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Abstract

Background: Functional hypothalamic menstrual disorder (FHMD) has a destructive effect on the athlete’s bone mineral density and
cardiovascular system. Utilizing hormone replacement therapy to treat FHMD in athletes is controversial.

This study was conducted to examine the effect of hormone therapy on bone density and the cardiovascular system of professional
female athletes with FHMD.

Methods: In this study, 18 female athletes with at least a 2- year history of FHMD were recruited in a 9-month single blind random-
ized clinical intervention (RCT) and randomly classified into 2 groups: the oral contraceptive pills (OCP) group, who received a low-
dose combined oral contraceptive (OC) containing 30 pg ethinyl estradiol and 150 pg levonorgestrel (n= 10), and the control group (n
= 8). Bone mineral densitometry (BMD) and certain cardiovascular risk factors were measured before and after the 9-month trial. The
Chi square test was used to compare the quantitative and qualitative results.

Results: Bone mineral density did not change significantly in either group. Very low density lipoprotein (VLDL) (p= 0.035) and
Apolipoprotein B (Apo B) (p= 0.04) reduced significantly in the OCP group. An increase was observed in the serum levels of
Apolipoprotein A (Apo A) (p= 0.01) in the control group. Changes in the Apo B to Apo A ratio was significant in both groups (OCP
group: p=0.018, control group: p= 0.040). No significant changes were observed in the other measured factors.

Conclusion: Although the administration of estrogen did not significantly increase bone mineral density, it had positive effects on the
cardiovascular system and lipid profile.

Keywords: Functional hypothalamic menstrual disorder (FHMD), Hypoestrogenism, Bone density, Cardiovascular risk factor, Hor-
mone therapy, OCP (oral contraceptive pills)

Copyright© Iran University of Medical Sciences

Cite this article as:Dadgostar H, Soleimany Gh, Movaseghi Sh, Dadgostar E, Lotfian S. The effect of hormone therapy on bone mineral density and
cardiovascular factors among Iranian female athletes with amenorrhea/oligomenorrhea: A randomized clinical trial. Med J Islam Repub Iran. 2018(1
Apr);32:27. https://doi.org/10.14196/mjiri.32.27

Introduction

Female athlete triad is defined as a mutual relationship
between energy availability, menstrual function, and bone
mineral density (BMD) in female athletes (1). Ten years
ago, the triad was defined again as a syndrome with the
following 3 components: low energy availability with or
without an eating disorder, functional hypothalamic
amenorrhea, and osteoporosis (2, 3). The reduction of
available energy with or without an eating disorder can
not only disrupt an individual’s health, but also can affect
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her cardiovascular, endocrine, genital, skeletal, gastroin-
testinal, and nervous systems (1). In the newly proposed
triad model, the endpoint of each component is represent-
ed as its clinical or subclinical status, meaning that the
healthy status of the individual is the optimized state of
each component, and the pathologic endpoint is the syn-
drome itself (2, 3).

Expert individuals, who work in groups in the I0C,
have given a more general title to the triad: ‘Relative En-

1What is “already known” in this topic:

Female athletes with menstrual dysfunction are at risk of low
bone density. It seems that these athletes are prone to early
cardiovascular disease. Hormone therapy is one of the recom-
mended treatments for these athletes.

— What this article adds:
Bone density of female athletes was not increased significantly

after a 9-month hormone therapy. However, some cardiovascu-
lar factors such as VLDL and apo B, predictors of cardiovascu-
lar disease, improved by this type of treatment.
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ergy Deficiency in Sport (RED-S)’. RED-S includes phys-
iologic functions such as metabolic rate, protein synthesis,
bone health, immunity, menstrual syndrome, and cardio-
vascular health that may be impaired in either gender (4).
In a published report in 2009 (5), it was found that ap-
proximately 9% of Iranian female elite athletes have
amenorrhea/or oligomenorrhea.

Low level of estrogen is associated with a suppressed
hypothalamic-pituitary-adrenal (HPA) axis. Suppressing
the HPA can disrupt the increase in bone density through-
out adolescence and can also disrupt the maintenance of
bone density throughout the individual’s life.

Chronic hypoestrogenism, often seen in athletes suffer-
ing from amenorrhea/oligomenorrhea, is considered one
of the main reasons contributing to reduced bone mineral
density in women of all ages (6). Estrogen plays a key role
in the skeletal hemostasis and maintains a balance be-
tween bone resorption and formation by inhibiting osteo-
blast apoptosis and stimulating osteoclast apoptosis. In
other words, estrogen promotes bone formation and pre-
vents its resorption; hence, its low levels have adverse
effects on BMD (7-9). In women receiving regular physi-
cal exercise, both past and current menstrual patterns are
important in predicting estimates of femoral neck BMD
(10). The majority of previous studies have reported lower
bone mineral density in professional female athletes with
amenorrhea/oligomenorrhea compared with that of those
who have normal menstrual cycles. In most individuals,
who practice weight-bearing sports, the bone density is
12% to 15% higher than in non-athletes. Based on recent
definitions ‘low BMD’ is recognized as a BMD Z score <
1.0 as well as a history of hypoestrogenism, nutritional
deficiencies, and/or stress fracture (11).

A few studies have assessed the effect of pharmacologic
interventions on BMD changes among this population. On
the other hand, we assumed that failure to increase BMD
among young athletes could be a precursor of some com-
plications such as stress fracture and low BMD; therefore,
we aimed at comparing the effect of calcium plus vitamin
D supplementation with estrogen therapy on BMD chang-
es in this group of athletes.

Apart from lowering bone mineral values, low estrogen
has negative effects on the female athlete’s health. The
main cardiovascular changes reported in the athletes with
amenorrhea are the increased risk of developing early car-
diovascular diseases in these individuals; no longitudinal
study has ever been conducted in this regard (12, 13). In
postmenopausal women, hypoestrogenism is linked with
certain cardiovascular-related clinical sequels (12, 13).
About 25% to 50% of the protective effect of estrogen on
the heart is secondary to its positive effects on serum lipid
profile (14). The oxidative changes in the lipids of vascu-
lar membrane may affect the production and bioactivity of
nitric oxide, resulting in endothelial malfunction (15). In
postmenopausal women, reduced estrogen levels are asso-
ciated with changes in lipid metabolism(16).These chang-
es are also seen in other hypoestrogenism status such as
anorexia nervosa(17). Female athletes with complaint of
amenorrhea are also at risk for these health concerns due
to chronic hypoestrogenism. Despite being physically
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active, these women were found to have impaired plasma
lipid profile such as high serum levels of triglyceride and
cholesterol compared with female athletes with eumenor-
rhea (18). As a result, chronic hypoestrogenism may in-
crease the risk of early heart disease in young female ath-
letes despite the fact that they exercise regularly.

Few studies have been conducted on the effects of es-
trogen treatment of the athletes with amenorrhea on their
cardiovascular system. Previous studies have revealed the
positive effects of endogenous estrogen on the cardiovas-
cular system; however, exogenous estrogen and hormone
replacement therapy were reported to have negative ef-
fects on postmenopausal women(12). Thus, more studies
should be conducted to assess the cardiovascular effects of
treating hypoestrogenism with estrogen in female athletes
with menstrual disorders.

Hypoestrogenism in athletes with FHMD may lead to
glucose intolerance. According to literature, menopause is
associated with an increased risk of developing glucose
intolerance and Type 2 diabetes, and hypoestrogenism is
the most important factor contributing to this finding (19).
Glucose intolerance, reduced sensitivity to insulin and
hyperinsulinemia, increase serum glucose levels and con-
sequently the risk of coronary artery disease (CAD) (20).
Several researches have recommended that hormone re-
placement therapy (HRT) may increase sensitivity to insu-
lin and glucose tolerance (21). Estrogen replacement
changes serum levels of lipids and lipoproteins, resulting
in reduced cardiovascular diseases (22); its other positive
effects may be due to its effects on insulin resistance. Sev-
eral studies have tried to point out the relationship be-
tween estrogen treatment and glucose hemostasis in non-
diabetic females; controversial results were reported (23).

The number of studies that have assessed the effect of
pharmacologic intervention on cardiovascular system is
even less than studies on BMD changes. Therefore, the
present study was designed to assess bone mineral density
values and the serum levels of factors such as fibrinogen,
homocystein, and lipids in female athletes with FHMD
before and after receiving oral contraceptive pills for a 9-
month treatment course to evaluate the effect of estrogen
therapy on different hypoestrogenism-related complica-
tions in FHMD female athletes.

Methods

Data

A 9-month single blind randomized clinical trial (RCT)
was conducted on 18 female athletes with at least a 2-year
history of functional hypothalamic menstrual dysfunction
(FHMD). This study was the continuation of the research
conducted by Dadgostar et al. on the Iranian female pro-
fessional athletes started in 2007. In that study among all
Iranian elite female athletes of 34 different exercise
fields, 56 female athletes were diagnosed with FHMD (3).
This study has been approved by the ethics committee of
Iran University of Medical Sciences (code number: 927)
and conforms to the ethical standards set forth by the
Global Medical Community’s Declaration of Helsinki.

All patients (n= 56) diagnosed with FHMD in the previ-
ous study were invited to participate in the study after


http://dx.doi.org/10.14196/mjiri.32.27
https://mjiri.iums.ac.ir/article-1-2096-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-07-18 ]

[ DOI: 10.14196/mijiri.32.27 ]

H. Dadgostar, et al.

about 25.55 (SD= 6.15) months.

First, one of the examiners (G.S) called and asked ath-
letes about their previous problems, related complications,
andany treatment received. As displayed in Fig. 1, athletes
were excluded from the study if any of the following crite-
ria was present: (1) becoming eumenorrheic during the
time between the 2 researches; (2) being a smoker; (3)
taking any form of hormonal therapy or medications af-
fecting bone metabolism between the 2 studies; (5) reduc-
ing the intensity of exercise and not participating in sport
specific training sessions (at least 2 times per week); (6)
having a positive history of polycystic ovarian syndrome;
(7) suffering from chronic diseases including hyperprolac-
tinemia and thyroid disorders; and (8) having contraindi-
cations to the OCP use.

A total of 18 female athletes met the inclusion criteria,
signed the ethical consent form, and accepted to partici-
pate in the trial. Then, they were randomly assigned into 2
groups using the computer-generated table of random
numbers (Excel, Microsoft, Rounded program): the OCP
group (n= 10) and the control group (n= 8). The OCP
group received a low-dose combined oral contraceptive
(30 pg ethinyl estradiol + 150 pg levonorgestrel) for 9
months. The control group, on the other hand, did not re-
ceive OCP. All the participants, either from the case or
from the control group, received 1000 mg/d calcium and
400 TU/d vitamin D. The participants were asked not to

take any hormonal drugs or medications affecting bone
metabolism during the study period. All athletes were
recommended to use the suggested diet based on the in-
tensity and duration of exercises.

The individuals were followed- up by telephone calls
every month to ensure that they used the prescribed drugs
regularly and also that their drug compliance and the oc-
currence of possible side effects would be studied. The
participants were visited every 3 months. Iranian registry
of clinical trials number of this research is
IRCT138904024251N1.

Measurement
The following variables were tested before and 9
months after the initiation of the study:

A. Laboratory factors including blood glucose, lipid
profile, and inflammatory markers were measured.

1. Blood glucose was evaluated by measuring fasting
blood glucose (FBS) and hemoglobin (Hb) A1C (Cobas
mira kit: Randox).

2. Lipid profile included total cholesterol, high density
lipoprotein (HDL), low density lipoprotein (LDL), very
low density lipoprotein (VLDL), triglyceride (TG), and
apolipoprotein (Apo) A and apo B by Beckman CX-3
biochemical autoanalyzer (Pishtaz Teb kit for HDL and
LDL; Parsazmoon for TG and Chol; and Randox for
Apo A and Apo B).

Table 1. Comparison of BMD values (gr/cm2) at different sites in different groups

Group OCP Ca-D TOTAL
(n=8) (n=5) (n=13)
Before At the end Before At the end of Before At the end of
the intervention of intervention intervention intervention intervention intervention
Spine bone 1.017 1.020 1.021 1.004 1.018 1.014
density (SD=0.179) (SD=0.179) (SD=0.071) (SD=0.070) (SD=0.143) (SD=0.137)
Femur bone 0.829 0.832 0.830 0.839 0.829 0.835
density (SD=0.137) (SD=0.151) (SD=0.102) (SD=0.111) (SD=0.120) (SD=0.132)
Table 2. Comparison of lipid profile levels in different groups
OoCP Ca-D Total
(n=8) (n=5) (n=13)
Group Before At the end of Before interven- At the end Before At the end of
intervention intervention tion of intervention intervention intervention
69.29 69.62 98.80 78.4 81.58 73.00
TG (SD=18.52) (SD=21.99) (SD=55.26) (SD=39.49) (SD=39.09) (SD=28.66)
Total 191.86 170.75 159.60 151.80 178.42 163.46
Cholesterol (SD=41.55) (SD=38.01) (SD=17.57) (SD=26.32) (SD=37.97) (SD=34.14)
LDL 86.43 101.12 78.20 83.80 83.00 94.46
(SD=18.72) (SD=27.94) (SD=17.57) (SD=31.40) (SD=17.92) (SD=29.34)
HDL 50.86 46.87 51.00 50.40 50.92 48.23
(SD=10.37) (SD=6.96) (SD=11.98) (SD=11.89) (SD=10.53) (SD=8.86)
VLDL 51.51 22.75 29.75 17.60 42.80 20.77
(SD=22.49) (SD=13.59) (SD=18.82) (SD=7.96) (SD=22.92) (SD=11.65)
Table 3. Comparison of Apolipoprotein levels in different groups
Group OCP Ca-D Total
(n=8) (n=5) (n=13)
Before At the end Before At the end Before At the end
intervention of intervention intervention of intervention intervention of intervention
Apo A 162.17 166.25 113.18 162.60 139.90 164.85
(SD=46.31) (SD=23.74) (SD=20.31) (SD=14.81) (SD=43.50) (SD=20.13)
Apo B 91.40 67.25 68.06 59.40 79.73 64.23
(SD=11.87) (SD=16.46) (SD=20.23) (SD=18.58) (SD=19.90) (SD=17.00)
Apo B/ 0.63 0.44 0.62 0.37 0.63 0.40
Apo A (SD=0.19) (SD=0.14) (SD=0.21) (SD=0.13) (SD=0.19) (SD=0.12)
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3. Fibrinogen and hemocystein as the inflammatory
markers (Enzymatic Immunosorbent Assay (ELIZA)).

B. Bone mineral density (BMD, gram per square cen-
timeter) at lumbar spine (L1-L4) and femoral neck were
measured by dual energy X-ray absorptiometry (DXA)
using a Hologic densitometer (Hologic Discover QDR).
The results have been described according to Hologic
standards (driven from the NHANSE III study) (20). The
assessment has been performed with a same device for
all the participants.

Statistical Analysis

Quantitative results are based on mean and standard de-
viation and the qualitative results are reported using fre-
quency t test. Chi square test was used to compare the
quantitative and qualitative results. SPSS software (Ver-
sion 17) was used for data analysis. A p<0.05 was consid-
ered statistically significant.

Results

Based on the results depicted in Table 1, there was no
significant difference between BMD values at femoral
neck within the groups or after the intervention. BMD
values at lumbar spine showed a slight increase (0.3 %
increase in 9 months) in those receiving OCP and a minor
decrease in the control group (1.6% decrease in 9
months); neither of which, however, was statistically sig-
nificant.

Our data revealed that the prevalence of VLDL levels

18 randomised into two groups

higher than 30 mg/dL was 53% (7/13), LDL levels higher
than 100 mg/dL was 75% (9/13), and HDL lower than 50
mg/dL was 53% (7/13) at baseline in participants of both
groups.

As presented in Table 2, there was a significant decrease
in VLDL levels in the OCP group (p= 0.035). A nonstatis-
tically significant reduction, however, was reported in
serum levels of total cholesterol in both groups, particular-
ly those taking OCP. These pills, on the other hand, re-
sulted in a nonsignificant increase in LDL levels. No sig-
nificant change was observed in HDL and TG levels of
either group.

Also, 38% (5/13) of all participants in both groups had
low level of apo A (lower than 120) and all of them had
normal apo B levels at baseline (Table 3). Apo B levels
showed a significant decrease in the OCP group (p= 0.04).
No significant change was observed in apo A levels in the
OCP group. However, a significant increase was noted in
apo A levels of the control group, who had received Ca
and vitamin D as the only treatment medication. There
was a significant difference between apo B to apo A ratio
in both the Ca and vitamin D and OCP group (p= 0.040;
0.018).

A nonsignificant increase in fibrinogen levels and a
nonsignificant decrease in HbAlc and homocystein levels
were noted in both groups (Table 4).

Moreover, HbA1C level of 23% (3/13) of participants
of both groups was 6 at baseline.

control group

n=8

OCP group
n=10

/1 /

Two excluded as they were not using the drugs
regularly.

One excluded as she was diagnosed with a
systematic rheumatologic disease and was
recommended to take corticosteroid.

two excluded as they were not
cooperative.

data of 5 included in
analysis

Fig. 1.Flow diagram of participants through the trial
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Table 4. Comparison of cardiovascular factors in different groups

Group OoCP Ca-D Total
(n=8) (n=5) (n=13)
Before At the end Before At the end Before At the end
Intervention of intervention intervention of intervention intervention of intervention
FBS 91.60 90.25 87.33 93.00 90.00 91.31
(SD=6.88) (SD=8.34) (SD=10.07) (SD=6.12) (SD=7.80) (SD=7.42)
HbA1IC 4.92 441 5.60 4.88 5.26 4.59
(SD=0.72) (SD=0.49) (SD=0.44) (SD=0.61) (SD=0.67) (SD=0.57)
Homocystein 10.13 8.50 11.50 8.30 10.75 8.46
(SD=2.44) (SD=1.99) (SD=2.96) (SD=0.57) (SD=2.64) (SD=1.74)
Fibrinogen 209.20 252.00 219.80 248.00 79.73 250.33
(SD=32.76) (SD=46.27) (SD=52.22) (SD=37.20) (SD=19.90) (SD=40.93)
Table 5. Comparison of Body Mass Index (BMI) values (Kg/m?2) in different groups
Group OCP Control Total
(n=8) (n=5) (n=13)
Before At the end Before At the end of Before At the end of
the intervention of intervention intervention intervention intervention intervention
Body Mass 21.72 21.60 22.06 22.67 21.85 22.01
Index SD=1.60 SD=1.13 SD=3.59 SD=5.70 SD=2.41 SD=3.45

There was no significant difference between body mass
index (BMI) values of the 2 groups before and after the
treatment course (Table 5).

Discussion

The present study revealed some positive effects of
OCP on BMD and cardiovascular markers in athletes with
FHMD. VLDL (p= 0.035) and apo B (p= 0.04), whose
high levels are predictors of cardiovascular disease, were
significantly reduced in the OCP group. Although there
was no significant change in BMD values after a 9-month
OCP course, BMD values at lumbar spine revealed an
increase of 0.3 % in those receiving OCP and a minor
decrease of 1.6% in the control group in 9 months.

Cobb et al. found that the BMD of spinal vertebrae and
the entire body of runners with amenorrhea or oligorrhea
who had taken OCP for at least 6 months was greater than
those runners who had not received any treatment for
these disorders. This association was independent of
weight or bodily figure. The effect on the annual density
factor was estimated at approximately 1% increase; and
effectiveness wise, it was similar to the regaining of men-
strual periods or 5kg increase in weight (24). Although in
our study, BMD values at lumbar spine showed an in-
crease of only 0.3 % in 9 months in those receiving OCP,
a considerable decrease of 1.6% occurred in the control
group, which indicates that OCP may prevent decreasing
BMD values in athletes with FHMD.

On the contrary to our results, Rickenland et al. reported
significantly increased BMD values at lumbar spine in the
athletes with oligomenorrhea treated with OCP for a simi-
lar duration as our study (10-month)(25). Liu and Lebrun
conducted a systematic review to assess the effects of
OCP and hormone replacement treatment on pre- and
premenopausal women (26). From among the 10 studies
published in this regard, 7 (2 RCTs and 5 cohorts) showed
positive effects of OCP and other hormone replacement
treatments on females with oligo/amenorrhea. Two other
studies (a RCT and a cohort) reported the treatment to be
ineffective and a single research announced its negative
influence on BMD values (26).Chronic estrogen deficien-

cy in Turner syndrome has adverse bone and cardiovascu-
lar effects. Hence, long-term estrogen replacement thera-
py is used in treatment. A systematic review and meta-
analysis on the effect of estrogen replacement therapy
(ERT) on 771 Turner syndrome patients aged younger
than 40, who suffered from chronic hypoestrogenism, was
conducted. The results suggested the possible beneficial
effects of ERT on raising BMD and HDL cholesterol (27).
Although weight bearing activities are suggested for the
treatment of low BMD, the Female Athlete Triad Coali-
tion Panel is concerned that high impact exercises could
result in fracture among female athletes with low BMD.
Moreover, oestrogen may be necessary for the osteogenic
effects of mechanical loading, but based on the present
research, mechanical loading has a poor osteogenic effect
on chronically amenorrhoeic athletes. Therefore, it seems
that ERT could help increasing BMD through raising the
effect of mechanical loading among these athletes (2, 3).
Elsewhere, a randomized double blind study investigated
the effect of hormone therapy on postmenopausal athletes.
According to the results, bone resorption was reduced, but
bone formation did not increase. Thus, it was concluded
that in combination with high impact exercise, hormone
therapy can help lower the risk of osteoporosis and its
associated fractures (28). On the other hand, the applica-
tion of hormone therapy in treating menstrual disorders
and low BMD has been inconclusive in the athletic popu-
lation to date.

Our study revealed that OCP positively affects lipid pro-
file. There was a significant decrease in VLDL levels and
apo B levels in the OCP group. These pills, on the other
hand, resulted in a nonsignificant increase in LDL levels.
There was no significant change in HDL and TG levels of
either group.

The levels of apo A and HDL, which play a protective
role in cardiovascular diseases, were lower than the nor-
mal range in 53% and 38% of female athletes in our study.
This finding is important as we believe that doing regular
exercise could increase these 2 factors. Moreover, low
levels of these factors are associated with increased risk of
developing cardiovascular disease. While there was no
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significant change in apo A levels in the OCP group, their
apo B levels reduced significantly. As for the control
group who received Ca and vitamin D as the sole treat-
ment medication, a significant increase was noted in apo
A levels.

In our study, a significant decrecase was obtained in
VLDL levels of the OCP group. High levels of VLDL
(>30 mg/dL or > 0.77mmol/L), similar to LDL, are a risk
factor for cardiovascular disease and stroke (29). Increas-
ing levels of VLDL indicate the presence of lipoprotein
remnants, intermediate components in the known pathway
of conversion of VLDL to LDL. In the presence of high
levels of VLDL, the VLDL to LDL conversion trend
slows down, causing the aggregation of intermediate
components, the development of atherosclerosis, and car-
diovascular disease. The fact that 53% of our study popu-
lation had VLDL level higher than 30 at baseline and that
there has been a significant decrease in its levels after the
intervention in the OCP group confirms the consumption
of OCP in treating oligomenorrhea in athletes.

The AMORIS trial, a 10-year study on 1111 individuals,
showed ApoB/ApoA ratio is a strong predictor of future
stroke and myocardial infarction (29). The Interheart
study in 2004, conducted on acute MI risk factors in 52
countries, reported that apo A to apo B ratio is the most
important risk factor all over the globe (30). As a result,
we studied this factor along with the regular lipid profile
to assess the cardiovascular status of the athletes. Our
study revealed a significant decrease in the apoB/apoA
ratio after intervention in both groups. This fact that these
changes have occurred in both groups and there was no
significant difference between groups may indicate the
role of Ca and vitamin D, which were utilized in both
groups in this regard. Some of the previous studies have
also reported the positive role of Ca and vitamin D on the
apolipoprotein levels. Major et al. reported that the con-
sumption of Ca in a weight loss study had resulted in a
reduction in LDL levels and LDL/HDL ratio, independent
of the individual’s fat mass and waist circumference (31).

Contrary to our results, Rickenuld reported unfavorable
changes in lipid profile after OCP consumption. He also
reported high apo B and LDL levels in the group with
amenorrhea compared with those who had a normal men-
strual cycle. Reduced HDL levels were reported in all the
3 groups after treatment. Apo B levels, however, increased
(25).

About 23% of the studied individuals had HbAlc levels
equal to 6, which was not associated with increased FBS
levels, indicating a possible association among hypoestro-
genemia, insulin resistance, and glucose intolerance. Some
studies have revealed that becoming menopause is linked
with increased risk of developing glucose intolerance and
Type 2 diabetes, considering hypoestrogenism as the main
factor in this regard (19). Glucose intolerance, decreased
insulin sensitivity, and hyperinsulinemia result in in-
creased glucose levels and elevated CAD risk (20). Sever-
al studies have reported that hormone replacement therapy
(HRT) in menopausal women may increase insulin sensi-
tivity and glucose tolerance (21). In our study, however,
estrogen treatment has no effect on HbAlc and FBS lev-
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els. This is in line with the research by Okada et al., which
was conducted on 200 menopause women, that showed
HRT had no effect on HbAlc levels after age and BMI
adjustment (23).

Limitation

Small sample size in our study and the small number of
female professional athletes in Iran contributed to the
limitations in studying this group of athletes. Moreover, it
was not possible to recruit new participants as the study
was a continuation of our previous research.

The study duration was about 9 months which according
to previous studies is the shortest time needed for any
change in bone mineral density values to become appar-
ent. Due to the fact that female athletes participating in
our study had been suffering from menstrual irregularities
(amenorrhea/oligomenorrhea) for at least 2 years, they
might need longer period of treatments to display signifi-
cant changes in BMD values and some laboratory factors.

Recommendations

1. The link between the development of cardiovascular
health related complications such as lipid disorders and
long-term menstrual disorder in the athletes points out the
need for more evaluation of impaired lipid profile and
insuline resistance in the athletes with menstrual disor-
ders.

2. Long-term studies are needed to evaluate cardiovas-
cular health in athletes with FHMD.

3. Further studies with larger sample sizes are required
to determine the long-term effect of estrogen and its side
effects in athletes with FHMD.

Conclusion

In conclusion, although the administration of estrogen
has no effect on increasing the bone density significantly,
it has positive effects on the cardiovascular system and
lipid profile, specially reduced VLDL and apo B, whose
high levels are predictors of cardiovascular disease.
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