 = 0.19

1.72 + 1.12
0.66 = 0.43

1.70 + 0.81
0.53 = 0.26
0.11 = 0.16
192 + 135

Weight (kg)

BMI (kg/m?)
BMI Z-score

—-0.09 = 0.17 0.10 = 0.12

—181

.954 0.05

—243 + 126

+ 132

Total daily caloric intake

(kcal)

Mean = SEM,; significant p-values are bolded. °p < 0.05 PATCH vs. E-.
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differences among groups were primarily driven by an increase over 12
months in the E- group in EDI-2 DT and BD scores (p = .042, r = 0.28
and p = .016 and r = 0.33, respectively) versus a trend for a decrease
in DT scores (p = .098, r = -0.23) and a significant decrease in BD
scores (p = .013, r = -0.35) in the PATCH group. For TFEQ-R18 UE
scores, the PATCH group demonstrated reductions in scores over 12
months (p = .015, r = -0.37) versus no changes in the E- group (p =
.783, r = 0.04). The PILL group showed a similar numerical pattern as
the PATCH group of a decrease in EDI-2 DT but increases in EDI-2 BD
and TFEQ-R18 UE scores over 12 months. However, none of the
changes were significant.

3.2.4. Changes in weight measures and caloric intake

Groups did not significantly differ for weight changes over 12
months (Tables 2 and 3). However, in a subset of 16, 15 and 22 par-
ticipants who submitted food diaries at both baseline and 12-month
follow-up visits, the total caloric intake trended higher in the PATCH
versus PILL and E- groups (Table 3).

3.2.5. Adverse events
Groups did not differ for reported adverse events (Supplemental
Table 2).

4. Discussion

Investigating ED pathology in young normal-weight oligo-amenor-
rheic athletes and the impact of 12 months of estrogen replacement on
these symptoms for the first time, our study reveals two key findings.
First, and consistent with the literature, compared to eumenorrheic
athletes and non-athletes, normal-weight oligo-amenorrheic athletes
show more pronounced ED pathology. Specifically, oligo-amenorrheic
athletes reported more DT than eumenorrheic athletes and non-athletes
(d = 0.50 for both), more cognitive restraint than eumenorrheic ath-
letes and non-athletes (d = 0.57 and 0.52, respectively), and more BD
than eumenorrheic athletes (d = 0.43). Second, within oligo-amenor-
rheic athletes, those who received estrogen (E+: PATCH + PILL) did not
demonstrate the increase in DT or BD observed in oligo-amenorrheic
athletes not receiving estrogen over 12 months, suggesting that es-
trogen administration has a beneficial effect with medium effect size on
these endpoints in young oligo-amenorrheic athletes (r = -0.32 and
-0.33, respectively). The observed pattern, including prevention of a
worsening trajectory, is consistent with the impact of estrogen re-
placement reported in a previous study of adolescent girls with AN, in
whom estrogen replacement prevented increases in BD with increasing
BMI observed in girls who did not receive estrogen replacement (Misra
et al., 2013). The results are also consistent with findings of Racine
et al. (2012), who demonstrated a negative association between DT and
BD and estradiol levels across the menstrual cycle. However, our study
critically extends both investigations by providing causal evidence for a
positive impact of estrogen replacement on ED pathology in female
oligo-amenorrheic athletes within the normal weight range, allowing
for an investigation of the impact of estrogen on the endpoints in-
dependent of weight.

Comparing the routes of administration, effect sizes indicate that
the observed beneficial effects of estrogen replacement on ED pathology
were primarily driven by transdermal estradiol. In a three-group com-
parison (PATCH vs. PILL vs. E-), differences amongst groups for DT and
BD were driven by the PATCH group with medium to large effect sizes
in comparing changes in EDI-2 DT and BD scores between PATCH and
E- groups (r = -0.36 and -0.46, respectively). Furthermore, the PATCH
group showed a significantly improved trajectory in TFEQ-R18 UE
scores than the PILL group (r = -0.40) and demonstrated a significant
reduction in EDI-2 BD and TFEQ-R18 UE scores from baseline to 12-
month follow-up (r = -0.35 and -0.37, respectively) and a trend for a
reduction in DT (r = -0.23) versus an increase in DT and BD scores in
the E- group (r = 0.28 and 0.33, respectively).
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Effects of transdermal 17f-estradiol were thus most marked for BD,
mirroring effects in previously investigated populations and contexts,
namely for transdermal estradiol in girls with AN (Misra et al., 2013), and
with menstrual cycle data indicating a negative association between es-
tradiol levels and the degree of BD (Racine et al., 2012). Like in the AN
study, in which participants of the E+ and E- groups gained weight in a
similar fashion over the 18-month study period (3.8 vs. 3.3kg; p = .73),
numerical weight changes across all randomization groups also occurred
in this study, although to a lesser extent (1.70, 1.72, and 1.94 kg for
PATCH, PILL, and E-, respectively), over the 12-month intervention
period. For the sample of the present study, whose mean age was 19.8
years, weight gain of < 1 kg is to be expected per CDC growth charts
(https://www.cdc.gov/growthcharts/data/set2clinical/cj41c072.pdf).
Such weight gain may, in part, help to explain worsening of ED pathology,
particularly BD, in individuals randomized to no estrogen.

The observed improvement in UE in the PATCH group is consistent
with menstrual phase data suggesting an inhibitory effect of estradiol
on appetite (Alonso-Alonso et al.,, 2011) and data from female rats
demonstrating an increase in food-seeking behavior and hyperphagia
after oophorectomy and a reduction in food reward behavior with es-
tradiol administration (Richard et al., 2017). It also aligns with animal
studies demonstrating increased binge eating following adult ovar-
iectomy that was reversed with estradiol (with progesterone) treatment
(Klump et al., 2011; Yu et al., 2008). This further supports a causal role
of female gonadal hormones in binge eating.

The PILL group neither demonstrated the beneficial effect of es-
trogen on eating attitudes and behavior observed in the PATCH group
nor a worsening in the assessed scores over 12 months, as observed in
the E- group. This deviating pattern may be related to the longer
duration of progesterone received by oligo-amenorrheic athletes ran-
domized to the PILL versus PATCH (21 days of desogestrel vs. 12 days
of micronized progesterone) or the formulation of progesterone and/or
estrogen. Specifically, the PATCH group received a physiologic dose
and formulation of estrogen (17[-estradiol), whereas the PILL group
received ethinyl estradiol, the form of estrogen available in OCPs,
which is not the physiologic form of estrogen. Further, the bioequiva-
lence of various estrogen preparations is not completely clear, and the
dose of ethinyl estradiol in the PILL may have greater bioactivity than
the physiologic estrogen dosing with the PATCH, which might impact
eating behaviors adversely. In addition, the PATCH group received a
physiologic form of progesterone for 12 days of every month, consistent
with progesterone levels being higher in the luteal phase of the men-
strual cycle, which lasts about 12-14 days. In contrast, the PILL group
received desogestrel, a synthetic progesterone, for 21 days of the
month, which is not physiological. Of note, a positive association has
been reported between progesterone levels and DT and BD over the
menstrual cycle (vs. the negative association noted with estradiol)
(Racine et al., 2012). As the ratio of estrogen and progesterone may
impact eating behavior, this ratio is likely more physiologic with the
PATCH than the PILL. Studies are necessary to differentiate these effects
based on formulation and dose of estrogen/progesterone.

Our data show greater ED pathology, including DT and BD, in hy-
poestrogenemic young female athletes compared to normo-estro-
genemic eumenorrheic athletes and non-athletes. Together with the
observed worsening of ED pathology in oligo-amenorrheic athletes who
did not receive estrogen over 12 months, these data indicate a need for
intervention. DT and BD are key factors that promote disordered eating
behavior and negative affect and typically precede the development of
an ED (Beals and Hill, 2006; Stice et al., 2017; Stice and Shaw, 2002).
Our finding that estrogen replacement may protect against worsening
of DT and BD suggests that estrogen replacement may be a candidate
preventative intervention for ED, often observed in the athlete triad.
Further, estrogen replacement may prove to be an important clinical
tool in managing ED pathology in hypogonadal young women. By
preventing a worsening of ED pathology during treatment and weight
regain, estradiol may facilitate long-term recovery.

Psychoneuroendocrinology 102 (2019) 273-280

Study limitations include the small sample size, the high attrition,
and self-report assessment of ED pathology. In terms of generalizability,
future studies are required to replicate our findings in a larger cohort.
Attrition was consistent with that reported in other RCTs in similar
populations (Misra et al., 2013), and participants who dropped out did
not differ from study completers with regard to baseline characteristics
(data not shown). In addition, future studies should combine self-report
assessments with interview-based and behavioral measures of ED pa-
thology. Furthermore, the non-blinded nature of the intervention and
lack of a placebo control to protect individuals from false assumptions
about contraceptive status could potentially have biased study out-
comes. A randomized, double-blind, placebo-controlled design would
provide the most stringent test of the outlined hypothesis. However, as
the primary study outcomes highlighted in the study consent form were
bone density and structure, while ED pathology was assessed as one of
many secondary measures only, it is unlikely that participants formed
specific expectations about treatment effects on eating attitudes and
behaviors that could account for the observed findings. Finally, im-
provements in trajectories were observed in the PATCH but not PILL
group, both of which represent intervention groups with comparable
contact between participants and investigators. Thus, more extensive
study involvement cannot account for the results.

Future studies are needed to investigate potential mediators of the
observed beneficial effects of estrogen replacement on ED pathology in
oligo-amenorrheic athletes. For example, the negative association be-
tween estradiol levels and DT and BD across the menstrual cycle may be
mediated by changes in anxiety levels across the cycle, as both can be
conceptualized as anxiety-driven concerns about body size (Racine
et al., 2012). We have reported a reduction in trait anxiety following 18
months of estradiol administration as the 100 mcg 173-estradiol patch
(with cyclic progesterone) in girls with AN (Misra et al., 2013). That
study also showed a non-significant reduction in DT following estradiol
administration. It is possible that a larger sample size would have
shown a significant improvement in eating behaviors, concurrent with
improvements in trait anxiety. Further, the differential role of specific
forms of estrogen needs to be clarified in a larger sample.

5. Conclusions

We have shown that normal-weight oligo-amenorrheic young ath-
letes show more pronounced ED pathology than eumenorrheic athletes
and non-athletes, and that 12 months of estrogen replacement improves
symptom trajectories. Our findings emphasize the importance of nor-
malizing estrogen levels in this population, and future studies are re-
quired to further investigate this relationship and its potential as a
management tool of ED pathology in other populations of hypogonadal
adolescent girls and young adult women. Beyond the potential clinical
implications, the results highlight the key role of estrogen deficiency in
ED pathology, particularly attitudes guiding calorie consumption.
Focusing on normal-weight oligo-amenorrheic athletes allowed us, for
the first time, to investigate the impact of estrogen on eating attitudes
and behaviors independent of low weight as a confounder.
Furthermore, while our assessment of eating behavior and attitudes
targeted the whole range from healthy to clinical eating behaviors, the
majority of the individuals in the study did not fulfill criteria for an ED.
Therefore, our finding of a potential endocrine-behavioral link in the
context of eating behaviors warrants further investigation to better
understand the complex interplay of hormonal and cognitive processes
at play in regulating eating behavior.
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