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CHANGES IN BONE MINERAL DENSITY
IN CALCIUM SUPPLEMENTED ADOLESCENT ATHLETES
EXPERIENCING MENSTRUAL DYSFUNCTION
by

Janine Marie Baer

(ABSTRACT)

Thirteen adolescent runners experiencing menstrual
dysfunction (mean no. menses = 5/yr) received dietary
supplements of 1200 mg calcium carbonate and 400 IU
vitamin D/d for 12 mos. Bone mineral content of the
axial skeleton was measured by dual photon densiometry
at the beginning and at the end of the 12 month sup-
plementation period. Fasting plasma ionized calcium,
intact PTH, 1,25(0OH)2D3, estradiol. and thyroxin were
also determined at the beginning and end of the study.
Seven day dietary recalls were obtained for two separate
weeks during the course of the study, one prior to
the onset of supplementation and another six months
later. Mean bone mineral density of the athletes
increased (p<.05), but bone mineral density was observed
to decrease in two of the subjects who had the lowest
estradiol concurrent with the severest training regimen.
Athletes’ total plasma calcium and 1,25(0H)2D3 increased
(p<.0S) . No measured variable correlated with the bone

mineral density of the lumbar spine. There was a sig-



[

nificant correlation between dietary calcium intake and
total plasma calcium (r=.50), and dietary vitamin D
intake and 1,25(0OH)2D3 (r=.50)., Stepwise linear
regression predicted a linear relationship between serum
estradiol and bone mineral density, and no. menses/yr
and bone mineral density., Multiple linear regression
procedures indicated several predictive models incorpo-
rating variables that significantly affect BMD. The
models include serum estradiol, no. menses/yr, body mass
index, dietary calcium and dietary vitamin D intake.

The increase in dietary calcium intake (192% RDA)

and/or dietary vitamin D intake (190% RDA) due to sup-
plementation did not appear to contribute to an increase
in bone mineral density in estrogen compromised female

athletic adolescents independent of growth.
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CHAPTER I
INTRODUCTION

Osteoporosis, reduced bone mass with normal mineral-
ization is a major nutrition-related health problem. It
has been estimated that 15 million Americans have osteopo-
rosis (Bialack et al., 1986). Approximately 25% of white
women in America have had one or more osteoporosis related
fractures by the age of 65. Post menopausal osteoporosis
occurs more frequently and causes more disability than any
other form of osteoporosis. This high incidence has led
many to seek new methods of prevention and treatment.

Sedentary lifestyle is considered to be a risk factor
for osteoporosis, while weight bearing exercise is among
the suggested methods of prevention (Smith, 1982). How-
ever, recent studies have reported that for females exper-
iencing exercised induced amenorrhea, weight bearing exer-
cise such as running does not promote an accretion in bone
mass. Rather, these athletes have a reduced amount of bone
mineral density which may predispose then to achieving a
lower peak bone mass as well as to early onset of osteopo-
rosis (Cann et al. 1984, Drinkwater et al. 1984).

While osteoporosis can be seen as an effect of ath-
letic amenorrhea, poor calcium nutriture is considered to

be among the causative risk factors. Calcium intake in the



United States has been studied extensively for the past 25
years. Notable are the Health and Nutrition Examination
Surveys (Hanes I and II) and the Food Consumption Survey
(FCS) of the USDA Department of Agriculture (Heaney, 1982).
In general, these studies show similar patterns. The typi-
cal U.S. male consumes from 1.2 to 2.0 times as much cal-
cium as the U.S. female with the difference being greatest
between ages 15 and 50. During the time between 15 to 30
years of life when peak bone mass is developing, more than
two thirds of all U.S. females ingest less than the RDA on
any given day. Exacerbating the situation is evidence
which suggests that women who lack estrogen have a require-
ment for calcium which is higher than the current RDA
(Heaney, 1982). Adequate nutrition early in life is con-
sidered to be important in determining peak adult bone
mass.

While it is not conclusively proven, it is apparant
that calcium nutriture in the formative years affects the
peak bone mass one is able to achieve in adulthood, and may
have influence on fracture susceptibility as well (Johnson,
1981).

Statement of the Problem

It is now recognized that a substantial portion of

female athletes will develop exercise induced menstrual



dysfunction along with other asymptomatic changes which may
seriously affect their reproductive physiology and bone
metabolism (Drinkwater et al. 1984, 1986). Compared with
eumenorrheic athletes, amenorrheic athletes manifest
reduced bone density, reduced circulating estradiol and
progesterone, and increased musculoskeletal injury rates
(Lloyd et al., 1987).

The purpose of the present study was to observe the
effects of dietary calcium and vitamin D supplements on
bone mineral density and hormonal and metabolic indices
controlling calcium metabolism in adolescent athletes
experiencing menstrual dysfunction. .

Research Hypotheses

HO: Treatment with daily calcium and vitamin D sup-
plementation for 12 months has no effect on subjects’ bone
mineral density as measured by dual photon densiometry.

HO: Treatment with daily calcium and vitamin D sup-
plementation for 12 months has no effect on subjects’ serum
estradiol, intact parathyroid hormone, 1,25(0OH)2D3, ionized
calcium and total serum calcium measured via venipuncture
pre and post supplementation.

HO: There is no relationship between training sta-
tus, estrogen status, dietary intake of calcium and/or

vitamin D, and initial bone mineral density.



HO: There is no relationship between the changes in
bone mineral density and the changes in dietary calcium
and/or vitamin D intake after supplementation.

Significance of the Study

Explanations for age-dependent reduction in skeletal
mass cannot simply address events in the fifth decade of
life, be they hormonal, nutritional, or otherwise. These
factors must be considered over the entire life span.

Since important differences in bone mass are detectable by
the second decade, it may prove essential to consider fac-
tors affecting bone mineral density during adolescence or

earlier.

Presently there is a lack of information in the lit-
erature on training-induced hormonal and metabolic alter-
ation in adolescent athletes experiencing menstrual dys-
function. These variables, along with dietary status, may
decrease the extent to which these adolescents develop
peak bone mass. This study will contribute information
regarding the susceptibility of athletic adolescent females
experiencing menstrual dysfunction, to bone loss and/or
reduced bone accretion . Additionally, this study will pre-
sent information regarding the effect of calcium and/or
vitamin D supplementation on bone mineral density in these

individuals.



Delimitations

The following delimitations were imposed by the
investigator:

1. Athletic subjects (participating in regular endu-
rance, 3d/wk, weight bearing exercise) were 13 female Cau-
casian volunteers (aged 14-18) within 85-110% of their
ideal body weight who were experiencing menstrual dysfunc-
tion (secondary amenorrhea or oligomenorrhea).

2. Sedentary subjects (not presently participating
in regular endurance, 3d/wk weight bearing exercise) were 7
female Caucasian volunteers (aged 12-18) not greater than
22% body fat, eumenorrheic.

3. All subjects were without history of smoking,
recreational drug use, previous pregnancies, eating disor-
ders, use of oral contraceptives within the last six months
or cumulative oral contraceptive use of greater than six
months.

4, Subject selection was dependent upon screening
criteria.

5. The dietary supplement distributed to the athletes
only, contained 1200 mg calcium carbonate and 400 IU vita-

min D per two tablets.



Limitations

The following limitations affect the generalizebility
of the findings:

1. Due to a small sample size (n=13) results are
limited to the experimental sample.

2. Adherence to dietary supplementation and dietary
recall compliance was strictly voluntary so variation may
have occurred.

3. Due to the bone density machine being moved after
subjects’ initial test, variation in recallibrating the
machine may have occurred which may have affected subjects’
post test measurements.

4. Interpretation of serum levels of ionized calcium
is limited because the levels were adjusted to compensate
for the change in pH that occurred due to the samples being
frozen.

5. Interpretation of changes in blood and serum lev-
els of hormones and metabolic factors is limited because
such levels are the net result of synthesis, mobilization
and catabolism and do not solely reflect the turnover rate
of hormones or metabolic factors.

Definitions and Symbols

Terms and symbols regarding clarification for use 1in

this study are as follows:



Bone Mineral Density (BMD). is the vertebral density

of the lumbar spine (L1-L4) measured by dual photon den-
siometry.
Eumenorrhea. is defined as nofmal menstruation.
Amenorrhea. 1is defined as 0 menses per year.

Oligomenorrhea. is defined as 0-6 menses per year.

Menstrual Dysfunction. is defined as having 0-6
menses per year and/or a training induced interruption in
normal menstruation.

Basic Assumptions

1. Subjects adhered to the dietary supplementation
regimen.
Summary

Female athletes experience a ‘higher incidence of men-
strual irregularity and amenorrhea than the more sedentary
female population. Current information is being presented
which suggests that amenorrheic athletes may have reduced
bone mass, lowering their peak bone mass development and,
thus, making them more susceptible to osteoporotic frac-
tures earlier in life. 1Inadequate calcium status is con-
sidered to be causative. Additionally, it is thought that
the level of calcium needed to maintain calcium balance in
amenorrheic athletes exceeds the current RDA. Documenta-

tion of the effect of calcium supplementation on bone den-



sity in amenorrheic athletes is not currently available.



CHAPTER II
REVIEW OF THE LITERATURE
To present the reported knowledge pertinent to the
topic under investigation in this study, the review of the
literature is divided into five sections: Exercise-Induced
Amenorrhea and Skeletal Integrity, Calcium Requirements in
Amenorrheic Athletes, Prevention of Bone Loss, Types of

Calcium Supplements, Assessment of Bone Mineral Content.

Exercise-Induced Amenorrhea and Skeletal Integrity

A. Vertebral Bone Loss

Cann et al. (1980) were the first investigators to
report a statistically significant decrease in bone content
in amenorrheic athletic women. Twenty-five amenorrheic
athletic patients aged 19-49 years served as subjects: of
these, 7, who were not runners had hyperprolactinemia sec-
ondary to prolactinomas. Six additional women were runners
with hypothalamic amenorrhea. The rest of the group, all
non-runners had primary ovarian failure (prematureAmeno—
pause).

All subgroups of amenorrheic women had comparable bone
loss as measured by quantitative computed tomography (CT).
The bone mineral content in the amenorrheic women was 30%

less at the spine and 13% less at the distal radius, the
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latter measured by single photon absorptiometry. Of the 11
hypothalamic amenorrheic women 10 were long distance run-
ners, 2 currently suffering from stress fractures. The
amount of exercise was not controlled as this was not the
original intent of the study. Radioimmunoassay confirmed
a lower mean estradiol concentration in the amenorrheic
women in four venous samples drawn at seven day intervals
(amenorrheic gnroup 38.58 pg/ml; eumenorrheic group 12.25
ng/ml).

Cann et al. concluded that the combination of
decreased bone mass and increased skeletal stress of exer-
cise may increase the rate of stress fractures in amenor-
rheic women during exercise or later in life. Cann et al.
(1984) expanded the sample to include 11 hypothalamic ame-
norrheic (1 to 9 years) subjects (19-27 yrs), 10 of whom
were regular participants in vigorous exercise programs;
the amount of exercise was not assessed dﬁring the evalua-
tion however. They had an average spinal mineral bone con-
tent of 128 mg/cm3 compared to 165.8 mg/cm3 in 50 eumenor-
rheic sedentary controls, a decrement of 24%. Differences
in radial and metacarpal bone mineral content were not sig-
nificant. No correlation of bone mass with age existed for
the control group in this age range of 20-50 years, with

non-significant changes of -0.2% per year in the spine and
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+0.1% per year in the radius and metacarpals. Therefore,
the differences in bone mass among the groups is not
believed to reflect age related changes in bone. The mean
age of the control group was 16 years older than that of
the hypothalamic amenorrheic_group. The subgroup of women
with primary hypothalamic amenorrhea, however, was eight
years younger than those women with secondary amenorrhea
(19.7 v. 27.3 yrs). The rate of bone loss for the hypoth-
alamic amenorrheic group was 4.5%. This was not statisti-
cally different from the other two groups; 4.8% hyperpro-
lactinemic, 6.2% ovarian failure.

Estradiol levels were uniformly decreased in the ame-
norrheic women with concentrations in the group with
hypothalamic amenorrhea in the low-normal, early follicular
range (20-80 pg/ml). Serum concentrations of estradiol
were not correlated with the body fat index within any of
the groups, indicating a weak, if any, association of these
parameters. Estradiol concentrations were not correlated
with the decrease in bone mass relative to controls on an
individual or a group basis. Estrone concentrations were
not measured in these women. Cann et al.(1984) concluded
that women with hypothalamic amenorrhea secondary to exer-
cise also had a decrease in bone mass, and that this fac-

tor, combined with the skeletal stresses from vigorous
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exercise, may increase the risk of stress fracture in these
women during exercise or osteoporotic fractures later in
life.

These findings of Cann et al. were surprising because
it was assumed that the hypo-estrogenic amenorrheic athlete
was protected from the adverse effects of estrogen defi-
ciency on bone due to evidence of the positive effects of
exercise on bone mass in athletes (Montoye 1985; Smith
1981; Yeater&Martin 1984). Furthermore, exercise has been
shown to inhibit and even reverse bone 1loss in post-
menopausal women not receiving estrogen therapy (Aloia et
al. 1978; Krolner et at. 1983; Smith et al. 1981). How-
ever, the association between the hypoestrogenic state and
diminished bone mass is well documented in women following
a natural or surgical menopause {({Cann et al. 1980; Lindsay
et al. 1980) as well as in premenopausal women with amenor-
rhea associated with hyperprolactinaemia (Klibanski et al.
1980), and anorexia nervosa (Rigotti et al. 1984).

Several investigators subsequently attempted to repli-
cate the work of Cann et al. (1984) using experimental
designs more specifically directed toward evaluating bone
mineral 1loss in female athletes. Drinkwater et al. (1984)
compared the vertebral mineral density of 14 amenorrheic

(0-3 menses/yr) athletes (11 runners, 3 crew members) with
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that of 14 eumenorrheic athletes. The two groups of ath-
letes were matched for age, height, weight, body composi-
tion, sport, and training regimens. A three-day dietary
history showed no significant difference in nutritional
intake. The athletic history of the two groups differed
significantly; the mean weekly mileage of the eumenorrheic
group being 24.9 miles and that of the amenorrheic group
being 41.8 miles (p< 0.05).

Measurements of regional bone mass were made by single
photon absorbtometry for the appendicular skeleton and by
dual photon absorption of the axial skeleton. No differ-
ences were found between the amenorrheic and eumenorrheic
groups with respect to the mineral content of the radius,
but that of the vertebrae was significantly lower in the
athletes belonging to the amenorrheic group (1.12 g/cm2)
than the eumenorrheic group (1.30 g/cm2) (p< 0.05). When
the values for vertebral mineral density were compared with
those reported by Riggs et al. (1982) for 120 women repre-
senting a wide age span, the mean bone mineral density of
the eumenorrheic women was close to that predicted (1.33
g£/cm2) by an age-based regression equation. In contrast,
the average bone mineral density of the amenorrheic athf
letes (25 years of age was equivalent to that of women 51.2

years of age (Drinkwater et al. 1984). Two of these ath-
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letes had a vertebral mineral density below the fracture
threshold as defined by Riggs et al. (1981) which is 0.965
g/cm2. Radioimmunoassay also confirmed a significantly
lower estradiol concentration in the amenorrheic athletes
(38.58+7.03 pg/ml) versus the eumenorrheic athletes
(106.00+9.80 pg/ml) (p<0.05). Estradiol levels were
expressed as an average of four samples. A three-day diet-
ary history showed no significant differences in nutri-
tional intake, including calcium with and without supple-
ments (amenorrheic: 1627 kcal/d, calcium 888 mg/d, with
supplement 960 mg/d; eumenorrheic: 1965 kcal/d, calcium 912
mg/d, with supplement 1100 mg/d).

From this data the authors concurred with Cann et al.
in that amenorrheic athletes may possess a reduced bone
mass compared to eumenorrheic athletes and training may be
a significant factor affecting estrogen levels which in
turn may affect bone mass. However, Drinkwater et al. did
note that amenorrheic athletes involved in sports other
than running, should be evaluated as they observed that the
amenorrheic crew members, for example, had an average
vertebral mineral density of 1.22 g/cm2 which is 0.13 g/cm2
higher than that of amenorrheic runners.

Lindberg et al. (1984) studied the bone content of

five groups of women. Group 1, 11 amenorrheic runners (no
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menses for the previous six months); Group 2, 5 oligomenor-
rheic runners (menses occurred every six weeks to six
months); Group 3, 15 eumenorrheic runners running a minimum
of 20 miles per week: Group 4, 14 eumenorrheic normal con-
trols not participating in regular exercise, and Group 5,
10 post-menopausal women. There were no significant dif-
ferences in the physical characteristics in Groups 1 to 4.
Mean age for all runners and non-runners was 30.4 years.
Mean age for the post-menopausal group was 62 years.
Heights were similar in all groups. Body weight was lower
(p< 0.05) and ponderal index (height divided by the cubed
root of the weight) higher in amenorrheic runners than in
controls. There was no difference in age of menarche among
Groups 1-4. Both amenorrheic and oligomenorrheic runners
ran greater distances each week (data not reported) and had
a longer duration of training than did normal runners (data
not reported).

There was a significant (p< 0.05) reduction in both
cortical (single photon absorbtiometry) and trabecular
radial density in the amenorrheic runners vs. the eumenor-
rheic runners and the eumenorrheic controls. In the 8 ame-
norrheic runners who had spinal measurements, the average
lumbar spine mineral content (dual photon densiometry) was

1.078 g/cm2, which is below the normal range of 1.2 to 1.6
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g/cm2.

All women had normal serum concentrations of calcium,
phosphate, prolactin, and parathyroid hormone (mid-portion
and intact molecule) with no differences between groups.
Serum estradiol 1levels in amenorrheic and post-menopausal
women tended to be lower and were similar to early follicu-
lar phase levels (data not given). Lindberg et al. con-
cluded that the beneficial effects of exercise on maintain-
ing bone mineral integrity can be overridden by other fac-
tors, and although estrogen may be the most significant
factor affecting post-menopausal bone loss, the pathogene-
sis of the 'decrease in bone mineral content in amenorrheic
runners is not clear.

To determine whether severe exercise training might
reduce or even reverse the deleterious skeletal effects of
amenorrhea, Marcus et al. (1985) evaluated bone mass in 17
elite distance runners, in whom training intensity, body
composition, and endocrinological features were documented.
Eleven of the women had experienced secondary amenorrhea
(no menstrual bleeding whatsoever) for 1 to 7 years. Six
women had maintained regular menses since menarche. Both
groups were matched for aerobic capacity, body fat, exer-
cise intensity, and age of menarche. The amenorrheic women

were younger (18 to 22 years) verses cyclic women (19 to 29
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years) (p< 0.05). Mineral density of the lumbar vertebrae
(computed tomography) in the amenorrheic runners was lower
(p< 0.02) than that in the cyclic women and age matched non
athletic controls (151 mg/cm3, 182 mg/cm3, 166 mg/cm3)
Mineral density of the radius was normal in both groups.

Age of menarche was similar for both groups (13 v.
13.5 years), but whereas the cyclic women began to train
intensively 5.0 years after menarche, amenorrheic women had
begun serious training very close to the onset of menses,
0.91 years (p< 0.02). Four amenorrheic women had initiated
training before the first menstrual period. The subjects
ran an average of 93 km each week (56-160 km); this average
did not differ between groups.

Plasma estradiol was low in amenorrheic women (36.3+
3.5 pg/ml) and higher in the cyclic women (92.5+27.4.0
pg/ml, p< 0.01). No woman had an elevated level of prolac-
tin, luteinizing hormone or follicle stimulating hormone.
Serum levels of calcium and phosphorus were normal in ame-
norrheic and cyclic women as were serum immunoreactive par-
athyroid hormone and alkaline phosphatase. Serum levels of
calcifediol (25-OHD3) were within normal 1limits for all
women and did not differ significantly between amenorrheic
women and cyclic controls. Serum levels of calcitriol were

also within normal limits but were significantly greater in
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the cyclic women (48.046.0 pg/ml compared to 32.8+3.7
pg/ml, p< 0.05). No significant correlations were seen
between the levels of vitamin D metabolites and immunoreac-
tive parathyroid hormone, calcium excretion or serum estra-
diol levels. Free thyroxine was normal in all women, but
was significantly lower in the amenorrheic women than in a
group of 12 age-matched sedentary controls (1.15+0.06 com-
pared to 1.45+0.06 ng/dl, p< 0.05). Serum triiodothyronine
was lower in the amenorrheic women (88.2+3.9 ng/dl) than in
the cyclic group (104+3.5 ng/dl, p< 0.02) or in the seden-
tary controls (124+6.3 ng/dl, p<0.001). Three day dietary
intakes showed unexpectedly low calorie and calcium intake
in both the cyclic (1715 kcal/d) and amenorrheic (1272
kcal/d) groups. Fifty percent of amenorrheic and 40% of
cyclic women were not eating two-thirds of recommended
allowances for calcium, and this figure was marginally
altered by supplemental intake (cyclic 1129+300 mg/d; ame-
norrheic 783+98 mg/d).

When compared with the subjects of Cann et al. (1984),
who were evaluated in the same laboratory, the amenorrheic
runners had s;gnificantly lower spinal density than did
age~-matched eumenorrheic controls, but a significantly
higher value than less active amenorrheic runners (121+6.9

mg/cm3, p< 0.05). These findings suggest that superior
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athletes are able to exercise sufficiently to make up for
the deleterious skeletal effects of amenorrhea, but it is
unlikely that the average casual athlete can achieve per-
formance levels seen in this group of women. Marcus et al.
(1985) do not recommend that women who participate in endu-
rance activity train to such a degree that menstrual func-
tion is compromised.

In a study similar to that of Drinkwater et al.
(1984), Nelson et al. (1986) compared amenorrheic and nor-
mally menstruating athletes to investigate their bone min-
eral density, body composition, exercise training, and
dietary habits. Eleven women were amenorrheic, having had
no menstrual cycle in the last 12 months. Of these 11, two
had started training before menarche and had irregular
cycles before becoming amenorrheic. Seventeen trained
women were eumenorrheic with normal cycles (< +5 day varia-
tion in cycle each month).

The physical characteristics of the two groups were
similar except that the amenorrheic athlete were younger
(25.5 yrs vs. 29.2 yrs, p<0.04) and had reached menarche at
a later age 14.7 yrs vs. 12.8 yrs, p< 0.02). No signifi-
cant differences between the two groups were found in body
composition (amenorrheics 21% fat vs. eumenorrheics 19.7%),

amount of training (amenorrheics 34.7+4.62 miles/wk vs.
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eumenorrheics 39.8+2.83 miles/wk), or years of training
(amenorrheics 6.9+0.80 yrs vs. eumenorrheics 6.2+0.65
yrs). The bone mineral density of the lumbar spine (dual

photon densiometry) was significantly lower in the amenor-
rheic women (1.099+40.027 vs. 1.196+0.027 g/cm2, p< 0.02) as
was their mean estradiol 1level (8.5+1.88 pg/dl vs.
28.6+3.74 pg/dl, p< 0.01). Bone mineral density was posi-
tively correlated with estradiol levels (p< 0.008). There
was a negative correlation between percent body fat and
bone mineral density of the lumbar spine (p< 0.002). No
other measured characteristic correlated with the bone min-
eral density of the lumbar spine. The bone mineral content
of the radius shaft (single photon absorptiometry) did not
differ between the two groups. A three-day dietary intake
showed that the amenorrheic women reported a significantly

lower daily energy intake (1730 kcal vs. 2250 kcal, p<

0.02). There was no difference between calcium intake for
the amenorrheic women (886+312 mg/dl) and eumenorrheic
women (1150+117 mg/d). No correlation was found between

dietary calcium intake and bone mineral content of the lum-
bar spine so that the low lumbar bone mineral content found
in the amenorrheic group could not be associated with a low
calcium content in the current diet. However Nelson et al.

do contend that the associated endocrine and dietary dif-
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ferences in the amenorrheic athletes could markedly affect
calcium metabolism. Protein intake was less than the U.S.
Recommended Dietary Allowance in 82% of amenorrheic women
and 35% of eumenorrheic women.

The results of this study suggest that when weight-
bearing exercise and a low energy intake are associated
with amenorrhea, the accretion of a large bone mass 1in
young trained women 1is not favored (Nelson et al. 1986).
Furthermore, the significant positive 1linear correlation
(r= 0.50) observed between spinal bone density and plasma
estradiol levels does lend support to the role of estrogen
deficiency in the bone loss exhibited by amenorrheic ath-
letes. This relationship was not demonstrated by the pre-
vious reports of Cann et al.(1984), nor Drinkwater et

al.(1984).

B. Radial Bone Loss

Studies restricting bone measures to the wrist have
not been as consistent in revealing low bone mineral con-
tent in amenorrheic athletes. Berning et al. (1984) found
no difference between 6 amenorrheic and 6 eumenorrheic
runners; however, both groups had lower values than did 6
sedentary eumenorrheic controls.

Linnell et al (1984) reported finding no differences
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in radial bone mineral content in 10 amenorrheic runners
(0-3 menses during the past year), 12 runners with regular
menstrual cycles (10-12 menses during the past year), and
15 non-athletic eumenorrheic controls. There were no sig-
nificant differences between the amenorrheic runners and
the regularly menstruating runners regarding age (22.1+2.8
yrs vs., 22.5+4.6 yrs) height, weight, body density, rela-
tive fatness (the ratio of fat mass to total body weight as
calculated from body density), and training distance
(58.7+14.5 km/wk vs. 55+34.6 km/wk). The control subjects
were similar in age and height to both groups of runners,
but differed significantly (p< 0.05) in body weight
(60.3+7.0 kg vs. amenorrheics 51.4+6.4 kg, eumenorrheics
54.5+6.30 kg), percent body fat (23.5+4.2% vs 12.2+6.2%,
13.8+6.8%) and body density (1.044g/cm3, vs 1.072g/cm3,
1.068g/cm3). The average daily intake of calcium (C) phos-~
phorus (P) and C:P was not significantly different among
the three subject groups. All groups were, however, above
the RDA for calcium (controls 1038+877 mg/d, amenorrheics
870+428 mg/d, eumenorrheics 844+417 mg/d). The authors
concluded that amenorrhea, independent of body composition
was not related to reduced BMC/BW in their population of
female runners. However, the combination of excessive

' ' ' T At se female ath-



letes to reduced ' S trte oy et 1984,
Jones el al. (19¢5) studied the peripheral bone den-
sity (direct photon absorptiometry of th. -adius) of 39

women aged 18 to 43 with the diagnosis of secondary amenor-
rhea in an effort to define the population of amenorrheic
women at risk for osteoporosis. Like Linnell et al.
(1984), Jones et al. reported no differences in radial bone
content in 8 amenorrheic athletes (aged 26.5+5.0 yrs; ran
30 miles/wk) and 25 eumenorrheic non-athletic controls
(28.9+4.3 yrs). However, when comparing the radial bone
content of 20 women (24.3+4.0 yrs) classified as having
amenorrhea associated with weight loss, the average bone
density of this group was significantly less than that of
the controls (p< 0.05). The body composition of the two
amenorrheic groups was not significantly different. The
athletes had fewer months of amenorrhea than did the weight
loss group . Linear regression analysis showed a signifi-
cant correlation between months of amenorrhea and bone den-
sity (p< 0.001). The authors suggest that this result
implies dietary restriction may be a factor in decreased
bone density. Using the technique of peripheral bone den-
siometry Jones et al. (1985) have demonstrated that women
with exercise induced amenorrhea have similar bone density

to normal controls, whereas women with hypothalamic amenor-
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rhea, on the basis of simple weight loss, are at risk for
cortical bone loss.

With the exception of the data by Lindberg et al.
(1984) none of the studies showed differences in radial
bone density in amenorrheic athletes. This is not unex-
pected because estrogen deficiency results in a more rapid
loss of trabecular bone (spine) than cortical bone (radius)
(Cann et al. 1980). Snyder et al. (1984) were the only
investigators who did not observe a decrement in spinal
bone mineral content in 7 eumenorrheic, 5§ oligomenorrheic
and 4 amenorrheic elite, lightweight oarswomen, and 9 eume-
norrheic non-athletic controls. According to Caldwell
(1984), Snyder et al. suggest that normal levels of spinal
bone mineral content in amenorrheic and oligomenorrheic
oarswomen reflect the local effect of rowing 1in stressing
the back and the arms. Smith et al. (1984) hypothesize
that mineral is redistributed from areas of lesser to
greater stress. Reduced spinal bone mineral content in run-
ners may reflect a preferential redistribution of mineral
from the spine to the lower extremities (Drinkwater et al.
1984).

Because the problem of reduced bone mineral density in
athletic amenorrheic women has been recognized only

recently, the roles of potentially related factors must
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still be defined. This is further complicated because the
mechanism responsible for athletic menstrual dysfunction
itself is not, as yet, completely understood. Factors that
must be considered include; age at onset of training and
the duration of participation, intensity and volume of
training, sport specificity, and adequacy of diet (Sinning
& Little, 1987). Relative to diet, Drinkwater et al.
{1984), Marcus et al. (1985) and Nelson et al. (1986)
reported extremely low caloric intakes in the amenorrheic
bone mineral-depleted athletes (1622 kcal/d, 1272 kcal/d,
and 1730 kcal/d, respectively). With the exception of the
sample studies by Nelson et al. (1986), body weight tended
to be very 1low in the mineral depleted athletes. 1In the
study by Cann et al. (1984) amenorrheic athletes were 10.7
kg. 1lighter than eumenorrheic controls (48.7+1.3 kg vs.
59.4+1.6 kg). The amenorrheic athletes evaluated by Drink-
water et al. (1984) were 3.5 kg. lighter than the eumenor-
rheic athletes, although the difference was not signifi-
cant. Lindberg et al. (1984) reported that their amenor-
rheic athletes were significantly lighter than their eume-
norrheic controls, but the specific values were not pre-
sented. The amenorrheic athletes studied by Marcus et al.
(1985) were significantly lighter (4.1 kg) than their eume-

norrheic athletes, even though the relative fat values were
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similar. Since body-weight has been shown to be positively
associated with bone mass (Jones et al. 1984; Linnell et
al. 1984; Oyster et al. 1984), its role as a potentially
confounding variable in studies of amenorrheic athletes

cannot be ignored.

C. Irreversibility of Bone Loss

The data by Cann et al. (1984) indicate that the pro-
gression of bone loss exhibited by amenorrheic athletes is
similar to that observed in post-menopausal women. This
would suggest that, without early intervention, amenorrheic
athletes will be predisposed to osteoporosis and fractures
at an early age, and the bone loss may be irreversible.

To address the concern of irreversible bone 1loss in
amenorrheic éthletes Drinkwater (1986) re-evaluated the
bone status of previously amenorrheic athletes (Drinkwater
et al. 1984) who regained menses one to ten months follow-
ing the initial tests.

Nine of the original group of fourteen amenorrheic
athletes were re-tested. Seven of these women had regained
menses one to ten months after the initial tests; two
remained amenorrheic. Seven eumenorrheic athletes from the
previous study (Drinkwater et al. 1984), who matched the

former amenorrheic athletes on physical characteristics and
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training regimen, also agreed to participate. The bone
mineral density (BMD) was measured at two sites on the
radius and at the lumbar vertebrae using single and dual
photon densiometry, respectively. Changes in vertebral
mineral BMD were significant (p< 0.01) for the formerly
amenorrheic group (+6.3%) but not for the cyclic women
(-0.3%). The cyclic women, however, continued to maintain
a significantly higher vertebral BMD (1.369 g/cm2) than the
women who resumed menses (1.198 g/cm2) (p< 0.05). A slight
increase 1in radial density at S-1 and S-2 was not signifi-
cant for either group. Two athletes who remained amenor-
rheic during this period continued to lose bone (-3.4%).

As in the original study, the number of miles run per
week was significantly higher for the formerly amenorrheic
athletes even though their mileage had decreased by 10%
(38.7+6.3 miles/wk vs. 26.1+8.0 miles/wk; p< 0.05). The
only significant differences between test 1 and test 2,
other than age, were a 1.9 kg. increase in the body weight
of the women who regained menses (55.0+3.9 kg vs 57.4+3.kg;
p< 0.01) and their number of menses per year (0.6+0.3 vs.
7.4+41.3; p< 0.01). Six of the seven women from the origi-
nal amenorrheic group reported an injury or illness that
forced them to decrease their mileage and/or substitute

other activities for running for several months. Five of
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these women gained weight during this period. Five of the
former amenorrheics reported an increase in consumption of
dairy products and/or calcium supplementation during the
previous year. Three of the cyclic women added dietary or
supplemental calcium to their diets; three decreased their
calcium intake. A retrospective estimate of daily calcium
intake averaged 850 mg/d for cyclic women and 1300 mg/d for
those resuming menses. The two who remained amenorrheic
maintained their calcium intake between 500-900 mg/d.
There were no significant correlations between changes 1in
vertebral density and duration of amenorrhea, changes in
body weight, age, number of menses during the intervening
period, initial BMD, or any training factor.

The resumption of menses in these athletes followed a
decrease in training and an increase in body weight. Thus
the authors cannot discern one or the other as the caus-
ative factor; or an interaction of the +two events. The
peak value of estrogen for the four women who were cyclic
when the second bone measurements were done is almost iden-
tical to that of cyclic athletes (205.4 pg/ml) in the pre-
vious study (Drinkwater et al . 1984). From this, the
authors presume that estradiol levels were elevated to sim-
ilar levels during the months in which the women exper-

ienced menstrual flow. Thus, the authors believe that it is



29

likely that an increase in circulating estradiol, coinci-
dent with resumption of menses, was the primary factor in
reversing bone loss in six of seven formerly amenorrheic
athletes. The continued decrease in vertebral BMD of the
two women who remained ameporrheic lends support to that
hypothesis.

D. Stress Fractures in Amenorrheic Athletes

Another concern regarding the skeletal integrity of
amenorrheic athletes is the high incidence of stress frac-
tures reported by different investigators. Lindberg et al.
(1984) reported that, in the year before their study, 49%
of the amenorrheic runners had stress fractures, whereas no
stress fractures occurred in eumenorrheic athletes and con-
erols. Marcus et al. (1985) found that 55% of their ame-
norrheic runners suffered stress fractures compared to only
17% of their eumenorrheic runners. It was suggested that
the high incidence might be related to the osteopenic state
of these women combined with the skeletal stress of vigo-
rous exercise (Cann et al. 1984), although factors such as
rapid changes 1in training intensity and abnormalities in
running stride cannot be excluded (Marcus et al. 1985).

Warren et al. (1986) surveyed the incidence of sco-
liosis and fractures in 75 female professional ballet danc-

ers. Scoliosis was present in 24% of the dancers.
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Menarche was delayed in all of the dancers by an average by
2 years. There was a significant correlation (r= 0.25, p<
0.03) between the frequency of scoliosis and the increase
in age at menarche. Scoliosis and secondary amenorrhea

were related, with those dancers having scoliosis having

longer periods of amenorrhea (11.4+18.4 vs., 4.1+1.4
months). Fractures were reported in 61% of the dancers and
of these, 69% were stress fractures, predominantly in the
metatarsals. The relationship between stress fractures
and menarchal age was not significant, however, in those
subjects with stress fractures the incidence increased with
menarchal age (p< 0.01). Secondary amenorrhea was twice as
prevalent and amenorrhea was longer in those dancers with
fractures. Marked hypo-estrogenism was found in 7 of 10
subjects whose endocrine profiles were determined. The
authors concluded that a delay in menarche and prolonged
intervals of amenorrhea that reflect hypo-estrogenism may
predispose ballet dancers to scoliosis and stress frac-
tures.

Lloyd et al. (1986) performed a retrospective, three
phase study to evaluate the effect of menstrual status upon
musculoskeletal injurys in women athletes. Initially, they
collected the menstrual and running histories of women par-

ticipants in a regional 10-km footrace. In this study 61%
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of the respondents reported a continuous running program,
and 39% reported an interruption of at least three months
of their running program. The most common cause for inter-
ruption was injury. The women who stopped their running
program because of injury were more likely to have irregu-
lar or absent menses while running (p< 0.001) and less
likely to have used exogenous estrogen in the form of oral
contraceptives during their running program.

Secondly, Lloyd et al. (1986) obtained information on
the relationship between bone injury and menstrual status
by reviewing the sports medicine records of 207 collegiate
women athletes. This data was subsequently combined with
data from a larger population of more serious but still
recreational runners participating in a national 10-km
race. X-ray documented fractures occurred in 9% of women
athletes with regular menses and in 24% of women athletes
with irregular or absent menses (p< 0.025). Logistic
regression analysis of the data showed that the risk of
injury was independent of age, height, weight, menarche,
age at which running started, days/wk spent running, min-
ute/mile, and mile/run, but is dependent on oral contracep-
tive use (p< 0.001), menstrual history (p< 0.0291) and
years of running (p< 0.0013). Each of these associations

is independent of the others. The authors conclude that
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premenopausal women who have absent or irregular menses,
while engaged in vigorous exercise programs, are at

increased risk for musculoskeletal injury.

E. Mechanism of Reduced Bone Mass in Amenorrheic Ath-
letes

The mechanism for the decrease in trabecular bone mass
in amenorrheic athletes is unclear. Causative factors sug-
gested by Drinkwater et al. (1984) include; the hypoestro-
genic status of the amenorrheic athlete, the interaction of
low estrogen levels with some other variable(s) such as
diet, training, physical characteristics, and menstrual
history, or, a factor that has not yet been identified.

Although it is generally accepted that 1low estrogen
levels after menopause or in premenopausal women with endo-
crine dysfunction are related to the osteopenia that is
observed in these groups, the role of estrogen in bone
dynamics is not fully understood. Since estrogen receptors
have not been found in bone, it is generally assumed that
the estrogen effect on bone 1is indirect. Heaney (1982)
suggests that one such indirect route may be the effect of
estrogen on calcium balance since there is evidence that a
lack of estrogen increases the daily calcium requirement.

Drinkwater et al. (1984) also suggest that there is an
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interaction between estrogen and exercise in their effect
on specific skeletal areas since physical activity did not
protect their amenorrheic athletes, as well as the amenor-
rheic athletes studied by Cann et al. (1984), from an
apparent loss of vertebral bone.

Cann et al. (1984) and Linnell et al. (1984) suggest
the predisposition of thin, amenorrheic athletes to bone
loss may be due to low estradiol production by the ovary
and decreased estrone production. The latter would be due
to a reduction in the peripheral conversion of androstene-
dione to estrone which normally occurs in adipose tissue.
Thin eumenorrhic athletes may also exhibit low estrone lev-
els, but their ovarian estradiol levels appear to be suffi-
cient to maintain bone mineraiization (Linnell et al.
1984). Marcus et al (1985) suggest that decreased bone
mass in amenorrheic athletes may reflect either bone 1loss
or arrested skeletal maturation, the latter reflecting
altered hypothalamic-pituitary function during the pubertal
growth spirt, especially in athletes who begin training
before or shortly after menarche.

In the most recent communication by Drinkwater et al.
(1986) they reported that amenorrhea per se may not be
indicative of a below-normal bone mineral density. This

statement was based on the results of one athletic amenor-
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rheic (5.5 yrs) who had a bone mineral density well above
the mean of cyclic athletes despite the fact that her peak
estrogen level was 32 pg/ml. After resuming menses, this
subject maintained but did not increase vertebral bone min-
eral density. However, the authors do conclude that the
beneficial effect of physical activity on bone mass is
attenuated in most hypoestrogenic women.

Lloyd et al (1987) reported' that increased dietary
fiber intake 1is associated with menstrual dysfunction and
subsequent reduction in bone mass in oligomenorrheic col-
lege athletes. Studied were three groups matched with
respect ‘to age, height, and weight; eumenorrheic athletes,
oligomenorrheic athletes, and eumenorrheic sedentary con-
trols. Both groups of athletes exﬁibited higher lean body
mass and lower fat composition than controls. Menarche was
delayed in the eumenorrheic (13.1 y) and oligomenorrheic
(14.3 y) athletic groups compared with the sedentary sub-
jects (12.2 y) (p< 0.05). Oligomenorrheic athletes exer-
cised on more days per week than eumenorrheic athletes but
the total time spent exercising was similar. Average bone
density (quantative tomography) tended (p= 0.10) to be
lower in the oligomenorrheic athletes (158 mg/ml) compared
with the eumenorrheic athletes (184 mg/ml) or sedentary

control subjects (173 mg/ml). The athletes consumed sig-
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nificantly (p< 0.05) more kilocalories, carbohydrate, cal-
cium and phosphorus than sedentary control subjects. Oli-
gomenorrheic athletes connsumed significantly (p< 0.05)
more fiber than did control subjects or eumenorrheic ath-
letes (5.72g v. 2.97g, v. 3.52g) respectively.

In explaining the manner by which dietary fiber
affects menstruation, the authors refer to studies report-
ing the fecal excretion of estrogen by vegetarians being
greater than that by nonvegetarians, suggesting that diet-
ary habits and food fiber levels alter circulating estrogen
levels.

The authors note, however, that there are potentially
confounding variables among the study groups such as the
difference in body fat content between the two athletic
groups, and the possibility of the oligomenorrheic athletes
being calcium deprived due to their probable hypoestrogenic
state, despite a calcium intake of over 800mg/d.

To understand causative factors contributing to bone
loss in amenorrheic athletes, is to understand the mecha-
nism(s) of amenorrhea in athletic women. To date, no mech-
anism has been demonstrated. However, several descriptive
characteristics of amenorrheic athletes have led to a vari-
ety of proposed mechanisms involving body composition,

training regimen, reproductive maturity, sport specificity,
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diet and psychological stress. Basal hormone concentrations
in eumenorrheic women after training and in amenorrheic
athletes, as well as +transitory endocrine responses to
exercise are the basis for these proposals. Thus, it is
not known whether amenorrhea is some direct effect of exer-
cise itself or an indirect consequence of some of the above
stated conditions coincidentally associated with exercise.
Methodological errors in previous studies with regard to
subject selection, definition of training, body composition
measurements, and blood sampling contribute to variability
in reported results. In reviewing the available data on
athletic amenorrhea, Loucks & Horvath (1987), suggest that
new methods for studying hypothalamic pathways in humans
need to be developed for alterations in the control of the
reproductive system in athletes to be understood. Once
that is understood, only then can the mechanisms and clini-
cal significance of the side effect of athletic amenorrhea;

such as bone loss, begin to be understood.

Calcium Requirements in Amenorrheic Athletes

Bone density depends on the amount of bone made during
growth and its subsequent rate of loss. Although the rate
of bone loss has received more attention in the study of

the pathogenesis of osteoporosis, it is becoming increas-
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ingly clear that insufficient accumulation of skeletal mass
by young adulthood predisposes a person to fracture later
in life as age related bone loss ensues (Riggs&Melton,
1986) .

There is an increasing amount of evidence that the
consumption of calcium~rich foods during adolescence is a
predictor of peak bone mass (Allen, 1986). Matkovic et al.
(1979) demonstrated the effect of dietary calcium on peak
bone mass and fracture rate. Two communities were matched
for ethnic origin, physical activity, and living condi-
tions. The only significant difference between the two com-
munities was their calcium intake. One community consumed
a low-calcium diet of 350-500 mg/d, while the other commu-
nity consumed a higher calcium diet of 800-1100 mg/d. Both
men and women in the high calcium group showed greater bone
mass and bone density than those in the low calcium group
by age 35. Importantly, bone mass did not increase in
-either group after age 35. The rate of age related bone
loss was similar for both groups; but by age 70, the men in
the high calcium group had retained a bone mass greater
than the initial peak bone mass of men consuming the low
calcium diet. Overall, there was a lower incidence of hip
fractures among men in the high calcium group; women in the

high calcium group had a lower fracture rate after age 59.
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This study suggests that the higher incidence of fractures
and the lower bone mass of the population receiving the
350-500 mg calcium diet were related to a reduced peak bone
mass. Thus calcium intake early in life, by its influence
on bone mass may be a critical factor in later susceptibil-
ity to osteoporosis.

Sandler et al. (1985) did a retrospective assessment
of associations between postmenopausal bone density and
milk consumption in the early stages of the life span. The
study involved 255 white women aged 49-66 years. Bone den-
sity was assessed with a CT scanner in the dominant radius.
Current calcium intake was estimated by the method of the
3-day diet record. Calcium intake in childhood, adoles-
cence, and adulthood was assessed retrospectively from
responses to questions concerning frequency of milk con-
sumption at various stages of life.

No significant correlation was found between the cur-
rent calcium intake and the baseline bone density, but
women who reported drinking milk with every meal at any of
the life stages had currently a significantly higher aver-
age calcium intake than women who drank milk less
frequently (p< 0.001). Controlling for factors such as
obesity, stature and age, known to affect bone density did

not alter these results. Both higher peak skeletal mass as
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well as early acquired life long favorable dietary habits
are apparently implicated in this effect.

Although the data from this study indicated that women
who reported drinking milk with every meal during childhood
and adolescence had significantly higher bone densities
than women who reported drinking milk less frequently, the
number of women drinking milk with every meal steadily
dropped in successive stages, and only 6% of the women 1in
mid-adulthood drank milk with every meal. Thus, although
the habit of consuming milk, developed early in life, tends
to influence 1later consumption, apparently it does not
overcome the popular notion that milk is‘ needed by the
growing young only. Data from national food consumption
surveys and nutrition and health statistics of the U.S.
population indicate that two-thirds of adults ingest less
calcium than the RDA of 800mg (Heaney et al. 1982). Spe-
cifically, calcium intake of males ranges from 550-1300
mg/d with intakes highest during 1late adolescence (mean
1100 mg/d) and lowest by men 50 years and older (mean 700
mg/d); for females, the range is 400-1050 mg/d with intakes
lowest after 35 years of age {(mean 540 mg/d) (Chin, 1981).
Findings from the most recent HANES survey reveal +that on
any given day 50% of U.S. females 15 years of age and above

consume three-fourths or less of the RDA for calcium, and,
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that after age 35, more than 75% of U.S. women have calcium
intakes below the RDA (Abraham et al. 1982).

The calcium requirement for females 15-18 years of age
is 1200 mg/d; for females over 19 years of age it is 800
mg/d. This recommended intake is intended to provide suf-
ficient calcium to maintain calcium balance. However, evi-
dence is accumulating from various types of studies to sug-
gest that calcium intake in excess of 800 mg/d is necessary
to achieve optimal skeletal health particularly in estro-
gen-deficient post-menopausal and amenorrheic women (Chin
1982, Heaney et al. 1982, Heaney et al. 1977).

Heaney et al. (1977) suggested that a lack of estrogen
increases the daily requirement of calcium. They studied
130 women, 30-35 years, consuming self-selected diets and
found that the women required 1.24g of calcium/d to main-
tain zero calcium balance. Heaney et al. (1978) reported
that the premenopausal women required 0.99g of calcium/d,
while postmenopausal women required 1.5g of calcium/d to
maintain zero calcium balance.

Drinkwater et al. (1984) reported no difference in the
calcium intake of amenorrheic and eumenorrheic subjects
with or without supplementation. Both groups met the cur-
rent RDA of 800mg/d. However, the decrease in calcium

absorption, and the increase in calcium excretion in
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estrogen deficient women has led Heaney (1982) to recommend
a daily intake of 1.5g of elemental calcium to maintain
calcium balance in low estrogen states. When applying
these criteria to Drinkwater’s subjects, the amenorrheic
women are deficient in calcium, whereas the eumenorrheic
women are meeting their daily requirements. Berning (1984)
reported that amenorrheic distance runners have nutrition-
ally inadequate diets, including low calcium intakes (meanl
525mg/d) . These amenorrheic runners had significantly
lower bone density (single photon absorption) than seden-
tary controls consuming 800mg calcium/d (p< 0.05). Nor-
mally menstruating runners also had low calcium intakes
(mean 617mg/d) and bone density than the controls, but not
the amenorrheic runners (p< 0.05).

Diet is the first approach used by Cann (1982) for
amenorrheic women who are concerned about osteoporosis.
The suggested calcium intake is 1200-1500 mg/d for women 19
yvyears and older. Currently there are no dietary recommend-

ations for amenorrheic females under 19 years of age whose

RDA is already 1200 mg/d, but recently Riggs (1986), sug-
gested that dietary calcium requirements should be
increased to 1500 mg/d for normal adolescents. Thus, a

high calcium intake early in life, by increasing bone mass

at skeletal maturity, may be advantageous in terms of
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reducing risk of fracture in later years.

Prevention and Management of Bone Loss

The mainstays of prevention and management of bone
loss are estrogen and calcium supplementation.

The first long term prospective, controlled study of
estrogen treatment for the prevention of bone loss was ini-
tiated by Lindsay et al. (1984). They studied 120 patients
for five years. Of these patients 24 were followed from
oophorectomy, 64 from three years after oophorectomy, and
32 from s8ix years after operation. None had received
estrogen therapy before. Sixty-three women were treated
with estrogen (24.8 ug menstranol/day) and 57 women were
treated with a placebo preparation. Every six months dur-
ing the first three years, and thereafter annually, photon
absorptiometry measurements were made at the mid-point of
the third metacarpal (single photon absorptiometry). 1In 46
of the 64 patients who started attending three years after
oophorectomy, photon absorption estimations were carried
out, at similar intervals, at the mid radius site in addi-
tion to the mid-metacarpel.

During the five year follow-up, the placebo-treated
patients, followed from two months after operation, 1lost

bone at a mean rate of 1.22mg/cm/yr, which represents a
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fall in bone density of 2.7%/yr. The mean bone density of
the menstranol-treated group fell by 0.02 mg/cm/yr or 0.4%
per year; a result which was significantly different (p<
0.001) from the 1loss of bone experienced by the control
group.

The authors concluded that estrogen therapy has short
term beneficial effects in retarding bone loss after a
natural or artificial menopause, that continued well into
the fifth year of treatment. The rate of bone loss was
greatest immediately after loss of ovarian failure (mean
loss 2.7%/yr), diminishing after three or more years to a
steady mean loss of about 0.7% per annum. The response of
patients whose therapy was delayed for three to six years
after oophorectomy indicates an important increase in bone
density which seemed to be maintained for the five year
period of follow-up.

A number of other groups (Horsman et al. (1977) and
Recker et al. (1977) subsequently confirmed the data
reported by Lindsay et al. (1977).

Horsman et al. (1977), in a prospective trial in 72
postmenopausal women compared the effects on bone loss of
no treatment, treatment with estrogen (enthinyloestradiol
25 or 50 ug/d for three weeks out of four), and treatment

with calcium (two calcium gluconate tablets/d, providing
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approximately 800 mg elemental calcium). Women were fol-
lowed for at least two years and examined densiometrically
(single photon absorption of the 1left distal ulna and
radius). Women in the untreated group continued to lose
bone during the two years whereas the estrogen group lost
none (p< 0.001). Loss in the calcium group was less than
in the control, but not than in the estrogen treated group
{p< 0.05). The authors concluded that estrogen treatment
prevents, and calcium treatment retards, postmenopausal
bone loss.

Recker et al. (1977) studied the effects of estrogen
therapy on bone mineral balance in postmenopausal women and
compared it with the effect of calcium supplements. Sixty
postmenopausal women between the ages of 55 and 65 were
randomly divided into three groups. Group I (n=20) served
as controls; group II (n=18) was given conjugated equine
estrogen, 0.625 mg and methyltestosterone, 5 mg, 21 days of
each month; group III (n=22) was given 2600 mg of calcium
carbonate (1.04 g of elemental calcium) daily (mean intake
of 1.543 g/d for group).

Bone mineral content of the metacarpals (radiogram-
metry) and radius (single photon absorptiometry) was meas-
ured at the beginning of the study and at six month inter-

vals thereafter for two years in each patient. Whole body
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retention of calcium was obtained using a whole body rec-
tilinear scanner. After one year, 12 members of the con-
trol group, 10 members of the estrogen/androgen treatment
group, and 15 members of the calcium carbonate group were
subjected to calcium balance and kinetic studies.

After two years, skeletal mass, as determined by
radiogrammetry decreased by 1.18%/yr in the control group,
0.15% in the hormone group, 0.22%/yr in the calcium supple-
mented group; and 2.88%/yr in the control group, 0.73%/yr
in the hormone group, and 1.83%/yr in the calcium supple-
mented group as determined by photon absorptiometry. The
treatment groups differed significantly from those in the
control group (p< 0.05) except for measures made with pho-
ton absorptiometry in the calcium supplemented group. Bone
accretion and resorption decreased in the treatment groups
(p< 0.05) as measured by calcium tracer kinetics, resorp-
tion more so than accretion. The authors concluded that
postmenopausal sex-hormone replacement measurably decreases
age-related bone loss by suppressing bone turnover, resorp-
tion more than accretion; calcium supplements produce the
same effect but, at the dose used, were slightly less
effective.

In a follow-up study, Lindsay et al. (1987) performed

lateral radiographs of the lumbar spine in the women who
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participated in their original study (Lindsay et al. 1977).
The evaluations confirmed vertebral deformities in some of
the placebo treated women after ten years but not in the
estrogen replete women. From this data the authors suggest
that estrogen would prevent at least 90% of the vertebral
fractures among post-menopausal women. Epidemiological
data (Weiss et al. 1980) suggest that estrogen treatment
for postmenopausal women might reduce the incidence of hip
fracture by as much as 50%, to about the incidence in men.
The effect would appear to be greatest if estrogen is pre-
scribed early in postmenopause and continued for at least
five years.

Recently, Riis et al (1987) examined the effect of
percutaneous estradiol and natural progesterone on postme-
nopausal bone loss. Fifty-seven women, who had experienced
a natural menopause six months to three years previously,
entered the study. The women were allocated to two treat-
ment groups, receiving either percutaneous estradiol
(estrogel cream, 0.6 mg of 17 B-estradiol per gram, 28 day
cycle) (n=29) or placebo (n=28) for one year. After the
first year of treatment the code was broken; all women
receiving 17B-estradiol continued with a supplement of 200
mg of micronized progesterone (utogestan capsules, 100 mg)

from days 13 to 24, and the placebo group continued the
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placebo cream. The study was double blind the first year
and single blind the second year. The women were examined
every three months during the two years of treatment.
After 12 months, bone mineral content in the forearms
(single photon absorptiometry) and. the spine and total
skeleton - (dual photon absorptiometry) showed a significant
decrease of 5-7% in the placebo group (p< 0.001) whereas
it remained constant in all bone compartments in the estra-
diol group. The administration of progesterone did not
influence the results.

Serum estrogens, the biochemical estimates of calcium
metabolism, and the intestinal radiolabeled calcium absorp-
tion were also determined. In the hormone group there was
a highly significant increase (p< 0.001) in serum estrone
and estradiol after three months of treatment. Thereafter
serum hormone concentrations were virtually unchanged.
There was no significant change in serum calcium in either
group, whereas both serum alkaline phosphatase and fasting
urinary hydroxyproline were decreased in the hormone group,
reaching significance after 12 months treatment (p< 0.01 to
0.001). Intestinal radiolabeled calcium absorption was
unchanged in both groups. None of the variables appeared
to be influenced by the addition of progesterone. The

authors concluded that percutaneous estradiol is effective
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as preventive therapy of postmenopausal bone loss; the
addition of progesterone does not influence bone or calcium
metabolism; the biochemical calcium metabolic variables
changed during treatment in the same way as with oral
estrogen treatment, that is, a decrease to the premenopau-
sal level of bone turnover rate.

Additionally, the study demonstrated that four ©bone
mass measurement systems (proximal bone mineral content,
distal bone mineral content, total body bone mineral con-
tent and bone mineral density of the spine) were able to
show the difference between groups. It was noted, however,
that the standard error of the mean was lowest for the pro-
ximal bone mineral content (0.7% to 0.8% at 24 months) and
highest for the bone mineral density of the spine (1.5% to
2.7% at 24 months). The authors believe this indicates
that study of more patients is required to demonstrate the
response to estrogen treatment if the spin scanner is used
than if the forearm scanner is used.

Ettinger et al. (1987) designed a study to examine the
rate of bone loss in untreated women undergoing spontaneous
menopause and to test for possible protective effects of
estrogen or calcium. Specifically, they tested the effec-
tiveness of 0.3mg/d of conjugated estrogens in women having

spontaneous menopause who were concurrently given calcium
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supplements. They hypothesized that the effects of these
two therapies might better prevent bone loss.

White, Asian and Hispanic women between the ages of 50
and 59, who had had spontaneous menopause 6 to 36 months
before entry into the study served as subjects. Twenty-
five women served as controls; they simply maintained their
usual dietary calcium intake; 33 chose to supplement their
dietary calcium intake up to 1500 mg/d by taking 1000 mg/d
of oyster shell calcium (Os-Cal) in two divided doses; and
15 choose 0.3 mg/d of conjugated estrogens (Premerin) com-
bined with the same calcium supplementation. Bone mineral
content at the radial diaphyseal site was measured by sin-
gle-photon absorptiometry. Quantitative computed tomogra-
phy of the L1 and L2 vertebrae was used to measure spinal
trabecular mineral content. These measurements were
obtained at yearly intervals.

The treatment groups were not significantly different
with regard to any baseline measurement. The range of
total calcium intake from diet and from any supplemental
calcium was 258 to 994 mg in control women, 1144 to 2950mg
in those taking calcium alone, and 1463 to 2498mg in those
taking calcium with estrogen. The mean daily intakes (%
SD) were 662+208, 1863+369, and 1733+279 mg in the three

groups.
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After two years of follow-up, comparisons between the
mean 2-year values and the mean baseline values showed a
significant reduction of 9.0% (p= 0.002 compared with base-
line) in untreated women and a mean of 10.5% (p= 0.001) in
women given calcium supplements alone. The radial bone min-
eral content was also reduced by 2.1% (p< 0.05) for
untreated women and 0.9% (p< 0.02) for <calcium treated
women .

Women taking both estrogen and calcium showed no sig-
nificant changes in spinal trabecular mineral content
(+2.3%), radial bone mineral content (+1.6%), and metacar-
pal combined cortical thickness (-0.2%). When compared
with untreated women or with those taking calcium alone at
2 yrs, women treated with both estrogen and calcium had
significantly greater preservation of spinal trabecular
mineral content (p= 0.001 for both) and radial mineral con-
tent (p= 0.12, p= 0.09).

The following variables were not significantly related
to loss of spinal mineral: age, months of menopause, race
(descent)l height, weight, parity, smoking habit, calcium
intake, and level of activity. The basal levels of all
three skeletal measurements or the changes in the radius or
metacarpal after two years did not correlate significantly

with changes in spinal mineral content. In the 56 women
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not receiving estrogen, there was no relation between cal-
cium intake and the spinal mineral loss after two years or
between activity level and spinal mineral loss after two
years. Estrogen use was the only independent variable show-
ing a significant correlation in the stepwise multiple
regression analysis. The authors conclude that calcium
supplements alone do not protect against the accelerated
bone loss that occurs at the menopause. However, by adding
calcium to the diet, the amount of estrogen necessary to
exhibit a protective effect on skeletal bone may be

reduced, and thus, more acceptable to women.

A. Mechanism of Estrogen

Although the effectiveness of estrogen 1in prevention
of bone loss is well known, the mechanism of action is far
from evident.

Estrogen reduces urinary calcium and hydroxyproline
levels, presumed to result from reduced skeletal turnover
(Lindsay et al. 1987). Estrogen is also responsible for a
serum phosphate reduction that is associated with an
increased excretion of phosphate, which, in turn is charac-
teristic of increased parathyroid hormone activity (Lindsay
et al. 1976).

Data suggest that estrogen improves +the intestinal
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absorption of calcium (Heaney, 1982,1986). Women with
decreased estrogen absorb a smaller percentage of calcium
(dietary and supplemented) than women with normal estrogen
or women taking estrogen. Estrogen acts on the kidney to
increase the enzyme la-hydroxylase (Bell, 1985). This
enzyme is responsible for activating- 25-0H-D3 to
1,25-0OH-D3; the metabolite of vitamin D that functions to
increase absorption of calcium, and to increase tubular
reabsorption of calcium. It has been reported {(Gallagher et
al. 1979) that patients with post-menopausal osteoporosis
have a significant decrease in 1,25-0OH-D3.

Although there is data to support the hypothesis that
administration of calcitriol increases calcium absorption
(Gallagher et al. 1982; Riggs and Nelson, 1985), there is
little evidence to support the direct stimulation of PTH or
vitamin D by estrogens in humans. In search of an estrogen
action that could explain the skeletal response, Bell et
al. (1985) suggested that there is a direct increase in the
secretion of calcitonin in response to estrogen. The only
important biological action of calcitonin described so far
is inhibition of osteoclast activity, and thus reduction in
bone resorption. The observed biochemical effects of
estrogen administration could follow this response. Fur-

ther studies of the mechanism of estrogen action are
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clearly needed in this important area of skeletal phy-
siology.

B. Calcium Supplementation

To date, few studies evaluating the effect of calcium
supplementation, independent of estrogen, on bone mass have
been carried out. The two most widely cited studies are
those by Horsman et al. (1977) and Recker et al. (1977).

These studies are generally considered to provide at
least suggestive evidence of a preventive effect of calcium
on bone loss in post-menopausal women. As presented ear-
lier, Horsman et al. (1977) reported an intermediate bone
loss in post-menopausal women supplemented with 800 mg ele-
mental calcium/d for two years. That is, these women did
not lose as much bone as did the controls, but 1lost more
than the women treated with estrogen.

Recker et al. (1977) reported similar results when
comparing the bone density of women treated with estrogen
to those taking 1.04g calcium carbonate/d, to those serving
as controls.

Nilas et al. (1984) studied 103 early postmenopausal
women who received a daily supplement of 500 mg calcium
carbonate for two years. All had a normal menopause six
months to three years before. The participants were stra-

tified into the following three groups according to their
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calculated calcium intake. Group I had an intake below 55
mg/d (mean 430mg/d); group II had an intake of 550 to 1150
mg/d (mean 880 mg/d); and group III had an intake above
1150 mg/d (mean 1640 mg/d). Overall the 103 women had a
mean daily calculated total calcium intake of 910 mg/d
{range 390-2350). Bone mineral content on the distal part
of the forearm (single photon densiometry) and urine and
blood biochemical values were determined at the start of
the study and every three months for two years.

Results indicate that the initial and final values for
bone mineral content in the three groups did not differ
significantly. The changes in mean serum concentrations of
calcium, phosphate, and N-terminal parathyroid hormone were
small, insignificant and did not differ among the groups.
There was continuous bone loss in all three groups, the
yearly loss reaching 1.9%, 1.6%, and 2.0% respectively dur-
ing the two years (p< 0.001). When the subjects were stra-
tified according to initial calcium excretion rate no dif-
ferences were seen in the rate of bone loss; nor when stra-
tified according to the rate of bone loss, were there any
differences in the initial or final calcium excretion val-
ues, and the estimated dietary calcium intakes were similar
in the three groups . When comparing this data to data

presented by Heaney et al. (1977) who reported that calcium
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balance and intake are related and that in post-menopausal
women (at least 6 months since her last menstrual period) a
calcium intake above 1400 mg daily will lead to a positive
calcium balance; the authors (Nilas et al. 1984) suggest
that factors in addition to calcium intake and excretion
determine bone mass., Further, the authors concluded that a
calcium intake of 1000-2000 mg daily has little effect on
loss of bone calcium in the early menopause.

Recently Riis et al. (1987) repeated the study by
Nilas et al. (1984). Specifically, the purpose of their
study was to examine the effect of 2000 mg of calcium
daily, as compared with estrogen supplementation and
placebo, on early post-menopausal bone loss. The authors
choose 2000 mg of calcium daily based on the lack of effect
demonstrated by a dosage of 500 mg daily in their last
study (Nilas et al. 1984).

Forty -three women were treated with one of the fol-
lowing; 3mg daily of percutaneous 17B-estradiol (28 day
cycle) plus placebo calcium (n=15); placebo estrogen cream

plus 2000 mg daily of calcium carbonate (n=15); or placebo

estrogen cream plus placebo calcium (n=13). To study the
L - o . R ."f.‘} if*'.m
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cyclic supplementation of 2000 mg of progesterone from days
13 through 24, The other two groups continued with the
double blind design to examine the effect of calcium as
compared with placebo. During the two year treatment all
participants were examined every three months.

The bone mineral content of the forearms was measured
by single-photon absorptiometry. The bone mineral density
(ratio of bone mineral content to area) of the lumbar spine
was measured by dual photon absorptiometry. The bone min-
eral content of the entire skeleton was likewise measured
by dual photon absorptiometry on a whole body scanner.
Intestinal absorption of calcium was measured by modifica-
tion of the single isotope technique. The serum concentra-
tion of 25-hydroxyvitamin D was measured with a competitive

protein binding assay, and 1, 25, dihydroxyvitamin D was

measured with a receptor assay. Three measurements were
used to assess the rate of bone formation. Serum alkaline
phosphatase was measured enzymatically; plasma bone Gla-

protein, a bone protein that reflects bone formation, was
measured with a radioimmunoassay; whole-body retention of
Tc-labeled diphosphonate was determined to assess an ove-
rall estimate of bone formation. The ratio of bone resorp-
tion was reflected by the fasting urinary excretion of

hydroxyproline.
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In the groups treated with calcium or placebo, the
bone mineral content in the four bone compartments fell
significantly (p< 0.001), representing a bone-loss rate of
4 to 8 percent over two years. 1In the estrogen group how-
ever, the bone mass was unchanged throughout the study.
The mean slopes (calculated from the bone measurement as a
function of time) showed a significantly (p< 0.05) slower
rate of bone loss in the calcium group than in the placebo
group when measured in the proximal forearm (mainly corti-
cal bone); the same trend was seen for the entire skeleton
(also mainly cortical bone) although it was not signifi-
cant. There was no difference between the calcium and
placebo groups in the bone mineral content in the distal
forearm and the bone mineral density of the spine.

The estrogen group had a significant fall in all
indices of bone accretion (serum level of alkaline phos-
phate, plasma level of bone-Gla-protein, and urinary excre-
tion of Tc-phosphate) and in bone resorption (fasting uri-
nary hydroxyproline) (p< 0.01 to 0.001) after 24 months of
treatment. No significant changes were seen in either the
calcium or the placebo group in any of these variables dur-
ing the trial. In the calcium group, a significant
decrease was observed in intestinal calcium absorption at

12 months of treatment (p< 0.005) but at 24 months the dif-
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ference had disappeared. There was no significant change
in intestinal calcium absorption in the estrogen or placebo
group.

The results indicate that calcium supplementation has
a preventive effect on the loss of compact bone. Calcium
however had no effect on bone mass in the spine or in a
more distal part of the forearm with a higher content of
trabecular bone. The authors suggest that an effect of
calcium on trabecular bone in women early in the post-
menopausal period 1is overridden by the high rate of bone
turnover during this period of 1life, but it may become
apparent later in 1life when the bone turnover rate has
fallen.

From this study, the authors conclude that dietary
calcium supplementation in the dosage used cannot be
regarded as an effective alternative to estrogen or proges-
terone hormone replacement in the prevention of early post-
menopausal bone loss. In contrast to estrogen treatment,
wﬁich prevents bone loss throughout the skeleton, calcium
treatment as compared with placebo seems to have an effect
in retarding bone loss from cortical bone, but not from
trabecular bone.

Thus, all studies reporting on calcium supplementation

and bone mineral mass seem to be in agreement that calcium
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may be effective in retarding cortical bone loss, but not
trabecular bone loss, for which estrogen is required.
Ettinger et al. (1987) basically concurred with these

results in their report that taking estrogen, or combining
estrogen therapy with calcium supplementation is more
effective than calcium supplementation alone in preventing
further bone loss in early post-menopausal women.

Polley et al. (1987) also studied the effect of cal-
cium supplementation on forearm bone mineral loss in post-
menopausal women, but came to different conclusions than
the preceding authors (Ettinger et al. 1987; Riis et al.
1987). The purpose of this study was to establish whether
calcium supplementation, with or without salt restriction,
would reduce the rate of bone 1loss in the calcium-
supplemented subjects as compared with their preceding rate
of loss and as compared with the rate in untreated concur-
rent controls.

Two hundred and ten post-menopausal women with calcium
intakes below 1000 mg participated in this study. The
subjects were allocated to three treated and three
untreated control groups. Groups 2 and 3 were selected at
random for either supplementation with extra dairy products
to yield a total calcium intake of at least 1250 mg (group

2) or supplementation with 1000 mg elemental calcium (glu-
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conate, lactate, carbonate, and 370 mg (16 mmol) of sodium)
to yield an intake of about 1700 mg calcium/d (group 3).
Subjects in Group 1 (salt restriction) were selected at
random from the same set for dietary product supplementa-
tion with an upper limit of 1950 mg (85 mmol) sodium per
day. Simultaneous controls were chosen at random from each
group to set a control to treated ratio of 1:3.

Forearm densitometry was determined at the beginning
of the study, again 9 months later (period 1 when the
intervention began and a third time at 18 months (period
2).

In the nine months before intervention, (period 1)
there were highly significant (p< 0.001) falls in forearm
mineral content (FMC) in all groups with no significant
differences between them and no differences between the
controls. After intervention, group 1 and group 3 demon-
strated significant increase in FMC (p< 0.025). There was
no significant difference in the controls FMC rate of
change, but they appeared to lose FMC at a faster rate than
did group 2. Thus, the authors report that they have shown
that 136 normal post-menopausal women who were losing bone
at a significant rate, when consuming a mean calcium intake
of just over 700 mg daily, ceased to lose bone when their

mean calcium intake was raised to about 1400 mg. When
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treated groups were pooled and compared to controls, there
was a significant difference in FMC (p< 0.01) between the
two groups. When the data were confined to the subjects
within 10 years of menopause (160) in all the effect of
calcium became more significant. In this subset, the con-
trol group 1lost bone at a significant rate in period 2
whereas calcium-treated subjects did not (p< 0.001).

The authors conclude that their data are compatible
with the concept that although calcium may be useful at any
age, its effect may be statistically demonstrable only
within 10 yrs of menopause when untreated controls are los~-
ing bone at a significant rate. When comparing their data
to other workers who have failed to show an effect of cal-
cium supplementation on vertebral bone 1loss (Ettinger et
al. 1987; Riis et al. 1987) the authors suggest their
effervescent mixture of calcium gluconate, lactate, and
carbonate given in a single evening dose may be why bone
rate was reduced. The authors believe it physiologically
unlikely that calcium supplementation controls forearm bone
loss but not vertebral bone loss in post-menopausal women
who have experienced the onset of menopause within the past
10 years.

The authors (Polley et al. 1987) fail to acknowledge

that Ettinger et al. (1987) and Riis et al. (1987) did
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report a reduced loss of cortical bone, as measured by
forearm densiometry, in post-menopausal women taking cal-
cium supplements. Further, the authors did suggest that
taking calcium supplements will promote a reduced rate in
cortical bone loss but not in vetebral bone. Thus it may
in fact be very likely that calcium supplementation affects
cortical bone but not vetebral bone in post-menopausal
women who have experienced the onset of menopause within
the last ten years.

Types of Calcium Supplements

Postmenopausal and amenorrheic women have difficulty
obtaining the higher levels of calcium recommended and may
choose to take supplementary calcium (Solomons, 1986).
Several forms of calcium supplements are available, but the
amount of elemental calcium they contain varies widely.
Calcium gluconate, lactate, and carbonate contain 9%, 13%,
and 40% calcium respectively (108mg, 156 mg, and 480 mg
elemental calcium respectively). Bone meal and dolomite
are not acceptable sources of calcium because they may con-
tain harmful amounts of lead, arsenic, mercury, and other
potentially toxic metals (Slavin, 1985).

Many calcium supplements, especially those containing
oyster shell calcium, also supply 125 or 25% of the USRDA

for vitamin D. Without vitamin D the body cannot manufac-
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ture the hormone 1,25, OH2 D3 needed for absorbing calcium.
However, most people get enough vitamin D from sunlight,
eggs, fatty fish, and fortified milk. For the most part,
only the elderly may be exceptions, since they tend to
spend less time outdoors and absorb less vitamin D from
food than young people (Chapuy et al. 1987).

Calcium in a food or tablet is of no value if it is
not absorbed; hence bioavailability is an important consid-
eration, particularly with respect to supplements and for-
tified foods (Heaney, 1986). With the exception of spi-
nach, the calcium of which is not very available, most nat-
ural foods seem to exhibit roughly similar availability.
Smith et al. (1985) reported that calcium absorption from a
typical mixed diet average 25% to 35% in women aged 20 to
60, and studies of isotopically labeled milk, chocolate
milk, yogurt and cheese have shown that the calcium of
these dairy products is absorbed at this same efficiency
and that the sources are indistinguishable from one another
(Recker et al. 1987;Smith et al. 1986).

Most of the supplements on the market today have not
been adequately tested nor have most of the fortified
foods. Thus, it is not known to what extent differences in
bioavailability may influence the overall impact of a cal-

cium supplement on calcium homeostasis or bone remodeling.
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Also, 1little information is available concerning even the
acute effects of supplemental calcium given as commonly
prescribed, that is, in relatively large amounts taken with
other nutrients.

Goddard et al. (1986) studied the short-term effects
of calcium carbonate, lactate, and gluconate on the calcium
parathyroid axis in normal elderly men and women. Sub-
jects were 42 individuals (25 women, 17 men) aged 52-85 yr.
The women were all post-menopausal; eight were currently
taking estrogen replacement therapy. Fasting subjects were
administered a standardized one gram calcium load on three
occasions, using calcium carbonate, lactate, and gluconate
in random sequence with 8 oz. milk or orange juice as car-
rier. Blood and urine were collected at baseline and fol-
lowed for 6 hours following the load.

In response to oral calcium given with milk, serum
urinary calcium rose significantly (p< 0.001) in all sub-
jects. The increase in urine-calcium excretion continued
over the duration of the test. With lactate and carbonate,
the rise in calciuria was progressive through the last col-
lection period; the response to gluconate declined after
the third collection. Peak calciuria after carbonate, glu-
conate, and lactate did not differ significantly.

The rise in serum-calcium concentration progressed
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through the third collection period following calcium lac-
tate and carbonate. In response to calcium gluconate, the
serum calcium concentration rose to a plateau 1level by 2
hours, and declined by the last collection period. The
peak rise inAserum calcium following lactate and carbonate
did not differ significantly, but were both greater than
the calcemic response to calcium gluconate (p< 0.01).

With orange juice as the carrier, significant rises
(p¢< 0.001) in serum and urine calcium were also observed
with each calcium salt. The calcemic responses were indis-
tinguishable from those seen with the milk carrier, but the
calciuric responses were approximately one-third lower with
orange Jjuice. The calciuric responses to the three salts
did not differ significantly. The peak calcemic responses
to carbonate and lactate exceeded that to gluconate, but
this difference was marginally significant (Goddard et al.
1986)

In response to oral calcium (carbonate, lactate, and
gluconate), serum iPTH decreased significantly (p< 0.001)
and remained below basal levels thréughout the test. None
of these changes differed significantly, one from another.
Phosphate excretion changed in a consistent manner follow-
ing calcium ingestion. In each case phosphaturia rose sig-

nificantly during the first post-calcium collection,
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decreased during the next 2 hours, and rose during the
final collection. Urinary excretion of cAMP did not change
significantly at any time during the test.

The intent of this study was to examine the overall
impact on calcium handling of clinically relevant doses of
calcium salts, given as frequently prescribed. The results
showed that acute responses to three commonly prescribed
calcium salts were similar in a group of normal elderly
volunteers. However, there was a subtle, yet significant
difference observed in the time course following calcium
administration. Unlike the response to the carbonate and
lactate salts, the peak effects of calcium gluconate were
reached by the end of the second collection period. 1In a
previous balance study, Spencer et al. (1966) showed that
calcium balance 1is more positive when calcium is provided
as lactate rather than gluconate.

Heaney, (1987) reported that calcium carbonate is
absorbed about as well as in food calcium, however it is
recommended that this product be given with meals as
absorption is poor in some wémen who take calcium carbonate
on an empty stomach. Contrary to popular belief, gastric
acidity is not necessary for absorption if calcium carbo-
nate is coingested with meals (Recker, 1985). Solomons,

(1986) reported that calcium carbonate may produce less
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remodeling and strengthening of demineralized bone than
dairy calcium. Recker and Heaney (1985) showed that 24 oz.
of milk each day improved calcium balance and suggested
that milk might be superior to calcium carbonate because it
appeared to inhibit bone remodeling to a 1lesser degree.
The authors stated that there was no apparent reason for
the difference in remodeling rates between calcium carbo-
nate and milk (Recker & Heaney, 1985). However, distaste
for dairy products and lactose intolerance are both common,
especially in the elderly and limits the widespread accept-
ability of milk (Goddard et al. 1987; Solomons, 1986).
Tablet formulation is an important additional factor
in bioavailability of calcium from supplements. Some prod-
ucts are formulated precisely to break up in the stomach,
and make calcium readily avaiiable for absorption. But
other products, particularly certain generic calcium sup-
plement tablets are so poorly formulated that they pass
through the gastrointestinal tract essentially wunaltered
(Carr & Shangraw, 1987). Krzykowski et al. (1986) fed rats
various calcium supplemented milk, finding minor differ-
ences in nonfat dry milk, calcium phosphate, oyster shell
calcium, calcium carbonate, calcium 1lactate and chelated
calcium as the calcium source. In some studies, calcium

citrate has been reported to be better absorbed than food
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calcium, and about the same as food calcium in other
studies. (Heaney, 1987) No mention was made of whether
these studies used different brands of calcium citrate.
Calcium phosphate however, seems to be better tolerated,
but somewhat less well absorbed than calcium carbonate or
food calcium. Further testing of calcium phosphate is sug-
gested (Heaney, 1987).

It is recommended that calcium dosages, as part of a
multicomponent treatment program to help arrest further
bone loss should be in the range of 1.5 to 3 gm/d, (Heaney,
1987); administered in multiple doses over the day (God-
dard, 1986; Heaney, 1987). To be therapeutically useful,
net absorption should be in excess of 300 mg/d.

The data reported by Goddard et al. (1987) provide
little physiological basis for deciding between carbonate
and lactate salts for normal elderly men and women. How-
ever, because calcium carbonate contains 40% calcium by
weight, fewer pills are required to achieve a given total
dose of calcium than with calcium lactate. That calcium
gluconate has a shorter duration of effect supports the
previous suggestion (Spencer et al. 1966) that this agent
may be a less desirable agent.

Assessment of Bone Mineral Content

In detecting osteopenia, it should be noted that as
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much as 30% of the bone can be lost from the vetebral body
before that loss can be confirmed radiographically (Lane et
al., 1984).

Quantifying bone mass and following its status during
treatment can be accomplished using noninvasive diagnostic
procedures. These techniques include tests such as corti-
cal thickness measurements on appendicular bones, grading
of structural changes in trabecular recognizable on x-ray
films of the hip (Singh Index), and actual measurements of
bone mineral by techniques such as neutron activation ana-
lysis (total body and regional measurements), compton scat-
ter analysis (heel), quantitative computed tomography (QCT)
(spine, radius, and hip), and photon absorptiometry (total
body, spine, hip, radius, and heel (Wahner, 1986).

Clinically, the most promising result of this effort
is the introduction of QCT and photon absorptiometry. of
these two the latter is more widely available and has been
studied more.

In dual photon absorptiometry, the mass of bone min-
eral is measured in the lumbar spine (L2-L4) or the proxi-
mal femur. Total cortical and trabecular mineral is meas-
ured. In the spine, this is about 35% cortical and 65% tra-
becular bone. Bone mineral in the total skeleton can also

be measured. The result is expressed as bone mass per unit
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of area scanned (gm/cm2) and referred to as bone mineral
density (BMD) or area density. In single photon absorp-
tiometry, the bone mineral mass is measured in a cross-
section of the radius (or other long bone) one centimeter
in axial length. The unit is gm/cm, referred to as bone
mineral content (BMC). In QCT, trabecular bone is measured
from the center of several vertebral bodies from the lumbar
spine. The wunit is gm/cm3, or density of anatomical tra-
becular bone tissue, Bone mineral in the entire vertebral
body can also be obtained but is of less value.

Several considerations should be addressed when deter-
mining which site to measure. Since fractures occur most
frequently at the spine and later in life at the hip, diag-
nostic efforts shouid be directed toward predicting frac-
tures at the spine and the hip. 1In selecting a procedure,
one may choose to measure bone mineral at these potential
fracture sites with either of the two methods or to measure
other generally appendicular skeletal sites as predictors
of spinal (and hip) bone mineral or fracture risk. There
is now undisputed evidence that trabecular bone in the
axial skeleton (hip, spine) has a higher turnover than cor-
tical bone, probably because of its greater surface area
(Riggs, 1986). Changes in bone mass that occur with disease

and therapy have an earlier onset and are most pronounced
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at these trabecular bone sites. This is also true for
osteoporosis and for age-related bone loss (Wahner, 1987).

In contrast, trabecular bone at appendicular bone
sites where the bone marrow contains only fat is relatively
inactive metabolically. Since 80% of the skeletal mass
consists of cortical bone, total-body bone mineral measure-
ments performed by dual-photon absorptiometry or neutron
activation analysis do not appear sensitive enough for the
early detection of bone 1loss inn axial trabecular bone
sites. The same is true for measurements on the midradius
or distal one third of the radius where more than 90% of
the bone mass is cortical bone (Wahnar, 1985). Studies of
other appendicular skeletal sites with more trabecular
bone, for example the ultradistal radius with 60% and the
calcaneus with 80%, have shown that although bone mineral
at these sites is well correlated with bone mineral in the
spine or hip, the correlation is not good enough for pre-
dicting bone mineral in the spine when managing a given
patient; the error of such a prediction is between 12% and
15%.

In normal young adults, there is a high correlation of
bone mineral in different areas of compact bone (r>.9), a
moderate degree among areas of trabecular bone (r>.7 to

>.5), and even less correlation between areas of compact
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and trabecular bone (Wahner, 1987). This correlation
decreases when age and disease are included. For patient
management, it 1is therefore best to use the spine as the

reference site when osteoporosis is considered.

The accuracy in predicting the bone mineral content of
the spine or hip from measurements of the appendicular
skeleton is generally recognized, but it is not known if
this 1is also true in predicting fracture risk at the spine
or hips (Wasnich, 1985). This 1is an important issue
because the use of single-photon absorptiometry may result
in significant savings to the patient.

The use of QCT for bone mineral measurements is advan-
tageous because CT instruments are generally available and
measure trabecular bone at the sites of the fracture.
Clinically useful measurements can be made with standard Ct
instruments when special attention 1is given to strict
quality and standardized calibration phantoms (Cann, 1980).

Compared with QCT for the spine, absorptiometry is
more accurate and reproducible and the radiation dose and
the cost of a test are lower (Wahner, 1987). For repeated
studies and for studies of population groups, the dual-
rhoton absorptiometry procedure is preferred.

Summary

It is now well documented that a substantial portion
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of women athletes will develop exercise-induced menstrual
dysfunction along with other asymptomatic changes which may
seriously affect their reproductive physiology and bone
metabolism. Compared with eumenorrheic control subjects

and normally menstruating athletes, amenorrheic and oli-

gomenorrheic athletes manifest reduced bone density,
reduced circulating estradiol and progesterone, and
increased musculoskeletal injury rates. The underlying

physiologic mechanisms relating menstrual dysfunction to
changes in bone metabolism have not been elucidated nor
has the cause of exercise-induced amenorrhea been identi-
fied. Previous research has proposed mechansisms relating
to: genetics, body composition, training regimen, reproduc-
tive maturity, sport specificity, diet, and physiological
stress. Thus the treatment of choice regarding athletic
amenorrhea and subsequent risk of reduced bone mineral den-
sity is currently being debated among the following:; change
of lifestyle (athletic regimen), hormone therapy and/or

calcium supplementation.
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CHANGES IN BONE DENSITY
IN CALCIUM SUPPLEMENTED ADOLESCENT ATHLETES
EXPERIENCING MENSTRUAL DYSFUNCTION
by
Janine M. Baer
(ABSTRACT)
Thirteen adolescent runners experiencing menstrual dysfunc-
tion (mean no. menses 5/yr) received dietary supplements of
1200mg calcium carbonate and 400 IU vitamin D/d for 12 mos.
Bone mineral content of the axial skeleton was measured by
dual photon densiométry at the beginning and end of the 12
month period. Fasting plasma total and ionized calcium,
intact PTH, 1,25(0OH)2D3, estradiol, and thyroxin were
determined at the beginning and end of the study. Seven
day dietary recalls were obtained for two separate weeks
during the course of the study, one prior to the onset of
supplementation and another six months later. Mean bone
mineral density of the athletes’ increased (p< .05), but
bone mineral density was observed to decrease in two of the
subjects who had the lowest estradiol concurrent with the
severest training regimen. Athlete’s total plasma calcium

and 1,25(OH)2D3 increased (p< .05). No measured variable
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correlated with the bone mineral density of the lumbar
spine. There was a significant correlation between dietary
calcium intake and total plasma calcium (r=.50), and diet-
ary vitamin D intake and 1,25(0OH)2D3 (r=.50). Stepﬁise
linear regression predicted a significant (p <.15) rela-
tionship between serum estradiol and bone mineral density,
and no. menses/yr and bone mineral density. Multiple linear
regression procedures indicated several predictive models
incorporating variables that significantly affect bone min-
eral density. The models include plasma estradiol, no.
menses/yr, body mass index, dietary calcium and dietary
vitamin D intake. The increase in dietary calcium intake
(192% RDA) and/or dietary vitamin D intake (190% RDA) due
to supplementation did not did not appear to contribute to
an increase in bone mineral density in estrogen compromised

female athletic adolescents independent of growth.
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Introduction

It is now recognized that a substantial portion of
female athletes will develop exercise-induced menstrual
dysfunction along with other asymptomatic changes which may
seriously affect their reproductive physiology and bone
metabolism (1). Compared with eumenorrheic control sub-
jects, amenorrheic athletes manifest reduced bone density
(2), reduced circulating estradiol and progesterone (3),
and increased musculoskeletal injury rates (4). The under-
lying physiologic mechanism relating menstrual dysfunction
to changes in bone metabolism have not been fully eluci-
dated.

Previous studies have partially characterized nutri-
tional and hormonal patterns in college students (5-8).
However, these previous studies compared the nutritional
and bone density patterns of eumenorrheic athletes with
those of amenorrheic athletes. This study examines the
effect of calcium and vitamin D supplements on bone density

and hormonal indices controlling calcium metabolism in ado-
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lescent athletes experiencing menstrual dysfunction.
Methods

Experimental Subjects. Thirteen adolescent athletic

females and ten sedentary adolescent females aged 14-18
were recruited from area high schools to participate as
subjects. Because criteria for participation included that
subjects be Caucasian and have less than 22% body fat, data
for 3 of the sedentary subjects are not included. This
decreased the mean age of the control group from 16 to 14,

All subjects received an oral and written explanation
of the purpose of the study and procedures to be followed;
all gave written consent prior to the beginning of the
study. All procedures were approved by the University
Institution Review Board for Research Involving Human Sub-
jects. Each subject completed a detailed medical history
questionnaire which included information regarding their
exercise regimen and menstrual history. None of the ath-
letes were using oral contraceptives.

Study Protocol. The thirteen athletic subjects partic-
ipated in the study for 12 months; throughout the course of
the study, beginning after initial testing, they were pro-
vided with calcium supplements containing 1200mg calcium
carbonate and 400 IU vitamin D per two tablets. The sub-

jects were instructed to take two tablets per day with
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their morning meal for the duration of the study. No other
dietary restrictions were imposed. Pretest and posttest
protocols were identical (Figure 1.) The seven sedentary
control subjects completed posttest bone measurement, diet-
ary analysis, and body composition determination only (Fig-

ure 1.)

Experimental Procedures

Bone Mineral Density. Lumbar bone mineral density of

the skeleton was determined by the dual photon densiometry
technique originally described by Riggs et al. (9).

Dietary Analysis. Athletes’ seven-day food intake
records were collected prior to supplementation, and again
at six months to determine if subjects' dietary intake var-
ied over the course of the year. Subjects received oral
and written instructions regarding documentation of dietary
intake. A dietitian discussed the completed food records
with each subject for further clarification regarding
intake. Athletes’ food records were analyzed for nutrient
content using the Computerized Nutritional Analysis System,

Department of Experimental Statistics, Louisiana State Uni-
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versity. Control subjects completed 24 hour food recall
intake

records at the time of their bone mineral density test
which were analyzed for nutrient composition using

the Nutritionist III software package (N-Squared Computing,
Inc., Silverton, OR).

Body Composition. As part of the determination of
bone mineral density, all subjects were weighed on a physi-
cians’' scale and weight was recorded to the nearest 0.5kg,
and height was recorded to the nearest cm. These data were
used to determine subjects’ body mass index (10).

Additional anthropometric measurements were determined
on athletic subjects. Skinfold thickness, measured with
Lange calipers (10mm? constant pressure), was determined at
three sites; the triceps, supra-illiac, and thigh; the
average of repeated (3) trial values was used as the repre-
sentative score for a given site for estimation of body fat
in adolescents (11).

Sample Collection and Analysis. Fasting blood samples

(30mls) were taken from the anticubital vein by using a
plastic 10 cc syringe and a 1 1/2 inch, 21 gauge needle.
Blood was taken over a period of 3 to 4 minutes with mini-
mum vacuum to reduce hemolysis. Blood was transferred to

mineral free heparinized plastic tubes and centrifuged for
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25 minutes at 2000 rpm. Serum was immediately separated
from the red cells using an acid washed mohr pipet. Serum
was stored, frozen and subsequently analyzed for mineral
and hormone determination. All of the athletes had blood
taken on the same day. Pre and post samples were taken
approximately at the same time of the year so that sub-
jects would be in similar training regimes.

Mineral Determination. Plasma was diluted (100 +

4.9mls 0.3% lanthanum=1:50) and analyzed for total calcium
and total magnesium determination using a Perkin-Elmer
Model 503 atomic absorption spectrophotometer (Perkin-Elmer
Corporation, Norwalk, CT) equipped with a titanium-3-slot
Boling burner head and with appropriate lamps for the two
elements. Recovery samples consistently run at intervals in
this laboratory indicate recoveries between 95 to 99 per-
cent. All analyses were done in duplicate with duplication
in the range of 2 to 5 percent.

Plasma ionized calcium was determined by a calcium spe-
cific electrode (Radiometer America Inc., Westlake, OH).
Values were adjusted to correct for the change in pH that
occurred due to the samples being frozen (Radiometer Amer-
ica Inc., Westlake, OH).

Hormone Analysis. Serum 1,25(OH)2D3 (Incstar, Still-

water, MN), estradiol and thyroxin (Diagnostic Products
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Corp., Los Angeles, CA) intact PTH (Allegro Corp., Nicholos
Institute, San Juan Capistrano, CA), were determined by
radiocassay. Coefficients of determination, evaluated by
duplicate measurements of the same sample for 1,25,
(OH)2D3, estradiol, thyroxin and intact PTH are 0.97, 0.99,
0.99, and 0.98 respectively. The within assay coefficients
of variance of 1,25(0H)2D3, estradiol, and intact PTH were
9%, 6%, 8%, and 6% respectively. Intact PTH concentration
less than the 14 pg/ml standard were assigned a minimal
value of 14 pg/ml.

Data Analysis. Statistical Analysis Systems (SAS,

Cary, N.C.) computer programs were used to conduct statis-
tical analyses. Paired t-tests were performed to evaluate
differences between athletes’ pretraining and posttraining
values for serum ionized calcium, total serum calcium,
intact parathyroid hormone, estradiol, 1,25(OH)2D3, thy-
roxin, dietary intake of calories, calcium, vitamin D,
dietary fiber, training history, menstrual history, weight,
BMI, and BMD. Independent t-tests were performed to
evaluate differences between the athletic and the control
subjects’ values for age, body weight, BMI, BMD, age of
menarche, no. menses/yr, caloric intake, dietary calcium
and vitamin D intake. Athletes were divided into two

groups, those experiencing less than 6 menses per year
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(group A) and those with greater than six menses per year
(group B) Independent t-tests were performed to determine
if differences existed between the groups with respect to
BMD, BMI, caloric intake, dietary intake of calcium, vita-
min D, fiber, training history, menstrual history, and
endocrine and metabolic parameters. Multiple linear and
stepwise regression statistical analyses were performed to
assess the degree to which the dependent variable (BMD)
could be explained by the independent variables: BMI, men-
strual history (age of menarche, no. menses/yr), training
history, plasma estradiol, 1,25(OH)2D3, ionized calcium,
total calcium, intact PTH, and dietary intake of calcium,
vitamin D, and fiber. Correlations were determined to iden-
tify relationships between variables. The level of signif-
icance was set at p< .05.
Results & Discussion

Sub,jects

The physical characteristics of the two groups studied
are presented in Table 1. The average age of the athlete
(16 + 1.15 years) was significantly different (p< 0.01)
from the average age of the control (14 + 0.92). The mean
BMI of the athletic group was significantly lower than the
mean BMI of the control group (18.29 + 0.15 ht/m? vs.

20.17 + 0.88 kg/m?). The athletes’' mean body fat was 16.2%.
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The onset of menarche occurred at a significantly
later age in the athletes as compared to the controls, and
the athletes had fewer menses per year (mean no. = 5) com-
pared to the controls (p < 0.05)/ The mean BMD of the ath-
letic group significantly increased over the 12 month sup-
plementation period (1.10 + 0.01g/cm?2 to 1.12 + 0.01g/cm?).
However, their BMD at the completion of the 12 month period
was not significantly lower than the controls®’ mean bone
density (1.15 + 0.02g/cm?), which was determined within two

months after the athletes’ post BMD measurement.

Dietary Intake

Dietary intake of the two groups is presented in Table
2. Although the athletes consumed fewer calories per day
(1662 + 117.2) than the controls (1853 + 132.4), the dif-

- ference was not significant. The distribution of energy
between the two groups was similar.

Prior to supplementation, there was no difference in
calcium intake between the two groups. They consumed
almost 100% of their RDA (1200 mg) per day. Supplemented
athletes consumed almost twice their RDA for calcium.

There was no significant difference in vitamin D intake
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between the two groups. However, the athletes only con-

sumed about half of their RDA (400 IU) for vitamin D per

day prior to supplementation.

Training Characteristics

Table 3 summarizes the training characteristics of the
adolescent athletes. They ran an average of six days per
week, covering approximately 30 + 4.9 miles per week. Most
of the athletes participated in both cross-country as well
as track (indoor and outdoor), thus they trained approxi-
mately 9(+ 3) months per year. They had been running for
an average of 3 years, indicating that they started running
very close or prior to the onset of their menses. Ninety-
two percent reported experiencing a change in their men-
strual pattern during training. Specifically, if they ran
longer distances, their menses was delayed and /or reduced
in length and /or flow. Seventy-seven percent reported
experiencing some type of training related injury during
the years they had been training; stress fractures and
sprains were the most common. Eighty-five percent partici-
pated in some other activity concurrent with their running

program such as weight-lifting and swimming.
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Endocrine/Metabolic Values

Table 4 presents the endocrine and metabolic response
to calcium and vitamin D supplementation. Initial ionized
plasma calcium was at the low end of the normal range
(4.56 + 0.01 mg/dl;reported normal range is 4.52
-5.28mg/dl) and did not change significantly (4.52 + 0.02
mg/dl). Plasma total calcium was considered normal for
values reported in this laboratory (10.91 + 0.22 mg/dl) and
significantly increased (11.7 + 0.23 mg/dl) by the end of
the supplementation period. The increase in intact parath-
yroid hormone (20.45 #+ 2.90 pg/ml; to 23.38 + 3.31 pg/ml;
reported normal range 10-55 pg/ml) was not significant.

The change in plasma estradiol (72.00 + 14.49 pg/ml to
43.10 + 14.47 pg/ml) was not significant. The increase in
serum 1,25(OH)2D3 (12.86 #+ 1.18 pg/ml to 17.98 + 1.27pg/ml)
was significant (reported normal range is 12.7 -
32.2pg/ml). Thyroxin was low at the beginning of the
study, and decreased from 1.10 + 0.04 ng/dl to 1.03 + 0.05
ng/dl, a below normal (hypothyroid) level, (<1.10 ng/dl)
over the 12 month period.

Athletic subjects had a mean of five menses per year.



88

They were divided into two groups based on whether they had
more or less than six menses per year upon entry into the
study (Table 5). Subjects with less than six menses per
year (Group A) started to menstruate at a later age (p<
.15) than females who had six or more menses per year
(Group B). Group.A ran more miles per week (p<.002) and
had been training for more years than Group B. The dietary
habits of the two groups differed in that Group A consumed
significantly more protein (p< 0 .007), dietary calcium (p<
0.01), vitamin D (p< 0.05), and fiber than Group B. Sub-
jects in Group A had significantly lower plasma

estradiol (p< 0.004) values than subjects in Group B.

A significant correlation between dietary calcium
intake and total plasma calcium(p< 0.03, r= .50), and diet-
ary vitamin D intake and 1,25(OH)2D3 (p< 0.001, r= .50) was
observed. No measured variable correlated with the bone
mineral density of the lumbar spine. Models of combina-
tions of independent variables that significantly predict a
linear relationship to the dependent variable (BMD) are
presented in Table 6. These models provide a means of

assessing risk of bone mineral loss in populations who do
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not as yet have a range established for normal levels of
bone mineral density, such as adolescent athletes experien-
cing menstrual dysfunction. The significant difference in
the athletes’ BMD was not related to the change in dietary
calcium intake, dietary vitamin D intake, interaction of
the two, or activity level.

No model was significant in predicting parathyroid

hormone level.

Discussion

The athletes who participated in the present study
possess physical, training and dietary characteristics sim-
ilar to those of ammenorrheic athletes who have been
reported to have reduced bone mineral density; they are
very lean; they train several days/week, have inadequate
energy in the diet; and demonstrate hormonal aberrations in
estradiol and thyroxin (2,12, 13).

Data regarding normal BMD for adolescents is not as
yet reported in the literature. However, an age-based
regression equation has been developed (Lunar Radiation
Corp., Madison, WI;unpublished data) to interpret BMD scans

from individuals not within the 20-50 year old age range
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(Appendix G, Table 9). When BMD is calculated by this
equation, the mean BMD for the athletes is the same as the
BMD value determined from their actual BMD scans, suggest-
ing that they were within a normal range for their age
prior to supplementation, as well as after supplementation,
such that the additional dietary calcium and vitamin D did
not significantly enhance the change in BMD that would have
occurred due to growth alone.

Compared to the controls, the athletes had a lower
BMD. The controls were significantly younger than the ath-
letes, thus, one might expect that they would have a lower
BMD comparatively. Another reason for this apparent dis-
crepancy may, in part, be the effect of body weight on bone
mass.

Body weight had been shown to be positively associated
with bone mass (14-16). The body weight and BMI of the
athletes is significantly lower than that of the controls.
Thus, the difference in BMD is not surprising. The amenor-
rheic athletes (mean age 25 yrs) that were studied by Cann
et al. (17) were significantly lighter than eumenorrheic
controls, and had significantly less BMD than the controls.
Lindburg et al. (18) and Marcus et al. (2) have reported
similar findings when comparing body weight and bone den-

sity of amenorrheic and oligomenorrheic athletes to seden-
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tary eumenorrheic controls.

Additionally, the reported BMD of the seven subjects
who served as controls may not be representative of the BMD
of that age group population. When calculated, the BMD for
individuals that age is less than the BMD of the controls,
as well as the older athletes. It is also suggested that
the equation used to calculate BMD may not be correct.

Initiation of endurance training before complete matu-
ration of hypothalamic-pituitary function may make females
susceptible to amenorrhea (19). The age of menarche of the
subjects studied is similar to the age of the amenorrheic
athletes studied by Nelson (13), who had lower BMD than
eumenorrheic athletes who reached menarche at an earlier
age. Marcus (2) and Lindberg (18) did not find a differ-
ence in the age of menarche between the amenorrheic and
eumenorrheic athletes they studied, but they did report
that the amenorrheic athletes began training closer to the
onset of menses than the eumenorrheic subjects. Thus,
these subjects may have begun to train before maturation of
the hypothalamié—pituitary function occurred.

Subjects in this study also began to train very close
to the time (within the year) at which menarche occurred,
or before the onset of menses as well. The literature sup-

ports support the theory that a later onset of menarche,
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coupled with early initiation of endurance training, pro-
motes menstrual dysfunction which has been shown to result
in lower bone mineral density (2,18).

Dietary Characteristics

Prior to calcium supplementation, the athletes were
ingesting almost 100% of their RDA for dietary calcium;
with supplementation, that percentage increased to approxi-
mately 200%. However, that may not be representative of the
total calcium that was available for absorption. Several
factors have been associated with decreasing calcium
absorption, namely protein and fiber‘(20,21).

The athletes who have less than six menses per year
(group A) consumed a significantly greater amount of diet-
ary protein relative to group B athletes, (> six menses per
year). An increase in dietary protein, while enhancing
calcium absorption, also increases urinary calcium excre-
tion, thus decreasing overall calcium retention (20). How-
ever, athletes’ intake of dietary protein (16% calories) is
not considered an excessive amount and it is not thought
that the difference in BMD between groups A and B is
largely a factor of dietary protein intake.

Although none of the athletes in the study were vege-
tarians, and their overall dietary fiber intake was not

above average, the subjects with lower bone mineral density
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(group A) had a considerably higher intake of dietary fiber
than subjects in group B.

In past studies of vegetarian women who consumed twice
as much fiber as did nonvegetarian women, reduced frequency
of breast cancer and reduced circulating estrone and estra-
diol levels were observed (21). Fecal excretion of
estrogen by vegetarians was more than twice as great as
that by non vegetarians (21). These studies suggest that
dietary habits and food fiber levels alter circulating
estrogen levels. Recently, Lloyd et al. (1) observed a sig-
nificantly higher dietary fiber intake in oligomenorrheic
collegiate athletes (5.75 + 0.64 grams/day) compared to
eumenorrheic collegiate athletes (3.52 + 0.53 grams/day) or
eumenorrheic sedentary collegiate controls (2.97 + 0.31
grams/day). Bone density tended to be lower (p=.10) in the
oligomenorrheic athletes compared with the eumenorrheic
athletes or sedentary controls.

The authors did note some potentially confounding
variables among their study groups. They suggest that
since the oligomenorrheic athletes had the lowest fat per-
centage of the groups, that in turn may have affected their
bone mineral measurement. Also, although the calcium
intake of the oligomenorrheic athletes was above the RDA

(800 mg/day), the authors recognize that this group may be
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calcium deprived due to their hypoestrogenic state. They
concluded that this association between increased fiber
intake and menstrual irregularity may be related to alter-
ations of endocrine status and mineral status (1).

The adolescent athletes in group A have a dietary
fiber intake 1lower than that of the oligomenorrheic ath-
letes studied by Lloyd et al. (1). The association between
dietary fiber intake and menstrual irregularity may be
related to alterations of endocrine and mineral status how-
ever, until further documentation of dietary fiber in foods
is reported, this this relationship cannot be seen as cas-
ual (12,22).

The mechanism responsible for increased fecal excretion
of estrogens is not known although a variety of mechanisms,
including direct estrogen adsorption by fiber and alter-
ation of gut flora have been proposed (21). The theory
that dietary fiber affects calcium absorption and calcium
balance has also been proposed (23), but this is highly
controversial. Some balance studies with human subjects
have demonstrated increased calcium excretion consequent to
increased dietary fiber intake (23). Conversely, other
balance studies have shown no effect of increased fiber
intake on calcium absorption (24). The difficulty of quan-

titatively measuring dietary fiber intake unless study pop-
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ulations are provided with controlled diets is recognized.
There are two reasons for this. First, the computer pro-
grams for nutrient analysis use limited data bases. Sec-
ond, general agreement does not exist about dietary fiber
content of the foods used in the data base. Recent
advances in developing and implementing better methods to
determine dietary fiber intake are, however, being reported
(25).

Regardless of calcium intake, evidence shows that
without estrogen, absorption of dietary calcium will be
compromised (22). Thus, the dietary intake of the adoles-
cent athletes, although supplemented, may still be inade-
quate if they do not have enough estrogen. The decrease in
calcium absorption and the increase in calcium excretion in
estrogen deficient women (, 30 mg/dl) has led Heaney (22)
to recommend a daily intake of 1.5 grams of elemental cal-
cium in low estrogen states to maintain calcium balance.
This recommendation was make for women whose RDA for cal-
cium is 800 ﬁg/d. Riggs and Melton recommend that adoles-
cents take in at least 1500 mg/d since adolescence is con-
sidered to be the prime time for accumulation of BMD (26).
An intake of 1500 mg/d is above the RDA for female adoles-
cents (1200 mg/d) who are not experiencing menstrual dys-

function. It would seem appropriate to assume that adoles-
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cents who are then experiencing estrogen deprivation need
even more calcium/day than the recommended 1500 mg. Basing
the additional need on the same percentage increase recom-
mended for older females (50%), it would seem that such
adolescents would need to consume 2250 mg/d.

The supplemented athletes were consuming approximately
2280 mg/d of calcium for the duration of the experiment.
Since plasma estradiol was low for several of the athletes,
more dietary calcium may be required for these subjects.
Also, accompanying parameters controlling calcium metabol-
ism indicate that the amount of dietary calcium consumed by
the estrogen-deficient athletes, even with supplementation
may not be sufficient.

Endocrine Features

Calcium homeostasis is achieved through the coordi-
nated actions of PTH, calcitonin, and 1,25(OH)2D3 via nega-
tive feedback (27).

When the ionized calcium concentration (the form of
calcium that is most important physiologically and patho-
logically, and that regulates and is regulated by PTH ) is
low, PTH is secreted (27). Parathyroid hormone primarily
acts on the bone; PTH activates formed osteoclasts, stimu-
lates the formation of new osteoclasts, and delays the con-

version of osteoclasts to osteoblasts. This leads to
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increased bone resorption and increased plasma calcium and
phosphate levels.

Parathyroid hormone also regulates the synthesis of
1,25(0OH)2D3 in the kidney (27). This metabolite of vitamin
D is important in affecting calcium and phosphate absorp-
tion from the intestine. In the absence of PTH, none of the
1,25(0H)2D3 is formed. Therefore, PTH exerts a potent
effect in determining the functional effects of vitamin D
in the body, specifically its effect on calcium absorption.

Parathyroid hormone also increases tubular reabsorb-
tion of calcium, with excessive renal phosphate excretion
(27). A biochemical index of increased PTH activity is not
only increased formation of 1,25(OH)2D3, but increased uri-
nary phosphate excretion.

Conversely, when the calcium ion concentration is
increased, the secretion of PTH is inhibited and calcitonin
acts to reduce calcium adsorption from the bones, thus pre-
venting an excessive rise in the calcium ion concentration.
Without PTH, the conversion of 250HD3 to 1,25(OH)2D3 is
inhibited, decreasing the absorption of calcium from the
intestinal tract, returning the calcium ion concentration
back to its normal value.

Although it is generally accepted that low estrogen

levels after menopause, or in premenopausal women with
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endocrine dysfunction, are related to the osteopenia that
is observed in these groups, the role of estrogen in bone
dynamics is not fully understood. Since estrogen receptors
have not been found in bone, it is generally assumed that
the estrogen effect on bone is indirect (22). Heaney (22)
suggests that one such route may be the effect of estrogen
on calcium balance since there is evidence that a lack of
estrogen increases the daily calcium requirement (22).
Specifically, a decrease in estrogen will decrease calcium
absorption and increase calcium excretion. Estrogen acts
on the kidney to increase the enzyme la-hydroxylase (28).
This enzyme is responsible for activatiné the conversion of
250HD3 to 1,25(0H)2D3. It has been reported that patients
with post menopausal osteoporosis have a significant
decrease in 1,25(OH)2D3 (29).

Estrogen is also responsible for a serum phosphate
reduction that is associated with an increased excretion of
phosphate, which, in turn is characteristic of increased

PTH activity (30).

Dietary information from the athletes in the present
study indicated that they were consuming an adequate cal-
cium intake prior to supplementation. This was also demon-

strated by a normal total serum calcium level. The
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increase in dietary calcium due to the supplement is
directly related to the significant increase in total serum
calcium. However, it is not the total serum calcium value
that is associated with regulating calcium metabolism, but
rather the ionized calcium molecule (31).

Mean ionized serum calcium was at the low end of the
normal range. Within the literature, there is no distinc-
tion made regarding normal serum ionized calcium levels for
individuals of different sexes and/or age groups. Both
intact PTH and 1,25(0OH)2D were low, but within the normal
range.

Lindberg et al. (18) observed a reduction in both cor-
tical and trabecular bone density in amenorrheic runners,
but observed normal concentrations of serum total calcium,
prolactin, and PTH (intact and mid-portion molecule) (data
not reported). Serum estradiol levels, however, tended to
be lower in the amenorrheic runners compared to eumenor-
rheic runners (data not reported).

In evaluating bone mass in a group of elite female
distance runners in whom training intensity and endocrino-
logical features were carefully documented, Marcus et al.
(2) also reported normal serum levels of calcium (data not
reported) and intact PTH in amenorrheic and eumenorrheic

females (32.5 + 2.4pg/ml vs. 37.4 + 2.5 pg/ml). The ame-
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norrheic females had significantly lower plasma estradiol
levels compared to the eumenorrheic females (36.3 + 3.5
pg/ml vs. 92.5 + 27.4 pg/ml). Serum calcitriol was also
normal, but significantly greater in cyclic women than in
amenorrheic women (48.0 + 6.0 pg/ml vs. 32.8 + 3.7 pg/ml).
The authors did not observe any significant correlation
between the levels of vitamin D metabolites and intact PTH,
calcium excretion or serum estrogen levels.

It is suggested that the adolescent athletes with low
estrogen levels (< 30 mg/dl) were not able to absorb cal-
cium sufficiently. There probably was a minimal amount of
estrogen available to initiate the formation of
1,25(0H)2D3. However, this then resulted in only a minimal
amount of 1,25(OH)2D3 being formed which enabled only a
minimal amount of dietary calcium to be absorbed.

Despite the supplement, plasma ionized calcium concen-
tration did not increase. This would suggest that the
athletes were not consuming enough dietary calcium to com-
pensate for their further reduction in estradiol, which in
turn activated PTH and 1,25(OH)2D3 in an attempt to re-
establish the plasma ionized calcium concentration. These
changes are better demonstrated when the athletes are
divided into groups based on the number of menses per year.

Athletes with less than six menses per year have lower
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estradicl and higher PTH values, despite a higher dietary
calcium intake than athletes with more menses per year.

To date, the studies evaluating the effects of calcium
supplementation and /or estrogen on bone mass provide sug-
gestive evidence of a preventive effect of calcium on bone
loss in post-menopausal women (32). However, the effect of
calcium is not as protective as the effect of estrogen, or
the combined effect of estrogen and calcium (33).

Horsman (31) and Recker (32) report an intermediate
bone loss in post menopausal women supplemented with 800 mg
of elemental calcium per day for two years. That is, these
women did not lose as much bone as did the controls,.but
lost more than the women treated with estrogen (.625 conju-
gated estrogen/day). Similar findings were observed when
treating women with 1.04 and 2.0 grams of calcium carbo-
nate per day, respectively ( 32). Treatment with 2.0 grams

however was observed to have a preventive effect on corti-

cal bone but not trabecular bone accretion (35). Lindsay
et al. (36) also observed less of a decrease in bone den-
sity ( 0.2%/year) in menstranol treated women after exper-

iencing a natural or artificial menopause, compared to
placebo treated patients who lost bone at a mean rate of
2.7%/yvear for the first three years of the study.

When comparing the effects of bone loss (ulna and
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radius) of no treatment, treatment with estrcv.: ‘enthiny-
lostrandiol 25) and treatment with calcium (3C0 mg/d),
Horsman et al. (34) observed that bone loss in ihe calcium
group was less than in the control but not thuin in the
estrogen treated group (p< .05). Recker et a! (32) did a
similar study but the calcium supplemented gr. i, wa- Ziven
a larger dosage (2600 mg calcium carbonate per iniv) and the

estrogen group was given .625 mg conjugated i
estrogen. After two years, skeletal mass (radi z:anmy)
decreased more in the control group (1.18%/+v=u: and in the

hormonal group (0.22%/year) than the calcium g: i},

(0.15%/year). However, skeletal mass, determi:.»! br photon
absorptiometry showed a 2.88%/year bone loss in th¢ asntrol
group, a 0.73%/year bone loss in the hormone :: .5, und a

1.83%/year loss in the calcium group, indicati:: that sup-

plemental calcium may promote bone accretion in -.rtical

bone mass but not in trabecular skeletal bon: ::3.
Recently, Riis et al. (35) demonstrated ‘' percuta-
neous estradiol (.6mg/28 day cycle) in post m:r . nusal

women did not change either forearm mineral decu=i‘ s or

total skeleton mineral density over a 12 mont’. , riud com-
pared to a control group receiving a placebo i :howed a
significant decrease in both forearm mineral . : - n: -nd

total skeletal content. Further, Riis et al. 7. r-uorted
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a significant increase in serum estrone and estradiol after
only three months of treatment which then remained con-
stant. There was no significant change in serum calcium in
either group whereas both serum alkaline phosphatase and
fasting urinary hydroxyproline were decreased in the hor-
mone group, reaching significance after 12 months of treat-
ment.

In the study by Ettinger et al. (33) they tested to
see if the effects of estrogen plus calcium might better
prevent bone loss in post menopausal women. A control
group maintained their usual dietary calcium intake (258 to
994 mg/day), while one treatment group supplemented their
dietary intake with 1000 mg of calcium per day (mean intake
1863 mg/day), and the other treatment group took 0.3 mg
Premerin (estrogen) and 1000 mg calcium per day (mean
intake 1733 mg/day).

Baseline measurements are not significantly different
between groups. Follow-up measurements show a significant
reduction in bone mass (quantatative tomography) of 9% in
untreated women and 10.5% in women given calcium alone.
Women taking both Premerin and calcium showed no signifi-
cant change in spinal mineral measurements. The authors
concluded that calcium supplementation alone does not pro-

tect against the accelerated bone loss that occurs at the



104

menopause. However, by adding calcium to the diet, the
amount of estrogen necessary to exhibit a protective effect
on skeletal bone mass may be reduced (33).

Basically, no study to date has shown a significant
increase in vertebral skeletal bone mass in women supple-
mented with dietary calcium, independent of estrogen,
regardless of the brand or dosage administered (32,34,37).
Effects of calcium supplementation have shown a reduction
in loss of cortical bone mass in post menopausal women
(32,34, 37). However, since it is the trabecular bone mass
that is most affected by estrogen loss (22,26,30), and sub-
jects women to increased fracture, the therapy that best
prevents this type of bone loss is considered to be the
desired therapy (22,26,30).

Although the data of this study indicate that bone
mass increased during the supplementation period, bone mass
did decrease in two of the subjects (Appendix H, Table 1,
subjects 9 and 11). Subject 9 is a competitive cross coun-
try runner who was truly amenorrheic for the duration of
the study. Although her average intake of dietary calcium
was 2.3 grams per day for the year, her estradiol level did
not change from 15 pg/ml (20 pg/ml is typical of post meno-
pausal women) and her bone mineral density decreased from

1.163 g/cm?2 to 1.115 g/cm?2. Subject 11, had increased her
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training throughout the year to prepare for a marathon
competition that spring. During the year her dietary cal-
cium intake was more than adequate (2.4 grams per day), but
her serum estradiol level decreased from 60 pg/ml to 30
pg/ml with a concomitant decrease in bone mineral density
(1.167 g/cm? to 1.130 g/cm?2). These data are consonant
with the previous studies that do not report preservation
of skeletal bone mineral density in estrogen compromised
females consuming calcium supplements. Also, both of these
subjects demonstrated a low BMI, low calorie diet, and a
rigorous training program. Such characteristics are typi-
cal of amenorrheic female athletes in whom a reduced bone
mineral density has been observed (12,13).

In determining variables that predict bone mineral
density previous authors have observed estrogen (estradiol)
to be the only variable to correlate with bone mineral den-
sity (13,33,38). Nelson (13) reported a positive correla-
tion (r= .50) between serum estradiol levels and bone min-
eral density of the lumbar spine and concluded that serum
estradiol was the most significant factor associated with
bone mineral density Ettinger et al. (33) reported that
estrogen use was the only independent variable showing a
significant correlation to loss of bone mass in the step-

wise multiple regression analysis.
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A significant correlation between level of plasma
estradiol and bone mineral density, and number of menses
per year and bone mineral density was observed in this
study (p< .15, r= .50; p< .08, r= .50 respectively ).
Recently Parker-Jones et al. (39) has reported a signifi-
cant linear correlation between decreasing bone density
with increasing months of amenorrhea (p< .001, r= .50).

In addition to stepwise linear regression, multiple
linear regression analysis was done to identify models that
would predict bone mineral density. Overall, the most sig-
nificant models predicting bone mineral density include;
BMI (a variable that has been previously established in
affecting BMD); and what has now been shown to be an
interdependent relationship between estrogen (either
expressed by level of estradiol, number of menses per year,
or age of menarche) and dietary calcium and or vitamin D
intake.

No variable, specifically the change in dietary intake
of calcium and /or vitamin D, was related to the change in
BMD that occurred during the treatment period.

Based on the variables that have been statistically
significant in predicting bone mineral density, the reports
in the literature which indicate calcium supplementation

does not affect vertebral bone mineral density independent
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of estrogen, the decrease in bone mineral density in two of
the calcium supplemented subjects participating in the
study, the results of this study suggest that the increase
that occurred in subjects’ bone mineral density was not due
to the additional calcium and/or vitamin D supplement.
Drinkwater et al. (40) have further demonstrated the
importance of estrogen, not calcium, on bone accretion.
After re-evaluating the bone status of previously amenor-
rheic athletes who regained menses one to ten months fol-
lowing initial testing (12), Drinkwater et al. (40)
observed a significant increase in vertebral bone mineral
density in those same subjects. The resumption of menses
in the athletes followed a decrease in training and an
increase in body weight. Thus, there is some confounding of
the specific cause of resumption of menses in these sub-
jects. Also, a retrospective estimate of daily calcium
intake averaged 850 mg for cyclic athletes and 1300 mg for
those women resuming menses. The authors believe that it
is likely that an increase in circulating estradiol coinci-
dent with resumption of menses (peak value of éstrogen for
the women who were cyclic when the second bone measurements
were done is almost identical to that of cyclic athletes,
205.4 pg/ml) was the primary factor in reversing bone loss

in six of the seven formerly amenorrheic athletes. The one
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subject that did not resume menses continued to lose bone
mass and still maintained a low estradiol level. Shangold
(41) substantiates the theory that estrogen is the critical
factor affecting bone mass, and recommends treating amenor-
rheic females with estrogen replacement therapy.

Although the athletes in the present study demonstrate
an overall increase in bone mineral density, this increase
may not be representative of the normal growth rate exper-
ienced by sedentary or athletic adolescents who have suffi-
cient estrogen to aid calcium deposition in bone. The ath-
letes demonstrate a continuing decrease in serum estradiol
levels, and report already having experienced several
training related fractures. 1In light of the evidence that
indicates that the consumption of calcium rich foods during
adolescence is the best predictor of peak bone mass
(26,42,43,44) and that estrogen is needed to sufficiently
promote calcium retention (22), such effects in early ado-
lescence could prohibit these individuals from developing
their peak bone mass and result in their entering adulthood
predisposed to more frequent and/or more severe bone
injury.
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Months
Procedures Baseline 6 12
bone mineral density X Xt
body composition (BMI) X Xs
dietary analysis X X 4
mineral analysis X X
hormone analysis X X

¥measurements determined on sedentary control subjects.
Figure 1. Experimental design.
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Table 1. Clinical parameters of athletic females and sedentary

females.

Athletes Controls p-value
n=13 n=7

Age(yr) 16 + 1.15% 14 + 1.92 0.0t
Weight (kg) 49.07 + 1.19 53.71 + 2.17 0.05
Height (cm) 164.20 + 1.80 162.80 ¢+ 5.11 NS
BMI (ht/m2) 18.29 + 0.15 20.17 + 0.88 0.04
BMD (g/cm2) baseline 1.10 + 0.01®

12 month 1.12 + 0.01, 1.13 ¢ 0.02b NS
Calculated BMD (g/cm?)® 1.12 + 0.01 1.10 jl»_O.Olc
Age of menarche 14 + 0.44 11 + 0.30 0.0008
No. of menses/year 5.16 + 1.14 11.85 + 0.14 0.0004

tmean + SEM

3 based on the equation [.3343

b superscripts with different letters in the same
icantly different (p<

.05).

+

(.0459 x age)]

column are signif-
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Table 2. Dietary characteristics of athletic females and sedentary

females.
Athletes Controls p-value
nz13 n=17
Energy (kcal/day) 1662 + 117.2%¢ 1853 + 123.4 NS
Distribution of energy
protein (%) 15 + 0.69 15 ¢+ 2.39 NS
fat (%) 36 + 1.45 32 + 3.39 NS
carbohydrate (%) 50 + 1.39 52 + 3.15 NS
Calcium
g/d 1.12 + 0.16 1.08 ¢+ 0.15 NS
supplemented 2.18 + 0,13+
XRDA/d 97 + 14.7 92 + 15 NS
supplemented 190 # 39+
Vitamin D
IU/d 257.81 + 48 246.00 + 55 NS
supplemented 628.50 + 42+
%XRDA/d 57 + 30 61 + 53 NS
supplemented 190 & 37+

¥ mean + SEM
++ significantly different from non-supplemented athlete or control
{p< .05).
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Table 3. Training characteristics of adolescent females.

N 13x
Miles/week 30 + 4.9
Training pace (min) 7+ 1.5
Days/week 6 + 0.6
Months/year 9 + 1.5
Years participating in sport 3+ 2.8
Training related injury 77%
Participates in other sports 85%
Change in menses with training 92%

¥ mean + SEM
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Table 4. Mineral metabolism in 13 calcium and vitamin D supple-
mented female runners experiencing menstrual dysfunction,

Baseline 12 months p-value
Ionized serum
calcium (mg/dl) 4.56 + 0.01% 4.52 + 0.02
Total serum
calcium (mg/dl) 10.91 + 0.22 11.68 + 0.23 0.0091
Total serum
magnesium (mg/dl) 2.1 + 0.02 2.1 + 0.02
Intact parathyroid
hormone (pg/ml) 20.45 + 2.90 23.38 + 3,31
Estradiol (pg/ml) 72.00 +14.49 43.10 +14.47
1,25 (OH)2D (pg/ml) 12.86 + 1.18 17.98 + 1.27 0.0024
Thyroxin (ng/dl) 1.10 + 0.04 1.03 + 0.05

¥ mean + SEM
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Table 5. Comparison of indices measured in female athletes based on
number of menses/year.

Variables Group A Group B
< 6 menses/yr > 6 menses/yr
n=7 n=6 p value
Age 16 15
Weight(kg) 49, + 1.5% 49. + 2.1
BMI (kg/m? ) 18. + 0.7 19. + 0.4
BMD(g/cm? ) 1.12 + 0.02 1.14 + 0.04
Age of menarche 14. + 0.5 13. + 0.7 0.15
Training (mi/week) 39. + 2.0 20. + 3.9 0.01
Years of training 4. + 0.4 3. + 0.6
Calories/day 1813. + 225.0 1844. + 308.0
protein(¥%) 16.4 + 0.84 13. + 0.51 0.01
fat (%) 34. ¢+ 2.0 38. + 1.8
carbohydrate(%X) 51. + 2.5 49. + 1.8
Calcium (XRDA/day) 135.5 + 18.0 69.1 + 12.5 0.01
Vitamin D (XRDA/day) 89.5 + 7.1 68.7 + 6.6 0.05
Dietary fiber(g/day) 3.2 + 0.53 1.9 &+ 0.31
PTH (pg/ml) 23.2 + 4.4 17.2 ¢+ 2.5
Estradiol (pg/ml) 39.8 + 9.4 109.6 + 17.8 0.01
1,25(0H)2D3 (pg/ml) 16.1 + 1.5 16.1 + 1.4
Ionized serum
calcium (mg/dl) 4.6 ¢+ 0.01 4.5 + 0.02
Total serum
calcium (mg/dl) 11.2 + 0.24 10.6 + 0.27

tmean + SEM
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Table 6. Regression models predicting BMD.

Model 1 F < 0.0117

Parameter Standard

Estimate ‘  Error
BMI 0.0480 0.01
Menses per year 0.0462 0.009
Dietary calcium intake 0.0041 0.0009
Model 2 F < 0.0117
wt. (kg) 0.0104 0.005
BMI 0.0560 0.011
Menses per year 0.0566 0.012
Estradiol 0.0007 0.0006
Dietary calcium intake 0.0046 0.0009
Model 3 F < 0.0136
Age of menses 0.0106 0.007
Menses per year 0.0391 0.007
BMI 0.0565 0.009
Dietary calcium intake 0.0037 0.0009

Dietary vitamin D intake 0.0001 0.0002




CHAPTER 1V
SUMMARY

This study was conducted to assess the change in bone
density,measured directly and reflected in anthropometric
data, and calcium status via dietary data, blood calcium
and other hormonal indices in response to a calcium and
vitamin D supplement in athletic adolescent female athletes
experiencing menstrual dysfunction.

Thirteen adolescent female runners participated in a
12 month study in which they consumed a dietary supplement
containing 1200 mg calcium carbonate and 4OQ IU vitamin D
per day.

Before and after the supplementation period, subjects’
bone mineral density (dual photon densiometry) and body
mass index was determined. Fasting blood samples (30mls)
were also taken. Blood was transferred to mineral free,

heparinized plastic tubes, and centrifuged. Serum was
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separated from the red cells, stored, frozen and
subsequently analyzed for total calcium and total magnesium
(atomic absorption spectrophotometry), and serum ionized
calcium (calcium specific electrode); 1,25(0OH)2D3, estra-
diol and thyroxin were determined by radioassay. Dietary
analysis was conducted on two separate seven day food
intake records, one prior to calcium supplementation and
one six months later. Intakes were analyzed for nutrient
content using the Computerized Nutrient Analysis System
(Louisiana State University).

Seven eumenorrheic sedentary adolescents participated
as controls. Each subject had their bone mineral density
(dual photon densiometry) and body mass index determined.
The Nutritionist III software program (N-Squared Computing,
Inc., Silverton, OR) was used to analyze nutrient content
of 24 hour recalls. Stastical Analysis Systems (SAS, Cary,
NC). computer programs were used to conduct statistical
analysis. Paired t-tests were performed to evaluate differ-
ences between pretraining and posttraining variables. Mul-
tiple linear and stepwise regression were performed to
assess the degree to which the dependent variable (BMD)
could be explained by the independent variables. Correla-
tions were determined to identify relationships between

variables. The level of significance was set at p< .05,



124

The mean BMD of the athletes significantly increased
over the 12 month supplementation period. This value was
not significantly different from suggested BMD values for
age-matched individuals, but it was significantly different
from the younger control group. The mean BMI of the ath-
letes was significantly lower than the mean BMI of the con-
trol group. The onset of menarche occurred at a signifi-
cantly later age in the athletes, and the athletes had
fewer menses per year compared to the controls.

The athletes consumed significantly fewer calories per
day compared to the controls, but the distribution of
energy between the two groups was not significantly differ-
ent. Prior to supplementation there was no significant dif-
ference in calcium and vitamin D intake between the two
groups.

Postsupplementation, the increase in the athletes’
calcium and vitamin D intake was significant. Total serum
calcium and 1,25(0OH)2D3 significantly increased, but serum
ionized calcium did not. Esiradiol decreased, but the
decrease was not significant. A significant correlation
was observed between total serum calcium and dietary cal-
cium intake (r=. 50) and vitamin D intake and 1,25(OH)2D3
(r=.50). Stepwise linear regression indicated a signifi-

cant correlation between estradiol and BMD ( r=.50) and
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number of menses per year and BMD (r=.50). Multiple linear
regression indicated significant models predicting a linear
relationship between several independent variables and BMD.
The independent variables included; BMI, estradiol, dietary
calcium and vitamin D intake.

The change in dietary calcium and vitamin D intake did
not solely affect the change in BMD that was observed at
the end of the study. The results of this study have
implications regarding the role of calcium and estrogen in
the treatment of athletic female adolescents experiencing
menstrual dysfunction.

Research Implications. The results of this study

contribute information regarding the physical, dietary, and
hormonal alterations that occur in female athletes in
response to calcium and vitamin D supplementation. The
results also contribute information regarding risk assess-
ment for reduced bone mineral density in female athletes
experiencing menstrual dysfunction.

The adolescent athletes exhibit characteristics simi-
lar to amenorrheic athletes. They have a low BMI, exper-
ienced a delayed onset of menarche, began to train before,
or very soon after menarche and experienced coincident men-
strual dysfunction that was exacerbated with heavier bouts

of training.
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The dietary characteristics are also similar to those
of amenorrheic athletes in that they consume a low energy
diet, which is reflected in a low thyroxin level, despite
their heavy activity schedules. Their dietary calcium
intake (without supplementation), however, is higher than
the usual dietary calcium intake reported by amenorrheic or
oligomenofrheic athletes.

As expected, serum estradiol was low, and further
decreased during the duration of the study. Despite the
increased calcium intake, serum ionized calcium did not
increase. Intact PTH and vitamin D increased, suggesting
that the dietary calcium intake was not high enough to com-
pensate for the loss of estrogen.

The regression models indicate that_BMD is dependent
on both estrogen and calcium. Body mass index is directly
related to BMD but it may be a confounding variable when
determining appropriate BMD levels. These regression mod-
els present an inexpensive method by which assess-
ment/screening for females at risk for bone mineral loss
can be conducted. By obtaining information regarding men-
strual patterns and dietary intake, one can obtain impor-
tant information regarding risk for osteoporosis without
initially subjecting individuals to invasive measures.

This study supports the theory that athletes, exper-
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iencing menstrual dysfunction, are at an increased risk for
developing decreased vertebral bone mineral density and,
without appropriate estrogen, additional calcium absorption
will not occur regardless of intake.

Further, this study indicates that adolescent female
athletes are in need of intervention/education regarding
the effects of their training on their metabolism. By con-
- tinuing to train at their present level they will experi-
ence further aberrations in endocrine function. Thyroxin
will probably continue to decrease, which may predispose
these athletes to substantial weight gain when they
decrease the intensity or duration of their training
regimen. Estrogen will also probably continue to decrease,
and females will experience continued menstrual dysfunction
and amenorrhea. This may prevent peak bone mass accumula-
tion which may predispose them to additional fracture sus-
ceptibility and to early onset osteoporosis in later years.

Recommendations for Further Studies. It is recom-

mended that further investigation and documentation of nor-
mal ranges of bone mineral density in adolescents be deter-
mined to establish possible fracture threshold ranges or
risk ranges that can identify adolescents at risk for
reduced bone mineral accumulation. This would involve

screening of nonathletic amenorrheic females as well., 1If
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adolescents are presently experiencing menstrual dysfunc-
tion it seems that their bone mineral density would not be
increasing at a normal rate. However, since these individ-
uals are still growing, growth and exercise at this age may
be compensating for mineral loss that might be occurring in
amenorrheic adolescent who are not engaging in some type of
weight bearing exercise. It has been reported that amenor-
rheic athletic females do not have as dense bones as do
eumenorrheic athletes, but they have denser bones than
sedentary amenorrheic females. The pattern of bone density
in similar type adolescents would be helpful in determin-
ing fracture risk and susceptibility to reduced bone mass
accumulation in the adolescent population.

Another recommendation is to establish normal ranges
of ionized calcium in adolescent females. The values
obtained in this study may be confounded due to the manner
in which they were analyzed and then corrected for pH vari-
ance. At present, normal ranges for ionized calcium for
different age groups and sexes are not available. Also
there is no distinction made between normal values obtained
from fresh or frozen blood samples.

Investigators presenting information on bone mineral
density and calcium supplementation have not reported ion-

ized calcium values. Since it has been established that
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ionized calcium, not total calcium, is the ion that regu-
lates calcium homeostasis, it would be important to know
what appropiate ionized calcium levels are, and how these
levels affect calcium homeostasis when individuals are sup-
plemented with dietary calcium and/or vitamin D; especially
in the growing adolescent or estrogen deficient amenorrheic
or post menopausal female.

The differences in the bioavailability of different
types of calcium supplements or calcium fortified foods,
and the overall impact of a calcium supplement on calcium
homeostasis or bone remodeling have not been adequately
sddressed. Calcium carbonate is considered to be absorbed
equally as well as food calcium; however, differences in
bone remodeling due to comnsumption of milk and calcium
carbonate have been observed. Differences between the
bioavailability of calcium carbonate, lactate, and gluco-
nate have been reported as well., The type of supplement,
dosage, and tablet formation, may affect its bioavailabil-
ity. Additionally, it is also well established that inges-
tion of excess calcium can depress absorption of magnesium,
iron, and zinc. Hence, the various doses of calcium supple-
ments administered should not be evaluated independent of
their effects on the bicavailability of other minerals.

Before interpreting the effect of a supplement, this infor-
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mation needs to be documented.

Longitudinal studies assessing the degree to which

menstrual dysfunction affects the bone growth process dur-

ing adolescence, and its effect on the ability of such

individuals
tion on how
ceptible to
seems to be

over time,

to achieve peak bone mass will provide informa-
to best prevent bone loss in adolescents sus-
early onset osteoporosis. Estrogen therapy

warranted in amenorrheic athletic females, and,

longitudinal studies would be able to suggest

whether or not this type of therapy will allow amenorrheic

athletes to

achieve peak bone mass.



Methodology

Subjects and study design. Twenty adolescent females
aged 15-18 were recruited from area high schools to partic-
ipate as subjects. Criteria for selection of subjects
required the individuals to be:

1. Caucasian.

2. Athletes; participating in regular endurance
(>3d/wk) activities, within 85-110% of their ideal body
weight, who were experiencing menstrual dysfunction (sec-
ondary amenorrhea or oligomenorrhea). Secondary amenorrhea
is defined as cessation of menstruation once it has begun
at puberty. Oligomenorrhea is defined as six or less
menses per year.

3. Sedentary; not presently participating in regular
(3d/wk) endurance activity, not greater than 22% body fat,
eumenorrheic (normal menstruation).

4, Without any history of smoking, recreational drug
use, previous pregnancies, eating disorders, use of oral
contraceptives within the last six months, or cumulative
oral contraceptive use of greater than six months.

All subjects received an oral and written explanation
of the purpose of the study and procedures to be followed;
all gave written consent prior to the beginning of the

study (Appendix A). All procedures were approved by the

131
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University Institution Review Board for Research Involving
Human Subjects (Appendix B). Each subject completed a
detailed medical history questionnaire which included
information regarding their exercise regimen and menstrual
history (Appendix C).

The thirteen athletic subjects participated in the
study for 12 months. Pretest and post-test protocol was
identical (Table 1). The seven sedentary control subjects
completed post-test bone density measures, dietary analy-
sis, and body composition determination.

Table 1

Experimental Design

Months
Procedures Baseline 6 12
bone density X Xc
body composition X Xc
dietary analysis X X Xc
mineral analysis X X
hormone analysis X X

Throughout the course of the study, beginning after
initial testing, athletes were provided with calcium sup-
plements (Cal Sup 600) containing 1200 mg of calcium carbo-
nate and 400 IU vitamin D per two tablets. These subjects

were instructed to take two tablets per day with their
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morning meal for the duration of the study. No other diet-
ary restrictions were imposed on either the athletes or the
controls during the study.

Procedures

Bone Mineral Density. The bone mineral density of the

axial skeleton was determined by dual photon absorptiometry
technique originally described by Riggs et al. (1982). See
Appendix D.

Estimate of Body Composition. As part of the determi-

nation of bone mineral density, all subjects were weighed
on a physicians’ scale and weight was recorded to the near-
est 0.5kg, and height was recorded to the nearest cm.

These data were used to determine subject’s Body Mass Index
(BMI). See Appendix E.

Additional anthropometric measurements were deter-
mined on athletic subjects. Skinfold thickness measured
with Lange calipers (10g mm constant pressure), was deter-
mined at three sites; the triceps, supra-illiac, and thigh;
the average of repeated (3) trial values was used as the
representative score for a given site (Behnke & Wilmore,
1974) for use in the equation of Jackson and Pollock (1980)
for estimation of bone density in adolescents. See Appendix
E.

Sample collection and analysis. Fasting blood samples
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(30 ml) were taken from the anticubital vein by using a
plastic 10 cc syringe and a 1 1/2 inch, 21 gauge needle.
Blood was taken over a period of 3 to 4 minutes with mini-
mum vacuum to reduce hemolysis. Blood was transferred to
mineral-free, heparinized plastic tubes and centrifuged for
25 minutes at 2000 rpm. Serum was immediately separated
from the red cells using an acid washed mohr pipet. Serum
was stored, frozen and subsequently analyzed for mineral
and hormone determination.

Mineral determination. Serum was diluted (100ul +

4.9mls 0.3% lanthanum=1:50) and analyzed for total calcium
and total magnesium determination uging a Perkin-Elmer
Model 503 atomic absorption spectrophotometer (Perkin Elmer
Corporation, Norwalk, CT) equipped with a titanium-3-slot
Boling burner head and with appropriate lamps for the two
elements. Recovery samples consistently run at intervals
in this laboratory indicate recoveries between 95 to 99
percent. All analyses were done in duplicate with duplica-
tion in the range of 2 to 5 percent.

Serum ionized calcium was determined by a calcium spe-
cific electrode (Radiometer America Westlake, OH). Values
were adjusted to correct the change in pH that occurred due
to the samples being collected under anaerobic conditions

and then frozen (Appendix F).
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Hormone Analysis. Serum 1,25(OH)2D3 (Incstar, Still-

water, MN), estradiol and thyroxin (Diagnostic Products
Corp. Los Angeles, CA), and IPTH (Nichols Institute, San
Juan Capistrano, CA) were determined by radioassay (Appen-
dix G). Coefficients of determination, evaluated by dupli-
cate measurements of the same sample for 1,25(0OH)2D3,
estradiol, thyroxin, and IPTH are 0.97,0.99, 0.99, and 0.98
respectively. The within assay coefficients of variance
for 1,25(0H)2D3, estradiol, thyroxin and IPTH are 9%, 6%,
8%, and 6% respectively. IPTH concentration less than the
14 pg/ml standard were assigned a minimal value of 11

pg/ml.

Dietary Analysis. Athletes’ seven-day food intake

records were collected prior to supplementation, and again
at 6 months to observe whether season variation affected
their dietary intake. They were analyzed for nutrient con-
tent using the Computerized Nutritional Analysis System,
Department of Experimental Statistics, Louisiana State Uni-
versity.

Control subjects completed twenty four-hour food
intake records which were analyzed for nutrient content
using the Nutritionist III software package (N-Squared Com-
puting, Inc.,Silverton, OR).

Data Analysis. Statistical Analysis System (SAS
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Institute, Cary, N.C.) computer programs were used to con-
duct statistical analyses. Paired t-tests were performed
to evaluate differences between pretraining and post-
training values for serum ionized calcium, total calcium,
estradiol. 1,25(0OH)2D3, thyroxin, bone mineral density,
physical characteristics, and dietary intake of calories,
calcium, vitamin D, and fiber. Independent t-tests were
performed to evaluate differences between the athletes’ and
the control subjects’ values for age, body weight, BMI,
BMD, menses/yr, calcium intake , vitamin D intake, and ove-
rall caloric intake. When the athletes were divided into
two groups based on no. menses/yr, independent t-tests -were
also used to determine if differences existed between the
groups in values for BMD, BMI, dietary intake of calories,
calcium, vitamin D, fiber, training and menstrual history,
endocrine and metabolic parameters. Multiple linear and
stepwise regression were performed to assess the degree to
which the dependent variable (BMD) could be explained by
the independent variables such as; BMI, menstrual history
(age of menarche, no. menses/yr), training history, serum
estradiol, calcium, vitamin D, intact parathyroid hormone,
and dietary intake of calories, calcium, vitamin D, and
fiber. Correlations were determined to identify relation-

ships between variables. The level of significance was set
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at p< .05,

Limitations. The characteristics of the subjects;
athletic female (14-18), experiencing menstrual dysfunc-
tion, allow the experimental findings from this study to be
generalized only to a population possessing such character-
istics.

Issues which may confound the claim that the observ-
able results of the study can be attributed to the manipu-
lation of the independent variable (s) rather than the
uncontrolled variance include;

1. the machine used to measure athletic subjects'
bone density was moved to a different location following
initial testing.

2. serum ionized calcium values were adjusted due to
the variance in pH that occurred as a result of the samples

being collected under anaerobic conditions and then frozen.
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Consent of Participation

I have received an explanation of the study and under-
stand the following:

As a subject I may be taking a dietary supplement con-
taining 1200mg calcium carbonate and 400IU vitamin D,
daily, during the period from August 10, 1986 to August 10,
1987. I understand that I am to maintain routine dietary
and activity patterns throughout the study.

As a subject I will participate in a bone density test
at the beginning and end of the study to evaluate bone min-
eral content. This procedure will be done by qualified
personnel at the Osteoporosis Testing Center, Lynchburg,
VA. The test will be approximately one hour. The dose of
radiation is approximately 1% of the radiation obtained
from an ordinary forearm x-ray. Subjects will be trans-
ported to and from Lynchburg by Tech personnel.

Lot et e will be taken to assess body

LY

composition. Seven-dny dietary recall sheets will be
administered to determine mean dietary intake of .ach sub-
jeat,

Two venous blood samples, approximately 30mls., will
be taken pre and post study. Blood samples will be taken

by a qualified medical technologist.
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Individual bone density measures, blood analysis,
dietary analysis and body composition measurements data
will be available to each participant.

In leiu of a stipend, subjects will receive all of the
above mentioned measurements, as well as dietary supple-
ments free of charge.

If at any time a participant so desires or the inves-
tigators believe that the health of the subject may be
impaired, the person may drop from the study.

Participants are invited to ask questions about proce-
dures at any time.

No compensation or medical treatment, other than those
normally available through student health services and
emergency service by the rescue squad, is available if

injury is suffered as a result of this research.

I understand the above and agree to participate in the
study.

Signature

Guardian Signature

Date

L. Janette Taper, Investigator
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APPENDIX B

HUMAN SUBJECTS REVIEW BOARD CONSENT
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ENVESTIGATION INVOLVING HUMAN SUBJETTS

Priacipai investigatores) | ]ﬂﬂEI:E IiDEE Jesartaent Y I P a0ds

Prosecz Tazle Changes in bone density in amenorrheic athietes cn calcium supglementa®

Source of Support: DJepartsental Research Z Sponsored Resesrch ___-‘ Proposal Ne.

-

The criteria for “expedized review” by the Institutionsl Review Soard for a procec:
1avolving the use of humas sudjects and with 21n13al £i3k® i3 one or sore of the
following. Please initial y_l_a”uubh conditions and provide a substantiating
statement of protocol.

a. Collection of:

a) hair or neil clippiog im & non-disfiguring sanner;

b)  deciduous teeth;

c) persanent teeth if patient care indicates aeed of extractian.

y. Collection of excrets and external secrations. swest, incanylated saliva. placenia
removed at delivery, samiotic fluid odtained at time of ruptire of e seatrare.

€. Recording of data fros subjects 18 vears ar older, using foNiAVASIVE ITOCECUTES
routinely swployed in clinical practice. Exesption does 20% include eXPOILTE
to slectromagnetic Tadisticon utside the visitle range.

4. Collection of blood samples Sy vemijuncture (not axceading 450 3. § veek periil,
and no more tham cwice 3 veek) f2om subjects .8 vears or older, iR 300d hea.cn
and net pregnant,

Callectzon 3f supra- and sudbging:val dental »laque and zalculus, pravided the
procedure is no ®ore imvasive than routine ssaling of the Zeeh.

€. Voice readingy.
3. Moderate exercise Yy healthy volunteers.

h. Study of sxisting Jata, documents, Tecords, Fathoiogical specidens 37 diagnasis
specisens.
+. Research on drugs or devices for which an invest:gationa. eXempion if "Il Teduired

“Oroo0 0 oo o

[ the project i1avolves ‘wman sudjects who are exposed o “30Te tham 3Iiilae
are 20t covered Dy the criteria adove ‘a to i}, the IAB review 3us: iav
IR bosrd. Please check :f the research involves 20re than EYEI8 TN ST T hbd
a substantiating statement of protocal.

3. Human subjects would de ; Jved in the proposed activity as tther: —
Minors and/or Dhildgen’ ﬁahm reuses [, Pregrant Women [, riscmess .
dentally Retarded Mentally Oisadled ).

vote that if chaldren are invelved in the resesrch as huasn sud)ects, Ihev Wy Nace D
provide consent as vell as their parents.

whether or not the project sy undergo “expedited review” It 3us? Ye Teviewed dv
€511 Instituticnal Review Soard, it 13 Recessary hat requiTed

forms 3130 e revieved. These should de submitted vith
there is insufficient time 2o mest he sponsor’s deadline, sudbmizzal can de &
2o thirty days after submittal of the proposal vithout jecpardizirg the IRD cers:id
20 the prospective sponsor.

* winissl tisk seans that the risks of lars aaticipsted in the proposed resesrch are et
gTeater, considering the probability and sagnitude, than those encounterec :n ai.y ..Je
ar during performance of routine physical or psychological examinations oT lesis.

cegubrect at risk is an individual who asy de ezpesed to the posyidility of injury as 3
consequence of participation as 2 subject in any resesrch, developsent of related sciivity
which deperts from the application of those established and sccepted 2ethods Cessery °2
seet Nis needs, OF which increases the ordinary risks of daily life, includiag the rezguil
risks inherent in s chosen occupstiom or field of science.

Thas is to certify that the project ideatifiod sbove will be carried ut &s approved bv e
Wuman Subject Review loard, and vill neither de sodified nor carried aut beyons the period
approved delov without axpress review and npprwﬂ byltna Beard. . . 7

1gatot/ are Wro/npartuﬂtn Nev:ouaT Jate

The Nusan Subjects Review Board has reviewed the srotocol idenjified above, a3 it iave.sen
Masan subtects, and heredy avproves the conduct of the projecy for spaths, 3T w=h1ls tide
the protocol sust be resudmizted for spproval &P ontipue. 7/
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MEDICAL INFORMATION
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Medical Information

Name

Age Sex Ht. wt.

Are you taking any medications on a regular basis?

no yes

If yes, please list any and all medications you are

taking (both prescription and non-prescription drugs).

Are you currently taking a vitamin and/or mineral sup-
plement? If yes, please list;

brand name of supplement(s)

dosage frequency

Have you ever suffered a;
broken bone

bone fracture

sprain

if yes, was the incident exercise related?

Have you ever suffered a training related injury ?

if yes, please elaborate.

Age of menarche No. of menses per year
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Does your menstrual pattern change during training ?

if yes, please elaborate:

Are you currently: Yes No Since

amenorrheic (0 menses/year)

oligomenorrheic (0-6 menses/year)

eumenorrheic (normal menses pattern)

Are you currently involved in a regufar aerobic exer-
cise program?

yes ____ no ______

if yes, no. of days/wk

average no. of miles/day

no. of months /year you run

no. of years you have been running

Are you involved in any additional type of athletic
activities?
if yes, please elaborate (type of sport, no. of

days/wk, length of workout):
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APPENDIX D

BONE MINERAL DENSITY ASSESSMENT
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Bone Density Measurement

Bone mineral density (BMD) of the axial skeleton was
determined by dual photon absorptiometry, as described by
Riggs et al. (1981). The dual photon absorption technique
for measuring bone mineral content is based on measurements
of radiagram transmission of two separate photon energies
through a medium consisting of two different materials,
bone and tissue. The dichromatic beam from a Gd!5? source
has photon electric peaks at 44 and 100 keV. The different
energy dependence of the gamma-ray absorption coefficients
in the two mediums permits the determination of the amount
of bone present regardless of the amount of soft tissue.

The instrument consists of an Ohio Nuclear duall probe
scanner frame with high-precision scanning mechanics, a
Gdt!s53 sgource, and a collimated Nal detector. The colli-
mated photon beam traverses a 20-cm path across the spine
in the area of interest and measurements are taken each
second (the equivalent of one measurement every 12 mm).
The distance between scanning paths is 4mm. The scanner is
interfaced with a PDP-llVdS computer that also controls
scanning pattern, speed, and data acquisition. The com-
puter lgorithm performs point-by-point determination of

density of bone mineral, and an edge-detection program
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recognized bone edges by evaluating the relative range in
mineral density values between points.

Data are accumulated on disks and processed by a Data
General NOVA XII/20 computer (NOVA Madison, WI). Intensi-
ty-modulated images of the spine are displayed on a 64x64
matrix. Lightpen interaction allows determination of the
area of interest for immediate comparison of different
pasts of the skeleton. Bone mineral content (BMC) of the
spine was assessed from scans of the lumbar (L1-L4) region.
BMD expressed in grams per square centimeter, was derived
by dividing BMC by the projected area of the spine. This
value included vertebral bodies and disk interspaces. This

technique has a coefficient of variation of 3%.
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BODY COMPOSITION DETERMINATION
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Body Composition Determination
Body Mass Index (BMI)

As part of the determination of bone mineral density,
subjects were weighed on a physicians’ scale and weight was
recorded to the nearest 0.5 kg, and height was recorded to
the nearest cm. These data were used to determine sub-
ject’s BMI. BMI = wt/ht2? in kg/m2

BMI highly correlates with other estimates of percent
body fat, minimizes the effects of height on weight, and
permits comparison within a population (Clark, 1988). A
BMI of 21 corresponds to the 50th percentile of weight for
a 19 year-old woman (Abraham, 1979). THe BMI for a person
with an anorectic physique is about 16 (Litt & Glader,
1986).

Body fat

Anthropometric measurements were also determined on
athletic subjects. Skinfold thickness measured with Lange
calipers (10g mm, constant pressure), were taken at three
sites; the triceps, supra-illiac, and thigh; the average of
repeated (3) trial values was used as the representative
score for a given site (Behnke & Wilmore, 1974) for use in
the equation of Jackson & Pollock (1980) for estimation of

bone density.
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BD=1.0994921-0.0009929(X3)+0.0000023(X3)2-0.0001392(X4)
X3=sum of triceps, thigh and supraillac skinfolds, mm

X4=age, years
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APPENDIX F

IONIZED CALCIUM DETERMINATION
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Serum Ionized Calcium Determination

Serum ionized calcium was determined by a calcium spe-
cific electrode (Radiometer America, Cleveland, OH). Val-
ues were adjusted by the following equation to correct for
the change in pH that occurred due to the samples being
frozen, and being collected under aerobic conditions.

Ca at pH 7.4=[Ca x 1 - 0.53 (7.4 - pH)]

Normal serum ionized calcium values determined from
veinous blood are 1.14-1.29 (Tiepl, 1987). The panic range
(s) are 0.5-0.7 mmol/1 and 1.8-2.0 mmol/l respectively

(Tiepl, 1978).
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subject Cat*pH corrected pre Catt pH corrected post

1 .89 7.91 1.12 .91 7.79 1.10
2 . . . .88 8.03 1.17
3 .84 8.03 1.12 .93 7.77 1.11
4 .87 17.89 1.10 .90 7.79 1.09
5 .85 17.93 1.09 .92 7.85 1.14
6 .93 7.96 1.21

7 .81 8.13 1.12 . . .

8 .88 7.93 1.13 .85 7.99 1.12
9 .87 8.02 1.16 .87 8.05 1.17
10 .89 7.93 1.14 77 7.95 0.99
11 .94 7.84 1.16 .93 7.89 1.17
12 .95 7.94 1.22 .98 7.83 1.20

13 .91 17.88 1.14 .97 7.83 1.19
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HORMONE ANALYSIS
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Hormone Analysis

Serun 1,25 dihydroxyvitamin D (1,25(OH)2D) was deter-
mined by radiorecepter assay (Incstar, Stillwater, MN).

The method is based on a thymus receptor that is specific
for both 1,25(0OH)2D2 and 1,25(0OH)2D3. The assay involves a
rapid extraction and preliminary purification of vitammin D
metabolites from serum using a C!? cartridge with further
purification of 1,25(0OH)2D2 and 1,25(0H)2D3 from 250HD2 and
250HD3 on a silica cartridge. Quantitation is achieved
using a nonequilibrium competitive protein binding assay.
The addition of dextrin coated charcoal suspension, incuba-
tion, and centrifugation, separates the bound and free hor-
mones. The supernatant, which contains the bound hormone,
is decanted into ascintillation vial and counted. After
correction for recovery, the final concentration of
1.25(OH)2D3 in the sample is expressed as picogram/ml
(pg/ml).

Estradiol was determined by radioimmunoassay (Diagnos-
tic Products Corp, Los Angeles, CA). The procedure is
designed for the quantitative measurement of estradiol in
serum. It is a no-extraction, solid phase 1251 radioimmu-

noassay based on antibody coated tubes. 1251 -labeled
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estradiol competes with estradiol in the subject sample for
antibody sites. After incubation, separation of bound hor-
mone from free hormone is achieved by decanting.The sample
tube containing the bound hormone is then counted in a
gamma counter, the counts being inversely related to the
amount of estradiol present in the subject sample. After
correction for recovery, the final concentration of estra-
diol in the sample is expressed as picogram/ml (pg/ml).

The intact parathyroid hormone (IPTH) immunoassay
(Allegro Corp. Nichols Institute, San Juan Capistrano, CA)
system is a two-site immunoradiometric assay for the
measurement of the biologically intact 84 amino-acid chain
of PTH. Two different goat polyclonal antibodies to human
PTH have been purified by affinity chromatography to be
specific for well defined regions on the PTH molecule. One
antibody is prepared to bind only the mid region and C-ter-
minal PTH 39-84 and this antibody is immobilized onto plas-
tic beads. The other antibody is prepared to bind only the
N-terminal PTH 1-34 and this antibody is radiolabeled for
detection.

The sample containing PTH is incubated simultaneously
with an antibody coated bead and :23%5I-labeled antibody.
Intact PTH present in the sample is bound by both the immo-

bilized and labeled antibodies to form a "sandwich" com-
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plex:

bead antiPTH(39-84) -- intact PTH(1-84) 1251

antiPTH(1-34)

Although mid region and C-terminal fragments are bound
by the antibody coated bead, only the intact PTH 1-84 forms
the sandwich complex necessary for detection. The capacity
of the immobilized antibody has been adjusted to exhibit no
interference by inactive fragments, even at very elevated
levels.

At the end of the assay incubation, the bead is washed
to remove unbound components and the radiocactivity bound to
the éolid phase is measured in a gamma counter. Since the
formation of a sandwich complex occurs only in the presence
of an intact PTH molecule, the radioactivity of the bead
bound complex is directly proportional to the amount of
intact PTH in the sample.

A dose response curve of radioactivity vs. concentra-
tion is generated using results obtained from standards
which are assayed concurrently with the unknowns. Concen-
trations of intact PTH present in the controls and patient
samples are determined directly from this curve, and

expressed in pg/ml.
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Table 1. Physical characteristics of athletic females (n=13).
Subject Weight (kg) Height (cm) BMI (ht/m?) BMD (g/cm?)
Age Pre Post Pre Post Pre Post Pre Post
(post)
1 16 56.3 54.0 165.0 166.0 20.7 19.6 1.024 1.049
2 16 53.1 51.0 165.0 165.0 19.5 18.8 1.112 1.119
3 15 51.8 48.0 154.0 158.0 21.9 19.2 1.179 1.173
4 16 50.9 53.0 170.0 174.0 17.6 17.5 1.104 1.142
5 14 46.3 40.0 160.0 162.0 18.1 15.3 0.945 1.051
6 17 52.2 48.0 172.0 172.0 17.6 16.2 1.019 1.067
7 16 53.1 53.1 170.0 170.0 18.4 18.4 0.997 1.038
8 16 54.0 54.0 167.0 168.0 19.4 19.2 1.098 1.126
9 18 50.0 47.0 170.0 169.0 17.3 16.4 1.163 1.1556¢
10 18 52.2 43.0 154.0 156.0 22.0 17.7 1.076 1.147
11 16 48.1 47.5 152.0 152.0 20.8 20.6 1.167 1.130¢
12 15 45.4 48.0 160.0 160.0 17.7 18.8 1.241 1.300
13 16 49.0 52.0 160.0 163.0 19.1 20.3 1.090 1.162
X 16 §0.9 49.1 164.0 164.2 19.2 18.3 1.096 1.120¢x
SE 1.2 .86 1.2 1.9 1.8 .45 .15 .20 .31
tp ¢ .05

bone mineral density decreased.
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Table 2. Determination of subjects’ bone mineral density based on
an age-adjusted regression equation¥.

Subject Athletes (post) Control
age BMD age BMD

1 17 1.1146 15 1.0228
2 b i 1.1146 16 1.0687
3 16 1.0687 12 0.8851
1 17 1.1146 13 0.981
5 15 1.0228 12 1.0228
6 18 1.1695 16 1.0687
7 17 1.1146 17 1.1146
8 17 1.1146

9 19 1.2064

10 19 1.2064

11 17 1.1146

12 16 1.0687

13 17 1.1146

X 16 _ 1.1181 14 1.0992

SE 1.15 .01 1.92

$[(0.3343 + (0.049 x age)]
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Table 3. Menstrual and training history of female athletes (n=13).

Subject Age of Menses Training Menses Training Other
Menses per yr mi/wk d/wk mo/yr yr change Injury Sports
w/training
1 11 6 28 7 12 3 Y R 4 N
2 13 10 28 7 10 3 N Y Y
3 15 10 9 3 5 1 Y . Y
4 15 10 9 3 9 3 Y N N
5 13 6 28 7 7 1 Y Y Y
6 16 1 49 7 12 4 Y Y Y
7 16 4 42 7 12 4 Y N Y
8 15 2 42 7 12 4 Y Y Y
9 13 0 42 7 12 6 Y Y Y
10 13 4 35 7 11 3 Y Y Y
11 13 4 35 7 10 3 Y Y Y
12 12 12 16 4 4 .5 Y Y Y
13 15 2 25 5 12 3 Y Y Y
X 14 5.2 30 6 9 3
SE 0.44 1.1 4.9 1.5 3.0 1.2
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Table 4. Dietary information of female athletes (n=13).

Subject Kcals/day Protein (%) Fat (%) Carbohydtate (%)
pre 6 _mos pre 6_mos pre 6 mos pre 6 mos
1 1524 1290 16 12 34 39 51 51
2 1129 1801 16 12 36 41 50 49
3 978 1049 13 15 32 43 56 42
4 1911 3143 12 12 36 11 54 48
5 1497 2228 21 13 41 31 37 56
6 2296 2339 19 15 32 39 50 48
7 1959 2605 16 16 34 40 51 46
8 1966 2195 14 16 37 38 49 46
9 2010 1186 13 14 40 26 46 62
10 1199 1302 18 20 30 29 54 52
11 1846 2038 19 15 31 35 51 52
12 1626 1554 13 14 34 35 54 53
13 . 1129 . 19 . 32 . 49
X 1662 1802 16 15 35 36 50 50
SE 117.2 187.5 .84 .69 1.5 1.5 1.4 1.4

. data missing.
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Table 5. Dietary calcium and vitamin D intake in 13 supplemented
female athletes.
Subject Calcium intake Vitamin D intake
(g/d) (% RDA/d) (IU/d) (%RDA/d)
pre 6 mos pre 6 mos pre 6 mos pre 6 mos
1 .891 1.418 74.2 118.2 185 429 726 61.4
2 .651 2.082 54.2 173. 5 159 917 537 85.7
3 .302 1.726 25.1 143.8 72 562 46.6 49.9
4 . 739 2.262 61.6 188.5 194 558 90.9 149.6
5 1.007 2.884 83.9 240.3 219 542 7143 ;106.1
6 1.861 2.937 155.1 244.7 107 677 109.3 ;111.3
7 1.260 2.523 104.9 210.2 333 693 93.3 124.0
8 1.226 2.296 153.2 191.3 589 694 93.6 104.5
9 2.442 1.708 203.5 142.3 y . 95.7 56.5
10 0.963 1.995 80.3 166.3 421 * 57 .1 61.9
11 1.389 2.428 115.8 202.4 106 . 87.9 97.0
12 .765 1.981 63.8 247.17 151 543 77.4 73.9
13 ’ 205.3 . 670 G 132.2
X 1.12 2.18% 97.9 190.3% 257.8 628.5% 79.1 93.4¢
SE .16 «13 14.7 11.3 48.1 42.1 545 8.7
(p ¢ .05)

data missing.
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Table 6. Serum ionized calcium and hormonal metabolism in
calcium and vitamin D supplemented athletes (n=13)
Subject Ionized calcium Intact Estradiol 1,25(OH)2D3
(mmol/L) PTH (pg/ml) (pg/ml) {(pg/ml)
pre post pre post pre post pre post
1 1.12 1.10 14.0 21.7 65.7 35.5 17.5 17.0
2 . 1.17 14.0 18.7 169.7 32.5 10.2 16.3
3 1.12 1.11 17.8 41.9 83.8 73.6 16.7 19.0
4 1.10 1.09 14.0 14.0 104.5 46.1 . .
5 1.09 1.14 14.0 30.5 77.1 37.6 15.6 17.4
6 1.21 . 14.0 20.9 20.4 38.7 16.1 17.4
7 1.12 . 23.2 26.5 25.2 31.9 10.6 19.4
8 1.13 1.12 35.4 26.5 41.1 76.4 16.5 24.0
9 1.16 1.17 19.4 26.5 15.5 15.5 21.6 24.3
10 1.14 .99 42.6 16.9 30.4 61.7 . .
11 1.16 1.17 14.0 14.0 61.9 31.5 14.0 22.1
12 1.22 1.20 29.2 26.4 156.5 49.7 20.6 25.0
13 1.14 1.19 14.0 19.1 83.8 96.9 17.8 31.8
X 1.14 1.13 20.5 23.4 72.0 43.1 12.9 17.9%
SE .01 .01 3.4 3.3 16.0 14.5 1.2 1.3
{p < .05)

data missing.
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Table 7. Total serum calcium and magnesium in 13 calcium and vitamin
D supplemented athletes.

Subjects Total serum calcium Total serum magnesium
(mg/dl1) (mg/dl)
pre post pre post
1 10.3 10.2 2.1 2.2
2 . 10.9 . 2.0
3 10.9 12.0 2.1 2.2
4 11.4 11.0 2.2 2.1
5 10.8 12.1 1.9 2.0
6 11.3 . 2.2 .
7 11.5 . 1.9 .
8 11.0 12.4 2.1 2.2
9 12.4 12.5 2.3 2.2
10 11.1 11.4 2.2 2.3
11 10.7 12.0 1.9 2.1
12 9.8 11.5 1.9 2.1
13 10.2 11.2 . .
X 10.9 11.68 2.1 2.1
SE .22 .23 .02 .03

. data missing.
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Table 8. Dietary fiber intake in female athletes (n=12).

Subjects Fiber intake Fiber intake
pre 6 months
1 2.5 2.5
2 1.5 3.1
3 1.7 0.9
4 2.9 4.5
5 0.8 1.5
6 5.0 4.6
7 1.7 4.6
8 2.8 3.5
9 4.4 3.2
10 2.1 3.4
11 3.0 5.4
12 2.1 2.2
X 2.5 2.9
SE .34 .36
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Table 9. Control subject data (n=7).

Subject Age Wt. BMI BMD Age of Menses Calcium vitamin D
(kg)(kg/m2)(g/cm?) menses per yr (g/d) {1U/d)
[{XRDA/d} [XRDA/d]}

1 15 47 17.2 1.107¢ 11 12 .514 118
42 29

2 16 53 21.2 1.181 11 12 .683 205
58 51

3 12 44 17.6 1.125 11 11 2.360 479
196 119

4 13 58 20.6 1.190 12 12 .932 245
77 61
5 12 58 23.3 1.119 11 12 .931 200
71 50

6 16 58 22.1 1.076 13 12 .654 142
54 35
7 17 51 18.2 1.229 13 12 1.521 335
126, 83
X 14 54 20.1 1.160 14 11 1.08 246
92 61
SE .92 2.2 .88 .02 .44 .30 52 55
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Table 10. Energy distribution of sedentary control subjects (n=7).

Subject Energy intake Protein Fat Carbohydrate
(calories/d) (g) (%) (g) (%) (g) (%)
1 1918 40 10 50 30 229 60
2 2269 67 15 99 49 161 36
3 1900 62 15 42 23 259 62
4 2104 45 14 46 32 173 54
5 1386 62 18 46 30 179 52
6 1443 48 17 26 21 176 62
7 1957 71 16 84 43 184 41
X 1853 56 15 56 32 194 52
SE 123 1:iS 204 4.0 3.4 3.2 3.2
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CHANGES IN BONE MINERAL DENSITY
IN CALCIUM SUPPLEMENTED ADOLESCENT ATHLETES
EXPERIENCING MENSTRUAL DYSFUNCTION
by

Janine Marie Baer

(ABSTRACT)

Thirteen adolescent runners experiencing menstrual
dysfunction (mean no, menses = S5/yr) received dietary
supplements of 1200 mg calcium carbonate and 400 IU
vitamin D/d for 12 mos. Bone mineral content of the
axial skeleton was measured by dual photon densiometry
at the beginning and at the end of the 12 month sup-
plementation period. Fasting plasma ionized calcium,
intact PTH, 1,25(OH)2D3, estradiol. and thyroxin were
also determined at the beginning and end of the study.
Seven day dietary recalls were obtained for two sevarate
weeks during the course of the study, one prior to
the onset of supplementation and another six months
later. Mean bone mineral density of the athletes
increased (p<.05), but bone mineral density was observed
to decrease in two of the subjects who had the lowest
estradiol concurrent with the severest training regimen.
Athletes’ total plasma calcium and 1,25(0OH)2D3 increased
(p<.05) . No measured variable correlated with the bone
mineral density of the lumbar spine. There was a sig-

nificant correlation between dietary calcium intake and

total plasma calcium (r=.50), and dietary wvitamin D



intake and 1,25 (OH)2D3 (r=,50). Stepwise linear
regression predicted a linear relationship between serum
estradiol and bone mineral density, and no. menses/yr
and bone mineral density. Multiple linear regression
procedures indicated several predictive models incorpo-
rating variables that significantly affect BMD., The
models include serum estradiol, no. menses/yr, body mass
index, dietary calcium and dietary yitamin D intake.

The increase in dietary calcium intéke (192% RDA>

and/or dietary vitamin D intake (190% RDA) due to sup-
pPlementation did not appear to contribute to an increase
in bone mineral density in estrogen compromised female

athletic adolescents independent of arowth.





