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Over the years women have been regarded as the weaker sex, they were banned from taking part in the ancient Olympic games, ostensibly to protect them from injury, yet all through the ages women have always been required to do hard physical work. It appears that the first signs of enlightenment came when the Spartans argued that strong Spartan women would produce strong Spartan soldiers (Larkin). In spite of this there were no female events at the first modern Olympiad in 1896. Baron Pierre de Coubertin felt that an Olympiad with women would be impractical, improper, uninteresting and unaesthetic. Women were first included in the Olympics in 1900 with the gentle sport of tennis. Thankfully, we have come a long way from those days. At any rate, if we accept that one of the objectives of sport is to build a stronger healthier community, we cannot afford to ignore more than half of the community and that half who have a greater bearing on the unborn child.

Since 1896 there has been a steady increase in participation by women till at the Sydney Olympics in 2000 there were 4,069 women participants, 38% of the 10,651 competitors and at Beijing 42% of the competitors were women.  The introduction of women into the Weightlifting scene has been comparitively recent.  As women’s participation in sport increased, the interest in the effects of the menstrual cycle on performance has also grown, and some of the myths of the detrimental effects of exercise on the female reproductive system appeared. Many of these myths were based on cultural history. In some cultures a woman is considered to be both unclean and weak during menstruation and is forbidden to cook, do housework or anything strenuous. 
In recent years many athletes have reported that they performed well during menstruation, one famous sprinter said that she performed best on the third day of her period and Prisca has often won important Table Tennis matches while menstruating and so several of these myths have been challenged. 

 Many coaches both men and women then went on to train women just as they trained men, but there are some differences both physical and psychological which the coach must take into consideration to Bridge the Gap.

The Gap

Physical and Physiological Differences.

The main differences between men and women  are: 

1 Hormonal:

Menstrual Cycle
                                                                                      

. Menarche (the beginning of menstruation) generally occurs when a girl is between 12 and 14. The average menstrual cycle is around 28 days but there is a wide variation which can be considered normal. The cycle is usually counted from the first day of bleeding at which time both estrogen and progesterone is low (Fig 1) and the lining of the womb is disintegrating. As the estrogen levels begin to rise the lining of the womb begins to build up in preparation for the implanting of the fertilised egg. When the egg is released (ovulation) there is a fall in the level of oestrogen. After ovulation both oestrogen and progesterone levels increase. If impregnation takes place the levels of these two hormones increase and the lining of the womb continues to increase in thickness. If the egg is not fertilised the levels of estrogen and progesterone drop and the lining of the womb breaks up and menstruation begins (see fig 1 below).

Fig 1
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2 Skeletal Differences: Because women play the most important part in bearing children their bodies are adapted for that function. Their hips are wider, which in turn causes their femur to slant medially and also results in a greater Q angle of the knee. See figures 3 and 4 below.
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Fig 2
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Fig 4

	Fig 2 Angle of pelvic inclination. When standing erect, the whole pelvis is tilted forward and the pelvic canal is directed backward relative to the abdominal cavity and the torso. The greater the tilt of the pelvis, the greater the forward curve in the lower back. Biology of women by E Sloane 1980, New York. John Wiley and Sons 
	Fig 3 Because women have broader hips their femurs slope medially. The angle of the neck of the femur in a man is about 1250  while a woman’s is a little less.


	Fig 4Q angle.is the angle formed by a line going through the femur and one through the tibia. Because of women’s wider hips the femur slopes medially and therefore the Q angle is greater. It is suggested that this makes women’s knees less stable and more likely to be injured.


Because the 
Q angle is greater in women, many coaches and physiotherapists attributed knee injuries in women to this fact.

In a study conducted with elite women hockey players Adam Bryant of Central Queensland University came to the conclusion that women athletes are up to eight times more likely to tear the ligaments in their knees than men. This is especially likely during sports that require jumping and pivoting, like netball, basketball and soccer (Catalyst 7th April 2005). For some time it was thought that it was the Q angle of a woman’s knees that was the root of the problem but Bryant’s studies led him to believe that most of these injuries take place during the ovulatory phase in a woman’s cycle when oestrogen levels are lower. 
 His studies brought him to the conclusion that during ovulation the muscles around a woman’s knee become floppy leaving the ligaments to take all the strain of any twisting or turning action. It is at this phase of a woman’s menstrual cycle that her oestrogen levels are low and it was assumed that this was the cause. However, the fact is that  estrogen levels are even lower during menstruation  (see Fig 1) and therefore the question arises whether there is a similar problem at that phase. Bryant studied women who were on the monophasic contraceptive pill where the estrogen levels are more level and believed that those on this type of pill were more protected. Of course if this were true it would still be important for women to strengthen the muscles crossing over the knee.  So that even if there is a loss of tone during phases of low estrogen levels, they would still be better protected than those who had never done any strength training for that specific area, 

Adaptation of skeletal muscle during cycle.

Several coaches believe that just as the lining of the womb hypertrophies during the phases of a woman’s cycle when her estrogen levels are high, the skeletal muscles adapt to exercise better. They therefore suggest that women should train harder during those two phases (immediately before and after ovulation).See Fig 1.
Effects of the Menstrual Cycle on Training and Performance
The sex hormones that a woman produces during a menstrual cycle, has a considerable effect on her mental state, athletic performance and also on her body’s adaptation to training. (Larkin). Till now the whole question of the menstrual cycle was not openly discussed and so a lot of the theories about training during various phases of the cycle are at best speculation.
We could break up the menstrual cycle into four phases

1. menstruation

2. follicular (pre-ovulation)

3. ovulation.

4. luteal (post-ovulation)
Larkin suggests that during the follicular phase levels of estrogen are low and this favours the break down of muscle glycogen to assist high intensity training, whilst high levels of estrogen in the luteal phase favour fat burning, lower lactic acid concentrations and glycogen sparing. For this reason during the follicular phase high intensity work may feel slightly easier whilst long low intensity sessions may be more difficult. During the luteal phase long low intensity workouts may feel easier whilst high intensity workouts will feel harder. This does not mean that you should avoid long duration low intensity training during the follicular phase and high intensity training in the luteal phase but you should be aware that there is a reason that you may not feel as good as usual whilst training in a particular manner at a particular phase. 

High Progesterone\

· In the phase before menstruation when progesterone levels are high the core temperature can be 0.3 to 0.5o C higher than normal.
·  At this time  the brain's respiratory centre is stimulated and the breathing rate is increased making exercise feel more strenuous, but not necessarily affecting performance. 

· Post-ovulatory fluid retention via effects on the kidneys' hormone system. Of course this can have an effect on the lifter’s bodyweight
· Insulin resistance is increased, which can be a problem with diabetics
· There is a greater dependence on fat metabolism.. 

Although the above physiological effects have been shown to occur, results from studies so far are very varied and there is as yet, no convincing evidence that performance is significantly affected, positively or negatively, at any particular stage of the menstrual cycle. Some anecdotal evidence from athletes on differences in performance, particularly in the pre-menstrual or menstrual phases, has not been confirmed by scientific studies. World best performances have been recorded at all stages of the menstrual cycle. Again scientists like Brown have worked with women athletes who are on a weight training program as opposed to weightlifting and while we can learn from them there is of course a difference. We never use 8 to 10 repetitions.    If the athlete is using monophasic oral contraceptives the estrogen levels will be rather even and these variations may not apply, but if the triphasic variety is used then there is a variation in the luteal phase (second half) where progesterone is used (Brown).

We hope that women athletes will come forward to discuss their own experiences, anonymously if they wish, so that the future generation of women weightlifters will benefit from their knowledge. 
Carley Mckay is a member of the Research and Coaching Committee and would be happy to discuss any information you would care to offer. Again if any women or their coaches would like answers to any of their queries you could contact Carley or me and we would try and find an answer to your questions.
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· Effects on the cardiovascular system: 

· altered blood stickiness. 

· cholesterol level changes. 

· vascular smooth muscle changes. 

· regulation of substrate metabolism (body fuel). 

· Effects on regulation of substrate  metabolism: 

· increased liver and muscle glycogen storage and uptake - possibly increasing endurance performance. 

· glycogen-sparing through increased lipid (fat) production, muscle lipid breakdown, and greater use of free fatty acids. 

· decreased insulin-binding ability-decreased glucose tolerance and insulin resistance. i.e. Low levels of estrogen (in the follicular phase) favour the break down of the muscle glycogen for high intensity training and racing, whilst high levels of estrogen (in the luteal phase) favour fat burning, lower lactic acid concentrations and glycogen sparing. For this reason during the follicular phase high intensity work may feel slightly easier whilst long low intensity sessions g. 

Other effects:

· Deposition of fat in breasts, buttocks and thighs. 

· Increased blood pressure. 

· Increased calcium uptake in bone. 

· Changes in neurotransmitters (brain chemicals) - possible improved cognitive function and memory. 

Dysmenorrhoea (Painful Periods)

Painful periods is a common phenomenon, most prevalent in the teenage years and later 30s age group. For most women the symptoms are mild and easily treated with the use of simple painkillers if needed. For some women the painful cramps, and often heavy blood flow, can adversely affect training or competition. There are beneficial treatment options available that can be discussed with your doctor.

Menstrual Irregularities Associated with Exercise and Training

Menstrual abnormalities are extremely common in both athletic and non-athletic adolescents and women. Physically active females increase the likelihood of experiencing changes to their menstrual cycle such as delayed menarche (onset of menstruation), oligomenorrhoea (irregular menstruation occurring with only three to six cycles per year), and amenorrhoea. 

Irregular menses have been reported to range from 1 to 66% among athletes, compared with 2 to 5% in the general population. The higher levels have been seen in groups such as distance runners. 

The wide range of reported menstrual abnormalities stems from the different groups studied and the different criteria used to define the condition. Exercise related menstrual abnormality is linked with HPA dysfunction. 

Many theories involving this hypothalamic pituitary axis suppression have been suggested as the cause of exercise-induced menstrual irregularities:

· Critical body weight. 

· Critical body fat. 

· Endogenous opioids. 

· Nutritional deprivation. 

· Rapid body weight changes. 

· Training intensity/volume. 

The interplay between nutrition, exercise intensity and volume, body mass index, and psychological stressors contribute to normal menstrual function. Individuals vary greatly in their ability to tolerate changes in these factors, which explains why two athletes of similar body composition may have different menstrual responses to the same training volume and diet, or why athletes of `normal' weight may still experience menstrual dysfunction.

HPA is a diagnosis of exclusion i.e. other potential causes should be ruled out first. Apart from HPA suppression, other conditions that might cause oligomenorrhoea or amenorrhoea include pregnancy, thyroid abnormality, prolactinoma, polycystic ovary syndrome and premature ovarian failure. Many athletes find that not having periods is convenient and may not be concerned about this. However, the lack of oestrogen associated with HPA suppression can lead to osteopenia and osteoporosis i.e. bone thinning. There is much evidence to show that bone mineral density directly correlates with the duration and severity of menstrual dysfunction. Therefore, if you suffer from menstrual abnormalities you should seek medical assessment and advice. This should include a thorough evaluation for the 'female athlete triad' i.e. amenorrhoea, osteoporosis and eating disorders.

Bone mineral density assessment should be considered for any athlete who has been amenorrhoeic for more than a year or has had a stress fracture. Exercise related menstrual irregularity is not a reason in itself to stop training and regular exercise, however, it should trigger an evaluation of one's training schedule and diet. There are various treatment options depending on the abnormalities found, such as reducing training volume, increasing weight and maintaining an adequate energy intake until normal menses occur. Some studies advocate the benefits of the oral contraceptive pill.

Effects of the Menstrual

The Pre-Menstrual Syndrome (PMS)

`The presence of emotional and/or physical symptoms occurring cyclically, commencing some days prior to menstruation and disappearing with the onset of menstruation', may include anxiety, depression mood swings, headaches, fluid retention, breast soreness/enlargement. Exercise may indeed reduce the severity of PMS. These should be discussed with your doctor and careful consideration of the International Olympic Committee (IOC) list of prohibited substances should be adhered to if training and performing at a high level.

Manipulation of the Menstrual Cycle

Those women/competitors who are, or perceive that they are, adversely affected by the pre-menstrual or menstrual phases may wish to manipulate the menstrual cycle to avoid that stage of the cycle coinciding with a major event. This should really be reserved for major events. This can most effectively be done using the oral contraceptive pill in a particular pattern, under the guidance of a doctor.
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Similar responses were seen in both men and women, with the women having somewhat higher baseline GH levels, and slightly greater exercise responses. However, in all prior studies by these and other authors, women were studied only during the follicular phase (first half) of the menstrual cycle.

    Only recently has the effect of the menstrual cycle on various hormonal responses to resistive training been assessed (6). RR Kraemer, et al. (7, 8) studied the changes in hormonal response which occurred during both the follicular and luteal phases of the cycle in the same group of subjects. These women were subjected to a moderate exercise regimen of three sets of 10 repetitions of four different exercises with a 2- minute rest interval. There was a significantly higher GH response during the luteal phase, as well as much higher estradiol levels. Other studies have suggested that the female hormone estradiol facilitates the release of growth hormone.

TAILORING PROGRAMS TO THE MENSTRUAL CYCLE

    These studies suggest that strength training programs for women should be tailored to each athlete's menstrual cycle. Although there have been no studies to validate the effect of these cyclic hormonal variations on muscle growth and strength development, the research findings are strongly suggestive that such a study would be of considerable value.

    Until such a study is done, however, imaginative strength coaches should consider devising strength development programs which take into account these hormonal fluctuations which occur during the menstrual cycle. Such considerations might be especially valuable during the basic "hypertrophy" mesocycle of a strength development program.

These programs should consider:

   1.

      During the luteal phase (second half) of the menstrual cycle strength training should consist of "moderate intensity" loading, using 3-4 sets of 8-10 repetitions at 65- 75% of the 1- RM, done three times a week. These exercises should involve the large muscle groups of the upper and lower extremities and trunk, i.e., bench press, squats, power cleans, leg press, sit-ups, dead lifts, etc.

   2.

      The rest interval between sets and exercises should be no more than two minutes, and preferably shorter.

   3.

      A similar routine also may be of value during the follicular phase (first half) of the cycle, although the estradiol and GH responses may be lower.

   4.

      If the athlete is using oral contraceptives, no phasic change in GH response can be expected (1) unless the oral contraceptive is of the "tri-phasic" variety. Several studies of athletes using oral contraceptives have been done. These have yielded conflicting results as to whether there is a greater-than-expected GH response, probably because of variations in hormonal strength and type, and in exercise protocol.

   5.

      During the "strength" phase of the training cycle (lower repetitions, higher loading), i.e., four sets of five repetitions at 80% of l-RM, a lesser response of estradiol and GH is to be expected, and the training program need not be adapted to the menstrual cycle. 

    It is hoped that this paper will stir some thought and even controversy in the strength-training community and will lead to further studies and some empirical trials by innovative coaches and scientists.
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