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    Abstract  

  During the lifespan of women, there are dramatic and life-changing 
 transitions associated with the beginning and cessation of reproductive 
function. These transitions, puberty and menopause, result in dramatic 
changes in the anatomy, physiology, and cognitive function of females 
and are caused by fl uctuating levels of estrogen and progesterone. Regular 
menstruation is the result of cyclic release of reproductive hormones and 
is a sign that all is going well. When a woman approaches menopause, 
menstruation usually becomes more irregular and eventually ceases 
because hormones from the ovary are too low to stimulate the lining of the 
uterus. Because the life expectancy for women is now approaching 
80 years and menopause occurs at about 50 years of age, the average 
female will live approximately 30 years after her ovaries have ceased to 
produce estrogen. This has serious physical and mental health implica-
tions in the aging population, which will increase dramatically in the next 
few decades. Hormone replacement therapy relieves some of the uncom-
fortable aspects of menopause, such as hot fl ashes and sleep disturbances, 
and protects against osteoporosis. However, recent evidence suggests 
there may be an increased risk of certain cancers and stroke with hormone 
therapy. Additional research is needed to unravel the complex actions of 
hormone replacement formulations so that women can have a healthier 
life after menopause.  
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2.1         Learning Objectives 

 After completing this chapter, you should have 
an understanding of:
•    The major transitions during a woman’s life  
•   How reproductive hormones change through-

out the lifespan of a woman  
•   The terminology used to describe changes in 

reproductive capabilities  
•   The impact of menopause on health measures     

2.2     Introduction 

 When considering reproductive competence in 
the human female, the average lifespan can be 
divided into three phases. The fi rst of these is 
childhood where, except in rare instances of pre-
cocious puberty, the reproductive system is quies-
cent and secondary sexual characteristics are 
absent. Puberty is the transition between child-
hood and sexual maturity, and menarche or fi rst 
menstruation is an important sign of this transi-
tion. During this second stage of sexual maturity, 
which in the United States lasts from about 
13 years to 51 years of age, menstrual cycles 
occur about once a month except when inter-
rupted by pregnancy or by synthetic steroids used 
as birth control. Even when hormonal birth con-
trol is used, there is usually an attempt to maintain 
monthly cyclic menstruation. In modern societies, 
menstrual cycles can be suppressed by stressful 

life events or by lack of nutritional resources, the 
latter usually due to dieting or exercise. Most 
women stop having menstrual cycles in their late 
forties or early fi fties and enter the postmeno-
pausal stage. This transition between the fertile 
period and postmenopausal or infertile phase is 
called menopause (Fig.  2.1 ). In the past century, 
the time spent in the postmenopausal state has 
become extended because the average lifespan 
has increased from 50 to over 80 years. The health 
concerns of postmenopausal women have become 
a real concern in the past 50 years. The transitions 
between these two stages, puberty and meno-
pause, are accompanied by dramatic changes in 
levels of the most important female hormones, 
estrogen and progesterone.

2.3        Research Findings 

2.3.1     Hormonal Changes During 
Childhood 

 From shortly after birth until the beginning of 
sexual maturation, reproductive hormone levels 
are low, and available energy is largely commit-
ted to growth and development. Before puberty, 
boys and girls have similar lean body mass and 
the same amount of body fat. Body mass index in 
girls is generally between 15 and 18 and does not 
change much during the childhood years. Growth 
rates are similar for boys and girls before the 
pubertal growth spurt and, in the absence of 
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  Fig. 2.1    Graphic depiction of the female reproductive capabilities across the lifespan of the average woman       
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 serious illness or genetic abnormality, 12 year-
old girls and boys are the same height and weight 
on average. 

 Physicians routinely monitor height, weight, 
chronological age, bone age, and growth during 
the previous year to evaluate how pubertal devel-
opment is progressing. Since Title IX legislation, 
which prohibits sex discrimination in any 
 educational program or activity in institutions 
from elementary school through college that 
received federal funding, was passed in 1972, 
female participation in school athletic programs 
has increased dramatically. Of the total partici-
pants in high school athletics in 1971, less than 
10 % were female. Today, the proportion of male 
and female athletes is nearly equal. While exer-
cise is largely benefi cial, excessive exercise can 
utilize energy needed for growth and develop-
ment and can signifi cantly impact these processes 
if energy intake is limited by dietary restrictions. 
This is important because in some competitive 
sports, and particularly in elite athletes, rigorous 
training begins before puberty and can poten-
tially infl uence sexual development.  

2.3.2     What Happens at Puberty? 

 Although puberty in human females is generally 
defi ned as the process of sexual maturation, and it 
is certainly that because the changes are primar-
ily driven by the increased activity of the ovaries, 
a more inclusive defi nition would also encom-
pass the accompanying physiological and behav-
ioral changes that occur during this transition. 
This process of sexual maturation requires sev-
eral years, and the ages of 8–14 years are consid-
ered the average range of when this process 
normally occurs. The defi ning event, menarche 
(fi rst menstrual period), occurs at an average of 
12.5 years in the United States, but there are dif-
ferences among ethnic groups and between the 
United States and other countries. Menarche is a 
sign that the ovaries are suffi ciently functional to 
support growth and development of the uterine 
lining. The diagnosis of  primary amenorrhea  is 
made when menarche does not occur by about 
age 16. Several years before sexual maturation, 

increased secretion of steroid hormones from the 
adrenal gland and ovaries initiates widespread 
physiologic changes in the body. One of these 
changes is the adolescent growth spurt. This 
acceleration in growth lasts for a year or so then 
slows, and growth is eventually terminated by 
fusion of the epiphyseal regions of the long bones 
where growth occurs. Estrogen is responsible for 
epiphyseal fusion in both males and females. 
During this pubertal transition in females, there is 
an increase in percentage of body fat which does 
not occur in males. Secondary sexual characteris-
tics, such and breast and genital development, are 
directed by ovarian estrogens, but axillary (under-
arm) and pubic hair are controlled by androgens 
from both the ovary and adrenal. The appearance 
of the female body becomes very different from 
that of males, and it is primary the hormones, 
estrogen and progesterone, from the ovary that 
drive this change. A major question that has not 
been answered is the following: Why does the 
secretion of these ovarian steroid hormones 
increase at this time in life? In other words, what 
event initiates the process of sexual maturation? 

 What we do know is that the process of sexual 
maturation is driven by increased release of a 
small peptide (a small molecule composed of ten 
amino acids) called gonadotropin-releasing hor-
mone or GnRH; what we do not know is why it 
occurs at this specifi c time. Recent evidence 
implicates an obligatory role for a peptide called 
kisspeptin which directly stimulates GnRH 
release from the hypothalamus [ 1 ]. The prevail-
ing hypothesis is that puberty is initiated at some 
point when the brain and/or body is suffi ciently 
mature to support successful reproduction. 
When this occurs, pulses of GnRH are released 
at 1–2 h intervals into the pituitary portal system 
and travel a short distance from the base of the 
brain (hypothalamus) to the pituitary and stimu-
late the release of two protein hormones (large 
hormones also composed of amino acids) called 
luteinizing hormone (LH) and follicle-stimulat-
ing hormone (FSH). The LH and FSH travel 
through the circulation to the ovary where they 
cause growth and development of follicles con-
taining ova (eggs) and, at the same time, stimulate 
the secretion of the ovarian hormones (Fig.  2.2 ). 
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This process begins slowly at fi rst, with LH 
pulses released only at night. Because the LH 
(and FSH) levels are not maintained at adult lev-
els throughout the day and night, stimulation of 
the ovarian follicles is not suffi cient to result in 
ovulation. As puberty progresses, the time when 
LH pulses are released gradually expands to the 
daytime, and in the adult, these pulses are 
observed throughout the day as well as at night. 
In response to FSH and LH, estrogen release 
from the stimulated follicles results in changes 
in the body including growth of the breasts and 
hips primarily due to the deposition of fat. Late 
in the pubertal process, ovulation occurs when 
the LH and FSH levels are maintained at a level 
to provide consistent support for the developing 
follicle. Menarche usually occurs late in the 
sequence of events defi ning puberty.

2.3.3        Sexual Maturity: 
The Reproductive Years 

 The ability to reproduce is one of the hallmarks of 
sexual maturity. Sexually mature women who are 
not taking birth control pills have regular menstrual 
cycles that average 26–35 days in length and that 
are (can be) occasionally interrupted by pregnancy 
and lactation. Menarche signals the beginning of 
the ability to reproduce although it is possible to 
become pregnant before the fi rst menstrual period 
because ovulation can occur during this time. 

Menopause marks the end of the reproductive 
 lifespan which lasts nearly 40 years from about 
13 years (menarche) to 51 years (menopause). 
Menstruation occurs at the end of an ovarian cycle 
as the lining of the uterus dies and sloughs off 
when implantation of a fertilized ovum has not 
occurred. Menstruation is also the beginning of a 
new cycle, and by convention, the fi rst day of 
menstrual fl ow is day 1 of the cycle. This sequence 
of follicular development, ovulation, and men-
struation is repeated at regular intervals until 
menopause, unless interrupted by pregnancy and 
lactation. Reproduction can be postponed with 
birth control pills or other contraceptive methods 
for an indefi nite period of time when women 
decide to pursue educational or career goals. Even 
though hormonal birth control pills inhibit follicu-
lar development and ovulation, they do not extend 
the fertile lifespan which peaks in the twenties 
and declines thereafter.  

2.3.4     Menopause: The Climacteric 

 The average age of menopause (last menstrual 
period) in the United States is 51, but much like 
the pubertal transition, menopause is a process 
that occurs over a period of years. Menopause is 
recognized when a woman has not had a men-
strual period for 12 months. As a woman ages, 
there is a steady decline in the number of ova 
(eggs) in her ovaries that can be mustered to 
develop into follicles with the potential to ovu-
late. As the number of developing follicles 
declines, so does the level of estradiol in the cir-
culation. The brain and pituitary, sensing this 
gradual decline in estrogen, increases the signal 
(levels of LH and FSH) to the ovary to encourage 
more follicular development and estrogen pro-
duction. Thus, as a women approaches meno-
pause, there is a gradual increase in circulating 
LH and FSH levels, eventually reaching post-
menopausal levels that remain high because there 
is no feedback signal (estrogen) from the ovary to 
suppress their release. This feedback relationship 
will be discussed in more detail in Chap.   4    . 
During this menopausal transition, there is also 
an adjustment to this new hormonal environment 
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  Fig. 2.2    This fi gure shows the primary components of 
the female reproductive system and the hormones that 
communicate between the various organs. The hormones 
produced by each gland are shown in parenthesis       
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with many psychological and physiological 
changes, some of which can be unpleasant and 
disturbing. Symptoms of menopause that most 
women complain about are vasomotor changes 
(hot fl ashes), sleep disruption, mood changes, 
and urogenital problems. Hot fl ashes are experi-
enced by about 75 % of menopausal women and 
typically last for about 3.8 years [ 2 ]. Intense heat, 
sweating, fl ushing, chills, and clamminess are all 
symptoms experienced during a hot fl ash. Once 
thought to be a fi gment of the menopausal imagi-
nation, hot fl ashes refl ect a real increase in core 
body temperature and in skin temperature in the 
digits, cheek, forehead, upper arm, chest, abdo-
men, back, calf, and thigh [ 3 ]. It is interesting 
that menopausal hot fl ashes occur at the same 
time pulses of LH are released from the pituitary 
[ 4 ,  5 ]. This suggests that the abrupt increases in 
body temperature are linked to the same central 
nervous system event that causes the intermittent 
release of GnRH that stimulates LH release. The 
current opinion is that since estrogen regulates 
norepinephrine activity in the brain, and norepi-
nephrine release infl uences both LH release and 
body temperature, it is changes in norepinephrine 
activity due to estrogen withdrawal that causes 
the hot fl ashes [ 3 ]. Long-term effects of decreased 
estrogen levels including increased cardiovascu-
lar disease, osteoporosis, and decreased mental 
function are far more debilitating than the transi-
tional changes that occur at menopause.  

2.3.5     Postmenopause: Life Without 
Estrogen 

 At the beginning of the twentieth century, the 
average age at menopause was 50 years, and this 
age was also the approximate life expectancy for 
women at that time (1900). Because the life 
expectancy at the present time for women has 
increased to over 80 years, most women will live 
more than a third of their life after menopause 
and without estrogen from their ovaries. This 
extended postmenopausal is a relatively recent 
phenomenon, and therefore, some of the health- 
related issues caused by aging are poorly under-
stood and not well documented. Although the 

increase of 30 years in life expectancy in past 
100 years is substantial, the gain in healthy, func-
tional years is less impressive. Many women 
experience physical and mental impairment in 
these later years that restricts their social function 
and isolates them from their friends and family. 
What is even more disturbing is that because of a 
variety of environmental infl uences, many young 
women have menstrual cycle disturbances that 
result in the hormonal levels that approximate 
those seen in menopause. If menstrual cycle dis-
ruption is prolonged and particularly if there is 
amenorrhea during the reproductive years, this 
can result in some of the same consequences at 
age 30 or 40 that are usually experienced by 
women in their seventies and eighties. 

2.3.5.1     Osteoporosis 
 Of all the consequences of aging in women, 
osteoporosis is the most debilitating and affects 
the most women. The risk of a lumbar or hip frac-
ture, particularly after the ages of 65, approaches 
50 % in white women. There are effective treat-
ments for this condition including hormone 
replacement therapy (HRT) and bisphosphonates. 
The HRT, specifi cally estrogen therapy, reduces 
bone turnover and improves calcium homeosta-
sis. However, there are drawbacks to HRT and 
the risks of breast and uterine cancer in individu-
als with a family history of these diseases must 
be considered when decisions regarding the treat-
ment of osteoporosis are made.  

2.3.5.2     Alzheimer’s Disease 
 A signifi cant percentage of older women have 
some form of dementia (deterioration of cogni-
tive function), and estrogen may protect against 
this deterioration [ 6 ]. Although, compared with 
previous studies, the recent results of the 
Women’s Health Initiative (WHI) suggest that 
there is an increased risk of ischemic stroke with 
estrogen (Premarin) either with or without pro-
gesterone (Prempro), this trial used HRT on older 
menopausal women with obesity as a complicat-
ing factor [ 7 – 10 ]. Well-controlled studies with 
the native estrogen, estradiol-17β, are needed 
before a rational, effective treatment regimen for 
menopausal/postmenopausal women can be 
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safely proscribed. There are studies suggesting 
that estrogen replacement therapy, if begun at 
menopause and continued for a few years, is 
effective in reducing both the risk for osteoporo-
sis and dementia.  

2.3.5.3     Coronary Artery Disease 
and Stroke 

 The overwhelming evidence from observational 
studies indicates that estrogen has a protective 
effect against coronary artery disease [ 11 ]. This 
effect of estrogen appears to be limited to preven-
tion of cardiovascular disease and does not ame-
liorate the progression of coronary disease that is 
established [ 12 ]. However, two recent trials, 
HERS (Heart and Estrogen/progestin 
Replacement Study) and WHI (Women’s Health 
Initiative), have brought these observational data 
into question. These two large trials with 2,763 
women (HERS) and 16,608 women (WHI) found 
no net benefi t (HERS) or an increased risk (WHI) 
of coronary artery disease with HRT [ 13 ].  

2.3.5.4     Breast and Endometrial Cancer 
 One of the main concerns in women who take 
HRT for menopausal symptoms is the increased 
risk of breast and endometrial cancer. The analy-
sis of some 50 studies clearly indicates an 
increased risk for breast cancer in women taking 
estrogen alone [ 14 ]. The risk is increased 
 substantially when women are on combined 
treatment of estrogen and progesterone [ 15 ]. 
Conversely, progesterone has a protective effect 
against the increased incidence of endometrial 
cancer in postmenopausal women taking estro-
gen therapy alone [ 16 ].    

2.4     Current Understanding 
of the Issues 

 Because of the dramatic increase in life expec-
tancy in the past century, many women are living 
30 or 40 years or more after menopause. Several 
studies have compared various health outcomes 
between groups of women who have and have 
not taken hormone replacement therapy (HRT) 
after menopause. Because the widely publicized 

results of these studies suggested increased risk 
of certain diseases with HRT, physicians and 
their patients are reluctant to use HRT, which 
may actually increase postmenopausal health 
problems unnecessarily. However, the studies 
have used different hormone formulations and 
different routes of administration, concentra-
tions, and hormone sequence, given to women of 
different ages, and therefore are not directly com-
parable [ 18 ]. At the present time, there are data 
suggesting that brain and bone health benefi t 
from HRT, but the effects on cardiovascular dis-
ease and breast and uterine cancer are not clear. 
What has emerged in the past two decades is that 
there are at least two forms of the estrogen recep-
tor mediating the actions of this hormone on 
estrogen-sensitive tissues (bone, brain, breast, 
uterus, and heart) as well as adipose tissue and 
the immune system [ 18 ]. Furthermore, many fac-
tors including the age, health status, genetic 
background, previous hormone environment of 
the patient, and route and sequence of adminis-
tration of HR may all infl uence the outcome of 
HRT [ 17 ,  18 ].  

2.5     Future Directions 

 The HRT has primarily been used to treat the 
menopausal symptoms that cause the most dis-
comfort: hot fl ashes, vaginal dryness, and dis-
turbed sleep. However, evidence from large 
clinical trials has revealed that our knowledge of 
the constellation of effects of HRT on cardiovas-
cular health, cognition, and reproductive organs 
is very limited. Additional studies examining 
both basic and clinical aspects of the effects of 
HRT on hormone responsive systems are needed 
before rational replacement therapies can be 
effectively used to improve health outcomes in 
postmenopausal women.  

2.6     Conclusion 

 During the lifespan of women, there are dramatic 
and life-changing transitions associated with the 
beginning and cessation of reproductive functions. 
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These transitions, puberty and menopause, result 
in dramatic changes in the anatomy, physiology, 
and cognitive function of females and are caused 
by fl uctuating levels of estrogen and progesterone. 
Because the life expectancy for women is now 
approaching 80 years and menopause occurs at 
about 50 years of age, the average female will live 
approximately 30 years after her ovaries have 
ceased to produce estrogen. This has serious phys-
ical and mental health implications in the aging 
population, which will increase dramatically in the 
next few decades. Additional research is needed to 
unravel the complex actions of hormone replace-
ment formulations so that women can have a 
healthier life after menopause.     

   References 

    1.    Messager S, Chatzidaki EE, Ma D, et al. Kisspeptin 
directly stimulates gonadotropin-releasing hormone 
release via G protein-coupled receptor 54. Proc Natl 
Acad Sci. 2005;102:1761–6.  

    2.    Avis NE, Crawford SL, McKinlay SM. Psychosocial, 
behavioral, and health factors related to menopause 
symptomatology. Womens Health. 1997;3:103–20.  

     3.    Freedman RR. Pathophysiology and treatment of 
menopausal hot fl ashes. Semin Repro Med. 2005;23:
117–25.  

    4.    Caspar RF, Yen SSC, Wilkes MM. Menopausal 
fl ushes: a neuroendocrine link with pulsatile luteiniz-
ing hormone secretions. Science. 1979;205:823–5.  

    5.    Tataryn IV, Meldrum DR, Lu KH, et al. LH, FSH, and 
skin temperature during menopausal hot fl ush. J Clin 
Endocrinol Metab. 1979;49:152–4.  

    6.    Wise PM. Estrogens and cerebrovascular stroke: what 
do animal models teach us? Ann N Y Acad Sci. 
2005;1052:225–32.  

    7.    Rossouw JE, Anderson GL, Prentice RL, et al. Risks 
and benefi ts of estrogen plus progestin in healthy 
postmenopausal women: principal results from the 
Women’s Health Initiative randomized controlled 
trial. JAMA. 2002;288:321–33.  

   8.    Rapp SR, Espeland MA, Shumaker SA, et al. Effect of 
estrogen plus progesterone on global cognitive function 
in postmenopausal women. JAMA. 2003;289:2663–72.  

   9.    Shumaker SA, Legault C, Rapport SR, et al. Estrogen 
plus progestin and the incidence of dementia and mild 
cognitive impairment in postmenopausal women. 
JAMA. 2003;29:2651–62.  

    10.    Anderson GL, Limacher M, Assaf AR, et al. Effects of 
conjugated equine estrogen in postmenopausal women 
with hysterectomy: the Women’s Health Initiative ran-
domized controlled trial. JAMA. 2004;291:1701–12.  

    11.    Barrett-Conner E. Hormone replacement therapy. 
BMJ. 1998;317:457–61.  

    12.    Herrington DM, Reboussin DM, Brosnihan KB, et al. 
Effects of estrogen replacement on the progression of 
coronary-artery atherosclerosis. New Eng J Med. 
2000;343:522–9.  

    13.    Hulley SB, Grady D. The WHI estrogen-alone trial—
do things look better? JAMA. 2004;291:1769–71.  

    14.    Collaborative Group on Hormonal Factors in Breast 
Cancer. Breast cancer and hormone replacement ther-
apy: collaborative reanalysis of data from 51 epide-
miological studies of 52,705 women with breast 
cancer and 108,411 women without breast cancer. 
Lancet. 1997;350:1047–59.  

    15.    Willet WC, Colditz G, Stampfer M. Postmenopausal 
estrogen-opposed, unopposed, or none of the above. 
JAMA. 2000;283:534–5.  

    16.    Grady D, Rubin SM, Petitti DE. Hormone therapy to 
prevent disease and prolong life in postmenopausal 
women. Ann Intern Med. 1992;117:1016–37.  

    17.    Turgeon JL, McDonnell DP, Martin KA, et al. 
Hormone therapy: physiological complexity belies 
therapeutic simplicity. Science. 2004;304:1269–74.  

      18.    Turgeon JL, Carr MC, Maki PM, et al. Complex actions 
of sex steroids in adipose tissue, the  cardiovascular sys-
tem, and brain: insights from basic science and clinical 
studies. Endoc Rev. 2006;27:575–605.      

2 Reproductive Changes in the Female Lifespan


	2: Reproductive Changes in the Female Lifespan
	2.1	 Learning Objectives
	2.2	 Introduction
	2.3	 Research Findings
	2.3.1	 Hormonal Changes During Childhood
	2.3.2	 What Happens at Puberty?
	2.3.3	 Sexual Maturity: The Reproductive Years
	2.3.4	 Menopause: The Climacteric
	2.3.5	 Postmenopause: Life Without Estrogen
	2.3.5.1	 Osteoporosis
	2.3.5.2	 Alzheimer’s Disease
	2.3.5.3	 Coronary Artery Disease and Stroke
	2.3.5.4	 Breast and Endometrial Cancer


	2.4	 Current Understanding of the Issues
	2.5	 Future Directions
	2.6	 Conclusion
	References


