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BACKGROUND: The identification of subtle menstrual cycle disturbances requires daily hormone assessments. In contrast, the identifi-
cation of severe menstrual disturbances, such as amenorrhea and oligomenorrhea, can be established by clinical observation. The primary
purpose of this study was to determine the frequency of subtle menstrual disturbances, defined as luteal phase defects (LPD) or anovulation,
in exercising women, with menstrual cycles of 26—35 days, who engage in a variety of sports, both recreational and competitive. Secondly,
the prevalence of oligomenorrhea and amenorrhea was also determined via measurement of daily urinary ovarian steroids rather than self
report alone.

METHODS: Menstrual status was documented by daily measurements of estrone and pregnanediol glucuronide and luteinizing hormone
across two to three consecutive cycles and subsequently categorized as ovulatory (Ovul), LPD, anovulatory (Anov), oligomenorrheic (Oligo)
and amenorrheic (Amen) in sedentary (Sed) and exercising (Ex) women.

RESULTS: Sed (n = 20) and Ex women (n = 67) were of similar (P > 0.05) age (26.3 + 0.8 years), weight (59.3 + 1.8 kg), body mass
index (22.0 + 0.6 kg/m?), age of menarche (12.8 + 0.3 years) and gynecological maturity (13.4 & 0.9 years). The Sed group exercised
less (P<<0.001) (96.7 + 39.1 versus 457.1 + 30.5 min/week) and had a lower peak oxygen uptake (34.4 + |.4 versus 44.3 + 0.6 ml/
kg/min) than the Ex group. Among the menstrual cycles studied in the Sed group, the prevalence of subtle menstrual disturbances was
only 4.2% (2/48); 95.8% (46/48) of the observed menstrual cycles were ovulatory. This finding stands in stark contrast to that observed
in the Ex group where only 50% (60/120) of the observed menstrual cycles were ovulatory and as many as 50% (60/120) were abnormal.
Of the abnormal cycles in the Ex group, 29.2% (35/120) were classified as LPD (short, inadequate or both) and 20.8% (25/120) were classi-
fied as Anov. Among the cycles of Ex women with severe menstrual disturbances, 3.5% (3/86) of the cycles were Oligo and 33.7% (29/86)
were Amen. No cycles of Sed women (0/20) displayed either Oligo or Amen.

CONCLUSIONS: This study suggests that approximately half of exercising women experience subtle menstrual disturbances, i.e. LPD and
anovulation, and that one third of exercising women may be amenorrheic. Estimates of the prevalence of subtle menstrual disturbances in
exercising women determined by the presence or absence of short or long cycles does not identify these disturbances. In light of known
clinical consequences of menstrual disturbances, these findings underscore the lack of reliability of normal menstrual intervals and self
report to infer menstrual status.
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Introduction - energy deficiency arising from conditions where energy intake is

- inadequate to compensate for energy expenditure (De Souza and
Menstrual cycle disturbances are often observed among exercising :  Williams, 2004). The suppression of reproductive function during con-
women (De Souza et dl., 1998). The etiology of these menstrual dis- : ditions of chronic energy deficiency is well-recognized to be an energy
turbances in exercising women has been casually linked to a chronic - conserving response to preserve fuel for more vital bodily processes,
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such as cellular maintenance and locomotion, and to avoid the costly
functions of gestation and lactation (Wade et al., 1996; De Souza and
Williams, 2004).

The prevalence of oligomenorrhea and amenorrhea in athletes has
been frequently reported in the literature (De Souza and Williams,
2004). These more severe presentations of menstrual disturbances
have been reported to range from 6 to 43% in runners (Feicht
et al., 1978; Dale et al., 1979; Sanborn et al., 1982; Shangold and
Levine, 1982; Glass et al., 1987; Cobb et al., 2003) and 1-31% in
both high school (Nichols et al., 2007) and collegiate athletes (Beals
and Manore, 2002; Beals and Hill, 2006) from a variety of different
sports. These reported prevalence rates exceed that observed in
the general population of non-athletic, college-aged women
(Pettersson et al., 1973; Singh, 1981; Bachmann and Kemmann,
1982). To date, however, ovarian steroid documentation of these
cycle irregularities has been absent, and reports have relied solely
on self-report. The method of self-report is only able to capture
those disturbances clearly recognized by women as irregularities in
menstrual cycle length (oligomenorrhea) or the absence of regular
periods (amenorrhea). Therefore, recent publications (Torstveit and
Sundgot-Borgen, 20053, b) reporting the prevalence of menstrual dis-
turbances as a component of the Female Athlete Triad are likely to
have underestimated the percentage of women at risk for the Triad,
by overlooking those with apparently regular yet abnormal cycles.
Data remain scarce on the prevalence of subtle menstrual disturb-
ances, such as luteal phase defects (LPD) and anovulation, in either
competitive athletes or recreationally physically active women. This
type of information is necessary in order for scientists to define the
scope of the potential problem, i.e. the number of women affected,
and the depth or magnitude of concern warranted, i.e. the health
risks associated with these disturbances. Indeed, menstrual disturb-
ances in athletes have been associated with an array of clinical conse-
quences including decreased bone mineral density (De Souza and
Williams, 2004; Nattiv, 2007), an increased prevalence of stress frac-
tures (De Souza and Williams, 2004; Nattiv, 2007), and endothelial
dysfunction (O’Donnell et al., 2007, 2009) In general, menstrual dis-
turbances are also associated with infertility and poor cycle fecundity
(McNeely and Soules, 1988).

In 1998, we published a detailed prospective observational study
(De Souza et al., 1998) to document the frequency of LPD and ano-
vulatory disturbances, verified with daily hormone measurements, in
recreationally active runners during consecutive, asymptomatic,
regular menstrual cycles of normal length. In that study, we evaluated
~ 100 menstrual cycles in 24 exercising women and | | sedentary con-
trols, and reported a sample prevalence of 48% and sample incidence
of 79% of subtle menstrual disturbances (LPD and anovulation) among
the recreational runners. Since then, no other prospective studies
employing daily hormone measures have been published to explore
this issue further, likely because the daily measures of luteinizing
hormone (LH) and the ovarian steroids required to adequately quan-
tify and identify these types of menstrual disturbances are both time
consuming and costly (McNeely and Soules, 1988; Jordan et al., 1994).

The primary purpose of this study was to re-evaluate the preva-
lence of menstrual disturbances in exercising women in a larger
sample by combining two data sets, one represented in our earlier
publication (De Souza et al, 1998) and one from a more recent
study conducted at the University of Toronto. In the latter study,

we did not limit inclusion to only those women having regular
menses (26—35 days) as in our earlier study. Thus, the current
study also includes data on the prevalence of oligomenorrhea and
amenorrhea from our more recent data set. Moreover, the current
study includes exercising women from a wider variety of sports/
physical activity modes. Menstrual status of subjects with both
subtle (LPD and anovulation) and severe (oligomenorrhea and ame-
norrhea) menstrual disturbances was experimentally observed and
verified by daily measurements of urinary ovarian steroids and LH
across several consecutive menstrual cycles. We hypothesize that
exercising women will exhibit a greater prevalence of subtle and
severe menstrual disturbances compared with sedentary women.

Materials and Methods

Experimental design

In this study, we present data collected at two different sites, Connecticut,
USA and Toronto, Canada. The data from Connecticut (De Souza et al.,
1998) were previously published and are now combined with a dataset
from Toronto to further explore the prevalence of subtle menstrual dis-
turbances (LPD and anovulation) in a larger dataset with greater statistical
power than the first publication. Other than our 1998 publication (De
Souza et al., 1998), these data represent the only data published that
have evaluated the prevalence of LPD and anovulation in exercising
women across several consecutive cycles via daily measurement of
ovarian steroid excretion. For the purpose of determining the prevalence
of oligomenorrhea and amenorrhea, only the women who participated at
the Toronto site were used since the inclusion criteria accommodated for
irregular and absent menstrual cycles in addition to cycles of 26—35 days.
This study is the first to describe the prevalence of oligomenorrhea and
amenorrhea in exercising women by direct quantification of daily urinary
ovarian steroid excretion, as previous reports have relied exclusively on
self-reported menstrual cycle characteristics.

This study was an observational prospective study designed to determine
the prevalence of LPD and anovulatory disturbances (48 exercising women)
as well as amenorrhea and oligomenorrhea (43 exercising women) among
women participating in a wide array of physical activities at either the rec-
reational or competitive level. A control group of 20 age-matched sedentary
women were also studied. We prospectively assessed daily urinary ovarian
hormone excretion over one to three consecutive menstrual cycles of sub-
jects whose health status, menstrual history, aerobic fitness, and past and
current training history were also documented.

Medical screening

Eligibility criteria for the study were strictly adhered to and included,
(i) aged 1835 years; (i) good health as determined by a medical exam;
(iii) no chronic iliness, including hyperprolactinemia and thyroid disease;
(iv) stable menstrual status over the preceding 3 months if menstruating
(both study sites) or irregular or absent menses without a history of
polycystic ovarian syndrome (PCOS) (Toronto site only); (v) non-smoker;
(vi) not currently dieting and weight stable for the preceding 3 months, as
determined by self-report; (vii) not taking any form of hormonal therapy
for at least 12 months; (viii) no history of an eating disorder within the
past 3 years or no current clinical diagnosis of an eating disorder; (ix) per-
forming regular, purposeful exercise [heart rate (HR) greater than 55% of
maximal HR] for >2 h/week, as documented in exercise logs (De Souza
et al., 1998) if physically active or <2 h/week of purposeful exercise (HR
greater than 55% of maximal HR) if sedentary; (x) no history of PCOS; and
(xi) no other contraindications that would preclude participation in the
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Figure | Study design and the number of subjects and cycles contributed by the two study sites to separately determine the prevalence of subtle
menstrual disturbances (LPD and anovulation) and severe menstrual disturbances (oligomenorrhea and amenorrhea).

The Connecticut site contributed a total of 34 subjects (10 Sed and 24 Ex) and 94 cycles to determine the prevalence of subtle menstrual disturbances. Likewise, the
Toronto site contributed a total of 34 subjects (10 Sed and 24 Ex) and 74 cycles to these subtle menstrual disturbance analyses, resulting in a total sample size of 68
subjects and 168 cycles. The prevalence of severe menstrual disturbances was determined by data collected only at the Toronto site which contributed 53 subjects
(10 Sed and 43 Ex) and 106 cycles to these analyses. LPD, Luteal phase defect; Sed, Sedentary; Ex, Exercising.

study. The study was approved by the Ethics Review Board at the Univer-
sity of Connecticut Health Center and the University of Toronto, and all
volunteers signed an approved Informed Consent document.

Volunteers

A flow chart is presented (Fig. |) to describe the design of the study and
the contribution of subjects and cycles from each study site to assess the
prevalence of subtle menstrual disturbances (LPD and anovulation) and
severe menstrual disturbances (oligomenorrhea and amenorrhea). For
the evaluation of the prevalence of subtle menstrual disturbances (LPD
and anovulation) in exercising women, 68 volunteers were recruited on
a rolling basis over several years at the Toronto and Connecticut (De
Souza et al., 1998) sites. At the Connecticut site, a total of 10 sedentary
women and 24 exercising women were studied, contributing a total of 94
menstrual cycles. At the Toronto site, a total of |0 sedentary women and
24 exercising women were studied, contributing a total of 74 menstrual
cycles (a combined total of 48 cycles in sedentary women and 120
cycles in exercising women). For the evaluation of the prevalence of
severe menstrual disturbances (oligomenorrhea and amenorrhea) in exer-
cising women, 53 women from the Toronto site were evaluated, including
|0 sedentary and 43 exercising women, contributing a total of 106 cycles
(20 cycles in sedentary women and 86 cycles in exercising women).

The exercising women at the Connecticut site were predominantly rec-
reational runners (De Souza et al., 1998). In an effort to expand the types
of exercising women included in the study, the women at the Toronto
site represented a range of exercising women to include competitive ath-
letes across multiple sport activities. The range of physical activities of the
exercising women at the Toronto site included indoor and outdoor
running, elliptical running, stationary cycling, aerobic classes, mountain
biking and other sport activities including field hockey, tennis, soccer,

rugby, volleyball and dance. A total of 54% of the exercising women
reported participation in weight lifting.

Recruitment and dropouts

Volunteers were recruited by posters targeting both sedentary and phys-
ically active women. At the Connecticut and Toronto sites, women with a
history of regular cycles of 26—35 days were recruited; however, at the
Toronto site women with oligomenorrhea and amenorrhea were also
recruited. Screening procedures included questionnaires on exercise,
eating, menstrual and medical health history. At the Connecticut site, six
women failed screening (two thyroid disease, one smoker, one current
diagnosis of eating disorders, two irregular menses), four declined study
participation and five women dropped out due to time constraints. At
the Toronto site, 20 failed screening (10 used oral contraceptives, three
were smokers, one had a current clinical diagnosis of an eating disorder,
one hyperprolactinemia, one thyroid disease, four PCOS), 12 declined
participation and three dropped out due to time constraints.

Observational time periods

Volunteers were monitored for one to three menstrual cycles. Forty-four
of the women were studied for two menstrual cycles (eight sedentary and
36 exercising woman), 35 of the women were studied for three menstrual
cycles (10 sedentary and 25 exercising woman) and eight of the women
were monitored for only one menstrual cycle (two sedentary and six exer-
cising woman).

Volunteer grouping categories

Volunteers were defined as ‘exercising’ or ‘sedentary’. If purposeful exer-
cise exceeded 2 h/week (documented in exercise logs), the volunteer was
defined as ‘exercising’; whereas, if purposeful exercise was <2 h/week
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(documented in exercise logs), the volunteer was defined as ‘sedentary’
(De Souza et al., 1998). In conjunction with the hours of exercise activity
criterion, we also utilized a VO, max of <40 ml/kg/min to reflect seden-
tary status and >40 ml/kg/min to reflect exercising status consistent with
published data of this parameter (Saltin and Astrand, 1967).

For the subtle menstrual disturbances study, each individual menstruat-
ing volunteer was also retrospectively categorized by their overall men-
strual cycle category (ovulatory or abnormal) during the |-3 month
observation period, and when abnormal cycles presented, by an abnormal
cycle subcategory of either LPD (short and/or inadequate) or anovulatory.
In order to place an individual woman into a single menstrual category, we
categorized the volunteer consistent with the predominant presentation of
each of the one or three menstrual cycles studied. For example, if two of
two or two of three cycles monitored were ovulatory, that volunteer was
classified as ovulatory. For individuals that were inconsistent, i.e. one ovu-
latory cycle and one anovulatory cycle, the abnormal menstrual category
was utilized that was consistent with the most severe menstrual disturb-
ance observed. We also compared the ovarian steroid and menstrual
cycle characteristics of each menstrual cycle evaluated in this study. For
these descriptive purposes, we subsequently categorized abnormal
cycles as a short LPD cycle, inadequate LPD cycle, both short and
inadequate LPD cycle or an anovulatory cycle, and cross-referenced
these categorizations to exercise status (sedentary or exercising).

For the severe menstrual disturbances study, oligomenorrhea was
defined as menses of >35 days but <90 days and amenorrhea as no
menses for at least 90 days (De Souza and Williams, 2004).

To determine the relative proportion of sedentary and exercising sub-
jects displaying consistent and inconsistent ovulatory cycles and subtle
menstrual disturbances (LPD and anovulation), we assessed the consist-
ency of a given menstrual category for each study volunteer. We categor-
ized the volunteer’s menstrual cycles as (i) consistently ovulatory when all
of the observed cycles for a given volunteer were ovulatory, for example, if
two of two or three of three cycles monitored were ovulatory, or (i) con-
sistently abnormal when all of the observed cycles for a given volunteer
were abnormal, for example, if two of two or three of three cycles mon-
itored were LPD or anovulatory and (iii) inconsistently abnormal when
there were different categorizations of cycles from the same individual,
for example if one cycle was LPD and one ovulatory.

Each menstrual cycle or monitoring period categorization was estab-
lished by the daily urinary ovarian steroids and LH assessments, as
described below. All menstrual categorizations were then cross-
referenced to exercise status (sedentary or exercising).

Menstrual cycle characteristics

To allow for a clinical interpretation of our data, we determined menstrual
characteristics in all volunteers, defined in this study by classifying men-
strual cycles by length of the intermenstrual interval, length of follicular
and luteal phases, the presence of menses, and by ovulatory status, i.e.
ovulatory, anovulatory, etc. Volunteers were considered eumenorrheic if
menses occurred at regular intervals of 26—35 days, oligomenorrheic if
menses occurred at intervals of 36—90 days and amenorrheic if menses
occurred at intervals >90 days (De Souza and Williams, 2004). Menstrual
cycle length was defined as the number of days from Day | of menses to
the day before the first day of the next menses. The follicular phase length
was defined as the number of days from the first day of menses up to and
including the day of the LH surge (De Souza et al., 1998). Daily urine
samples were assayed for LH, estrone-|-glucoronide (EIG) and pregnane-
diol glucoronide (PdG) to assess ovulatory status, and estrogen and pro-
gesterone exposure, as assessed by EIG and PdG area under the curve
(AUC). Ovulatory status was determined by day of the urinary LH
surge, identified as an LH peak on the day of or day after the midcycle

EIG peak (De Souza et al., 1998). Specific hormonal criteria for detecting
owvulation included a LH surge concentration above 25 mlU/ml, the EIG
peak concentration above 35ng/ml and the peak PdG concentration
above 5 pg/ml during the luteal phase (Kesner et al., 1992; Santoro
et al., 2003; De Souza et al., 2008). An anovulatory cycle was defined
as a cycle in which minimal increases in EIG was observed concomitantly
with a failure of LH to rise at midcycle, or when a luteal phase exhibited no
increase in PdG concentration from a 5-day follicular phase baseline or
when the peak PdG value was below 2.49 pg/ml (De Souza et dl.,
1998; Santoro et al., 2003; De Souza et al., 2008). LPD was defined as
short when the luteal phase length was less than 10 days, or inadequate
when the sum of the 3-day midluteal peak PdG (sum of midluteal peak
PdG + | day) was less than 10 wg/ml and when the PdG peak concen-
tration was below 5 pg/ml (De Souza et al, 1998; Santoro et al.,
2003). To determine estrogen and progesterone exposure, EIG and
PdG urinary metabolites were compared among the groups of menstrual
cycles using the trapezoidal integrated AUC and mean levels of EIG and
PdG during the follicular and luteal phase, and across the entire cycle.

Anthropometric testing

Total body mass was measured to the nearest 0.1 kg on a scale weekly,
and the mean of these measurements is presented. Height was measured
to the nearest .0 cm at the beginning of the study. Body mass index (BMI)
was calculated from height and mean weight (kg/m?).

Peak aerobic capacity

VO, peak was measured once during a progressive treadmill test to voli-
tional exhaustion using open-circuit spirometry (Connecticut: Medical
Graphics Exercise System 2000, Medical Graphics, St. Paul, MN and
Toronto: Moxus Modular VO, System, Applied Electrochemistry).
Detailed methods are published elsewhere (De Souza et al., 2008).

Urinary measurement of EIG and PDG

The validity of the urinary technique as representative of the 24-h pattern of
ElG and PdG excretion has been reported by other investigators (Beitins
etal, 1991; Munro et al., 1991) and the secretion of these metabolites in
the urine parallels serum concentrations of the parent hormones. Microtiter
plate competitive enzyme immunoassays were used to measure the urinary
metabolites E| G and PdG, respectively, using the techniques of Munro et al.
(1991). The EIG (R522-2) and PdG (R13904) assays utilized a polyclonal
capture antibody supplied by Coralie Munro at the University of California
(Davis, CA, USA). The competitors for these assays are EIG or PdG con-
jugated to horseradish peroxidase (El G-HRP and PdG-HRP, respectively).
An end-point substrate color reaction is developed with
azino-bis-ethylbenzthiazoline sulfonic acid and peroxidase. EIG and PdG
standards (Sigma) were used for the standard curve, and high and low
internal controls from in-house samples were used. The inter-assay coeffi-
cients of variation for high and low internal controls for the EI G assay were
14.7 and 13.1%, respectively, for the Connecticut samples and 14.2 and
13.7% for the Toronto samples. The inter-assay coefficients of variation
for high and low internal controls for the PdG assay were 15.6 and 12.9%,
respectively. The PdG intra and inter-assay variability was determined
in-house as 15.6 and 12.9%, respectively, for the Connecticut samples
and 15.6 and 17.7%, respectively, for the Toronto samples. The sensitivity
of the EIG and PdG assays were 7.8 ng/ml and 0.15 wg/ml, respectively.
Values below the sensitivity were reported at the minimum detection
limits. All urine samples were corrected for creatinine (Connecticut
samples) or specific gravity (Toronto samples) (NSG Precision Cells, Inc.,
Farmingdale, NY, USA) to account for hydration status. Specific gravity
has been reported to perform as well as creatinine correction for adjusting
urinary hormone concentrations (Miller et al., 2004). Specific gravity
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measurements were taken with a hand-held urine specific gravity refract-
ometer (Atago Uricon-PN; NSA Precision Cells, Inc., Framingham, NY).

Urinary LH was determined by double antibody radioimmunoassay
(Diagnostic Products Corp., Los Angeles, CA, USA). The sensitivity of
the LH assay is 0.6 mlU/I. The intra-assay and inter-assay coefficients of
variation were |.6 and 7.1%, respectively.

Statistical analyses

The data presented were obtained at two different locations for a period
of 3 years at each site. To explore whether the two cohorts (sedentary
Connecticut versus sedentary Toronto, exercising Connecticut versus
exercising Toronto, and all subjects Connecticut versus all subjects
Toronto) could be combined, we investigated whether they were similar
with respect to key demographic characteristics using independent
sample Student’s t tests. The two cohorts were similar (P > 0.05) with
respect to age, gynecological age, body weight, BMI and menstrual cycle
length (menstruating women only). On the basis of these data, the two
data sets were combined and grouped according to their exercise (seden-
tary or exercising) status.

Data screening was conducted prior to statistical analysis in order to
identify whether the data met the assumptions required by specific statisti-
cal techniques. Data screening involved outlier detection and examination
of variable distributions within each of the two groups for normality. Since
all of the distributions were normal, parametric analyses were utilized for
inferential analyses.

Demographic characteristics of the subjects were analyzed using an
independent samples Student’s t-test to compare means between seden-
tary and exercising women; a one-way ANOVA was utilized to find
between group differences when the subjects were grouped according
to exercise and menstrual status. When a significant difference was
observed between groups, multiple comparisons utilizing the LSD
method were performed to determine which groups presented signifi-
cantly different means.

To determine the prevalence of ovulatory versus abnormal menstrual
cycles, volunteers’ menstrual cycles were categorized based on specific
ovarian and gonadotrophin hormone criteria described below. For
further comparisons, abnormal cycles were subsequently categorized as
luteal phase deficient cycles or anovulatory cycles. For these purposes, vol-
unteers were categorized into a single menstrual classification according to
the predominant presentation of each menstrual cycle. For example, if two
of two or two of three cycles monitored were ovulatory, that subject was
classified as ovulatory. For individuals that were inconsistent, i.e. one ovu-
latory and one anovulatory, abnormal menstrual classification was consist-
ent with the most severe menstrual disturbance observed. Contingency
tests (x°) on the categorical menstrual cycle variable were then performed
to determine if the presentation of abnormal, oligomenorrheic or amenor-
rheic cycles significantly differed between sedentary and exercising
women.

Other research questions of primary interest were investigated based
on the categorization of each menstrual cycle (ovulatory, luteal phase
deficient, anovulatory, oligomenorrheic or amenorrheic); therefore, each
menstrual cycle was treated as a separate observation in these analyses.
On the basis of the cross classification of volunteers discussed above,
each menstrual cycle was grouped according to both exercise status
(sedentary or exercising) and specific menstrual cycle presentation (ovula-
tory, LPD, anovulatory, oligomenorrheic or amenorrheic) into one of five
groups for the subtle menstrual disturbances study [sedentary ovulatory
(SedOwul), sedentary LPD (SedLPD), exercising ovulatory (ExOwul), exer-
cising LPD (EXLPD) or exercising anovulatory (ExAnov)] or into one of
two groups for the severe menstrual disturbances study [exercising oligo-
menorrheic (ExOligo) and exercising amenorrheic (ExAmen)]. Since

multiple cycles were observed from the same individual, these data
were considered to have a nested nature, and linear mixed model
ANOVA was used to account for multiple cycles from individuals in a
single experimental category. All menstrual cycle characteristics (cycle
and phase length) as well as ovarian steroid and gonadotrophin (EIG,
PdG and LH) data were analyzed via a linear mixed model ANOVA.
When a significant main (fixed) effect was observed, Bonferroni pair-wise
comparisons were performed to identify significantly different groupings.

A significance level of 0.05 was used to detect differences for all statisti-
cal procedures. All data are presented as means + SEM, unless otherwise
indicated. All data were analyzed by using SPSS for Windows (version
12.0; Chicago, IL, USA).

As previously reported (De Souza et al., 1998) a sample size of 35
women and 97 cycles was large enough to provide more than 99.95%
probability to detect differences larger than 2 standard deviations (SD)
and 80% probability of detecting differences larger than 0.8 SD with a tol-
erable type | error rate of 5%. Since the sample size used in this study (69
women, 166 cycles) is larger than De Souza et al. (1998), it was deter-
mined that our current study would provide adequate power to detect
differences among the groups with respect to the key outcomes of
interest.

Results

Demographic characteristics

The demographic characteristics of the study volunteers are presented
in Tables | and Il. Eighty-seven women participated in this prospective
evaluation of menstrual status; 68 women and 53 women were
included in the analyses of subtle and severe menstrual disturbances,
respectively. Twenty women were sedentary and 67 women were
categorized as exercising, consisting of predominately recreationally
physically active women, although some competitive athletes were
included. As presented in Table |, the sedentary and exercising
women were similar (P > 0.050) with respect to age, height, weight
and BMI. There were no significant differences in gynecological age
(P=10.183) and age of menarche (P = 0.622) between the groups.
As expected, exercising women had a significantly higher VO, peak
(P<0.001) and exercised more (P<<0.00l) than the sedentary
group.

The demographics of the subjects categorized according to exercise
and menstrual status are presented in Table Il. The groups were
similar (P > 0.050) with respect to height, weight, BMI and age of
menarche. ExAnov and ExAmen groups were younger (P = 0.010)
than the SedOvul and ExOwul groups, and the ExAmen group also
had a lower gynecological age (P= 0.003) than the SedOvul and
ExOwul groups. The gynecological age of the ExAnov and ExAmen
groups were significantly younger than the ExOwul and ExLPD
groups, respectively.

Prevalence of ovulatory versus abnormal
cycles: comparisons by subject

To determine the prevalence of subtle menstrual disturbances, each
woman was categorized according to the predominant type of men-
strual cycle category observed, that is, as either ovulatory or abnor-
mal, and abnormal cycles were further categorized as LPD or
anovulatory; these data are presented in Fig. 2. Among the sedentary
women, 95.0% (19/20) were categorized as ovulatory and 5.0% (1/20)
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were categorized as abnormal, of which, the woman with abnormal
cycles presented with LPD in all cycles observed. Among the exercis-
ing women, 47.9% (23/48) were categorized as ovulatory; whereas,

Table | Demographic characteristics of study subjects
categorized by exercise (sedentary or exercise) status

Sed women Ex women Probability
(n=20) (n=67)
Demographic Characteristics
Age (year) 272+ 1.0 253+ 0.6 0.154
Height (cm) 1625 + 1.1 1653 + 0.7 0.054
Weight (kg) 60.2 + 2.8 584+ 0.8 0.531
BMI (kg/m?) 227+ 0.9 21.3+0.2 0.138
Reproductive characteristics
Age of menarche 129 +04 127+ 0.2 0.622
(year)
Gynecological 142 + 1.1 1254+ 0.7 0.183
age (year)
Training characteristics
VO, peak (ml/ 344+ 14 443 1+ 0.6 <0.001
kg/min)
Physical activity 96.7 + 39.1 457.1 + 30.5 <0.001
(min/week)

Values are the mean + SEM.
Sed, sedentary; Ex, exercising.

52.1% (25/48) were categorized as abnormal, consisting of 27% of
the exercising women (13/48) with LPD cycles (short and/or
inadequate luteal phase), and 25% of the exercising women (12/48)
with anovulatory cycles. The prevalence of abnormal cycles was
much greater (x> = 13.25, P < 0.001) in the exercising women than
in the sedentary women.

Prevalence of oligomenorrheic and
amenorrheic cycles: comparisons by subject

To determine the prevalence of severe menstrual disturbances, the
women at the Toronto site who fulfilled the criteria of either oligome-
norrhea or amenorrhea were categorized accordingly. The remainder
of the subjects were either ovulatory or displayed a subtle menstrual
disturbance. As shown in Table Ill, 7.0% (3/43) of the exercising
women were oligomenorrheic, but 37.2% (16/43) of the exercising
women displayed the most severe form of menstrual disturbance,
amenorrhea. None of the sedentary women displayed either oligome-
norrhea or amenorrhea. The prevalence of women with amenorrheic
cycles was significantly greater (x> = 5.330, P < 0.023) among the
exercising women when compared with the sedentary women.

Consistency of cycles

For the women with apparently regular cycles, the percentages of
sedentary and exercising subjects presenting with consistently ovula-
tory, consistently abnormal or inconsistently abnormal cycles are dis-
played in Table IV. Among the sedentary women who were
monitored for multiple cycles (n = 18), 94.4% (17 women) were con-
sistently ovulatory and 5.6% (I woman) were inconsistently abnormal.

Table Il Demographic characteristics of subjects categorized by exercise and menstrual status

SedOvul* ExOwul ExLPD ExAnov ExOligo ExAmen Probability
(n=19) (n=123) (n=13) (n=12) (n=3) (n=16)
Demographic characteristics
Age (year) 275+ 1.1 279 + 1.1 26.1 + 1.6 237 + 1.6° 220+ 1.5 229 +0.9° 0.010
Height (cm) 1623 + 1.1 1652 + 1.4 1640+ 1.9 166.1 + 1.5 163.7 + 2.2 166.1 + 1.1 0.375
Weight (kg) 60.2 + 3.0 579+ 1.4 578+ 1.7 61.4+62 58.7 £ 6.0 5724+ 1.7 0.742
BMI (kg/m?) 228+ 0.9 21.24+04 214404 222 +0.5 215+ 1.4 20.7 £ 0.6 0.238
Reproductive characteristics
Age of menarche (year) 129 + 0.4 124 +0.3 128 +03 12.5+ 0.4 143+ 13 132 +04 0313
Gynecological age (year) 14.6 + 1.1 150+ 1.0 13.7+ 1.6 M.+ 1.7 6.8 +3.3° 9.3 +0.9°¢ 0.003
Training characteristics
VO, peak (ml/kg/min) 343+ 1.5 44.5 + 1.3° 41.6 +1.2° 453 +1.3° 47.8 + 0.6° 453 +0.9° <0.001
Physical activity (min/week)**  100.1 + 41.2 395343677 3865+ 514 4422+ 6200 336.0% 650.5 + 86.1"  <0.00I

Values are the mean + SEM.

SedOvul, sedentary ovulatory; ExOvul, exercising ovulatory; EXLPD, exercising luteal phase deficient; ExAnov, exercising anovulatory; ExOligo, exercising oligomenorrheic; ExAmen,

exercising amenorrheic.

*SedLPD (n = I) not included.

**SEM not applicable due to missing data for two subjects.
**Multiple comparisons could not be performed due to missing data in ExOligo group.
2SedOvul and ExOvul versus ExAnov and ExAmen.
5SedOvul and ExOwul versus ExOligo and ExAmen.

“ExLPD versus ExAmen.

9ExOvul versus ExAnov.

¢SedOwul versus ExOvul, ExLPD, ExAnov, ExOligo, ExAmen.
fSedOwul versus ExOvul, EXLPD, ExAnov, ExAmen.
8ExOvul, ExLPD, ExAnov versus ExAmen.
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Figure 2 Prevalence of subtle menstrual disturbances among
sedentary and exercising subjects.

(A) Demonstrates the proportion of sedentary women (n = 20) categorized
as having ovulatory or LPD cycles. Ninety-five percent (19/20) of the seden-
tary women had mostly ovulatory menstrual cycles, and only 5.0% (1/20) of
the sedentary subjects were characterized as having LPD cycles. (B) lllustrates
the proportion of exercising women (n = 48) categorized as having ovulatory,
anovulatory or LPD cycles. Only 48% (23/48) of the exercising women had
ovulatory cycles. Twenty-seven percent (13/48) were categorized as having
LPD cycles, and 25% (12/48) were categorized as having anovulatory cycles.
Fewer exercising versus sedentary women displayed ovulatory cycles
(P<0.001, x*=13.252). A significantly greater proportion of exercising
women displayed anovulatory cycles (P < 0.001, x* = 6.071) when compared
with sedentary women. There was a trend (P = 0.050, x* = 4.21 1) toward a
greater proportion of exercising women categorized as LPD when compared
with sedentary women. { Indicates P = 0.050; § indicates P < 0.00I. LPD,
Luteal phase defect.

Table 111 By subject comparisons of University of
Toronto subjects grouped by menstrual category of
oligomenorrheic and amenorrheic

Sed Ex women Probability
women (n=43)
(n=10)

Oligomenorrheic 0% (0/10) 7.0% (3/43) 1.000 (x* = 0.740)

Amenorrheic 0% (0/10)  37.2% (16/43)  0.023 (* = 5.330)

Values are presented as percentages. Data in parenthesis is the number of subjects in
the respective menstrual group over the total number of subjects in the respective
exercise group.

Sed, sedentary; Ex, exercising.

Two women in the sedentary group were monitored for only one
cycle. Among the exercising women monitored for multiple cycles
(n=47), 31.9% (15 women) were consistently ovulatory, 31.9% (15
women) were consistently abnormal, and 36.2% (17 women) dis-
played inconsistently abnormal cycles. One exercising subject was
monitored for only one menstrual cycle. There were fewer consist-
ently ovulatory cycles in the exercising women (x* = 20.361, p <
0.001), more consistently abnormal cycles in the exercising women
(x* = 7.468, p = 0.006) and more inconsistently abnormal cycles in
the exercising women (x> = 6.092, p = 0.014).

Clinical menstrual cycle characteristics

Menstrual cycle characteristics for the menstrual cycles grouped by
exercise status (sedentary or exercising) and menstrual status (ovula-
tory, LPD or anovulatory) are presented in Table V. The intermenstr-
ual interval (overall menstrual cycle length) of the SedOvul, ExOvul,
EXLPD and ExAnov groups of cycles were similar (P = 0.574). The
EXLPD cycles had significantly longer follicular phases (18.70 + 0.6
days) than the ExOvul (15.12 + 0.46 days) and SedOwul (16.13 +
0.52 days) cycles. As anticipated, luteal phase length was significantly
shorter in the EXLPD cycles (9.91 + 0.38 days) compared with the
ExOvul (12.64 + 0.29 days) and SedOwvul (12.76 + 0.33 days)
cycles. The ExAnov cycles were excluded from the statistical analyses
on luteal and follicular phase lengths.

Prevalence of ovulatory versus abnormal
cycles: comparisons by menstrual cycles

The prevalence of subtle menstrual disturbances, determined when
menstrual cycles were grouped by menstrual cycle category of ovula-
tory or abnormal, or when abnormal is further categorized as a short
LPD cycle, an inadequate LPD cycle, a short and inadequate LPD cycle
or an anovulatory cycle, is shown in Fig. 3. Among the sedentary
women, 46 of 48 (96%) menstrual cycles monitored were ovulatory;
whereas among the exercising women, only 60 of 120 (50%) of the
menstrual cycles monitored were ovulatory. Only two cycles from
one sedentary woman had inadequate luteal phases (low progester-
one concentrations). Among the exercising women, 50% of the 120
menstrual cycles monitored demonstrated either LPD cycles (29.2%,
n = 35) or anovulation (20.8%, n = 25). Among the LPD menstrual
cycles, 11.7% (n=14) had characteristic short luteal phases, 8.3%
(n=10) were inadequate and 9.2% (n=11) were short and
inadequate. Figure 4 displays the cumulative composite graphs of the
characteristic menstrual cycles when categorized by SedOwul,
ExOvwvul, EXLPD and ExAnov.

Prevalence of oligomenorrheic and
amenorrheic cycles: comparisons of
menstrual cycles

The prevalence of severe menstrual disturbances, as determined by
analysis of the cycles collected at the Toronto site, is shown in
Table VI. Among the cycles of exercising women, 3.5% (3/86) fulfilled
the criteria of oligomenorrhea; whereas, 33.7% (29/86) were charac-
teristic of amenorrhea. Neither oligomenorrheic nor amenorrheic
cycles were observed among the cycles of sedentary women. The
prevalence of amenorrheic cycles was significantly greater (}* =
9.284, P < 0.001) among cycles of exercising women than those of
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Table IV Proportion of sedentary and exercising subjects displaying consistent and inconsistent ovulatory cycles and

subtle menstrual disturbances (LPD and anovulation)

Sed women (n = 18)

Consistently ovulatory 94.4% (17/18)
0% (0/18)

5.6% (1/18)

Consistently LPD/anovulatory

Inconsistently LPD/anovulatory

Ex women (n = 47) Probability

<0.001 (x> =20.361)
0.006 (x* = 7.468)
0.014 (x* = 6.092)

31.9% (15/47)
31.9% (15/47)
36.2% (17/47)

Values are presented as percentages. Data in parenthesis is the number of subjects with consistent or inconsistent cycles over the total number of subjects in the respective exercise group.

Sed, sedentary; Ex, exercising.

Table V Menstrual cycle parameters and LH for the menstrual cycles grouped by exercise status (sedentary or
exercising) and menstrual status (ovulatory, luteal phase deficient or anovulatory)

SedOvul (n = 48)

Menstrual cycle length (days) 28.89 + 0.63 27.78 + 0.55
Follicular phase length (days) 16.13 +0.52 15.12 + 0.46
Luteal phase length (days) 12.76 + 0.33 12.64 +0.29
Peak LH (mlU/1) 109.19 + 6.49 89.24 + 576

ExOvul (n=60)

ExLPD (n=35) ExAnov (n=25) Probability
28.64 + 0.73 28.42 + 0.82 0.574
18.70 4+ 0.6* N/A <0.001

991 +0.38% N/A <0.001
84.01 +7.57° N/A 0.022

Values are the mean + SEM.

SedOvul, sedentary ovulatory; ExOvul, exercising ovulatory; EXLPD, exercising luteal phase deficient; ExAnov, exercising anovulatory.

2SedOvul and ExOwvul versus ExLPD.
SedOwul versus ExLPD.

sedentary women. Figure 5 displays a characteristic ovulatory and a
characteristic oligomenorrheic cycle of a subject who inconsistently
presents with oligomenorrhea as well as two 28-day monitoring
periods of a consistently amenorrheic, exercising subject.

Ovarian steroid characteristics of menstrual
cycles studied

Estrogen excretion

EIG excretion patterns for the menstrual cycles grouped by exercise
status (sedentary or exercising) and menstrual status (ovulatory, LPD
or anovulatory) are presented in Table VII. There were no significant
differences observed between groups with respect to peak concen-
tration of the EIG excretion; however, the day of the EIG peak
was significantly later (P=0.001) in the ExLPD group (17.39 +
0.66) compared with the ExOvul group (14.02 + 0.50). The ExAnov
cycles demonstrated significant suppression (P=0.018) of EIG
excretion during the early follicular phase (Days 2—5 of the menstrual
cycle) compared with the SedOwul cycles. During Days 6—12, EIG
excretion was significantly less (P=0.001) in the ExAnov cycles
than in the SedOvul and ExOwul cycles. Over the entire follicular
phase, EIG secretion did not differ among the SedOvul, ExOvul or
EXLPD cycles, but less EIG was excreted during the ExAnov cycles
(P=10.001). For the ExAnov cycles, the follicular phase represented
Days |—14 of the 28-day intermenstrual interval. The AUC for EIG
during the follicular phase was lower (P=0.001) in the ExAnov
cycles than in the SedOwvul and ExOwul cycles. During the luteal
phase, EIG AUC was lower (P = 0.002) in the ExXLPD and ExAnov
cycles in comparison to the SedOwvul cycles.

Progesterone excretion

PdG excretion patterns for the menstrual cycles grouped by exercise
status (sedentary or exercising) and menstrual status (ovulatory, LPD
or anovulatory) are presented in Table VIII. Peak PdG excretion was
significantly less (P < 0.001) in the ExAnov and ExLPD cycles than
in the SedOvul and ExOwul cycles. During the luteal phase, PdG
excretion was significantly less (P<<0.001) in the ExLPD and
ExAnov cycles compared with the SedOvul and ExOwvul cycles, with
the lowest PdG excretion presenting in the ExAnov cycles as assessed
by PdG AUC and mean luteal phase PdG (truncated luteal phase of
0.5/intermenstrual interval, as a true luteal phase could obviously
not be discerned).

Gonadotrophin excretion characteristics

LH excretion patterns for the menstrual cycles grouped by exercise
status (sedentary or exercising) and menstrual status (ovulatory,
LPD or anovulatory) are presented in Table V. Peak urinary LH was
significantly lower (P =0.022) in the ExLPD cycles than in the
SedOwul cycles.

Discussion

This study explored the frequency of luteal and ovulatory disturbances
in consecutive, asymptomatic, regular menstrual cycles of normal
length in physically active women. Secondly, the frequency of oligome-
norrhea and amenorrhea among a subset of exercising women was
also determined. The physically active cohort in this study represented
a cross-section of recreational and competitive athletes across a wide
array of physical activities. This issue is important given the well-
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Figure 3 Prevalence of subtle menstrual disturbances when all indi-
vidual cycles are examined independent of the subjects.

(A) Demonstrates the proportion of cycles displaying subtle menstrual disturb-
ances among sedentary women (n = 48). Cycles of sedentary women dis-
played a 95.8% (46/48) prevalence of ovulatory cycles and a 4.2% (2/48)
prevalence of abnormal cycles, all of which were characterized by an
inadequate LPD. (B) Demonstrates the proportion of cycles displaying
subtle menstrual disturbances among exercising women (n = 120). Cycles of
exercising women displayed a 50.0% (60/120) prevalence of ovulatory
cycles, 29.2% (35/120) prevalence of LPD, and 20.8% (25/120) prevalence
of anovulation. Further analysis revealed that |1.7% (14/120) were short
LPD, 8.3% (10/120) were inadequate LPD, and 9.2% (I11/120) were both
short and inadequate LPD. Cycles of exercising women displayed a significantly
lower proportion of ovulatory cycles (P < 0.001, x*=30.931) but a signifi-
cantly higher proportion of short LPD cycles (P=0.001, x*= 6.109),
short/inadequate LPD cycles (P=0.035, x*=4.708), and anovulatory
cycles (P< 0.001, x*> = |1.748) than cycles of sedentary women. # Indicates
P < 0.050; § indicates P < 0.001. LPD, Luteal phase defect.

described wide array of clinical consequences associated with men-
strual disturbances in exercising women, including decreased bone
mineral density, increased risk of stress fractures, endothelial dysfunc-
tion and poor cycle fecundity (McNeely and Soules, 1988; De Souza
and Williams, 2004; Nattiv, 2007, O’Donnell et al., 2007, 2009).
We clearly demonstrate the high prevalence of subtle menstrual dis-
turbances in presumed normal cycles of 2635 days in physically active
women, confirming our earlier report (De Souza et al., 1998). We
report herein that the 2—3 month sample prevalence of abnormal
ovarian function, including LPD and anovulation, in our physically
active women was 52%, compared with only 5% among the sedentary
age-matched women. These perturbations in ovarian function occurred
in the face of remarkably consistent intermenstrual intervals of ~28
days supporting our previous assessment (De Souza et al., 1998) that
menstrual cycle length is not an accurate marker of ovarian function
in this population. Thus, in spite of the women in this study presenting
with repeatable and consistent intermenstrual intervals of normal
length, their ovarian function was highly variable and frequently abnor-
mal. For this reason, the percentage of both physically active women
and female athletes at risk for the menstrual disturbance component

of the Female Athlete Triad may actually be greater than that which
has been previously published (Torstveit and Sundgot-Borgen, 2005a,
b) due to the inability of menstrual history questionnaires to capture
individuals with subtle menstrual disturbances. Again, given the clinical
sequelae associated with the Triad, physicians need to be aware of
the limitations associated with solely relying on menstrual cycle length
as an indicator of ‘normal” menstrual function.

In fact, detailed analysis of the data reveals that as many as 50% of the
120 cycles evaluated from the exercising women were abnormal (LPD
or anovulation); whereas, only 4% of the 48 cycles evaluated from the
sedentary women were abnormal. The previous percentage is sobering
if we consider that at least half of the menstrual cycles of recreationally
active women and athletes may be characterized by a menstrual disturb-
ance without any clinical demonstration or symptom of the abnormality.
Because these abnormalities are unobtrusive, both clinicians and active
women are unlikely to take action to reverse these disturbances and
restore normal, ovulatory cycles. The frequency of subtle menstrual dis-
turbances reported in this article agrees with our previous findings in
which 10% of 31 cycles from sedentary women and 55% of 66 cycles
from exercising women were considered abnormal (De Souza et al.,
1998). Although the previously reported percentages of abnormal
cycles in both the exercising and sedentary women are slightly greater
(De Souza et al., 1998) than those reported herein, the frequency of
abnormal cycles between sedentary and exercising women remains
starkly and significantly different. Neither the previously reported data
(De Souza et dal., 1998) nor the frequencies reported herein revealed
any anovulatory cycles in sedentary women; all abnormal cycles in
this group were characterized by a LPD. Small non-significant differ-
ences were apparent when comparing the type of abnormalities
observed in the cycles of exercising women. The data published in
1998 (De Souza et al., 1998) revealed that 43 and 12% of the cycles
of the exercising women were LPD and anovulatory, respectively.
The current dataset demonstrated a similar distribution between
these two main types of subtle disturbances; 30% of the cycles of exer-
cising women were characteristic of a LPD; whereas, 20% were con-
sidered anovulatory. The aforementioned differences in these
frequencies, however, were not of statistical significance. The frequency
of anovulatory cycles increased with a rise in the number of cycles ana-
lyzed, suggesting that perhaps the more severe subtle menstrual dis-
turbance, anovulation, may be more prevalent among exercising
women than originally thought.

In our analysis of 43 exercising women, 37% were considered ame-
norrheic. Among 86 28-day monitoring periods from these subjects,
34% were considered amenorrheic. This study represents the first
published data documenting the prevalence of amenorrhea in exercis-
ing women by assessments of ovarian steroids in daily urine samples.
Although two studies (Feicht et al., 1978; Hoch et al., 2007) reported
the frequency of amenorrhea to be slightly greater than that reported
here (40—43 versus 37%), the majority of studies that have analyzed
the prevalence of self-reported amenorrhea have presented percen-
tages smaller than that observed herein. For example, Feicht et al.
(1978) reported a variable prevalence of amenorrhea of 6-43%
which was dependent on running mileage among collegiate cross
country and track and field teams. In a sample of female club triathlon
team members, Hoch et al. (2007) reported that 40% of the women
had a history of either primary or secondary amenorrhea and, as
such, may represent an inflated prevalence rate due to the inclusion
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Figure 4 Composite graphs of daily urinary reproductive excretion for ovulatory and abnormal cycles when categorized by exercise and menstrual status.

(A—D) Demonstrate the mean daily E| G and PdG concentrations among all SedOvul, ExOvul, EXLPD and ExAnov cycles, respectively. SedOvul, Sedentary ovulatory; ExOwul,
Exercising ovulatory; EXLPD, Exercising luteal phase deficient; ExAnov, Exercising anovulatory; EIG, estrone- | -glucoronide; PdG, pregnanediol glucoronide.

Table VI Individual comparisons of University of Toronto AWS menstrual cycles grouped by menstrual category of

oligomenorrheic and amenorrheic

Sed cycles (n = 20)

Ex cycles (n = 86)

Probability

Oligomenorrheic cycles

Amenorrheic 28 day monitoring periods

0% (0/20)
0% (0/20)

3.5% (3/86)
33.7% (29/86)

1.000 (x* = 0.718)
0.001 (x* =9.284)

Values are presented as percentages. Data in parenthesis is the number of cycles in the respective menstrual group over the total number of cycles in the respective exercise group.

Sed, sedentary; Ex, exercising.

of those with primary amenorrhea. The frequency of self-reported
amenorrhea among exercising women described by other studies
(Dale et al., 1979; Sanborn et al., 1982; Shangold and Levine, 1982;
Brooks-Gunn et al., 1987; Glass et al., 1987; Beals and Manore,
2002; Cobb et al., 2003; Beals and Hill, 2006; Nichols et al., 2007)
ranges from | to 26%; however, it is imperative to note that the
populations of athletes studied as well as the definitions of amenor-
rhea differ considerably among studies. This must be taken into
account when comparing our reported frequency with those pre-
sented by others. That said, reliance on the assessment of daily
urinary ovarian steroid concentrations to determine the prevalence
of severe and clinically observable menstrual disturbances such as oli-
gomenorrhea and amenorrhea renders a greater frequency of

amenorrhea among exercising women than many studies presenting
self-reported data. Thus, it appears that self-report of amenorrhea
may not accurately capture the prevalence of this health problem
among exercising females.

A higher frequency of amenorrhea is displayed among our exercis-
ing women when compared with the general population. Utilizing a
definition of amenorrhea similar to ours, Bachmann and Kemmann
(1982) reported that 2.6% of college students had no menses for at
least 3 months. In our study of severe menstrual disturbances, no
sedentary women displayed cycles indicative of amenorrhea;
however, it is logical that a survey of the general population will
result in a slightly higher prevalence presumably attributable to the
inclusion of both sedentary and exercising women.
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Figure 5 Two consecutive cycles from an exercising subject who inconsistently presented with oligomenorrhea (A, ovulatory cycle and B, oligo-
menorrheic cycle) and two consecutive 28-day monitoring periods from an exercising subject who is consistently amenorrheic (€ and D).

Table VII Estrogen excretion characteristics for the cycles grouped by exercise status (sedentary or exercising) and
menstrual status (ovulatory, luteal phase deficient or anovulatory)

SedOvul (n=48) ExOvul (n=60) ExLPD (n=35) ExAnov (n=25) Probability

Estrogen excretion

EIG peak (ng/ml) 11277 £ 11.26 118.83 + 10.0 99.80 + 13.15 N/A 0.540

EIG peak day 1524 +0.57 14.02 4+ 0.50 17.39 + 0.66" N/A 0.001

EIG Days 2-5 30.55 +£2.26 28.12 +2.00 23.24 + 2.6l 19.97 4+ 2.94° 0.018

EIG Days 6—12 44.02 +£2.94 4111 +£2.66 31.83 +3.67 27.00 + 3.87° 0.001

EIG follicular phase” 46.55 + 3.05 49.18 +2.67 46.46 + 3.59 29.64 + 3.92¢ 0.001

EIG luteal phase” 63.09 + 4.94 60.24 + 4.39 59.65 + 5.77 48.88 + 6.50 0.364
Area under the curve analysis

E|G follicular phase AUC 665.22 + 49.88 723.42 + 44.21 612.00 + 60.41 405.99 + 66.17¢ 0.001

EIG luteal phase AUC 770.08 + 51.56 661.54 + 46.22 507.47 + 62.12° 506.77 + 67.83° 0.002

Values are the mean + SEM.

SedOvul, sedentary ovulatory; ExOvul, exercising ovulatory; EXLPD, exercising luteal phase deficient; ExAnov, exercising anovulatory; AUC, area under the curve.
*Follicular and luteal phase values for ExAnov group represent Days | —13 (follicular) and Day 14 to last day of cycle (luteal).

2ExOvul versus ExLPD.

bSedOwul versus ExAnov.

“SedOvul and ExOwvul versus ExAnov.

9SedOwul, ExOvul and ExLPD versus ExAnov.

*SedOwul versus ExLPD, ExAnov.

In this data set, the prevalence of oligomenorrhea or irregular cycles range between 9.8 and 40% among exercising women (Dale, 1979;
among exercising women appears to be low compared with other Shangold and Levine, 1982; Brooks-Gunn et al., 1987; Glass et al.,
studies. On the basis of self-report of menstrual disturbances, other 1987; Beals and Manore, 2002; Cobb et al., 2003; Nichols et al.,

investigators have observed the frequency of oligomenorrhea to : 2007) and between 5.6 and 11.3% in the general population of
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Table VIII Progesterone excretion characteristics for the cycles grouped by exercise status (sedentary or exercising) and
menstrual status (ovulatory, luteal phase deficient or anovulatory)

SedOvul (n=48)

Progesterone excretion

Peak PdG 7.93 +£0.67 831 +0.59

Peak PdG day 23.42 4+ 0.55 21.83 +0.48

PdG luteal phase* 443 £0.33 4254029

Sum of 3-day midluteal PdG 19.28 + 1.6l 19.56 + 1.42
Area under the curve analysis

PdG luteal phase AUC 52.54 +3.24 47.51 £2.90

ExOvul (n=60)

ExLPD (n=35) ExAnov (n=25) Probability
4.51 +0.78° 1.75 + 0.90* <0.001
23.50 + 0.65 23.38 +£ 0.75 0.076
2.68 + 0.39° 1.12 + 0.43%° <0.001
[1.03 + 1.88° 3.59 +2.167 <0.001
23.71 4+ 3.90° 8.73 + 4.26° <0.001

Values are the mean + SEM.

SedOvul, sedentary ovulatory; ExOvul, exercising ovulatory; EXLPD, exercising luteal phase deficient; ExAnov, exercising anovulatory; AUC, area under the curve.

*Luteal phase PdG values for ExAnov group represent Days |4 to last day of menstrual cycle.

2SedOvul and ExOvul versus ExLPD and ExAnov.
PExLPD versus ExAnov.

college students (Singh, 1981; Bachmann and Kemmann, 1982). Our
reported prevalence of 7 and 0% among exercising and sedentary
women, respectively, may be an underestimation due to the long dur-
ation oligomenorrheic cycles and, consequently, the difficulty of collect-
ing daily urine samples from a single woman for extended periods. It is
also possible that since we excluded all women with a current or past
history of PCOS we are therefore reporting a conservative but more
accurate estimate of oligomenorrhea and possibly amenorrhea in exer-
cising women. Of course, there are no data published to date that have
utilized daily ovarian steroid assessments of oligomenorrhea nor care-
fully excluded cases of PCOS by detailed biochemical evaluations, and
as such, self-reported cases may reflect an overestimation, especially
if women with PCOS were not excluded. Some investigators have
suggested that oligomenorrhea in exercising women may be due to a
distinctly different hormonal milieu than the energy deficiency-related
mechanisms observed in exercising, amenorrheic women (Rickenlund
et al, 2003). Specifically, it is proposed that hyperandrogenism is,
more often than not, the primary mechanism underlying oligomenor-
rhea in exercising women (Rickenlund et al., 2003).

Clinicians seek to restore normal menstruation in females that
present with symptoms of menstrual dysfunction due to the known
consequences associated with suppressed ovarian activity. Such clinical
consequences include infertility (McNeely and Soules, 1988), impaired
vascular function and an unfavorable lipid profile (Rickenlund et al.,
2005; O’Donnell et al., 2009), and the loss of bone mass (De Souza
and Williams, 2004; Nattiv, 2007). The ovarian steroids, estrogen
and progesterone, play a role in achieving optimal reproductive, cardi-
ovascular, and bone health (McNeely and Soules, 1988; Mendelsohn
and Karas, 1999; Compston, 2001); therefore, the suppressed EIG
and PdG concentrations reported herein among exercising women
with exercise-associated menstrual disturbances may contribute to
decreased cycle fecundity and an increased risk of cardiovascular
disease and osteoporosis among these women. Appropriate clinical
assessment of menstrual status in exercising women with a focus on
adequate energy intake is essential for these women to fully experi-
ence the benefits of exercise.

In conclusion, the 2—3 month sample prevalence of subtle men-
strual disturbances, determined by the analysis of daily urinary

ovarian steroids, suggests that approximately half of all exercising
women experience abnormal menstrual cycles, i.e. LPD and anovula-
tion, which are associated with decreased cycle fecundity and habitual
abortion (McNeely and Soules, 1988). Since these subtle menstrual
disturbances are not detected by changes in intermenstrual interval,
these disturbances remain largely undiagnosed. Estimates of the preva-
lence of subtle menstrual disturbances in exercising women determined
by the presence or absence of short or long cycles does not identify
these disturbances. Furthermore, more than one third of exercising
women may present with amenorrhea, a severe menstrual disturbance
known to compromise bone health (De Souza and Williams, 2005; De
Souza et al., 2008). Due to the possible health consequences associated
with menstrual dysfunction and its impact on fertility, determining
appropriate and feasible measures that can more critically evaluate
menstrual disturbances in the clinical setting is warranted. Heightened
awareness among physically active women and raising awareness
among athletic trainers, coaches, physical therapists and other health-
care professionals about the Female Athlete Triad is essential to
promote healthy exercise practices among girls and women.

Authors’ Roles

M..D. was responsible for designing the study, data collection and
interpretation and writing the manuscript. RJ.T. participated in data
analyses, data interpretation and writing the manuscript. J.L.S.,
E.O.D. and S.L.W. participated in data collection, data analyses and
writing the manuscript. N.I.W. participated in designing the study,
data interpretation and writing the manuscript.

Funding

Arthur Thornton Cardiopulmonary Fund, New Britain General Hospi-
tal, Connecticut.

References

Bachmann GA, Kemmann E. Prevalence of oligomenorrhea and
amenorrhea in a college population. Am | Obstet Gynecol 1982;
144:98—102.

102 ‘€T JoqUiBAON UO 1FeuUDUID JO A1sIBAIUNAde boy-0ay sielies e /io'sfeuinolp.o)xo-daiwnyy//:dny wouy papeojumoq


http://humrep.oxfordjournals.org/

Menstrual disturbances in exercising women

503

Beals KA, Hill AK. The prevalence of disordered eating, menstrual
dysfunction, and low bone mineral density among US collegiate
athletes. Int | Sport Nutr Exerc Metab 2006;16:1-23.

Beals KA, Manore MM. Disorders of the female athlete triad among
collegiate athletes. Int | Sport Nutr Exerc Metab 2002;12:281-293.

Beitins 1Z, McArthur JW, Turnbull BA, Skrinar GS, Bullen BA. Exercise
induces two types of human luteal dysfunction: confirmation by
urinary free progesterone. | Clin Endocrinol Metab 1991;72:
1350-1358.

Brooks-Gunn J, Warren MP, Hamilton LH. The relation of eating problems
and amenorrhea in ballet dancers. Med Sci Sports Exerc 1987;19:
41-44.

Cobb KL, Bachrach LK, Greendale G, Marcus R, Neer RM, Nieves |,
Sowers MF, Brown BW Jr, Gopalakrishnan G, Luetters C et al.
Disordered eating, menstrual irregularity, and bone mineral density in
female runners. Med Sci Sports Exerc 2003;35:711-719.

Compston JE. Sex steroids and bone. Physiol Rev 2001;81:419—447.

Dale E, Gerlach DH, Wilhite AL. Menstrual dysfunction in distance
runners. Obstet Gynecol 1979;54:47-53.

De Souza MJ, Williams NI. Physiological aspects and clinical sequelae of
energy deficiency and hypoestrogenism in exercising women. Hum
Reprod Update 2004;10:433—-448.

De Souza MJ, Williams NI. Beyond hypoestrogenism in amenorrheic
athletes: energy deficiency as a contributing factor for bone loss. Curr
Sports Med Rep 2005;4:38—44.

De Souza M|, Miller BE, Loucks AB, Luciano AA, Pescatello LS,
Campbell CG, Lasley BL. High frequency of luteal phase deficiency
and anovulation in recreational women runners: blunted elevation in
follicle-stimulating hormone observed during luteal-follicular transition.
J Clin Endocrinol Metab 1998;83:4220—-4232.

De Souza MJ, West SL, Jamal SA, Hawker GA, Gundberg CM,
Williams NI. The presence of both an energy deficiency and estrogen
deficiency exacerbate alterations of bone metabolism in exercising
women. Bone 2008;43:140—148.

Feicht CB, Johnson TS, Martin B, Sparkes KE, Wagner WW Jr. Secondary
amenorrhoea in athletes. Lancet 1978;2:1145—1146.

Glass AR, Deuster PA, Kyle SB, Yahiro JA, Vigersky RA, Schoomaker EB.
Amenorrhea in  Olympic marathon runners. Fertil Steril 1987;
48:740—-745.

Hoch AZ, Stavrakos JE, Schimke JE. Prevalence of female athlete triad
characteristics in a club triathlon team. Arch Phys Med Rehabil 2007,
88:681-682.

Jordan J, Craig K, Clifton DK, Soules MR. Luteal phase defect: the
sensitivity and specificity of diagnostic methods in common clinical
use. Fertil Steril 1994;62:54—62.

Kesner ]S, Wright DM, Schrader SM, Chin NW, Krieg EF Jr. Methods of
monitoring menstrual function in field studies: efficacy of methods.
Reprod Toxicol 1992;6:385—400.

McNeely MJ, Soules MR. The diagnosis of luteal phase deficiency: a critical
review. Fertil Steril 1988;50:1—15.

Mendelsohn ME, Karas RH. The protective effects of estrogen on the
cardiovascular system. N Engl | Med 1999;340:1801—181 1.

Miller RC, Brindle E, Holman DJ, Shofer ], Klein NA, Soules MR,
O’Connor KA. Comparison of specific gravity and creatinine for

normalizing urinary reproductive hormone concentrations. Clin Chem
2004;50:924-932.

Munro CJ, Stabenfeldt GH, Cragun JR, Addiego LA, Overstreet JW,
Lasley BL. Relationship of serum estradiol and progesterone
concentrations to the excretion profiles of their major urinary
metabolites as measured by enzyme immunoassay and
radioimmunoassay. Clin Chem 1991;37:838—844.

Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen |,
Warren MP. American College of Sports Medicine position stand. The
female athlete triad. Med Sci Sports Exerc 2007;39:1867—1882.

Nichols JF, Rauh M]J, Barrack MT, Barkai HS, Pernick Y. Disordered
eating and menstrual irregularity in high school athletes in lean-build
and nonlean-build sports. Int | Sport Nutr Exerc Metab 2007;
17:364-377.

O’Donnell E, Harvey P}, Goodman JM, De Souza M. Long-term estrogen
deficiency lowers regional blood flow, resting systolic blood pressure,
and heart rate in exercising premenopausal women. Am | Physiol
Endocrinol Metab 2007;292:E1401—E1409.

O’Donnell E, Harvey P), De Souza MJ. Relationships between vascular
resistance and energy deficiency, nutritional status and oxidative stress
in oestrogen deficient physically active women. Clin Endocrinol (Oxf)
2009;70:294-302.

Pettersson F, Fries H, Nillius SJ. Epidemiology of secondary amenorrhea.
I. Incidence and prevalence rates. Am | Obstet Gynecol 1973;117:
80-86.

Rickenlund A, Carlstrom K, Ekblom B, Brismar TB, von Schoultz B,
Hirschberg AL. Hyperandrogenicity is an alternative mechanism
underlying oligomenorrhea or amenorrhea in female athletes and may
improve physical performance. Fertil Steril 2003;79:947—-955.

Rickenlund A, Eriksson M), Schenck-Gustafsson K, Hirschberg AL.
Amenorrhea in female athletes is associated with endothelial
dysfunction and unfavorable lipid profile. | Clin Endocrinol Metab 2005;
90:1354—1359.

Saltin B, Astrand PO. Maximal oxygen consumption in athletes. | Appl
Physiol 1967;23:353.

Sanborn CF, Martin BJ, Wagner WW Jr. Is athletic amenorrhea specific to
runners? Am | Obstet Gynecol 1982;143:859—-861.

Santoro N, Crawford SL, Allsworth JE, Gold EB, Greendale GA,
Korenman S, Lasley BL, McConnell D, McGaffigan P, Midgely R et al.
Assessing menstrual cycles with urinary hormone assays. Am | Physiol
Endocrinol Metab 2003;284:E52 | —E530.

Shangold MM, Levine HS. The effect of marathon training upon menstrual
function. Am | Obstet Gynecol 1982;143:862—-869.

Singh KB. Menstrual disorders in college students. Am | Obstet Gynecol
1981;140:299—-302.

Torstveit MK, Sundgot-Borgen J. The female athlete triad: are elite athletes
at increased risk? Med Sci Sports Exerc 2005a;37:184—193.

Torstveit MK, Sundgot-Borgen ]. The female athlete triad exists in
both elite athletes and controls. Med Sci Sports Exerc 2005b;37:
[449—1459.

Woade GN, Schneider JE, Li HY. Control of fertility by metabolic cues. Am |
Physiol 1996;270:E1-EI19.

Submitted on August 31, 2009; resubmitted on October 23, 2009; accepted on
October 27, 2009

102 ‘€T JoqUiBAON UO 1FeuUDUID JO A1sIBAIUNAde boy-0ay sielies e /io'sfeuinolp.o)xo-daiwnyy//:dny wouy papeojumoq


http://humrep.oxfordjournals.org/

