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Abstract: The number of females participating in sport has been dramatically increased during the last few decades. As sport has advanced for females, they face many challenges. Competitive female athletes experience physical stress to lose body weight to improve performance. Hence, they may develop disordered eating behaviors which can result in energy deficit. Energy deficit can lead to abnormal menstrual function which can result in low estrogen amenorrhea. Hypoestrogenic amenorrhea is probably the main cause of bone loss and osteoporosis in female athletes. These disorders (disordered eating, amenorrhea and osteoporosis) collectively known the female athlete triad can impair the health and thus athletic performance. However, oral contraceptive used in female athletes may be necessary to restore estrogen stimulation to the bone and prevent any further bone loss. This review focuses the relation between these disorders and use of oral contraceptive to alleviate their negative impact on body health and athletic performance. Although the effect of oral contraceptive is unclear, several studies reported that it may be helpful for increasing bone mineral density and preventing further bone loss in amenorrheic premenopausal athletes.
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Introduction

The prominence and involvement of female participating in sport has increased dramatically during the last few decades. There are many benefits for participating in sport and physical activity on both physical and mental health of girls and women. Weight–bearing exercise in female athletes decreases heart diseases, Diabetes mellitus, obesity, colon cancer and hypertension.[13,15] It also increases bone mineral density (BMD) and lean body mass, which can help to prevent fractures and osteoporosis in the future.[13,41] However, as female's participation in sports has increased, especially at the elite level, they have developed their own unique set at medical issues, the foremost being the female athlete triad (the triad).[29,51,59,61] It is life–threatening syndrome.[4,57] Each portion of this triad increases the chance of morbidity and mortality but the dangers of the three together are synergistic.[61] In 1997, the American college of sports medicine (ACSM) defined the triad in a position statements as disordered eating, amenorrhea (lack of menses) and osteoporosis.[4,15,34,41,57,61] These conditions seen with increasing prevalence in the past several decades in female athletes, which singly and together, can result in impairment of health and thus athletic performance.[29]
 Bone mass is influenced by estrogen, nutrition (especially calcium), and exercise.[29,56] Poor nutrition produced by disordered eating can induces decrease in estrogen secretion due to amenorrhea.[34,39,51] Disordered eating can result in inadequate nutrition or energy, which can lead to abnormal menstrual function; abnormal menstrual function can result in low estrogen amenorrhea, which can result in osteoporosis. Perhaps the most important factor in the primary prevention of osteoporosis is the attainment of optimal peak bone mass during adolescence.[14] Adequate hormonal, physical activity and dietary status are necessary to reach an individual's genetic potential in regard of peak bone mass.[43,54] That is, a key osteoporosis prevention strategy is to increase early accrual of BMD.[52] Given the potent role of reproductive hormones on bone development, the use of hormonal birth control medication during skeletal consolidation could influence development of peak bone mass.[54] Oral contraceptive (OC) use is common among young women, especially athletes. Most OCs supplement the body with both estrogen and progesterone to suppress ovulation and prevent pregnancy.[10,54,59] Some studies reported an increase in the lumbar spine and total bone mineral density following use of OC.[29] Owing to estrogen deficiency caused by amenorrhea is associated with decrease in BMD and thus osteoporosis, several studies reported that OCs containing estrogens during amenorrheic conditions can help bone health. 


Components of  the female athlete triad

Disordered eating

The prevalence of disordered eating is higher for athletes than nonathletes.[29]  Female athletes are more vulnerable to eating disorders than male athletes because of the pressure to obtain a low bodyweight for an ideal appearance for judging.[11,42,55] About 32% to 64% of all female athletes have reported to display some type of disordered eating.[29] Actually, disordered eating is most common among female athletes who participate in certain sports that emphasize low bodyweight such as long–distance runners, ballet, dancers, gymnastics, cycling, diving, and rowing.[29,57,61] Common disordered eating patterns exhibited by female athletes include bulimia, anorexia, food  restriction, prolonged fasting, Eating excessively and vomiting following eating, diet pill abuse, diuretic abuse and Inappropriate use of laxative.[29,51,63] In a study of 42 female college gymnasts disclosed that 62% were using at least 1 method at disordered eating, twice weekly, over 3 or more months; 26% reported diet pill, 24% fasted, 12% used diuretics and 7% used laxatives.[61]

Table 1 Types of disordered eating
	Anorexia nervosa

Food restriction
Prolonged fasting
Diet pill abuse
Diuretics abuse
Inappropriate use of laxatives
Eating excessively and vomiting following eating

Many female athletes experience intense exercise from coaches and themselves to lose weight to improve performance.[4,5,29,35,59] However, there are medical complications associated with disordered eating include chronic fatigue, dehydration, depleted glycogen stores,[4,34,35,39] impaired thermogulation,[34] anemia,[4,31,53] micronutrients deficiencies, parotid gland enlargement,[4] poor function in immune system,[29,34,51] and energy deficit.[4,5,18,29,34,35,51] Some female athletes attempt to be vegetarian to control their weight,[2,42] and these vegetarian are more likely to exhibit disordered eating behaviors than nonvegetarian.[30,42] However, vegetarian diet may result in low energy availability/energy deficit. The energy deficit leads to the other two attributes of the triad.[5,18,29,34,51]

Table 2 Medical complications of disordered eating
	Chronic fatigue

Dehydration
Depletion of glycogen stores
Impair of thermogulation
Anaemia
Micronutrient deficiency
Enlargement of parotid gland
Immunity poor
Energy deficit


Amenorrhea

Amenorrhea is defined as the absence of menses for 3 or more consecutive cycles and is classified as primary or secondary.[4,34,51] Primary amenorrhea (delayed menarche[4]) is the absence of menstruation by age 16 in a girl with secondary sex characteristics.[4,29,34,51,63] Secondary amenorrhea is the absence of three or more consecutive menstrual cycles after menarche.[4,29] Amenorrhea in athletes is usually secondary[4,12,34] and is often seen in females who experience high level of training at a young age.[29,63] However, even the precise mechanisms of secondary amenorrhea are not well understood, it can be reversed by decreasing load of training.[17] In addition, the average of menarche in normal females is 12.9 years, but surprisingly some researches revealed that some female athletes have not menstruated until their 20s.[34] Athletes who begin training before menarche have been reported to have higher incidence of amenorrhea than those who being training after menarche.[51,61] Delayed menarche in athletes seems to be strongly correlated with low bone density and the future development of fractures.[21] The most common causes of amenorrhea are menopause[59] and pregnancy.[12,59] The pathophysiology of exercise–associated with amenorrhea is complex, with varied contributions of low body weight or body fat, poor nutrition, disordered eating behaviors, stress,[12,34,61] and excessive physical training.[12,29,34,61,57] The prevalence of amenorrhea in nonathlete is lower than in athlete, especially in sports that emphasize low body weight.[34,61] Amenorrhea prevalence has been documented as high as 65% in long–distance runners and 44% in dancers compared with to 2% to 5% in nonathletic collegiate women.[29] Some athletes with amenorrhea regain their normal menses after interval of rest,[36]  even without and increase in body fat or weight.[34,53,65] That is, amenorrhea maybe not caused solely by low body weight or fat. The loss of body weight as well as poor nutrition and physical stress may together play important role.[18,42,58]  
Athletic amenorrhea results from excessive exercise and chronic energy deprivation which cause disruption of the hypothalamic–pituitary–ovarian axis[12,34,51,61] by decreasing the amplitude and frequency of the pulsatile release of gonadotropic–releasing hormone (GnRH) produced by the arcuate nucleus of the hypothalamus.[12,34,46] The decreased release of GnRH causes decreased release of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) by the pituitary gland.[59] As a result, ovarian follicles fail to develop, ovulation does not occur, corpus luteum does not produce, synthesis of estrogens and progesterone wanes and monthly bleeding ceases. However, the precise mechanism or cause responsible for disruption of hypothalamic–pituitary–ovarian axis is unknown.[12] 
In addition, many neurohormones secreted during physical stress including endorphins and catecholamines affect the GnRH–producing centers.[61] Therefore, physical stress is believed to result in hypothalamic amenorrhea[38,61] by affecting these hormones.[38,61]  Prolactin is secreted by anterior pituitary gland and high levels can result in decreased secretion of LH and FSH.[34,61] Some studies found that Prolactin levels in the blood can be increased by physical stress.[1,7,16,18,34,42,45] Thus, decreased level of LH and FSH may result from hypersecretion of prolactin.[38] Subsequently, hyperprolactenaemia leads to amenorrhea. Moreover, high intensity of exercise may predispose female athletes to disorder in the hypothalamic-pituiatry responses. In other words, in elite athletic training, the pituitary displays a decrement of response to GnRH.[16,18,45] Physical stress can also induces amenorrhea by disruption of pineal hormone melatonin. Some studies reported that disruption in melatonin inhibits release of LH[17] and thus amenorrhea and estrogen deficiency. Exercise–induced stress may also contributes to amenorrhea by hypothalamic–pituitary–adrenal axis.[34] Some studies reported that physical stress results in increased secretion of corticotrophin–releasing hormone (CRH) in female.[34,46] CRH decreases the pulsatile release of GnRH.[62] As a results, amenorrhea will occur. Low levels of the hormone leptin secreted by adipose cells, may also be contributing factor[18,51,59,63] due to ovaries have leptin receptors.[51]  

Table 3 Factors associated with amenorrheic athlete
	Age of athlete

Age at menarche
Low body weight/fat
Energy deficit
Physical stress
Hormonal disturbance
Disorder of hypothalamus
Disruption of hypothalamic-pituitary-ovarian axis

Actually, disruption of the hypothalamic–pituitary–ovarian axis leads in turn to estrogen deficiency. Loucks et al[36] reported that exercise-associated reproductive dysfunction is hypoestrogenic in nature and probably caused by a negative energy balance. Because estrogens help bones retain calcium and other minerals [59] and there is evidence of estrogen receptors on bone cells,[61] it is well documented that estrogen deficiency is associated with loss of BMD and increased risk of osteoporosis in female athletes.[5,29,43,48,51,54,59] Many studies reported that amenorrheic athletes have low BMD similar to those at postmenopausal women[5,59]  and long–term cessation of amenorrhea in young female athlete can lead to premature osteoporosis.[4,27,59] In addition to estrogen deficiency, there are medical complications result from amenorrheic athletes include infertility,[15] cardiovascular disease[15,29] due to estrogen has a cardioprotective effect, increased levels of cholesterol, hypothermia/disorder of thermogulation,[34] and osteoporosis.[4,5,9,12,15,17,27,29,35,43,44,59]

Table 4 Medical complication of amenorrheic athlete
	Estrogen deficiency

Cardiovascular disease
Hypercholesterolaemia
Hypothermia/disorder of thermogulation
Infertility
Osteoporosis


Osteoporosis

Osteoporosis is a major skeletal problem that leads to increase in risk of fracture. Normally, bone  forms before birth but continually renews itself thereafter.[59] It is living tissue and is continually undergoing process of remodeling (bone formation  and deposition)[29,32,59] From birth to adolescence, more bone tissue is produced than is lost during bone remodeling.[14] The bone mass acquired in adolescence is thought to be an important factor determining the incidence of osteoporosis.[32] Typically, from 60% to 70% of peak bone mass in female is acquired before the age of 20  years and females build bone until around the age of 34, at which time bones begin to demineralize at a rate of 0.3 to 0.5% a year.[10,12,24,32,51,61] During childhood, the hormones most important to bone growth are insulinlike growth factors (IGFs),[32,59] which are produced by liver and bone tissues, as well as thyroid hormones (T3 and T4) that promote bone accretion by stimulating osteoblasts.[59] At puberty (the critical period of skeletal growth[14]), the secretion of estrogen hormone causes a dramatic effect on bone growth[14,21,32]. If estrogen deficiency occurs at puberty it is devastating, [21] because adolescence is a crucial period for bone formation. There are also other factors affecting bone remolding and thus BMD include vitamins, especially vitamin D, [5,59] along with vitamin K, B12, and C[59] and minerals especially calcium,[5,9,29,34,59,63] which is responsible for bone strength Parathyroid hormone (PTH), calcitonin, and calcitriol are other hormones that can affect bone remodeling.[59]
There is evidence of estrogen receptors on bone cells.[61] Hence, estrogen hormone has a direct effect on bone cell function. Moreover, estrogens are known to stimulate osteoblasts proliferation and differentiation with an increased  deposition and mineralization of matrix.[21] Estrogens also induce apoptosis of osteoclasts,[28,33,59] stimulate collagen, osteocalcin and alkaline phosphatase.[21,28,33] As a result, it is well recognized that estrogen deficiency in female increases bone turnover [35] ( in which the rate of bone resorption exceeds that of bone formation), which in turn causes a decreases in BMD and osteoporosis.[26,32,35] Thus, hypoestrogenemic amenorrheic athlete plays important cause for osteoporosis.[5,12,27,44,47,52,53,54,63]
 In addition to amenorrhea, there are several risk factors for osteoporosis include limited calcium intake in childhood/adolescence, positive family history for osteoporosis, low level of physical activity, anorexia nervosa, alcoholism, cigarette smoking, medications (such as glucocorticoids).[19,23]

Table 5 Risk factors for osteoporosis
	Limited calcium intake in childhood/adolescence. 

Positive family history for osteoporosis.
Low level of physical activity Hypothermia/disorder of thermogulation.
Anorexia nervosa. 
Alcoholism.
Cigarette smoking.
Medications (such as glucocorticoids).

Osteoporosis is defined as decreased  bone mass with disruption of the normal microarchitecture of bone.[21,29] The degree of loss of bone mass has been defined by the world health organization based on the amount of BMD detected by bone densitometry measurements that are most commonly done by dual-energy –x-ray obsortiometry.[29,34] The results are compared with peers and against a young healthy adult population known to have peak bone mass resulting in a value termed T-score.[29] Osteoporosis in general population is defined as a BMD T-score at -2.5 or less (2.5 standard deviations below the mean for the age).[5,29,51] However, osteoporotic athletic competitors do not meet the criteria, because these females are younger and engage in weight-bearing resistance training and may have dietary deficiencies, all of which affect BMD.[51] For this reason, in female athletes, the term osteopenia (minimally decreased BMD[29]) may be better.[5,29,51] Other researches suggest premature Osteoporosis[27,59,61] or premenopausal bone   loss.[21] Actually, osteoporotic athlete is defined as a BMD T-score between 1.0 and 2.5 standard deviation below the mean for young adult.[51]


Treatment 

The prevention is better than treatment, but prevention in athletes is made difficult by the nature of the game. [5] Owing to vitamin and minerals have effect on bone remodeling, many studies shown that female athlete especially with the triad should be take calcium and vitamin supplementation. Female athletes must be convinced to eat a balanced diet including 1200 to 1500 mg of calcium per day[5,12,15,24,29,34,51,57,61] along with 400-800 IU of vitamin D.[24,29,51] However, many studies revealed that calcium does not increase BMD but may aid in preventing further decrease.[5,21]
In other side, of the 3 components, amenorrhea has exhibited the strongest relationship to injury of musculoskeleton, showing positive association with increased risk of stress fracture in female athletes.[47] Demineralization at the bone is thought to be due to prolonged hypoestrogenia which upsets the balance between bone resorption and bone deposition.[17]  As a consequence, there is a decrease in BMD. As OC includes estrogen which play important function in bone cells, the use of OC can be minimize the effect of decrement in BMD. 


Oral Contraceptive 

The old contraceptive pill (Pre-1970s) received a bad press because of its high estrogen concentration (150 µg) and consequently there was a lower usage because of the reported water retention, nausea, fatigue, headaches, thrombosis, hypertension and altered blood glucose/lipid metabolism.[10] However, today's advanced (Post-1980s) OCs (lower estrogen (30 µg) and progesterone dosages) could be utilized on the premenstrual symptoms and maintenance the BMD levels.[63] 
OCs are the main form of birth control in the general population,[10,59] and their use has been increased in athletic female.[10] The OCs reduce cycle-length variability and provide a consistent 28 day cycle by systematically  controlling concentrations of endogenous sex hormones, reducing the natural production of estrogens and progestogens through inhibition of the pituitary secretion of gonadotrophins.[10,59] Thus, ovulation does not occur along with pregnancy. 
Melonie et al[10] shown that there are basically two main types of oral contraceptive pills (OCPs): (1) the combined OCP, which contains both estrogen and progestogen; and (2) the mini pill, which contains progestogen alone. Combined OCP is the most commonly prescribed OC and contains two hormones, namely, estrogen and progestogen. Only one synthetic estrogen (ethinylestradiol [EE] ) is found in today's OCPs, compared with one of six major progestogens ( Levonogetrel, norethindrone [norethisterone] acetate, desogestrel, norgestimate, norgestrel or etynodial).[10] Herrmann[27] found that OCs use might protect bone health in female athletes. Lin k[33] shown other benefits of OCs that are included decreases the incidence of uterine fibroid tumors, toxic shock syndrome, and colorectal cancer. However, the type of OCs, age at first use of OCs and load of exercise can alter the effect of OCs on the bones.[3,52] 
Many studies reported that the elevation of circulating estrogen levels should be the primary goal in a programme to reduce bone loss which can be achieved either naturally, by restoring menses, or by using OC.[61] OCs used in female athletes may be necessary to restore estrogen stimulation to the bone and prevent any further bone loss.[15,43,10] Moreover, OCs regulate the length of menstrual cycle and decrease menstrual flow, and therefore decrease the risk of anaemia.[33,34,59] OCs provide protection against endometrial and ovarian cancers and reduce the risk of endometriosis.[59] Even if ovulation does occur, as it does in some cases, OC also alter cervical mucus so that it is more hostile to sperm and blocks implantation in the uterus.[17,59] There are also some studies reported an increased in the lumbar spine and total BMD following use of OCs.[29] Other studies found that use of OCs decrease blood loss and increase oxygen delivery via enhancing stroke volume and cardiac output.[10] Actually, some studies suggested use of OCs in female athlete especially runners due to their enhancement on athletic performance.[49] However, other studies have not shown any increase in bone mass after use of OCs.[29] Low-dose oral contraceptives greatly reduce circulating concentration of testosterone, dihydrotestosterone, androstenedione, and dehydroepiandrosterone sulphate.[21] The chronic decrease in androgen levels may have a negative impact on BMD[21] due to their role in maintenance of bone structure.[21,59] In addition, other studies reported that OCs increase the core body temperature which lead in turn to detrimental effect on females[9,17] and thus heat illnesses, [9] which affect performance. Moreover, OCs may not be advised for female with a history of blood clotting disorders, cerebral blood vessel damage, migraine headaches, hypertension, liver malfunction, or heart diseases.[59] Some studies also investigated the effect of OC on performance in athlete as shown in table 6.

Table 6. Studies investigating the effect of oral contraceptive pills (OCs) on performance in females
Study
Subjects (age)
No. of subjects
Trade name of OCP
No. of cycles
Days tested over the OCP cycle
Test of performance
Results
Montes et al [40]
Healthy
(21-30)
10
2
Ortho –Novum 1/35
Demulen 1/50
0
At 3mo + 6mo Post OCP use
Spirometry + VO 2peak
No sig change in VE
Bonen et al. [6]
Sedentary
(19-24)
7

8
 Ortho – Novum 1/50,                Ovral, Minovral
Control 
1

1
6-11, 22-26
FP + LP
30 min at 40%
VO2peak, then 30 min
At 85% VO2peak (TR)
Sig inc in FFA in OCP; sig dec in glucose in CON
Rogers and Baker [50]
Students
(27±3)
7
Orhto – Novum + Ortho Tri- Cyclen
1
18-21 + 52-28

4,8 km/h at 10% gradient for 60 min (TR)
Sig inc in HR + CBT (days 18-21)
Lynch and Nimmo [37]
Active
(26 ± 7)
5


10
Femodene, Cilest, Ovranette, Microgynon

Control
1


1
2-8 + 9-15
7-10 + 25-28
20 sec prints, 100 sec recovery (TR)
Sig inc in NH3 in CON; no diff in PT, max lactate, VO2peak HR
Giacomoni and Falgairette [22]
Healthy
(23±3)
10
Microdiol + Femodene
1
2-4, 7-9 +
19-21
12 min at 7 km/h,
Then 12 min at 8 km/h
Followed by 12 in at 9 km/h
No sig diff in HR, VE; sig dec VO2 (days 7-9; 19 + 21); sig inc in RE (days 19-21)
CBT= core body temperature; CHO= carbohydrate; CNO = control; diff = difference; FFA = free fatty acids; HR = Heart rate; NH3=ammonia; PT = performance time; OCP= oral contraceptive pill; sig = significant; TR= treadmill; VE= ventilation; VO2= oxygen uptake; VO2peak= peak oxygen uptake; inc indicates increase; dec indicates decrease.

May be depend on these data and studies, some researchers reported that the effect of OC on bone health in female athletes is still unclear [60,52] and equivocal.[54] and others advised that estrogen replacement therapy should not be used for long period. [5] Moreover, and surprisingly, Lisa[51] reported that regulation and restoration of menses may slow the rate of further bone loss, but the bone already lost cannot be replaced. In addition, Birch K[5] reported that if trabecular bone is lost during long term amenorrhea, reversal of BMD may be impossible. Perhaps studies have discrepancies because of methodological differences such as sample size, lack of randomization, different pill dosages, training status, menstrual status, and physiological variables measured.
  Conclusion

Regardless of the health-related benefits of sport participation, performance success is the primary focus of female athlete and coaches alike. All elite female athletes are potentially at risk for the female athlete triad. Although disordered eating is seen in athletes of all sports, some sports put athletes as a higher risk for developing disordered behaviors, especially sports that emphasize body leanness for optimal performance. Also females in individual sports may appear to be higher risk than involved in team sports. Of the three components (the triad), menstrual disorder has exhibited the estrogen relationship to injury. The high volume of training and low energy intake produced by disordered eating behaviors along with stress hormones may lead to a physiological alternation in the endocrinological control of the menstrual cycle which ultimately lead to the female becoming amenorrhea. As a result, decrease in estrogen levels will occur. This hormone has a huge role in maintaining adequate BMD due to the presence of estrogen receptors on bone cells and hypoestrogenaemia thus is associated with low BMD and increased risk of osteoporosis. Osteoporosis is a skeletal disease characterized by low bone mass and a consequent increase in risk of fracture.  The ultimate goal is to increase the nutritional status of the female. This will reverse many of the symptoms associated with disordered eating, reverse amenorrhea, and reduce the risk of osteopenia or osteoporosis. Actually, prevention is better than treatment, but prevention in athletes is made difficult by the nature of the game or event. Female athletes have often used OCs to manipulate the menstrual cycle, control premenopausal symptoms, and maintain bone health. Additional benefits of OC used in athletes include reduced risk of musculoskeletal injury, increased BMD, and decreased menstrual blood flow. However, beside these benefits, some studies reported that the effect of OC is still unclear. More research is needed for well understand. 
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