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Abstract

Background—Cortisol within the normal range has been associated with reduced bone density
in the elderly, but little is known about this relationship in healthy young women.

Purpose—To assess whether 24-hr urinary free cortisol excretion (UFC) is related to bone
density in 132 healthy, non-obese, regularly-menstruating women, aged 19-35.

Method—~Participants completed questionnaires (food frequency, demographics, physical
activity, dietary restraint, perceived and daily stress) and a 24-hr urine collection. UFC was
determined by high-throughput liquid chromatography and tandem mass spectrometry.
Anthropometrics were completed and a dual energy x-ray absorptiometry scan measured a real
bone mineral density (aBMD, g/cm?) and bone mineral content (BMC, g) at the lumbar spine
(L1-4), hip and total body (TB) as well as total body lean (LBM) and fat mass.

Results—aBMD and BMC were significantly positively associated with height, LBM, physical
activity, calcium intake and duration of previous oral contraceptive use (except L1-4) and
negatively with perceived stress. UFC was not correlated with any measured variables except urine
volume (r=0.17, p=0.046). After adjusting for urine volume, height, LBM, ethnicity and prior oral
contraceptive use, UFC was significantly inversely associated with TB BMC (r=-0.30, p<0.001)
and aBMD (r=-0.27, p=0.003), L1-4 aBMD (r=-0.19, p=0.035) and BMC (r=-0.18, p=0.049) and
hip BMC (r=-0.23, p=0.011). Further adjustment for sport activity, calcium intake and perceived
stress did not change these relationships meaningfully except that L1-4 became nonsignificant
(p<0.07).

Conclusion—Cortisol within the normal range appears to have a minor negative influence on

bone density in healthy young women.
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Introduction

Stress, whether inflammatory, traumatic or psychological, activates the hypothalamic-
pituitary-adrenal (HPA) axis triggering an increase in cortisol, a glucocorticoid stress
hormone, which over time may have implications for various body systems [1]. Cortisol may
negatively affect bone density by altering bone turnover, impairing intestinal absorption and
renal reabsorption of calcium, and, in premenopausal women, by inhibiting reproductive
hormones [2]. A recent review strongly suggests that patients with Cushing’s syndrome, a
condition of hypercortisolism, have reduced bone formation, lower bone density and an
increased incidence of osteoporosis and fractures [2]. Subclinical hypercortisolism, as found
with adrenal adenoma, shows similar patterns [2]. Whether variation in cortisol within the
normal range can also have adverse effects on bone density is less clear.

Studies among healthy older adults report an inverse association between cortisol and bone
density [3-6] and a positive association between cortisol and fracture risk [7]. Among
premenopausal women, evidence suggestive of an inverse relationship between cortisol and
bone density comes from clinical samples of patients with major depression and eating
disorders [8-13]. However, the findings are not consistent [14-16], possibly due to the
presence of other bone-related factors in these disorders such as amenorrhea, immune
dysfunction and medication side effects. Only three cross-sectional studies have assessed
whether cortisol is related to bone density in healthy young women, all of which included
women with high versus low levels of cognitive dietary restraint [17-19]. Dietary restraint
represents the perception that one is constantly monitoring and attempting to limit food
intake in an effort to achieve a perceived ideal body weight, and may be a subtle but chronic
stressor, as women with high restraint have been reported to have higher salivary or 24-hr
urinary cortisol than women with low restraint [17, 20-22]. However, due to small sample
sizes, inconsistent findings, and selection of women with particular eating attitudes, the
findings related to bone density and cortisol from these studies are inconclusive [17-19].
Thus, the purpose of the current study was to assess the relationship between 24-hr urinary
free cortisol excretion and bone density in healthy young women.

Materials and Methods

Participants

From August to December 2006, participants were recruited using announcements in
University of British Columbia classes and poster advertisements in the community
(Vancouver, British Columbia, CANADA). Women were asked to participate if they were:
19-35 years of age, regularly-menstruating (menses every 21-35 days), non-obese (self-
reported body mass index (BMI) of 18-30 kg/m?2), and in general good health. Women were
excluded if they reported any medical conditions (eating disorder, polycystic ovarian
syndrome, Cushing’s syndrome, inflammatory conditions and thyroid disorders) or use of
any medications, currently or within the previous six months, that would affect the HPA axis
or bone density (oral contraceptives, progesterone, glucocorticoids). After 148 interested
women were screened for eligibility by phone, 142 were eligible: women were ineligible as
a result of oral contraceptive use (n=3), shift work (n=1), BMI of <17 kg/m? (n=1) and
glucocorticoid use (n=1). Two women did not attend their study orientation and were
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unavailable to reschedule. Therefore, 140 participants provided written informed consent
and met with an investigator (JB) to have anthropometric measurements made and to receive
materials and instructions on completion of a questionnaire package, food frequency
questionnaire (FFQ), 24-hr urine collection and a dual energy x-ray absorptiometry (DXA)
scan. Data collection occurred from August 2006 to February 2007. The study protocol was
approved by the university’s Clinical Research Ethics Board.

Questionnaires

Participants completed a questionnaire package which included questions to elicit
information about some variables known or thought to be associated with bone density
including the following: demographics (e.g. age, ethnicity), cigarette use, age of menarche,
pregnancies and previous use of progesterone and oral contraceptives. To assess the
influence of physical activity on bone density, the widely used Baecke Questionnaire of
Habitual Physical Activity was used to measure occupational, sport, non-sport leisure and
total physical activity [23]. The 16 items are scored on a five-point Likert scale. Higher
scores reflect higher physical activity levels, with possible scores of 1-5 for each domain
and 3-15 for total score. To evaluate the psychosocial aspects of stress we used the
following well-validated and widely used questionnaires. The Perceived Stress Scale (PSS)
includes 14 items, each scored on a five-point Likert scale, to determine the perception of
stress in the previous month [24]. Possible scores range from 0-56 with higher scores
indicating elevated stress perception. The 21 item Restraint subscale of the 7hree Factor
Eating Questionnaire (TFEQ) assesses the level of cognitive dietary restraint. Possible scores
range from 0 to 21, and higher scores suggest increased awareness and concern with weight,
shape and eating [25]. As well, participants answered the Daily Stress Inventory (DSI) to
assess the potential impact of 58 everyday minor stressful events which may have occurred
during the 24-hr urine collection. Events that did not occur are scored as zero, and those that
occurred are scored on a scale of 1 (not at all stressful) to 7 (caused me to panic) [26].
Accordingly, higher scores indicate increased general stress for the day of the urine
collection.

Dietary Intake

Urinalysis

The FFQ used in this study was the Diet History Questionnaire (DHQ, Version 1.0 National
Institutes of Health, Applied Research Program, National Cancer Institute, 2002). The DHQ
has been adapted for use with the Canadian Nutrient File [27]. Energy intakes of <600 or
>3500 kcal/d are deemed *‘biologically implausible’ and removed [27], resulting in removal
of three questionnaires >3500 kcal. Reported nutrient intakes are from food and
supplements.

At home, participants completed a 24-hr urine collection on a ‘normal day’ avoiding any
unusual physical or mental stresses. On the day of collection, participants discarded their
first urine void, recorded the time this occurred and then collected all subsequent voids for
24 hours (including a void at the recorded time the following morning). Completed samples
were delivered to the Vancouver General Hospital (VGH) Laboratory by courier. Volume
was measured and aliquots were frozen and stored prior to analysis. Twenty-four hour
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urinary free cortisol excretion (UFC; ug) was measured by high-throughput liquid
chromatography and tandem mass spectrometry [28].

Anthropometrics and Body Composition

Anthropometric measurements were made at study entry. Waist circumference was measured
at the narrowest point between the iliac crest and lowest rib to the nearest 0.1 cm using an
inelastic, flexible measuring tape. Height without shoes was measured to the nearest 0.1 cm
at full inspiration using a stadiometer (model 214; Seca, Hamburg, Germany). While
wearing light indoor clothing without shoes, weight was measured to the nearest 0.1 kg
using an electronic scale. From these data, body mass index (BMI; kg/m?) was calculated.
Measurements were made in duplicate. If differences occurred, a third measurement was
made and the two closest measurements were averaged.

At VGH, areal bone mineral density (aBMD, g/cm?), bone mineral content (BMC, g) and
bone area (cm) at the lumbar spine (L1-4), both hips and total body were measured using
DXA (Lunar Prodigy, enCORE software; GE Healthcare, Madison, WI). As well, total body
bone-free lean and fat mass (kg) and percent body fat were determined. Daily quality
assurance tests were conducted using a spine phantom scan and densitometric calibration.
Repeat aBMD measurements fall within £0.01 g/cm? for L1-4 and £0.012 g/cm? for the
proximal femur according to the manufacturer. The in-house coefficient of variation (CV)
for aBMD at the lumbar spine averaged 0.94% (range 0.82 — 1.10%) and the CV for total
proximal femur averaged 0.70% (range 0.65-0.76%).

Statistical Analysis

Results

Data were coded, verified and entered into SPSS (v.15) software (SPSS Inc., 2006) and
crosschecked for accuracy. Data were examined for outliers. Descriptive statistics were used
to characterize the sample. Pearson’s correlations were used to identify variables associated
with aBMD, BMC, bone area, UFC and PSS score. Relationships between UFC and aBMD,
BMC and bone area were then examined using partial correlations to adjust for potentially
confounding affects of urine volume, ethnicity, height, lean mass and duration of previous
oral contraceptive use as well as lifestyle variables (physical activity, perceived stress,
calcium intake). For calcium intake, correlations were examined as calcium intake per unit
of energy (mg/kcal). When independent variables were highly inter-correlated (e.g., weight
and lean mass; total activity and sport activity), the variable with the highest univariate
correlation with aBMD and BMC was included in partial correlations. Differences between
Caucasians and Asians were examined by independent sample t-tests and general linear
model adjusting for covariates. For all analyses, cases were excluded pairwise. As this was
an exploratory study, P values <0.10 are reported.

Characteristics of the Participants

Of the 140 women who were oriented to the study, 137 completed a DXA scan and 135
returned completed questionnaire packages. A urine collection was completed by 139
participants and UFC data were available for 134 as the lab lost four samples and one
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extreme outlier (7.4 SD above the mean) was removed from all analyses. The data presented
in this paper are from the 132 women for whom UFC and DXA measurements were
available. Participants were 22.3 + 3.6 years of age; almost all were students (94%) and
single (92%); 41% were Caucasian and 59% were Asian; and 3% currently smoked
cigarettes. Mean age at menarche was 12.6 + 1.4 years, 98.5% were nulliparous, 32%
reported previous use of oral contraceptives and 8% reported previous progesterone use.
Table 1 provides descriptive statistics of physical activity and questionnaire scores, intake of
bone-related nutrients, urinalysis, anthropometrics and DXA measurements. Asians were
significantly younger, smaller (height, weight, waist circumference, lean mass, fat mass,
BMI), less physically active (sport, leisure and total physical activity) and had lower intakes
of calcium/kcal and alcohol/kcal (data not shown). Asians were less likely to report previous
progesterone or oral contraceptive use and among those who did, for a significantly shorter
period of time (data not shown). However, dietary restraint, age of menarche, percent body
fat and intake of energy, vitamin D/kcal or caffeine/kcal did not differ by ethnicity (data not
shown).

Associations with aBMD, BMC and Bone Area

Table 2 shows Pearson’s correlation coefficients for the variables that were significantly
associated with bone parameters (aBMD, BMC and bone area). All bone parameters were
positively associated with height, weight, waist circumference, lean mass, physical activity,
sport activity, leisure activity (except total hip aBMD) and energy-adjusted calcium intake
(for total body aBMD, p=0.055). All bone parameters were negatively associated with PSS
score except L1-4 area. Fat mass was related to total body aBMD and BMC, L1-4 BMC and
total hip and L1-4 area. Total body and total hip parameters were positively correlated with
duration of previous oral contraceptive use. Bone parameters did not differ by ethnicity after
controlling for height, lean mass, sport activity, prior oral contraceptive use and calcium/kcal
intake. No other variables (including age or age of menarche) or nutrients of relevance to
bone health were correlated with bone parameters.

Associations with 24-hr Urinary Free Cortisol Excretion

The volume of urine collected was related to UFC (r=0.174, p=0.046). Urine volume was
positively associated with height, weight, LBM, BMI, waist circumference, reported energy
intake and sport activity (r=0.18 to 0.37, p<0.05) but not with fat mass or scores of dietary
restraint, PSS or DSI. Controlling for weight and/or height did not change the relationship
between UFC and urine volume and therefore, urine volume was included as a covariate in
all further analyses. In univariate and partial correlation adjusting for urine volume, UFC
was not correlated with age, any questionnaire scores or anthropometric measurements
including waist circumference, fat and lean mass (data not shown). UFC did not differ by
ethnicity before or after adjusting for urine volume (data not shown). As dietary restraint
was positively correlated with BMI (r=0.32, p<0.001), the analysis was repeated with BMI
as an additional covariate however; the relationship between restraint and UFC remained
nonsignificant.
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Associations with PSS Score

PSS score was negatively correlated with physical activity (r = —0.37, p<0.001), sport
activity (r= —0.39, p<0.001), non-sport leisure activity (r= -0.17, p=0.048), weight (r=
-0.27, p=0.002), lean mass (r= —0.30, p<0.001), BMI (r= —0.24, p=0.006) and waist
circumference (r= —0.23, p=0.006). An inverse relationship between PSS score and age (r=
-0.17, p=0.056) approached significance. Positive associations were observed between PSS
and DSI scores for the day of urine collection (r=0.24, p=0.006).

Associations Between 24-hr Urinary Free Cortisol Excretion and aBMD, BMC and Bone

Area

As shown in Table 2, UFC was negatively correlated to total body aBMD and approached
significance with total body BMC (p=0.057) and L1-4 aBMD (p=0.074) in univariate
analyses. Urine volume was positively related to BMC and area at all sites and hip aBMD.
Partial correlations between UFC and bone parameters are shown in Table 3. Adjusting for
urine volume, UFC was negatively correlated to total body aBMD and BMC, L1-4 aBMD
and total hip BMC. The inverse relationship between UFC and L1-4 BMC approached
significance (p=0.061). After controlling for variables identified as being related to bone
parameters in univariate analyses (urine volume, ethnicity, height, lean mass, duration of
previous oral contraceptive use), significant inverse associations were observed between
UFC and total body BMC and aBMD, total hip BMC, and L1-4 aBMD and BMC. The
relationships between UFC and total hip aBMD (p=0.076) and area (p=0.092) approached
significance. These relationships between UFC and bone parameters did not change
meaningfully after additional adjustment for lifestyle variables (calcium/kcal intake, sport
activity and PSS score) except that L1-4 aBMD (p=0.059) and BMC (p=0.070) became
nonsignificant. The association between UFC and total hip area (p=0.09) also did not reach
significance in the final adjusted model.

Discussion

Our findings suggest that cortisol within the normal range is negatively associated with bone
density in healthy young women, consistent with reports from samples of healthy older
adults [3-6]. We found that 24-hr urinary free cortisol excretion (UFC) was modestly
associated with total body and lumbar spine aBMD and BMC and total hip BMC.

Previously, the majority of data concerning cortisol and bone density in young women came
from studies using samples with clinical depression and eating disorders. While some
observed negative associations between cortisol and bone density [8-13], others did not [14—
16]. These discrepancies are perhaps related to disease conditions and/or treatments which
may have a greater impact on bone density. The authors are aware of only three studies that
examined associations between cortisol and bone density in healthy young women, all of
which included only women with high and low dietary restraint, and found no significant
relationships between aBMD and fasting serum, salivary or 24-hr urinary cortisol [17-19].
The small sample sizes (n=62-78) in these studies and recruitment of women with particular
eating attitudes may have limited their power to detect a potential association between
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cortisol and bone density. As well, the method of determining cortisol may be important
when assessing this relationship.

As cortisol secretion is characterized by marked diurnal variation, fasting single
measurements, overnight sampling or sampling during hospitalization may not reflect usual
cortisol levels. Using a 24-hr urine collection captures all daily cortisol excretion and for the
most part participants are able to go about their normal activities. This method may therefore
more accurately reflect usual cortisol levels resulting from stress-induced activation of the
HPA axis. Nevertheless, we acknowledge that our method of assessing cortisol also has
limitations. Though detailed instruction and support were provided, the collection of urine
for 24 hours may be imprecise if, for example, the collection period is not exactly 24 hours
or if some voids are not collected. As well, we did not account for participants’ menstrual
cycle phase, and the diurnal rhythm of cortisol appears to differ during the follicular and
luteal phases of the menstrual cycle [29-33]. However, 24-hr quantitative measures do not
differ between phases [29-33], so this is unlikely to have affected our results.

In addition to cortisol, our indicator of HPA axis activity, we examined psychosocial
indicators of stress. Interestingly, UFC was not related to perceived stress over the previous
month (PSS score), the amount of stress encountered on the day of the UFC measurement
(DSI score), or to concern related to eating and body image (as assessed by dietary restraint).
Several other groups report no relationship between salivary cortisol and PSS scores among
young women leaving the welfare system [34], undergraduate students [21, 35], white-
collared male workers [36-37], post-menopausal women [20] or healthy middle-aged [38]
and older adults [39]. The effect of perceived stress on cortisol may be mediated by other
psychosocial variables, such as mood [37, 39], which were beyond the scope of this study.

Furthermore, UFC was not associated with lean or fat mass, % body fat or waist
circumference. Obesity, particularly the accumulation of visceral fat, is a well-known
characteristic of hypercortisolism and some evidence suggests the potential for cortisol to
lead to positive energy balance and abdominal obesity among healthy individuals [1]. There
is little evidence of an association between cortisol and indicators of body fat in healthy,
normal-weight women and therefore prospective data are required to determine if cortisol is
associated with gains in visceral fat or overall weight over time in these women.

We had speculated that dietary restraint may be a stressor for young women sufficient to
increase cortisol, which over time may cause adverse affects on health including bone
density. However, dietary restraint was not correlated with PSS score, UFC or aBMD and
BMC at any site in the current study before or after adjustment for confounders. Our
previous work where UFC and BMC in young women [17] and UFC in post-menopausal
women [20] differed by dietary restraint level involved prescreening women for either high
(TFEQ Restraint subscale score >13) or low (score <5) dietary restraint. It is possible that
there may be a threshold for an effect of dietary restraint, such that in the current study we
did not have enough women with very high scores (n=23 with high restraint) to detect an
association between restraint and UFC or bone density. Studies similar to ours in sample size
and characteristics that examined bone density over a spectrum of dietary restraint scores
also reported no relationship with aBMD [40-41], although one study noted lower total body
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BMC with higher restraint in three out of four body weight groups [41]. In addition, two
studies of teens and young women with high activity levels reported lower aBMD among
those with high versus low dietary restraint [42, 43], although the inclusion of women with
oligo-amenorrhea in those studies complicates interpretation. Thus, whether dietary restraint
has an independent effect on bone density remains to be established.

One of the strengths of the present study is that we assessed and accounted for other
variables thought to affect bone density in young women including ethnicity, calcium intake,
previous oral contraceptive use and physical activity. Consistent with the literature, we found
that bone density did not differ between Asians and Caucasians after adjustment for
differences in body size [45] and we observed modest positive associations between aBMD
and BMC and energy-adjusted calcium intake [45] and the duration of previous oral
contraceptive use [46]. Physical activity is highly important in maintaining bone density [47]
and we observed correlations between physical activity, particularly sport activity, and
aBMD, BMC and bone area at all sites. This is consistent with findings of greater
differences in bone density between athletes and controls than between physically-active and
normally-active women [48].

Interestingly, PSS score was negatively associated with aBMD and BMC at all sites, though
the correlations were no longer significant after controlling for physical activity (data not
shown). Stress relief is promoted as a benefit of physical activity and a relationship between
higher physical activity and lower perceived stress has been reported in the literature [49—
53], and was also observed in our sample. However, neither physical activity nor PSS score
was associated with our indicator of HPA axis activity, UFC. Intense exercise is a stress
condition in which cortisol secretion is elevated and there is much research on cortisol
during acute exercise [54]. Few studies however have examined the relationships between
cortisol, perceived stress and usual physical activity. A few small intervention trials have
observed a reduction in cortisol after an 8-week jogging program in 49 young women with
mild depression [55] and after an 18-week Tai Chi program in 9 young adults [56].
Additionally, PSS scores were reduced among 10 older adults from an assisted living
community after a 10-week exercise program, though serum cortisol levels did not change
significantly over time or differ from 10 controls [52]. It could be that in addition to the
well-established mechanical role, physical activity may help to maintain bone density by
limiting stress-induced elevations in cortisol. Further investigation as to whether stress
reduction programs that incorporate physical activity can reduce cortisol levels among
young healthy women with high levels of perceived stress may be warranted.

In summary, study findings suggest that endogenous cortisol within the normal range is
negatively associated with bone density in young women with characteristics similar to the
study sample. As such study findings are generalizable to other healthy, regularly-
menstruating, non-obese, non-smoking women as only 3% were current smokers compared
to smoking rates of 8% among women aged 20-24 in the health region of the sample
population [57]. We are not suggesting that cortisol within the normal range is a major
determinant of bone density, but rather that cortisol may be one of the many factors that have
a small, but persistent influence on bone density over time. Longitudinal data examining the
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relationship between cortisol and changes in aBMD are needed to further establish this
relationship in healthy young women.
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Physical activity and questionnaire scores, reported nutrient intakes, 24-hr urinary free cortisol excretion,

anthropometrics and DXA measurements of 132 participants

Mean + SD
Physical activity scores?
Occupational activity 24+0.6
Sport activity 27+13
Non-sport leisure activity 3.0+0.7
Total physical activity 80+18
Questionnaire scores
Perceived stress scale? 210£6.5
Cognitive dietary restraint® 81+45
Daily stress inventoryd 311+180
Nutrient intakes®
Energy (kcal) 1648 + 525
Calcium (mg) 862 + 409
Vitamin D (ug) 90.4 + 143
Caffeine (mg) 143 £ 195
Alcohol (g) 35+53
Urinalysis
24-hr urinary free cortisol (ug/d)f 273+136
24-hr urine volume (L) 1.8+0.9
Anthropometric measurements
Height (cm) 163.3+7.2
Weight (kg) 58.1+85
Body mass index (kg/m?) 21.7+24
Waist circumference (cm) 65.2+5.8
DXA measurements
Total lean mass (kg) 38.1+5.0
Fat mass (kg) 16.8+54
Body fat (%) 30.1+6.5
Total body aBMD (g/cm?) 1.136 +0.075
Total body BMC (g) 2392 + 365
Lumbar spine aBMD (g/cm?) 1.184+0.123
Lumbar spine BMC (g) 62.00+ 11.33
Lumbar spine area (cm?) 52.11+5.25
Total hip aBMD (g/cm?) 1.026 + 0.120
Total hip BMC (g) 30.24 £5.04
Total hip area (cm?) 29.38 £ 2.45

aBMD, areal bone mineral density; BMC, bone mineral content.

Data are presented as mean + standard deviation
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aBaecke Questionnaire of Habitual Physical Activity [23], range 1-5 for subscales and 3-15 for total score
bPerceived Stress Scale [24], possible score range 0-56

cCognitive Dietary Restraint subscale of the Three-Factor Eating Questionnaire [25], possible score range 0-21
dDain Stress Inventory [26], possible score range 0-406

61n=129 for reported dietary intake, includes intake from food and supplements

fTo convert from metric (ug/d) to Sl units (nmol/d), multiply by 2.759
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Table 3

Partial correlation models of the relationship between aBMD, BMC and bone area and 24-hr urinary free
cortisol excretion

UFC Model 1  UFC Model 2 UFC Model 3

Total body aBMD 21" -0.27™" -0.25™*
Total body BMC —021% —-0.30 %" —0.28™*
Lumbar spine aBMD  _g 18* -0.19% —0.17¢
Lumbar spine BMC ~ _q 16¢ 018" 017t
Lumbar spine area -0.10 -0.07 -0.08
Total hip aBMD -0.13 —0.16¢ -0.14
Total hip BMC -0.18" -0.23% -0.21%
Total hip area —0.15¢ —0.15¢ —0.16¢

UFC, 24-hr urinary free cortisol excretion (ug); aBMD, areal bone mineral density (g/cmz); BMC, bone mineral content (g); area, bone area (cm2).
Data are presented as Pearson’s (/) and partial (Rp) coefficients adjusting for variables identified as cofounders in univariate analyses. Exact 77
varied by comparison as cases were excluded pairwise.

Correlation approaches significance at p<0.10. Correlation is significant at:

*
p<0.05,

Aok

p<0.01,

Aok

*
p<0.001.

Model 1: Adjusted for 24-hr urine volume (L). Model 2: Partial correlations adjusting for 24-hr urine volume, height, lean mass, ethnicity and
previous duration of oral contraceptive use (zero for non-users). Model 3: Partial correlations adjusting for 24-hr urine volume, height, lean mass,
ethnicity, previous duration of oral contraceptive use, sport activity, calcium/kcal intake and Perceived Stress Scale score.
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