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Preface

Medical practitioners and health care providers/educators must continue to be
vigilant of the growing and ever-changing health issues relating to females
who lead an active lifestyle by participating in sports and exercise. There
have been recent landmark legislations changing the social perception that
girls and women not only can but should be physically active. With any
change in the social milieu, there are always evolving health issues associated
with the journey. Continuing medical education for physicians, nurses, allied
health professionals, wellness educators, and certified professionals in sports
medicine is vital to the economic and public health care system. Education
has been recognized as the most important tool that we can utilize to prevent
illness and disease throughout our lifetime.

In 1972, Congress passed Title IX of the Educational Amendments Act
assuring that all females would have the equal opportunity to participate in
interscholastic and intercollegiate sports. The effect has been a tremendous
increase in the participation of girls and women in interscholastic sports from
approximately 300,000 to greater than 2.2 million in the late 1990s [1].

Participation in recreational exercise for health and fitness, from young
girls to elderly women, has substantially increased in the last four decades
and has become a prominent part of public life more so than ever before [2].
Physical activity has been recognized as a therapeutic means to decrease ill-
ness and increase health/well-being for females of all ages and racial groups.
In the US Public Health Services release “Healthy People 2000,” one of the
recommendations was to increase the physical fitness of all women in an
effort to reduce the health disparities between males and females, and also
among different ethnic and racial groups [3].

What makes female health issues unique? Girls and women are different
from boys and men, not only physically and physiologically but also psycho-
logically. Body image issues are more prominent in young girls than young
boys and body dissatisfaction seems to start very early in life. Collins et al.
[4] reported that 42 % of a sample of 6—7-year-old girls indicated a prefer-
ence for different body figures which are thinner than theirs. Similarly,
Thompson et al. [5] found that 49 % of fourth-graders indicated that their
ideal body would be thinner than their current figure. Anatomically, young
girls’ bodies begin changing at puberty. This may become a hindrance to
sport performance. Internal and external pressures placed on females to
achieve or maintain unrealistically low body weight may affect their normal
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life cycle. Monthly menstrual cycles, childbearing and menopause are experiences
in the female life cycle that are unique to girls and women. The lack of
menses caused by extreme energy deficiency may even seem desirable to
young females, yet there are long-term health consequences that initially are
not so obvious to the poorly informed.

In 1992, The Female Athlete Triad was the focus of a consensus confer-
ence called by the Task Force on Women’s Issues of the American College of
Sports Medicine [6]. The three components of the triad are: disordered eat-
ing, amenorrhea, and osteoporosis. However, these are not disorders confined
to elite athletes, nor are they limited to females competing in sports. These
disorders are also found in young girls and elderly women who have never
participated in collegiate or intercollegiate teams. These disorders represent a
growing health concern for females of all ages and physical skill levels.

Almost a decade ago, the US National Institutes of Health (NIH), recog-
nizing the lack of inclusion of women in health research and realizing that
many health issues are unique to and/or affect women differently from men,
established the Office for Research in Women’s Health with the goal to
improve women’s health status across the lifespan [7]. A couple of years
earlier, the Female Athlete Triad Coalition was formed in 2002 as a group
of national and international organizations dedicated to address unhealthy
eating behaviors, hormonal irregularities, and bone health among female
athletes and active women. The Female Athlete Triad Coalition represents
key medical, nursing, athletic, health educators, and sports medicine
groups, as well as concerned individuals who have come together to pro-
mote optimal health and well-being for active women and female athletes
(www.femaleathletetriad.org).

The importance of physical activity to health and well-being continues to
grow nationwide. The Physical Activity Guidelines for Americans released in
2008 is the first-ever publication of national guidelines for physical activity
[8]. The position stand on the Female Athlete Triad was updated in 1997 [9],
and now it reflects our current understanding of the issues unique to girls and
women: the interrelationships among energy availability, menstrual function,
and bone mineral density. Healthy People 2010 and 2020 [10, 11] reflect the
strong state of the science supporting the health benefits of moderate and
vigorous physical activities and muscle-strengthening activities for girls and
women.

Lubbock, TX, USA Jacalyn J. Robert-McComb
Reid L. Norman
Mimi Zumwalt
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Role and Scope Statement

There are specified educational competencies in the field of medicine, as in
every professional allied health discipline, yet not all facets of therapeutic
medicine can be covered adequately through a formal educational setting.
Physicians, allied health professionals, health educators, and sports medi-
cine practitioners are confronted daily with female health and ever-chang-
ing fitness needs. Continuing education in very specific domains is needed
to stay current and be an effective health educator and medical practitioner.
Therefore, the role of this book is twofold: to increase the awareness of
wellness and fitness issues specific to the active female by providing an
effective means to disseminate knowledge and to enable the medical prac-
titioner, allied health professional, health educator, and certified individuals
in sports medicine an avenue not only to gain knowledge but also to earn
the continuing medical education (CME) credits mandated by their respec-
tive governing bodies.

The American College of Sports Medicine (ACSM) endorses more than
180 conferences a year that extend Continuing Education Credits (CEC) and
Continuing Medical Education (CME) credits to individuals seeking these
types of credit hours. ACSM is also accredited by the Accreditation Council
for Continuing Medical Education (ACCME) to sponsor continuing medical
education for practicing physicians.

The content material in this book and accompanying supplemental teach-
ing materials (multiple choice questions and answers for each chapter) are
ideal for 1- or 2-day workshops/conferences focused on women’s health
issues, or college/university classes/courses. Given that most licensing and
certifying organizations offer CEC and CME credits for collegiate classes
and endorsed online courses, this textbook is perfect for the development of
Web-based educational programs in women’s health issues since multiple
choice questions and answers accompany each chapter.

In addition to licensed and certified physicians who need continuing medi-
cal education credits to maintain their licensure and certification, there are
licensed and certified allied health professionals such as physician assistants,
nurses, physical therapists, and athletic trainers who, among others, must
maintain their status through continuing education credits (CEC’s).

Other recognized organizations which provide certifications in the field of
sports medicine include: ACSM (www.acsm.org), the American Council on
Exercise (www.acefitness.org), the National Strength and Conditioning
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Association (www.nsca-lift.org), and the Aerobics and Fitness Association of
America (www.afaa.com). Continuing education credits are needed to main-
tain current certification status of each organization.

Health Educators are also certified by the National Commission for Health
Education Credentialing (NCHEC) and must earn CEC’s to maintain their
certification. NCHEC seeks to promote scientific, ethical, and state-of-the-art
programs of professional preparation and continuing education (http://www.
nchec.org/NCHEC).

Part I of the book serves as a foundation to help the reader understand the
interrelationship between body image concerns, the female reproductive
cycle, and the musculoskeletal anatomy/physiology of females that make
their health risks and concerns unique to the female gender. An overview of
the Female Athlete Triad is presented in Part II, with the authors discussing
the individual components of the triad, which relate not only to the female
athlete but also to the recreationally active woman throughout the lifespan.
In Part III, reproductive health is discussed by a prominent researcher in
reproduction/endocrinology. Part IV, written by a female orthopedic surgeon
who sub-specializes in treating the female athlete, focuses on the prevention
and management of common musculoskeletal injuries. Finally, appropriate
exercise and nutritional guidelines for active females are discussed in Parts V
and VI of the book by certified professionals in the field of sports medicine.

Audience

Appropriate audiences for this book are physicians, allied health care prac-
titioners, medical/other wellness educators, and students who are interested
in advancing women’s health issues in the field of therapeutic medicine.
Sports medicine specialists, family practitioners, gynecologists, team physi-
cians, residents doing fellowships in sports medicine, athletic trainers, health
educators, nurses, physicians assistants, physical therapists, sport psycholo-
gists, counselors, athletic trainers, and other members of the sports medicine
team who may be involved in the education and development of the active
female throughout the lifespan should find this book of interest. It has a par-
ticular appeal for licensed and certified professionals in the field of sports
medicine and Certified Health Education Specialists who must earn CEC
and CME credits.

This book would be a useful textbook for a women’s health issues class in
Physical Therapy settings. Papanek discusses the emerging role for physical
therapists in treating women who have experienced certain aspects of the
female athletic triad: eating disorders, amenorrhea, and osteoporosis (Papanek
PE. The female athlete triad: an emerging role for physical therapy. J Orthop
Sports PhysTher. 2003;33(10):594-614. Review). Other disciplines that
would find this textbook suitable for academic coursework are Athletic
Training, Health, Exercise and Sport Sciences, and Women’s Studies. Last
but not least, invited guest authors include physical therapists, clinical
researchers in biomechanics, and gynecologists.
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The information in this book is also particularly valuable for the sports
medicine health care team and wellness educators at the junior high or high
school level, since adolescence is a particularly important time for bone
remodeling and bodily changes. Lastly, the educated layman or woman who
may be experiencing these gender-specific problems, or have daughters who
may be experiencing this triad of disorders, would find this book interesting
and informative. This book is by no means all-encompassing in terms of
female fitness but provides a foundation upon which more information can be
added, and new ideas built upon. It serves as a guide for any reader who is
seeking further knowledge of girls and women who choose to stay physically
active from birth till death.
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Focusing on Active Female’s Health Issues:
Unique Gender Related Psychological and
Physiological Characteristics of Females



Body Image Concerns Throughout
the Lifespan

Jacalyn J.Robert-McComb
and Marilyn Massey-Stokes

Abstract

Due to the rising rates of eating disorders and obesity, increasingly more
attention is being paid to body image and body image difficulties. Body
dissatisfaction, which is ubiquitous among girls and women, can be
defined by the difference between one’s perceived body size and ideal
body, particularly with regard to the desire to be thin. Body dissatisfaction
has become so commonplace that it has been described as “normative dis-
content.” It is also considered one of the most robust risk and maintenance
factors for clinical eating disorders. A wide range of risk factors contribute
to the development of body dissatisfaction, including biological and phys-
ical factors, sociocultural influences, and individual characteristics. In
addition, females who place a strong emphasis on thinness and physical
appearance and routinely engage in body comparison are especially vul-
nerable to experiencing body dissatisfaction. Body image problems and
disordered eating behaviors know no boundaries; they impact females
across age groups, ethnicities, cultures, and socioeconomic levels.
Therefore, it is essential for health professionals to understand the devel-
opment of body image difficulties and be knowledgeable about body
image assessment techniques and effective prevention and intervention
programs. Armed with this insight, health professionals will be in position
to foster healthy body image and enhance quality of life among females
across the lifespan.

Keywords
Body image * Body dissatisfaction ® Risk factors ¢ Assessment ® Theoretical
foundations * Prevention
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1.1 Learning Objectives

After completing this chapter, readers should be

able to:

1. Explain the difference between normal body
image concerns, body dissatisfaction, and
body image distortion.

2. Analyze risk factors that contribute to body
dissatisfaction in females.

3. Compare and contrast how body image con-
cerns affect females throughout the life course.

4. Discuss body image among various ethnic and
cultural groups.

5. Examine different assessment tools for the
evaluation of body image.

6. Explain the different categories of prevention.

7. Examine theoretical foundations that can be
applied to body image interventions.

8. Examine various strategies that can be used in
body image interventions.

9. Discuss future directions for body image and
eating disorder research.

1.2  Introduction

Positive body image is integral to healthy devel-
opment and overall well-being throughout the
lifespan. Body image is a multidimensional and
highly complex construct [1] that can be defined
in general terms as “the subjective evaluation of
one’s appearance” [2] (p. 4). Body image encom-
passes cognitive, perceptual, affective, and
behavioral dimensions [3] and is a dynamic rep-
resentation that the person constructs over time
from daily experiences and within a certain
sociocultural milieu [4]. Due to the rising rates of
eating disorders and obesity, increasingly more
attention is being paid to body image and body
image difficulties [5]. Various terms have been
used to depict body image concerns, including
negative body image, body dissatisfaction, body
dysphoria, body image distortion, and body
image disturbance. Due to the complexity of the
body image construct, researchers have typically
focused on examining disturbances within the
cognitive-affective (evaluative) and perceptual
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components of body image. A disruption within
the evaluative component is usually represented
as body dissatisfaction [6], which refers to a per-
son’s negative self-evaluation of his or her body
weight, size, and shape that can lead to cognitive,
psychological, affective, and behavioral distur-
bances [7, 8]. Body dissatisfaction can also be
defined by the difference between one’s per-
ceived body size and ideal body size. In contrast,
a disturbance within the perceptual component is
usually referred to as body image distortion,
which involves a person’s inability to accurately
perceive body size and shape [9] and is a symp-
tom of eating disorders such as anorexia nervosa,
bulimia nervosa, and eating disorder not other-
wise specified [10].

It is widely recognized that body dissatisfac-
tion is ubiquitous among girls and women, par-
ticularly with regard to the desire to be thin. In
fact, body dissatisfaction has become so com-
monplace that it has been described as “norma-
tive discontent” [11] Moreover, body
dissatisfaction is considered one of the most
robust risk and maintenance factors for clinical
eating disorders [12]. Body image and eating dis-
turbances have also been linked to other psycho-
logical problems, including depression, low
self-esteem [13—16] as well as anxiety [14], body
dysmorphic disorder [17], self-harm and child-
hood sexual abuse [18], and social phobia [14,
19]. In sum, body image and eating problems
hinder healthy development and negatively
impact overall well-being and quality of life.

Negative body image, body image distur-
bances, and disordered eating behaviors know no
boundaries; they impact females across age
groups, ethnicities, cultures, and socioeconomic
levels. It is essential for health educators and
health care clinicians to understand the etiology
and development of body image problems and be
knowledgeable about body image assessment
techniques and effective prevention and interven-
tion programs. It is also important for health pro-
fessionals to reflect about their own perceptions
of body image and eating concerns and how these
perceptions may influence their own attitudes
and behaviors as well as their interpersonal inter-
actions with clients and patients.
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1.3 Research Findings

1.3.1 Risk Factors for the
Development of Body
Dissatisfaction

A wide range of risk factors contribute to the
development of body dissatisfaction, including
biological and physical factors, sociocultural
influences, and individual characteristics [16, 20].
Females with a higher body mass index (BMI)
that is not in line with societal expectations of a
thin ideal body type—the thin ideal—can experi-
ence body dissatisfaction. Sociocultural factors
often exert a powerful influence on body image
by promoting the thin ideal, which can be partic-
ularly problematic for females who tend to inter-
nalize such messages [16, 21-25]. Even females
from ethnic groups who are generally more
accepting of larger body types can experience an
internal tug-of-war regarding their body image
and sense of self-worth, particularly when they
are acculturated or exposed to Western or
Western-influenced cultures that promote the thin
ideal [26, 27]. In addition, females who place a
strong emphasis on thinness and physical appear-
ance and routinely engage in body comparison are
especially vulnerable to experiencing body dissat-
isfaction [28-30].

Sociocultural influences on body image have
been the focus of numerous studies, and various
sociocultural models have been developed to
depict how these factors promote the thin ideal as
the societal standard for beauty [28, 31]. More
specifically, the tripartite influence model (see
Fig. 1.1) posits that three major sociocultural
influences—peers, parents, and media—play a
role in the development of body dissatisfaction,
eating disorders, and negative affect.

The model also proposes that internalization
of the thin ideal and appearance comparison
mediate the relationships between these influ-
ences and body image and eating concerns [25].
This model has been used with diverse cultural
samples and appears to be a viable model for
studying risk factors leading to body dissatisfaction
and eating disorders [14, 25, 32].

Within the sphere of major sociocultural
influences, mass media transmit powerful mes-
sages to both adults and youth, particularly with
regard to body image. This media influence con-
veys another level of meaning in light of the fact
that US children and adolescents aged 8—18 use
media roughly 7%h/day [33]. Furthermore,
because most young people use two or more
media concurrently, they actually engage with
media for more than 10%2h/day. This time does not
include doing schoolwork on the computer, texting,
or talking on a cell phone [33]. Lower-income,

Media Self
Influence \ Esteem
Internalization
Body —
Dissatisfaction [» Bulimia
Parental
Influence Appearance
Comparison
Peer
Influence Drive for
Thinness
Fig. 1.1 The theoretical tripartite model. Source: dered eating among Australian and French college

Rodgers R, Chabrol H, Paxton SJ. An exploration of the
tripartite influence model of body dissatisfaction and disor-

women. Body Image. 2011:208-215. doi:10.1016/j.
bodyim.2011.04.009. p. 210
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Hispanic, and African-American children consume
much more media than their middle-class and
Caucasian peers. Young children are also mass
media consumers; although computer and
Internet use are on the rise, television is still the
medium of choice for this age group [34].

There is also evidence to suggest that children
watch adult television after the age of 9; and in
watching these programs, they learn about social
norms that might influence their attitudes and
behaviors [35]. For example, many adult pro-
grams contain content and cues that uphold the
thin ideal, which can influence the way young
girls view their own bodies. In fact, young girls
have mentioned that they learn about dieting
through the media [36]. Furthermore, research
has shown that perceived pressure from the media
predicts body image and eating difficulties among
girls aged 10-18 [37].

Parents and other caregivers make many deci-
sions regarding the media use of young people;
however, they often do not set or consistently
enforce rules regarding their children’s media
exposure [33]. Therefore, the subtle and overt
messages that young people receive about body
image via various media outlets often go
unchecked. Children and youth do not yet pos-
sess completely developed higher-order cogni-
tive skills (e.g., critical thinking and problem
solving), which makes them even more vulnera-
ble to the constant barrage of media messages
endorsing the thin ideal. Studies have shown that
a relationship exists between media influences
and body image development in girls. For exam-
ple, preadolescent and adolescent girls who
watch television shows with an emphasis on
appearance experience less satisfaction with
their own appearance [24, 35, 38]. Moreover,
meta-analyses have clearly demonstrated that
exposure to the thin ideal in the media is strongly
related to negative body image in girls and
women, with adolescent girls displaying particu-
lar vulnerability [39, 40]. According to Bell and
Dittmar [41] (p. 489), “it is not the rype of media
exposure that is important in understanding
girls’ vulnerability to negative body image, but
rather the extent of girls’ identification with
media models.”
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1.3.2 BodyImage Concerns Across
Age Groups

1.3.2.1 Preadolescent and Adolescent
Females

Most studies concerning body image in preado-
lescent and adolescent females have focused on
girls’ desire to be thinner [5, 16, 42]. Researchers
have shown that psychological processes related
to body dissatisfaction are already well estab-
lished by the age of 9 [23, 35, 43], and the “nor-
mative discontent” with body shape and size that
is so common among adolescent females and
young adult women is applicable to young girls
as well [38, 44]. Many girls and women who
internalize these “thin is in” messages are unable
to meet the high standard and therefore often
experience body dissatisfaction [38, 41, 45].
Girls as young as 5 and 6 experience a greater
awareness and internalization of the thin ideal in
ways that negatively impact their body image
development and self-esteem [29, 46]. Therefore,
it appears that the development of body dissatis-
faction emerges around the time that girls start
school [16].

The peer group is another key sociocultural
influence in the development of body image and
body image concerns, especially among adoles-
cent females. Schools, which are major socializa-
tion environments for young people [28] and give
rise to various peer groups, contribute to the for-
mation of “appearance cultures” [24] in which
adolescent girls integrate sociocultural standards
for female attractiveness (e.g., the thin ideal) into
their peer group cultures [23, 42, 47]. Adolescent
girls who frequently engage in appearance con-
versations and appearance comparisons with
their peers are more likely to internalize the thin
ideal and experience body dissatisfaction [22—
24]. In addition, watching or reading appearance-
based media is significantly related to appearance
conversations with peers, which, in turn, are
related to internalization of appearance ideals
and body dissatisfaction [23]. A related peer
group element involves heterosocial involve-
ment, which has also been associated with peer
pressure to be thin; and this peer pressure has been
associated with increased body dissatisfaction
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[42]. Data from Project EAT-II, a longitudinal
study of large, ethnically, and socioeconomically
diverse group of adolescents, revealed that ado-
lescent females are strongly influenced by their
peers’ dieting behaviors. More specifically, the
more the teens perceived that their friends were
dieting, the more likely they were to report
engaging in chronic dieting, extreme weight con-
trol behaviors, and binge eating 5 years later [48].
Therefore, peer groups exert a strong influence
on adolescent females’ attitudes and behaviors
related to body image and weight control.

1.3.2.2 Young Adult Women

A sizeable number of young adult females are
concerned about their body weight and shape as
well [49]. According to the American College
Health Association [50], an estimated 44 % of
college women are dieting to lose weight; and
approximately 61 % of these young women are
exercising to lose weight. Other studies have also
shown that college-aged females struggle with
body image issues and report high levels of body
dissatisfaction and disordered eating [14, 51-53].
In addition, college females who report more fear
about receiving negative appearance evaluation
from others experience a greater drive for thin-
ness and higher body dissatisfaction [54].

There is support for the sociocultural model as
it relates to body image and eating disorders
among college-aged women [55]. More specifi-
cally, sociocultural pressures aimed at the thin
ideal exert the most negative impact on young
women when they are internalized [56, 57]. To
shed light concerning how internalization of the
thin ideal may lead to body dissatisfaction,
Fitzsimmons-Craft et al. [57] (p. 48) found that
social comparison and body surveillance medi-
ated the relationship between thin ideal internal-
ization and body dissatisfaction in a sample of
college-aged women. Nevertheless, “only body
surveillance emerged as a significant specific
mediator of this relation.” In a different study
[14], the combination of media influence and
social phobia emerged as a significant predictor
of body dissatisfaction in college-aged females.

A related aspect of body image centers on “fat
talk,” which is a term for how females talk with

each other about the size and shape of their
bodies, generally in negative terms [58]. Studies
have revealed that fat talk occurs so frequently
among college-aged women that it is considered
a “normative phenomenon.” [59] Young women
have indicated that engaging in fat talk acts as a
coping mechanism of sorts because it helps them
express distress about feeling fat as opposed to
being fat. However, engaging in fat talk may
actually be maladaptive because this type of talk
is linked with thin-ideal internalization, body dis-
satisfaction, body image disturbance, and eating
pathology [59, 60].

1.3.2.3 Older Women

Similar to younger females, body image in older
women is multifaceted and varies among women
[61]. However, there are some distinct differ-
ences. For example, as women age, they experi-
ence physical, social, and environmental changes
that impact how they perceive their bodies [62,
63]. Although more attention has been devoted to
studying body image in middle-aged and older
women in recent years, there have been mixed
findings regarding the relationship between aging
and body image [61, 62]. For example, Webster
and Tiggemann [64] found no difference with
age, while other researchers [65, 66] have sup-
ported the thought that women who experience
body dissatisfaction may struggle with this con-
cern throughout their lifetime.

Many correlates and risk factors associated
with body dissatisfaction and disordered eating
that are found in younger females have also been
found in older women, such as BMI, sociocul-
tural influences, and internalization of the thin
ideal. Nevertheless, other factors present unique
body image challenges to older women, includ-
ing menopause and anxiety related to the aging
process [6]. Women in midlife and beyond may
face similar eating- and weight-related obstacles
as younger girls and women, including body
dissatisfaction and body image distortions; and
these issues are often intensified by the aging
process. For example, life events that often take
place in midlife, such as career changes, marital
problems, divorce, “empty-nest” syndrome, and
chronic illness, can create even more distress for



women who are already struggling with body
image and eating difficulties. Among the indica-
tors that body image and disordered eating among
older women appear to be on the rise is that fact
that there has been a 42 % increase in the number
of women over the age of 35 who sought treat-
ment within the past 10 years [67].

In a large Internet survey study of women
aged 50 and older, 13 % of the sample reported
current eating disorder symptomology. In addi-
tion, over 70 % of the participants reported expe-
riencing body dissatisfaction, with a large
percentage (83.9 %) expressing dissatisfaction
with the stomach. Researchers also found that
higher BMI was associated with higher rates of
diet pill/diuretic use, both of which are consid-
ered maladaptive weight management behaviors
and have been reported in other studies. However,
regardless of BMI, excessive concern with body
shape and weight and body dissatisfaction can
negatively impact women’s self-esteem and over-
all quality of life, and even lead to full-blown
clinical eating disorders. Therefore, health pro-
fessionals need to be aware of and appropriately
screen for eating and body image difficulties
among older women [68].

In spite of these challenges and risk factors,
Liechty’s [61] (p. 84) qualitative study of older
women revealed “complex cognitive and behav-
ioral means by which older women were able to
feel satisfaction with their bodies despite desire for
physical change.” Participants conveyed that health
and functionality were more important to their
body image than their physical appearance. Those
with positive body image focused on controllable
elements of their physical appearance (e.g., cloth-
ing) and had developed at least some degree of
acceptance of their physical imperfections.
Conversely, participants who highly valued youth-
fulness and conforming to society’s thin ideal
experienced increasing body dissatisfaction as they
aged. According to McLean et al. [69], appearance
acceptance and placing less emphasis on the
appearance aspect of self-concept may serve as
protective factors that buffer aging women from the
negative impact of body dissatisfaction.

In addition, Liechty and Yarnal [62] (p. 1213,
1215) found that women’s body image exhibited
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both stable and fluctuating patterns throughout
the lifespan. The participants’ thoughts about
body image went beyond “level of satisfaction”
and “included evaluations of health and ability,
beliefs about the importance of appearance, and
feelings about their overall lives.” These findings
supported Hatch’s [70]“life course perspective”
about body image, which can help researchers
design more robust studies, including how the
body image construct might change as women
age [61-63].

1.3.2.4 Females with Type 1 Diabetes
Females with type 1 diabetes are an important
subgroup who are at heightened risk for experi-
encing body dissatisfaction and eating problems.
According to Jones et al. [71], eating disorders
occur approximately twice as often among ado-
lescent females with type 1 diabetes as in their
peers without diabetes [72—74]. Insulin omission
or restriction along with maladaptive eating and
exercise attitudes and behaviors can lead to a
number of negative health and medical conse-
quences for females with type 1 diabetes [71-74].
Health professionals working with these individ-
uals should be alert to warning signs of a possible
eating disorder, including symptoms of depressed
or anxious mood, over-concern about body weight
and shape, atypical exercise habits (sometimes
accompanied or followed by frequent hypoglyce-
mia), and very low-calorie meal plans. In addi-
tion, unexplained increases in hemoglobin Alc
(HbAlc) values and recurring problems with dia-
betic ketoacidosis (DKA) should raise a raise flag
that insulin restriction may be occurring [71, 72].

1.3.3 BodyImage Among Different
Ethnic and Cultural Groups

1.3.3.1 Body Dissatisfaction
Across the Globe

Although females residing in westernized nations
(e.g., USA, Australia, UK) have been the focus of
much body image and eating disorder research,
studies have shown that these issues are a global
concern [22, 75-83]. It is important to examine
body dissatisfaction across various cultures in
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order to obtain richer understanding regarding
how the cultural environment influences body
image concerns [79].

Numerous studies point to the influence of
“Westernization” in advancing the thin ideal and
contributing to the development of body dissatis-
faction globally, but other factors appear to play a
role as well [75, 79-81]. For example, results
from the International Body Project I [81] indi-
cated that within Malaysia and South Africa,
heavier bodies are preferred in low-SES areas
compared to high-SES areas; however, this is not
the case in Austria. Also, some studies show
mixed results regarding the impact of Western
influences on body image concerns, such as those
that have been conducted in Latin-American
countries [79].

In addition to the degree of Westernization,
other factors that appear to contribute to different
body weight ideals across different cultures
include the role and level of equality of women in
society, the acceptance of the overweight stigma
[81], and BMI [79].

The thin ideal for female attractiveness is also
esteemed in China, and some studies have shown
that the relation between appearance pressure
and comparison to body dissatisfaction in
Chinese adolescents is somewhat similar to that
of adolescents in Western countries. Other find-
ings have revealed some cultural differences in
select developmental and interpersonal influ-
ences on body dissatisfaction, with Chinese ado-
lescents showing lower levels of body
dissatisfaction [22]. However, according to
Holmgvist and Frisén [79], when Asian research
participants are recruited from parts of East Asia
that are affluent and more westernized, they
appear to demonstrate more body dissatisfaction
than their US counterparts. Chen and Jackson’s
[22] study also highlighted middle adolescent
Chinese girls’ susceptibility to body dissatisfac-
tion and perceived appearance pressure from
media and interpersonal influences compared to
their early adolescent peers.

Japan is another country that has witnessed an
alarming increase in body image and eating prob-
lems [32]. According to studies cited by
Yamamiya and colleagues [32], eating disorders

have increased approximately sixfold over the
past 25 years; and Japanese women’s perception
of the “ideal” body type appears to be thinner
than that of American women. In addition, a
study involving Japanese female undergraduate
students revealed that sociocultural factors (fam-
ily, peers, media) appear to influence body image
and eating problems similar to what is found with
US samples [32]. For more thorough discussions
of body image and eating disorders across vari-
ous cultures, see Anderson-Fye [75], Holmqvist
and Frisén [79], Levine and Smolak [80], and
Swami et al. [81].

1.3.3.2 Body Dissatisfaction Among US
Ethnic Groups

According to Levine and Smolak [80] (p. 224),
“ethnicity is a culturally constructed definition of
a group of people who are assumed to be related
in terms of values and beliefs and, often, in terms
of race.” In the USA, the relationships among eth-
nicity, acculturation, and body satisfaction are not
clear [80, 84—88]. One of the hindrances associ-
ated with body image research is that many of the
studies have been conducted in samples of pre-
dominantly Caucasian female samples, with less
focus on ethnic differences [85], particularly
among preadolescents [5]. When body image
among different ethnic groups has been studied,
much of the focus has focused on differences
between Caucasians and African Americans, with
surprisingly few studies investigating body image
among Hispanics/Latinos, Asian Americans, and
Native Americans [89]. Furthermore, body image
research conducted with ethnically diverse popu-
lations may not account for the heterogeneity that
exists within each group.

In studies examining body image and prob-
lematic eating among ethnically and culturally
diverse samples, results have been mixed. For
example, many studies have shown that African
American females tend to be more accepting of
larger body types and display higher levels of
body satisfaction than other ethnic groups,
whereas study findings are less clear-cut con-
cerning Hispanic/Latino and Asian American
groups. Some studies indicate no significant dif-
ferences between these groups and Caucasians,
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while other studies reveal differences [80]. These
mixed findings have led researchers to posit that
some of the differences in body dissatisfaction
among various ethnicities may depend on the
assessment instruments that are used [79, 80].
Even if females from two different ethnic groups
display similar levels of body dissatisfaction, the
cultural messages about body image as well as
the impact of these messages are likely to be dif-
ferent for each group [5]. For more detailed dis-
cussions concerning the relationships of body
dissatisfaction and eating disorders across differ-
ent ethnic and cultural groups, see Anderson-Fye
[75], Franko and George [89], Holmqvist and
Frisén [79], and Levine and Smolak [80].

1.3.4 BodylImage Assessment

It is important to emphasize that assessment is a
process, and there is no particular instrument or
battery of tests that is appropriate to use in all situ-
ations [90]. Moreover, due to the multidimension-
ality of the body image construct and the wide
availability of various instruments, it is particu-
larly important to carefully consider the selection
of body image assessment tools [91].

Thompson [91] outlined ten tips for enhanc-
ing body image assessment in clinical and
research settings, including the importance of
selecting instruments with established reliability
and validity and using selected instruments with
appropriate target populations. Banasiak et al.
[92] pointed out that many instruments used to
assess body image concerns in adolescents have
been validated using adult samples. Nevertheless,
many of the measures can still be used with ado-
lescent females when care is taken to ensure that
girls understand the terms used in the particular
instrument. For example, the Physical Appearance
State and Trait Anxiety Scale [93] was validated
with an adult sample, yet exhibited excellent
internal reliability (0.93) in measuring weight-
related body dissatisfaction in adolescent girls
aged 14—-16 [41]. In the same study [41], research-
ers measured appearance dissatisfaction with an
adapted version of the Body Image State Scale, a
six-item scale that has good construct validity
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[94] and demonstrated high internal reliability
with an adolescent sample in a previous study
[95]. As illustrated in these examples, it is impor-
tant for researchers to establish new reliability
and validity scores whenever they use an instru-
ment with a target population that differs from
the standardized sample [91]. In addition,
researchers have acknowledged the need to
develop valid and reliable instrumentation for
studying body image in diverse female popula-
tions, including younger girls [75], older women
[61, 65], and females from diverse ethnic and cul-
tural backgrounds [55, 61, 80, 96].

1.3.4.1 Body Image Assessment Scales
and Questionnaires

There are a number of well-validated instruments
that have been developed to assess body image
and eating concerns in children, adolescents, and
adults; many of these measures are discussed in
more detail elsewhere [3, 90, 96-100]. Table 1.1
lists a few of the body image measures that have
been reported in the research literature with an
internal consistency rating and test-retest reliabil-
ity rating of at least 0.70 [93, 94, 101-107].

In addition, examples of body image question-
naires that have been validated for college-aged
women and have internal consistency and test-
retest reliability scores above 0.70 are located in
Appendices 1-3: Body Image Quality of Life
Inventory [101], Body Image Concern Inventory
[105], and Physical Appearance State and Trait
Anxiety Scale [93]. In addition, Cash and Grasso
[108] reported the normative data and acceptable
internal reliability measures of four body image
instruments—Body Image Disturbance
Questionnaire [109], Appearance Schemas
Inventory-Revised [110], Body Image Coping
Strategies Inventory [111], and Body Image
Quality of Life Inventory [101, 112]. These
instruments measure various facets of the body
image construct and were used across seven stud-
ies with female and male college students. Other
valid and reliable scales that can be used in body
image research include Body Image Assessment
Scale-Body Dimensions [113]; Body Shape
Questionnaire [114], which has a shortened ver-
sion [115] and is available in different language
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Table 1.1 Instruments for assessing body image with high internal consistency and test-retest coefficients (>0.70)

Reliability

IC: Internal consistency  Standardization
Author Test name Description of test TR: Test-retest sample
Cashand  Body Image A 19-item instrument designed IC: 0. 95 116 college-aged
Fleming Quality of Life to quantify the impact of body TR: 0.79 women
[101] Inventory image on aspects of one’s life (M=21.3%5.1)
Participants rate the impact of
their own body image on each
of the 19 areas using a 7-point
bipolar scale from -3 to +3
Cashetal. Body Image States A multi-item measure of IC: 0.77 (women) 174 college
[94] Scale momentary evaluative/ IC: 0.72 (men) students—116
affective experiences of one’s  TR-state: 0.69 (women)* Wwomen, 58 men
physical appearance TR-state: 0.68 (men)* (median age=20)
Cashand  Body-Image Ideals A measurement of self- IC-BIQ discrepancy: 0.75 284 college
Szymanski Questionnaire perceived discrepancies from  IC-BIQ importance: 0.82 undergraduate
[102] and importance of internalized  IC-weighted discrepancy: Women ata
ideals for multiple physical 0.77 mid-Atlantic urban
characteristics TR: none given university
Garner Eating Disorder 9-item subscale assesses IC: Adolescents (11-18) 610 males and females
[103]; Inventory (EDI and feelings about satisfaction with Females=0.91 ages 11-18 (Shore &
Garner and EDI-2). Body body size; items are 6-point, Males=0.86 Porter, 1990) 109
Olmstead  Dissatisfaction forced choice; reading level is  Children (8-10) males and females
[104] Scale 5th grade Females =0.84 ages 8—10 (Wood
TR: None given etal,, 1996)
Littleton ~ Body Image A brief instrument for 1C: 0.93 184 undergraduates
etal. [105] Concern Inventory  assessing dysmorphic TR: None given at a medium-sized
concern; only takes a few Southeastern
minutes to answer. Despite University;
its brevity, the BICI provides approximately 89 %
an assessment of body were women
dissatisfaction, checking
and camouflaging behavior,
and interference due to
symptoms—such as
discomfort with and avoidance
of social activities (see
Appendix 2)
Reed et al. Physical Participants rate the anxiety IC: Trait: 0.88-0.82, 205 female
[93] Appearance State associated with 16 body sites  state: 0.82-0.92 TR: undergraduate
and Trait Anxiety (8 weight relevant, 8 2 weeks, 0.87 students
Scale nonrelevant); trait and state
versions available
Shisslack ~ McKnight Risk Participants use 5-item IC: Elementary =0.82 103 females, 4-5th
etal. [106] Factor Survey III subscale that assesses concern  Middle school=0.86 grade;
(MFRS-III) with body weight and shape High school=0.87 420 females, 6-8th
TR: Elementary =0.79 grade;
Middle school =0.84 66 females, 9-12th
High school =0.90 grade
Wooley &  Color-A-Person Participants use five colors to  IC: 0.74-0.85 102 male and female
Roll [107]  Body Dissatisfaction indicate level of satisfaction TR: 2 weeks (0.72-0.84)  college students, 103
Test with body sites by masking on bulimic individuals

*Acceptable for a state assessment

a schematic figure

4 weeks (0.75-0.89)
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[116]; Eating Disorder Inventory-3 [117], which
contains the Drive for Thinness and the Body
Dissatisfaction subscales; the Sociocultural
Attitudes Towards Appearance Scale-3 for mea-
suring multiple societal influences on body image
and eating disturbances [118]; and Children’s
Body Image Scale [119, 120]. Researchers have
also explored using realistic 3-dimensional body-
scan images for body image research and found
that the scanned images are a viable alternative to
contour line drawings [121]. Innovative tools for
investigating changes in adolescent body percep-
tion have also been developed, such as the
Adolescent Body-Shape Database and Adolescent
Body Morphing Tool [122].

14  Contemporary
Understanding of the Issues
1.4.1 BodyImage Interventions

1.4.1.1 Prevention Categories

Body image and eating disorder prevention pro-
grams focus on preventing or delaying the onset
of subclinical and full-blown clinical eating disor-
ders by reducing risk factors and increasing pro-
tective factors that promote resilience and overall
health and well-being [123-126]. According to a
report from the National Academies [127], there
are different categories of prevention activities
that can drive health promotion interventions—
universal, selective, and indicated. Universal pre-
vention programs are aimed at educating an entire
group (population). These programs are often
implemented in schools and focus on educating
children and youth about particular health issues
such as body image and eating disorders. Many
researchers have also called for universal and inte-
grated prevention programs that address the spec-
trum of body image and weight-related issues that
encompass both disordered eating and childhood
obesity [128-131]. While these programs are
aimed at preventing risk factors such as body dis-
satisfaction, dieting, and unhealthy weight-
control practices [129, 132], they can also foster
important protective factors such as self-esteem,
self-efficacy, media literacy, social-emotional
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learning, stress management, creative problem
solving, and overall resilience [133].

Selective prevention programs are designed to
reach a population subgroup who is considered at
higher-than-average risk for a particular health
concern (e.g., eating disorders). Indicated (or tar-
geted) prevention programs target individuals
considered to be at very high risk or actually
exhibiting early signs of the disorder. A meta-
analysis [134] highlighted that both universal and
targeted prevention programs produced favorable
and significant effects at follow-up on the mea-
sures of risk and eating pathology; this finding
held steady for younger and older participants. In
addition, the analysis demonstrated that the most
effective programs are those that target high-risk
individuals and use interactive strategies (as
opposed to didactic ones) to teach life skills for
healthy eating and physical activity and/or coun-
tering sociocultural pressure promoting the thin
ideal. It is also important to note that evidence
from meta-analyses has not supported iatrogene-
sis; therefore, “concerns about inducing body
image or eating problems should be carefully
considered but should not deter the development
of prevention programs” [135] (p. 219).

1.4.1.2 Theoretical Foundations

Health education and health behavior theories
and models can guide the development and eval-
uation of health promotion and education pro-
grams and interventions [136]. For example, the
ecological model can be effective for prevention
programs aimed at improving body image and
decreasing eating disorder risk [81, 125, 135].
The underlying premise of the ecological model
is that there are multiple levels of influences on
health attitudes and behaviors, including intrap-
ersonal (biological, psychological), interpersonal
(social, cultural), organizational, community,
physical environmental, and policy. Ecological
models serve as “comprehensive frameworks
for understanding the multiple and interacting
determinants of health behaviors. . . . and can be
used to develop comprehensive intervention
approaches that systematically target mecha-
nisms of change at each level of influence” [137]
(p. 466). For example, healthy body image can be
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promoted through targeting individual attitudes,
knowledge, beliefs, and behaviors (intraper-
sonal); involving the family and peers in reinforc-
ing positive body image in concert with healthy
and balanced nutrition and physical activity
(interpersonal,  environmental);  integrating
healthy body image, eating, and physical activity
interventions into school health programs (orga-
nizational, environmental); and advocating for
communication, education, and motivational
campaigns with messages that promote healthy
body image (community).

Additional theoretical frameworks that can be
used to guide body image interventions include
Social Cognitive Theory (SCT) [138] and Social
Marketing [139]. The hallmark of SCT is recip-
rocal determinism, which is the dynamic interac-
tion of individuals and groups, their behavior,
and the environment. Other SCT concepts rele-
vant to the promotion of healthy body image
include outcome expectations (beliefs about the
likelihood and value of the consequences associ-
ated with behavioral choices), self-efficacy
(beliefs about one’s ability to successfully engage
in positive behavior change), observational learn-
ing (learning to perform new behaviors by observ-
ing others, e.g., via peer modeling), facilitation
(providing tools and resources or modifying the
environment to facilitate behavior change), and
self-regulation (controlling oneself through self-
monitoring, goal setting, self-reward, and social
support) [140]. School- and community-based
body image interventions can reinforce key SCT
concepts by emphasizing personal and group goal
setting, teaching media-literacy skills, encourag-
ing healthy peer group interaction, providing reg-
ular opportunities to practice decision-making
and problem-solving skills linked to real-life
body image issues, and incorporating meaningful
family involvement activities.

Healthy body image can also be fostered
through social marketing, which is designed to
influence voluntary behavior change that can
positively impact health and quality of life at the
intrapersonal, interpersonal, organizational, com-
munity, and public policy levels, thereby contrib-
uting to an ecological approach to mitigate body
image and eating problems. Social marketing
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includes communication that focuses on the four
“Ps” of the marketing mix: product, price, place,
and promotion [141]. For example, with positive
body image as the product, health professionals
can develop messages and slogans to emphasize
the benefits of healthy body image and identify
the negative costs associated with body dissatis-
faction. These messages can influence females’
perceptions of the cost-benefit ratio associated
with adopting and maintaining attitudes and
behaviors reflecting positive body image, sound
nutrition, and healthy physical activity (price).
Health professionals can also increase access to
quality information about body image through
various places, such as schools and other educa-
tion centers, medical offices, health clinics, com-
munity centers, churches and other places of
worship, hair and nail salons, and social media
outlets. Promotion of healthy body image can
occur by making incentives accessible to the
target audience, including popular items such as
T-shirts and water bottles, sling bags, posters,
magazine and Internet ads, social media contests,
and games.

With a consumer focus in mind, targeting
social norms has proven to be another successful
social marketing strategy. Social norms have
been defined as “expectations about how differ-
ent people will evaluate our behavior and our
willingness to be guided by their evaluation”
[140] (p. 172). Therefore, because “perception
usually trumps reality” [141] (p. 447), social
norms marketing can be used to inform females
about the actual frequency of certain attitudes
and behaviors linked with body image dissatis-
faction (e.g., dieting among peers, unrealistic
expectations for body type, internalizing the thin
ideal), with the intent to create social pressure for
change. Health professionals can also implement
programs to promote a new social norm [142]
emphasizing healthy body image, followed by
positive reinforcement at different levels of influ-
ence within the ecological framework (e.g., social
support from family and peers, “body image
friendly” messages and environments that facili-
tate the development of positive body image).
For additional discussions involving theoretical
approaches and prevention programs aimed at
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promoting healthy body image and preventing
disordered eating, see Bauer et al. [143], Levine
and Smolak [135], Massey-Stokes et al. [125],
and Sinton and Taylor [124].

1.4.1.3 Strategies Aimed at
Sociocultural Influences

Developing interventions aimed at preventing or
reducing body image and eating problems must
include skill development for recognizing and
effectively managing sociocultural pressures
espousing the thin ideal. Within this scope, it is
very important to emphasize the key mediational
variables of appearance comparison and internal-
ization of the thin ideal [25, 32, 55], including
strategies for dealing with these tendencies. Body
image interventions should also accurately reflect
the central role of popular culture and traditional
values across diverse cultural, ethnic, and socio-
economic populations [22, 144, 145]. The hetero-
geneity within each group should be taken into
account when planning and implementing body
image intervention programs so as not to miss
other manifestations of disordered eating and
related health issues [87]. It can also be beneficial
to tailor body image interventions to address a
range of treatment barriers that have been identi-
fied across ethnic groups [5, 27].

Interactive programs that can be effective in
addressing sociocultural influences on females’
body image include those emphasizing media
literacy [23, 41, 129, 146-148], self-awareness
and self-esteem [129, 146, 148], healthy weight
management [147-150], peer support groups
[23, 151, 152], and healthy emotions and coping
skills [126, 148]. Studies have also supported the
use of a dissonance intervention to increase girls’
resistance to internalizing the thin ideal that often
resonates from peer appearance conversations
[23] and other appearance-related messages that
are so prevalent in the lives of adolescent females
[150]. Dissonance education involves having
young women with body image difficulties who
have internalized the thin ideal participate in ver-
bal, written, and behavioral exercises in which
they critique this ideal. The intended result of
such activities is that they “will result in psycho-
logical discomfort that motivates [the young
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women| to reduce internalization of the thin-
ideal, which decreases body dissatisfaction, diet-
ing, negative affect, and eating disorder symptoms
[150]” (p. 2).

Related research has shown that high general
self-determination (a strong sense of self that is
“integrated, unified, and noncontingent”) can
buffer females from having an adverse response
to the thin ideal portrayed through the media.
Therefore, prevention efforts aimed at enhancing
self-determination can help foster the develop-
ment of healthy body image [153] (p. 490).
Additionally, given that females often perceive
that males prefer a thinner body type than they
typically do [154], health professionals can edu-
cate females about actual male preferences [84]
via a social norms approach. Health professionals
can also tap into the power of social networks by
incorporating the influence of family and friends
on attitudes and behaviors related to body image
and eating concerns. Lastly, training young adult
women to serve as positive role models and men-
tors for younger girls is an intervention strategy
that appears to hold promise for decreasing body
dissatisfaction and drive for thinness among
younger girls [149].

1.5  Future Directions

According to Glanz, Rimer, and Viswanath [136]
(p- 25), the “task of health behavior and health
education is both to understand health behavior
and to transform knowledge about behavior into
effective strategies for health enhancement.” It is
important for researchers to continue developing
and refining theories and models to guide research
and practice in the areas of body image and eat-
ing disorder prevention. In sync with this focus,
practitioners must be diligent in staying abreast
of the literature so they can implement programs
that have a sound evidence base.

Because there are various social, cultural, and
economic risk factors that contribute to the devel-
opment of body dissatisfaction and eating distur-
bances among girls and women from different
ethnic groups [32, 55, 84, 87, 89, 155], it is
important to continue to study how the impact of
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sociocultural and socioeconomic factors on body
image and eating may vary across different
ethnic and cultural groups [55, 79]. These differ-
ences can be studied between as well as within
groups to provide a richer knowledge base to
inform body image assessment and development
of culturally relevant prevention programs that
reflect distinctive ethnic and cultural factors
[32, 79, 89]. Similarly, there is a need for
researchers to examine how age interacts with
culture [79] in order to provide a framework for
planning and implementing age-appropriate and
culturally relevant body image interventions.

It is important to tailor prevention programs to
align with various female populations who deal
with body image and eating issues, which increases
the relevance for program participants and has the
potential to promote real, positive behavior
change. For instance, there is a need to implement
and evaluate prevention interventions that address
the negative impact of engaging in body compari-
son [30]. Future studies also need to examine
whether there are ways to enhance the effects of
dissonance and healthy weight interventions, such
as by using web-based booster sessions and web-
based support groups, increasing the number and
duration of program sessions, or adding an inter-
vention component targeting parents [150].
Studying how self-determination at the intraper-
sonal and interpersonal levels of influence can buf-
fer females from the thin ideal and improve body
image and eating-related outcomes is a worthwhile
line of research as well [153]. Then, too, research-
ers can contribute to the prevention knowledge
base by further examining the use of yoga as a cre-
ative intervention strategy to enhance body aware-
ness and prevent disordered eating among women
[156]. Virtual reality is another emerging strategy
for enhancing body image in patients with eating
disorders as well as in high-risk, subclinical sam-
ples; therefore, this is an area that warrants further
investigation [9]. Regardless of what particular
type of body image intervention is implemented,
it is important for researchers and practitioners to
conduct formative and summative evaluation,
including follow-up procedures to determine
whether changes in attitudes, knowledge, and
behaviors are sustainable over time.
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Future directions should also include targeted
health communication interventions to promote
healthy body image among females. Schiavo
[157] (p. 10) comprehensively defined health
communication as “a multifaceted and multidis-
ciplinary approach to reach different audiences
and share health-related information with the
goal of influencing, engaging, and supporting
individuals, communities, health professionals,
special groups, policymakers and the public to
champion, introduce, adopt, or sustain a behavior,
practice, or policy that will ultimately improve
health outcomes.” Although health communica-
tion interventions can be multifaceted, it is impor-
tant to remember that health communication
efforts are part of an overall prevention initiative.
Therefore, health communication is an effective
adjunct to other body image programming. For
example, because most teens and young adults are
prolific users of technology, health communica-
tion campaigns and health promotion interven-
tions aimed at promoting healthy body image
among these groups should incorporate social
networking, blogging, emailing, and texting.
Health communication can be enhanced by devel-
oping multimedia campaigns that integrate words,
music, and images to produce messaging that
resonates with the target group [ 158]. Furthermore,
it is important to pilot health communication cam-
paigns to ensure that the intended audience will
both understand the materials and act on their
message [159]. This is particularly relevant when
targeting individuals who may experience com-
munication and health literacy barriers, such as
those who speak English as a second language
and those who are d/Deaf and hard-of-hearing.
For more information and resources pertaining to
health communication, see Schiavo [157].

In addition, robust assessment for body image
problems and eating disorders is necessary in
order to more accurately detect body image dif-
ficulties and disturbances in diverse female popu-
lations. Instruments that are valid and reliable to
use with a certain group of females must be
reevaluated when used with other groups. For
example, many body image and eating disorder
instruments that have been validated with adult
Caucasian females may not be appropriate or
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relevant to use with adult females within other
ethnic groups. Practitioners must be careful when
administering assessments to make sure they are
following recommended assessment protocol.
There also continues to be an increased use of
online instruments for assessing body image dis-
turbances and eating disorders, which will require
researchers to validate these assessment tools
[96] for use with different female populations.

1.6 Concluding Remarks

The complexities inherent in body image are well
documented, and body image concerns can range
from a desire to look attractive to body dissatis-
faction and a pathological concern with thinness
or perfection. There are numerous risk factors
associated with body image and eating concerns,
including biological and physical factors, socio-
cultural influences, and individual characteris-
tics. Body image concerns affect females of all
ages across different ethnic, cultural, and socio-
economic groups; therefore, it is important to
examine and address body image difficulties

-3
Very

negative

BIQLI items

1. My basic feelings about myself—feelings
of personal adequacy and self-worth

effect

2. My feelings about my adequacy as a man
or women—feelings of masculinity
or femininity
. My interactions with people of my own sex
My interactions with people of the other sex
My experiences when I meet new people
My experiences at work or at school
. My relationships with friends
. My relationships with family members
. My day-to-day emotions
. My satisfaction with my life in general

— O 0V ®uo U AW

— |

. My feelings of acceptability as a sexual
partner

. My enjoyment of my sex life

— | —
W N

. My ability to control what and how much I eat
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from various angles and at different levels of
influence. As a result of these efforts, health pro-
fessionals will be in better position to foster
healthy body image and enhance quality of life
among females across the lifespan.

1.7  Appendix 1:Body Image

Quality of Life Inventory

Different people have different feelings about
their physical appearances. These feelings are
called “body image.” Some people are generally
satisfied with their looks, whereas others are dis-
satisfied. At the same time, people differ in terms
of how their body image experiences affect other
aspects of their lives. Body image may have posi-
tive effects, negative effects, or no effects at all.
Listed below are various ways that your own
body image may or may not influence your life.
For each item, circle how and how much our feel-
ings about you experience affect that aspect of
your life. Before answering each item, think
carefully about the answer that is most accurate
about how your body image usually affects you.

-2 -1 0 +1 +2 +3
Moderate Slight Slight  Moderate Very
negative negative No  positive positive  positive
effect effect  effect effect effect effect

(continued)
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-3 -2 -1 0 +1 +2 +3

Very Moderate Slight Slight  Moderate Very

negative negative negative No  positive positive  positive
BIQLI items effect  effect effect  effect effect effect effect

14. My ability to control my weight
15. My activities for physical exercise

16. My willingness to do things that might call
attention to my appearance

17. My daily “grooming” activities (i.e., getting

dressed and physically ready for the day)
18. How confident I feel in my everyday life
19. How happy I feel in my everyday life

Reprinted from Int J Eat Disord, 31(4), Cash TF, Fleming EC, Impact of Body Image Experiences: Development of the
Body Image Quality of Life Inventory, 455-460, 2002, with permission from John Wiley and Sons

1.8  Appendix 2: Body Image
Concern Inventory

Please rate how often you have had the described
feeling or performed the described behavior on a
Likert scale anchored by 1="never” and 5="‘always”

1 2 3 4 5
Never Seldom Sometimes Often Always
1. Tam dissatisfied with some aspect of my appearance

2. I'spend a significant amount of time checking my appearance
in the mirror

3. I feel others are speaking negatively of my appearance

4. Tam reluctant to engage in social activities when my appearance
does not meet my satisfaction

5. Ifeel there are certain aspects of my appearance that are
extremely unattractive

6. Ibuy cosmetic products to try to improve my appearance
7. Iseek reassurance from others about my appearance

8. I feel there are certain aspects of my appearance that I would
like to change

9. Iam ashamed of some part of my body

10. Icompare my appearance to that of fashion models or others

11. Itry to camouflage certain flaws in my appearance

12. Iexamine flaws in my appearance

13. I have bought clothing to hide a certain aspect of my appearance

14. Ifeel others are more physically attractive than me

15. Ihave considered consulting/consulted some sort of medical
expert regarding flaws in my appearance

16. I have missed social activities because of my appearance

17. Thave been embarrassed to leave the house because of my
appearance

18. I fear that others will discover my flaws in appearance

19. Ihave avoided looking at my appearance in the mirror

Reprinted from Behav Res Ther, 43(2), Littleton H, Axsom D, Pury CLS, Development of the Body Image Concern

Inventory, 229-241, 2005, with permission from Elsevier



1.9 Appendix 3: Physical
Appearance State and Trait

Anxiety Scale: Trait

The statements listed below are to be used to
describe how anxious, tense, or nervous you feel
in general (i.e., usually) about your body or spe-
cific parts of your body.

Please read each statement and circle the num-
ber that best indicates the extent to which each
statement holds true in general. Remember, there
are no right or wrong answers.

Never Seldom Sometimes Often  Always
1 2 3 4 5

In general I feel anxious, tense, or nervous about

~

1. The extent to which I look overweight
2. My thighs
3. My buttocks
4. My hips

5. My stomach
6. My legs

7. My waist

8. My muscle tone
9

10. My lips

11. My wrists
12. My hands
13. My forehead
14. My neck

15. My chin

16. My feet

[SSRE NS NS SR SR SR SR SR NS R SRR SR SRR S B S B SR S
W W W W W W W W W W W W W W W W
B R e e

[V RNV RV RV, RV, RV, RRV, RRV, BRV, RV, RV, RV RRV RV RV RV

1
1
1
1
1
1
1
1
. My ears 1
1
1
1
1
1
1
1

Reprinted from J Anxiety Disord, 5(4), Reed, DL,
Thompson, JK, Brannick, MT., Sacco WP, Development
and Validation of the Physical Appearance State and Trait
Anxiety Scale (PASTAS), 323-332, 1991, with permis-
sion from Elsevier
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Reproductive Changes
in the Female Lifespan

Reid L. Norman

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 fluctuating 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 flashes 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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Fig. 2.1 Graphic depiction of the female reproductive capabilities across the lifespan of the average woman

2.1 Learning Objectives

After completing this chapter, you should have

an understanding of:

e The major transitions during a woman'’s life

e How reproductive hormones change through-
out the lifespan of a woman

e 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 first 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 first
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 fifties 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
areal 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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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 beneficial, excessive exercise can
utilize energy needed for growth and develop-
ment and can significantly 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 influence sexual development.

2.3.2 What Happens at Puberty?

Although puberty in human females is generally
defined 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 definition 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 defining event, menarche
(first 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 sufficiently 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,
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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 specific 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 sufficiently
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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Fig. 2.2 This figure 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

This process begins slowly at first, 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 sufficient 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 defining 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 first menstrual period
because ovulation can occur during this time.
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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 first day of
menstrual flow 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 indefinite 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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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 flashes), sleep disruption, mood changes,
and urogenital problems. Hot flashes are experi-
enced by about 75 % of menopausal women and
typically last for about 3.8 years [2]. Intense heat,
sweating, flushing, chills, and clamminess are all
symptoms experienced during a hot flash. Once
thought to be a figment of the menopausal imagi-
nation, hot flashes reflect 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 flashes 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 influences both LH release and
body temperature, it is changes in norepinephrine
activity due to estrogen withdrawal that causes
the hot flashes [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
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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 influences, 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, specifically 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 significant 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-17f, are needed
before a rational, effective treatment regimen for
menopausal/postmenopausal women can be



30

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 benefit (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].

24  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
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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 benefit
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 influence 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 flashes, 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 fluctuating 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.
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Considerations of Sex Differences
in Musculoskeletal Anatomy

Phillip S. Sizer and C.Roger James

Abstract

The musculoskeletal anatomy of women and men is grossly similar yet
individually distinctive. Sexual dimorphism in the human musculoskeletal
system is apparent, but more subtle than in other species. Some musculo-
skeletal sex differences in humans are present at an early age, while others
tend to appear later in life. Sex differences in gross skeletal geometry and
specific tissue characteristics are common. Women tend to have different
characteristics of specific bones and bony features than men which have
been explained by both genetic and environmental factors. Women and
men appear to have several differences in collagenous, cartilage, and bone
tissues, which may predispose women to certain pathologies such as
osteoarthritis and osteoporosis later in life. Sexual dimorphism can mani-
fest itself in specific differences in each joint throughout the body, possi-
bly resulting in sex differences in clinical pathology and symptomology
such as differences in shoulder impingement; laxity and idiopathic capsu-
litis; elbow tendinosis; carpal tunnel syndrome; hip fracture and labral
tears; anterior cruciate ligament injuries; ankle sprains and Achilles tendi-
nopathy; cervical spine macrotrauma; thoracolumbar postural changes
including kyphosis, lordosis, and/or scoliosis; and sacroiliac joint condi-
tions. Consideration of the sex differences in musculoskeletal anatomy is
important for both the general public and health care professionals in order
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to provide a basis for understanding normal and abnormal conditions that
may exist. Moreover, a thorough appreciation that men and women have
differences in musculoskeletal anatomy may help in the understanding
that they have distinctive health care needs.

Sexual dimorphism ¢ Female ¢ Pathoanatomy * Anatomy ° Sex differences
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3.1 Learning Objectives

After completing this chapter,

understand:

1. Sexual dimorphism and how it applies to
humans

2. Sex differences in general morphology

Sex differences in skeletal geometry

4. Sex differences in collagenous, cartilage, and
bone tissue

5. Sex differences in the upper extremity anat-
omy and mechanics

6. Sex differences in the lower extremity anat-
omy and mechanics

7. Sex differences in the spine anatomy and
mechanics

you should

hed

3.2  Introduction

The musculoskeletal anatomy of women and
men is grossly similar yet individually distinc-
tive. Structural differences exist between the
sexes and these differences are due to both envi-
ronmental and genetic factors. Sex differences in
musculoskeletal anatomy can be described in
terms of sexual dimorphism, which refers to
physical differences in secondary sexual charac-
teristics, such as size or color, between male and
female individuals of the same species [1, 2].
Sexual dimorphism is present in many species of
birds, spiders, insects, reptiles, fish, and mam-
mals. Examples include male pheasants which
are larger and more brightly colored than female
pheasants, female spiders which are usually
larger than their male counterparts, male deer

which grow antlers, and the males of most spe-
cies of mammals which are larger than the
females [2]. However, with a few well-recognized
exceptions, such as body hair, muscle mass, and
breast differentiation, sexual dimorphism in
humans is more subtle as compared to other spe-
cies [2]. Yet, most people recognize that men and
women exhibit different physical characteristics
that include differences in body height, weight,
shape, size, and alignment of the extremities
(e.g., pelvic width, body mass distribution, and
ligament/tendon laxity) [2—4]. Some of these dif-
ferences in body structure are widely recognized
and ingrained in cultural beliefs and stereotypes.
For example, an artist’s rendition of a typical man
and woman was used to depict the sexes of the
human species on the plaque of the Pioneer 10
spacecraft (Fig. 3.1) where the differences in
gross structure are evident.

The typical differences in physical character-
istics of the sexes are further exemplified by pop-
ulation data. Data from standard growth charts
[5] demonstrate typical sexual dimorphic differ-
ences, but the division between men and women
is usually less than one standard deviation and is
age-dependent [6]. For example, according to the
clinical growth charts provided by the Centers for
Disease Control (CDC), girls and boys at the
50th percentile are approximately the same
height (usually within 1-2 cm) until puberty
(Fig. 3.2). However, beginning at about the age of
14 years, the heights of girls and boys diverge at
an increasing rate until growth slows in both
sexes in the late teen years. At the age of 20 years,
men are an average of approximately 14 cm taller
than women (Fig. 3.2) [5]. Similar relationships
are documented for body weight, with a relatively
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Fig.3.1 Symbolic representation of men and women as depicted on the plaque of the Pioneer 10 spacecraft in 1972.
Source: NASA (www.nasa.gov/centers/ames/images/content/72418main_plaque.jpg). Adapted with permission
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Fig. 3.2 50th-percentile height and weight of girls and  years. Values are rounded to the nearest 0.5 cm and
boys from 2 to 20 years. Sexual dimorphic differences in 0.5 kg. Adapted from www.cdc.gov/growthcharts
height and weight begin to emerge at about the age of 14  (Anonymous 2006)
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small sex difference observed before the age of
14 years and an approximately 12.5 kg difference
(men greater than women) at the age of 20 years
(Fig. 3.2) [5].

While sexual dimorphism is apparent in gen-
eral body characteristics, other sexual dimorphic
traits are less obvious. Reports of sex differences
in skeletal and soft tissue components are preva-
lent in the literature, and these differences explain
the differences in general appearance but also
may influence movement patterns, injury risk,
and the development and progression of muscu-
loskeletal pathology. Consideration of the sex
differences in musculoskeletal anatomy is impor-
tant for both the general public and health care
professionals in order to provide a basis for
understanding normal and abnormal conditions
that may exist. Moreover, a thorough apprecia-
tion that men and women have differences in
musculoskeletal anatomy may indicate that they
have distinctive health care needs. Therefore, the
purposes of this chapter are to (1) examine sex
differences in the anatomy of selected musculo-
skeletal components and (2) explore selected
regional considerations in female functional
pathoanatomy that are pertinent to women’s
health issues.

3.3  Research Findings

3.3.1 Sex Differences in the
Anatomy of Selected
Musculoskeletal Components

3.3.1.1 Sex Differences in Skeletal
Geometry

There are several differences in skeletal geome-
try between men and women. In the sports medi-
cine literature, sex differences in musculoskeletal
anatomy, including skeletal geometry, have been
reported in context with common injuries that
occur in active women and have mostly focused
on lower extremity characteristics. For example,
differences in size, shape, structure, or alignment
of the pelvis, femur, tibia, tarsals, and toes all
have been reported [3, 7-11]. Sex differences in
the pelvis include a larger inlet and outlet [3],
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greater interacetabular distance [8], and a greater
hip width normalized to femur length [4, 7] in
women as compared to men. Sex differences in
the femur include increased femoral anteversion
[4] and a narrower femoral intercondylar notch
width [9, 12] in women. However, other authors
have reported no differences in notch width
between the sexes [13, 14]. Greater genu recurva-
tum [3, 11], more lateral patellar alignment [3],
increased internal tibial torsion [11], greater
slopes of the medial and lateral tibial plateaus
[15], and more bunions and deformities of the
lesser toes [3] in women have been reported, as
well. Because of the mechanical linkage and
interaction among structures of the lower extrem-
ity, skeletal differences in one or more interacting
structures may result in differences in overall
lower extremity alignment. For example, quadri-
ceps angle (Q angle) is the angle formed by the
intersection of a line connecting the anterior-
superior iliac spine and the midpoint of the
patella with a line connecting the midpoint of the
patella and the tibial tuberosity. In the literature,
it is generally reported that Q angle is greater in
women than in men [7, 10] and is a function of
the structural and alignment characteristics of the
involved bones (e.g., pelvic width, patella posi-
tion, tibial torsion). Additionally, large deviations
in Q angle have been suggested to contribute to
selected knee and foot pathologies [3, 16],
although reports are equivocal.

Further evidence supporting the existence of
sex differences in skeletal geometry comes from
the areas of forensic anthropology and archeol-
ogy. Scientists from these areas have used knowl-
edge of skeletal sexual dimorphism to determine
the sex of deceased individuals from their skele-
tal remains. A large amount of literature exists
that discusses the skeletal geometric characteris-
tics commonly used and the ability of these char-
acteristics to predict sex. The humerus [17],
pelvis [18, 19], femur [17, 20-25], tibia [26-28],
talus [29], and calcaneus [29-31] all have been
used for this purpose. The ability to discriminate
sex based on one or more skeletal geometric
characteristics varies somewhat by which bone,
as indicated by the percentage of individuals
accurately categorized as male or female in the



3 Considerations of Sex Differences in Musculoskeletal Anatomy 37

respective studies cited: tibia (96 %) [27], femur
(95 %) [21], calcaneus (92 %) [30], pelvis (88 %)
[19], and talus (81 %) [29]. Furthermore, differ-
ent parameters from the same bone appear to be
better discriminators than other parameters [18,
19, 21, 24-26, 31]. For example, Mall et al. [24]
reported that a differing percentage of individuals
could be grouped correctly using a discriminant
analysis when evaluating different characteristics
of the femur. In this study, the femoral head
transverse diameter (89.6 % of cases correctly
categorized) was the best discriminator, followed
by the head circumference (87.7 %), vertical
head diameter (86.8 %), condylar width (81.4 %),
maximum midshaft diameter (72.4 %), and maxi-
mum length (67.7 %) [24]. Using a combination
of variables (midshaft diameter and head circum-
ference), 91.7 % of the cases were classified cor-
rectly [24].

The presence and magnitude of sex differ-
ences in skeletal geometry appears to be depen-
dent on a number of factors including skeletal
maturity [18, 32], environmental stresses (i.e.,
loading) [17, 21, 23, 28], and genetics (i.e., race)
[19-23, 25, 33]. Consideration of these factors is
important in establishing sexually dimorphic
traits in skeletal geometry. Nevertheless, ample
evidence exists to support the presence of sex dif-
ferences in skeletal geometry.

3.3.2 Sex Differences
in Musculoskeletal Tissues

In addition to sex differences in skeletal geome-
try, there are several reported sex differences in
musculoskeletal constituents, including collage-
nous (e.g., tendon, ligament, skin), cartilage, and
bone tissues [34-37]. Collagen is a primary pro-
tein of connective tissues in mammals and consti-
tutes more than 30 % of the protein in the human
body [38]. It provides much of the strength of
tendon, ligament, skin, and cartilage [38, 39].
Additionally, it is the main protein component of
bone [38, 39].

In collagenous tissues, the collagen molecules
align based on stress patterns and provide strength
against tensile loads [38, 39]. Some of the

reported sex differences in collagen include
differences in thickness [34], orientation [34],
content [40], diameter [35], volume [36], and
metabolism [37] for the specific tissues exam-
ined. Some of these sex differences are associ-
ated with fiber strength. Moreover, sex differences
in collagen degradation have been observed in
subjects as young as 2 years of age [37], while
other sex differences may not appear until after
several decades of life [36]. Many disorders of
collagenous tissues (e.g., lupus erythematosus,
scleroderma, rheumatoid arthritis, dermatomyo-
sitis, Sjogren’s syndrome) have been associated
with sex differences. Etiological factors associ-
ated with collagenous tissue diseases are thought
to exist at many levels (e.g., genetic, cellular,
organ, age, behavioral, environmental), but sex
hormones are thought to influence the onset and
course of these disorders [41].

Sex differences in articular cartilage are
reported in the literature [42—45] and have been
associated with differences between men and
women in the onset of osteoarthritis [43, 45,
46]. Epidemiological evidence suggests that
women are more likely (1.5-4 times at greater
risk) to develop osteoarthritis than men [43].
Sex differences in articular cartilage morphol-
ogy have been reported in children (age 9-18
years), which persist throughout adulthood,
and increase during the postmenopausal years
[42—44, 47]. Reported sex differences in articu-
lar cartilage morphology include greater carti-
lage volume, thickness, and surface area in male
compared to female subjects [42—45]. These dif-
ferences appear to be partially related to other
characteristics such as age, body mass index,
bone region, physical activity, and the specific
articulation involved [43, 47]. However, research
suggests that sex differences remain at some
cartilage sites even after adjustment has been
made for these other factors [42, 43].
Furthermore, the sex differences in cartilage
morphology have been associated with a faster
cartilage tissue accrual rate in boys compared to
girls (i.e., more cartilage tissue early in life)
[43] and greater cartilage tissue degradation in
older women compared to older men (i.e.,
greater loss of cartilage later in life) [48].
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The presence of sex hormone receptors in car-
tilage tissue is thought to be an indicator that sex
hormones influence these accrual and degrada-
tion processes [45, 46, 48, 49]. Evidence for the
role of sex hormones in cartilage morphology
and metabolism has been demonstrated in both
animal [45, 49] and human [48] models. In mice,
sex hormones have been shown to influence the
inflammatory induction of cartilage degradation
via modulation of cytokine production and
release in granulomatous tissue [49]. Additionally,
male rats have demonstrated higher levels of pro-
teoglycan and collagen, less glycosaminoglycan
loss, and greater proteoglycan synthesis than
female rats in vitro [45]. Furthermore, cartilage
from female rats was shown to have greater sus-
ceptibility to degradation when implanted into
female rats compared to male cartilage implanted
in female rats or both male and female cartilage
implanted into male rats [45]. In humans, urinary
markers of cartilage degradation have provided
evidence that cartilage loss is greater in women
than in men [48]. Additionally, cartilage degrada-
tion was shown to be greater in postmenopausal
women compared to age-matched premenopausal
women and less in postmenopausal women
undergoing hormone replacement therapy com-
pared to postmenopausal women not undergoing
the therapy [48]. Therefore, sex differences in
cartilage morphology and metabolism that exist
early in life appear to increase with advancing
age and may be explained by the difference in sex
hormones.

Sex differences in bone tissue also are reported
in the literature [50-53] and have been associated
with differences between men and women in
terms of fracture risk [54-56]. Sex differences in
bone tissue vary by skeletal site [32, 57], but are
reflected by differences in both morphological
[32, 51, 54, 56-60] and remodeling [50, 52, 53,
57, 60, 61] characteristics, particularly in osteo-
porotic individuals [39, 57, 62, 63]. Sex differ-
ences in bone tissue are present at an early age
[32, 50, 51, 58], persist throughout adulthood
[39, 52-54, 60, 61], and diverge even more in
older age [39, 52, 53, 55-57, 59, 61]. Bone mass
accrues during childhood through adolescence
and peaks at about the age of 30 years in both
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men and women [39]. A lower amount of peak
bone mass has been associated with a greater risk
for osteoporosis in later life; [5S0] therefore sex
differences in the development of bone tissue
during youth may partially explain some of the
bone tissue differences between adult men and
women. Several factors influence bone mass
accrual, including nutrition (e.g., calcium, vita-
min D), physical activity, lifestyle behaviors
(e.g., smoking), genetic factors (race, sex), and
hormonal factors (e.g., estrogen) [62, 64].

In children, serum markers of bone turnover
have been shown to change significantly with
pubescence in both boys and girls [50]. In girls,
these markers were shown to peak at mid-puberty
and decrease thereafter; in boys, the markers con-
tinued to increase through late puberty [50].
Moreover, the serum markers of bone turnover
were overall higher in boys than girls even after
adjustment for age, body weight, and pubertal
stage [50]. These sex differences in bone turn-
over more than likely influence differences in
peak bone mass [50], volumetric bone mineral
density [51], selected measures of bone area [32],
cortical thickness [32], plus ultimately compres-
sive [51] and bending [58] strength. However,
some authors have suggested that sex differences
in some of these characteristics can be explained
by differences in anthropometric dimensions
(e.g., height and total lean body mass) [58].

In adults, there are several reported sex differ-
ences in bone tissue. Differences between men
and women have been reported in bone mineral
density (men greater than women) [60], peak
bone mass (men greater than women) [39], corti-
cal thickness (men greater than women) [54],
age-dependent hormonal responsiveness of
osteoblasts (less responsiveness in older cells
from women when compared to older cells from
men) [52], bone turnover (men greater than
women) [60], and bone strength (men greater
than women) [39, 54]. In older adults, sex differ-
ences in bone mineral density [55, 57], cross-
sectional area [55], cortical thickness [55], bone
width [55], and strength [39, 55, 59] remain con-
siderable, with some differences (i.e., bone min-
eral density and strength) further diverging as
compared to younger adult values [39, 55].
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Furthermore, many of these sex differences do
not disappear after adjusting for anthropometric
factors such as height and weight [55].

The role of sex hormones in the loss of bone
mass in older women has been explored widely
in the literature. It is well known that a decrease
in estrogen production following menopause is a
primary contributing factor to the accelerated
loss of bone mass in older women when com-
pared to older men [62, 63]. However, older men
also lose bone mass and are at greater risk for hip
and vertebral fractures compared to younger men
[53]. Even though men do not experience a phys-
iological event comparable to menopause and
therefore do not undergo a substantial decline in
total serum testosterone or estrogen, some evi-
dence suggests that a decline in the bioavailable
estrogen (non-sex hormone-binding globulin
bound) might explain the loss of bone mass in
both women and men [53].

3.3.3 Selected Regional
Considerations in Female
Functional Pathoanatomy

3.3.3.1 Upper Extremity

Shoulder

Sex-based anatomical differences of the shoulder
complex are tissue- and pathology-specific. For
example, Pandley et al. [65] observed significant
differences between men and women in the dis-
tribution of the articular branch of the axillary
artery, which may influence decisions made dur-
ing shoulder surgery. Differences have been asso-
ciated with the incidence of external impingement
of the shoulder. While women appear to have less
prominent coracoid processes [66], no sex-based
differences have been found in the role of the
coracoid process in subscapularis impingement
[67]. Furthermore, differences in the role of the
acromion with external impingement have been
observed. Historically, Bigliani [68] classified
the acromial shape into three types. Type I pro-
cesses are flat, Type II are curved, and Type III
are hooked. Bigliani [68] suggested that these
differences could lend to the incidence of
impingement and any subsequent rotator cuff

tearing. Later, Bigliani et al. [69] reported that
78 % of all full thickness rotator cuff tears were
associated with a Type III acromion. More recent
investigations have reported an increased inci-
dence of full thickness rotator cuff tears in women
versus men [70]. Selected investigators have sug-
gested that acromial differences are acquired,
resulting from altered tension loads imposed by
the coracoacromial ligament and deltoid inser-
tions [71]. Getz et al. [72] observed that Type 111
acromia were more common in female patients
and discovered that Type II acromia were related
to adaptive shortening of the glenohumeral joint
posterior capsule.

Although external impingement has been
associated with sex and age, the relationship
between age, sex, and incidence of acromial type
is controversial [72—74]. More recently investiga-
tors have suggested that while the inferior surface
of the acromion changes increased with age, they
were not different between sexes [75]. However,
investigators have observed limited sex-based
differences in the acromiohumeral distance with
the shoulder at rest, where women exhibited a
reduced space compared to men [76]. The influ-
ence of gender-based differences in scapular
position at rest on impingement pathology needs
further exploration, where women appear to
demonstrate less protraction versus their male
counterparts [77].

While men appear to experience more fre-
quent anterior dislocations of the glenohumeral
joint [78], women appear to be more predisposed
to glenohumeral instability [79]. This disparity
appears to be related to the notion that not all
joint instability results in dislocation, where
grade 1 and II instability represents increased
motion and possible humeral head perching on
the anterior labrum, versus the frank dislocation
of the head in grade III [80]. While glenoid fossa
inclination appears to influence instability inci-
dence [81], few sex differences in this architec-
tural feature have been noted [82]. Recently
investigators found that women demonstrate dif-
ferences in glenoid fossa shape, by being more
oval and exhibiting deeper anterior glenoid
notches [83]. Although the woman’s predisposi-
tion appears to be more related to increased
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anterior capsular laxity and resultant hypermobil-
ity along with decreased joint stiffness [79], fur-
ther research is merited for studying the
relationship between these architectural findings
and the onset and persistence of glenohumeral
pathology.

Finally, women between the ages of 40 and 60
years are more predisposed to developing idio-
pathic capsulitis [84]. This condition is associated
with increased thickening of the anterior-superior
joint capsule at the coracohumeral ligament [85],
along with a noninflammatory synovial reaction
in the proximity of the subscapularis tendon [86].
These changes demonstrate active fibroblastic
proliferation accompanied by tissue transforma-
tion into a smooth muscle-like phenotype that is
similar to Dupuytren’s disease [87].

Elbow

Women appear to be at greater risk for develop-
ing tennis elbow due to tendinosis that emerges
from mesenchymal changes in the collagenous
constituents of tendons [88]. This condition, typi-
cally lasting greater than 12 months in duration,
is more likely noninflammatory in nature [89]
and affects one of four possible different regions
of the tendinous insertions at the lateral elbow.
The tendons that are at risk are specifically
located about the lateral epicondyle of the distal
humerus. The extensor carpi radialis longus
(ECRL) originates on the distal 1/3 of anterior
supracondylar ridge, possesses almost no tendon
at the origin, and demonstrates an immediate
transition into muscle. Extensor carpi radialis
brevis (ECRB) starts from a 5 mm by 5 mm
square area on the superior surface of the lateral
epicondyle (10 % of origin) and collagen/fascial
layers of intra-compartmental septa that share
fascia with the extensor digitorum communis
(EDC) coursing distally to the second and third
metacarpals, especially fascia associated with
third metacarpal. Thus, resistive wrist extension
and resistive extension of the second and third
metacarpophalangeal joints may be suggestive of
tendinopathy at either EDC or ECRB. The ECRB
tendon is juxtaposed between the muscle bellies
of ECRL and EDC. This common physical find-
ing merits palpatory discrimination between
the two regions for a differential diagnosis.
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The ECRB can exhibit tendinopathy at its origin,
along the tendon between ECRL and EDC, or at
its musculotendinous junction more distally.
Finally, the EDC can be found at the anterior sur-
face of the lateral epicondyle. If involved in a lat-
eral tendinopathy, resistive extension of the
second through fifth metacarpophalangeal joints
(MCPJ 4 and 5 differentiating this lesion from a
lesion of the ECRB). This condition seldom
occurs in isolation, but is typically discovered in
combination with affliction to the ECRB [90].
The woman’s predisposition for lateral elbow
tendinosis is increased when her estrogen
decreases, especially after premature hysterec-
tomy (at less than 35 years of age) and/or lowered
estrogen levels from other causes [88]. While
inflammatory tendinitis involves a chemically
mediated inflammation due to tendon injury [88],
the tendinosis to which women are more predis-
posed produces a non-chemically mediated
degenerative change associated with long-term
tendon stress [91], resulting in a condition that
could persist long after 12—14 months. This pro-
cess produces tissue necrosis that manifests as a
“moth-eaten” appearance in the tendon [92]. As a
consequence, the tendon becomes friable, along
with possible bony exostosis at the lateral epicon-
dyle [88]. This chronic condition can be accom-
panied by an imbalance between vasodilatory and
vasoconstrictive variations [92], substance P, and
CGRP proliferation in the vicinity of the affected
tendon [92], accompanied by a high concentration
of glutamate in the surrounding tissue [93].
Women also appear to be more predisposed to
ulnar nerve lesions at the medial elbow [94]. The
medial elbow anatomy affords three different
predilection sites for ulnar nerve entrapment. The
nerve first courses under the arcade of Struthers
just dorsal to the medial intermuscular septum.
Distally, the nerve courses through the cubital
tunnel, whose boundaries are the medial collat-
eral ligament complex (ceiling), medial epicon-
dyle (medial wall), olecranon process (lateral
wall), and cubital tunnel retinaculum (floor).
In selected individuals, the retinaculum is dor-
sally bordered by the anconeus epitrochlearis
muscle that is innervated by the radial nerve and
is activated simultaneous with the triceps, lend-
ing to possible entrapment symptoms during
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resisted elbow extension. The retinaculum that
courses from the medial epicondyle to the olecra-
non tightens with passive elbow flexion, creating
increased nerve entrapment symptoms at end-
range passive flexion. Finally, the nerve must
course under the retinaculum between the two
heads of the flexor carpi ulnaris. As a conse-
quence, entrapment symptoms may increase dur-
ing resistive wrist flexion-ulnar deviation as well.

Wrist and Hand

Only a few afflictions of the wrist and hand
appear to differ between men and women. Tendon
pathologies, including tenosynovitis and tendino-
sis, seem to be more frequent in women [95], but
data related to the pathoanatomical and physio-
logical influences on these differences have not
been explored. Similarly, carpal tunnel syndrome
(CTS) is more common [96, 97] and prolonged
[98] in women. However, multiple factors have
been elucidated that may contribute to this differ-
ence. The etiology of carpal tunnel syndrome is
multifactorial, resulting from anatomical, biome-
chanical, pathophysiological, neuropathological,
and psychosocial influences. Anatomical factors,
such as tunnel architecture and volume [99], lum-
brical anatomy [100], and the shape of the hamate
hook [101], have been associated with CTS.
Specific anatomical and anthropometric factors
appear to influence a woman’s greater predispo-
sition to CTS [102, 103]. While carpal bone size
and scaling do not appear to differ between men
and women [104], hand-length ratios, space indi-
ces at the wrist, and digital features appear to dif-
fer between the sexes [102]. Along with these,
differences in body mass index seem to predis-
pose women to CTS [102].

The onset and progression of CTS appear to be
related to an increase in intra-tunnel pressure
[105]. Different factors appear to increase this
pressure, including tunnel space narrowing asso-
ciated with wrist movements [106, 107], carpal
instability [108], increased muscle force produc-
tion [109], and trauma that produces perineural
edema and fibrosis [110]. Women may be more
susceptible to these influences versus men, due to
reduced available space for the median nerve
within the tunnel. The median nerve appears to
increase in cross-sectional diameter with sustained

repetitive hand movement in women as compared
to men [103], thus compromising the relative tun-
nel size and potentially increasing pressure within
the tunnel in context with the previously discussed
factors.

The individual suffering from CTS may expe-
rience sensory and/or motor changes, including
paresthesias or true numbness that reflects defi-
cits in neurophysiological function. Women have
demonstrated greater deficits in neurophysiologi-
cal function involving the median nerve when
compared to men [111, 112]. However, contro-
versy exists over the value of neurophysiological
testing for the diagnosis of CTS [113].
Orthodromic median sensory latency is typically
prolonged with CTS patients [114], and median
nerve motor amplitudes are decreased in patients
with CTS [112]. Yet, Glowacki [115] discovered
a poor relationship between electrodiagnostic test
outcomes and final symptom consternations.
Differences between the median and ulnar motor
latencies appear to be important for the diagnosis
of CTS [111]. Padula [116] found that the differ-
ence between the median and ulnar motor laten-
cies was greater in patients experiencing CTS
versus controls.

The presence of autonomic disturbances
appears to be associated with the woman’s pre-
disposition to CTS [117]. This disturbance in
neural function could be related to local sympa-
thetic fiber stimulation and/or brachial plexus
irritation associated with a double crush phenom-
enon, which has been observed in as many as
40 % of all patients suffering from CTS [118]. As
result, a vasoconstrictive event could lead to
decreased perineural microvascular flow and
increased protein leakage from the vascular sup-
ply that produce epineural and perineural edema
[110], as well as increased endoneural pressure
and ischemia [119], contributing to the symp-
toms of CTS.

3.3.3.2 Lower Extremity

Hip Joint

Women are at greater risk for both microtrau-
matic stress fracture [120] and macrotraumatic
frank fracture at the hip [121] especially involv-
ing the femoral neck [120]. This predilection
appears to be influenced by differences in bony
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architecture about the hip and pelvis [122].
Acetabular depth and femoral head width appear
to be less in women versus men [123]. The coxa-
diaphyseal angle has been reported to be wider in
men versus women in selected races, thus poten-
tially predisposing the women to higher inci-
dence of stress reactions [124]. Women appear to
have decreased femoral neck strength versus
men, as evidenced by decreased femoral neck
cross-sectional moment of inertia (CSMI) [125,
126]. Compressive stress (Cstress), defined as the
stress in the femoral neck at its weakest cross
section arising from a fall, is higher in women
[126]. These features interact with women’s
altered estrogen associated with menstrual irreg-
ularities [127] and menopause [121], thus
enhancing their fracture risk predisposition. Over
the past decade, postmenopausal women have
relied upon the long-acting, bone density-
maintaining effects of bisphosphonate adminis-
tration for reducing the rate of fragility fractures
in this population [128]. However, this benefit
has been accompanied by an increase in atypical
subtrochanteric fractures at a younger age in
response to chronic use [128], especially wit-
nessed in Asian females [129, 130]. The risk
associated with bisphosphonate use continues to
be small but controversial [131], where comor-
bidities and management strategies should be
assessed when its usage is considered [128].

The outer margin of the hip acetabulum is
completely lined with the cartilaginous labrum
that serves to enlarge the articular surface [132,
133]. The labrum enhances the articular seal,
fluid pressurization, load support, and joint lubri-
cation of the hip joint [134]. The labrum pos-
sesses a variety of sensory endings important to
proprioception and nociception [135]. The
labrum is vascularized in a fashion similar to the
meniscus of the knee, where the outer margins
are well vascularized and the inner margin is
lacking in blood vessels [136]. The labrum is at
risk for traumatic vertical, as well horizontal,
degenerative tears [133, 137]. The propensity for
tears is increased by the deficiencies in the
mechanical properties of the labral tissue, espe-
cially in women. Labra obtained from male
patients have stronger tensile stress than those
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from female patients [138]. Moreover, labral
degenerative changes may influence those same
mechanical properties, adding to the risk of tear-
ing [139, 140].

Labral tears appear to occur more frequently
in the superior region of the acetabular structure,
due to decreased mechanical properties accom-
panied by increased demand [139, 141]. The
superior region of the labrum appears to be less
well vascularized, lending to the susceptibility of
that region to traumatic and degenerative tears
[139, 141]. One significant mechanical contribu-
tion to this loading demand is the impact of the
femoral neck against this region during full flex-
ion of the hip [140]. Femoral neck architecture
also appears to differ between men and women,
where increased thickening and decreased coxa-
diaphyseal angulation of the neck and deforma-
tion/fullness of the neck diameter in older women
predispose them to anterior acetabular labral
trauma, especially when the hip is positioned in
full flexion [142]. However, severity of such
deformations and changes observed with imag-
ing do not appear to correlate with the incidence
of femoral-acetabular impingement and subse-
quent labral lesions [143], making the clinical
examination paramount to diagnosis.

Knee Complex

Little evidence is available to describe sex-based
differences in the patellofemoral complex of the
knee. One might explain differences in terms of
cartilage volume, where sex explains 33—42 % of
the variation in knee cartilage volumes with
women demonstrating decreased cartilage vol-
ume versus men [42]. However, T2 MRI exami-
nation of young, healthy volunteers did not reveal
sex-based differences in the magnitude or spatial
dependency of cartilage [144].

Investigators have attempted to describe sex-
based differences in terms of patellofemoral con-
tact areas at various positions of knee flexion. In
males, Csintalan et al. [145] observed larger con-
tact areas of posterior patellar surfaces with the
knee flexed to 30°. In addition, they observed a
greater change in the female’s contact pressures
in response to varying vastus medialis activity with
the knee positioned at 0°, 30°, and 60° flexion.
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While no differences were seen by Besier et al.
[146] with the knee in full extension, they
observed larger contact areas in male patellofem-
oral joints with the knee flexed to 30° and 60°.
However, the contact areas were not different
when the data were normalized by patellar
dimensions of height and width. Investigators
have turned their attention to the role of hip con-
trol deficits in landing in the development of
anterior knee pain syndrome (AKPS), where
decreases in eccentric control from the hip exter-
nal rotators and abductors were shown to be asso-
ciated with increased AKPS [147]. However,
Cowan and Crossley [148] found no relationship
between hip control deficits and gender in sub-
jects suffering from AKPS.

More striking is the relationship between sex
and knee ligament injury. Injury to the anterior
cruciate ligament (ACL) can be a devastating
event, and a woman’s increased risk for this
injury over male counterparts is well documented
[149, 150]. It has been reported that 70 % of all
ACL injuries are a result of a non-contact mecha-
nism [149, 151], where girls and women appear
to tear their ACL two to eight times more fre-
quently than men [152].

Since the reason for this increased ACL injury
risk is unclear, investigators have explored many
possible causes including anatomical, hormonal,
and mechanical differences. One of the classic
anatomical factors attributed to sex-based differ-
ences in ACL injury is the width of the femoral
intercondylar notch or Grant’s notch. The inter-
condylar notch is found in the roof of the space
between the femoral condyles, lending a point
where the ACL could crimp or tear during forced
rotational non-contact loading [150]. The female
knee was once thought to possess a smaller notch
versus men, lending them to greater vulnerability
for traumatic tears [12, 14]. However, other
investigators have suggested that increased
female risk was based on differences in the ratio
between the notch width and width of the femoral
condyles (notch width index) [153].

The role of the notch width has remained con-
troversial. Charlton et al. [154] have suggested
that the narrower notch width in the female knee
simply reflects the smaller diameter ACL within

the notch, which still must constrain the same
relative loads and stresses as the male ACL. This
difference in diameter, along with an increase in
creep deformation under sustained loading [155],
subsequently renders the ligament to greater
injury potential in female athletes. Murshed et al.
[156] found no differences in notch width charac-
teristics between the sexes, and Ireland et al. [13]
suggested that any individual with a smaller
notch width is at higher risk for injury, regardless
of sex. More recently investigators have sug-
gested that different regions of the notch may
vary in width, where women appear to demon-
strate greater narrowing at the base and middle of
the notch versus their male counterparts [157]. In
response, investigators turned to MRI three-
dimensional (3-D) notch volume analysis to bet-
ter describe differences. Van Eck et al. [157]
found that males exhibited a larger 3-D notch
volume versus females, furthering the disagree-
ment regarding the role of the notch in female
ACL injury risk.

Other morphological characteristics have been
examined in terms of their contribution to
increased ACL injury risk in females.
Investigators have noted that the disparity
between the intercondylar axis and joint motion
axis of the femur at the knee to be greater in
females and compounded in those females with
ACL injury history, suggesting its role in ACL
tear risk [158]. Investigators discovered that the
strain of the anterior—medial bundle of the ACL
was increased in females versus males and that
this relative strain pattern was positively corre-
lated with ACL cross-sectional area and lateral
tibial slope [159]. Finally, Hohmann et al. [160]
discovered that ACL-injured females demon-
strate a significantly greater posterior tibial pla-
teau slope versus an uninjured control group.

Static knee postural and alignment character-
istics have been considered to be factors that
could contribute to the woman’s greater risk for
ACL injury [161]. The Q angle is a clinical mea-
sure used to determine the position of the knee in
the frontal plane [161]. Livingston and Mandigo
[162] compared Q-angles between male and
female lower extremities and found no significant
sex or right-to-left lower limb differences.
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Conversely, Tillman et al. [16] reported that
women exceeded men in quadriceps angle
(Q-angle) and thigh—foot angle (TF angle) [163].
Yet, the TF angle, which is a measurement of
tibia external rotation (toeing out), is not clearly
linked to ACL injury [164].

Biomechanical features have been linked to
sex-based ACL injury predisposition [164].
Kinematically, differences in knee flexion angle at
contact (<30°), tibial rotation in the coronal plane,
and frontal plane motion have all been implicated
[165]. Investigators have linked reduced contact
and peak knee and hip flexion during selected
load-bearing functional activities with female
ACL injury [166, 167]. Similarly, investigators
have observed decreased peak hip abduction in
women when cutting during sports [166, 168].

Female athletes have exhibited increased val-
gus motion in the frontal plane during a landing
or cutting maneuver, which may serve as a factor
in female ACL injury predisposition [169].
Numerous investigators have observed this
behavior [166, 167, 170], along with an increased
variability in the valgus motion during the land-
ing and/or cutting sequence [166]. Hewitt et al.
[171] reported that these excessive lower limb
motions could be reduced through appropriate
jump training. Yet, sex-based sagittal [170] and
frontal [172] plane movement differences have
been disputed, where expected differences did
not emerge, and the authors suggest that other
factors are at play in producing the increased
injury risk for the female ACL. Additionally,
other authors have reported increased coronal
plane excursion for the hip and knee in women
versus men during drop-landing activities [173],
producing increased internal rotation of the lower
extremity during those activities. Finally, Joseph
et al. [174] examined the timing of kinematic
occurrences during a landing sequence in men
and women. They found that maximal hip adduc-
tion, knee valgus, and ankle eversion occurred
significantly earlier in women versus men.
Moreover, maximal hip adduction and knee val-
gus occurred before maximal knee flexion in
women versus after in men. Maximal ankle ever-
sion occurred earlier in women than in men and
women produced a significantly higher angular
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velocity of knee valgus versus men. The authors
concluded that these differences predisposed the
women to increased ACL injury.

Increased joint laxity and anterior tibial trans-
lation are associated with non-contact ACL
injury [164, 175]. Trimble et al. [164] reported
that sex and excessive subtalar joint pronation are
the only predictors of knee joint laxity. Women
exhibit increased anterior knee joint surface
translation during extension [176]. This is accom-
panied by reduced protective hamstring activity
during that translational movement [152, 176]
that renders the female ACL less protected when
exposed to anterior shear forces [177]. In a simi-
lar fashion, the female’s ACL injury predisposi-
tion may be related to the excessive subtalar joint
pronation in the ankle [164, 166, 178], which
appears to promote the previously discussed
increase in tibial internal rotation [178] and tibial
anterior translation [164]. This behavior does not
appear to relate to genu recurvatum and the tibio-
femoral angle [164]. In contrast, other authors
have not observed the sex-based differences in
subtalar pronation [16].

Differences in kinetic behaviors when cutting
or landing have been attributed to increasing the
female ACL injury risk [179]. Female athletes
have been found to exhibit reduced peak knee
flexor moments [180] and increased peak knee
valgus moments [167, 180, 181] during cutting
tasks. Similarly, Kernozek et al. [167] found
increased greater peak vertical and posterior
force than men during landing. These altered
kinetic behaviors are accompanied by reduced
leg stiffness during rapid load-bearing [182],
which could translate into a reduced ability to
diffuse stress from the ACL [183].

Load management appears to be related to
appropriate co-contractive behavior between
the quadriceps and hamstrings during cutting
and landing. Thus, differences in muscle acti-
vation, timing, coordination, and force produc-
tion may serve as a contributing factor to the
female ACL injury predisposition [184, 185].
The woman’s difference in muscle activity
may begin early, as girls developmentally
increase the quadriceps strength disproportion-
ately more than the hamstring strength [186].
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While da Fonseca et al. [187] questioned the
role of sex in co-contractive disturbances, sev-
eral authors have suggested that female ath-
letes exhibit greater quadriceps versus
hamstring activity during landing and cutting
[188-190]. Similarly, women appear to dem-
onstrate prolonged quadriceps recruitment and
reduced hamstring activation during the post-
contact phase of cutting versus male counter-
parts [191]. Increased soleus [188] and
gastrocnemius [189] activity may contribute to
the woman’s muscular recruitment differences,
while decreased hamstring activity may reduce
the woman’s ability to decelerate and control
tibial translation, internal rotation, and anterior
shearing [176, 192]. These differences may be
exaggerated by prolonged exercise causing
muscular fatigue. Stern et al. [193] found that
after exercise, females exhibited significantly
less quadriceps motor-evoked potential EMG
amplitude compared to males, which may con-
tribute to females’ increased risk for ACL
injury in response to changes in central ner-
vous system drive capacity.

As a consequence of the woman’s differences in
kinematic, kinetic, and neuromuscular control strat-
egies, the ACL potentially sustains greater loads
with athletic activity. Unfortunately, the female
ACL demonstrates different mechanical behaviors
amidst these altered strategies. During passive
cyclic loading, the female ACL appears to exhibit
greater creep versus the male ligament [155]. This
difference in ligament creep could compound the
previously discussed deleterious mechanical effects,
as quadriceps electromyographic activity may
increase after ACL creep, while hamstring co-acti-
vation is not likely to change [194].

Another factor that appears to interact with the
anatomical and biomechanical influences con-
tributing to female ACL injury predisposition
revolves around changes in sex hormones.
Ovarian sex hormone fluctuations have been
related to increased non-contact ACL injury
[177, 195]. Estrogen and progesterone receptors
have been identified within the substance of the
ACL [196], likely responsible for the relationship
between peaks in estrogen levels and increased
laxity [197]. Exposure to estrogen appears to

increase metallomatrix protease activity and
decrease fibroblastic activity within the ligament,
lending to increased tissue laxity [197]. More
recent findings suggest that increased estrogen
levels negatively correlate with hamstring rate of
force production, suggesting a reduced protective
response from that important muscle group dur-
ing upswings of estrogen [198]. However, corre-
lation between injury risk and specific menstrual
phases is controversial at best, since other authors
have reported increased ACL injury during the
follicular [177, 199] and luteal [199] phases.

Ankle and Foot
Women appear to be more predisposed to ankle
and foot injuries than men in selected popula-
tions. Heir [200] found that women in military
physical training were at greater risk for develop-
ing Achilles tendinopathy and ankle sprains than
their male counterparts. Moreover, Knobloc et al.
[201] found that symptomatic females suffering
Achilles tendinopathy do not benefit as much as
symptomatic males from 12 weeks of eccentric
training in terms of pain reduction or improve-
ment in functional scores. Structural differences
have been noted in the female foot, which dem-
onstrate smaller width and length, as well as spe-
cific shape [202]. However, sex differences are
not observed in terms of medial longitudinal arch
measurements [203] or overall arch height [204].
Women appear to be at greater risk for ankle
inversion trauma. Hosea et al. [205] found that
female athletes are at greater risk for grade I
inversion trauma, where there is disruption of the
anterior talofibular ligament. The same authors
found no sex-based differences in grade II (ante-
rior talofibular and calcaneofibular ligament
involvement) or grade III (the same ligaments
plus the posterior talofibular ligament). This pre-
disposition is related not only to the sports in
which female athletes participate [206] but also
by selected structural differences in the lower
extremity. Female athletes’ risk of ankle inver-
sion trauma is increased by increased tibia varum
and rearfoot eversion while weight bearing [206].
Neuromuscular responses may contribute to the
female’s predisposition to ankle inversion trauma.
Investigators reported that while males demonstrate
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decreased peroneus longus reflex amplitude fol-
lowing neuromuscular fatigue, the same reflex in
females increased, suggesting the female’s
reduced protective response during a sudden
inversion perturbation [207].

Other structural differences have been noted
that add to the female’s predisposition to ankle
and foot affliction. Women demonstrate
decreased cartilage thickness over the talar dome,
which is at risk for developing osteochondritis
and necrotic changes [208]. Women also appear
to demonstrate increased obliquity of the first
metatarsal base, resulting in increased metatarsus
primus varus and potential increased incidence of
clinical hallux valgus [209]. Additionally, women
demonstrate increased incidence of hallux rigi-
dus in the first metatarsophalangeal joint, with
the vast majority of the subjects demonstrating a
flat joint configuration.

Achilles tendinopathy has been attributed to
numerous factors, including histochemical,
pathomechanical, and neurophysiological influ-
ences. In addition, sex has been touted as a factor
lending to the development of Achilles tendinop-
athy, possibly interacting with other factors.
Marked deficiencies have been noted for tissue
histochemical responsiveness in female rabbit
tendons [210]. Sex-based factors may contribute
to differences in tendon pathology and response.
For example, a female’s tendon may experience
increased load in response to footwear with hard
soles and insufficient rearfoot control or high
heels [211], all of which have been associated
with increased incidence of tendinopathy.
However, this sex-based predilection for Achilles
tendinopathy is controversial, where more recent
studies have questioned differential female pre-
disposition [212]. Sex-based differences in
Achilles tendon properties and pathology may be
related to muscle and tendon strength differences,
rather than other sex-specific tissue characteris-
tics [213].

3.3.3.3 Spine

Cervical

Sex-related anatomical differences in the cervical
spine can be observed in the vertebral structure
[214, 215], lending to clinically relevant differ-
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ences in bony processes and the joints they form,
as well as the foraminal spaces through which
important neurovascular components course. For
example, investigators have observed sex differ-
ences in dimensions of lower cervical vertebral
laminae and pedicles. Rezcallah et al. [214]
found that women demonstrated smaller pedicu-
lar widths, lengths, and transverse angles at C3
through C7 when compared to men. Similarly,
Xu et al. [215] observed smaller laminar height,
width, thickness, and angulation in women at lev-
els C2 through CS. The role of sex-based cervical
vertebral structure differences is not clear [216].
Yet, men appear to have a smaller vertebral canal-
to-body anterior—posterior diameter ratio versus
women, potentially predisposing them to a
smaller canal in proportion to their overall axial
skeletal morphism and decreased incidence of
cervical myelopathy [217]. Conversely, women
appear to demonstrate greater spinal canal nar-
rowing after whiplash-type injury versus their
male counterparts [218], possibly contributing to
their increased incidence of whiplash-related dis-
orders [219], as well as the latent clinical sequelae
and delayed recovery status post-whiplash
trauma [220, 221].

Female cervical zygapophyseal (facet) joints
may be at greater risk for injury during a whip-
lash trauma versus their male counterparts.
Excessive segmental translation has been shown
to be a potential cause of injury. Simulated rear-
impact vehicular accidents using human volun-
teer subjects showed greater degrees of cervical
retraction in women that were unaware at time of
rear-end impact [222].

Yoganandan [223] found that the facet articu-
lar surfaces in female cadavers were less ade-
quately covered by cartilage than similar
specimens in men. In addition, these joints exhib-
ited a greater distance from the dorsal-most
region of the facet joint to the location where the
cartilage began to appear (called a cartilage gap),
potentially lending these joints to greater transla-
tion during unanticipated loads. Stemper et al.
[224] found that female cadaveric specimens
exhibited increased compression in the dorsal
region of the facet joint during the early phase of
whiplash. These biomechanical behaviors could
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predispose the female facets to injury in the sub-
chondral bone during normal physiological and
traumatic loads, especially when accompanied
by endplate perforations and older age.

Female cervical discs may be at greater risk
for failure when exposed to unexpected abnormal
loads. Truumees et al. [225] examined the geo-
metric characteristics and loading response of the
cartilaginous endplates found in cadaveric cervi-
cal discs. They found that the female sex was
associated with significantly lower endplate frac-
ture loads when exposed to compression.

Thoracic

The primary sex-based differences that have been
observed in the thoracic spine appear to center
around differences in postural alignment.
Fundamental sex-based differences have been
observed in children and adolescents regarding
the extent of the thoracic kyphosis in the sagittal
plane. The presence and severity of kyphosis is
especially more marked in women [226].
Thoracic kyphosis changes as children age,
where the rate of change is greater in women ver-
sus men [227]. This change in the kyphotic curve
seems to progress in a fashion similar to the lum-
bar spine lordotic curve during childhood.
However, the relationship between the change in
kyphosis and lordosis decreases in girls by the
age of 15, but not in boys [228].

Of greater interest are the sex-based differ-
ences in the development and progression of ado-
lescent idiopathic scoliosis (AIS), where the
individual develops a rotatory 3-D deformation
in the thoracolumbar spine, especially in the
frontal plane. A single thoracic curve is the most
common in selected populations, followed by
other configurations of single and double curves
in the thoracolumbar spine [229]. Investigators
have reported increased incidence of AIS in
female adolescents [229-231], where female
prevalence appears to be genetically coded [232].
Girls appear to be at greater risk for developmen-
tal curve progression versus boys, especially in
the age prior to the onset of menses [231].
Similarly, girls with scoliosis generally grow
faster than girls without the same condition [233].
Yet while an age of more than 15 years, skeletal

maturity, postmenarchal status, and a history of
spine injury are all associated with the prevalence
of back pain in people with AIS, sex, family his-
tory of scoliosis, leg length discrepancy, curve
magnitude, and spinal alignment are not [234].

Investigators have looked at not only the inter-
actions of physical changes with sex in scoliotic
patients but also the role of sex affecting psycho-
social factors associated with the condition. Girls
with scoliosis seem to be at greater risk for psy-
chosocial stresses, including feelings about poor
body development, troubled peer interactions,
and health compromising behaviors [230]. Yet,
while investigators have evaluated the impact of
scoliosis on health-related quality of life
(HRQoL), the role of sex in that evaluation is
controversial. While Ugwonali et al. [235] dis-
covered that male adolescents scored higher on
validated self-report instruments that measured
HRQoL, Bunge et al. [236] found no effect of
sex, curve type, and curve size on a similar bat-
tery of measures. Additionally, adolescents
undergoing brace-based management did not
appear to score on HRQoL instruments differ-
ently from age-adjusted norms.

Lumbar

Premenopausal women demonstrate decreased
bone density in the lumbar vertebrae versus men
[237]. Ebbesen et al. [238] found that adult
women demonstrate lower vertebral bone mass
than age-matched men. Additionally, women
exhibited decreased compressive load toler-
ances, accompanied by increased mechanical
stress [238, 239]. However, bony differences
may not be limited only to adults. Gilsanz et al.
[240] found similar bone mass differences in
preadolescent and adolescent girls, who demon-
strate lower vertebral bone mass than age-
matched boys. However, these investigators
reported that these differences were likely related
to differences in bone size versus bone density
[239, 240]. Naganathan and Sambrook [241]
went further to report that volumetric bone den-
sity of the third lumbar vertebra did not differ
between the sexes, whereas observed differences
in areal bone density were likely related to dif-
ferences in bone size.
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An account of sex-based differences in low
back pain (LBP) is controversial. However,
Korovessis et al. [242] has reported a higher inci-
dence of LBP and dorsal pain (DP) in female
youth, especially with those girls involved in
sports. However, the structural etiology of sex-
based differences in back symptoms has not been
fully elucidated. Evidence of differences in inter-
vertebral disc structure or function is scarce.
Gruber et al. [243] found that the female sex was
a contribution to the cellular proliferation poten-
tial within the annulus fibrosis surrounding the
disc nucleus pulposus, along with a contribution
from increased age, degree of degeneration, and
surgical modification. Investigators have found
differences in lumbar zygapophyseal facet size,
pedicle facet angle, and facet shape [244, 245].
These differences appear to be related to a greater
incidence of degenerative anterolisthesis at L4 in
women versus their male counterparts [244].

Sex differences are observable in the posture
and postural control of the lumbar spine. Norton
et al. [246] found a greater lumbar spine lordotic
curve in women versus men. O’Sullivan et al.
[247] examined the impact of unstable versus
stable sitting surfaces on recruitment and control
of the superficial lumbar multifidus, transverse
fibers of internal oblique, and iliocostalis lumbo-
rum pars thoracis. While these investigators
found no sex-based electromyographic (EMG)
differences, they did observe that women exhib-
ited greater medial-lateral postural sway versus
men on an unstable surface. While the role of
posture and postural control in the development
of LBP is inconclusive, future studies could
examine the role of these neuromuscular factors
on the development of lumbar pathology.

Investigators have observed sex-based differ-
ences in lumbar muscle cross-sectional area and
muscle geometry [248]. These differences, cou-
pled with differences in trunk motor control strat-
egies, could have an influence on biomechanical
behaviors of the lumbar spine. Women exhibit
decreased type II fiber diameter versus men,
lending to decreased strength and increased
endurance of the lumbar muscle groups [249].
Moreover, women appear to experience greater
compressive and anterior—posterior shear loading
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at the lower lumbar spine [250]. These loading
differences appear to be related to altered coacti-
vation of the muscles surrounding the lumbar
segments, where women produce greater flexor
antagonistic coactivation than men [251]. It is
likely that these altered behaviors result in dis-
torted strategies for controlling dynamic spinal
loading conditions. For example, Granata et al.
[252] examined the effect of sustained flexion
postures on protective paraspinal muscle reflexes.
These investigators not only observed a detri-
mental alteration in the reflexive activity after
sustained trunk flexion but also found that women
demonstrated greater detriments in the protective
reflexive response. Moreover, they appear to have
decreased stiffness and increased segmental
motion in the lumbar spine versus men [253].
These factors added together could lend the
female lumbar segments to the development of
clinical lumbar instability [254].

Sacroiliac and Pelvis

Women appear to suffer from pain associated
with the sacroiliac joint (SIJ) more frequently
than men, most likely associated with anatomical
differences and hormonal fluctuations. The inci-
dence of SIJ clinical hypermobility in the joint is
greatest between the ages of 18 to 35 years.
However, this prevalence appears to be sex-
specific, where the SIJ mobility begins to decline
at 35 years old in men and 45 years old in women.
Thus, SlJ-related pain that is associated with
clinical instability could persist in women after
45 years, especially when the individual is on
estrogen replacement.

Anatomical changes are seen in the SIJ
throughout the course of life, and those changes
appear to be different between men and women
[255-257]. By the second decade, differences
between the sexes are observable [258]. While
the male synovial capsule thickens and the joint
architecture visibly adapts, the female SIJ soft
tissues become more pliable as hormones fluctu-
ate with the onset of menses.

Although the sacral vertebrae start ossifying
in the third decade, the mobility of the female SIJ
continues to increase, producing a ratio of mobil-
ity of approximately 5:1 compared to men.
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Pregnancy can increase mobility of the sacroiliac
joint 2.5 times, increasing the dynamic move-
ment disparity between women and men [258].
Movement persists in the female SIJ through the
fourth and fifth decades, whereas the male SIJ
demonstrates a further decline of motion in the
same time frame [259, 260]. While complemen-
tary ridges and depressions form on the iliac and
sacral cartilages and the synovial membranes
thicken in both men and women, men appear to
be more prone to the development of periarticular
osteophytes and sacroiliac bridging, further lend-
ing the male SIJ to decreased mobility [258,
261-263].

The external contours of the SI joint articular
surfaces are generally a C-shape in men and an
L-shape in women, lending the female articula-
tion to greater translation during select situations
such as pregnancy and delivery. The joint sur-
faces at the S1 level are the largest compared to
the smaller surfaces at S2 and S3. Each SIJ sur-
face is approximately 17.5 cm [2] in surface area,
well suited for absorption and transfer of large
forces [264]. The sacroiliac joint itself is found
deep within the sacrum and ilium. The iliac carti-
lage is thin (0.5 mm), bluish, dull, and rough,
compared to the sacral cartilage which is thick
(3 mm), white, shiny, and smooth [261]. The iliac
cartilage is the same relative thickness in both
sexes, in contrast to the sacral cartilage which is
thicker in women [265].

Women present with SIJ-related pain in the
last trimester of pregnancy [266, 267], in response
to increased relaxin that changes the stiffness of
the elaborate ligament system and produces a
hypermobile state in the joint [268, 269]. The
ligamentous system of the SIJ enhances stability
by increasing the friction in the SI joint and con-
tributes to a self-locking mechanism [270-272].
In addition, the system offers proprioceptive
feedback in response to activity due to a rich
plexus of articular receptors.

The SIJ ligament system can be divided into
four different layers, the most superficial layer
being the thoracolumbar fascia to which numer-
ous muscles attach and impose control, including
the latissimus dorsi, gluteus maximus, transverse
abdominis, and serratus posterior inferior [272].

The next layer associated with the SIJ includes
the sacrospinous and the sacrotuberous ligaments
that constrain sacral nutation (or anterior sacral
rotation about its internal transverse axis of rota-
tion at S2) and control movement of the pubic
symphysis on the anterior aspect of the pelvic
ring [273, 274].

The long dorsal SI ligament (also known as
the longissimus ligament) courses from the pos-
terior superior iliac spine to the inferior lateral
sacrum outside the coccyx. This ligament is
approximately 2 cm wide and 6 cm long. It is the
only ligament that maximally tightens during
counter-nutation, lending it to strain and clinical
symptoms during a woman’s third trimester of
pregnancy after the fetus descends [275]. The
iliolumbar ligament constrains both SIJ move-
ments and movement of the lower lumbar seg-
ments with respect to the sacrum [276, 277].
Along with the dorsal SIJ ligaments that are less
developed in females [278], the self-locking
mechanism is further enhanced through the con-
straints imposed by the deep interosseus liga-
ments, especially during nutation [270-272].
These ligaments are found to be thicker in
females [278], and their stiffness decreases under
the influence of hormonal changes in the final
stages of pregnancy, so that the birthing process
can be enabled. Moreover, the SIJ tends to
counter-nutate during these stages, where the
sacral base tips posterior and opens the pelvic
inlet for fetal decent. Counter-nutation reduces
ligament constraint and promotes joint hypermo-
bility that can contribute to postpartum pelvic
pain [268, 279, 280], which can persist several
years after birth [281].

3.4 Contemporary

Understanding of the Issues

Sexual dimorphism in the human musculoskele-
tal system is apparent, but more subtle than sex
differences often observed in other species. Some
musculoskeletal sex differences in humans are
present at an early age, while others tend to
appear later in life, especially at puberty and
menopause. Sex differences in gross skeletal
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geometry and specific tissue characteristics are
common. For example, women are generally
shorter, have less body mass, and have a different
general morphological appearance than men.
Women tend to have different characteristics of
specific bones and skeletal features than men,
which have been explained by both genetic and
environmental factors. In the pelvis, women tend
to have a larger inlet and outlet, greater interace-
tabular distance, and greater hip width normal-
ized to femur length. In the femur, women tend to
have greater femoral anteversion and narrower
intercondylar notch features. Additionally, there
are several differences in specific characteristics
of the femur, such as head diameter and circum-
ference that are relatively strong predictors of
sex. In the knee, tibia, and foot, women tend to
exhibit greater genu recurvatum, greater quadri-
ceps angle, more lateral patellar alignment,
increased tibial torsion, greater tibial slope
angles, and more bunions and deformities of the
toes. Additionally, women and men appear to
have several differences in collagenous, carti-
lage, and bone tissues, which may predispose
women to certain pathologies such as osteoarthri-
tis and osteoporosis later in life. In other collag-
enous tissues, there are sex differences in collagen
thickness, orientation, content, diameter, volume,
and metabolism. In cartilage, women tend to
have less cartilage volume, thickness, and surface
area at specific sites. Additionally, prepubescent
girls tend to have slower cartilage accrual rate,
and postmenopausal women tend to have greater
cartilage degradation than their male counterparts
at either age, respectively. In bone tissue, women
tend to have a slower accrual rate in youth, less
peak bone mass, and slower bone turnover in
adulthood as compared to men. Additionally,
women tend to have decreased volumetric bone
mineral density, less bone area, decreased cortical
thickness, plus less compressive and bending
strength at some bony sites compared to men,
even after correction for anthropometric differ-
ences such as height and weight.

Sexual dimorphism can manifest itself by
specific differences in each joint system
throughout the body, possibly resulting in differ-
ences in clinical pathology and symptomology.

P.S. Sizer and C.R. James

While differences in subacromial space have
been attributed to sex-based differences in clini-
cal impingement at the shoulder, the role of
those variations remains controversial. More
trustworthy are the female glenohumeral capsu-
lar responses that appear to contribute to sex-
based differences in the incidence of joint laxity
and/or idiopathic capsulitis. Hormonal differ-
ences appear to affect tissue changes related to
the woman’s higher incidence of tendinosis in
the lateral elbow tendon structures, while the
female predisposition for increased incidence of
carpal tunnel syndrome seems to relate to differ-
ences in architectural shapes in the wrist and
hand especially found around the tunnel.
Similarly, architectural differences are at the
root of the female predilection for fracture
responses at the hip joint, while tissue biome-
chanical differences accompany architectural
distinctions in contributing to the female inci-
dence of acetabular labral tears.

The woman’s increased risk for anterior cruci-
ate ligament injury has received special attention
in the literature, which has suggested that several
factors are responsible for this elevated inci-
dence. Anatomical, hormonal, mechanical, and
neurophysiological differences have all been
examined, and multiple mechanisms have been
proposed. While the femoral intercondylar notch
has been examined, its role remains controver-
sial. Similarly, the role of static measures includ-
ing Q-angle and thigh—foot angle has remained
questionable, while differences in joint move-
ment at both the knee and hip during cutting and
landing have been deemed partially responsible
for sex-based differences in ACL injury. Joint
laxity and tibial translation behaviors appear to
contribute to this disparity, along with altered
joint motion responses in the subtalar joint.
Moreover, locomotor control strategy differences
are exhibited by female athletes, lending to their
heightened predisposition. Finally, the woman’s
hormonal fluctuations affect not only changes in
ACL architecture but also the biomechanical
response of the tissue to stress, along with neuro-
muscular control of the extremities.

Selected sex-based differences have been
observed in the structural and mechanical features
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of the ankle and foot. These differences appear
to contribute to the woman’s increased risk for
both ankle sprains and Achilles tendinopathy,
especially in those who are athletically inclined.
The role of cervical spinal architectural differ-
ences in female musculoskeletal health is
unclear. However, the woman’s cervical spine
structures that include the facets and interverte-
bral discs appear to respond more poorly to mac-
rotrauma, such as whiplash. The preadolescent
female is more susceptible to developing thora-
columbar postural changes that include exces-
sive kyphosis, lordosis, and/or scoliosis. These
differences not only are influenced by physical
differences in the vertebrae, articular structures,
intervertebral discs, and/or attached musculature
but are apparently influenced by psychomotor
control and psychobehavioral variations as well.
Finally, sacroiliac joint differences between men
and women are influenced not only by architec-
tural disparities but additionally by the influence
that hormones have on the integrity of the com-
plex capsuloligamentous structures surrounding
the joint itself.

3.5  Future Directions
Sex differences in musculoskeletal anatomy are
evident in gross body structure, regionally and at
the tissue level. Much is known about sex-based
differences in musculoskeletal anatomy and how
these differences manifest in functional and
health-related disparities. However, a great deal
of information remains unknown. Future research
should continue to investigate the relationships
among structure, function, and health, especially
in relation to sex-based differences. A few spe-
cific recommendations for future directions
include the need to better understand:

e The influence of sex-based differences on
scapular position at rest and during elevation
with external impingement of the shoulder

e The influence of sex differences on the rela-
tionships among glenohumeral structure,
hypermobility, and pathology

e The influence of pathoanatomical and patho-
physiological mechanisms on sex-based

differences in tendon pathologies such as
tenosynovitis and tendinosis

e The comorbid fracture risks associated with
chronic bisphosphonate administration used
for treating osteoporosis

e The role and influence of sex-based differ-
ences in the development of hip neuromuscu-
lar control deficits in the development of knee
disorders such as anterior knee pain syndrome
and ACL injury

¢ The influence of sex-based differences on pos-
ture and postural control in the development
of low back pain and lumbar pathology

3.6 Conclusion

There exists an abundance of literature that docu-
ments sex differences in general body character-
istics, skeletal geometry, musculoskeletal tissue
characteristics, and joint-specific functional anat-
omy and pathomechanics. While the musculo-
skeletal anatomy of men and women is grossly
similar, important differences exist that may
influence the way in which the general public
views and health care professionals respond to
women’s musculoskeletal health issues.
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The Human Menstrual Cycle

Reid L. Norman

Abstract

Regular menstrual cycles are the result of predictable cyclic changes in
reproductive hormones produced by the pituitary and ovary. A few neu-
rons at the base of the brain in the hypothalamus provide the ongoing
stimulus, GnRH pulses, for the synthesis and secretion of LH and FSH
which, in turn, stimulate the ovaries to produce the steroids estrogen and
progesterone and the small peptides inhibin and activin. It is the feedback
relationships between the pituitary and ovarian hormones that provide the
basis for the cyclic function of the reproductive system. If fertilization
occurs, there is the possibility of a pregnancy which will suppress men-
strual cycles for the duration of the pregnancy. Nursing or lactation can
also suppress the ovarian cycles, but should not be relied on for birth
control. The negative feedback relationship between the ovarian steroids
and pituitary gonadotropins is the basis by which hormonal birth control
works. Synthetic steroid hormones that can be administered orally
suppress the secretion of LH and FSH and thus interrupt the growth and
development of ovarian follicles.

Keywords
Hypothalamus ¢ Pituitary ® Ovary * LH ¢ FSH ¢ Estradiol ¢ Progesterone
¢ Inhibin * Negative feedback ¢ Pregnancy

4.1 Learning Objectives

After completing this chapter, you should have
an understanding of:
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* How secretion of pituitary and ovarian hor-
mones is regulated
* How birth control pills work

4.2  Introduction

Menstruation is the result of a complex series of
hormonal events that causes the growth, demise,
and the eventual sloughing off of the uterine lining
and discharge through the vagina. Ultimately, the
menstrual cycle is a reflection of cyclic changes
in secretion of steroid hormones (estrogen and
progesterone) from the ovary. The ovarian cycle in
women and other female primates is coordinated
by a series of chemical signals between the brain,
pituitary, and ovary. The most conspicuous sign
that occurs as a result of these events is menstrua-
tion or the monthly (usually) shedding of blood
and cellular debris through the vagina. Monthly
menstruation is a sign of regular ovulation, and
cycles that are prolonged or not regular suggest
that ovarian function is disrupted. Not only does
the hypothalamic-pituitary-ovarian (HPO) axis
need to function normally for regular cycles, but
pathology of other endocrine organs such as the
thyroid and adrenal can also result in menstrual
cycle disturbances.

The environment within the body (internal
milieu) is under tight homeostatic regulation and,
in the absence of genetic defects or disease, is
kept exceedingly constant. It is this internal
homeostatic regulation that allows us to live in a
widely fluctuating external environment with
relative ease. However, there are environmental
factors that can negatively impact reproduction,
the foremost of these being availability of food
[1]. Reduced energy availability (nutritional
stress) is thought to be the main factor in men-
strual irregularity [2, 3]. During times when food is
limited, physiological functions not necessary for
immediate survival, such as growth and repro-
duction, are put on hold until energy is again
readily available. Along with nutritional stress,
psychological and physical stress may also influ-
ence reproductive cycles. In times of social stress,
such as war, there may be menstrual cycle distur-
bances in 50 % of sexually mature women [4].
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4.3 Research Findings

How Is the Brain Involved
in Reproduction?

4.3.1

At the transition (puberty) between childhood
and adulthood, the initial signal that activates
the reproductive system is thought to originate in
the brain. It is not clear what event actually initi-
ates the process, but it is the increased secretion
of gonadotropin-releasing hormone (GnRH)
from a few thousand neurons in the hypothala-
mus that begins the process of sexual maturation.
GnRH is a small peptide (10 amino acids in
length) produced in neurons and released from
the base of the brain in pulses into a set of spe-
cialized vessels, the pituitary portal system, and
travels a very short distance to the pituitary gland.
These pulses of GnRH occur at about hourly
intervals during the first half of the menstrual
cycle and cause the release of LH and FSH from
the pituitary. We cannot reliably measure GnRH
in the peripheral circulation, but there is a very
high coincidence of LH pulses in the circulation
that follow GnRH pulses in the portal system
[5, 6]. Therefore, because LH secretion is a faith-
ful indicator of GnRH release, we can analyze
GnRH secretion by measuring LH in the periph-
eral circulation. Even so, it has been difficult to
determine if the amplitude of GnRH secretion
changes throughout the cycle, but there is general
agreement that the frequency of GnRH release is
highest in the follicular phase and slows down in
the luteal phase when progesterone is present.

4.3.2 Pituitary Hormones:
Luteinizing Hormone and
Follicle-Stimulating Hormone

In response to GnRH pulses, luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) are
secreted from the gonadotroph cell in the pitu-
itary. Gonadotroph cells can make either FSH or
LH or both. FSH and LH are glycoprotein hor-
mones composed of amino acids and sugars.
They are released from the pituitary and travel
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through the circulatory system where they bind to
specific receptors on the cell surface of specific
cells in the ovary in females and the testis in
males. The secretion of FSH is regulated by
GnRH, estrogen, progesterone, activin, and
inhibin. Activin stimulates and inhibin suppresses
FSH release. Activin and inhibin are protein hor-
mones secreted by the ovary. Secretion of LH is
regulated primarily by GnRH, estrogen, and pro-
gesterone. Both FSH and LH can easily be mea-
sured in the peripheral circulation, and after puberty,
the circulating concentration of these hormones
is a useful diagnostic tool for the clinician.

4.3.3 The Ovaries Secrete Steroid
Hormone and Release Ova

The ovaries are located in the pelvis, a long dis-
tance from the pituitary. LH and FSH are released
from the pituitary and travel through the circula-
tory system, and although almost all cells in the
body are exposed to these hormones, they only
bind to those cells that have the specific LH and
FSH receptors on their surface. How these hor-
mones interact with cells in the ovary is an intri-
cate and fascinating story, but too detailed to
describe here. However, the main points regarding
the cyclic changes in the ovary are important for
understanding the menstrual cycle. At the begin-
ning of the cycle (day 1 of menstruation), FSH is
elevated, and this stimulates several follicles
(eight to ten) to begin their final stages of growth
and development for ovulation. After a few days,
one of these follicles becomes the dominant folli-
cle and is destined to be the one that will ovulate
or release the mature ovum (egg) into the fallo-
pian tube. As the dominant follicle grows, cells
within that structure called granulosa cells release
estrogen into the circulation, and estrogen levels
increase throughout the first 14 days of the cycle
(follicular phase). Estrogen causes growth of the
lining of the uterus (endometrium) in preparation
for possible implantation of the developing
embryo if fertilization occurs. High levels of
estrogen are produced when the follicle is ready
to ovulate, and this is the signal to the brain and
pituitary to release LH to cause ovulation. When
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the ovum is released from the follicle, the granulosa
cells within the follicle transform into luteal cells
under the influence of LH. The luteal (yellow)
cells primarily make progesterone, the dominant
hormone during the luteal phase. Progesterone
from the corpus luteum causes additional changes
in the uterus in preparation for implantation of
the embryo and is a crucial hormone for the
maintenance of pregnancy.

4.3.4 The Uterus and Fallopian
Tubes

The uterus (womb) is located in the pelvis and is
the site of implantation of the fertilized egg after
it develops into a blastocyst. The uterus is com-
posed of an outer muscular layer (myometrium)
and a lining (endometrium) that undergoes dra-
matic changes in response to estrogen and proges-
terone during the menstrual cycle. At the end of
the menstrual cycle, the endometrium degenerates
and is shed through the vagina as the menstrual
flow. As the new cycle begins and the follicle
begins to secrete estrogen, the endometrium
begins to proliferate and thicken. Hence, the fol-
licular phase of the cycle is also referred to as the
proliferative phase. After ovulation, the endome-
trium becomes secretory in the final preparation
for implantation and pregnancy. The luteal phase
is sometimes called the secretory phase. If fertil-
ization and implantation do not occur, progester-
one and estrogen secretion diminish, and the
endometrium degenerates and is shed. A new
crop of follicles begins to develop and the cycle
begins again.

4.3.5 Feedback Relationships

The hypothalamus, pituitary, and ovary all make
and release chemical messengers (reproductive
hormones) and communicate with each other
with these hormones. The control of the ovarian
cycle is complicated, but a few key points regard-
ing the feedback relationships between the
pituitary and ovarian hormones are important
for understanding how the cycles are maintained.
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Fig. 4.1 This figure shows the feedback relationships
between the ovarian hormones and the hypothalamic-
pituitary axis. Steroid (estrogen and progesterone) and
protein (inhibin) hormones produced by the ovary regu-
late the secretion of GnRH from the hypothalamus and
LH and FSH from the pituitary to provide the appropriate
stimulation for follicular development and ovulation.
These feedback relationships are the basis for cyclic ovarian
function

As we stated before, at the beginning of the cycle,
a few follicles begin to develop under the stimu-
lation of FSH. FSH is elevated at the beginning of
the cycle because estrogen, progesterone, and
inhibin are low. These hormones from the ovary
control FSH secretion, and if the circulating lev-
els of these hormones are low, FSH rises. As the
ovarian follicle begins to mature, estrogen and
inhibin gradually increase in the circulation and
maintain the release of both FSH and LH from
the pituitary at a level that will continue the pro-
cess of follicular maturation. This relationship
where LH and FSH are kept in check by the ovar-
ian hormones they stimulate is called negative
feedback (Fig. 4.1). Around day 12 of the cycle
when the follicle matures and is ready to release
the ovum, granulosa cells in the follicle produce
levels of estrogen sufficient to trigger the mid-
cycle or ovulatory release of LH. This ovulatory
surge of LH causes the follicle to rupture and
release the ovum. This release of LH triggered by
high levels of estrogen is called positive feedback
and only occurs at mid-cycle when estrogen lev-
els have exceeded a threshold level for several
hours. After ovulation, the corpus luteum (yellow
body) makes progesterone, estrogen, and inhibin,
and these hormones keep LH and FSH secretion
in check. The corpus luteum has about a 2-week
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Fig. 4.2 Changing levels of pituitary (LH, FSH) and
ovarian hormones (E, P) throughout the menstrual cycle
plotted in reference to the day of the ovulatory LH peak. E
estradiol, P progesterone, LH luteinizing hormone, and
FSH follicle-stimulating hormone

lifespan, and unless a pregnancy is established,
the corpus luteum will die. At the end of the
cycle, estrogen and progesterone fall to low levels,
releasing the negative feedback inhibition so that
FSH levels in the blood increase and a new group
of follicles begin to grow (see Fig. 4.2 for
hormonal changes throughout the cycle). These
negative and positive feedback signals keep the
reproductive hormones in balance and are the
basis by which the ovarian cycle is controlled.

4.3.6 Pregnancy and Lactation

When a woman becomes pregnant, menstrual
cycles cease because elevated levels of estrogen
and progesterone suppress pituitary LH and FSH
release and new follicles do not mature. Levels of
progesterone and estrogen are initially supported
by a hormone from the embryo called human
chorionic gonadotropin or hCG. This is the
hormone that is measured in pregnancy tests.
After a woman delivers and begins to nurse her
child, the hormone prolactin is elevated by the
suckling stimulus, and this can also suppress fol-
licular development and result in the absence of
menstrual cycles. This is called lactational amen-
orrhea and is a common experience, particularly
when the nutritional needs of the child are not
supplemented and nursing is the only source of
energy. In primitive societies where children
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were nursed for several years, lactational amen-
orrhea served as an effective method of birth con-
trol [7]. However, it is not a reliable form of birth
control and should not be relied on as such.

Regardless of self-reported sexual activity,
pregnancy should always be considered when
investigating the cause of amenorrhea in a woman
of childbearing age because it is the most com-
mon cause of that condition.

4.3.7 Hormonal Birth Control

There are several different birth control methods
that use different strategies for controlling fertil-
ity. One of these methods, hormonal birth control
or oral contraceptives, uses synthetic steroid hor-
mones and the inherent negative feedback system
to suppress gonadotropin (LH and FSH) release.
These hormonal methods inhibit growth and
development of follicles so that ovulation and
pregnancy do not occur. Birth control pills contain
either a progestin (a compound that acts like pro-
gesterone) alone or a combination of an estrogen
and a progestin. Progestin-alone pills do not block
ovulation but affect the lining of the uterus so that
there is a hostile environment for implantation
and also retard sperm penetration into the uterus.
The steroids in the combination pill suppress LH
and FSH release and prevent follicular develop-
ment and ovulation. The steroid regimen in the
combination pill more closely mimics the changes
in estrogen and progesterone that occur in the
menstrual cycle than does the progestin-alone
pill. These combination pills are given so that
women who want to have regular menstrual cycles
can do so. Modern birth control pills have a very
low risk of side effects and are very effective.

4.4  Contemporary

Understanding of the Issues

Although our basic understanding of the physiol-
ogy of the ovarian and menstrual cycle is suffi-
cient for management of many clinical problems,
we have a long way to go before we have a com-
plete understanding of the genetic and molecular
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details of the communication between the brain,
pituitary, and ovary that result in regular cycles.

4.5  Future Directions

One of the most pressing health issues of our
time is the epidemic of obesity in the western
world. Overweight and obese individuals have
significantly more health risks than do normal-
weight individuals. Overweight individuals have
an increased risk for type 2 diabetes, cardiovas-
cular disease, and joint problems. However, even
overweight individuals who are physically active
are much healthier than those who do not exer-
cise. The dramatic increase in obesity, particu-
larly in young people, has stimulated new
research into the physiology of fat. Fat produces
many proteins, some of which can impact the
reproductive system and alter the function of the
metabolic and immune systems as well.

4.6 Concluding Remarks

Regular menstrual cycles are the result of predict-
able cyclic changes in reproductive hormones pro-
duced by the pituitary and ovary. A few neurons at
the base of the brain in the hypothalamus provide
the ongoing stimulus, GnRH pulses, for the syn-
thesis and secretion of LH and FSH which stimu-
late the ovary to produce the ovarian steroids
estrogen and progesterone and the small peptides
inhibin and activin. It is the feedback relationships
between the pituitary and ovarian hormones that
provide the basis for the cyclic function of the
reproductive system. If fertilization occurs, there
is the possibility of a pregnancy which will sup-
press menstrual cycles for the duration of the preg-
nancy. Nursing or lactation can also suppress the
ovarian cycles, but should not be relied on for birth
control. The negative feedback relationship
between the ovarian steroids and pituitary gonado-
tropins is the basis by which hormonal birth
control works. Synthetic steroid hormones that
can be administered orally suppress the secretion
of LH and FSH and thus interrupt the growth and
development of ovarian follicles.
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Abnormal Menstrual Cycles

Reid L.Norman

Abstract

Relevant for female athletes in general and especially in adolescent female
athletes are the long-term consequences of insufficient energy intake that
results in menstrual cycle disturbances and low bone mineral density.
Prolonged exercise as practiced by elite athletes can lead to serious, long-term
health problems if diet is not adjusted to compensate for energy expendi-
ture. A good barometer of how energy intake matches energy expenditure
in female athletes is menstrual function. Eumenorrhea is the term used to
describe normal length, regular menstrual cycles. Oligomenorrhea refers
to infrequent menses or menstrual cycles that occur inconsistently at inter-
vals of 39-90 days. Amenorrhea is the absence of menstrual cycles in a
nonpregnant, sexually mature woman. When menstrual cycles become
disordered as a result of prolonged or excessive exercise, there very well
may be an issue related to insufficient energy intake, and consultation of a
health care provider knowledgeable in sports medicine is strongly advised
to correct the situation. The standard curriculum for high school and
college coaches of female athletes should include the health consequences
of exercise-induced menstrual function and specific methods of prevention
and treatment.

Keywords
Eumenorrhea ¢ Oligomenorrhea ¢ Amenorrhea * PCOS < Hirsutism
* Anorexia nervosa

5.1 Learning Objectives

After completing this chapter, you should have
an understanding of:
The terminology for normal and disrupted
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e The symptoms associated with the female
athlete triad

e The consequences of prolonged menstrual
cycle dysfunction

5.2  Introduction

Regular menstrual cycles in young women reflect
cyclic ovarian activity and generally are associ-
ated with a healthy lifestyle. When a woman
experiences a change from regular, cyclic men-
strual function to irregular or acyclic function,
that change is an indication of either a preg-
nancy or of some underlying pathology, and the
cause for the change in cyclic function should
be determined by a health care professional as soon
as possible.

To communicate effectively with your peers
and students regarding menstrual cycles, you
should know and understand normal and abnor-
mal menstrual function and the terminology
describing that function. Although there is no
complete agreement on the strict definition of all of
the following terms, the list below is a reasonable
approximation of these definitions (from [1]).
These words describing menstrual function are
used widely in the scientific literature, but you
should assume that the average lay person will
probably not be aware of the meaning of these
words. Therefore, to avoid misunderstanding and
confusion, you should define what you mean when
you use these terms in discussion of menstrual
problems.

5.2.1 Eumenorrhea (Regular)

This refers to menstrual cycles that occur regu-
larly at intervals of 25-38 days. These cycle
lengths are generally observed in sexually mature
women except during pregnancy and during the
pubertal and the perimenopausal (around the time
of menopause; this can be several years before
the actual cessation of menstrual function) transi-
tions when menstrual cycles are more variable.
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5.2.2 Oligomenorrhea (Irregular)

This term refers to infrequent menses or men-
strual cycles that occur inconsistently at intervals
of 39-90 days, typically with only a few periods
a year.

5.2.3 Amenorrhea (Acyclic)

This is when menstrual cycles occur at intervals
of greater than 90 days or when there is the com-
plete absence of menstruation. There are two
types of amenorrhea that are defined based on
whether the woman has experienced previous
menstrual cycles.

5.2.3.1 Primary Amenorrhea

This is when a young woman has not experienced
menarche by age 15. In other words, a girl has
primary amenorrhea if she has not had her first
period by the age of 15.

5.2.3.2 Secondary Amenorrhea

This is the absence of a menstrual period for six
consecutive times or months after menarche has
occurred. It is estimated that as high as 5 % of the
adult women in the United States experience sec-
ondary amenorrhea [2] sometime in their repro-
ductive life. There are a number of adjectives to
describe the causes of amenorrhea such as dietary,
emotional, jogger’s, postpartum, and lactational
(nursing), but these will be avoided for the most
part. However, the term used by clinicians to
describe amenorrhea caused by exercise or stress
is functional hypothalamic amenorrhea (FHA)
and is used widely in the clinical and scientific
literature.

5.3  Research Findings

5.3.1 Eumenorrhea

In Chap. 9 we discussed the normal menstrual
cycle so we will not repeat that here.
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5.3.2 Oligomenorrhea

This term actually means “few menses.” Although
very light menstruation is sometimes referred to
as oligomenorrhea, medical professionals have a
more narrow definition, applying this term only
to the frequency of menstrual periods. There are
many reasons for irregular menstruation, but the
most frequent cause is what clinicians refer to as
PCOS or polycystic ovary syndrome [3] which
affects approximately 6 % of women [4]. Low
energy availability is another cause of oligo- and
amenorrhea [5] and is probably an important con-
sideration for elite high school- and college-age
female athletes, particularly in those sports where
body image is considered important. Female
athletes will often restrict their food intake to
maintain a desired body image even though they
are expending considerable energy training for
their sport. This can result in an energy deficit
(low energy availability) sufficient to inhibit men-
strual function. Psychological stress is another
factor to consider, although it is hard to separate
from other causes.

5.3.2.1 PCOS

PCOS syndrome was originally described by
Stein and Leventhal [6] and its pathophysiology
is still poorly understood. This syndrome is asso-
ciated with irregular menstruation, increased
secretion of androgens, and the lack of ovulation
(anovulation). The diagnosis of PCOS, as defined
by the Rotterdam workshop [7], requires two of
the following three criteria: (1) infrequent or lack
of ovulation, (2) clinical signs of excess andro-
gen, and (3) polycystic ovaries with ultrasound.
The typical symptoms that women who have this
syndrome experience are irregular menstruation,
infertility, and some evidence of increased andro-
gen secretion or hyperandrogenism. Menstrual
irregularity may be difficult to document without
charting of the cycle for several months. This can
easily be done by keeping track on a calendar of
the days when bleeding occurs. Excessive bleed-
ing can also be documented this way. Infertility is
a complaint more associated with married women
who wish to become pregnant and not generally a
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concern of single, college-age women. Physical
symptoms of increased androgen secretion in
women are acne and/or oily skin and increased
hair growth on the face, back, between the
breasts, upper arms, upper and lower abdomen,
and inner thighs [8]. However, a woman’s per-
ception of hirsutism (increased facial and body
hair) may be altered if other women in the family
or in the cultural community are hirsute, and
therefore, this may not be of particular concern to
her. Another concern regarding this syndrome is
that it is associated with a high frequency of insu-
lin resistance and increased risk for type 2 diabe-
tes [9], hypertension, and cardiovascular disease
[10]. Because early diagnosis could result in
amelioration or prevention of the serious conse-
quences and financial burden of this disease [1],
it is recommended that women with menstrual
cycle disturbances seek medical advice promptly.

5.3.2.2 Low Energy Availability

Low energy availability can result from several
different behaviors, and often, there is more than
one contributing factor to disrupted cycles result-
ing from reduced availability of energy. Disrupted
menstrual function due to intense exercise, such
as that found in elite or even highly competitive
female athletes, coupled with restricted food
intake is not uncommon in high school and col-
lege athletes. Disruption of pulsatile LH secre-
tion in adolescent females is more sensitive to
low energy availability than in females who are
older [11]. In a recent review of the literature on
energy availability and infertility by Loucks [12],
this concept of a gradual decline in dependence
of LH secretion on energy availability as a
woman matures explains the greater prevalence
of menstrual disorders in adolescent women and
the lower success in restoring menstrual cycles in
younger anorexia nervosa patients. The total
amount of energy available is partitioned by the
body for basic metabolic needs necessary for sur-
vival, for locomotion, and for growth and repro-
duction. If energy intake is restricted below the
level needed to support all of these biological
processes, those that are necessary for growth
and reproduction slow or cease completely.
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This is an oversimplification of the idea that
reproduction in animals is initiated only when
there is sufficient energy to support the success-
ful completion of that process [13], but the basic
idea is that reproduction requires a lot of energy
and that natural selection favors those females
with the ability to allocate energy resources so
that survival is not compromised by unsuccessful
attempts to reproduce. To accomplish this task of
successfully reproducing and surviving at the
same time, animals have developed two capabili-
ties: (1) they have some internal way to measure
how much energy they take in and how much
energy they are using and (2) they use environ-
mental cues to predict the availability of food.
This latter capability is particularly important to
mammals that have a long pregnancy. Change in
day length is one of the most common environ-
mental factors animals use to predict the avail-
ability of food, and most animals give birth in the
spring when food will be available for several
months. As will be discussed in Chap. 11, psy-
chological stress is an important environmental
factor that affects reproduction.

5.3.2.3 Other Causes

Other causes of menstrual cycle disturbances are
hypothyroidism, elevated levels of prolactin
(hyperprolactinemia), Crohn’s disease, and eat-
ing disorders, and sometimes, there is no known
cause (idiopathic).

5.3.3 Amenorrhea

Amenorrhea literally means “the absence of
menses.” The complete absence of menstrual
cycles in a nonpregnant, sexually mature woman
is a symptom of something seriously wrong.
Since the most common cause for the sudden
onset of amenorrhea is pregnancy, that possibility
should always be ruled out as the first cause.
As many as 5 % of women of reproductive age
experience amenorrhea sometime during their
reproductive life [2, 14, 15]. However, girls and
women engaged in athletics often welcome the
absence of periods and do not consider this a
serious medical issue. In addition to some of the
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aforementioned medical conditions that can
cause disruption of menstrual cycles, there can
also be serious long-term consequences of sup-
pressed ovarian function.

High levels of prolactin or hyperprolactinemia
can also cause amenorrhea. Lactational amenor-
rhea is common in women who supply most of
the nutritional needs of their infant by breast-
feeding. Pituitary tumors (prolactinomas) that
secrete prolactin also suppress gonadotropin
secretion which results in cessation of menstrual
cycles. Approximately 50 % of the individuals
that have these tumors also have galactorrhea
[16], or secretion of milk from the breast, which
often goes unnoticed. If the tumor is actively
growing, it can progressively cause visual defi-
cits, blurred vision, and headaches. If not treated,
long-term consequences of hyperprolactinemia
include osteoporosis due to suppression of ovar-
ian steroid secretion. Medical management of
prolactin-secreting tumors is effective using
dopamine agonists that suppress the tumors and
optimize prolactin levels.

Anorexia nervosa is probably the most recog-
nizable cause of amenorrhea in young women
who are not pregnant. Serious eating disorders,
particularly anorexia nervosa and bulimia ner-
vosa, are often associated with menstrual disor-
ders. Both of these conditions have their highest
incidence during adolescent years and can lead to
death if not treated by appropriate professionals.
In young female athletes, amenorrhea is often
part of a syndrome called the female athlete triad.
This term was first used in the literature in 1993
associated with sports medicine [17] to describe a
condition in young female athletes who exhibited
disordered eating, loss of bone (osteopenia), and
amenorrhea. Women at greatest risk for this con-
dition are those training in sports where low body
weight is desired or required, but it can occur in
women involved in a wide range of physical
activities. Reversible amenorrhea where there is
no physical cause for the condition is called func-
tional amenorrhea. This condition is the result of
diminished or suppressed GnRH release from the
brain to the extent that there is not sufficient LH
and FSH to stimulate ovarian function [18].
Because of low gonadotropin levels follicles in
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the ovary do not develop, estrogen levels are low,
and the lining of uterus (endometrium) does not
proliferate. This endocrine situation is much like
the prepubertal condition where menstruation
does not occur.

The American College of Sports Medicine
(ASCM) published a revised position stand on
the female athlete triad in 2007 which does not
include dietary restriction or disordered eating as
a necessary component of the triad [19]. This
group emphasizes that menstrual disorders and
osteopenia observed in many female athletes who
participate in prolonged exercise can result from
energy deficiency if energy intake is not suffi-
cient to balance the increased energy expendi-
ture. In addition to the familiar disordered eating
and the weight loss programs that put female ath-
letes at risk for serious health problems, a less
familiar and less well-understood phenomenon is
suppression of appetite by prolonged exercise.
A recent excellent review of the complexity of the
effect of exercise on health issues in women, and
the general lack of understanding of these issues
by athletes, their coaches, and physicians, docu-
ments the need for careful diet management in
female athletes to avoid serious health issues [20].
A recent survey of college coaches of female
sports revealed that less than half of those respond-
ing could correctly identify the components of the
female athlete triad and a third were not familiar
with the term [21]. Furthermore, more than half
of the respondents seldom or never queried their
athletes regarding their menstrual function. This
would suggest that there is an urgent need for
additional education of college, and probably even
more so for high school, coaches regarding the
long-term consequences of prolonged or excessive
exercise in female athletes.

54  Contemporary

Understanding of the Issues

Relevant for female athletes in general and espe-
cially in adolescent female athletes are the long-
term consequences of insufficient energy intake
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that results in menstrual cycle disturbances and
low bone mineral density. Prolonged exercise as
practiced by elite athletes can lead to serious,
long-term health problems if diet is not adjusted
to compensate for energy expenditure. A good
barometer of how energy intake matches energy
expenditure in female athletes is menstrual func-
tion. When menstrual cycles become disordered
as a result of prolonged or excessive exercise,
there very well may be an issue related to insuf-
ficient energy intake. When menstrual cycles are
disrupted in athletes, consultation of a health care
provider knowledgeable in sports medicine is
strongly advised. The standard curriculum for
high school and college coaches of female ath-
letes should include the health consequences of
exercise-induced menstrual function and specific
methods of prevention and treatment.

5.5  Future Directions

Because there are so many potential interactions
between fat, the digestive system, the immune
system, and the brain, there is still much to learn
about the chemical signals that control appetite and
satiety. However, even if we knew most of these
interactions, the health implications of insuffi-
cient energy to support all necessary biological
processes will not be addressed until athletes and
coaches can be educated about the consequences of
winning at any cost.

5.6 Concluding Remarks

Menstrual cycles are a reflection of cyclic ovarian
function and irregular or absent cycles may indi-
cate some underlying pathology. Regardless of
the cause, prolonged disruption of ovarian func-
tion can have serious health consequences, even
if there is no serious medical condition causing
the abnormal cycles. Therefore, both athletes and
their coaches and trainers should be concerned
when there are menstrual cycle disturbances and
seek appropriate medical advice.
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Nutritional, Physical,
and Psychological Stress
and Functional Amenorrhea

Reid L. Norman and Melissa R. Ifiigo

Abstract

The lack of regular, cyclic menstruation in reproductive-aged women in
whom there is no organic or anatomic cause is called functional hypotha-
lamic amenorrhea (FHA). The cause of this malfunction in the hypothalamic-
pituitary-ovarian axis is generally attributed to psychological, physical, or
nutritional stress, and the underlying deficit is the suppression of gonado-
tropin-releasing hormone release by the hypothalamus. The diagnosis of
FHA is reached by the exclusion of all other factors and conditions that
could cause amenorrhea. FHA, by definition, is a chronic condition and can
have serious health consequences if not treated. Since the underlying causes
of the FHA are thought to be either low energy availability or dysfunctional
attitudes and behaviors that result in stimulation of the hypothalamic-pitu-
itary-adrenal axis and/or suppression of thyroid function, cognitive behav-
ioral therapy and hypnotherapy are the best potential approaches for
ameliorating this condition. Finally, increasing food intake and reducing
stressful activities can be very effective in restoring menstruation.
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After completing this chapter, you should have
an understanding of:

The definition of functional hypothalamic
amenorrhea (FHA)

The causes of FHA

The importance of seeking medical attention
for this condition

The long-term consequences of chronic low
estrogen levels
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6.2 Introduction

FHA is the absence of menstrual cycles for more
than 6 months without any anatomic or patho-
logic cause for the condition. The term “func-
tional” indicates that the lack of menstrual cycles
is due to improper functioning of the
hypothalamic-pituitary-ovarian axis rather than
due to an anatomic (organic) problem. The diag-
nosis of women of FHA requires the exclusion of
all other possible metabolic, neurological, or
organic causes for the absence of menstruation
such as prolactin-secreting pituitary adenomas,
thyroid dysfunction, and polycystic ovarian syn-
drome (PCOS) [1]. The underlying deficit in
FHA is suppressed gonadotropin-releasing hor-
mone (GnRH) release from the hypothalamus
resulting in low gonadotropin (LH and FSH) and
estrogen levels. When estrogen levels are low, the
endometrium of the uterus does not develop and
periodic menstruation is absent.

6.3  Research Findings

6.3.1 Potential Causes of FHA

Since primitive times, a common belief among
women has been that regular menstrual bleeding
is a sign of mental health and that emotional
trauma results in disrupted menstruation [2].
Hans Selye [3] was the first to recognize that
mental stress was among those changes in the
environment that disturbed the sexual cycle in
females. Refeinstein [4] was also among the first
to link disrupted menstrual cycles with “overt or
latent psychological disturbances.” He recog-
nized that psychogenic or functional amenorrhea
was a problem associated with the brain even
before it was accepted that reproductive function
(i.e., release of LH and FSH) was governed by
the hypothalamus (GnRH release). Recent stud-
ies suggest that FHA is triggered by a variety of
stressors, including energy deprivation induced
by dieting, excessive exercise, and psychosocial
distress. Women experience one or all three fac-
tors at the same time, which results in the sup-
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pression of the GnRH drive [1, 5, 6]. Evidence of
hypercortisolemia in amenorrheic women pro-
vides the link for the relationship between stress
and FHA [7]. For instance, amenorrheic women
were observed to have elevated cortisol levels
while sleeping compared to healthy controls [8].
Women cope with and respond to these stressors
differently, which makes it difficult to establish a
threshold at which psychogenic stress interferes
with the normal menstrual cycle [9, 10].

Low energy availability due to dieting coupled
with excessive exercise suppresses the reproduc-
tive system in both women and nonhuman pri-
mates. When female rhesus monkeys were kept
on a constant diet and increased their energy
expenditure by increasing the time they exercised
each day, all of the animals eventually became
amenorrheic [11]. Menstrual cycles were re-
established when additional calories were pro-
vided during a treatment period of constant
training intensity and volume [12]. One study in
women with FHA found that 46 and 39 % of
amenorrheic participants were anorexic and
bulimic, respectively [13]. When these amenor-
rheic women were compared to matched con-
trols, calorie intake over a 24-h recall was not
significantly different between groups; however,
calories expended per day during high-intensity
aerobic exercise were considerably greater in
amenorrheic women. The greater energy expen-
diture coupled with the anorexic and bulimic
behaviors of the amenorrheic group suggests that
they had lower energy availability compared to
their normal healthy counterparts. These women
also experienced other endocrine alterations
associated with FHA such as reduced leptin, thy-
roxine, and triiodothyronine levels [13]. It is the
availability of energy not the stress of exercising
that reduces both LH secretion [14, 15] and diur-
nal rhythm of leptin [16]. Together, these studies
in women and nonhuman primates convincingly
demonstrate that reproductive cycles are depen-
dent on adequate energy availability and are
quickly disrupted when energy is limited.

An acute psychological stressor can also
inhibit gonadotropin secretion from the pituitary
[17, 18], which may cause FHA. In nonhuman
primates, ACTH and cortisol were elevated and
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LH levels were decreased when the animals were
moved from the home cage to a restraining chair.
Within a few hours after returning to their cages,
pulsatile LH secretion resumed and stress hor-
mone levels returned to normal. These data are
consistent with the general notion of how stress
inhibits reproductive function (i.e., by suppress-
ing the release of GnRH from the hypothalamus
and, subsequently, the function of the pituitary
and ovary). Some psychological stressors experi-
enced by women and which have been associated
with FHA are performance pressure, intellectual
pursuits, aiming for perfection, traumatic experi-
ences (e.g., sexual molestation), problems with
social approval, having unrealistic goals, nega-
tive attitude towards eating, and other negative
attributions [5, 6, 19].

6.3.2 Neuroendocrinology and
Pathophysiology of FHA

Nutritional, physical, and psychological stressors
affect the neuroendocrine control of the repro-
ductive axis, which leads to the suppression of
GnRH and, in turn, FHA. Specifically, neuropep-
tides such as corticotropin-releasing hormone
(CRH), vasopressin, p-endorphin, leptin, ghrelin,
allopregnanolone, and neuropeptide Y all may
play a role in the pathophysiology of FHA. CRH
and vasopressin are released by the paraventricu-
lar nucleus of the hypothalamus and can inhibit
GnRH release. CRH causes the release of ACTH
from the pituitary which then stimulates cortisol
secretion by the adrenal. In vitro [20, 21] and in
vivo [22] studies have shown that the release of
GnRH can also be directly inhibited by CRH
through its direct connections with GnRH neu-
rons in the hypothalamus [23].

Cortisol is also coupled with a progesterone
metabolite, allopregnanolone, in women with
FHA as well as in healthy controls. However,
women with FHA experience a blunted allopreg-
nanolone response to CRH [24]. CRH stimulates
the production of f-endorphin, an opioid peptide,
and circulating levels of this peptide increase dur-
ing intense exercise. In vitro studies have shown
that p-endorphin inhibits GnRH release [25].

When f-endorphin release was blocked by
naxolone, an opioid antagonist, GnRH levels
increased [17, 26]. p-endorphin can also
directly inhibit LH release [7]. These findings
suggest that f-endorphin mediates the action of
CRH in suppressing GnRH [27].

In women with FHA, leptin (a protein pro-
duced by fat and implicated in reproductive func-
tion) levels are lower than in normal healthy
women and the normal diurnal rthythm in leptin
levels is also absent [7, 28]. Low leptin levels are
typical in amenorrheic women with low body fat,
and leptin levels increase as body fat increases in
women with FHA [29]. Leptin levels increase
significantly with every 1 kg increase in weight
and are associated with the return of pulsatile LH
release. Moreover, hypoleptinemia may increase
cortisol levels through activating the adrenergic
pathway and CRH release [7]. Low leptin levels
stimulate the release of neuropeptide Y in the
hypothalamus. Neuropeptide Y stimulates GnRH
production (if estradiol concentrations are high)
as well as increased pulsatile LH release.
However, in women with FHA, estradiol levels
are low (<20 pg/ml) [19], and basal levels of neu-
ropeptide Y are lower compared to healthy
women [7]. Another hormone from the gut, ghre-
lin, opposes leptin function. Ghrelin inhibits
GnRH secretion and is elevated in women with
FHA, especially if these women have disrupted
eating habits [30].

Other peptides such as orexin A and kiss-
peptin that control GnRH release [7] have not
been studied in women with FHA.

6.4 Contemporary
Understanding of the Issues
6.4.1 Possible Genetic Contribution

to FHA

FHA is a condition that is similar to isolated
hypogonadotropic hypogonadism and may have
a genetic component as well [31]. Both condi-
tions refer to the amenorrhea due to the suppres-
sion of GnRH; however, hypogonadotropic
hypogonadism has a genetic basis. Mutations in
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genes for fibroblast growth factor receptor, proki-
neticin receptor 2, GnRH receptor, and KAL-1
are among those found in the hypogonadotropic
hypogonadism and are also found in some women
with FHA. These genes are known to be loss-of-
function mutants; for instance, expression of pro-
kineticin receptor 2 on the cell surface and its
signaling activity were significantly less in
women with FHA than in healthy controls [31].
Furthermore, these genetic defects, particularly
in the fibroblast growth factor receptor and proki-
neticin receptor 2, may contribute to the negative
eating habits of women with FHA, as they alter
eating behavior in animal models [32, 33].
Finally, the mutant GnRH receptor, KAL-1, and
prokineticin receptor 2 are involved in the pro-
cesses that lead to suppressed GnRH, altered LH
activity, and absence of menstruation.

6.4.2 Psychiatric Contribution
to FHA

Psychiatric histories of women with FHA have also
been compared with amenorrheic (from organic
causes) and eumenorrheic controls [34]. Women
with FHA had more dysfunctional attitudes, did
not cope as well with ordinary stresses, and showed
more interpersonal dependence than did eumenor-
rheic women. These women also more often had a
history of psychiatric mood disorders, particularly
depression and anxiety, than did women with nor-
mal cycles [35]. Depression was also linked to
sexual function problems experienced by women
with FHA [35]. These psychiatric disorders are
associated with elevation in hypothalamic-pitu-
itary-adrenal axis activity. When combined with
performance anxiety and dietary restriction, these
disorders may contribute to significant endocrine
dysfunction and result in FHA.

6.4.3 Medical Problems Associated
with FHA

Significant weight loss may occur in women
with FHA because of dieting and/or excessive
exercise; however, not all women with this

R.L.Norman and M.R. Iiigo

condition are underweight. Weight loss-induced
amenorrhea significantly lowers bone mineral
density such that women with FHA have osteo-
penia [36-39]. Indeed, an inverse relationship
exists between the length of amenorrhea (in
months) and bone mineral density [37, 39]. Low
bone mineral density may affect cardiovascular
factors as well. Bone mineral density is inversely
correlated with total cholesterol, apolipoprotein
A, and very-low-density lipoprotein levels [40].
Endothelial dysfunction, which increases the
risk for atherosclerosis, may also occur in
women with FHA [41]. Amenorrheic female
athletes, who participate in high-intensity train-
ing and strict dieting, can develop a serious con-
dition called the female athlete triad (discussed
in Chap. 5).

6.4.4 Diagnosis of FHA

The diagnosis of FHA has gained a firmer basis
over the past few years. A thorough review of the
medical history, including exercise and eating
habits (e.g., binging or purging), must be con-
ducted to identify the specific nutritional, physi-
cal, and psychological stressors that are present.
The physical examination must exclude all other
possible medical reasons that would cause amen-
orrhea such as PCOS, adrenal hyperplasia, pres-
ence of an adrenal-secreting tumor, adnexal
mass, an imperforated hymen, and Mullerian
duct anomaly (i.e., absence of uterus) [1]. Signs
of hirsutism, acne, male pattern baldness, clitoro-
megaly, voice changes, and vomiting (i.e., gingi-
val abrasions, loss of dental enamel, parotid
swelling) must also be examined [1]. Thus, levels
of beta subunit of chorionic gonadotropin, thyro-
tropin, thyroxine, prolactin, follicle-stimulating
hormone, free testosterone, and dehydroepian-
drosterone sulfate must all be analyzed [1].
Magnetic resonance images of the brain may also
be used to determine conditions that might con-
tribute to FHA [1].

The long-term negative health consequences
of FHA include increased risk of cardiovascu-
lar disease (e.g., coronary artery disease),
osteoporosis, increased risk for fractures,
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depression, dementia, and other psychiatric
conditions [39, 42, 43]. Both pharmacologic
and non-pharmacologic therapies have been
suggested for treatment of FHA.

6.4.5 Potential Interventions
in Women with FHA

Several forms of estrogen administration have
been investigated, including estriol and 17-8
estradiol [36, 44]. In general, estrogen treatment
increases plasma levels of LH and bone mineral
density; however, bone mineral density does not
return to levels observed in healthy women [36,
44]. Naltrexone cloridate, an opioid antagonist,
administered at 50 mg/day for 3-6 months
resulted in marked increases in estrogen and res-
toration of menses in some women [45].
Recently, leptin administration has also been
shown to increase LH levels and pulse frequency
as well as increase estradiol levels, number of
dominant follicles, ovarian volume, follicular
diameter, free triiodothyronine levels, free thy-
roxine levels, insulin-like growth factor 1 levels,
insulin-like growth factor-binding protein 3,
bone alkaline phosphatase, and osteocalcin and
even restored menstruation in some women [46].
Although these pharmacologic therapies have
provided positive results, scientists argue that
drug use does not address the underlying causes
of FHA [42]. Merely increasing food intake and
decreasing exercise load are highly effective in
increasing bone mineral density and restoring
menstruation [43, 47]. However,
pharmacologic treatment has its limitations.
Regular menstrual periods may not return until
after 1 year of increased food intake and
decreased exercise [47], while pharmacologic
treatments restore menstruation within 3-6
months [45]. Furthermore, no specific threshold
for weight or percent body fat has been estab-
lished for the restoration of menses [1]. Finally,
the  practicality = of  non-pharmacologic
approaches is questionable, especially in serious
athletes who maintain a strict diet [1].
Psychological approaches to reduce stress such
as cognitive behavioral therapy [48] and hypno-

non-

therapy [49] are highly effective, and recovery of
ovarian function and restoration of menses
occurred in as high as 87.5 % of the women with
FHA [48, 49].

6.5  Future Directions

Prolonged FHA increases the risk for poten-
tially fatal outcomes. Future directions include
the possible use of CRH antagonists to treat
women with FHA. Some speculate that women
with FHA experience blunted ACTH and corti-
sol response to CRH due to the reduced expres-
sion and sensitivity of CRH receptors [7].
Treatment with CRH antagonists may reduce
cortisol levels and allow the return of pulsatile
GnRH secretion. Moreover, women with FHA
should increase food intake and reduce exercise
load. The active guidance of a primary care phy-
sician, nutritionist, and psychotherapist may
help these women recover and restore menstrua-
tion more successfully [1].

6.6  Concluding Remarks

The lack of regular, cyclic menstruation in
reproductive-aged women in whom there is no
organic or anatomic cause is called FHA. The
cause of this malfunction in the hypothalamic-
pituitary-ovarian axis is generally attributed to
psychological, physical, or nutritional stress.
The diagnosis of FHA is reached by the exclu-
sion of all other factors and conditions that
could cause amenorrhea. FHA, by definition, is
a chronic condition, and thus it can have serious
health consequences if not treated. Since the
underlying causes of the FHA are thought to be
dysfunctional attitudes and behaviors that result
in stimulation of the hypothalamic-pituitary-
adrenal axis and/or suppression of the thyroid
function, cognitive behavioral therapy and hyp-
notherapy are the best potential approaches for
ameliorating this condition [42]. Finally,
increasing food intake and reducing stressful
activities can be very effective in restoring
menstruation.
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Effects of the Menstrual Cycle
on the Acquisition of Peak
Bone Mass

Mimi Zumwalt and Brittany Dowling

Abstract

The menstrual cycle has huge implications on the building, maintenance,
and break down of skeletal bone in women. Due to the fluctuating level of
female hormones, the menstrual cycle plays a different role during various
times of the month which in turn affects bone health. Estrogen is a crucial
hormone for bone turnover/remodeling which, when released, provides a
protective mechanism against the process of natural bone loss due to
aging. Acquiring a high amount of peak bone mass during adolescence
helps to protect the female athlete against rapid degradation of bone due to
the decline of estrogen around menopause. Therefore, taking appropriate
steps years before and after menopause is crucial in order to preserve bone
mass in females.
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7.1 Learning Objectives

At the completion of this chapter, you should

have an understanding of the following:

e The pertinent female reproductive anatomy
and physiology of a normal menstrual cycle,
including the different phases and roles of
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e The results of an abnormal menstrual cycle on
attainment of peak bone mass, how to go about
assessing/measuring bone density, and ways
to address this issue further to help minimize
bone loss and maintain bone density

7.2  Introduction

Bone tissue has various functions; however, its
primary function is to provide structural and
mechanical support for soft tissues. Because the
skeleton provides structural support for body,
having the maximal amount of strong bones will
serve to protect against osteoporosis (decreased
bone mass due to bone loss) later on in life [1].
Bone is far from static; in fact, this living tissue is
quite dynamic. New bone continually remodels
and repairs old bone depending on mechanical,
physiological, and hormonal stimuli. The latter,
systemic hormonal milieu, plays a very important
role during puberty and in females is manifested
by the menstrual cycle [2—4]. There is no evidence
for gender difference in bone mineral density
(BMD) at birth, and accrual rates stay the same
until puberty, where sex differences become pro-
nounced. Studies have found 40-50 % of adult
peak bone mass is accumulated during puberty [5]
and peak bone mass is achieved around ages
25-35 years [6]. During the teenage years

60-90 % of all skeletal bone is laid down [8—10].
Genetics predetermine 60—80 % of skeletal devel-
opment; however, environmental factors (diet,
energy availability, physical stress) account for
2040 % of developing bone [3, 4, 8]. The amount
of bone mass that is gained during this adolescent
period equates to the quantity of bone that will be
lost during the rest of one’s adult life [10, 11].
Therefore, measures to maximize and protect the
quantity of bone developed during the growing
period is advantageous and will serve the body
well in activities of daily living and other life
endeavors beyond these early years [12].

This chapter will focus primarily on the
female menstrual cycle and its influence on
peak bone mass achieved during and after
adolescence.

7.3  Research Findings
and Contemporary
Understanding of the Issues
7.3.1 Anatomy of the Female

Sex Organs and Physiology
of the Menstrual Cycle

The female reproductive system is a multiorgan
system comprised of the hypothalamus, pituitary
gland, ovaries, uterus, and vagina (Fig. 7.1).

Fallopian tube

Fig.7.1 Female reproductive
unit
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Pertinent anatomy involved with the menstrual
cycle includes the ovaries, a paired organ which
has both a reproductive and an endocrine func-
tion. This is where eggs are formed and female
sex hormones are produced [13, 14]. Three levels
of hormones are normally secreted in a feedback
loop termed the hypothalamic-pituitary-ovarian
(HPO) axis [15]: (1) by the hypothalamus—
gonadotropin-releasing hormone (GnRH); (2) by
the anterior pituitary—follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) in
response to GnRH; and (3) by the ovaries—two
gonadal steroids, estrogen and progesterone, in
response to FSH and LH. Regulation of the men-
strual cycle is controlled by both LH and FSH
from the anterior pituitary gland in response to
GnRH from the hypothalamus [16]. As discussed
in prior chapters, these hormones are secreted in
different amounts during various phases of the
monthly menstrual cycle [3, 14]. The onset of
menarche in females signals the transition from
childhood to the pubertal, reproductive state, cor-
relating with both body height and bone matura-
tion [15]. Menarche normally occurs about two
years after the appearance of secondary sex char-
acteristics (breast and pubic hair development)
around age 11-13 years, but can begin as early as
7 years old [9, 14]. Menarche is relatively a late
determinant of pubertal development [17]. If
menstruation does not occur by age 16, this delay
of menarche (primary amenorrhea) may be due to
excessive exercise or insufficient intake of appro-
priate nutrition, among other factors [16, 17].

The menstrual cycle occurs on a regular
basis between 20 and 45 days, on average approx-
imately every 4 weeks (28 days), with menstrual
flow lasting from 3 to 7 days [7, 9, 14]. Typically,
three separate phases encompass the normal
menstrual cycle: (1) follicular or proliferative
phase (growth of the endometrium or uterine lin-
ing stimulated by estrogen), (2) ovulatory phase
(ovulation or egg release in response to LH), and
(3) luteal or secretory phase (transformation of
the endometrium from a proliferating into
secreting-type tissue under progesterone influ-
ence) [16, 18]. The duration of the follicular
phase is more variable between different women,
whereas the luteal phase is consistently 14 days

[7]. The first day of the menstrual cycle is marked
with the initial sign of vaginal bleeding. The
onset of the follicular phase is stimulated by FSH
more so than LH; the quantity of LH slowly
increases during the follicular phase until peaking
levels at mid-cycle. High amounts of FSH during
the beginning of the luteal phase stimulate growth
of several ovarian follicles then levels begin to
decline until late luteal phase [7]. During this
time both progesterone and estrogen serum levels
are low. Estrogen then increases steadily, peaking
just before ovulation, generally occurring on the
same day of the LH surge [7]. This rise in estro-
gen occurs about the middle of the cycle, day 14,
when one follicle is released in the ovulation
phase. The luteal phase then takes over during the
second half of the cycle under the continuing
influence of LH. Progesterone then increases
above estrogen levels, though the latter hormone
concentration remains fairly high. These two hor-
mones, estrogen and progesterone, are secreted
by the corpus luteum which then degenerates,
causing both hormonal levels to concurrently fall
as long as the egg is neither fertilized nor
implanted in the uterus. The monthly cycle then
repeats itself by shedding of the endometrium,
manifested by menstrual flow, to restart the fol-
licular phase all over again under FSH influence
[9, 14] (Fig. 7.2).

7.3.2 Effects of Female Sex
Hormones on Bone

The female reproductive system plays a major
role in the maintenance of the skeletal bone integ-
rity from menarche to menopause. The skeleton is
one of the main target tissues for estrogen, and to
a lesser extent, progesterone. Bone cells contain
estrogen and progesterone receptors that posi-
tively stimulate bone formation and suppress
bone resorption. Thus, they are key regulators of
bone turnover, adjusting the bone mass “set point™
by keeping in balance the quantity of bone being
formed with the amount that is reabsorbed (cou-
pling effect) [10, 15]. Sex hormone receptors have
been found in growth plate chondrocytes (carti-
lage cells) during puberty [17]. At the early stages
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Fig.7.2 Menstrual cycle. FSH, follicle stimulating hormone; LH, lutenizing hormone

of puberty, sex hormones stimulate longitudinal
bone lengthening of the diaphyses (shafts of long
bones) resulting in the “pubertal growth spurt”
[6]. Estrogen acts indirectly through inhibiting
bone resorption by osteoclasts while increasing
the activity of bone forming cells, osteoblasts
(discussed further below in Sect. 7.3.3) [4, 14].
However, at the late stages of puberty the sex-
specific hormones, primarily estrogen, play a
large role in the closure of growth plates. Estrogen,
therefore, highly influences the final height achieved
in females [14].

Estrogen and progesterone not only play an
essential role on homeostasis of the skeleton by
exerting their direct effects through receptors on
bone cells but also exert indirect effects on other
systemic hormones. These sex hormones work
in conjunction with other hormones and steroids
to further facilitate bone development. For
example, estrogen regulates circulating levels of
growth hormone (GH) and insulin growth-like
factor (IGF-1); these two hormones stimulate
longitudinal bone growth [1, 17]. In a cross-
sectional study conducted on children, serum
IGF-1 levels were positively associated with
bone growth [6]. Insulin growth-like factor
receptors (IGF-1R) are also located in the kid-
neys, where they are associated with the produc-
tion of the hormonal form of vitamin D [17].
Environmental factors can also stimulate bone
formation. Mechanical loading of bone exerts a

positive effect on bone formation at points of
stress, in a process defined by Wolff’s Law.
A cross-sectional study found hip and spine
BMD values 30—40 % greater in female gym-
nasts compared to long-distance runners. This
implies that the higher impact forces generated
in gymnastics (10-12 times body weight) as
compared to running (3-5 times body weight)
positively affect BMD [19]. Bone formation can
also be altered by external agents such as
certain metals, pesticides, and components in
cigarette smoke [19].

To summarize, the normal, monthly occur-
rence of the female menstrual cycle represents an
intricate interaction of three organs — hypothala-
mus, anterior pituitary, and ovaries — resulting in
a feedback mechanism whereby several secreted
hormones influence each other to effect matura-
tion and ovulation of an egg (follicle). Next, the
endometrium becomes prepared to receive the
mature follicle and, if no implantation occurs,
then sloughing of the uterine lining manifests
itself by menstrual bleeding and the cycle repeats.
Disturbances in any portion of this hormonal
loop between the reproductive system and these
two specific centers in the brain could, in turn,
alter the quality/quantity of menstruation and
secondarily affect bone deposition, especially
during the critical time of initial peak bone mass
acquisition involved with the pubertal/adolescent
stage [15, 20, 21].
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7.3.3 Bone Composition,
Physiology, Function, and
Interaction with Ovarian
Hormones

Skeletal tissue is one of the hardest and strongest
tissues in the body. Bone is mineralized connec-
tive tissue comprised of specialized cells, along
with noncellular substances, organic matrix
(35 % by weight), and inorganic mineral (65 %).
Two key types of bone cells are osteoblasts,
which are involved in bone formation, and osteo-
clasts, which are involved in bone resorption.
Components making up the organic matrix
include glycoproteins, collagen (Type I), elastin,
and protein (90 % collagen), bathing in a sea of
gelatin-like mucopolysaccharide (ground sub-
stance). Bone can be classified into two categories:
cortical, representing 80 % of bone mass, and
trabecular, representing only 20 % of bone mass
but comprising 80 % of bone surface area [19].
Collagen fibers in the bony skeleton represent
specific sites where inorganic calcium/phosphate
hydroxyapatite crystals are deposited prior to the
mineralization process of bone. Ninety-eight to
ninety-nine percent of the body’s total calcium is
sequestered in the skeletal framework, which
serves as a mineral bank and releases calcium
into the bloodstream to keep serum calcium lev-
els constant. Because the quantity of calcium is
tightly regulated, the body will rob calcium from
its main reservoir, bone, to maintain adequate
blood levels in order to carry out essential, vital
tasks such as blood clotting and muscle contrac-
tion [2, 4, 22]. Calcium, however, cannot be
absorbed and incorporated into bone unless
vitamin D is readily available [2, 11]. Ovarian
hormones play an important role in the metabo-
lism of calcium and vitamin D. Indeed, estrogen
helps to regulate the absorption of calcium,
subsequently contributing to bone formation, as
already discussed above. In effect, any irregulari-
ties in the menstrual cycle will negatively affect
bone deposition in the long run by negating estro-
gen’s positive influence on calcium balance.
Additionally, with the loss of protection from
estrogen, osteoclasts will be affected to a greater
extent than osteoblasts, resulting in an uncou-

Osteoclasts - Resorption

Osteoblasts - Formation

Bone Loss

Fig.7.3 Bone remodeling

pling effect. This dissociation between osteo-
blasts and osteoclasts causes undesirable bone
loss, which could manifest itself as early osteo-
porosis [4, 9, 23, 24] (Fig. 7.3).

7.3.4 Peak Bone Mass

Peak bone mass (PBM) signifies the maximal
quantity of bone which can be gained primarily
during the adolescent years (with the critical win-
dow being between 9 and 20 years), while the
skeleton is undergoing an accelerated growth in
both size and density. By age 7, females have
reached 80 % of their adult height but only 40 %
of their PBM [2]. This “adolescent growth spurt”
occurs 1-2 years preceding the rapid deposition
of bone into the skeleton. In females, up to 90 %
of PBM is accumulated by 18 years of age [3,
10]. After this prime period, bone can still con-
tinue to grow in terms of strength and density, up
until about age 25-35, at which time true PBM is
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Fig.7.4 Rate of bone loss
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reached [2, 3, 25]. However, some researchers
have shown that this PBM acquisition may occur
as young as the late teens [7]. After attainment of
peak bone mass, measures to maintain bone den-
sity are of paramount importance since physio-
logic bone loss will inevitably occur gradually
over time [2, 7, 25, 26]. In fact, prior to reaching
menopause in their fourth or fifth decade, females
lose about 0.3 % of their entire skeleton each year
after the final acquisition of peak bone mass [2]
(Fig. 7.4).

The quantity of bone deposited in the skeleton
is influenced by both genetics (uncontrollable)
and environmental (controllable) factors [3, 7].
Mechanical loading in the form of weight-bearing/
resistance exercise; appropriate and adequate
nutrition ( i.e., sufficient consumption of key bone
building nutrients such as calcium, magnesium,
zing, vitamins C and D); and normal, regular men-
ses all contribute to optimal bone health [2, 8-10,
12, 24]. Endocrine function is highly dependent on
the amount of available energy. Energy availability
is the quantity of energy remaining after physio-
logical energy is utilized (i.e., energy for everyday
movement and activity). As long as energy avail-
ability is maintained, the endocrine system will
function optimally with normal hormone serum
levels. However, without adequate energy the
endocrine system is altered, primarily affecting the
hypothalamic production of hormones [27].
Insufficient energy will adversely affect the pulsa-
tile secretion of LH. This causes a decrease in hor-
mones such as estrogen, testosterone, GH, and
IGF-1. On the other end of the spectrum, an

30 50 70 80
Age in years

extreme excess of available energy, as seen in
obesity, will tend to cause hormone level alteration
as well [28]. In short, any aberrant serum levels of
sex hormones will alter the menstrual cycle and
ultimately affect bone balance [29].

A delay in menarche (initiation of menses),
dysmenorrhea (irregular menstruation), oligo-
menorrhea (insufficient number of cycles per
year), or amenorrhea (absence of menses) all will
interfere with the final attainment of peak bone
mass by causing more rapid bone loss. Bone
mass density steadily declines, particularly in
non-weight-bearing limbs, as the number of
missed menses increases and this loss of BMD
may not be completely reversible [25]. Irregular
menses is primarily due to a deficiency of estro-
gen and, if not corrected promptly, ultimately
will result in premature osteoporosis [2, 30].
Such menstrual irregularities/disorders could be
caused by various factors: extremely low weight,
rapid weight loss, excessively intense exercise,
and disordered eating, along with associated
extreme physical and/or psychological stress [6,
16, 31]. Specifically, women with menstrual dis-
orders will lose as much as 2 % of their skeleton
per year, almost tenfold more than the usual, nat-
ural rate. In other words, exercising excessively
can negatively affect both the reproductive and
the skeletal systems, altering the body’s normal
hormonal milieu and causing a reduction in bone
mass [32]. One study has found that total, vigor-
ous, intense training for more than 8 h per week
could lead to amenorrhea and, subsequently,
osteoporosis with its inherent risks [18].
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Physical activity affects the skeleton differ-
ently during the various stages of puberty [7].
Studies have shown that estrogen increases skel-
etal sensitivity to mechanical loading, suggesting
that early and mid-puberty are optimal times for
skeletal benefit as far as bony deposition is con-
cerned [33]. Female athletes, particularly in
sports such as running, gymnastics, and swim-
ming, reach menarche later than non-athletes.
A study conducted on sisters found menarche
occurred later in swimmers than their sedentary
siblings, thus may potentially affect bone mass
negatively [28].

7.3.5 Results of an Abnormal
Menstrual Cycle on Peak
Bone Mass

Even though genetic factors significantly influ-
ence bone mass and density, other factors such as
nutrition, exercise, disease, drugs, and age at
menarche can play a role as well. Abnormal men-
ses can be classified into two different categories.
Primary amenorrhea is defined as the absence of
menstruation by age 15 or within 5 years after
breast development. Secondary amenorrhea is
termed as the absence of three or more consecu-
tive menses following menarche. It has been esti-
mated that 1 in 5 active women have some form
of abnormal menses [34].

As discussed above, insufficient quantity of
available energy will cause altered endocrine
function resulting in abnormal hormone levels,
which in turn affect the menstrual cycle. Studies
have found menstrual disorders occurring in
24-26 % of runners [35]. Loucks found that in
females, after 5 days of low energy availability,
there is a decrease in LH pulse frequency [36].
Similarly, the prevalence of amenorrhea increases
from 3 to 60 % in long-distance runners as the
weekly distance ran is increased from less than
eight miles to over 70 miles [37]. The presence of
altered menstruation in adult female athletes has
been reported to range from 12 to 79 %, with
adolescent athletes having even higher rates [4].
When facing the problem of irregular menses
occurring in an adolescent female, causes for sec-

ondary amenorrhea should be identified such as
pregnancy, endocrine disorders, anatomic
defects, or tumors of the involved organs, which
can interfere with the hypothalamic-pituitary-
ovarian axis [7, 16, 18, 25]. After these potential
pathologic causative factors are excluded, then
information regarding eating habits, weight con-
trol behavior, and exercise patterns should be
obtained. This detailed history is used to evaluate
whether the affected young patient is at risk for
premature osteoporosis due to the female athlete
triad (diagnosis of exclusion) — a constellation of
amenorrhea, disordered eating, and osteoporosis.
More importantly, it must be understood that the
amount of bone which is lost may not be totally
recovered, even upon resumption of normal
menses [32].

Females at a higher risk for amenorrhea are
usually involved in sports requiring an aesthetic/
athletic look or those needing to weigh less for
better performance (gymnasts, dancers, runners,
divers, etc.) [6, 10, 29, 38]. The afflicted female
athlete’s young, fragile bones are at two- to three-
fold increased risk for stress and/or frank frac-
tures, similar to older, perimenopausal women in
their 40s and 50s, especially if the duration of
absent menses is longer than 6 months [18, 30,
38]. Bone mass density further declines as the
number of missed menses increases [39]. Stress
fractures are more common in female athletes
with amenorrhea, with a relative risk of fracture
four to five times greater in amenorrheic athletes
[30]. However, there is a positive effect of certain
types of weight-bearing exercise on bone density.
Zanker et al. studied a group of retired female
gymnasts and found they had higher BMD
compared to women who did not exercise or par-
ticipate in sports [40]. Even though involvement
in a regular program of exercising, especially
under high loads such as gymnastics, may par-
tially offset the osteopenic bone caused by being
amenorrheic, this is still far from being enough
if an inadequate amount of calories is consumed.
In fact, research has shown that bone mass in
females who are sedentary, eat well, and have
normal monthly cycles is actually higher than
those athletes who exercise to the point of losing
their menses [2]. Similarly, another study has
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Table 7.1 Classification of bone mineral density according
to the World Health Organization

Standard deviation

Normal bone density <1 (SD) below the mean

Osteopenia 1-2.5  SD below the mean
Osteoporosis >2.5 SD below the mean
Severe osteoporosis >2.5 SD below the mean/

fragility fracture(s)

shown that increases in circulating FSH levels
above 20 mIU/L are linked to progressive bone
loss in perimenopausal women, again stressing
the importance of maintaining regular menstrua-
tion to preserve bone density [18].

Currently, dual energy x-ray absorptiometry
(DEXA) is the “gold standard” for measurement of
bone mineral density (BMD) to assess bone heath,
and thus, it should be used to help diagnose
osteoporosis and monitor progress of treatment [2,
10, 12, 16, 24-26, 38]. This technique uses emis-
sion of x-rays at two separate energy levels to
distinguish bone from the surrounding soft tissue
with very low radiation exposure. The time for
scanning with this type of device is brief and BMD
measurements are more accurate (within 1-2 %) as
compared to other methods [2, 10]. If the DEXA
scan result for BMD is between 1.0 and 2.5 stan-
dard deviations (SD) below the mean for young
adults, then bone is considered osteopenic. Even at
this level, there exists 2-2.5 times more risk of
spine or hip fractures due to increased fragility of
the skeleton. On the other hand, bone is deemed
osteoporotic (with associated higher fracture risk)
if the BMD is equal to or greater than 2.5 SD from
the mean [2, 10, 16, 26] (see Table 7.1). One study
demonstrated that reduced urinary sex steroid
hormones are found during the luteal phase of the
menstrual cycle in premenopausal women with
lower BMD (10th vs. 50th—75th percentile), again
linking monthly menses to bone mass acquisition
[19]. As an adjunct, other methods to assess bone
metabolism include serum osteocalcin and alkaline
phosphatase (for bone formation) and urine colla-
gen breakdown products (telopeptide crosslinks)
as indicators of resorption and current rate of bone
loss, respectively [2, 10, 12].

The next step in prevention of early onset of
osteopenia/osteoporosis in an adolescent female

M. Zumwalt and B. Dowling

is to correct any offending factor contributing to
the rapid bone loss. First steps should include
ensuring adequate and appropriate dietary intake
of nutrition, reducing quantity of training
(5-20 % less), increasing body weight slowly
and gradually (generally 5 % of body weight
increase or one-half to one pound per week), and,
finally, conferring with her to confirm that she is
maintaining the correct goal weight [6, 32, 38].
Proper nutrient intake can greatly aid in the
prevention of bone loss. The benefits of calcium
supplementation have been shown to be more
beneficial before the onset of puberty [41]. A study
conducted on 8-year-old prepubertal girls found
that by increasing the daily calcium dose from
700 to 1,400 mg, this can raise the BMD by 58 %
compared to the placebo group after 1 year of
supplementation [42]. Regulation of menses can
be obtained by hormonal replacement therapy
(HRT) — the oral contraceptive pill is a popular
form of this type of pharmacological treatment
[32]. However, the ultimate effectiveness of hor-
monal replacement remains controversial. Oral
estrogen leads to suppression of GH and IGF-1
concentrations as already discussed above; these
two hormones are very vital in bone development
[36]. Specific lifestyle changes are recommended
as well: avoidance of inactivity, refraining from
cigarette smoking, and minimizing drinking
alcohol [1]. In terms of dietary intake, avoid
drinking caffeinated beverages and ingesting
excess protein is recommended because both of
these substances contribute to calcium wasting and,
thus, could secondarily affect bone formation.
Adequate intake of calcium and vitamin D will
also aid in bone building. Finally, appropriate
exercise is recommended, especially the weight-
bearing type (loading in the erect, standing posi-
tion) with at least some impact such as walking
or jogging. As discussed previously, bone will
build at points of mechanical stress (Wolff’s
Law). However, the mode of exercise needs to be
considered as not to overload the bone, causing
injury and eventually skeletal failure [2, 3, 9-12,
16, 19, 25, 38]. Studies have shown that jumping
is an activity sufficient to stimulate bone growth,
because one jump produces two rapid strain
energies (taking off and landing). The ground
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reaction force from landing and muscle activa-
tion with this type of maneuver has been shown
to be enough of a stimulus for adequate bone
growth [43].

Evaluation and treatment for females with
menstrual disturbances include conducting a
detailed history and physical exam, plus possibly
ordering certain laboratory tasks. It is also prudent
to approach management of the female at risk by
compiling a multidisciplinary team, involving an
internist to rule out chronic disease, a psychiatrist/
psychologist to address associated eating disor-
ders and other psychological issues, a gynecolo-
gist to rule out anatomic abnormalities and for
prescribing HRT, a dietician for nutritional coun-
seling, and an endocrinologist to address other
possible pathology interfering with the hormonal
feedback loop [18, 29]. Additionally, it is very
important to involve family members, teachers,
trainers, other players, and coaches to solicit addi-
tional support for the involved patient, ultimately
to help regulate and maintain normal bodily func-
tions in the female athlete [29, 30] (Fig. 7.1).

Future Directions and
Concluding Remarks

7.4

The role of the female menstrual cycle in terms of
its contribution toward acquisition of peak bone
mass has been fairly well elucidated. A regular,
well-functioning monthly cycle is of paramount
importance in bone deposition during the adoles-
cent growth spurt and then in prevention of bone
loss after peak bone mass is achieved in the sec-
ond decade of life. The main hormone involved
in bone regulation is estrogen which is secreted
by the ovaries, affecting both the osteoclasts and
the osteoblasts, keeping these two types of bone
cells in balance in terms of their function on
skeletal resorption and formation, respectively.
Additionally, the organs involved with controlling
the menses are the hypothalamus, anterior pituitary
and, of course, the ovaries. Each organ secretes
different hormones, which interact in a complex,
loop-type feedback mechanism to regulate the
monthly female cycle, in order to maximize bone
deposition and minimize bone loss. If menarche

is delayed or if menstrual dysfunction occurs or
menses disappears entirely, then the protective
mechanism of estrogen on bone is lost. If this
menstrual disturbance is not corrected fairly
promptly, it will eventually result in osteopenia or
frank osteoporosis, ultimately increasing one’s
susceptibility to fractures. In fact, osteoporotic
prevention starts as early as the initial onset of
menarche during adolescence. Additionally, other
factors, such as lifestyle habits (nutrition, training,
etc.), also play a very essential part in contribut-
ing to bone building (formation) or bone loss
[18, 25]. As such, measures taken to ensure that
the monthly female menstrual cycle is function-
ing correctly and optimally are of utmost impor-
tance to positively influence the final attainment
of peak bone mass [18].
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Menstrual Dysfunction Screening
and Management for Active
Females

Jacalyn J. Robert-McComb and Jennifer J. Mitchell

Abstract

There is a wide spectrum of attitudes among women concerning her
menstrual cycle. Most athletes would prefer to not have to deal with the
associated hygiene issues. This sets the stage for feeling that lack of menses
(amenorrhea) is a good thing. Unfortunately, that is not necessarily the case.
The menstrual cycle can be considered a vital sign related to the athlete’s
overall health. Those athletes not having regular menses are likely exhibit-
ing functional hypothalamic amenorrhea (FHA), a diagnosis of exclusion.
This is one component of the female athlete triad. The FHA comes from
inadequate energy availability and resultant diminished sex hormones. This
also causes changes in bone health and puts the athlete at risk for stress frac-
tures, suboptimal peak bone mass density, and future osteoporosis. Through
education of female athletes and those in her circle of influence, it is possible
to allow realization that amenorrhea is a medical issue and needs further
attention. Determination of optimal screening for this condition has yet to be
accomplished, but this chapter describes who should be screened and pro-
vides examples of questionnaires, which may be useful in sorting out an
athlete’s needs. Management can be as simple as improving the athlete’s
nutrition and/or decreasing her exercise intensity, but it can often be difficult
to convince the athlete and her coaches of these steps.
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8.1 Learning Objectives

Upon completion of reading this chapter, the

reader will:

1. Understand the importance of screening for
menstrual dysfunction in the active female

2. Be able to describe how insufficient energy
availability can impact menstrual function and
bone health

3. Beableto list groups of athletes in whom screen-
ing for menstrual dysfunction is essential

4. Have a resource of potential screening ques-
tions for menstrual dysfunction

5. Understand the first step in management of
functional hypothalamic amenorrhea in an
athlete to increase energy intake and to
improve overall energy availability, in order to
restore cyclic menstruation

8.2  Introduction

Screening for menstrual disorders in athletes is
more complex that it appears to be. Historically,
the simple question was whether the individual is
having normal menstrual cycles or periods. If yes,
then that was the end of screening. If no, the ath-
lete was referred to the physician. With improved
understanding of the female athlete triad and the
components involved, screening has become more
complex. In addition to menstrual status, those
responsible for the health of the female athlete
must also evaluate the other two components of
the triad; whether the athlete has optimal energy
availability, or may have indications of disordered
eating or a pathologic eating disorder, and the ath-
lete’s bone health. Evaluation of one component of
the female athlete triad should not occur in isola-
tion from the other two components.

Terms that are used in this chapter, when dis-
cussing menstrual screening or the routine
screening of adolescent females by their primary
health care provider, include the following: pri-
mary amenorrhea, secondary amenorrhea, and
functional hypothalamic amenorrhea (FHA).
Even though these terms have been described in
previous chapters, we will briefly define these
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terms so that you can more fully understand the
recommendations in this chapter.

Amenorrhea is the absence of menstruation or
a woman’s monthly period. Primary amenorrhea
is when a girl has not yet started her monthly
periods by age 15 and she has gone through other
normal changes that occur during puberty.
Secondary amenorrhea occurs when a woman
who has been having normal menstrual cycles
stops getting her periods for 6 or more months
(some sources state 3 months, although 6 months
is more common). Note, however, that women
who are pregnant, breastfeeding, or in meno-
pause are not considered to have secondary
amenorrhea. Functional hypothalamic amenor-
rhea (FHA) is a reversible form of gonadotropin-
releasing hormone (GnRH) deficiency commonly
triggered by stressors such as excessive exercise,
nutritional deficits, or psychological distress.

The Office on Women’s Health, Department
of Health and Human Services, suggests that the
following physical and behavioral/emotional
characteristics as listed in Table 8.1 be used dur-
ing the routine screening of adolescent and pre-
adolescent patients by their primary care provider
for the detection of issues related to the triad.

As will be discussed in Chap. 13, there is not
yet an agreed upon optimal timing or method of
screening for female athlete triad disorders. An
energy deficit in a female athlete may cause a
spectrum of menstrual dysfunction, either subtle
or obvious, which may then have an impact on
bone health. This leads to the realization that a
comprehensive menstrual history may be needed
in all athletes.

8.3  Research Findings

8.3.1 Why Screen for Menstrual
Dysfunction

It is important to screen female athletes for men-
strual disorders since a normal menstrual cycle is a
key vital sign to one’s health. An individual, depend-
ing on her level of education and maturity, may not
recognize an abnormality in the menstrual cycle.
Young girls, just reaching maturity, may look
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Table 8.1 A primary care provider reference tool for
screening female adolescent and preadolescent patients

Physical behavioral/emotional

e Primary or * Recurrent or excessive
secondary dieting when not
amenorrhea overweight

e Weight loss greater ¢ Eating in secret

than 10 %

e Failure to gain » Eating large quantities of
expected weight food in a short period of
during the time
adolescent growth
spurt

e Overweight » Excessive concerns about

perceived body image that
are incongruous with actual
weight

e Lanugo hair e Compulsive or overly rigid

exercising

* Hypothermia * Depression

e Dry hair or skin, * Use of self-inducted
dehydration vomiting, laxatives,

starvation, diuretics,
or other extreme measures
to lose weight

*  Weight fluctuation
in a short period of
time

¢ Bloating and
abdominal
discomfort

e Damaged teeth

e Enlargement of
lymph or salivary
glands

Source: From Office on Women’s Health. Screening for
Eating Disorders-Tips for Health Care Providers

upon discussion of menstruation and sexuality as
taboo. Others may view amenorrhea as a positive
benefit of not having to deal with monthly
hygiene issues [1].

An athlete with a menstrual disorder may be
manifesting one or more components of the
female athlete triad. It now appears that low
energy availability is the key factor involved in
the triad that then leads to menstrual dysfunction
and issues with skeletal health [2]. When the defi-
cit is extreme, the body attempts to reduce the
deficit by suppressing physiologic functions
essential for growth, development, and health [3].

Energy availability is the amount of energy
remaining once exercise energy expenditure is

subtracted from energy intake (EA=EI-EEE).
It is the amount of energy remaining for all other
metabolic processes [4].

The longer a menstrual abnormality is allowed
to go on untreated, the greater the long-term con-
sequences [5]. Also, athletes who begin sport-
specific training before menarche have been
shown to have significantly later menarche [6].
This may have implications related to both repro-
ductive and skeletal health. Prevention and early
detection of female athlete triad disorders are of
utmost importance for the health of young female
athletes [6, 7].

8.3.2 Who Should Be Screened
for Menstrual Dysfunction

The main populations to screen include the
following groups [1, 8—10]:
1. Adolescents involved in vigorous exercise
with primary amenorrhea:
(a) Normal secondary sexual development
but no menarche by 15 years old
(b) No menarche within 5 years after breast
development that occurred less than 10
years old
(c) Failure of the thelarche (breast develop-
ment) by 13 years old
2. Athletes with previously regular cycles, at any
age, with secondary amenorrhea or the lack of
menses for 3 continuous cycles after begin-
ning menses are good candidates for
screening.
3. Athletes with oligomenorrhea, less than 9
cycles per year, are candidates for screening.
4. An intensively exercising, reproductively
mature woman interested in conception is a
viable candidate for screening.

8.3.3 Types of Menstrual
Dysfunction

Aside from pregnancy and menopause, causes of
secondary amenorrhea are most likely due to:

1. Thyroid dysfunction

2. Elevated prolactin

3. Ovarian failure
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4. Polycystic ovarian syndrome (PCOS)
5. Hypothalamic amenorrhea

Thyroid dysfunction and elevated prolactin
are easily sorted out by blood testing for thyroid-
stimulating hormone (TSH) and prolactin (PRL)
levels. An athlete with ovarian failure will have
elevated follicle-stimulating hormone (FSH)
levels and very low or absent estrogen. PCOS
and hypothalamic amenorrhea are typically dif-
ferentiated based on clinical presentation as
they both are likely to have normal FSH levels.
The athlete with PCOS will usually be at or
above a normal Body Mass Index (BMI) and
will likely be hirsute and may show signs of
insulin resistance [9, 11, 12].

8.3.4 Functional Hypothalamic
Amenorrhea

In athletes, amenorrhea is much more common
than in non-exercising controls with prevalence
reported from 3 to 69 % compared to 2-5 % in
the general population [2, 6, 13].

Prevalence is typically an estimate as it is dif-
ficult to gain accuracy due to inconsistencies in
studies including various definitions of amenor-
rhea, selection bias, underreporting, lack of edu-
cation on what is normal versus abnormal,
various competition levels, sports disciplines
with varied intensity, and frequency of training
[6, 14].

However, it is important to remember the
series of events appears to be related to a deficit
in energy availability causing menstrual dysfunc-
tion and subsequent issues with skeletal health.
Exercise does not have an impact on LH pulsatil-
ity beyond the impact of its energy cost on energy
availability [4, 15-17].

Loucks provides convincing evidence for the
energy availability hypothesis related to men-
strual dysfunction in athletes. Additionally, she
provides evidence against the original theories
concerning body composition and exercise stress.
The energy availability hypothesis states if the
brain energy requirements are not met, an altera-
tion in brain function occurs which disrupts the
GnRH pulse generator [15]. Regulation of
puberty and reproductive function depends on
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interactions at specific levels of the hypothalamic-
pituitary-ovarian (HPO) axis. The GnRH “pulse
generator” neurons in the hypothalamus secrete
GnRH every 60-90 min. This hormone causes
release of gonadotropins (luteinizing hormone
(LH) and follicle-stimulating hormone (FSH))
from the pituitary gland. These, in turn, cause
release of progesterone and estrogen from the
ovaries. These two end hormones are key to regu-
lar, ovulatory menstrual cycles [12, 18, 19].

Deficiency in GnRH pulsatile secretion leads
to hypothalamic amenorrhea.

Since hypothalamic amenorrhea in the athlete
becomes a diagnosis of exclusion, it is often
termed functional hypothalamic amenorrhea
(FHA) because it is a functional suppression of
reproduction [12]. Because FHA is the typical
menstrual abnormality seen in athletes, it will be
the focus of discussion concerning treatment of
menstrual disorders for this chapter.

8.3.5 When to Screen for Menstrual
Dysfunction

The answers concerning when to screen athletes
for menstrual disorders are similar for screening
of disordered eating (DE) and eating disorders
(ED) as discussed in Chap. 13. Evaluation of one
component of the female athlete triad should not
occur in isolation from the other two compo-
nents. There is not yet an agreed upon optimal
timing or method of screening for any component
of female athlete triad disorders [2, 14]. Screening
should also be economical and time efficient and
should create an environment that will not cause
an athlete to minimize or deny certain medical
conditions [14].

Options for screening include during pre-
participation examinations (PPEs) for competitive
athletes, during clinical presentation of the athlete
for routine health care (i.e., well woman examina-
tion) or for illness or injury, and incidental obser-
vation by an athletic trainer, parent, friend, coach,
or administrator [2, 7]. Since menstrual dysfunc-
tion is often seen as related to sexuality, it can be a
very sensitive topic and is not as likely to be inci-
dentally discussed as energy availability might be.
This leaves incidental observation the least likely
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scenario. Because of this, it is probably best to
have a short screening tool utilized by those who
interact on a routine basis with the athletes, such as
athletic trainers, personal trainers or other gym
personnel, and coaches who do not have availabil-
ity of athletic trainers. The questionnaire tool
could be distributed to all female athletes at spe-
cific times during the athletic year and would act
as a first step to identify a possible disorder in
menstruation. It ideally would also contain ques-
tions concerning nutrition and bone health. It
would be easy to score and if the athlete screens
positively with the tool, she would then be referred
to a team physician or other designated interven-
tion team for the second stage of screening, an in-
depth evaluation.

8.3.6 Screening Questions

No validated tools to screen for menstrual dys-
function exist. Several pre-participation exami-
nation forms have from one to six questions
included on the form [20, 21]. Tools used to
screen for disordered eating and eating disorders
may include a few questions about menstrual
health. It is likely best to have a supplemental
form, apart from the PPE form, in order to effec-
tively screen for menstrual dysfunction.
Screening should also include questions related
to energy availability and skeletal health.
Appendices 1-4 [22] provide examples of tools
used to screen female athletes for various compo-
nents of the female athlete triad. The ideal will be
to develop a standardized form to screen for the
female athlete triad that is then validated. Any
athlete who screens positively would need further
evaluation by a physician.

8.3.7 Evaluation of Menstrual
Dysfunction Beyond
Screening

The in-depth evaluation with the physician or inter-
vention team should include a routine health his-
tory, a comprehensive menstrual and obstetrical and
gynecologic history, an appropriate examination,
and an evaluation of bone mineral density.

The physician could obtain the sexual history, in
order to avoid an uncomfortable setting for the ath-
lete and her athletic trainer and/or coaches [2, 7, 9,
11, 13, 14]. Some screening tools and PPE forms
currently in existence already have a variety of
questions concerning menstrual history. However
this varies from one question to several to an entirely
separate form [20, 21, 23-25].

The question still remains concerning what
makes up an adequate screening tool compared to
an extensive obstetrical and gynecologic history.
None of the existing forms have been validated for
menstrual dysfunction screening. In a study done
of NCAA Division 1 schools in 2003, 138 of 170
schools responded and 79 % stated they did screen
for menstrual disorders (MD). Only 24 % of those
used a comprehensive menstrual history question-
naire. A menstrual disorder treatment protocol was
used by 33 %. Of the responding schools, 60 %
screened for eating disorders (ED). However, less
than 6 % used a structured interview or a validated
questionnaire. The conclusion from this study was
that there exists a pressing need for more standard-
ized ED and MD screening, prevention, and treat-
ment programs among NCAA Division 1 schools.
They further concluded, at the very least, that
NCAA-member institutions should implement
mandatory ED and MD education for all athletes
and athletic personnel [5].

A study performed in 2012 involving men-
strual irregularity in high school athletes showed
a high incidence of menstrual irregularity and an
increased number of musculoskeletal injuries
than in athletes reporting normal menses. More
than half of the athletes reported a change in
menses during training or competition. The rec-
ommendation from this study was for improved
education of high school athletes to improve
caloric intake to better balance their energy
availability to prevent or correct menstrual irreg-
ularity [26].

8.3.8 Management of Functional
Hypothalamic Amenorrhea

Once an athlete is identified as having a men-
strual disorder, management becomes the next
issue. In functional hypothalamic amenorrhea,
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there is insufficient energy availability. This then
alters GnRH pulsatility in the hypothalamus and
LH and FSH release. With limited pituitary secre-
tion of LH and abnormal pulsatility, there is a
lack of ovarian stimulation and thus an estrogen
deficiency which impacts skeletal health from
low sex hormones. There is also altered neuroen-
docrine function with low levels of insulin, glu-
cose, leptin, triiodothyronine, and insulin-like
growth factor-1 and elevated growth hormone
and cortisol [18].

In adolescent girls, about 90 % of total body
mineral content is accrued by 15%2-18 years of
age. Delayed puberty can compromise bone mass
accumulation and low bone mineral density is a
common finding in athletes with functional hypo-
thalamic amenorrhea [18]. Twenty-five percent of
bone mass accrual occurs in the 2 years surround-
ing menarche [13]. Due to this, the athlete becomes
at risk for stress fractures, failure to achieve opti-
mal peak bone mass density, and is thus at risk
later in life for osteoporosis or delayed stress frac-
tures [11]. Other risks from hypoestrogenism may
include cardiovascular disease, dementia, depres-
sion, delayed post-exercise recovery, decreased
immune function, and other neurodegenerative
and psychiatric disorders [7, 13, 17, 19].

Physically active women with functional hypo-
thalamic amenorrhea are able to prevent or reverse
menstrual disorders by dietary modification in
relation to their needed energy availability of
approximately 30 kcal/kg lean body mass/day
without any modification of their exercise regimen
[4, 15, 17]. Therefore, the initial treatment of
choice is improving the athlete’s overall energy
availability through improved nutrition [27, 28].
Increasing total daily energy intake in moderate
increments may be the easiest approach, but the
best method remains to be seen. Two small studies
have shown that improving energy balance and
energy availability in female athletes with amenor-
rhea resulted in the resumption of menstruation
[27]. Treating the cause can lead to ovulatory
cycles within 12 months, but up to 30 % may
remain amenorrheic [11]. If modifying intake
alone is not successful, the athlete may need to
decrease her energy expenditure by modifying her
training regimen [2]. A newer, interesting approach
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describes “eating by discipline.” Since appetite is
an unreliable indicator of energy requirements, the
author advises eating specific amounts of particu-
lar foods at planned times rather than waiting for
hunger and then eating until satisfied [4].

An initial bone mineral density (BMD) study
is helpful in determining how long to attempt
treatment with either diet alone or diet and exer-
cise modification. If BMD testing is in the osteo-
porotic range, it is important to initiate hormone
therapy immediately to stabilize bone density
and prevent further loss [3]. If BMD results are
near normal or in the osteopenic range, dietary
modification is first line therapy.

If amenorrhea does not respond to dietary and
exercise changes and is prolonged, greater than
3—6 months, hormone therapy should be consid-
ered in an attempt to protect BMD [7]. However,
hormone therapy should not be used in adoles-
cents younger than 16 years old [2, 29].

Hormone replacement therapy, both cyclic
and continuous, has been described, but do not
provide contraception [11, 12]. Since the major-
ity of athletes with FHA may need to consider
contraception, the use of oral contraceptive pills
(OCPs) has been recommended. It is important to
remember the use of OCPs will not normalize the
metabolic factors impairing bone function, health
and performance. They are unlikely to fully
reverse the low BMD [2, 25, 30, 31]. Estrogen
replacement without nutritional rehabilitation
will not reverse bone loss [31].

Additionally, an OCP may have a masking
effect in the amenorrheic athlete with the female
athlete triad. This exogenous cycling can give the
athlete a false sense of improvement without any
enhancement of energy availability [13].
Transdermal estrogen may enhance bone mineral
density more than oral, but may have a twofold
risk of venous thromboembolic events related to
its use. Another delivery option is etonogestrel/
ethinyl estradiol vaginal (NuvaRing), which is
preferred to OCPs by several patients, due to con-
venience and fewer systemic side effects. Some
athletes are uncomfortable with the idea of being
on a contraceptive. In those cases, it is better to
discuss these medications as cyclic hormone reg-
ulation (CHR), rather than contraception.
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Athletes who desire pregnancy can be treated
with clomiphene citrate for ovulation induction.
Results are varied with this approach [2, 30, 32].
Because of this, ovulation can be induced with
pulsatile GnRH or injected gonadotropins [30].
Future treatment options may include daily sub-
cutaneous injections of leptin analog [13], the use
of subcutaneous IGF-1 combined with OCPs [15,
30], and opioid inhibitors such as naltrexone
since endogenous opiates have been shown to
inhibit GnRH [12, 30, 33]. Calcitonin nasal spray,
Miacalcin, may be effective in preventing further
decrease in BMD [3].

Bisphosphonates are not recommended in the
age groups typically impacted by FHA due to
prolonged activity in bones and potential terato-
genic effects [2, 3, 13]. Also, selective estrogen
receptor modulators (SERMs) have not been
tested for safety in premenopausal women so
are contraindicated [3]. It is very important to
not forget basic therapeutic recommendations
such as adequate calcium and vitamin D intake
(adolescents: 1,300 mg calcium and 600 IU
vitamin D per day; premenopausal: 1,000 mg
calcium and 600 IU vitamin D daily), or supple-
mental, if needed [13]. With proper nutritional
education and supervision, it is possible for the
active female with functional hypothalamic
amenorrhea, to resume normal menstrual cycles
[15, 17, 30].

8.4 Contemporary

Understanding of the Issues

Athletes are at higher risk than the general popu-
lation for some type of menstrual dysfunction.
The spectrum can range from long cycles, i.e.,
oligomenorrhea, to short cycles as seen in luteal
phase defects, to absence of cycles, classified as
either primary or secondary amenorrhea.
Screening for primary amenorrhea is the most
straightforward. If a female has had normal
appearing sexual development, but no menses by
age 15, the team physician, primary care provider
or gynecologist should evaluate her. Another
indicator of primary amenorrhea is no breast
development by 13 years of age.

Screening for menstrual dysfunction should
not occur in isolation and should include evalua-
tion of the other two components of the female
athlete triad, energy availability and skeletal
health. Currently, there is no universally agreed
upon timing or method to screen athletes for
menstrual dysfunction or the other two compo-
nents of the female athlete triad, energy availabil-
ity and bone health.

When an athlete does screen positively for
menstrual dysfunction, she should have a com-
plete physician evaluation to include past medi-
cal history, past surgical history, current
medications, social history, family history and a
comprehensive obstetrical and gynecologic his-
tory. Comprehensive history taking will then
guide the physician concerning appropriate phys-
ical examination, laboratory testing and radiol-
ogy studies.

The most common type of secondary amenor-
rhea seen in athletes is functional hypothalamic
amenorrhea. These athletes were having normal
cycles at one time but now have not had cycles
for 6 months (some sources state 3 months). The
definition includes the distinction of absence of
menstrual cycles with no other organic etiology
found. It is thus a diagnosis of exclusion, requir-
ing a full workup to exclude other causes, before
recommendations for management can be formu-
lated. The underlying defect is insufficient energy
availability, which causes a deficiency in GnRH
pulsatile secretion. This in turn leads to abnormal
LH pulsatility and a decrease of sex hormones
and other metabolic hormones. These situations
lead not only to amenorrhea, but also to abnor-
malities in bone health. Women in this situation
are at increased risk of stress fracture, inability to
achieve optimum peak bone mass, future osteo-
porosis and delayed stress fractures.

When FHA is present, the first technique in
management is increased energy intake. If this is
not effective then recommendations should be
made to decrease the amount of energy expended
during exercise. After 3 to 6 months, when the
combination of the two is not effective, manage-
ment with hormone therapy may be considered.
However, it is important to understand that caus-
ing an athlete to cycle regularly with exogenous
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hormones is not addressing the underlying meta-
bolic abnormality and will not do much to
improve skeletal health. Additional treatment
considerations include intake of adequate
amounts of calcium and vitamin D. Education of
the athlete and those who care for her is essential
to be sure energy intake is increased during times
of intense training and competition in order to
maintain energy availability and attempt to pre-
vent menstrual dysfunction.

8.5  Future Directions

Future research needs to be directed at refining
prevalence numbers for menstrual disorders in
active females. Current values are little more than
estimates, given inconsistencies in studies to
date. Additionally, sport-specific and ethnicity
data need to be included to help focus on those
athletes at highest risk.

Development of standardized screening pro-
cedures would be optimal for not only menstrual
dysfunction, but for all three components of the
female athlete triad. Rather than trying to incor-
porate screening questions into a pre-participation
exam form, it appears best to develop a supple-
mental questionnaire with sections exploring
each dimension of energy availability, menstrual
status and bone health. This form could be used
at the time of pre-participation exams or at other
designated times during a competitive year or the
athlete’s career. It could also be used in the set-
ting of health clubs and by personal trainers as
part of the intake process for new clients.

Since alteration of GnRH pulsatility is the pri-
mary issue in functional hypothalamic amenor-
rhea, additional studies on factors influencing
GnRH pulsatility may provide more strategies for
effective prevention and treatment options to
reverse menstrual dysfunction. Along with that is
aneed for applied research to confirm that athletes
can and will prevent or reverse menstrual dysfunc-
tion by dietary reform without any moderation of
the exercise regimen and to identify interventions
acceptable to athletes and/or coaches.

Certain athletes will still not be able to increase
their energy availability or decrease their energy
expenditure to regain normal menstrual function.
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For those athletes, optimal medical treatment is
essential. Studies concerning ideal hormone
treatment regimens and use of other metabolic
substances such as leptin analogs, IGF-1, and
opioid antagonists are important to reverse men-
strual dysfunction and improve bone health.

Improved education of the female athlete from
early on in her sports involvement and those in
her circle of influence (athletic trainers, coaches,
family, etc.) is essential for primary prevention of
female athlete triad disorders. One proposed
model is for multidisciplinary treatment teams
with a focus on proper nutrition related to each
athlete’s specific needs. Ultimately, health care
providers working with athletes have a responsi-
bility to become skilled at recognizing disorders
associated with the female athlete triad in order
to prevent them from occurring and to provide
early intervention and treatment to minimize
related illness and injury.

8.6 Concluding Remarks

Menstrual dysfunction in athletes should be con-
sidered a medical issue needing further evalua-
tion. Amenorrhea in the active female should no
longer be viewed as a good thing. In addition to
being a medical problem, it can be a symptom
related to abnormal skeletal health. At one
extreme, it may be the first warning sign of a
potentially lethal eating disorder. At the other
extreme, it may be a sign of lack of proper nutri-
tional education causing the athlete to exhibit dis-
ordered eating, i.e., not taking in enough calories
for the level of training.

Prevention and early intervention are key
components to minimizing morbidity and mortal-
ity. The ideal method and timing for screening
have yet to be determined. The best method is
likely using a separate questionnaire based
screening tool during the pre-participation physi-
cal examination.

Screening for menstrual disorders can be a sensi-
tive issue. Therefore, initial screening by athletic
trainers or coaches should include basic questions
concerning menses, bone health and energy avail-
ability. Once the athlete screens positively, she
should be referred to medical personnel for a com-
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Table 8.2 Questions to ask the patient and/or the parents
if an eating disorder is suspected

Questions to ask the patient

Weight history

Has there been any change in your weight?

What’s the most you ever weight and when? The least
and when?

Are you terrified about being overweight?
History of dieting

Have you ever tried to lose weight?

What kinds of diets have you tried?

Have you ever tried to lose weight or control your weight by
vomiting, taking diet pills or laxatives, or excessive dieting?

Are you currently dieting or trying to lose weight?
Emotions and eating

Do you feel extremely guilty after eating?

Do you feel that food controls your life?

Have you gone on eating binges where you feel you may
not be able to stop?

Current eating/exercise habits
Are you satisfied with the way you eat?
What did you eat yesterday?

Have you gone on eating binges where you feel you
could not stop?

How much do you exercise in a typical week?

Have you ever fainted?

Attitudes about weight and shape

How do you feel about the shape and size of your body?
What do you think your ideal weight should be?
Menstrual history

Are your menstrual periods regular?

When was your last menstrual period?

Questions to ask parents

Does your child make negative remarks about his or her
body?

Have you noticed any changes in his or her food-related
habits? If so, what?

Are you concerned about your child’s weight? Eating
habits? Exercise habits?

Source: Adapted from screening tools from the Office on
Women’s Health and the National Eating Disorders
Screening Programs

Note: Confidential on-line screening tools are now
available on-line at http://www.mentalhealthscreening.
org/programs/workplace/nedsp.aspx)

prehensive evaluation. The sports medicine physi-
cian can begin by asking subtle questions related to
energy availability and the link to menstrual disorders
resulting from unhealthy eating patterns. Table 8.2
offers guidance for questioning. On-line screening
tools are also available from the National Eating
Disorder Screening Program free of charge.

8.7 Questions

1. Athletes who desire pregnancy but are not
ovulating can be treated with:

(a) Clomiphene citrate for ovulation
induction

(b) Pulsatile GnRH or injected
gonadotropins

(c) Endogenous opiates
(*d) Both a and b can be used to induce
ovulation
2. Which of the following statements is false
about oral contraceptive pills (OCP)?

(a) The use of OCPs will not normalize the
metabolic factors impairing bone func-
tion, health and performance

(b) OCP are unlikely to fully reverse the
low BMD

(*c) Estrogen replacement without nutri-
tional rehabilitation will reverse bone
loss

(d) All statements are true

3. Hormone therapy should not be used in ado-
lescents younger than years old

(a) 15

(*b) 16
(c) 17
(d) 18
4. Which of the following statements are true
with regard to appetite in the female
athlete?
(*a) Appetite is an unreliable indicator of
energy requirements

(b) Athletes should just eat when they are
hungry and this will prevent low energy
availability

(c) Athletes should wait for hunger and
then eat until satisfied in order to
increase energy availability

(d) All of the statements are true

5. Treating the cause of menstrual dysfunction
can lead to ovulatory cycles within 12 months,
but up to of athletes may remain
amenorrheic.

(@) 50 %

(b) 70 %

(c) 40 %

(*d) 30 %
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percent of bone mass accrual occurs
inthe_____ years surrounding menarche.
(a) 454
(b) 35.3
(c) 30.1
(*d) 25.2
. In adolescent girls, about of total

body mineral content is accrued by 15%2-18
years of age.

(a) 60 %

(b) 70 %

(c) 80 %
(*d) 90 %

. Target groups for menstrual screening should

include which group(s) of women?

(a) A normal secondary sexual development
but no menarche by 15 years of age

(b) Failure of the thelarche (breast devel-
opment) by 13 years old

(c) No menarche within 5 years after breast
development that occurred less than 10
years old

. In 2006, National
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(*d) All of the above mentioned groups
should be targeted

Collegiate Athletic
Association Division 1 Schools adopted a
standardized eating disorder and menstrual
dysfunction screening tool to be used for all
female athletes.

(a) True
(*b) False

10. Which of the following characteristics is

(are) true for an athlete with polycystic ovar-
ian syndrome (PCOS)?
(a) She will usually be at or above a nor-
mal Body Mass Index (BMI)
(b) She will likely be hirsute
(c) She may show signs of
resistance
(*d) All of the above characteristics could
be possible with PCOS

insulin

Appendix 1: Women's Health History Questionnaire

Name:

Age:

Birth date:

Height:
How many years have you been at your present weight?
Have you lost

If you have lost or gained weight recently, how many pounds?

Weight:

or gained

weight recently?

Ethnic background: (Check one)

Caucasian, non-Hispanic

Hispanic

American Indian
Asian

Black, non- Hispanic
Other/specify

If you are an intercollegiate athlete, please check the sport/activity, in which you currently participate,
if you are not presently an intercollegiate athlete, please skip to the next question (Check one):

Basketball Golf Soccer
Tennis Track Volleyball
Softball Other, please specify
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If you play intramural sports, please check the sport/activity in which you currently participate, if you
do not presently participate in intramural sports, please skip to the next question (Check one):

Basketball Golf Soccer
Tennis Track Volleyball
Softball Other, please specify

If you belong to a club sport/activity, please check the sport/activity in which you currently
participate, if you do not presently participate in club sports/activities, please skip to the next question

(Check one):
Dance Theater Soccer
Volleyball Running Golf
Water-skiing Cycling Other, please specify

Please check the type and amount of exercise you usually engage in each week. Be as specific as pos-
sible, for example, weight training 1.5 h per week; jogging 4 mph for 1 h two times a week or aerobics
30 min two time a week, or walking 3 mph 4 h each week.

Activity #Times per week Hours per week Miles per week (if applicable)
Aerobics
Basketball
Calisthenics
Cycling
Dance

Ballet

Jazz

Tap dance

Modern
Golf
Handball
Jogging
Racquetball
Running
Soccer
Softball
Swimming
Water-skiing
Track (specify type of event)
Volleyball
Weight-lifting
Other (list)

How many years (or months) have you been involved in the above activity schedule?

Years months

List any injuries you have had or presently have that are related to your participation in these
activities.

How is your health? Good Fair Poor

Please explain:
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Has a health care professional ever told you that you have problems with your thyroid glands?
Yes No

Has a health care professional every told you that you had problems with your ovaries?
Yes No

Has a health care professional ever told you that you had problems with your uterus?
Yes No

Has a health care professional ever told you that you had problems with your endocrine system?
Yes No

Are you now using or have you ever used birth control pills or other hormones (these are used to
prevent pregnancy or regulate menstrual periods)?
Yes No

If you have used birth control pills or other hormones, for what reason did you use these?
Regulate menstrual periods
Prevent pregnancy
Other reason. Please explain

If you have used birth control pills or other hormones, how long has it been since you used them?

Within the past year, have you taken steroids for any reason (these are occasionally used to reduce
inflammation/swelling, etc. during illness or injury)?
Yes No

If you have taken steroids, how long has it been since you took them?

Are you pregnant? Yes No
Is there a possibility you could be pregnant? Yes No
Have you recently had a pregnancy test? Yes No
If you answered yes, when was the test? Date
Do you currently smoke? Yes No
Would you classify your menstrual cycle as regular? Or
irregular?

Please explain why?

Approximatelyhowmany menstrual periodsdoyouhaveinayear?
Do you experience menstrual bleeding every month?
Do you have a menstrual period every month that is about the same number of days apart from month
to month?

Yes No

What was the first day of your last menstrual period? (If you are currently on your menstrual period,
please list the first day of your current period).
How many days long was your last menstrual period?
How many days ago was your last menstrual period?
What is the average duration (length in number of days) from the beginning of one menstrual cycle to
the beginning of your next menstrual cycle?
How old were you when you first began menses?
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Have you ever had or presently have anorexia nervosa or bulimia that you are aware of?

How did you become aware of this?

Appendix 2: Menstrual History
Log Sheet

Name

Directions: Please mark the first day of your menstrual cycle with an X. Continue to mark any days
that you experience bleeding

Month 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Jan
Feb
Mar
April
May
June
July
Aug
Sep
Oct
Nov
Dec

Appendix 3: Student-Athlete
Nutritional Health Questionnaire

Stress Fracture History

1. Have you ever had a stress fracture or a stress reaction? Yes No
2. Have you ever had x-rays to rule out a stress fracture or a stress reaction? Yes No
3. Have you ever had a bone scan or a bone density test? Yes No
4. Do you talk calcium? Yes No

5. Are you a vegetarian?

Eating/Weight History

1. What is your highest and lowest weight in the past year? Highest weight Ibs.
Lowest weight Ibs.

2. What is had any recent changes in weight? Yes No

3. What is your desired weight? Yes No

4. Do you weigh yourself often? Yes No

5. Do you consciously watch your weight? Yes No

6. Would your weight be different if you were not exercising vigorously? Yes No
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7. How many times a year do you lose weight intentionally?
8. When your season is over and you stop or reduce training, do you gain or lose weight?

If “gain,” how much weight? Ibs.
If “lose,” how much weight? Ibs.
What is your weight in season at the peak of training? Ibs.

9. Do you have to restrict your food intake more or less than in the past to be at your
competitive weight? (please circle the appropriate answer)
Much less Somewhat less No change Somewhat more Much more
than before than before than before than before
10. Are you preoccupied with weight? Yes No
11. Does worrying about weight take up a significant amount of your time? Yes No

Menstrual History (Females Only)

1. At what age did you have your first period? Month Year

2. When was your last period? Month ___ Year

3. How many periods have you had in the last 12 months.

4. Are you on any form of estrogen/birth control? Yes No
If yes, what form?
How long?
Why? (Control of period, medical prescription, other)
If it has been recommended and you are not taking it, why?

. Have you ever been diagnosed with anemia? Yes No

. Do you eat red meat? Yes No

. Do you have heavy menses? Yes No

. Were you aware of any effect of regular training for sport on the occurrence of
your first menstrual period? Yes No
If yes, briefly explain

9. Are menstrual problems such as cramps and irregularity common in your family? Yes No

0 3 N

Appendix 4: Female Athlete
Screening Tool

Please answer as completely as possible.
The key is used to quantify and define activity
level for further clarification of the questions.

Key*: Exercise =Physical activity >20 min
Practice =Scheduled time allotted by coach to work as a team or individually in order to improve
performance
Training = Intense physical activity. The goal is to improve fitness level in order to perform optimally

1.1 participate in additional physical activity >20 min in length on days that I have practice or
competition.
(1) Frequently (2) Sometimes (3) Rarely (4) Never
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. If I cannot exercise, I find myself worrying that I will gain weight.

(1) Frequently (2) Sometimes (3) Rarely (4) Never

. I believe that most female athletes have some form of disordered eating habits.

(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

. During training, I control my fat and calorie intake carefully.

(1) Frequently (2) Sometimes (3) Rarely (4) Never

. I do not eat foods that have more than 3 g of fat.

(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

. My performance would improve if I lost weight.

(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

. If T got on the scale tomorrow and gained 2 pounds, I would practice or exercise harder or longer

than usual.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

. I weigh myself .

(1) Daily (2) 2 or more times a week (3) Weekly (4) Monthly or less

. If I chose to exercise on the day of competition (game/meet), I exercise for

(1) 2 or more hours (2)45minto 1 h (3)30-45 min (4) Less than 30 min

If I know that I will be consuming alcoholic beverages, I will skip meals on that day or the following day.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

I feel guilty if I choose fried foods for a meal.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

If T were to be injured, I would still exercise even if I was instructed not to do so by my athletic
trainer or physician.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

I take dietary or herbal supplements in order to increase my metabolism and/or to assist in burning
fat.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

I am concerned about my percent body fat.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

Being an athlete, I am very conscious about consuming adequate calories and nutrients on a daily
basis.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

I am worried that if I were to gain weight, my performance would decrease.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

I think that being thin is associated with winning.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

I train intensely for my sport so I will not gain weight.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

During season, I choose to exercise on my one day off from practice or competition.
(1) Frequently (2) Sometimes (3) Rarely (4) Never
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20. My friends tell me that I am thin but I feel fat.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

21. I feel uncomfortable eating around others.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

22. 1 limit the amount of carbohydrates that I eat.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

23. I try to lose weight to please others.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

24. If T were unable to compete in my sport, [ would not feel good about myself.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

25. If T were injured and unable to exercise, [ would restrict my calorie intake.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

26. In the past 2 years I have been unable to compete due to an injury
(1) 7 or more times (2) 4-6 times (3) 1-3 times (4) No significant injuries

27.During practice I have trouble concentrating due to feelings of guilt about what I have eaten
that day.
(1) Frequently (2) Sometimes (3) Rarely (4) Never

28. I feel that I have a lot of good qualities.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

29. At times I feel that I am no good at all.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

30. I strive for perfection in all aspects of my life.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

31. T avoid eating meat in order to stay thin.
(1) Strongly Agree (2) Agree (3) Disagree (4) Strongly Disagree

32. T am happy with my present weight.
(I)Yes (2)No

33. I have done things to keep my weight down that I believe are unhealthy.

(1) Frequently (2) Sometimes (3) Rarely (4) Never

Source: From McNultyKY, Adams CH, Anderson]M, AffenitoSG. Development and validation of a
screening tool to identify eating disorders in female athletes. J Am Diet Assoc2001;101(8):886-892.
With permission.

Scoring Instructions: The FAST is scored on a 4 point Likert Scale. The higher the number
the higher the probability (i.e., 4 points=frequently; 3 points=sometimes; 2 points=rarely; and 1
point=never).

Questions 15, 28, and 32 are reversed scored. For questions 32, a response of yes receives
1point and a response of no receives 2 points. In a small group of female athletes (N=41), sub-
clinical scores ranged from 77 to 94 and clinical scores were >94. Note this is a screening tool,
not a diagnostic tool.
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Abstract

The continuous progression of the prevalence of eating disorders (ED) is a
cause of concern during the last decades, and epidemiologic research has
shown different increases between countries. Food is as well a psychological
need that presents interindividual differences such as preferences/rejections
to foods, healthy/unhealthy dietary habits, and worries about the shape,
which result in “body dissatisfaction.” Thus, dieting and compensatory
behaviors to control weight are acquired as normal behaviors by the gen-
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9.1 Learning Objectives

After completing this chapter, you should be able to:

e Describe the main characteristics of eating
disorders (ED).

e Describe the differences between ED and
disordered eating (DE).

 Identify the risks and protective factors.

e Discuss the importance of the psychological
perspective of ED and nutrition.

9.2 Introduction

Eating disorders (ED) are mental disorders that
are considered by the World Health Organization
(WHO) as severe diseases affecting Health
Systems worldwide. Although EDs are mainly
developed by females during adolescence, cases
have been diagnosed and described in infants,
prepubescent children, adults, and elders as well.
The continued progression of the prevalence of
ED is a cause of concern during the last decades.
In this way, data show prevalence percentages
from 6.4 to 4 % in young females and 0.3 to 1 %
in males (12-21 years), which indicates a gender
ratio 1:9 [1]. In eastern countries such as Spain,
research of prevalence rates reported a 20.8 % risk
of developing ED in college females and 14.9 %
in males [2], while in adolescents data show 13 %
for females and 1 % in males [3].

In the USA, the prevalence of anorexia is
between 0.5 and 3.7 %, whereas bulimia nervosa is
1.1-4.2 % [4]. Generally when the estimations are
based upon large populations, the rate of anorexia
for developed countries is 8.1 per 100,000 habi-
tants per year, whereas bulimia nervosa shows
prevalence rates of 1 % in adolescents and young
adults [5].

To date, no protocol treatment has been con-
sidered as the most successful. For example,
there is a lack of consensus among professionals
about which is the best way to recover weight in
anorexic patients [6, 7].

Disordered eating (DE) or eating disorders not
otherwise specified (EDNOS) also exist, and
these describe a wide range of irregular patterns
of eating behaviors that do not warrant a diagno-
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sis of a specific eating disorder. DE is not the
result of a specific ED. Often, these are caused,
for example, by bad nutrition, bad health habits,
mental disorders (e.g., clinical depression), or by
unrelated mental disorders (e.g., homesickness,
mourning, breakthrough). However, recognizing
DE is very important because these may involve
seriously disturbing perceptions of body image
and food habit problems or may include only a few
signs or symptoms from classic types of ED.

Eating disorders (ED) are considered much
more serious than DE, and they are defined as
psychiatric disorders, as it is shown in the
Diagnostic and Statistical Manual of Mental
Disorders (DSM-V) diagnostic criteria. ED crite-
ria are based on psychological, behavioral, and
physiological characteristics [6]. Nevertheless,
epidemiologic research reported that there is also
a perturbing increase of the prevalence of DE [8],
defined as eating disorders nonspecified or
incomplete [4, 9].

There is a dearth of research in disordered
eating among children and preadolescent girls,
for the research has been focused on subsequent
maturation phases such as pubertal and postpu-
bertal years, adulthood, as well as in middle-aged
and aging women [9-12].

Physical active women of all ages can develop
EDs or DE because risk factors are present
throughout the life span. For instance, a common
risk factor is fasting or calorie restriction to par-
ticipate in activities that promote thinness such as
endurance sports (e.g., long distance, triathlons),
sports with weight categories (e.g., martial arts,
wrestling, boxing), and slim appearance sports/
dances (e.g., ballet, gymnastics) [10-15]. Some
affect mostly children to young adults, whereas
other affect middle-aged to older women [16].

9.3  Research Findings

States of Food and Food
Psychology and Associated
Pathologies

9.3.1

Nutritional requirements change throughout
life-span, and research has shown that poor nour-
ishment is a limitant for adequate development
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and growth and is associated with increased risk
for future chronic pathologies [17].

The “nutritional stages” refer to the different
situations that occur prior to, during, and after the
feeding process. Interestingly, the stages are not
the same in all individuals because these are
dependent on eating behavior (determined by
one’s stage of life, choice of food, nourishment
learning, motivation, and attitude towards the food).
Eating behaviors are individual because it functions
to satisfy specific physical needs; to feel better, as
a socialization agent; to satisfy craving from
attractive characteristics of food; etc. It seems
valid to use these reasons to begin or end the
eating process. Therefore, it is necessary to under-
stand the transcendence of the physical, psycho-
logical, and social factors affecting this process
during life.

9.3.1.1 The Food'’s Psychology
Food is as well a psychological need that presents
interindividual differences such as preferences/
rejections to foods, healthy/unhealthy dietary
habits, and worries about the shape, which result
in “body dissatisfaction.” Thus, dieting and com-
pensatory behaviors to control weight are acquired
as normal behaviors by the general population
increasing the risk to suffer from ED. Different
psychological approaches have determined that
diet selection is based on the individual factors
(learning process, beliefs, and the psychological
features of the individual) and not merely on the
nutritional content of the food [18, 19].
At least three different models try to explain
the food selection:
¢ Evolutionary models
(learning)
* Cognitive models for food selection (beliefs)
» Psychophysiological models for food selec-
tion (psychophysiology of the individual)

for food selection

The evolutionary models. Different research

groups have reported various factors that can be

affecting food preference. Thus, the food/drink

selection:

— Is innate, and therefore specific flavors are
preferred such as sweet [20] and salty [21] and
rejected such as bitter flavors [22].

— In individuals who were habituated to sweet-
ened water when they were babies are going to
drink greater amounts compared to those who
were not [23].

— Depends on the environment (observational
and social learning). For example, parents’
attitudes towards food selection [24].

— Depends on the associative learning such as
reward for food selection (i.e., “if you eat veg-
gies [ will feel really happy” [25]).

— Depends on the media and advertisement
influence [26].

The cognitive models. This concept encloses
different models that try to explain and predict
the food selection such as risk perception, costs
or benefits of a particular behavior, self-efficacy,
past behavior, and social norms [27]. This provides
evidence for the maintenance of positive and nega-
tive attitudes with respect to the food, which
reduces the probability to eat a specific food.

The psychophysiological models. These models
are focused in the regulation of hunger and satia-
tion. On the one hand, “hunger” is the discomfort
associated with the absence of food and is a moti-
vation to eat [27]. On the other hand, “satiation”
is an opposed concept where the consumption of
food reduces the motivation to eat. There are
parts of the brain such as the hypothalamus, with
underlying mechanisms, that regulate the hun-
ger—satiation state. Researchers have reported the
importance of two central systems in this regula-
tion: excitatory (serotonin) and inhibitory (cate-
cholamine) [17, 28].

9.3.1.2 Feeding and Emotions
(“Emotional Feeding”)
Eating behaviors are related to emotions, and
some eating disorders reflect those feelings. For
example, anorexic patients exhibit the “fear to
eat” [29]. However, healthy people are strongly
influenced by emotions in their eating behaviors
as well. For example, healthy individuals reduce
their food intake when they experience negative
emotions [28-30].
The attachment bond is regulated by the
feeding process during infanthood. This basic
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nourishment—feeder relationship is maintained
throughout the life span—binding food to
affection and hunger to dissatisfaction. This
association will interfere the differentiation of
nourishment and emotional needs in both clini-
cal and general population [31, 32]. Hence,
educating children in identifying and expressing
emotions can prevent ED and promote healthy
nutrition [32].

Silva [30] has shown that ED patients try to
remove their emotions and affections showing
lack of emotions, assertiveness, submissiveness,
shyness, and self-futility [33]. The inability to
identify and describe emotions (alexithymia)
characterizes ED patients [34—40] and contributes
to ED development [39, 41, 42]. Indeed, one study
[40] reported that alexithymia in patients that suf-
fered from anorexia nervosa (AN) and bulimia
nervosa (BN) directly influenced their food intake.
Therefore, AN patients refused to eat in dysphonic
situations (sadness, anxiousness, or irritability),
while BN patients increased food intake.

In spite of the recognized influence of the emo-
tions in eating behavior, there are few studies that
include the role of the emotional variables in an
individual’s development. Research has shown
association between alexithymia and the degree
of anxiety, food acceptance, weight gain, body
image, and self-esteem [43-47]. ED has been
described as a way to regulate self-negative emo-
tions [37, 48-54], to further food restriction func-
tion as a way to reduce negative emotions (using
the food as a negative reinforcement) [48, 51, 54].

9.3.1.3 Food: Culture and Socialization
Food preferences are culturally learned and
socially regulated [55, 56]. Therefore, eating
behavior is influenced by different factors such as
race, religion, age, gender, health, social class,
and ultimately by the environment.

A deeper knowledge and study of socialization
processes in eating behavior can provide mean-
ingful information to understand the uncertain
causes of ED [57]. This can help develop strate-
gies to detect factors affecting the acquisition of
healthy behavior related to food intake [29] and,
therefore, understand the differences between
gender, races, etc. susceptible to suffer from one
or other type of ED.
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9.3.1.4 The Food Craving: Feeding,
Overactivation, and Stress

The food craving is the intense desire to consume

food, and it is stronger than a normal hunger.

Scientists have proposed four theories to explain

this behavior:

1. Homeostatic theories: that the intense desire
to eat appears as a consequence of a previous
negative reinforcement (eating behavior asso-
ciated to negative feelings). The individual
eats to overcome those feelings not because
they are hungry [58].

2. Theories of incentive: that the delectable
properties of the food (smell, taste, texture)
have a motivational effect on intake behavior
[S1]. These theories consider that the craving
influences the eating behavior by pursuing the
body well-being [58].

3. Cognitive theories: that food craving can be
triggered in two situations, (a) when environ-
mental conditions impede the food intake pro-
ducing frustration and leading the individual
to search for food and (b) when the individual
is restricting the food intake and feels success-
ful accomplishing it [59].

4. Psychological theories: that the most recent
theories postulate that food, like drugs, is
addictive and has the ability to produce durable
changes in structures of the nervous system
related to the appetite (i.e., the insula, the cau-
date, the amygdala, the nucleus accumbens,
the anterior cingulate, and orbitofrontal cortex)
[60]. These changes in the brain are responsi-
ble for the maintenance of food craving [61].

Food, Overactivation, and Stress: There is grow-
ing research on the relationship between eating
patterns and stress. In spite of the common
notion that stress causes a reduction in food
intake, several studies suggest that eating behav-
ior is related to the psycho-emotional character-
istics of the individual and the type of stress.
This has been crucial to explain the implications
of the food restriction, overeating, and stress in
the development of ED (i.e., anorexia nervosa
and bulimia nervosa) and obesity. For instance,
studies showed that emotion (i.e., positive or
negative valence and low or high intensity) has
a stronger influence in overeaters and restrained
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Table 9.1 Evaluation criteria of AN and BN

Criteria Indicators

Body weight  Current and historical

Eating Dieting, fasting, uncontrolled eating

behavior (binging: craving), purging, food ban
(forbidden eating), anxiety at intake and
after intake, distorted body image, body
dissatisfaction, emotional issues
influenced by intake, associated diseases
(comorbidity: depression, anxiety,
obsessive—compulsive disorders, sexual
abuse, compulsive overeating)

Biomedical AN and BN: underweight. BMI<17.5

aspects in AN and normal weight BN,

anthropometry, analytical

eaters. This line of research has shown that the
level of affective arousal is the key to trigger
an episode of overeating in restrained eaters,
rather than the valence of the emotion [62].
Nevertheless, anxiety and alexithymia are features
present in ED patients even after recovery [63,
64], so that has been postulated as a risk factor to
suffer ED [65-69].

9.3.1.5 Eating Disorders: Personality
Characteristics and Profiles

Symptoms in AN, BN, and EDNOS Patients

» The principal characteristic of AN (Table 9.1)
is the rejection to maintain body weight in the
normal minimum values (IMC>17.5 according
to the WHO). The characteristics are drastic
diets and obsessive physical exercise (restric-
tive AN) or in the form of binge eating and
purging (compulsive/purgative AN).

e BN is characterized by frequent binge eating
and compensatory behaviors, in order to con-
trol or lose weight, such as self-induced vom-
iting or the continuous use of laxatives or
diuretics (purgative BN), or fasting and obses-
sive physical exercise (non-purgative BN)
(see Table 9.1).

* EDNOS (eating disorder not otherwise speci-
fied), such as compulsive overeating or certain
types of morbid obesity (Table 9.2).

ED and Comorbidity

Personality disorders (Table 9.3) [70-74]:

Personality is considered a habitual pattern of
behavior that is manifested in different con-
texts and situations (i.e., cognition, impulse

Table 9.2 EDNOS characteristics

EDNOS Characteristics

Binge A. Recurrent episodes of binge eating
eating 1. Intake in a short period of time of
disorders uncontrolled amounts of food

2. Feeling of loss of control
overeating during the episode
(cannot stop eating)

B. Episodes of binging associated with
three or more of the following:

1. Intake much faster than normal

2. Eating until feeling
uncomfortably full

3. Ingestion of large amounts of
food despite not being hungry

4. Eating alone to conceal their
voracious appetite

5. Feeling disgusted with oneself,
depressed, or great guilt after
binge eating

C. Deep distress after remembering
binging

D. Binging takes place at least two days
a week for 6 months

E. The binging is not associated with

inadequate compensatory strategies

(e.g., purging, fasting, excessive

exercise)

AN criteria but the individual still has

regular menstruation

AN criteria except significant weight

loss

3. Individual with normal weight
performs inappropriate compensatory
behavior after eating small amounts
of food

4. Chewing and expel, but not
swallowing large amounts of food

5. Compulsive disorder: recurrent binge
eating in the absence of inappropriate
compensatory behavior typical of BN

Do not meet 1.
criteria for
any ED 2.

Table 9.3 Alteration: eating behavior and personality

Table or personality profile Indicators
AN Obsessive
Introverted
Socially insecure
Dependent

BN Multi-impulsivity
Low capacity control

AN and BN with
personality disorders

>Frequency of binging
Anxiety—depression
>Difficulty with social
integration
>Frequently. Attempted
suicide
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control, emotional stability, and interper-
sonal relationships), which is stable and
continuous.

Personality disorders are atypical behavioral
patterns that generate serious limitations in
everyday life and increase distress. Unlike
mental disorders, personality disorders are
temporarily stable [75-77].

Despite the high rate of comorbidity among EDs
and personality disorders (ranges between 51
and 84 %), the interest for this field is fairly
recent [74, 78-80].

The first baseline research was conducted by
Gartner [70] and consisted of 35 hospitalized
patients diagnosed with AN, BN, or both AN
and BN. The main results were that 57 % of the
sample had at least one, AN or BN ED, plus
personality disorders. Personality disorders
were relatively common. The most frequent
were borderline, avoidant, and self-destructive
which are distributed equally amongst the vari-
ous types of eating disorders. In a study done
by Wonderlich [71], with a total of 46 patients,
72 % of the sample met diagnostic criteria for
at least one personality disorder. For example,
the “obsessive personality” was the most com-
mon feature of restrictive anorexia nervosa and
“borderline and histrionic personality” for buli-
mia. Another study done by Grilo [80], with
136 hospitalized patients diagnosed with vari-
ous EDs, 84 % had one or more personality dis-
orders such as “borderline, avoidant, and
dependent.” According to the study done by
Matsunaga [74], of the 108 patients with vari-
ous EDs, 51 % of the sample had personality
disorders where the “borderline and antisocial”
were prevalent in BN and no clear predomi-
nance in the case of AN. Furthermore, accord-
ing to the work of Striegel-Moore et al. [81],
with a sample of 161 veterans (98 men and
63 women) with EDs, personality disorder
comorbidity was significantly greater in women
(49 %) compared to men (18 %).

Affective Disorders: Depression

and Anxiety

Depression and EDs. Different studies have pro-
vided compelling evidence for the relationship
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between affective disorders, especially between
“EDs and depression.” From a clinical stand-
point, the distinction may be difficult, since they
share signs and symptoms, family trends, natural
history, neuroendocrine alterations, and the
response to drug treatment [82]. The prevalence
of affective disorders in AN indicates that the
presence of depression ranges from 20 to 100 %
of the cases according to various studies [83].
Luka et al. noted that 73.3 % of children with AN
suffered depressive syndromes (33 % moderate,
20 % severe, and 20 % mild depression), primarily
in the “binge-purging” (88.8 %) and “restrictive”
(72.2 %) subtypes. However, there has been no
uniformity in quality and methodology used in
data collection [84].

In some cases the depressive disorders are
prior to the ED. Indeed, it was observed that the
affective disorder may precede the ED from 26 to
49 % of cases [85, 86, 87]. Retrospective studies
suggest that in about one third of cases major
depression was already present before the onset
of BN [88-90]. Other researchers found that the
main features of depression in patients with AN
of different ages are the problems of self-concept,
where patients with restrictive AN show less
depressive symptoms than the compulsive purga-
tive patients [91-93]. In BN patients, the inci-
dence of mood alteration ranges between 52 and
83 %. Higher rates of family history of depres-
sion were found in patients with BN (46 %) ver-
sus healthy population (13 %) [94, 95]. Hatsukami
et al. found that 43 % of bulimic women had
some symptoms of depressive disorder [96], and
the 56 % reached a score of 20 on the Beck
Depression Inventory (BDI) (cutoff: 10) [93].

Anxiety and ED. Anxiety is an emotional state
that is particularly relevant in ED. Becker et al.
[97] recruited 257 women with anxiety disorder
and found ED symptoms (12 %) using the Eating
Disorder Examination Questionnaire. Other
study analyzed the presence of anxiety disorders
in people diagnosed with ED; the data showed
higher percentages (63.5 %) [98]. Godart et al.
conducted a study with 271 people diagnosed
with ED and 271 controls; results were that 47 %
of women had anxiety prior to the ED [99].
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Anxiety, Body Dissatisfaction, and Perfectionism.
In this case, anxiety has been associated with the
dissatisfaction with body image. New concepts
were created like social physical anxiety, which
refers to the discomfort experienced by people
affected when they perceive that their physical
appearance is being evaluated by others. For
instance, the appearance of anxiety in eating dis-
orders occurs primarily at social events where
people interpret their body is being evaluated
[49]. In this sense, Fairburn et al. pointed out that
social anxiety situations may be a risk factor for
developing an eating disorder [100]. Diehl et al.
[101] studied the relationship between social
physical anxiety (assessed with the Social
Physique Anxiety Scale) and high scores in the
evaluation of ED signs measured by the Eating
Attitudes Test instrument (EAT) in 160 university
students. Results reported high correlation
between social physical anxiety and concern for
weight loss, which indicates that these variables
may be predictors of ED [101]. In addition,
Rodriguez-Campayo [102] found a significant
relationship between perfectionism and anxiety
in a sample of 356 university students, which
points to a significant relationship between the
socially prescribed “perfectionism” (belief that
others accept you if you are perfect) and high lev-
els of anxiety (r=0.35, p<0.05). Therefore
according to these studies, anxiety in social situ-
ations (evaluation anxiety) and social phobia are
risk factors for developing an ED. Also, it seems
that obsessive perfectionism associated with the
desire for social acceptance is related to anxiety.

Body Image and ED

The alteration of body image has been consid-
ered as one of the diagnostic criteria for AN in
ED [4]. Given its important role in the initiation
and maintenance of the disease, it is crucial in the
intervention for a successful recovery [103].
However, one problem regarding this diagnosis
criterion is that this is also apparent in the general
population due to a significant increase of con-
cern for physical appearance and weight.

The concept of body image consists of two
components: the perception of body size and the
attitude or feelings towards the body. As a result,
you can define two different modes of body
image dysfunction: the distortion of body size

perception and cognitive-evaluative dissatisfaction
(an aspect of attitude) [104]. The concept of body
image disorder consists of an abnormal percep-
tion of body size. Although there is always an
expected margin of error in the feelings towards
the body, the presence of systematic biases in
patients with ED has led to a generalization on the
concept of body image distortion. Body image is
composed of perceptual components, cognitive—
affective and behavior. There are primarily two
ways to assess body image:

(a) The accuracy in estimating the body size of
the person based purely on perceptual judg-
ments. There are two ways to evaluate:
Depending on the object being estimated,
measuring the width of specific body parts to
obtain an index of body image or Body
Perception Index (BPI), as proposed by
Slade and Russell [105], which relate the
perceived size of the person with the real size
measured by an anthropometer [BPI=(per-
ceived size/real size) x 100]. Slade index can
also be applied to the Image-Marking
Procedure (IMP) and the Silhouettes tech-
nique [106-109].

(b) The attitude and feelings of an individual
towards their own body, which reflects vari-
ables of attitudes, emotion, and cognition.
With this approach, using different question-
naires the Body Dissatisfaction Index was cre-
ated. It measures the attitude towards weight
and body shape and the attitude towards food,
binge eating, and dieting. Those specific ques-
tionnaires are focused on the body image,
such as the BSQ [110], and other general
questionnaires, such as the EAT [111].

Numerous studies have attempted to measure
the relationship between the distortion of and
image perception of the body and ED. However,
we are still far from knowing the relationship of
this measurement as a predictor of ED.

Family and ED

Traditionally, family has been proposed as the
“cause” of ED. Conversely, the family has been
proposed to “suffer” the consequences, the vic-
tims, and has been proposed as a resource for
treatment as well [112]. Research about the role
of family in the development and maintenance of
eating disorders dates back to 1873 with the
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description of AN [113]. More recent familiar
variables have been studied as etiologic factors
for ED [112, 113].

Early conceptualizations of AN in adolescents
proposed family “psychosomatic” [114] or
“anorexigenic” [114] models suggesting that spe-
cific family patterns contributed to the develop-
ment, maintenance, and perpetuation of the
disorder. Based almost exclusively on clinical
observations, several of these theories dominated
in the 1970s and 1980s, converging on a descrip-
tion of the anorexic family as typically fused,
rigid, and dedicated to self-sacrifice and loyalty
[114]. Some studies have identified certain styles
of family functions with individuals with eating
disorder and indicate that interactions in these
families differ from those without members with
eating disorders [115]. One of the most influential
authors of the theory, Salvador Minuchin, devel-
oped a structural model of family [112, 114, 116],
which identifies five dominant features of interac-
tions that maintain “somatization”: (a) bonding,
an extreme form of proximity and intensity in
family interactions; (b) overprotection, reflected
in the high degree of concern that family members
have over the welfare of others; (c) stiffness, char-
acterized by a need to maintain the status quo;
(d) avoidance of conflict; and (e) involvement of
the child in parental conflict (marital) through tri-
angulation. Within the community of scientists
who have studied the association between type of
family functioning and the presence of eating
disorders, there are controversial views. Despite
inconsistent results, two major findings have
emerged from the accumulation of data: (a) fami-
lies with eating disorders often tend to be more
dysfunctional and controlling, and (b) the quality
of family dynamics plays an important role in the
course and outcome of the disorder [114].

9.3.2 Disordered Eating

9.3.2.1 EDNOS or DE: Profile

and Diagnostic Criteria
DSM-IV-TR Criteria [4]: EDNOS or DE inte-
grate partial or incomplete syndromes. Atypical
disorders have a close resemblance to the AN and
BN, and many of these cases may be severe and
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persistent as complete frames, and some may
even be almost identical but do not meet diagnos-
tic criteria for full frames. In other cases, patients
have had AN or BN in the past. The overestima-
tion of figure and weight is also present in most
of these patients as well as strict control
overeating.

Table 9.4 describes the “emotional eater” with
binge eating and compensatory behaviors devel-
oped such as bulimic patients. It incorporates
different clinical forms, all occurring with obe-
sity, and the key feature is the lack of awareness.
These patients have a strong association to
deficiencies in social and occupational relations,

Table 9.4 Binge eating disorder and other atypical
syndromes

EDNOS
Binge
eating
disorders

Syndromes

Full syndrome: (those who meet all the
requirements listed in the Diagnostic
International Classifications) partial or
incomplete syndromes, atypical tables,
residual and chronic. All can be restrictive
or purgative. They can even move from one
category to another. Up to 50 % of AN
patients in their recovery present bulimic
symptoms, a lower percentage results in BN
Partial syndrome: is most common in
teenagers. In less than 6 months, this can
evolve to full symptoms and lead to a more
difficult course. They should be treated
early since the prognosis is very good
Syndrome ongoing: evolution is partial in
quick weight loss

Among atypical syndromes: stand
alexithymic AN or psychosomatic AN,
occurring without anorexic ideation
sometimes after a typical disorder (or
history)

Other
atypical
disorders

Bigorexia or misuse of the gyms
Orthorexia or obsession on healthy and
medicinal food
Night eaters

Waste syndrome: up to one third of the
AN and BN do not recover completely.
Residual food symptoms, being defensive
about food remains. This does not
necessarily limit their quality of life

Chronic syndrome: a small percentage of
those who start with AN or BN in
adolescence will become chronic and
resistant to treatment. Increasing after 18
years, after relapse or late appearances
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excessive preoccupation with shape and weight,
general psychopathology, significant amount of
time spent on diets, emotional problems, and
history of depression.

9.3.2.2 Disordered Eating: Disordered
Lifestyle

DE is actually a way of projecting disorderly situ-
ations of daily life such as lack of control at certain
times, which can lead to lack of control on the
intake of food. Our objective should not be the
patient gaining or losing weight; instead it should
be normalizing their relationship with food.

In DE, a necessity to resolve daily problems
and lifestyles that have not been resolved may be
done through self-control with food. When self-
control is lost, what follows is a binge phase that
also extends to the “physical appearance.”
Therefore, in eating disorders there is a real alter-
ation in large parts of daily life. This explains
why patients only show isolated symptoms, even
in extreme cases. Thus, the behaviors associated
with “eating disorders” may include compulsive
dieting of specific foods, skipping meals, or
avoiding food groups in order to lose weight.
Individuals who eventually develop ED are more
likely to have had abnormal eating patterns or
habits, such as skipping meals or eating excessive
amounts of unhealthy foods, even before the age
of 12 [117].

9.3.2.3 DE or Lack of Control: Binge
Eating and DE

Binging can be commonly present in patients with
bulimia nervosa. Thus, in the case of EDNOS, we
are talking about an atypical bulimic disorder,
where the lack of control is the foundation of the
disorder. However, it can also present other disor-
ders. In addition to binging, purging, or vomiting,
alcohol abuse, substance abuse, self-mutilation,
and sexual promiscuity also exist [118].

Binging is related to uncontrolled behavior
with respect to intake. Sometimes this uncon-
trolled behavior may arise from a difficulty of
impulsive control to eat or because the individual
experiences anxiety to eat [118].

Binging can also be considered an addictive
condition, conditioned by emotional states of
mind. In certain circumstances (loneliness, stress,
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sadness, etc.) or when the patient comes in con-

tact with certain food-related stimuli (especially

smell, vision, and taste), binging “automatically”
forages without thinking. Indeed, the susceptibil-
ity to these stimuli can increase during the start of

a weight loss diet plan. This explains why bing-

ing is more likely to occur after a period of fast-

ing or dieting [119].

There are several theories explaining this
uncontrolled intake:

— Model of binging eating: the internalization of
body ideals and body dissatisfaction with
binge eating through food restriction to obtain
the ideal body [120]. Binging is the result of
physical and psychological susceptibility fol-
lowing periods of food restriction. When on a
diet the body tries to defend itself from weight
loss (present or future) producing an increase
in hunger and desire [121].

— Affect regulation model: Other authors have
studied the relationship between binge eating
and negative emotional states. It is common
for patients to binge eat to reduce negative
affect (NA). These patients have a very low
state of mind, dissatisfaction, and emptiness
without feeling hungry [122-124]. Patients
exhibit “attentional bias” (when a person
focuses attention on a specific stimulus)
towards self-esteem and threat avoiding food
[125, 126].

— Emotional reinforcement model: This model
emphasizes the role of reinforcement on the
motivation of intake. although the relationship
between neuroendocrine mediators, stress,
and food is still being studied [127].

9.3.2.4 Other DE: Bigorexia
and Orthorexia

Currently, besides the EDNOS there are other
sets of conditions most closely linked to specific
areas such as physical activity (PA) or healthy
eating. These have not yet been classified as ED
(they are not included in the DSM) and are actu-
ally appearing more frequently in the general
population.

Bigorexia (see Table 9.4): Bigorexia is more
common among athletes or people who go to the
gym on a daily basis and who are obsessed with
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exercise. It is “a muscle dysmorphic disorder”,
the attempt of a person to have a completely mus-
cular, developed, and bulky body for fear of
appearing weak. Symptoms include constantly
looking in the mirror, feeling thin even when not,
weighing several times a day, and spending more
than 6 h a day exercising. Pope et al. [128] dis-
covered a disorder related to body image, while
studying the secondary effects of steroids use in
bodybuilders, who despite having a body with
highly developed muscles, expressed an intense
fear of having a small and weak body. The self-
perception of their bodies appeared distorted,
with a high tendency to “underestimate the shape”
or perceived it to be incredibly less bulky than it
really was. This intense fear of appearing small or
having small volume, together with body image
distortion, caused these people to spend long peri-
ods in the gym, following protein diets and a high
percentage use of anabolic hormones [129].

Orthorexia (see Table 9.4): It is the “appetite for the
right/healthy food,” an obsession for healthy food
that is considered pathological. Symptoms include
dedicating more than 3 h to think about food and
taking a survival kit when traveling when the food
does not meet their dietary requirements.

9.3.3 New Models of Psychological
Intervention

Traditionally, ED has been addressed from multi-
disciplinary approaches and is seen as a biopsy-
chosocial disease (see Chap. 10). Until now, we
can only say that few protocols have proven to be
effective in the treatment of the disorder:
— Psychoanalytic models
— Cognitive-behavioral therapies
Family therapies
— Medical treatments and hospitalization

All of these approaches are focused on three
steps. The first instance centered on the weight
recovery and body sizes. The second focuses on
maintaining these gains. Finally, the third is about
the reintegration of patients in their family and
social network.
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In some studies, work has begun in the devel-
opment of skills to improve the patients’ adapta-
tion to the environment, social skills, and
interpersonal communication such as assertive-
ness. However, studies on assertiveness in ED are
almost anecdotic. On the other hand, there are
numerous references in the specialized literature
regarding the lack of self-assertion in patients with
ED. AN and BN perceive themselves to be con-
trolled by their family and society; however, they
do not act assertively with their controllers [82].

Psychological intervention models have pri-
oritized the study and development of numerous
strategies to correct deficiencies and disorders
[130]. For example, one strategy used, when we
find ourselves in a negative emotional state such
as sadness, is finding a tool or a mode of inter-
vention (from a psychological point of view) that
minimizes the impact of sadness on the individu-
al’s life. It is known that many of the techniques
and psychological intervention strategies gener-
ate positive emotional states [131]. For example,
relaxation techniques are effective in the treat-
ment of anxiety disorders because they produce
either direct or indirect states of consciousness
suitable for contentedness. However, it is impor-
tant to note that experiencing negative emotions
is something inevitable and useful from an evolu-
tionary standpoint, but such emotions are at the
core of many psychological disorders [132, 133].
The visualization, simulation, and role-playing
of pleasurable situations are strategies that moti-
vate patients to focus on the present moment and
to take positive awareness of their selves.

Cognitive therapies focus on learned opti-
mism, explaining that it is not the negative events
themselves that lead to depression [32, 134], so
researchers have tried to replace these explana-
tions by other unstable and specific explanations.
In the words of Vazquez [130], their efficacy is
supposed to lie in the attempt to cancel the effect
of negative meanings, but this also does not mean
that it needs to be replaced with positive ones.

Currently, we found different therapeutic
approaches that are more focused on trying to
restore the state of psychological and physical
health of the patient in self-managing strategies
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and/or external strategies. Some of these models
try to work on enabling and equipping the indi-
vidual with self-care strategies to better address
emotional, social, and familial conflicts. This
helps in restoring physical and emotional balance
(Empowerment Model) with the objective to cre-
ate patient independence and ability to take care
of themselves [135].

Other models have focused on solving the
problem, looking at it from every angle and try-
ing to find “resilience” in the patients. Resilient
people are those able to bounce back up over and
over again in situations of crisis or conflict. From
this point of view, a resilient person is able to
generate positive emotions [30] or psychological
health at critical moments. They are able to ana-
lyze situations from an objective point of view
and take advantage of it.

Another approach in the treatment of ED and
family is the development of emotional intelligence
and the use of communication tools for emotional
management, as well as improving social skills in
patients and families of patients with ED.

Some of the newest models that focus on emo-
tional regulation form intervention strategies
based on the concept of emotional intelligence
[136]. Emotional intelligence (EI) may be defined
as the capacity for recognizing our own feelings
and those of others and ability to handle them. In
Goleman’s book, “Emotional Intelligence” first
published in 1995, he estimated that EI can be
organized around five capabilities: auto-body
awareness, empathy, listening, self-motivation,
and social skills. Working with ED from this
approach assumes intervening in these five areas.
In this sense, the foci are both within the self and
emotional awareness through the detection of
their own emotions, having empathy, understand-
ing the ability to take the place of others and,
therefore, understanding them (understanding
and interpersonal communication), intrinsic
motivation and social skills, or interaction with
the environment [137].

9.3.3.1 Coaching with ED/DE Patients

Before proceeding to develop the basis for inter-
vention of this model, it is important to describe
the concept. The concept of coaching refers to

the action of “trainer or guide.” A coach can be

considered a person who guides or trains another

to learn on their own and who has the ability to
work independently in their learning and in man-

aging difficult situations [9].

Among the actions expected of a coach, one
role is supporting and guiding the search for
solutions. Under certain conditions such as ED,
we have seen that one of the most damaged ele-
ments in the personal sphere is self-esteem. The
coach helps in finding the patients’ own strate-
gies to improve self-concept and to develop the
capacity for empathy (one of the most damaged
skills for example in AN, in addition to alexi-
thymia). Therefore, coaching that includes ask-
ing questions to guide the self-learning and
personal skills development (i.e., interpersonal
communication skills, empathy, and listening)
can be a good tool to intervene ED. It is espe-
cially useful when one of the crucial elements
that is affected is communication in the “house-
hold” [9], where working on the development of
family communication skills becomes a primary
goal of treatment. The focus is on the following
areas:

Work to develop interpersonal communication

skills.

e Initial interview—baseline on communica-
tion skills, “learning gaps,” and areas for
improvement:

— Empathy

— Active listening

— Dexterity in conversation with others

(social abilities)

e Analysis and evaluation of predominant com-
munication styles in the individual “passive—
aggressive communication styles”

e Analysis and evaluation of family communi-
cation patterns: comparison with patient and
refocus

e Effective communication styles: in social
interactions and assertive styles

e Communication tools—affective
sonal skills and training:

Positive feedback

Empathy

Listening

Motivation

interper-
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— Analysis of misleading communication
and refocus model
e Coaching process—training:
— Make and receive criticism.
— Coping with situations
— Coping with ED
— Decision-making
— Auto-learning and auto-tools
— Training for the acceptance of physical and
mental health
The coach centers the intervention on
empowering the sick person to be able to suc-
cessfully tackle their health with success and
responsibility.

9.4 Contemporary

Understanding of the Issues

Although the studies and research conducted so
far indicate a breakthrough in the investigation of
ED, we can still find a need for further research in
the general population. As we have indicated in
the last section of this chapter, there are currently
emerging new forms of disordered behavior in
relation to nutrition and eating on one side (the
case of orthorexia and other obsessive feeding
patterns) and related patterns as in the case of
bigorexia and other forms of behavior where this
activity is done compulsively. There are also
increasing cases of ED associated with a dis-
torted body image which also deserve a place in
clinical research.

9.5  Future Directions
Despite the current limited research on DE
behavior, patterns show increases in prevalence
and knowledge about its epidemiology. Future
research lines should be addressed to deepen
the ways of interdisciplinary intervention, where
there is a high cooperation between different pro-
fessionals, various areas of study, and a plethora
of research on these pathologies.

Furthermore, there is increasing scientific
evidence that shows the relationship between
emotional variables and the development of ED
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and the role of stress either caused by everyday
life events, traumatic situations, or high psycho-
social impact.

9.6 Concluding Remarks

The key points on which we have worked in this

chapter are:

e Psychosocial variables related to the origin,
development, and maintenance of ED such as
emotional patterns, patterns of eating behav-
ior, the role of stress, the relationship between
emotional variables and states of mind, the
role of family, and body image

e The different diagnostic classifications
according to American and European scales
of these disorders.

* The new pathologies in relation to food such
as orthorexia and in relation to physical activ-
ity and body image such as bigorexia

* Finally, new models of psychological inter-
vention based on aspects of communication
and emotional intelligence
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Abstract

The development of a child’s body image is strongly influenced by peers,
school, family, society, and the media. While it is important for children to
learn healthy eating habits and attitudes toward physical activity early in life,
it is also essential that children learn to value themselves and develop a
strong self-esteem. Without such positive influences, children and adolescents
may develop disordered eating habits, which include the use of diet pills,
laxatives, and excessive exercise. These disordered eating habits may mani-
fest themselves as clinical eating disorders, such as anorexia and bulimia.
It is of great importance that children receive support and positive influences
from family, peers, and school to develop a healthy self-image and prevent
the formation of disordered eating habits and eating disorders.
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10.2 Introduction

The importance of healthy habits (i.e., physical
activity and diet) and their contribution to
improve the quality of life and health is well
known [1, 2]. Both quality of life and health are
linked to environmental influences and lifestyle
of individuals. Physical Activity (PA), as well as
a healthy dietary intake, is highly important dur-
ing childhood and adolescence, playing a main
role in the acquisition of healthy habits and
behaviors through the lifespan [3-9]. From the
environmental or social factors, family, in gen-
eral, particularly parents, is the main socializing
agent that stimulates healthy practices in children
and adolescents [8—13].

Moreover, friends are important socializing
agents that increase its effect during adolescence,
determine the practice of PA, and promote healthy
habits in the future. PA performed in school and
high school determines the acquisition of adequate
behavioral patterns for health and well-being [14].
Research has reported that children and adoles-
cents show a higher PA participation, and it is dur-
ing early adulthood when practice starts to
decrease. This progressive reduction on PA is
greater in females and depends on multiple factors
related to psychological and environmental vari-
ables [15-19], reflecting higher activity levels and
participation in male practitioners.

The Center for Disease Control and Prevention
(CDC) has identified six categories of health-risk
behaviors that contribute to the leading causes of
morbidity and mortality among youth and
adults—alcohol and other drug use, injury and
violence, tobacco use, sexual behaviors, physical
inactivity, and unhealthy dietary behaviors. Not
only are these behaviors linked to health prob-
lems, they also contribute to numerous educa-
tional and social problems that negatively impact
our nation. These interrelated health-risk behav-
iors are preventable, and usually begin in child-
hood and persist into adulthood [20].

The Biopsychosocial (BPS) model: This model
was first postulated by Gorge L. Engel at the
University of Rochester [21] as, “the need for a
new medical model.” The biopsychosocial model

M. Fernandez-del-Valle et al.

(BPS model) was termed to enclose the essential
factors that trigger illnesses and disabilities in
human beings, postulating three main factors: bio-
logical, psychological, and social; however, this
model varies across cultures [22]. The biological
component analyzes how the cause of the disease
derives from the body’s functioning (physiology,
genetics, etc.); the psychological component ana-
lyzes the potential psychological causes (self-
control, emotional turmoil, negative thinking,
self-image, self-esteem, etc.); and the social com-
ponent investigates how the environment can influ-
ence health (culture, family, friends, technology,
religion, or socioeconomic status) [22].

Applicability of the model: Since WHO defined
Health as, “A state of complete physical, mental
and social well-being and not merely the absence
of disease or infirmity” [23], health has to be ana-
lyzed from a BPS perspective. Given that, physi-
cal, mental, and social components are vital to
support health, and an open-minded point of
view is required to explore the key components
influencing healthy habits in a physically active
population (environmental influences, physical
functioning, and mental health).

Historically, scientists have tried to explain
the behavioral process regarding specific topics,
such physical inactivity, dietary habits, sub-
stance abuse, or sexual behaviors, by explana-
tory models or theories [24-27]. Interestingly,
they were focused on the psychological factors
contributing to the development of unhealthy
behaviors. Notwithstanding, BPS-based theories
have gained ground due to the multifactorial factors
involved in the origin of unhealthy behaviors
[21, 22].

10.3 Research Findings

10.3.1 Risk and Protective Factors for
a Healthy Lifestyle

There are unmodifiable and modifiable factors

affecting human beings’ behaviors, and both are

summarized in Fig. 10.1 [28].

1. Unmodifiable: Factors that are noncontrolla-
ble or non-changeable are inherited by the
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Unmodifiable
Factors

Age

Gender

Raze

Economic Status

Modifiable Factors

Individual
Self-efficacy
Competence
Personality
Attitude
Etc.

Interpersonal
Parentzinfluence
Other (friends)

Social

School

Recreational locations
Physical Activity programs
Etc.

Fig.10.1 Unmodifiable and modifiable factors affecting the human behavior

individual or are beyond his/her control, such

as age, sex, race, genes, etc.

2. Modifiable: Factors that are controllable or
changeable, such as lifestyle, substance abuse,
or poor dietary habits.

These categories have a combined potential
for harm or benefit when they act together.
Therefore, growing research has focused in
detecting risk and protective modifiable factors
and changing those by presenting preventive-
targeted interventions.

Numerous research studies have identified
multiple risk and protective factors for body
image and eating disturbances that lead to disor-
dered eating behaviors. These can be divided into
three primary categories: biological, psychologi-
cal, and social (familial and cultural).

Generally speaking, if risk factors are those
conditions that increase the likelihood that an
individual will develop an eating problem, the
protective factors are those conditions that miti-
gate the risk (i.e., decrease the chances that disor-
dered eating will occur). The following discussion

is not inclusive, but represents an overview of
some of the key evidence-based risk and protec-
tive factors within biological, psychological, and
social categories. Body image and eating distur-
bances are extremely complicated and appear to
result from a complex interplay among a myriad
of risk factors and deficient protective factors for
healthy behaviors.

10.3.1.1 Risk Factors

The CDC’s Youth Risk Behavior Surveillance
System (YRBSS) monitors these six categories
of health-risk behaviors among youth through
national, state, and local data collection [29].
Data collected during September 2008—
December 2009 revealed the following selected
information about dietary-related behaviors
among US students in grades 9-12: 45.6 % of
students were trying to lose weight during the 30
days preceding the survey; 10.6 % of students
had gone without eating for 24 h or more to lose
weight or to keep from gaining weight during the
30 days preceding the survey; 5.0 % of students
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had taken diet pills, powders, or liquids without a
physician’s advice to lose weight or to keep
from gaining weight; and 4.0 % of students had
vomited or taken laxatives to lose weight or to
keep from gaining weight during the 30 days
preceding the survey [29]. Those risk factors can
be classified by the three components of the

Biopsychosocial model:

(a) Biological risk factors: Biological risk fac-
tors include genetic predisposition to eating
disorders, mood disorders [30], neurochemi-
cal (e.g., serotonin) imbalances [31, 32], and
early puberty [33-35].

(b) Psychological risk factors: Psychological risk
factors encompass negative body image [36]
and body dissatisfaction [37], temperament
(e.g., negative emotionality) [38, 39], person-
ality characteristics (e.g., perfectionism) [40],
low self-esteem [35, 41, 42], inadequate
coping skills [43], substance abuse [44], and
overweight/obesity [43, 45-47].

(c) Social risk factors: Familial risk factors
include eating disorders in first-degree bio-
logical relatives [43, 48-50], maladaptive
parental behaviors and dysfunctional family
relations [34, 36, 44, 51-54], family pres-
sure to adhere to the thin ideal [55], alcohol
misuse [37], and physical or sexual abuse
[54, 56, 57], although the latter aspect is
controversial.

It is important to point out that familial influ-
ences are often difficult to separate from broader
sociocultural influences because most (if not all)
families are influenced to some degree by current
societal standards [58]. With that in mind, other
cultural risk factors include societal glamorization
of the thin ideal [59], media exposure promoting
thinness [60, 61], and peer influences promoting
dieting and adherence to the thin standard [55, 62].
It is important to note that some of these risk
factors were identified through cross-sectional
studies; therefore, they cannot completely meet
the definition of “risk factor” until they are found
to be significant in longitudinal studies [43, 63].
Moreover, there may be critical developmental
periods during which exposure to risk factors
may have greater influence on the development of
eating disturbances (e.g., puberty) [44].
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10.3.1.2 Protective Factors
In contrast, there is little research about protec-
tive factors and how they may buffer individuals
against developing eating disturbances and clini-
cal eating disorders (EDs) [43, 44]. Individual
protective factors that have been suggested
include the following:

(a) Biological protective factors: A genetic pre-
disposition for slimness [64, 65]. Research
has reported that those individuals who
maintain their body mass index (BMI)
between a normal to low range £ 18 kg/m?)
[44, 66] are associated with lower incidence
of developing ED’s or suffering from eating
and body image disturbances [44].

(b) Psychological protective factors: Self-
directedness and assertiveness [64], the abil-
ity to effectively cope with life stressors [64,
67], and high self-esteem [44, 67].

(c) Social protective factors: The primary protec-
tive factor that has received the most empirical
support is positive family relationships [44,
68]. Protective factors that emerged from a
qualitative research study with high school
girls were self-acceptance, family acceptance,
positive peer influences, and knowledge about
the hazards of dieting [69]. Healthy habits
during adulthood are associated with those
developed during childhood [4, 70, 71]. Active
children develop abilities, habits, and enjoy-
ment of PA that increases the probability of
continuing with its practice in the future. Those
females who were involved in regular PA
activity showed greater healthy behaviors later
in adulthood [72]. The World Organization for
Mental Health has postulated regular exercise
practice as a protective factor to those suffering
from mental disorders [18].

In addition to positive relationships with par-
ents [34, 51, 68], other familial protective factors
that have been considered include: living in a
family that does not overemphasize body weight
and physical attributes [64, 65], living in a family
where parents do not misuse alcohol [73], and
social support from the family [74].

Sociocultural factors that may be protective
are: cultural messages that embrace different
body shapes and sizes [64], participation in sports
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that do not emphasize thinness for successful
performance [42, 64, 75], close relationships with
friends who do not overstress body weight [64,
76], and social support from peers [67, 68, 74].

10.3.2 Eating Disturbances and Body
Image Issues in Active
Children and Adolescents

There is a broad evidence base that encompasses
numerous facets of body image and eating distur-
bances that negatively impact the whole child.
Researchers and clinicians now recognize the
triad of body image difficulties, eating disorders,
and obesity as an interrelated set of body weight
and shape disturbances that cause substantial
problems for children and adolescents [77].
In addition, many researchers have viewed eating
problems on a continuum, beginning with body
dissatisfaction and weight concerns and ending
with clinical eating disorders [78, 79]. In this
chapter, the term “eating disorders” (EDs) refers
to anorexia nervosa (AN) and bulimia nervosa
(BN). The terms ‘“eating disturbances” and
“disordered eating” are broader and refer to a
range of unhealthy diet-related behaviors, such as
obsession with body weight and shape, excessive
restrictive eating, skipping meals, laxative and
diet pill use, cycles of binge eating and dieting,
self-induced vomiting, and excessive exercise
with the sole purpose of “purging” calories
obtained from dietary intake. The purpose of this
chapter is to present an overview of some of the
key findings concerning body image and eating
disturbances in children and adolescents, and dis-
cuss viable avenues for promoting healthy body
image and preventing eating disturbances among
this population.

10.3.2.1 Eating Disturbances

Clinically diagnosable EDs [48] are atypical
among prepubescent children [77, 80]; yet they
rank as the third most common chronic illness
among adolescent females, with an incidence of
up to 5 % [81-83]. EDs are related to other risk
behaviors, such as tobacco use, alcohol and other
drug abuse, sexual activity, and suicide attempts
[48]. EDs often lead to multiple negative outcomes

that affect the whole child. These outcomes may
range from a preoccupation with eating that can
significantly hinder healthy growth and develop-
ment, to deleterious medical complications, such
as severe malnutrition, osteoporosis, acute psy-
chiatric emergencies, heart and other organ dam-
age, and even death [84]. In fact, death rates from
eating disorders are among the highest for any
mental illness [85]. More specifically, the mortal-
ity rate among those with AN is approximately 12
times higher than the death rate among US females
ages 15-24 from all causes of death [86].

The average age of onset for AN is 14-18
years, and younger than 13 years if early-onset of
eating disorders (EOED) [87], and late adoles-
cence or early adulthood for BN [48]. Younger
children may have significant problems related to
body image, eating, and weight management that
do not meet the diagnostic criteria for an ED, but
can increase the risk for developing an ED later.
The American Academy of Pediatrics [88], and
Society for Adolescent Medicine [84], assert that
an ED can still exist in the absence of established
diagnostic criteria. Patients who do not fully meet
the Diagnostic and Statistical Manual of Mental
Disorders IV (DSM-IV) criteria for anorexia or
bulimia, but experience the same medical and
psychological consequences of these disorders,
usually are diagnosed with an “eating disorder not
otherwise specified” (EDNOS) [89]. The majority
of adolescents in ED treatment centers meet the
EDNOS criteria [84].

Warning signs include obsessive thinking
about food, weight, shape, or exercise; unhealthy
weight management practices; and failure to
maintain a healthy body weight/composition for
gender and age. Similarly, along the spectrum of
eating disturbances, researchers often use the
terms “partial syndrome” or “sub-clinical” to
indicate similar characteristics. Although most
children may not meet DSM criteria for an ED,
those who exhibit symptoms of EDNOS or a sub-
clinical eating disturbance can still suffer consid-
erable social and educational impairment that
may require clinical intervention [77]. In fact,
about the 5 % of the population of adolescents in
the USA suffer from sub-clinical ED or EDNOS
[90]. Even in the absence of clinical intervention,
obsessive inner dialogues about body weight and
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shape, and the consequences of disordered eating
significantly interfere with the developmental
needs and resilience of children and adolescents
[91, 92].

Eating Disturbances Comorbidity

Eating disorders often coexist with other psycho-
logical disorders, such as depression, obsessive-
compulsive disorder, anxiety, bipolar disorder,
substance abuse (including prescription drugs),
and personality disorders (e.g., borderline per-
sonality) [48, 84, 93]. In some cases, the ED is a
secondary symptom to an underlying psychologi-
cal disorder; and in other cases, the psychological
disorder may be secondary to the eating disorder.
Adding to this complexity, a young person with
an ED may present other self-destructive behav-
iors, such as self-injury (e.g., cutting) [94].

Eating Disturbances Approach

ED are comprised of a complex array of biopsy-
chosocial issues that should be addressed by a
multidisciplinary team of medical, nutritional,
mental health, and nursing professionals who
have expertise in child—adolescent health and are
experienced in treating Body Image disturbances
(BID) and EDs [84].

Although early interdisciplinary treatment
increases the likelihood of successful recovery,
there are numerous barriers to this type of health
care, including time, cost, and inadequate insur-
ance benefits. In addition, patients and their fami-
lies often exhibit ambivalence or resistance to the
treatment process [84]. Failure to detect an ED in
its early stages can exacerbate the illness and
make it much more difficult to treat [84, 88].

10.3.2.2 Body Image Disturbances

BID, eating concerns, and weight issues clearly
present major challenges for children and youth.
Data reveal that, among American high school stu-
dents, 25 % of girls and 11 % of boys engage in
disordered eating behaviors, including bingeing,
vomiting, fasting, laxative and diet pill use, and
compulsive exercise [95]. Furthermore, childhood
obesity in the USA has increased at an alarming
rate, with approximately 12.5 million American
children ages 2 through 19 classified as obese [96].
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Research has indicated that American children,
some as young as 6 years of age [97, 98], are dis-
satisfied with their body shapes or weights [80, 99,
100]. Up to 70 % of normal-weight adolescent
girls report feeling fat and engaging in unhealthy
eating practices for weight loss purposes [101].
Studies also have shown that children as young as
8 and 9 engage in dieting practices [41, 102—104].
Moreover, girls who frequently diet are 12 times
as likely to engage in binge eating as girls who do
not diet [105].

Numerous research studies show that high
numbers of Caucasian American children experi-
ence body dissatisfaction [80]. However, there is
evidence that body dissatisfaction may be increas-
ing among girls in minority ethnic groups. For
example, Neumark-Sztainer and colleagues [106],
found high levels of dieting and disordered eating
among all ethnic groups. They also discovered
that, although dieting was more prevalent among
adolescents from higher socioeconomic families,
disordered eating was widespread in adolescents
from lower socioeconomic families as well.
Other research has shown that African American
adolescent females have reported being more
comfortable with their bodies than those among
other ethnic groups, but they also have exhibited
a high drive for thinness [99]. In addition, there
are indications that Mexican-American female
adolescents desire to be thinner [107].

There also are developmental trends in body
image and weight concerns, and these trends vary
by gender and across ethnic groups. For example,
research suggests that body dissatisfaction and
weight concerns increase with age, particularly
among females [68, 80, 108, 109]. These trends
are important because there is evidence that body
dissatisfaction in young girls can lead to eating
problems [36, 80, 110], and early-onset depres-
sion [111, 112], later.

In terms of assessing body image, most
researchers focus on two separate components of
BID—perceptual body-size distortion and the
affective (attitudinal) aspect. Perceptual body-size
distortion is comprised of inaccurate perceptions
of one’s body size (e.g., individuals with eating
disorders often overestimate their actual body size).
The affective element relates to dissatisfaction
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with one’s body size, shape, or some other aspect
of physical appearance [113]. Although most
studies have focused on the distortion compo-
nent, greater consistency has been found by using
attitudinal measures. Moreover, these two com-
ponents appear to function independently [114].
Therefore, body image is considered multidimen-
sional, and the assessment of BID requires a vari-
ety of methods and techniques [115]. There are a
variety of assessment instruments, most of which
have been developed with adult samples [116].
Banasiak and colleagues [116] examined reliabil-
ity in numerous assessments that measured
dietary restraint and body concerns. Their find-
ings suggest that many of the instruments devel-
oped on adults can be used with middle adolescent
girls (ninth grade) when proper steps have been
taken to ensure that girls understand the terminol-
ogy used in the instruments [117]. For example,
glossaries can be developed for assessment
instruments to improve their reliability for use
with adolescents. Reliable and valid measures of
BID and ED symptoms in preadolescents are also
needed. To help fill the gap in terms of measuring
body image in children and adolescents, Veron-
Guidry and Williamson [117] conducted a study
in which they extended the Body Image
Assessment (BIA) procedure for adults [118], to
children and adolescents, developed norms, and
evaluated reliability and validity of the adapted
BIA procedure. Their data supported the validity
of the BIA-C (children) and BIA-P (preadoles-
cents) procedures and confirmed results from the
adult BIA procedure [118]. Generally speaking,
instruments used to measure body image and
BID in children and adolescents should have
sound psychometric properties (e.g., a test—retest
reliability of at least 0.70) and be evidence-based.
In addition, researchers have supported the use of
video distortion methods, which have been
successfully implemented with children as young
as 5 and 6, as well as custom computer software
for measuring body size estimations [113].

Body Image Comorbidity

The term body image is the subjective depiction
of physical appearance [119], and is comprised
of behavioral, perceptual, cognitive, and affective
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experiences [120]. Numerous studies have shown
a connection between BID and low self-esteem,
psychosocial distress, and early-onset depression
[80]. In addition, the relationship between body
image dissatisfaction and BID has been strongly
linked to eating disorders, such as anorexia nervosa
and bulimia nervosa [80]. As mentioned earlier,
body dissatisfaction has been seen in children as
young as 6. As age increases, ideal body size gen-
erally becomes progressively thinner [121, 122].
Therefore, body image and BID in children and
adolescents command attention in both research
and practice [80, 113].

Body Image Approach
Although the research literature concerning body
image in children and adolescents has provided
an enlightening knowledge base, Smolak [123],
points out that there are salient research ques-
tions that still need to be addressed, such as: (a)
how body dissatisfaction varies at different ages
for different genders and across different ethnic
and socioeconomic groups; (b) the need to
develop more accurate measurements of body
image, particularly in young children and adoles-
cents from various ethnic and socioeconomic
groups; and (c) developmental trends in body
image development. In addition, more research
needs to target body image importance (overesti-
mated views about body shape and weight) and
its role in the development of body dissatisfac-
tion, weight loss strategies, and disordered eating
[124, 125]. Likewise, there is a need to investi-
gate whether childhood body dissatisfaction,
high body mass index, and eating disturbances
are risk factors for later development of eating
disorders, obesity, or depression [100].
Enhancing health and quality of life for all
children and adolescents is a desired outcome of
health promotion and prevention programs.
Health is not a static condition, but a dynamic
interplay among the dimensions of physical, men-
tal, emotional, social, and spiritual health.
Consistent with this view of health, the promotion
of healthy body image and the prevention of eat-
ing disturbances among children and adolescents
should focus on the “whole child.” For example,
undernutrition, which often occurs with eating
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disturbances, can have detrimental effects not
only on children’s physical health (e.g., growth
retardation and delayed maturation) [126], but
also on their cognitive development [127].
Undernourished students often experience irrita-
bility, decreased concentration, nausea, headache,
lack of energy, and increased susceptibility to
illness [127]. Therefore, it is very difficult for
these youth to focus their energy on mastering
important developmental tasks, such as succeeding
in academics and developing social-emotional
skills and a positive identity.

10.3.3 Promoting Healthy Model:
Strategies and Programs

10.3.3.1 Approaching a Healthy Model
Research about the determinant factors affecting
healthy habits during childhood and adolescence
focuses in the analysis of the individual, family,
sociocultural groups, schools, and peers factors.
From this research, the promotion of a healthy
model can be approached from different points
and by different people and organizations.

As the social learning theory postulates, chil-
dren imitate adults (family), and it is during adoles-
cence when they reinterpret those social behaviors
by comparing them to other social patterns
(friends or school). This process lasts throughout
life (peers), in spite of its extreme importance
during childhood [128]. Therefore, these influ-
ences are key to developing and establishing
healthy habits during life [129, 130].

10.3.3.2 Strategies and Programs

Primary Prevention

Primary prevention focuses on keeping body
image and eating disturbances from developing
among children and adolescents (i.e., stopping
the problem before it starts). Due to the varied
tasks that comprise healthy development across
childhood and adolescence, prevention programs
must not only be age and developmentally appro-
priate, but must also address the relevant skills
and challenges for each stage of development
[131]. Because body dissatisfaction and inappro-
priate weight management practices start early
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and can lead to more serious body image and

eating problems later, prevention should begin at

an early age (e.g., elementary school years) [80].

Health education promoting healthy body

image along with healthy eating and physical
activity is a principal tool for primary prevention.
Health education can be implemented both for-
mally and informally in a variety of settings,
including homes, schools, health care facilities,
and the wider community. Primary prevention is
effective when it incorporates strategies that
emphasize multifarious components, including,
but not limited to:

(a) Development of positive self-esteem and
healthy body image.

(b) Development of essential life skills, includ-
ing social-emotional and effective coping
skills.

(c) Provision of experiences that encourage the
development of self-efficacy.

(d) Skills training for lifelong balanced nutrition
and physical activity.

(e) Opportunities to develop media literacy
skills, and learn how to challenge sociocul-
tural myths and attitudes regarding body
shape and size.

(f) Positive youth development.

Individual

A crucial aspect of prevention that targets the
individual is the development of self-esteem,
which has emerged as a significant predictor of
eating problems in numerous research studies
[43, 132, 133].

Branden [133], defines self-esteem as possess-
ing two components—self-respect and self-
efficacy. Among the hallmarks of self-respect are
an individual’s assurance of his/her value and
basic right to experience a fulfilling life, plus
comfort in appropriately asserting thoughts,
wants, and needs [133]. A caring adult can foster
a child’s self-respect through increasing the indi-
vidual’s sense of positive uniqueness (i.e., charac-
teristics that set her apart from others in a way that
brings honor and a healthy sense of pride). Self-
respect does not arise from physical characteris-
tics, but rather from internal attributes. A child
also needs to feel significant and a distinct sense
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of belonging. This sense of significance and
belonging should begin in the family, but also can
be fostered through other settings, such as the
school and other community-based groups. For
example, a school-based prevention program
called Everybody’s Different [134] focuses on an
individual’s uniqueness. Initial findings revealed
that boys and girls and those students who were
overweight or at high risk of developing body
image or eating problems experienced signifi-
cantly improved body image compared to con-
trols [132].

Self-efficacy is a person’s belief or confidence
that she/he can successfully accomplish a task
[133]. A sense of competence (power) is founda-
tional for sound mental and emotional health and
preventative against the development of negative
body image and eating problems. For example,
Troop and Treasure [135], found that women
who reported experiencing more feelings of help-
lessness and lower levels of mastery in childhood
were more likely to develop EDs in adulthood.

One avenue for instilling a sense of compe-
tence in children and adolescents is to help them
develop health literacy, which is comprised of
these four competencies: effective communica-
tion, self-directed learning, critical thinking and
problem solving, and responsible, productive
citizenship [136]. Health literate individuals are
more likely to be resilient and make healthy,
life-affirming choices. In terms of preventing
body dissatisfaction and eating problems, health
literacy competencies are imperative. For exam-
ple, critical thinking and problem solving are
integral skills youth need to effectively counter
the barrage of unrealistic, “thin” sociocultural
messages they frequently encounter from a variety
of sources.

Self-efficacy also can be promoted through
goal setting, particularly short-term goals, so that
children and youth can take “baby steps” of prog-
ress. In turn, they can experience multiple incre-
ments of success, thereby developing confidence
in their abilities. In addition, repeated opportuni-
ties for rehearsal of essential life skills help youth
increase a sense of mastery. This sense of compe-
tence empowers them to persist in spite of set-
backs, and press forward to learn new skills.
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Positive social support is another critical
element for fostering self-efficacy that can be
derived from the family, peers, and caring adults
and mentors (e.g., school personnel, health care
providers, and other members of the community).
These significant relationships provide opportu-
nities for children to cultivate resilience and emu-
late positive role models and mentors.

Family

As primary caregivers in the early years of life,
parents are considered the main teachers and
socializing agents for a child’s interaction with
the larger environment [137]. Families are a
major health and social influence in the lives of
children and adolescents; therefore, strong fam-
ily involvement is essential to health promotion
and prevention.

There are numerous strategies that the family
can employ to promote positive body image and
healthy eating and physical activity habits in chil-
dren and youth. First of all, positive, nurturing
relationships are integral to family health.
Parents/caregivers should make it an utmost pri-
ority to invest time in building strong, loving, and
supportive relationships with their children. In
addition, parents/caregivers should be intentional
in building self-esteem and fostering resilience in
children, starting at a very early age. Parents also
should encourage and model essential life skills
such as clear communication, problem solving,
decision making, and stress management. Even
preschool-aged children can be taught about the
value of eating healthy foods and being physi-
cally active for health and wellness, the impor-
tance of respecting different body types, and how
to effectively communicate feelings and needs.
All children, regardless of their weight and size,
should feel that they are unconditionally loved
and accepted by the family.

Studies have shown that family involvement
plays a key role in a variety of school-based
health promotion efforts targeting children and
youth, including cardiovascular health promotion
[138-140], fruit and vegetable consumption
[141], and alcohol prevention [142]. The family
also can play a powerful role in preventing nega-
tive body image and eating problems in children
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and adolescents [98, 100, 137, 143], yet few
school-based prevention programs have included
a family involvement component [137], such as
home-based activities that the family completes
together, family fun nights at the school, parent
education workshops, and experiential “role
play” activities for skill development.

If a family suspects that a child is engaging in
restrictive eating and/or other maladaptive behav-
iors, they should seek help from a qualified pro-
fessional [For a more comprehensive list of
suggestions, see Levine] [144].

Sociocultural Groups
Progress is lagging in terms of altering cultural
norms concerning thinness, body image, and
weight management practices. Experts contend
that sociocultural changes must occur in order to
experience a decline in the growing numbers of
children and adolescents with body image prob-
lems and disordered eating [77, 88]. Sociocultural
influences encompass schools, peers, health care
providers, media, and the larger society, all of
which interact dynamically in the prevention of
body image and eating disturbances.

(a) Schools: Findings from the National
Longitudinal Study on Adolescent Health
revealed that of all the factors that influence
adolescent health-risk behavior, the most
critical are the family and schools [145].
Schools are logical venues for primary pre-
vention programs due to the sheer number of
children they serve, and upper elementary
appears to a viable age with which to target
interventions. Enhanced knowledge, critical-
thinking and problem-solving skills, and
realistic perceptions may offset unhealthy
influences concerning body shape, weight,
and eating practices that are likely to be well
established by the middle-school years [146].

Of the 42 school-based prevention pro-
grams that Levine and Smolak [77], located
and reviewed, 10 had been developed for
elementary-aged children. Results of these
programs varied, ranging from those reveal-
ing minimal change to those demonstrating
increases in knowledge and body satisfac-
tion. However, in some cases, at least for a
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significant minority of the girls, program
content may have increased or created nega-
tive attitudes about their bodies. An upper-
elementary prevention curriculum that
appears to hold promise is Healthy Body
Image: Teaching Kids to Eat and Love Their
Bodies Too! [147]. An uncontrolled pilot
study with 222 boys and girls in grades four
through six revealed positive changes in
knowledge of program content, acceptance
of diverse body weights and shapes, positive
body esteem, and rejection of the thin ideal
[148]. Later, a controlled study with 415
boys and girls measured pre- and post-test
changes related to: (a) body image; (b)
knowledge about the biology of size, shape,
and restricted hunger or dieting; (c) body
size prejudice; (d) media awareness; (e) self-
image; and (f) lifestyle behavior. Students
who completed the curriculum showed sig-
nificant or noteworthy improvements in most
areas compared to a control group not
exposed to the curriculum [118]. Another
prevention program entitled Eating Smart,
Eating for Me is designed for fourth and fifth
grade students and centers around five goals
encompassing healthy body image, healthy
eating and physical activity, and media liter-
acy. A controlled evaluation of this ten-lesson
curriculum revealed an increase in student
knowledge about nutrition and decreased
negative attitudes toward overweight people.
However, attitudes like body esteem and
behaviors did not significantly change [149].
A 2-year follow-up study revealed that when,
compared to new controls, adolescents who
participated in the prevention program 2
years earlier were more knowledgeable,
engaged in fewer unhealthy weight manage-
ment behaviors, and had higher body esteem.
The latter difference was particularly signifi-
cant for girls [150].

In terms of evaluated school-based
programs that have been developed for mid-
dle schools and high schools, most have had
only a modest effect on knowledge, with
little impact on attitudes, behavior, or weight
change. This partly could be due to the
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Programs may be more effective if they: are
designed for the stages of change for the par-
ticipants; are based on the lived experiences
of the participants; include relational compo-
nents; coincide with developmental issues;
and incorporate active, experiential, and
peer-mediated formats [68, 77, 143, 151].
There seems to be some disagreement as
to whether universal programs or programs
targeting high-risk groups have the best like-
lihood for achieving successful outcomes.
Research has demonstrated that it is feasible
to deliver different interventions by provid-
ing a universal prevention program to all
students, while targeting those at risk [152].
In either case, school-based prevention pro-
grams should be a part of an overall coordi-
nated school health program (CSHP) that
promotes the health and well-being of stu-
dents through eight interrelated compo-
nents—health education; healthy school
environment; school health services; school
food services; counseling, psychological,
and social services; physical education; staff
health promotion; and family and commu-
nity involvement [20]. For example, a com-
prehensive program for preventing body
image and eating disturbances can include:
(a) evidence-based curricula for preventing
body image and eating problems; (b) a school
environment that cultivates caring, support-
ive, relationships; (c) school food services
that reinforce healthy eating; (d) counseling
services for all students, particularly those at
high risk, that includes peer support groups
and referral networks; (e) daily, quality physi-
cal education that emphasizes the importance
of staying physically active for health and
vitality; (f) ongoing prevention trainings for
staff; and (g) outreach activities that form
partnerships among school personnel, fami-
lies, and the broader community. Furthermore,
individuals who are responsible for imple-
menting prevention programs should be stake-
holders in the process. For example, engaging
teachers is paramount to implementing a
successful prevention curriculum [153].
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This argument can be extended to include all
of those involved in a CSHP—administrators,
teachers, school nurses, school counselors/
psychologists, school social workers, school
food service workers, and other school staff,
students, families, and the larger community.
When each of these individuals embraces
the importance of health promotion and
takes ownership of prevention efforts that
can change the school milieu, there is a
strong possibility for a reduction in the inci-
dence of body image and eating disturbances
among youth.

Peers: Peer groups often are perceived as risk
factors for harmful health behaviors because
of their role as strong sociocultural influ-
ences in the lives of children and youth.
However, peer groups that model pro-social
values actually can serve as crucial protective
factors. A qualitative study of high school
girls found that positive peer influences (e.g.,
being dissuaded from dieting or purging)
protected girls from excessive weight con-
cerns that can lead to eating disturbances
[69]. Relationships with peers who value
health and wellness and practice life-
affirming behaviors are powerful and abso-
lutely vital to the prevention of body image
and eating disturbances in children and ado-
lescents. Healthy peers do not place overem-
phasis on body weight and size, and value
themselves and others for who they are on
the inside (e.g., their spirit, character, talents,
and gifts). They also can challenge each oth-
er’s unrealistic thoughts and self-defeating
actions concerning body weight and size.
In addition, peer mentoring programs and
peer support groups can make significant
contributions to the prevention process. Peer
inclusion that fosters a positive sense of
belonging is a fundamental need of children and
adolescents; and young people should have
multiple opportunities to cultivate positive,
healthy relationships with peers who model
pro-social values and health-enhancing
behaviors. These relationships can be formed
with peers at school, during after-school
programs and extracurricular activities, and
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in faith-based youth groups and other com-
munity organizations.

Health Care Providers: Due to the poten-
tially irreversible effects of EDs on all aspects
of child and adolescent health, the high mor-
tality rate of EDs, and evidence that early
treatment is vital for improved outcomes, the
role of health care professionals in recognizing
and preventing EDs is paramount [84, 88].
Many families look to health care providers
as primary sources of credible health infor-
mation, which places health care profession-
als in a powerful leadership position to make
a significant difference in health promotion
and prevention efforts. There are a number
of ways that health care providers can proac-
tively reduce the risk of body image and eat-
ing problems among children and adolescents.
For example, office visits provide a ripe
opportunity for communicating important
information to children and their parents,
including strategies for healthy eating and
physical activity to enhance health and quality
of life. It is important to note that many fami-
lies are seeking the advice and care of physi-
cians and/or dieticians regarding childhood
obesity. Health professionals must be cogni-
zant of the delicate balance when counseling
children and their families about obesity and
its risks. It is essential not to overemphasize
dieting and to help children and adolescents
build self-esteem, while addressing weight
issues [88]. Health care professionals also can
help both parents and children understand
what to expect during various developmental
stages, particularly puberty. Additionally,
health care providers can contribute to pri-
mary prevention through school- and commu-
nity-based  interventions  that  deliver
screenings and education, and through partici-
pating in advocacy efforts aimed at changing
cultural norms that children and adolescents
experience [88]. The BodyWise [154], infor-
mation packet designed for health care provid-
ers offers useful tips and strategies to facilitate
the prevention process.

Media: Children and adolescents must be
armed with knowledge and life skills to
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combat the extreme focus on appearance that
pervades our society. A very influential
medium for communicating society’s thin
ideal are the media, which have assumed a
ubiquitous role in homes across America.
According to a Kaiser Family Foundation
study, ““Young people today live “media-sat-
urated” lives, spending an average of nearly
6 Y2 (6:21) hours a day with media” [155].
Media literacy education is a valuable
weapon against media messages that commu-
nicate unrealistic body images. Media liter-
acy has been defined as “the ability to access,
analyze, evaluate, and produce communica-
tion in a variety of forms” [156]. Media liter-
acy education can help girls enhance their
sense of self-acceptance and empowerment
regarding media portrayal of female bodies,
and teach them how to effectively counter
messages that promote unrealistic body
images and unhealthy eating [157, 158].
Prevention programs like GO GIRLS!™
[159], can build self-esteem, enhance body
image, increase resilience, and empower par-
ticipants to be strong media advocates. Most
(@if not all) media literacy education for the
prevention of eating disorders has targeted
high school and college-aged females, which
leaves an alarming gap in terms of reaching
prepubescent and younger girls. Even young
children are highly impressionable to nega-
tive health messages, including ones about
body weight and size. Therefore, media lit-
eracy education should target different age
groups of children and adolescents, and hold
relevance in terms of the types of media each
group uses.

The proliferation of Internet Web sites
that advocate or encourage youth to practice
disordered eating warrants additional atten-
tion [84]. These pro-anorexia (pro-ana) and
pro-bulimia (pro-mia) Web sites promote
disordered eating as a lifestyle, and offer
dangerous and negative reinforcement for
youth who are practicing disordered eating
or thinking about doing so. Disturbingly,
these sites far outnumber that of professional
or recovery sites [160], which calls for the
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Table 10.1 The model for healthy body image©

Conceptual building blocks

Developmental change is inevitable
Normal changes of puberty include weight gain and

temporary out-of-proportion growth; fat does not by itself

define “overweight”

Genetics and other internal weight regulators strictly limit

the degree to which shape, weight, and Body Mass Index
can be manipulated through healthy means

Restricted or restrained hunger (dieting) results in
predictable consequences that are counterproductive to
weight loss and interfere with normal hunger regulation

Balance attention to many aspects of identity. Looks are
only one part

Consistently satisfy hunger with enough varied,
wholesome food in a stable, predictable manner

Limit sedentary choices to promote a physically active
lifestyle at all ages

Choose role models that reflect a realistic standard

Promote historical perspective on today’s cultural
attitudes related to body image

Teach critical thinking about media messages that
influence body image

Support others in resisting unhealthy norms about weight,

dieting, low nutrient food choices, eating for
entertainment, and sedentary entertainment

Developed by Kathy J. Kater, LICSW ©1998—www.BodyImageHealth.org

(e)

need to increase awareness among parents,
teachers, health care providers, and other
caring adults and mentors.

Society: In order for prevention of body
image and eating disturbances among chil-
dren and adolescents to be successful, there
must be inside-out changes at the grassroots
level that lead to broader sociocultural
changes. These changes should include how
females are portrayed in the media; expecta-
tions regarding gender roles; acceptance of a
wide range of body weights and shapes; and
increased opportunities for healthy eating
and physical activity, particularly in low-
income neighborhoods [161]. In addition,
Kater [162], addresses four “toxic” sociocul-
tural myths that need to be overcome in order
to help children and adolescents develop
healthy body image: valuing image over
substance (e.g., marketing extremely thin
models as if they were normal); denial of

Foundation Desired outcome  Goal
Recognize and Accept the innate ~ Healthy body
respect basic body: “This is the image
biology; understand body I was born to

what cannot be have”

controlled about
size, shape, and

hunger

Emphasize what Enjoy eating for Prevention of
can be influenced  health, energy, and unhealthy and
or chosen hunger satisfaction disordered

Create a physically eating
active lifestyle for

fitness, endurance,

fun, relaxation, and

stress relief

Develop social and Develop autonomy,
cultural resiliency  self-esteem,

confidence, and the
ability for critical
thinking

biological diversity of body sizes and shapes;
denial of the harmful effects of restrictive
eating for weight loss purposes; and dis-
counting the value of eating well and being
physically fit. The Model for Healthy Body
Image (MHBI) [163] was designed to com-
bat these myths by helping children learn to
value health and wellness, and resist socio-
cultural pressures that promote negative
body image and unhealthy behaviors
(Table 10.1). This model is addressed in an
elementary prevention curriculum [147], so
that children can develop a healthy body
image before they hit the transitional period
of the middle school years.

Other credible prevention strategies and pro-
grams that address various sociocultural influ-
ences can be located online. In addition to
BodyWise [154], the National Eating Disorders
Association (www.edap.org) provides an array of
prevention information and tips.
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10.3.3.3 Positive Youth Development
Numerous researchers and practitioners have
recognized the importance of positive youth
development in promoting health-enhancing
behaviors and preventing health-risk behaviors
among youth. In a comprehensive study of posi-
tive youth development programs in the USA,
Catalano and colleagues [164], found that vari-
ous youth development approaches can result in
positive youth behavior outcomes (e.g., enhanced
relational skills and quality of peer and adult rela-
tionships, improved problem solving and self-
efficacy) and prevention of youth risk behaviors
(e.g., drug and alcohol use, smoking, school
misbehavior, and risky sexual behavior). Data
from longitudinal studies over the past 30 years
have identified similar risk and protective factors
in individuals, peer groups, families, schools, and
neighborhoods that can accurately predict diverse
youth problem behaviors [165-170]. However,
exposure to ever-increasing numbers of protec-
tive factors has been found to prevent problem
behaviors in spite of the presence of multiple risks
[171, 172].

As a forerunner in the research and implemen-
tation of positive youth development, the Social
Development Research Group emphasizes the
importance of a comprehensive approach to pre-
venting youth problem behaviors by addressing
both risk and protective factors. The framework
for guiding the positive youth development pro-
cess is Social Development Strategy (SDS),
which is part of a comprehensive model of behav-
ioral development—The Social Development
Model [167]. SDS organizes protective factors
into a framework for promoting positive youth
development, despite the presence of risk.
Additionally, SDS focuses on the outcome of
health-enhancing behaviors through exposing
children and adolescents to two critical protective
factors: (1) pro-social bonding to family, school,
and peers and (2) healthy beliefs and clear stan-
dards for behavioral norms. The mechanisms that
help create these protective factors are: opportu-
nities for meaningful participation in productive
pro-social roles, life skills to facilitate participation
in these roles, consistent systems of recognition and
positive reinforcement for pro-social involvement,
and individual characteristics.
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Positive youth development programs usually
strive to achieve one or more of the following
objectives: foster resilience; promote healthy
bonding; promote social, emotional, cognitive,
behavioral, and moral competencies; foster self-
determination; foster self-efficacy; foster clear
and positive identity; cultivate spirituality; foster
belief in the future; provide recognition for posi-
tive behavior; provide opportunities for pro-
social involvement; and foster pro-social norms
[164]. Although positive youth development pro-
grams can target youth in one particular setting,
the majority of successful programs capitalize on
the resources of multiple settings (family,
schools, community) [164].

Positive youth development that is guided by
SDS can be considered a viable framework for
promoting healthy body image and preventing
eating disturbances among children and adoles-
cents. In order to develop positive body image
and healthy eating behaviors, all children and
adolescents must be enveloped in environments
that consistently provide the protective factors
depicted in Fig. 10.1. Youth who live with multi-
ple risk factors for developing body image and
eating problems can benefit from all of these
steps and need to be even more fully immersed in
protective environments. For positive youth
development to be successful, families and com-
munities must identify healthy beliefs and clear
standards for healthy body image and eating
behaviors. Then, they must foster those healthy
beliefs, and communicate the standards in multi-
ple arenas of a young person’s life—at home and
school, in peer groups, within youth-serving and
faith-based organizations, and in all segments of
the larger community. Children and adolescents
must have numerous opportunities to cultivate
strong, relational bonds with those who embrace
and model positive body image along with other
health-promoting behaviors, such as healthy eat-
ing and PA. These protective bonds can be cre-
ated through providing youth meaningful
opportunities for participation/involvement in a
variety of pro-social activities (e.g., advocacy
efforts aimed at changing cultural norms promot-
ing the thin ideal). In addition, children and
adolescents need repetitive opportunities to
develop crucial cognitive, social-emotional, and
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behavioral skills to help them successfully
accomplish these activities, as well as important
developmental tasks. They also need to be con-
sistently recognized and affirmed for their pro-
social involvement at all levels. Finally,
recognizing and nurturing individual strengths
can enhance children’s resilience and provide a
foundation for external protective factors to opti-
mally function.

10.4 Contemporary
Understanding of the Issues

A number of factors, including peer groups,
schools, family, media, and society, greatly affect
children’s and adolescents’ body-image percep-
tions. In a time when the media have such a
strong influence on how we feel we should look,
it is essential that we treat these issues seriously,
as the consequences could be deadly. The best
defenses we have against eating disorders and
body-image disturbances are early prevention,
through family support and positive influences,
and, for those already affected by these disorders,
timely diagnosis and treatment. It is crucial, now
more than ever, that a child develops a positive
self-image and self-esteem at a young age and
that his or her sense of self-worth is fostered into
adolescence and young adulthood.

10.5 Future Directions

There are several prevention questions that
deserve further study. For example: Which pro-
tective factors should be targeted and enhanced to
reduce the incidence of body image and eating
disturbances among children and adolescents
from different age and ethnic groups? Which
interventions are more effective—universal or tar-
geted ones? How long should interventions last,
and what are the most cost-effective approaches?
[143] How can high-risk youth be reached, and
what interventions are most effective with this
group? [84, 143] Future studies also need to
directly compare promising prevention programs
in randomized trials, particularly in ecologically
valid settings where large numbers of children

and adolescents can be reached (e.g., schools)
[173]. There is an additional need to further
explore the pathogenesis of early-onset eating dis-
orders, and enhance the current diagnostic system
to address the “unique spectrum of early-onset
eating disorders and the development of effective
treatments for adolescent eating disorders” [84].
Finally, research is needed to determine whether
positive youth development programs that employ
SDS can produce positive outcomes in terms of
decreasing body image and eating disturbances
among children and youth.

10.6 Concluding Remarks

Body image and eating disturbances are highly
complex and wield a harsh blow to our nation in
terms of health care costs, diminished quality of
life, and tragic loss of life. Youth, parents, school
personnel, health care providers, and entire com-
munities can be effective change agents for the
prevention of body image and eating disturbances
among children and adolescents. Health promo-
tion and prevention efforts need to be multifaceted
and encompass the whole child by addressing
physical, mental, emotional, social, and spiritual
health. Furthermore, these efforts should target
interests, skills, and challenges that are distinctive
for particular stages of development [137]. No
individual should underestimate his or her ability
to make a positive difference in the prevention of
body image and eating disturbances in children
and adolescents. Even small changes have the
capacity to produce a powerful ripple effect that
can transform society. When individuals, families,
and communities unite and engage in proactive
endeavors to promote health and quality of life for
children and adolescents, they create a legacy of
tremendous impact and enduring value [174].
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The Physiology of Anorexia 1 1
Nervosa and Bulimia Nervosa
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Abstract

Eating disorders (ED) are psychological disorders that are characterized
by abnormal eating, dysfunctional relationships with food, and a preoc-
cupation with one’s weight and shape. The incidence of EDs in women
ranges from 0.5 to 3 % with the incidence increasing from 1963 to 2013.
Currently, the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR) recognizes two specific EDs: anorexia nervosa (AN) and
bulimia nervosa (BN), although there are subtypes associated with each.
The DSM-IV-TR and the International Classification of Diseases (ICD-
10) have different criteria for diagnosing AN and BN. Early identification
of an ED is associated with shorter duration and fewer medical complica-
tions. Yet, it is estimated that only about 33 % of AN patients and 6 % of
BN are receiving proper treatment for their illnesses. Gastrointestinal
upset, fluid and electrolyte imbalances are common in AN in the short
term and can eventually lead to long-term complications such as, perni-
cious anemia, osteoporosis, and heart disease. On the other hand, BN can
cause short-term adverse effects like erosion of the teeth, enlargement of
the parotid salivary glands, and acidic stomachs leading to heartburn.
Long-term adverse effects caused by BN are gynecological problems, hor-
monal disturbances, hypercholesterolemia, and hypertension. Successful
treatment of EDs should be managed with a team-based approach includ-
ing the physician, psychologist, and registered dietitian.
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11.1 Learning Objectives

After completing this chapter, you should have

an understanding of:

* The significance of an eating disorder

e The varying types of eating disorders

» Differentiating and similar signs and symp-
toms of each disorder

e The physiological changes that occur in
anorexia nervosa and bulimia nervosa,
specifically

e The potential long-term physiological conse-
quences of anorexia nervosa and bulimia
nervosa

e The importance of genetics, neurotransmit-
ters, and key hormones in eating disorders

11.2 Introduction

Eating disorders (EDs) are psychological disor-
ders that are characterized by abnormal eating,
dysfunctional relationships with food, and a pre-
occupation with one’s weight and shape [1].
More and more, these disorders are being recog-
nized by medical professionals as biologically
based psychiatric disorders [2]. EDs affect daily
functioning and often result in physical compli-
cations and psychological distress [1]. The cur-
rent Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V-TR) [1] recognizes two spe-
cific EDs: anorexia nervosa (AN) and bulimia
nervosa (BN). There are two subtypes associated
with each specific ED: anorexia nervosa, restrict-
ing type (AN-R); anorexia nervosa, binge/purge
type (AN-BP); bulimia nervosa, purging type
(BN-P); and bulimia nervosa, non-purging type
(BN-N). A third category, eating disorder not
otherwise specified (EDNOS), is included for
EDs of clinical significance that do not meet cri-
teria for AN or BN. Within this broad category,
there are currently three subdivisions: (1)
binge-eating disorder (BED), which is currently
under review and has been recommended to be
included in the DSM-IV-TR as a specific clinical
ED [3]; (2) subthreshold AN or BN (i.e., disor-
ders very similar in symptoms or presentation to

J.J. Robert-McComb et al.

either AN or BN but not fully meeting the criteria
for a diagnosis of either disorder); and (3) disor-
ders with symptoms of both AN and BN but
again not meeting the criteria for either disorder
[4]. Additionally, it has been recommended that
purging disorder (PD) be included in the DSM-
IV-TR under the EDNOS classification for further
review so that the appropriateness of including
PD as a full-threshold ED can be determined [5].

Several characteristics that affect health out-
comes are represented across EDs. Some of these
characteristics include: (1) demographic charac-
teristics; (2) experiences in adolescence; (3) low
self-esteem and negative ideations; (4) medical
and psychological comorbidity; and (5) issues
with weight, shape, and the stereotype of beauty
[6]. The majority of people with EDs experience
other psychological disorders as well. Factors
such as swiftness of weight loss, current weight,
and chronicity of the ED are related to the inten-
sity of the comorbid illness [7]. One study found
that 56.2 % of individuals with AN, 94.5 % with
BN, 78.9 % with BED, and 63.3 % with sub-
threshold BED met the criteria for another men-
tal disorder, most often mood disorders, anxiety
disorders, impulse control disorders, or substance
use disorders [8]. Additionally, some form of per-
sonality disorder affects between 27 and 93 % of
ED patients [9, 10]. Eating disturbances that do
not meet full criteria for a clinical eating disorder
are associated with elevated risk of depression,
anxiety disorders, substance abuse, or health
complications [11].

It is difficult to estimate the true prevalence of
EDs due to underreporting [7, 12]. Even with
considerable underreporting, the incidence of
EDs has increased over the past 50 years. Increase
in the prevalence of EDs might be due to
improved understanding of the symptomatology
and risk factors, as well as changes in diagnostic
criteria, referral practices, and accessibility to
help [12].

Generally, the incidence of EDs decreases with
age. Many young people suffer from some form of
disordered eating, whereas the incidence of EDs in
women ranges from 0.5 to 3 % [13, 14]. Even
though these numbers might seem low, this inci-
dence rate is problematic as EDs are commonly
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listed in the top ten causes of disability and men-
tal illness in young women [15, 16]. Frequently,
the onset age for AN and BN is between 15 and
19 [13, 15, 17, 18]. Although EDs and body dis-
satisfaction are typical for young women, they
can occur in older women. In a randomly selected
nonclinical sample of 1,000 women aged 60-70
years, more than 80 % used strategies to control
their weights and over 60 % reported body dis-
satisfaction. Eighteen women (3.8 %) met the
criteria for an eating disorder [19]. Because EDs
can develop when people experience life transi-
tions, are independent, and have an ample amount
of privacy [20], one possible reason that some
older women have is because they have lost their
spouses, are living alone, or are at a time of tran-
sition in their lives.

As one ages, there is also a slight change in the
expression of EDs. Adolescents and young
women are more likely to show signs and symp-
toms related to AN and BN, whereas older adults
may exhibit signs and symptoms more closely
aligned to BED [16, 18]. These differences may
exist because young people are more likely than
older people to internalize cognitive distortions
about body image and pressure from society to be
thin [12].

At any age, EDs are complex, serious, mal-
adaptive, and result in adverse health conse-
quences [1, 7, 21]. EDs typically last several years
and tend to have high relapse rates [11, 15, 20].
Specifically, the average duration of BN is 8.3
years, and the average duration of BED and sub-
threshold levels of BED is 8.1 and 7.2 years,
respectively [8]. By the fifth year of the ED, the
symptoms, pathology, and the clinical track of
the ED will likely stabilize [22]. Unfortunately,
the chronicity of EDs can ultimately result in
diminished health, decreased psychosocial func-
tioning, and compromised interpersonal interac-
tions [7, 11, 17, 23].

Early identification of an ED is associated
with shorter duration and fewer medical
complications [24]. Unfortunately, recent esti-
mates show that only about 33 % of AN patients
and 6 % of BN patients are receiving proper treat-
ment for their illnesses [12]. Comorbidity plays
an important role in the treatment of EDs, as

people are more likely to seek treatment for their
non-ED mental health problems than for the ED
itself [8]. In clinical settings, women and girls are
ten times more likely than men and boys to
receive treatment [7, 15, 20], but this ratio might
not accurately represent the number of men and
boys compared to women and girls who actually
have eating disorders [20]. Thus, increased
understanding of EDs is imperative so that treat-
ment for people with EDs is more accessible and
more effective.

11.2.1 Diagnostic Criteria
for Anorexia Nervosa

AN is a drastic reduction in eating resulting in very
low body weight [25]. Although patients with AN
consume food, they eat with extreme limitations.
Strict calorie and food restriction, as well as obses-
sive exercise, can produce an unhealthy level of
weight loss in AN patients [7, 25]. Weight con-
cerns, fear of fatness, social influence, distorted
body shape, eating concerns, yearning for thin-
ness, and body dissatisfaction are consistently
found to be predictors of EDs and lie at the core of
AN [11-29]. Often, the AN patient is totally pre-
occupied by thoughts of shape and weight, includ-
ing obsession about weight gain and the perceived
largeness of her body, and she often sees herself as
being overweight regardless of how much weight
she loses [7, 17, 18, 29]. An excess of physical
activity has been recognized as hyperactivity in
AN patients and is present in roughly 80 % of
those with AN [30].

DSM-IV-TR [1] includes specific diagnostic
criteria for AN. Initially, the individual must be at
a weight that is 85 % or less of her expected
weight, based on her height and her age, which is
equivalent to a body mass index (BMI) of less than
18 (A BMI that falls between 18.5 and 24.9 is con-
sidered to be in the healthy range). Additionally,
individuals who have started menstruating will
develop secondary or functional hypothalamic
amenorrhea. Amenorrhea is the absence of men-
strual bleeding. Secondary amenorrhea is defined
as the cessation of menses for 6 or more
months sometime after menarche has occurred.
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Functional hypothalamic amenorrhea is a revers-
ible form of gonadotropin-releasing hormone defi-
ciency commonly triggered by stressors such as
excessive exercise, nutritional deficits, or psycho-
logical distress. For those girls who have not
reached menarche, they will typically fail to begin
menstruating at the expected time this is known as
primary amenorrhea. Primary amenorrhea is the
failure of menses to occur by age 16 years, in the
presence of normal growth and secondary sexual
characteristics. Psychological criteria include
extreme disturbance in self-perception of the body
and an overwhelming fear of fatness. AN patients
can be further subdivided into two subtypes:
restricting subtype (AN-R) and binge/purge sub-
type (AN-BP). The AN-R subtype describes those
individuals who severely restrict their food intake
and do not use compensatory behaviors, like self-
induced vomiting, to compensate for calories con-
sumed. The AN-BP subtype is diagnosed when
periods of restriction are accompanied by periods
of overeating and extreme compensatory purging
behaviors, like self-induced vomiting. AN, partic-
ularly the restricting type (AN-R), is the most rare
form of eating disorder.

Some question the validity of the diagnostic
criteria for AN that are included in the DSM-
IV-TR. The strongest debate has risen regarding
the inclusion of amenorrhea. Some suggest that
the differences between AN patients who do
and do not menstruate are very limited [31-33].
Additionally, a large number of females use
birth control or other substances that affect hor-
mones, so it can be difficult to determine if a
woman would develop amenorrhea if she were
not using these substances [7]. Although some
argue that fear of weight is a classic feature of
AN, this fear may not be present in all individu-
als with AN [34]. Furthermore, the subtypes
associated with AN have been questioned. The
AN-R and AN-BP subtypes were originally dif-
ferentiated because women in these two sub-
groups were thought to be different in terms of
comorbidity and recovery cycles, but recent
evidence suggests that the current separation
might not be needed [34]. Still, others have
pushed to eliminate the AN-BP subtype all
together and limit AN to only those individuals
who severely restrict their food intake and to
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include AN-BP with BN and include a low-weight
specifier [35].

Another commonly used classification system
for EDs and other illnesses is the tenth edition of the
International Classification of Diseases (ICD-10).
The ICD-10 specifies that patients with AN have a
BMI equal to or below 17.5, which is well below
the healthy range (18.5-24.9) [36]. Other ICD-10
criteria for AN include amenorrhea, weight loss
that is self-induced and purposeful, a fear of fat-
ness, and a perception of being fat. Unlike the
DSM-IV-TR classification, the ICD-10 specifies
that binge eating is an exclusionary criteria for
AN. The ICD-10 criteria are based on behavioral
symptoms and methods of weight loss, in contrast
to the DSM-IV-TR that emphasizes psychological
distortions and disturbances [17, 36]. Table 11.1
presents a comparison of the DSM-IV-TR and
ICD-10 diagnostic criteria for AN.

There are different theories that attempt to
explain the onset and continuation of AN.
However, it is thought that a combination of
genetics, environmental factors, and specific per-
sonality traits likely contributes to the develop-
ment and maintenance of AN [37].

Research suggests that personality disorders
most commonly associated with AN-R include
avoidant, dependent, obsessive-compulsive, and
borderline personality disorders [9, 38].
Additionally, anxiety and mood disorders affect
about 25 % of people with AN [39], and comor-
bid conditions like depression, anxiety, phobias,
and personality disorders might contribute to
worse outcomes for AN patients [39].

It has been suggested that AN patients have
lower reward sensitivity than other individuals
[25]. For example, they often deny food can be
satisfying; therefore, it might be easier for them
to skip food because the food is not as pleasing
for them as it is for people without AN.

Some research suggests that AN patients have
lower levels of novelty seeking and higher levels
of harm avoidance, and both factors can prevent a
person from developing binge eating and purging
behaviors [9, 40]. However, AN-BP patients do
develop binge eating and purging behaviors, and
these behaviors are intermingled with periods of
fasting, excessive exercise, and other compensa-
tory behaviors [7].
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Table 11.1 Comparison of DSM-IV-TR and ICD-10 diagnostic criteria for anorexia nervosa

Code
Weight

Phobia/associated behaviors

Body perception

Amenorrhea/hormonal fluctuations

Pubertal development

DSM-IV
307.1

Refusal to maintain body weight at
or above minimal normal weight
for age and height (e.g., weight
loss leading to maintenance of
body weight <85 % of expected
weight) or

Failure to make expected weight
gain during growth period, leading
to weight <85 % of expected
normal body weight

Intense fear of gaining weight or

becoming fat, even though

underweight

DSM-1V behaviorally

differentiates between types:
Restricting =not engaging in
binge-eating or purging behavior
Binge eating/purging =regularly
engaging in binging or purging
behavior

Disturbance in the way in which

one’s body weight and shape are

experienced

Undue influence of body weight or

shape on self-evaluation or

Denial of the seriousness of the

current low body weight

In postmenarcheal females,

amenorrhea, i.e., the absence of at

least three consecutive menstrual

cycles (amenorrhea exists if

periods occur only via hormone

induction)

Not specified

ICD-10
F50.0

Body weight is maintained at least
15 % below that expected (either lost
or never achieved)

Quetelets’s body mass index is

17.5 kg/m? or less or

Prepubertal patients may show
failure to make the expected weight
gain during the period of growth

Weight loss self-induced by
avoidance of “fattening foods” and
One or more of the following:
self-induced vomiting, self-induced
purging, excessive exercise, use of
appetite suppressants and/or diuretics

Body-image distortion in the form of
a specific psychopathology whereby
a dread of fatness persists as an
intrusive, overvalued idea and
Patient imposes a low weight
threshold on himself or herself

In women, amenorrhea, and in men,
loss of sexual interest and potency (an
apparent exception is the persistence
of vaginal bleeds in anorexic women
who are receiving replacement
hormonal therapy, most commonly
taken as a contraceptive pill)

There may also be elevated levels of
growth hormone, raised levels of
cortisol, changes in the peripheral
metabolism of the thyroid hormone,
and abnormalities of insulin secretion
With prepubertal onset, the sequence
of pubertal events is delayed or even
arrested (growth ceases; in girls, the
breasts do not develop and there is a
primary amenorrhea; in boys, the
genitals remain juvenile). With
recovery, puberty is often completed
normally, but the menarche is late

Source: Bulik, C. M., L. Reba, A. M. Siega-Riz, and T. Reichborn-Kjennerud. 2005. Anorexia nervosa: Definition,
epidemiology, and cycle of risk. Int J Eat Disord 37: s2—s9. Reprinted with permission of John Wiley & Sons, Inc.
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11.2.2 Diagnostic Criteria
for Bulimia Nervosa

Prevalence rates of BN range from 1 to 4 %,
making BN approximately three times more
common than AN [6, 7, 12, 18, 39]. BN is a com-
plex disorder characterized by recurrent binge
eating, compensatory behaviors to avoid weight
gain, and related behavioral and physiological
symptoms. The diagnostic criteria for BN include
several criteria that reflect the physical manifes-
tation of the disorder. Specifically, the current
DSM-IV-TR criteria indicate that all women with
BN have recurrent episodes of binge eating [1].

According to the DSM-IV-TR, BN is charac-
terized by compulsive, extreme binge eating fol-
lowed by a compensatory method like
self-induced vomiting, misuse of diuretics or
laxatives, or excessive exercise to make up for the
excessive amount of calories consumed.
Diagnostic criteria state that this type of cyclic
behavior must occur for at least 3 months, and
binge eating and purging episodes are to occur at
least two times per week. The main psychologi-
cal factor in BN is loss of control during episodes
of binge eating. Additionally, the BN patient
places high importance on body weight and phys-
ical appearance. There are two subtypes of BN:
The purging subtype (BN-P) includes those peo-
ple who make themselves vomit or use laxative
or diuretics to compensate for a binge, and the
non-purging subtype (BN-N) includes those peo-
ple who use other forms of compensatory behav-
ior, such as excessive exercise or fasting [1].

An episode of binge eating is characterized by
both of the following: (1) eating within any 2-h
period an amount of food that is definitely larger
than most people would eat; and (2) a sense of
lack of control overeating or a feeling that one
cannot stop eating or control what or how much
is being consumed. To compensate for the large
amount of food that has been consumed during
the eating binge, the individual with BN engages
in behaviors to prevent weight gain, such as
(1) self-induced vomiting; (2) misuse of laxa-
tives, diuretics, enemas, or other medications; (3)
fasting; or (4) excessive exercise. To be diag-
nosed with BN using the current DSM-IV-TR
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Table 11.2 Comparison of DSM-IV-TR and ICD-10
diagnostic criteria for bulimia nervosa

DSM-IV-TR ICD-10

Code 307.51 F50.2

Relationship Binge/purge cycle Continued

with food must occur for at obsession with food
least 3 months, ata  Strong cravings
rate of two times per Fear of weight gain
week, on average

Binge eating Eating, in 2 h or less, Period of
a portion of food overeating when
that is substantially ~ are a great deal of
larger than most food is eaten
others would eat quickly
Loss of control when
consuming this food

Purging Recurrent methods ~ Methods to

tendencies  of compensation compensate for the
(vomiting, diuretics, binge
other medications, Vomiting,

restriction of food
intake, drug use
may include
appetite
suppressants,
thyroid treatments
or diuretics

fasting or exercise)

Strives to achieve a
weight that is well
standard weight or
weight expected for
a particular person

Weight and shape
are a major influence
in defining the
identity of a BN
patient

Source: Bulik, C. M., L. Reba, A. M. Siega-Riz, and T.
Reichborn-Kjennerud.  2005.  Anorexia  nervosa:
Definition, epidemiology, and cycle of risk. Int J Eat
Disord 37: s2—s9. Adapted with permission of John Wiley
& Sons, Inc.

Beauty ideal

criteria, the binge eating and compensatory
behaviors must occur, on average, at least twice a
week for 3 months. Another diagnostic criterion
for BN is that self-evaluation is unduly influ-
enced by body shape and weight [41].

As with AN, there is also ICD-10 criteria for
BN diagnosis. The ICD-10 criteria for BN are
similar to the DSM-IV-TR criteria. The ICD-10
criteria for BN include having an adverse rela-
tionship or preoccupation with food, engaging in
binge eating and purging behaviors, and attempt-
ing to keep body weight below a level that would
optimize health [36]. Table 11.2 provides a com-
parison of the DSM-IV-TR and ICD-10 diagnos-
tic criteria for BN.
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Individuals who engage in binge eating also
commonly engage in the excessive use of weight-
loss supplements. According to Reba-Harrelson
et al. [42] women with BN are more likely to use
diet pills if they have a higher BMI, higher nov-
elty seeking, anxiety disorders, alcohol abuse, or
borderline personality disorder. Many of these
characteristics are commonly found to co-occur
with BN [42].

11.2.3 Eating Disorder Crossover
and Identification

It is difficult for researchers to design well-
controlled studies for EDs, particularly studies
that will distinguish the causes and early signs of
EDs. There are multiple reasons for this diffi-
culty. For instance, it is often difficult to accumu-
late a large enough sample of people with EDs,
and AN and BN often consist of similar or over-
lapping characteristics [13, 17, 37].

Although AN and BN are separate disorders,
there are several traits commonly found in both
AN and BN patients: Specifically, high neuroti-
cism, perfectionism, obsessiveness, and low
self-directedness are characteristic of both AN
and BN. These shared traits may increase the
chance of crossover from AN to BN [22].
Commonalities between AN and BN patients
may be attributed to the symptom overlap
between the two disorders or may help account
for the high crossover rate from AN to BN [17,
22]. Other traits associated with the crossover
from AN to BN include prior anxiety, childhood
sexual abuse, negative affect, and improvement
in the AN condition [22, 37].

The symptoms associated with AN-BP and
both subtypes of BN overlap, making diagnosis
difficult. A person’s weight distinguishes those
with BN from those with AN-BP. People with
BN typically have a weight that is in the normal
range, and some are overweight [43].

Similar to AN, some diagnostic criteria for
BN are controversial. For example, individuals
who binge eat and purge once each week rather
than twice each week experience similar levels of
eating-related pathology, and the definition of a
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binge (i.e., “an amount of food that is larger than
most people would eat”) is not objective or easily
measurable [7].

Also, ED classification can be difficult as
crossover from one form of ED to another is
fairly common. It has been estimated that
between 8 and 62 % of patients with AN eventu-
ally crossover to BN [17, 22]. The highest per-
centage of crossover occurs when restricting AN
patients crossover to the binge/purge subtype of
AN (AN-BP) or to BN [7, 22]. Additionally, BN
can crossover to BED [16, 44]. Crossover from
one ED to another typically occurs during the
first 5 years of the illness; after 10 years, the rate
of crossover is substantially reduced [7, 17].
Furthermore, certain personality traits in AN
patients, such as novelty seeking and low self-
directedness, have been associated with higher
crossover probability compared to other AN
patients without these traits [45]. There are theo-
ries attempting to explain why the crossover from
AN to EDs with bingeing behavior occurs fre-
quently. Several animal and historical studies
have shown that restricted eating will result in
binge eating later; therefore, many believe that
the restricting behavior directly causes a person
to begin binge eating [25].

11.3 Research Findings

11.3.1 Short-Term Adverse Effects
of Anorexia Nervosa

Numerous physiological signs and symptoms are
associated with AN, and many of these physical
symptoms are life-threatening [39]. A summary
of some of the physical consequences of AN is
provided in Table 11.3.

Although numerous physical abnormalities
may be found in people with AN, research findings
indicate that laboratory results may be normal even
in the presence of profound malnutrition [46].

The body weight of the individual with AN
generally reflects the degree of calorie restriction,
the severity of purging behaviors (if present), and
the amount of exercise engaged in by the individ-
ual. Adults who are diagnosed with AN generally
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Table 11.3 Physical consequences of anorexia nervosa

Cardiovascular

Gastrointestinal

Bradycardia Abdominal discomfort

Tachycardia Bloating/feeling of fullness

Arrhythmias Constipation

Hypotension Delayed gastric emptying

Fainting Decreased gastric and intestinal
motility

Dizziness Pancreatitis

Endocrine Integumentary

Amenorrhea Dry, flaky/scaly, yellowish orange

Cold sensitivity

skin
Decreased body fat

Oligomenorrhea Lanugo (fine facial and body hair)
Anovulation Thinning hair
Brittle nails
Hematologic Central nervous system
Anemia Poor problem-solving skills and

Hypercortisolism

memory

Decreased concentration and
attention

Leukopenia Depressed mood
Pancytopenia Peripheral neuropathy
Thrombocytopenia  Seizures

Skeletal Fluids and electrolytes
Osteopenia Electrolyte imbalance
Osteoperosis Dehydration

Bone fractures

Rebound peripheral edema

Stunted growth Renal failure

Metabolic acidosis

show extreme weight loss and may be described
as thin or emaciated. Children and adolescents
may not lose an extreme amount of weight,
because weight loss goes against the body’s natu-
ral tendency to grow larger. Rather, children and
adolescents might lose smaller amounts of weight
(e.g., 5-10 1b) or might not grow to a weight that
would be expected for them based on their height,
age, and developmental level [47].

11.3.1.1 Gastrointestinal
Abnormalities

Individuals with AN frequently describe meal-
time as an uncomfortable experience associated
with symptoms of anxiety, such as sweating and
increased pulse and respiratory rates [48]. When
a person eats little food, a series of adverse con-
sequences affect normal digestion. Food is held
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for longer periods in the stomach and intestines,
which can produce bloating and a feeling of
being full, stomachache, and constipation. Food
normally passes through the stomach in about an
hour, but when the consumption of food is
restricted, food may stay in the stomach for 4 or
5 h [47]. So, it may be difficult for a young
woman with anorexia to resume a normal pattern
of eating. After eating a normal amount of food
for lunch, she may still feel full when it is time
for supper.

Due to malnutrition [49] and repeated epi-
sodes of binge eating [50], pancreatitis is a com-
mon occurrence in patients with eating disorders.
Patients with pancreatitis may complain of steady
and intense upper abdominal pain that may dif-
fuse to the back, chest, or lower abdomen.
Numerous mechanisms have the potential to
cause pancreatitis, including a sudden increase in
calorie intake after malnutrition or the ingestion
of various medications including the laxatives
and diuretics used in purging [51].

11.3.1.2 Fluid and Electrolyte
Abnormalities

Individuals with AN can develop imbalances in
body fluid and electrolyte levels due to prolonged
malnutrition and dehydration. These imbalances
can reduce fluid and mineral levels and produce a
condition known as electrolyte imbalance. Fluid
and electrolyte imbalances can become more
serious when an individual also engages in purg-
ing behaviors, such as vomiting and laxative
abuse. Dehydration may result from inadequate
fluid intake or excessive fluid loss during purging
or exercise. Dehydration leads to increased blood
levels of urea, urate, and creatinine and dehydra-
tion may result in decreased urine volume and
renal failure. A rebound peripheral edema (i.e.,
swelling of body tissue due to excessive fluid
retention) may also occur and can contribute to a
dramatic increase in body weight (approximately
10-45 1b). Metabolic acidosis, a condition when
the body produces too much acid or the kidneys
do not remove enough acid, may result from
vomiting and loss of stomach acid and sodium
bicarbonate. If the individual also engages in
laxative abuse, the loss of alkaline bowel fluids



11 The Physiology of Anorexia Nervosa and Bulimia Nervosa

may result in metabolic acidosis [52]. Individuals
who abuse laxatives are four times more likely to
suffer serious medical complications than non-
laxative abusers [53]. Reduced blood flow, and
lower blood pressure have all been linked to elec-
trolyte imbalance. Electrolytes, such as calcium
and potassium, are critical for maintaining the
electric currents necessary for a normal heart-
beat. These imbalances can be very serious and
can even be life-threatening unless fluids and
minerals are replaced.

11.3.1.3 Integumentary Abnormalities
Malnutrition, loss of body fat, and dehydration
can also cause changes in skin and tissues.
Frequently, the skin is dry, scaly, and covered
with lanugo, a fine, downy hair resembling that
of newborn babies. Fingernails and hair are often
brittle, and hair loss may occur in patches or uni-
formly over the scalp and other body areas [54].
A yellowish or orangish discoloration of the skin
occurs in approximately 80 % of patients with
AN [46]. This unusual skin color, which is “most
noticeable on the palms of the hands, the soles of
the feet, and the creases inside the elbows,” is due
to faulty metabolism of p-carotene in the liver
leading an excessive level of B-carotene circulat-
ing in the blood, some of which is deposited
under the skin [47].

Additionally, severe starvation has been linked
to depressed mood, decreased concentration and
attention, and poor problem-solving skills and
memory. These problems may contribute to poor
judgment about the severity of the illness and,
therefore, hamper the individual’s recognition of
the need for treatment [48].

11.3.2 Long-Term Adverse Health
Effects of Anorexia Nervosa

11.3.2.1 Hematologic and

Immunologic Abnormalities
Hematologic and immunologic abnormalities are
often found in patients with AN. Poor nutrition
with severe weight loss often results in dramatic
decreases in red blood cells, white blood cells, and
blood platelets. Anemia is a common result of
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anorexia and starvation. One particularly serious
blood problem is pernicious anemia, which can be
caused by severely low levels of vitamin Bj,. In
some severe cases of AN, the bone marrow dra-
matically reduces its production of blood cells, a
life-threatening condition called pancytopenia.
Impairment of the immune system is also common
and is believed to be a consequence of hypercorti-
solism (i.e., excessive amounts of the hormone
cortisol). These effects can be corrected with nutri-
tional improvement and weight restoration.

11.3.2.2 Skeletal Problems

Although long-term complications of AN can
involve any of the body’s systems, the bones are
significantly affected. Since puberty is a critical
time for skeletal development, developing AN
during this period can interfere with the develop-
ment of peak bone mass and, therefore, produce
permanent long-term skeletal effects [48]. When
a young child is severely underweight, there is a
danger that the child’s growth will be limited.
However, if AN starts after puberty begins and
ends before the growth plates in her bones have
closed, then a young woman’s growth in height
will not be stunted [55].

Bone loss and decreased bone density are
common problems for people with AN and is
particularly prevalent in individuals with AN
who have been severely emaciated for a pro-
longed period of time [56-58]. However, frac-
tures of the long bones, vertebrae, and sternum
have been reported in individuals with AN who
have had amenorrhea for as short a period as 1
year [59]. Approximately 90 % of women with
anorexia experience osteopenia (decrease in
bone mass) and some have osteoporosis (brittle
and fragile bones) [60]. In a study assessing
decreased bone density and bone loss in women
with AN, nearly half of the women had osteope-
nia at the hip, and 16 % had osteoporosis at the
hip. More than half had osteopenia at the spine, and
almost 25 % had osteoporosis at the spine. Over
90 % of women had abnormally low bone density
at one or more sites in the skeleton. Additionally,
weight was the factor most related to bone loss.
The less a woman weighed, the more likely it was
that she would have substantial bone loss [60].
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In a long-term study of 103 patients with AN,
osteoporosis with multiple fractures and terminal
renal deficiency accounted for the most severe
disabilities experienced by the patients [61].
Bone loss, osteopenia, and associated stress frac-
tures have been linked to endocrine disturbances
that alter normal hormonal mechanisms and lead
to oligomenorrhea and amenorrhea [62].
Oligomenorrhea is infrequent (or, in occasional
usage, very light) menstruation. More strictly, it
is menstrual periods occurring at intervals of
greater than 35 days, with only four to nine peri-
ods in a year. Amenorrhea is the absence of a
menstrual period in a woman of reproductive age.

Dietary deficiency, low circulating estrogen
levels, hypercortisolism, laxative misuse, and dis-
turbed acid—base balance also contribute to adverse
physical consequences [63]. Other factors contrib-
uting to bone loss include high levels of stress hor-
mones (which impair bone growth) and low levels
of calcium, certain growth factors, and dehydro-
epiandrosterone (DHEA). Skeletal problems can
be minimized or prevented by early recognition
and intervention, but long-term complications can
be expected to occur and progress as long as an
individual continues to exercise without proper
nutritional intake [64]. Unfortunately, weight gain
does not completely restore bone loss, but achiev-
ing regular menstruation as soon as possible can
protect against permanent bone loss. The longer
the eating disorder persists the more likely the
bone loss will be permanent.

Over 60 % of patients with AN have leukope-
nia (a reduction in the number of leukocytes in the
blood), and this abnormality may be related to
bone marrow hypoplasia and decreased neutrophil
(a granular leukocyte having a nucleus of three to
five lobes) lifespan [46]. Leukopenia accompanied
by a relative lymphocytosis has also been reported
[59]. Normochromic anemia, normocytic anemia,
and thrombocytopenia have been found in approx-
imately one-third of patients with AN [65].

11.3.2.3 Central Nervous System
Abnormalities

Disruptions in neuroendocrine and neurotransmit-

ter systems are prevalent in people with AN and

affect the brain and other parts of the body.
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Seizures, disordered thinking, and peripheral
neuropathy (i.e., numbness or odd nerve sensa-
tions in the hands or feet) have all been reported.
Structural changes in the brain include: widening
of the sulcal spaces and cerebroventricular enlarge-
ment [66] and reductions in the size of the pituitary
[67]. People with AN also demonstrate increased
metabolism in the cortex and caudate nucleus [68].

11.3.2.4 Effects on Pregnancy

Research suggests that most pregnant women
with a history of EDs have healthy pregnancies
[69]. However, some research suggests that
women who have had EDs may face higher risks
for a number of complications, including cesar-
ean sections, postpartum depression, miscar-
riages, complicated deliveries, and premature
birth [47, 70]. In one of the few studies that inves-
tigated pregnancy outcomes for women who had
a previous diagnosis of AN, a large sample of
women who were discharged from hospital with
a diagnosis of AN during 1973 to 1996 and who
gave birth during 1983 to 2002 were compared
with a large sample of healthy women who gave
birth during the same years. The researchers col-
lected information about preeclampsia (i.e.,
pregnancy-induced hypertension), instrumental
delivery, prematurity, small for gestational age,
birth weight, Apgar score, and perinatal mortal-
ity. Results showed that the main birth outcome
measures in women with a history of AN were
very similar to those without a history of AN.
The only observed difference was a slightly lower
mean birth weight for babies whose mothers had
a history of AN [69]. This research suggests that
women who have a history of AN and who have
been treated for the disorder are often able to
become pregnant and have healthy pregnancies.

11.3.3 Comorbidities and Mortality
Rates for Anorexia Nervosa

11.3.3.1 Cardiovascular Abnormalities

Some of the most serious and life-threatening
complications of AN result from impairment of
the cardiovascular system. For example, people
with AN might complain of heart palpitations,
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dizziness, fainting, shortness of breath, and chest
discomfort. If these cardiovascular abnormalities
are not recognized and treated, they could result
in death.

Heart disease is the most common medical
cause of death in people with AN, and a primary
danger to the heart is from abnormalities in the
balance of minerals, such as potassium, calcium,
magnesium, and phosphate. Prolonged starva-
tion leads to decreased sympathetic tone in the
heart and blood vessels. The heart’s ability to
pump and the vessels’ ability to transport blood
may be altered, which could result in bradycar-
dia (i.e., heart beats too slowly), tachycardia
(i.e., heart beats too quickly), or extremely low
blood pressure [65]. Bradycardia may occur due
to a starvation-induced metabolic decrease con-
trolled by circulating catecholamines (i.e., “fight
or flight” hormones released in response to
stress) and a change in thyroid hormone levels.
Tachycardia can occur when the circulating fluid
volume decreases as a result of dehydration, and
the heart is forced to pump faster to compensate
for the decrease [71]. The reduction in blood
pressure may lead to light-headedness or dizzi-
ness, and the individual with anorexia may expe-
rience orthostatic hypotension (lightheadedness
when standing up or getting out of bed) [47].
Episodes of fainting may occur because of
abnormally low blood pressure. Studies have
shown that 91 % of individuals with AN have
pulse rates less than 60 beats per minute [72],
and up to 85 % of patients with AN also have
hypotension, with blood pressures below 90/60
[73]. Individuals with AN have been found to
have higher incidences of mitral valve abnormal-
ities and left ventricular dysfunction than indi-
viduals who do not have eating disorders [74].
All of these factors contribute to a significant
risk of sudden death due to cardiovascular prob-
lems in this population [75, 76].

Cardiovascular abnormalities also contribute
to the coldness that people with AN experience.
Because the blood circulates more slowly, a per-
son’s hands and feet turn cold and also appear
blue because red blood cells have been depleted
of oxygen. However, another reason that individ-
uals with anorexia feel cold is the loss of the insu-

159

lation normally provided by a thin layer fat all
over the body [47].

11.3.3.2 Endocrine Abnormalities

AN affects the endocrine system by producing
numerous alterations in neuroendocrine mecha-
nisms. Changes in the hypothalamic-pituitary-
adrenal axis (HPA axis) resultinhypercortisolemia
and increased cerebrospinal fluid (CSF) levels of
corticotropin-releasing hormones. Since the
hypothalamus controls the pituitary gland, pitu-
itary function is also inhibited, resulting in altera-
tions in the normal circulating levels of
gonadotropins, cortisol, growth hormone, and
thyroid hormones. As a result, prepubertal
patients may have altered sexual maturation and
arrested physical development and growth pat-
terns [77].

Hormonal problems are one of the most seri-
ous effects of AN. People with AN have decreased
levels of reproductive hormones, including estro-
gen and DHEA. Estrogen is important for heart
health and bone health. DHEA, a weak male hor-
mone, is also important for bone health. For
women, these hormonal abnormalities may result
in menstrual cycle disruptions, including anovu-
lation (lack of regular ovulation), oligomenor-
rhea, and amenorrhea [78, 79], and these
abnormalities can occur even before a person has
lost a significant amount of weight. Estrogen lev-
els are usually restored and menses usually
resume after a person has been treated and her
weight has increased. However, in some cases,
menstruation may never return, resulting in
infertility.

Starvation and weight loss are known to create
hypothalamic abnormalities that profoundly
affect other organs within the endocrine system.
A chain of interrelated events begins when the
hypothalamus fails to signal the release of
gonadotropin-releasing hormones from the pitu-
itary. The absence of this signal causes a decrease
in luteinizing hormone (LH) and follicular-
stimulating hormone (FSH) levels and inhibits
the positive feedback mechanism to the ovaries.
Consequently, the ovaries do not release estrogen
or progesterone in normal amounts, which fur-
ther inhibits the pituitary gland. Ovarian volume
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and uterine volume are decreased, and the vaginal
mucosa becomes atrophic [65].

Normal functioning of the thyroid gland is
also disrupted in individuals who have eating dis-
orders. Individuals with AN frequently demon-
strate thyroid abnormalities as a result of
decreased calorie intake and starvation. Free thy-
roxine (free T4) decreases to low normal levels,
whereas triiodothyronine (T3) levels decrease to
abnormally low levels in proportion to the degree
of weight loss [65], but thyroid-stimulating hor-
mone (TSH) levels are usually within normal
range [80]. Thyroid function tests reveal low T3
levels in proportion to weight loss, low normal
T4 levels, and decreased metabolic rates [65].

11.3.3.3 Mortality Rates

AN is recognized as having the highest mortality
rate of any psychiatric condition in young females
[15, 16, 18, 26, 81, 82]. Estimates of premature
deaths in AN patients range from 5 to 6 % [7, 39].
Causes of death in women with EDs include starva-
tion, suicide, and electrolyte imbalance [6, 12, 39,
83]. Several factors may be predictors of mortality,
including having a body weight that is less than
77 1b, repeated inpatient admissions, and severe
alcohol and substance use disorders [6, 84]. Adults
with AN also have a high mortality rate [85, 86].
AN is also associated with elevated levels of suicide
ideation and high rates of suicide [18, 83, 87].

11.3.4 Short-Term Adverse Effects
of Bulimia Nervosa

Behaviors associated with BN may have few
adverse consequences for individuals who briefly
engage in self-induced vomiting, purging, or fast-
ing [88]. However, when those behaviors are
recurrent and persistent enough to lead to a diag-
nosis for BN, individuals are likely to have these
physiological consequences: (1) erosion of the
teeth, (2) enlargement of the parotid salivary
glands, and (3) acidic stomachs leading to regur-
gitation of acidic stomach and heartburn [88, 89].
Signs and symptoms related to BN are listed in
Table 11.4. This table is not all inclusive but lists
some of the more common pathologies in BN.
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Table 11.4 Signs and symptoms of bulimia nervosa

Anovulation Hypotension
Calluses on back of hand Integumentary
and fingers

Cardiomyopathy System
Cheilosis Disorders
Constipation Metabolic
Dental abscesses Acidosis
Dental caries Alkalosis

Diarrhea Mitral valve prolapse
Dry, flaky skin Muscle cramps
Dyspepsia Musculoskeletal weakness

Endocrine disorders Palpitations

Esophagitis Pancreatitis
Heart failure Pruitis
Sore throat

TetanY

Hematemesis

Excessive vomiting causes erosion on the
enamel and dentin on teeth, increasing the sus-
ceptibility to cavities and gum disease [88, 89].
It can also cause acid from the stomach to rise
up to the esophagus, which leads to infections,
gastro-esophageal reflux disease, and may
eventually cause a ruptured esophagus [89].
Other short-term complications resulting from
BN include impaired satiety, decreased resting
metabolic rate, and abnormal neuroendocrine
responses. These symptoms increase in severity
with continued disordered eating [90]. These
complications should be thought of as occur-
ring on a continuum, and in some cases, the
symptoms are reversible.

11.3.5 Long-Term Adverse Health
Effects of Bulimia Nervosa

11.3.5.1 Gynecological Problems
and Hormones

Gynecological problems are one of the most fre-
quent long-term complications of EDs [91, 92].
The unsatisfactory nutrition in BN results in hor-
monal dysfunction, menstrual disturbances, and
infertility [93]. These symptoms may be reversible
with early treatment of the ED [91, 92]. Menstrual
irregularities as a result of BN may be caused
by weight fluctuations, nutritional deficiency, and
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prolonged stress [94]. This same menstrual
irregularity or oligomenorrhea can lead to poly-
cystic ovary syndrome in individuals who are
bulimic, especially if they are also obese [94, 95].

Gonadal steroids are among the many factors
that influence food intake and body weight in
mammals [97]. A key role of estradiol is related
to food intake and energy balance. The actions of
estradiol may have a gender-specific effect on the
regulations of eating, which could explain why
BN is more common in women than men [96].
During the estrogen-releasing cycle, the amount
of food being consumed fluctuates in response to
ovarian rhythms in bulimic women [97, 98].

Disturbances in hormonal regulation in BN
can also lead to severe mood changes and aggres-
sive behavior patterns. Researchers have found
that individuals with BN have a decrease in
plasma levels of prolactin and estradiol, and an
increase in cortisol and testosterone [99, 100].
There is a positive correlation between testoster-
one plasma levels [101] and aggressiveness in
individuals with BN that is not seen in other indi-
viduals [99, 100]. Individuals with BN tend to
have a higher score when rating depressive symp-
toms and aggressiveness on eating-related psy-
chopathology assessments, which suggests that
BN plays a role in the modulation of aggressive-
ness [99].

11.3.5.2 Cardiovascular Abnormalities
Hypercholesteremia (the presence of high levels of
cholesterol in the blood) is a cardiovascular risk
factor associated with BN. Hypercholesterolemia
is not a disease but an abnormal metabolic state
that can be secondary to many diseases and can
also contribute to many forms of disease, most
notably cardiovascular disease [102]. Pauporte
and Walsh [103] found that the mean serum cho-
lesterol levels of patients with BN were signifi-
cantly higher than the cholesterol levels of
individuals in a comparison group (patients:
194+36 mg/dl; comparison group: 176+34 mg/
dl; t=2.77; df=159; p=0.006). Additionally, indi-
viduals who binge or overeat, or who are obese,
are also at high risk for developing hypertension,
which is another pathway to long-term cardiovas-
cular disease [103].

Mira et al. [104] found that individuals with
BN and other EDs not only had higher levels of
cholesterol, but they also had lower levels of
electrolytes, such as, potassium, chloride, and
phosphate in the plasma. The misuse of laxatives
and weight-loss supplements over time can cause
these electrolyte imbalances and gastrointestinal
abnormalities [104].

Cardiac autonomic regulation and stress reac-
tivity may also be altered in BN patients due to
energy restriction. Altered eating patterns in BN
can result in metabolic and cardiovascular abnor-
malities [105]. Messerli-Biirgy et al. [106] found
that heart rate stress reactivity was highest in BN
patients when looking at biological stress
responses. During the stress recovery stage of the
laboratory stressor, heart rate variability (HRV)
decreased in the participants with BN compared
to a group of other women [106]. A decrease in
HRV is associated with coronary artery disease
and congestive heart failure [107-111]. A similar
study investigated cardiac autonomic regulation
and stress reactivity in relation to biochemical
markers of dietary restriction in women diag-
nosed with BN. These investigators found that
women with BN who were fasting (compared to
women who had BN but were not fasting or
women who did not have BN) showed increased
vagal dominance and decreased sympathetic
modulation during both resting and recovery
periods. These results support the notion of car-
diac sympathetic inhibition and vagal dominance
during dietary restriction, and suggest the speci-
ficity of starvation related to biochemical changes
for cardiac autonomic control [169]. Vogele et al.
[105] also found that individuals with BN have
higher resting cardiac vagal tone than controls
[105]. Based on the findings from their studies,
Murialdo et al. [112]. hypothesized that BN
patients have sympathetic failure, prevalent vagal
activity, and impaired sympathetic activation.
These findings indicate a relationship between
energy restriction and vagal dominance [112].

Elevated homocysteine levels (an amino acid
in the blood) are associated with cognitive decline
in dementia and healthy elderly people and are
also associated with a high risk of cardiovascular
diseases, stroke, and peripheral vascular disease
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[113, 114]. While elevated homocysteine levels
are more common in AN than BN patients, BN
patients also exhibit signs of elevated homocyste-
ine levels [114, 115]. This condition can be
caused by several conditions, such as malnutri-
tion, starvation, alcohol abuse, or genetic predis-
position  [116].  Deficiencies of three
vitamins—folic acid (By), pyridoxine (Bg), or
cyanocobalamin (Bj,)—can also lead to high
homocysteine levels. Wilhem et al. [117] found a
small decrease in levels of homocysteine follow-
ing a 12-week treatment period for individuals
with ED; however, the change was small and sta-
tistically nonsignificant. Nonetheless, their con-
clusion was that during effective treatment that
concomitantly increased BMI, hyperhomocyste-
inemia was partially reversible. In light of the
findings from Frieling et al. [114], decreasing
homocysteine levels may not improve memory in
an ED population. Interestingly, in a mixed group
of patients (14 with AN and 12 with BN), ele-
vated homocysteine levels were associated with
normal short- and long-term verbal memory, and
normal plasma homocysteine levels were associ-
ated with poorer memory performance. These
results indicate that, under the special circum-
stances of ED, elevated homocysteine levels
improve memory signaling, possibly by facilitat-
ing long-term potentiation.

11.3.5.3 Immunologic Abnormalities
Individuals with BN may also have a comprised
immune system. Several studies have reported
changes in immune cells and natural killer cells
important for immunity in patients with AN and
BN [118]. With a decrease in lymphocyte num-
ber, individuals with BN are more vulnerable to
disease.

11.3.6 Comorbidities and Mortality
Rates for Bulimia Nervosa

BN is a long-term disorder with a waxing and
waning course. Comorbid medical and psychiatric
conditions associated with BN include: (1) irrita-
ble bowel syndrome; (2) fibromyalgia; (3) mood
disorders, such as major depression; (4) anxiety
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disorders, such as generalized anxiety disorder,
panic disorder, and phobias; (5) alcoholism and
substance abuse, (6) personality disorders, and
(7) aggressive behavior and poor impulse control
[119]. These comorbid conditions are similar for
BN and AN [119].

Recent data suggest that mortality rates for
BN are around 3.9 % [120]. Mortality rates are
slightly higher (5.2 %) for Eating Disorder Not
Otherwise Specified (EDNOS), a disorder in
which an individual’s behavior may meet some
but not all of the diagnostic criteria for BN [120].

11.4 Contemporary
Understanding of the Issues

11.4.1 Genetic Variables and Eating
Disorders

An area of interest in research is the role that
genetics plays in EDs. Genetic research is
attempting to explicate the behavioral, neurobio-
logical, and temperamental variables that repre-
sent the core features of both the anorexic and
bulimic phenotype. However, there is shared
variance between genetic variables and other risk
factors, such as an individual’s environment or
her attempts at dieting and losing weight.

The role of genetics in the etiology of EDs has
long been postulated to be a risk factor based on
information about the relatives and siblings of
individuals with EDs. For example, individuals
are more susceptible to developing an ED if a
close relative also has an ED [121]. First-degree
relatives of AN persons are six times more likely
to develop AN [122]. Twins have a tendency to
share specific patterns of ED symptoms, such as
obesity, AN, or BN [123]. The compilation of
several twin studies has indicated a 48—76 % her-
itability in AN and 50-83 % heritability for BN
[16]. However, there is little statistically relevant
evidence linking AN and heritability in twin
studies [122]. The importance of genetic predis-
position in BN is shown by the difference in con-
cordance rates for monozygotic and dizygotic
twins. The concordance rate for BN is 23 % for
monozygotic twins and 9 % for dizygotic twins
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[119, 123]. In other words, when one member of
a twin pair has BN, the other twin is more likely
to also have BN if the twins are identical geneti-
cally than if their genetic similarity is that of any
other pair of siblings. The fact that the concor-
dance rates for BN found in twin studies are
nowhere near 100 % demonstrates clearly that
many factors other than genetic predisposition
contribute to BN.

The role of shared environmental influences
must be considered in studies of twins and other
siblings, given our knowledge of the importance
of environment in the development of an ED.
Evidence supports a strong association between
genetically determined factors, such as serotonin
(5-Hydroxytryptamine [5-HT]) and dopamine
(DOP) levels, and environmental risk factors;
suggesting that environmental risk factors play a
large role in the expression of behaviors that are
also genetically determined [124]. Epigenetics,
changes in gene expression, is one factor of many
that bridges the gap between genetics and envi-
ronmental factors. Epigenetic modifications,
including the methylation of deoxyribonucleic
acid (DNA), can be influenced by various envi-
ronmental factors, including stress and eating
behavior. Methylation of the dopaminergic genes
dopamine receptor D2 (DRD2) and dopamine
active transporter 1 gene (DATI1) have been
exhibited in patients with AN [122]. However,
others investigators have noted only a small over-
lap between genetically determined and environ-
mental risk factors. Thus, there is considerable
independence between these two types of risk
factors in the development of an eating disorder
[26, 125-129].

The behavior components of BN, such as,
self-induced vomiting, have also been found to
be inheritable [130]. Some have suggested that
overeating or behaviors consistent with BN are
related to genetically determined, dysfunctional
neurotransmitter systems [131].

It is clearly understood that genetics signifi-
cantly contribute to the etiology and development
of BN, however, details of genetic contributions
to AN remain uncertain [132]. Recent studies
have suggested that focusing on the level of
severity of AN, instead of simply the presence of
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AN, when selecting subjects is beneficial when
examining genetic contributions [128]. It is a
challenge to understand the link between herita-
bility and EDs because no certain gene(s) have
been connected with eating disorder phenotypes
[2]. It is also estimated that it is the small contri-
butions of many genes instead of large contribu-
tions from a few genes that aid in the development
of an ED [128]. An inherent limitation in the
research methodology is the difficulty in linking
the symptoms of both AN and BN to one single
variable, such as genetics [132].

11.4.2 Neurotransmitters
and Neuropeptides

11.4.2.1 Serotonin and Tryptophan

The ingestion of food produces chemical changes
in the brain that cause a variety of neurochemical
responses throughout the body. Specific hor-
mones are released to create instructional path-
ways for neural communication. Tryptophan is
an essential amino acid that is found in many
common foods, such as nuts, meats, and dairy
products, and is a precursor for serotonin (5-HT).
Therefore, dietary deficiency of tryptophan may
lead to low levels of 5-HT. Low levels of trypto-
phan and 5-HT are commonly seen in individuals
with psychological disorders, such as depression,
AN and BN [132, 133]. A decrease in 5-HT can
contribute to the abnormal eating patterns seen in
individuals with BN by interfering with the
homeostatic regulation of eating by the hypothal-
amus [134].

Serotonin is a monoamine neurotransmitter that
helps the body regulate appetite, sleep patterns, and
mood. As stated previously, 5-HT is biochemically
derived from tryptophan and is primarily found in
the gastrointestinal tract, platelets, and central ner-
vous system of humans and animals. Regulation of
serotonin is important in the pathophysiology of an
ED [135, 136]. Serotonin is responsible for regula-
tion or involvement in some of the main functions
of the central nervous system, such as: control of
mood, appetite, sleep, muscle contraction, pain sen-
sitivity, blood pressure, and some cognitive func-
tions including memory and learning [137, 138].
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Serotonin transports, especially the serotonin
transport protein 5-HTT (or SERT), are consid-
ered good markers for gene studies focused on
eating disorders [139]. Serotonin is involved in
the etiology of AN by altering physiological and
behavioral functions that affect mood, impulse
regulation and appetite [139]. Serotonin also
influences the hyperactivity associated with AN
[132]. Serotonin is likely involved in the etiology
of BN by modulating physiological and behav-
ioral functions including anxiety, perception, and
appetite [140].

11.4.2.2 Neural Signaling Response
to Food Consumption

The neural signaling that occurs in response to
food consumption is a link in the feedback mech-
anisms that normally keep carbohydrate and
protein intake more or less constant [141].
Carbohydrate consumption causes insulin secre-
tion which also increases 5-HT release, whereas
the consumption of protein lacks this effect on
insulin. The consumption of carbohydrates
causes the secretion of insulin from the pancreas
into the blood, reducing plasma levels of glucose
and allowing the uptake of tryptophan in the
brain. Tryptophan enhances 5-HT release and
also increases the saturation of tryptophan
hydroxylase [136, 141]. Hydroxylase is the
enzyme responsible for 5-HT synthesis. When
BN patients are given a pharmacological stimu-
lus for the production of 5-HT (serotonin-
stimulated prolactin secretion), the number of
their eating binges decreases [134].

Other investigators have suggested that pro-
tein should be added to the diet of BN patients in
order to reduce binge eating [142]. Wurtman and
Wurtman [136] reported that individuals whose
eating binges consist of primarily protein have
fewer eating binges than those whose eating
binges consist primarily of carbohydrates [136].
In that study, individuals with BN reported less
hunger and greater fullness, and consumed less
food at test meals, after protein intake than after
carbohydrate intake (673 kcal vs. 856 kcal). This
discrepancy between protein and carbohydrate
consumption during eating binges deserves atten-
tion in future research.
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11.4.2.3 Receptor Subtypes
for Serotinin

The pharmacology of 5-HT is extremely com-
plex, with its actions being mediated by a large
and diverse range of 5-HT receptors. At least
seven different receptor subtypes (5-HT1-7) are
known to exist, each located in different parts of
the body and triggering different responses.
Serotonin receptors include: SHT1Df, SHT2A,
SHT2C, and 5-HT7 tryptophan hydroxylase 1.
Associations between a functional variant in the
5-HT transporter gene have been found with
other psychiatric symptoms such as depression,
alcoholism, and suicidal behavior [143]. Alleles
are different forms of the DNA sequence of a par-
ticular gene. By conferring the allele-specific
transcriptional activity on the 5-HT transporter
gene promoter in humans, it has been found that
the 5-HT transporter gene-linked polymorphic
region (5-HTTLPR-a serotonin-transporter-
linked promoter region) influences a constella-
tion of personality traits related to anxiety and
increases the risk for neurodevelopmental, neuro-
degenerative, and psychiatric disorders [144].
The S, G, and A alleles have been implicated in
the transmission of an ED from mother to child
[145]. It has been hypothesized that alterations in
the S-allele contributes to the pathophysiology of
AN and binge eating [139, 146]. Simply carrying
the S-allele increases risk of AN and binge eating
[139, 147].

Particularly the 5-HTTLPR (serotonin-
transporter-linked promoter region) S-allele has
been linked to AN, high anxiety and low levels of
impulsiveness in some studies [139]. A study by
Akkermann et al. [147], investigated the associa-
tion between the 5-HTTLPR and binge eating to
determine if the S-HTTLPR genotype influenced
the severity of binge eating. Women prone to
binge eating and carrying the S-allele showed
significantly higher levels of BN scores. Among
these women, those with s/s genotype also had
higher levels of state anxiety and a tendency for
higher impulsivity [147].

Not all researchers are in agreement about the
relationship of the S-allele and the pathophysiol-
ogy of BN. Lee [148] found that overall EDs
were significantly associated with the S-allele
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and genotype, but a meta-analysis led to the con-
clusion that while AN was associated with the
S-allele and the S carrier genotype, BN was not
associated with this allele [148]. Racine et al.
[149] found that the T-allele and the S-allele gene
were associated with higher levels of impulsivity,
but there were no main effects for the 5-HT
genotypes on any binge eating measure, and
interaction between genotypes, impulsivity, and
dietary restraint were nonsignificant [149].

11.4.2.4 Dopamine

Another important neurotransmitter (neural mes-
senger) that merits discussion in the pathophysi-
ology of both AN and BN is dopamine (DOP).
Dopamine is classified as a catecholamine (a
class of molecules that serve as neurotransmitters
and hormones). Dopamine is a precursor (fore-
runner) of adrenaline and another closely related
molecule, noradrenaline. Central DOP mecha-
nisms are involved in the reward and motivational
aspects of eating and food choices, and they play
arole in the compulsive feeding patterns observed
in BN and purging disorders [150]. Foods high in
fats and sugars are likely to promote DOP stimu-
lation [151]. It has been hypothesized that defi-
ciencies in DOP may promote reward-seeking
behaviors that result in instant gratification such
as carbohydrate eating binges [152—-154]. The
role of DOP in the pathophysiology of AN
remains unclear. Some studies have shown
reduced DOP levels in certain regions of the
brain (the hippocampus, dorsal striatum, and
hypothalamus) to be associated with starvation/
food restriction in AN [155]. Also, DOP can con-
tribute to the hyperactive characteristic in AN
patients via increased concentrations of DOP in
the hypothalamus [155]. However, the complex-
ity of the body’s systems and number of different
pathways and receptors make targeting the role/
concentration of DOP in the pathophysiology of
both AN and BN difficult.

11.4.2.5 Catechol-O-methyltransferase

Although not classified as a neurotransmitter,
catechol-O-methyltransferase (COMT) is an
important protein in the degradation of DOP and
other catecholamines in the brain, so it deserves
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attention in the discussion of eating disorders.
It is one of several enzymes that degrade cate-
cholamines such as DOP, epinephrine, and nor-
epinephrine. Dysregulation of DOP has been
implicated in many genetic studies related to BN
[150, 151].

The COMT gene lies in a chromosomal region
that is of interest in investigations of psychosis
and mood disorders [145]. In particular, regions
on chromosome 10 have been linked to BN and
obesity [156]. However, despite a considerable
research effort, a clear relationship between the
genetic variation in specific chromosomes and
the psychiatric phenotype has not been substanti-
ated [157].

11.4.3 Peptides and Proteins

Individuals with an ED are less sensitive to the
satiating effects of food [158, 159]. For example,
after eating BN patients report lower subjective
ratings of fullness than other individuals [159].
Ample evidence supports the notion that individ-
uals with BN have a disturbance in satiation,
which helps to explain the consumption of very
large amounts of food that is recorded during
binge meals in laboratory settings [159-163].

There are several specific physiological mech-
anisms that help to explain the deficit in the nor-
mal development of satiation when individuals
with an ED consume food. Peptide signals from
surrounding tissues communicate with the hypo-
thalamus to control hunger and eating behavior
[122]. Abnormal levels of leptin, ghrelin (the
satiety peptide), cholecystokinin (CCK), and
androgens have all been implicated as playing a
role in food intake, satiety signaling and binge-
eating behavior [164].

11.4.3.1 Leptin

Leptin is a protein hormone that plays a key role
in regulating energy intake and energy expendi-
ture, including appetite and metabolism. It is one
of the most important adipose-derived hormones
[165]. Certain levels of leptin must exist in order
to support menstruation; consequently low leptin
levels have been linked with amenorrhea.
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Low leptin levels have also been associated with
AN [166, 167]. Some studies have found that
individuals with BN have low levels of serum
leptin [112, 168—170]. However, one study found
that leptin concentrations were significantly
higher in patients with BN than they were for
individuals in a comparison group [171]. There is
also no consensus among researchers examining
ED patients about whether plasma levels of leptin
are significantly related with patients’ body
weight or BMI [172-177].

Ghrelin is a hormone that stimulates hunger
that is produced mainly by P/D1 cells lining the
fundus of the human stomach and by the epsilon
cells of the pancreas. Ghrelin levels increase
before meals and decrease after meals. It is con-
sidered the counterpart to the hormone leptin,
produced by adipose tissue, which induces satia-
tion when present at higher levels. Both acute and
chronic fasting increase ghrelin levels [122, 178].
Weight loss brought about by dieting causes
ghrelin levels to rise as body weight and body fat
decline. Ghrelin may blunt the appetite-reducing
effect of leptin [179].

11.4.3.2 Ghrelin

Because ghrelin levels increase before meals, it
would be expected that ghrelin levels are higher
in individuals in the acute stage of AN. Research
has found this to be true. The effects of ghrelin
are unclear in those who chronically suffer from
AN. However, research has shown that ghrelin
levels drop in individuals with AN who are
receiving treatment. This information could
explain why AN patients are even more resistant
to food during treatment, making the recovery
process very difficult [30].

It has been suggested that individuals with BN
have high ghrelin levels [180]. Supporting the
hypothesis that individuals with BN have high
ghrelin levels, Kojima et al. [180]. found that
patients with BN exhibit elevated ghrelin levels
before meals and reduced ghrelin suppression
after eating. They found that postprandial ghrelin
suppression was significantly attenuated in
patients with BN compared to individuals who
did not have BN [180]. Monteleone et al. [179]
also found that the ghrelin levels of individuals
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with BN did not decrease as much as would be
expected after a meal. In healthy women, circu-
lating ghrelin showed a drastic decrease after
food intake, whereas this response was signifi-
cantly blunted for individuals with BN. The
blunted ghrelin response to food ingestion for
individuals with BN may explain the impaired
suppression of the drive to eat following a meal,
which can lead to binge eating [179]. Elevated
ghrelin levels have all been found to decrease sig-
nificantly after treatment, despite similar BMI,
percent body fat, and leptin levels [169]. When
ghrelin levels return to normal for an individual
with an ED, abnormal eating behavior and
depressive symptoms both improve [169].

11.4.3.3 Cholecystokinin

Cholecystokinin (CCK) is a peptide hormone of
the gastrointestinal system responsible for stimu-
lating the digestion of fat and protein. It also acts
as a hunger suppressant and contributes to the
feeling of satiation [181]. Individuals with BN
have a reduced level of postprandial CCK com-
pared to individuals who do not have EDs [160,
182-185].

The development of CCK and satiety has been
greatly explored in BN, including gastric capac-
ity, gastric emptying, gastric relaxation reflex and
the postprandial release of CCK [41]. A signifi-
cant enlarged gastric capacity has been found in
women with BN compared to non-BN women
[186]. This suggests that a larger amount of food
must be consumed before the development of
gastric signals. Along with this gastrointestinal
abnormality, gastric emptying has found to be
delayed in women with BN [182, 187-189]. As a
result of this irregularity, there may be a delay in
the development of satiety cues that result from
the presence of food in the intestine. Finally,
another gastrointestinal problem that arises with
BN is that there is a reduced gastric relaxation
occurring following food ingestion [190].

11.4.3.4 Brain-Derived Neurotrophic
Factor

Lastly, certain proteins, such as brain-derived

neurotrophic factor (BDNF), have been impli-

cated in the etiology of an ED. This protein may
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influence an individual’s vulnerability to AN and
BN [156] via regulation of apatite control [122].
Specifically, the genetic contribution of the
BDNF-specific receptor neurotrophic tyrosine
kinase receptor type 2 (NTRK2), is implicated in
the susceptibility of developing an ED [191]. In
most candidate gene association studies
(CGASs), decreased levels of BDNF are typi-
cally present in those with AN [122].

It is important to note the difficulty in linking
protein levels to genetic traits associated with an
eating disorder. If protein levels return to normal
with restored weight and proper nutrition, the
disturbed protein levels may be related to
improper nutrition rather than the traits associ-
ated with the eating disorder [122].

11.5 Future Directions

11.5.1 Anorexia Nervosa

The treatment of patients with anorexia nervosa is
both a science and an art. The science deals with
the physical aspects that resulted from under-
nutrition, and the art deals with the person in whom
the disorder exists [47].

Individuals with AN frequently lack insight
into their problems and often deny the existence
of problems related to eating. They are often
reluctant to seek help from friends, family mem-
bers, or health professionals, because the eating
disorder becomes a lifestyle and they fear chang-
ing their habits and gaining weight. When they
do seek help on their own, it may be due to severe
distress over physical or psychological problems
that occur as a result of the eating disorder or in
conjunction with the eating disorder. In an
attempt to conceal their disorder from health pro-
fessionals, individuals with AN may try to hide
signs of this disorder or might provide inaccurate
information to the clinician [47]. For example, an
individual with AN might drink a lot of water
prior to being weighed by a professional or might
hide weights in her clothing to increase the num-
ber on the scale.

Treatment must be specific to each individual
because of the different levels of severity and
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because of the unique characteristics each
individual with AN develops [47]. Effective
treatment of individuals with AN should include
weight restoration and restoring healthy eating
habits. However, successful treatment of AN
requires more than a focus on eating and weight
gain. Focus on emotional issues that are related to
the disorder and family conflicts that contribute
to the disorder are also needed [47].

Successful treatment depends on the individ-
ual with AN gaining weight and maintaining a
normal weight and adequate nutrition. Initially in
treatment, the focus is on supporting the individ-
ual with AN and building a cooperative relation-
ship with her while she gains weight. Because of
the cognitive impairments resulting from semi-
starvation, it will be difficult to deal with emo-
tional and interpersonal problems until the
individual’s weight returns to the normal range
[47]. Sometimes, however, the focus on weight
gain may be too narrow, so that the person gains
weight during treatment, but has not accepted
that weight gain or changed her attitudes and per-
ceptions related to weight and eating. Many
patients with anorexia gain weight in treatment
but then lose it soon after leaving treatment. Also,
some treatment programs focus on rapid weight
gain, which will be difficult for the individual
with anorexia both psychologically and physi-
cally, and may expose the individual to some
serious health risks, such as heart failure [47].

Weight restoration must be done gradually
and patiently. Additionally, returning the indi-
vidual with AN to a normal pattern of eating can
be either easily accomplished or extremely diffi-
cult, depending on how long the disorder has per-
sisted. She may rebel against a 2,000-3,000-cal
diet because she will feel as though she is being
overfed and may therefore also stop cooperating
with other aspects of treatment. Therefore, enlist-
ing the help of a dietitian can assist in educating
the person about her nutritional needs. However,
including too many professionals into the treat-
ment might pose problems for the person being
treated for AN, so an ideal approach might be for
the therapist to work closely with the nutritionist
[47]. There are also physical reasons that she will
be unable to resume a normal diet immediately.
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Attempting rapid weight gain in a person who
has been starving may lead to excessive fluid
retention with a risk of heart failure. In addition,
any nourishment may be difficult for her because
of her empty and shrunken stomach. So, eating
may trigger nausea and vomiting, and these
physical responses must be carefully distin-
guished from common psychological variables,
such as revulsion at food and self-induced vomit-
ing [47]. Without early, aggressive intervention,
AN will most likely last for several years, and it
may persist or reoccur throughout the individu-
al’s life [47]. Long-term follow-up studies reveal
a mortality rate as high as 18 %, with the majority
of deaths related to medical complications of the
disorder [39].

Current research is focusing on the use of
ghrelin agonists/antagonists and the treatment of
eating disorders; however, most studies are ani-
mal based studies and only few studies have used
human subjects in regards to AN. For example,
ghrelin antagonists have been found to reduce the
hyperactivity associated with AN but may cause
appetite depression. Therefore, treatment with
ghrelin antagonists is controversial. Ghrelin ago-
nists are a possible treatment option for AN-R
due to the resultant increase in food intake seen
in human subjects. Yet, larger studies using
human subjects are needed to clearly understand
the relationship between ghrelin and AN-R and
more studies need to focus on ghrelin and the
AN-BP subtype [30]. Serotonin is also being
considered for the use of AN treatment [132].

11.5.2 Bulimia Nervosa

There are many effective treatment options for
individuals with BN, such as pharmacology (most
commonly anti-depressant medications) [192],
psychological treatment, therapeutic exercise
such as yoga, and behavioral modification.
Cognitive behavior therapy is effective in reduc-
ing the symptoms of BN and BED [193]. However,
even though improvement over a short-term
period is commonly found in the research litera-
ture, treatment may have a more limited effect
over the longer term [194]. Vigilance is needed in
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helping girls and women to have healthy eating
patterns and to avoid BN and other EDs in a cul-
ture that places so much emphasis on physical
appearance and has such unrealistic ideals regard-
ing the weight and shape of the human body.

It would be great if EDs could be prevented
from occurring (primary prevention), but that
goal seems unattainable based on the research on
past prevention programs. Efforts to prevent EDs
shave produced temporary results, a change in
knowledge but no change in attitudes or behavior,
or an increase in symptoms of eating disorders
[195-197]. Unfortunately, prevention efforts can
lead girls and young women to focus even more
than they had before on their bodies and on diet-
ing, and may promote unhealthy behaviors
among especially vulnerable girls [47]. Another
reason that primary prevention is so difficult is
that any prevention programs are unlikely to have
as much of an effect on girls and young women
as the influence of their peers and of media mes-
sages. Therefore, the best type of prevention for
an ED may be secondary prevention—identify-
ing the early signs of trouble and starting treat-
ment as soon as possible.

11.5.3 Secondary Prevention
and Education

Health professionals must be educated about the
dangers and warning signs of EDs to promote
early recognition, evaluation, and treatment.
Parents, teachers, and coaches who recognize
common signs of an eating disorder in girls or
young women should express their concerns to
these individuals and their parents and should
also encourage them to seek further evaluation.
Because individuals often develop an eating dis-
order in the aftermath of a diet, overweight indi-
viduals should be encouraged to lose weight
through nutritionally balanced meals and exer-
cise rather than by strict dieting that can trigger
binge eating and purging cycles [49]. Health pro-
fessionals must develop realistic attitudes about
body weight and shape in order to communicate
information effectively and to promote appropri-
ate preventive efforts.
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Early diagnosis of an ED is related to a better
prognosis because the patient is more receptive to
treatment. Earlier diagnosis is an important first
step for many patients and allows for intervention
before the adverse eating patterns are ingrained
due to repetition [85]. Vigilant friends and family
can notice signs and symptoms of the ED and
attempt to seek proper help. If an ED is sus-
pected, one of the most practical screening tools
to use in the primary care setting is the SCOFF
questionnaire [198]. Because of its 12.5 % false-
positive rate, this test is not sufficiently accurate
for diagnosing eating disorders, but it is an appro-
priate screening tool that physicians can use as a
first step in identifying and treating the ED.
Although a substantial amount of progress has
been made in the field of eating disorder research
and treatment, there are still many questions
without answers. By reading this book, you will
see where we are on the journey towards better
understanding and treating eating disorders.

11.6 Concluding Remarks

The key feature of AN is the refusal of the girl or
woman to eat an adequate amount of food [47].
BN is an eating disorder that involves binge eat-
ing and the use of inappropriate methods to avoid
weight gain [199]. There are also shared quali-
ties, as more than half of patients diagnosed with
AN-R crossover to AN-BP and approximately
one-third crossover to BN during the first 5 years
of being diagnosed with an eating disorder [200].

All of the physiological changes that occur in
AN are caused by malnutrition or “semi-
starvation” [47]. Those changes are the adaptive
responses of the body to survive despite inade-
quate intake of food: conservation of energy,
shifts in electrolyte balances, attempts to use fat
and spare the body’s glucose and protein, and
changes in the functioning of the hypothalamus
and the pituitary gland.

With fluctuating eating patterns, individuals
with BN are at risk for developing cardiovascular
health problems [105] such as coronary artery
disease, hypertension, and congestive heart failure
[107-111]. Many other adverse health conditions
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are also associated with the disorder such as
alcoholism, panic disorder, generalized anxiety
disorder, phobia, and major depression [119].
Two of the most prevalent co-occurring condi-
tions for individuals with BN are anxiety and
depression [201].

Both genetics and environmental factors
(culture and family) play large roles in the
behavioral, neurobiological, and temperamental
variables that represent the core features of ED
development. The family environment is espe-
cially important in the development of an ED,
since adolescence is a particularly vulnerable age
for females [199].

The psychological and physiological aspects
of BN are often tightly linked [202]. Biomarkers
associated with BN include, but are not limited to
the dysregulation of hormones that contribute to
irregular dieting behaviors, possibly through
serotonergic mechanisms [41]. Alterations in
5-HT and DOP can result in the dysregulation of
mood, satiety, appetite, sleep, muscle contrac-
tion, and some cognitive functions including
memory and learning [137, 138]. Research does
not indicate a direct relationship between patho-
physiological markers and the diagnosis of AN
[128].

The initial evaluation of an individual with an
eating disorder must include a comprehensive
physical exam and health history to rule out exist-
ing physiological pathology. Several lab tests,
including a complete blood count (i.e., full blood
chemistry, electrolyte profile, liver and function
tests, and urinalysis) should also be performed.
An EKG is essential to evaluate the cardiovascu-
lar system and to rule out potentially life-
threatening arrhythmias, and a chest X-ray may
be performed to evaluate heart size and place-
ment [63].

A number of long-term complications may
result from the prolonged and severe malnutrition
that often accompanies eating disorders. Medical
complications can be expected to progress as
long as the individual continues to exercise with-
out proper nutritional intake [64]. Inadequate
nutritional intake and poor absorption of nutri-
ents result in physical consequences, including
extreme weight loss, electrolyte imbalances,
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cardiac abnormalities, hormonal changes, central
nervous system abnormalities, bone loss, and
muscle wasting. Unfortunately, these physical
consequences can result in death; therefore, ade-
quate nutritional intake and weight restoration
are vital in the treatment of an ED [39].
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The Female Athletic Triad:
Disordered Eating, Amenorrhea,
and Osteoporosis

12

Jacalyn J. Robert-McComb and Andrew Cisneros

Abstract

The female athlete triad is defined as the interrelationships among energy
availability, menstrual function, and bone mineral density. These dynamic
components may transcend towards various clinical manifestations includ-
ing eating disorders, functional hypothalamic amenorrhea, and osteoporo-
sis. The occurrence of low energy availability, amenorrhea, and osteoporosis,
alone or in combination, poses deleterious health risks to physically active
girls and women. Deficits in energy intake may be acquired through exces-
sive energy expenditure; however, disordered eating habits have been a
tremendous concern and a risk factor for the female athlete triad. Therefore,
clinicians and health care professionals must be highly aware of its preva-
lence for prevention. Low energy availability, with or without disordered
eating, disrupts physiological function by suppressing the hypothalamic—
pituitary—gonadal axis leading to functional amenorrhea. Additionally,
recent literature has shown disturbances in endothelial function and may
compromise the cardiovascular system. The prevalence of stress fractures
has been linked to poor bone health and a severe risk factor for osteoporo-
sis. The appropriate diagnosis and management is crucial to ameliorate
health and quality of life. Recommendations have been made by various
leading organizations, such as the American College of Sports Medicine,
to successfully manage this syndrome. However, specific evidence-based
guidelines are still being conducted. Nevertheless, solid background
knowledge of the interrelationships of the various components of the triad
is necessary for the allied health professional.
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12.1 Learning Objectives

After completing this chapter, you should have

an understanding of the following:

e Updated American College of Sports Medicine
Position Stand on the female athlete triad

e Consequences of low energy availability with
or without an eating disorder

e Progressive nature of functional menstrual
disturbances in athletes

e Deleterious effects on bone metabolism lead-
ing to osteoporosis

* Interrelatedness of energy availability, amen-
orrhea, and bone mineral density

* Athletes at greatest risk for developing signs
and symptoms associated with this syndrome

12.2 Introduction

In 1992, the term female athlete triad was intro-
duced to describe the interrelationships among
disordered eating, amenorrhea, and osteoporosis
observed in adolescent and young adult female
athletes [1]. The American College of Sports
Medicine (ACSM), according to their 2007
Position Stand, updated its definition of the triad
as a spectrum of interrelationships among energy
availability, menstrual function, and bone mineral
density that may transcend towards the following
clinical manifestations; eating disorders, func-
tional hypothalamic amenorrhea, and osteoporo-
sis [2]. The occurrence of low energy availability
(with or without eating disorders), amenorrhea,
and osteoporosis, alone or in combination, poses
deleterious health risks to physically active girls
and women. Therefore, clinicians and health care
professionals must be highly aware of its preva-
lence along with the interrelatedness of these
components.

Energy availability (EA) is defined as dietary
energy intake (DEI) minus exercise energy
expenditure (EEE). In healthy individuals, energy
balance occurs at approximately 45 kcal/kgFFM/
day of EA. This state of balance in healthy adult
females provides adequate energy for other nor-
mal physiological processes [3]. When energy
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availability is severely reduced, the body restores
energy balance by suppressing energy-consuming
physiological processes, including reproductive
function. The medical consequences of this
pathological form of energy balance are the price
paid for preserving life. It should be noted that
energy availability (DEI-EEE) is not the same as
energy balance. Energy balance is defined as DEI
minus total energy expenditure (heat from all cel-
lular functions), not just EEE. A whole body
calorimeter or chamber is used to directly mea-
sure total energy expenditure as the body’s rate of
heat production. Energy availability is much sim-
pler and less costly to measure as it only requires
diet analysis software, an ergo meter (such as an
accelerometer or heart rate monitor), and an elec-
trical impedance body composition scale.

Low EA may occur with or without eating
disorders and/or excessive energy expenditure
during exercise without compensation through
dietary means. The consequences of low EA may
distort physiological mechanisms for cellular
maintenance, thermoregulation, growth, and
reproduction [4]. A wide spectrum of abnormal
eating behaviors such as excessive caloric restric-
tion, binge eating, and purging or the use of diet
pills, laxatives, diuretics, and enemas has been
documented to reduce EA [2, 5, 6].

The prevalence of eating disorders among
female athletes is of great concern since these
behavioral syndromes are associated with consid-
erable morbidity leading to one of the highest
mortality rates among mental illness [7].
Unfortunately, sport participation for female ath-
letes has become a possible risk factor for the
potential of an eating disorder [8, 9]. Various
forms of eating disorders, such as anorexia ner-
vosa (AN) and bulimia nervosa (BN), have subtle
signs initially. Anorexia nervosa is characterized
as the following: restrictive eating by the self-
conscious individual that views herself as over-
weight and is afraid of gaining weight despite a
weight 15 % below expected weight for age and
height [10]. Individuals with a normal weight
range that continuously cycle with binge eating
followed by purging or other compensatory
behaviors such as fasting or excessive exercise are
described as BN [10]. The spectrum of menstrual



12 The Female Athletic Triad: Disordered Eating, Amenorrhea, and Osteoporosis

function ranges from eumenorrhea (regular
menstrual cycles) to amenorrhea, with the latter
having negative physiological consequences.
Primary amenorrhea is defined as the absence of
menarche by the age of 15 after secondary sexual
characteristics [2, 11]. The absence of menstrual
cycles lasting more than 3 months after menarche
cycles have been previously established is
called secondary amenorrhea [2, 11]. In con-
trast, oligomenorrhea is defined as menstrual
cycles occurring at intervals longer than 35
days, but anovulation and luteal deficiency have
no perceptible symptoms [2, 3].

In the female athlete triad, low EA may cause
functional hypothalamic amenorrhea. It is called
functional because it is a functional problem, not
an anatomical problem, and the pathology is
reversible. During this occurrence, ovarian func-
tion is suppressed by an abnormally slow fre-
quency of hormone pulsatility due to inhibition
of the hypothalamic—pituitary—ovarian axis
(HPO), also called the hypothalamic—pituitary—
gonadal (HPG) axis [3]. Chronic energy defi-
ciency directly affects the HPO axis by disrupting
the pulsatile release of gonadotropin-releasing
hormone (GnRH) by the hypothalamus. The dis-
rupted pulsatility of GnRH disrupts the pulsatile
release of luteinizing hormone (LH) and follicle
stimulating hormone (FSH) by the pituitary.
Without normal LH and FSH pulsatility, the fol-
licles do not develop in the ovary, estrogen and
progesterone production is decreased due to lack
of ovarian stimulation, and menses either occurs
irregularly or not at all (Figs. 12.1 and 12.2).

Loucks found that LH pulsatility is disrupted
when EA is reduced below approximately 30
kilocalories (kcal) per kilogram (kg) of fat-free
mass (FFM) per day (kcal/kgFFM/day) [2, 3].
Furthermore, endothelial dysfunction may be
associated with the disruption of the menstrual
cycle [12, 13].

Osteoporosis is a disease characterized by
compromised bone strength leading to an increase
risk of bone fracture. Low EA and menstrual dys-
function may predispose premenopausal osteo-
porosis in active young women due to decreases
in ovarian hormone production and hypoestro-
genemia [14]. The remodeling of bone is also
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Fig. 12.1 This figure 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 parentheses

dependent on EA. Bone resorption increases
when exercising women reduce EA enough to
suppress estradiol. In addition, bone formation
decreases with the concentrations of anabolic
hormones as EA declines from 30 to 20 kcal/
kgFFM/day. This places female athletes at greater
risk for sustaining stress fractures and osteopo-
rotic fractures later in life [15].

Controversy over the diagnostic criteria for
low bone mass in premenopausal women has led
to the following criteria set by the International
Society for Clinical Densitometry (ISCD) [16].
The ISCD has recommended bone mineral den-
sity (BMD) be expressed as Z-scores to compare
individuals to age- and sex-matched controls
with the following classifications: Z-scores below
2.0 be termed “low bone density below the
expected range for age” in premenopausal
women and as “low bone density for chronologi-
cal age” in children. Furthermore, osteoporosis is
to be diagnosed only when low BMD is accom-
panied by secondary risk factors such as chronic
malnutrition, eating disorders, hypogonadism,
glucocorticoid exposure, and previous fractures.

In 2007, the ACSM published its updated
Position Stand on the female athlete triad to
present clinical recommendations for guiding
primary care [2]. These recommendations were
evaluated in categories based off strength of sci-
entific evidence: (A) consistent and good-quality
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Fig. 12.2 An LH surge occurs at the time of ovulation
and marks the division between the follicular phase (days
1-14) and the luteal phase (days 15-28). LH pulse pattern
also changes across the menstrual cycle; pulse frequency

evidence for clinical outcomes on mortality, mor-
bidity, symptoms, cost, and quality of life; (B)
inconsistent or limited quality of evidence for
these same clinical outcomes; (C-1) evidence
based on biochemical, histological, physiologi-
cal, and pathophysiological outcomes; and (C-2)
evidence based on case studies, consensus, usual
practice, and opinion. The ACSM recommenda-
tions are as follows:

1. Severe undernutrition impairs reproductive
and skeletal health. Evidence category A.

2. Menstrual irregularities and low BMD
increase stress fracture risk. Evidence cate-
gory A.

3. Disordered eating, eating disorders, and amen-
orrhea occur more frequently in sports that
emphasize leanness. Evidence category A.

4. To diagnose functional hypothalamic amen-
orrhea, other causes of amenorrhea must be
excluded. Evidence category B.
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decreases from the follicular phase (—65- to 80-min inter-
vals) to the luteal phase (—185- to 200-min intervals),
whereas pulse amplitude increases from the follicular
phase (=5 miU/mL) to the luteal phase (=12 miU/mL)

5. Treatment for disordered eating and eating
disorders included nutritional counseling
and individual psychotherapy. Cognitive
behavioral, group therapy, and/or family
therapy may also be used. Evidence
category B.

6. The first aim of treatment is to increase EA
by increasing energy intake and/or reducing
energy expenditure. Athletes without disor-
dered eating or eating disorders should be
referred for nutritional counseling. Evidence
category C-1.

7. Athletes practicing restrictive eating behav-
iors should be counseled that increases in
body weight are necessary to increase BMD.
Evidence category C-1.

8. In functional hypothalamic amenorrhea,
increases in BMD are more closely associ-
ated with increases in weight than with
oral contraceptive pill (OCP) or hormone
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replacement therapy (HRT) administration.
Evidence category C-1.

9. BMD should be assessed after a stress or
low-impact fracture and after a total of 6
months of amenorrhea, oligomenorrhea, dis-
ordered eating, or an eating disorder.
Evidence category C-2.

10. Multidisciplinary treatment for the triad dis-
orders should include a physician (or other
health-care professional), a registered dieti-
tian, and, for athletes with disordered eating
or an eating disorder, a mental health practi-
tioner. Evidence category C-2.

11. Screening for the triad should occur at the
preparticipation exam or annual health-
screening exam. Evidence category C-2.

12. Athletes with one component of the triad
should be assessed for the others. Evidence
category C-2.

13. Athletes with disordered eating should be
referred to a mental health practitioner for
evaluation, diagnosis, and recommendations
for treatment. Evidence category C-2.

14. Athletes with disordered eating and eating
disorders who do not comply with treatment
may need to be restricted from training and
competition. Evidence category C-2.

15. OCP should be considered in an athlete with
functional hypothalamic amenorrhea over
age 16, if BMD is decreasing with nonphar-
macological management, despite adequate
nutrition and body weight. Evidence cate-
gory C-2.

Although any athlete may suffer from the dis-
orders associated with the female athlete triad,
girls and women who participate in sports that
place a premium on appearance and thinness are
especially susceptible [17]. According to the
International Olympic Committee’s Position
Stand on the female athlete triad, high-risk sports
include not only ones that emphasize a thin body
size or shape (distance running, cycling, cross-
country skiing) but also in sports that categorize
weight classes (rowing, martial arts, wrestling,
weightlifting), use revealing attire (swimming,
volleyball, diving, cross-country skiing, track and
field, cheerleading), are judged (diving, figure
skating, gymnastics), or have an appearance
aspect (rhythmic gymnastics) [18].

Additional stressors that contribute to disor-
ders of the triad in young athletes are the natural
biological changes that occur in puberty or the
increase in sex-specific fat during puberty.
These young athletes must not only cope with
these biological changes but must also conform
to the pressures to stay thin for increased sport
performance. Disordered eating is often an
unhealthy attempt to stay thin for increased sport
performance.

Early recognition and awareness of athletes
most at risk and the early signs of an eating disor-
der is essential when developing medical proto-
cols for the triad of disorders. It is important for
allied health professionals to be able to recognize
disordered eating patterns before these subclini-
cal disorders process to a clinical diagnosis.

12.3 Research Findings

12.3.1 Impact of Low Energy
Availability Through
Disordered Eating

The early stages of the female athlete triad are
induced by disordered eating, intentionally or
unintentionally, and low EA. Much emphasis has
been placed on the impact of disordered eating in
regard to diminishing levels of energy supply [5, 19].
This behavior has been shown to be a risk factor
for more serious eating disorders such as AN and
BN [20]. Although, low EA in the female athlete
does not automatically imply that she has disor-
dered eating or an eating disorder. Exercise train-
ing is also known to suppress appetite.

The diagnostic criteria for Eating Disorders
in the Diagnostic and Statistical Manual of
Mental Disorders-DSM-IV-TR have been con-
tinuously used to diagnose eating disorders [2,
21]. However, the ICD-10 criteria
(International Classification of Diseases) may
be effective in diagnosing AN and BN [22]. A
gold standard screening criteria for disordered
eating still remains controversial due the
wavering of opinions between the behaviors
associated with AN and BN. Nevertheless, the
ACSM has continuously endorsed the utiliza-
tion of the DMS-IV-TR [1, 2].
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Individuals with AN may move back and forth
between the two types of subgroups in AN since
similar characteristics between these two sub-
groups exist. The two subtypes associated with
AN are (1) AN restricting type (AN-R) and (2)
AN binge/purge type (AN-BP). The restricting
subtype accomplishes weight loss through dieting,
fasting, and excessive exercise. The bulimic
subtype purges after binge eating or even after
the consumption of a small amount of food
through self-induced vomiting or the misuse of
laxatives, diuretics, or enemas. Although BN and
AN share similar views of distorted body image
and a drive for thinness, the individual with BN
will typically have a normal body weight [23].
There are also two subgroups of BN: (1) BN
purging type (BN-P) and (2) BN non-purging
type (BN-N). BN poses a risk for the development
of a range of secondary cognitive, behavioral, and
physical impairments and disorders that may
progress towards more serious psychological
disorders [24].

Eating disorder not otherwise specified
(EDNOS) is a diagnosis for eating disorders that
meets some but not all of the specific criteria for
AN or BN in reference to the DMS-IV-TR [25].
For example, all of the criteria for AN are met
except that the individual has regular menses, or all
of the criteria for BN are met except that the binge
eating and inappropriate compensatory mecha-
nisms occur at a frequency of less than twice a week
or for a duration of less than 3 months.

Another diagnostic category included in the
DMS-IV-TR is binge eating disorder (BED) and
falls under the eating disorder not otherwise speci-
fied category. Interesting research has supported
the view that BED may derive from neuropsycho-
genic (enhanced dopamine neurotransmission)
origins leading towards rewards-based overeating
[26]. Therefore the recent study of neuropsycho-
pharmacology has become of great importance to
understand the physiological mechanisms that
occur with various eating disorders.

Disordered eating is a classification (within
the Diagnostic and Statistical Manual of Mental
Disorders [DSM-IV-TR]) used in the health care
field to describe a wide range of irregular eating
behaviors that do not warrant a diagnosis of a
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specific eating disorder. However, researchers have
found evidence that disordered eating patterns,
such as excessive dieting, fasting, and binging,
can lead to more serious eating disorders. When
individuals do not meet the criteria for EDNOS
but still manifest partial symptoms, disordered
eating behavior is the appropriate category.

12.3.2 Progressive Nature of
Menstrual Disturbances
in Athletes

Menstrual disorders occur due to abnormal pitu-
itary gland function and secreting pulses of lutein-
izing hormone (LH) at the correct frequency. LH
pulsatility reflects gonadotropin-releasing hor-
mone (GnRH) secretion via the hypothalamus
[27]; thereby, abnormality to this mechanism is
known as functional hypothalamic amenorrhea.
Low EA has also shown to attenuate levels of met-
abolic hormones such as insulin, cortisol, growth
hormone, insulin-like growth factor-I (IGF-I), tri-
iodothyronine (T3), and leptin [2, 28]. Studies
have shown that low EA due to disordered eating
and caloric restriction negatively impacts the men-
strual cycle compared to excessive energy expen-
diture alone since restoring normal caloric intake
ameliorates menstrual function [29, 30]. It is still
recommended that female athletes increase caloric
intake and decrease physical activity to promote
the return of normal menses [31].

Amenorrhea in women can lead to infertility
due to the absence of ovarian follicular develop-
ment, ovulation, and luteal function. Moreover,
luteal deficiency may be at risk for infertility due to
poor follicular development. The progression of
menstrual  dysfunction has implications for
increased risk of endometrial cancer because the
follicle starts to develop, but the process ceases
before ovulation, in which an environment of unop-
posed estrogen is created [32]. Recent research has
also shown hypoestrogenism in amenorrheic
athletes can induce impaired endothelium dysfunc-
tion in the arterial system [33]. Therefore, cardio-
vascular health may be compromised.

The prevalence of secondary amenorrhea,
defined as the absence of menstrual cycles lasting
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more than 3 months after menarche cycles, has
been previously established and varies widely
due to sport, age, training volume, and body
weight. Previous reports in small studies have
noted menstrual dysfunction in 69 % in dancers
[34] and 65 % in long-distance runners [35] com-
pared to a significantly smaller percentage in the
normal population. Torstveit and Borgen have
noted that a significant amount of female athletes
suffer from the triad, especially in leanness
sports; however, the presentation of this syn-
drome should not be ignored in the general popu-
lation [9]. The progressive nature of menstrual
disturbances in athletic women resembles the
pattern depicted below. Stages 1-3 are usually
asymptomatic but may present as infertility [36]:
1. Regular cycles with a shortened luteal phase—
progesterone production stops early.
2. Regular cycles with inadequate progesterone
production.
3. Regular cycles with failure to develop and
release an egg (ovulation).
4. Irregular cycles but still ovulating.
Irregular cycles and anovulation.
6. Absence of menses and anovulation.

e

12.3.3 Low Bone Mineral Density
and Osteoporosis

Current literature has shown a two- to fourfold
greater incidence of stress fractures in athletes
with irregular menses [37]. However, epidemio-
logical data relating to BMD to fractures in pre-
menopausal women are lacking along with the
wide variety risk factors that contribute to bone
health. These variables include bone mineral
density for bone size, pubertal stage, skeletal
maturity, or body composition in growing adoles-
cents [2].

The International Society for Clinical
Densitometry (ISCD) has recommended that
BMD be objectively quantified in children and
premenopausal women in terms of Z-scores
compared to age, race, and sex characteristics
[16]. A Z-score is the number of standard devia-
tions above or below what is normally expected
for someone of the same age, sex, weight, and

ethnic or racial origin. Their recommendation
was that Z-scores below 2.0 be termed “low bone
density below the expected range for age” in pre-
menopausal women and as “low bone density for
chronological age” in children. Furthermore, sec-
ondary risk factors, such as undernutrition, hypo-
gonadism, and a history of fractures, are
combined to further diagnose osteoporosis if the
Z-score lies below 2.0. With menstrual irregulari-
ties increasing the risk of stress fractures, clini-
cians should be aware of other factors such as
age, ethnicity, prior exercise training, smoking,
and alcohol consumption [38, 39]. Nonetheless,
if an athlete has a Z-score that is —1, further
investigation is justified and recommended [22].
The rational for this recommendation is that ath-
letes in weight-bearing sports usually have
5-15 % higher BMD than nonathletes [2].
Therefore, low BMD is defined as a Z-score
between —1.0 and —2.0 for physically active and
athletic premenopausal woman and children.

Poor nutritional input along with excessive
energy expenditure has shown to significantly
impact bone health in the female athlete. Although
the primary cause of osteoporosis in postmeno-
pausal women is due estrogen deficiency, nutri-
tional deficits more so lead to abnormal bone
remodeling in athletes with functional hypotha-
lamic amenorrhea in younger female athletes [28].
Miller et al. found that a 38 % increase in body
weight over 3 months was associated with signifi-
cant increases in BMD in anorexic women
although amenorrhea persisted [40]. The utiliza-
tion of pharmacotherapy (hormone replacement
therapy and oral contraceptives) has not shown to
fully restore bone mineral density in women with
functional hypothalamic amenorrhea, thereby pro-
viding reasonable evidence that under nutrition
severely impacts bone health [2, 41, 42].

12.3.4 Interrelatedness of Low
Energy Availability,
Amenorrhea, and
Osteoporosis

A consistency of low EA, with or without disor-
dered eating, leads to menstrual dysfunction with
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concomitant effects on bone health. Disordered
eating is a key risk factor that may progress
towards eating disorders due to psychological
implications from low self-esteem, depression,
and anxiety disorders [8]. Management of disor-
dered eating has become a tremendous concern
in the female athlete triad because of its preva-
lence more so in leanness sports. Nevertheless,
chronic energy deprivation directly affects the
HPG axis by decreasing the amplitude and fre-
quency of pulsatile release of gonadotropin-
releasing hormone (GnRH) produced by the
arcuate nucleus of the hypothalamus. This
decreased release of GnRH causes decreased
release of luteinizing hormone (LH) and follicle
stimulating hormone (FSH) by the pituitary [2].
Ovulation does not occur without the LH surge
imperative during the mid-cycle, thereby decreas-
ing production of estrogen and progesterone.
Decreases due to lack of ovarian stimulation and
menses either occur irregularly or not at all [43].
Consequences of hypoestrogenism cause impaired
endothelium-dependent ~ arterial ~ vasodilation,
thereby attenuating the perfusion of working mus-
cle, impaired skeletal muscle oxidative metabo-
lism, and elevated low-density lipoprotein
cholesterol levels [2, 33].

Increasing dietary energy intake to combat
low EA has shown to normalize metabolic and
reproductive function. De Souza et al. demon-
strated an association between metabolic status
and reproductive function supporting the exis-
tence of dose-response relationship between
energy status (REE and metabolic hormones) and
clinical categories of menstrual dysfunction [44].
Therefore, subtle changes in EA impact the
reproductive axis associated with delays in fol-
licular maturation and compromised luteal func-
tion. It appears that exercise training does not
disrupt LH pulsatility or menstrual cycles beyond
the impact of its energy cost on EA [30]. Low EA
may occur due to disordered eating leading
towards more serious eating disorders such as
AN and BN. However, amenorrhea or luteal sup-
pression may occur without restricting caloric
intake or by failing to increase dietary energy
intake in sufficient compensation for exercise
energy expenditure [18].
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A restricted EA with suppression of bone for-
mation plus the attenuation in endogenous estro-
gen associated with amenorrhea can progressively
decrease bone mass. This occurs when bone
resorption exceeds bone formation during bone
remodeling. During childhood (11-14 years old),
bone formation is dominant over bone resorption
in females. Estrogen enhances growth and mod-
eling that occurs during puberty. However, a defi-
cit in estrogen during adolescents compromises
peak bone formation in the final stages of puber-
tal progression [45].

In women, peak bone mass is ultimately
reached between 25 and 30 years of age deter-
mined by estrogen status, diet, exercise, body
weight, gender, and genetic influences [46].
In hypothalamic amenorrhea in the female ath-
lete, hypoestrogenic states are not the predomi-
nant variable affecting bone health as is during
puberty. A recent systemic review by Vescovi
et al. found that therapies containing an estrogen
given for 8—24 months result in variable improve-
ments (1.0-19.0 %) in BMD, yet failed to restore
bone mass in comparison to age-matched controls
[47]. Furthermore, nine studies included in this
systemic review reported that an increase in
caloric intake increases weight gain, resumption
of menses with a 1.1-16.9 % increase in BMD
in conjunction with an improvement in bone for-
mation, and reduction in bone resorption markers
[47]. A recent publication from the American
Journal of Clinical Nutrition found that female
adolescent runners (n=13) with an elevated bone
turnover had a lower body mass, fewer menstrual
cycles in the past year, lower estradiol and
25-hydroxycholecalciferol concentrations, vita-
min D insufficiency, amenorrhea, and low bone
mass. Furthermore, the runners with an elevated
bone turnover had a profile assessment consistent
with energy deficiency implying the significance
of EA [48].

Current literature has included endothelial
dysfunction as a possible forth component to the
female athlete triad. The clinical implications
pertain to cardiovascular disease, which is known
to be the number one cause of death in women
[8]. Hoch et al. found a stronger relationship
between athletic amenorrhea and brachial artery
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endothelial dysfunction compared to oligomen-
orrheic athletes and a control group. Results
implied that brachial artery flow-mediated dila-
tion (FMD) was significantly decreased in amen-
orrheic athletes (1.08+0.90 %) compared to
oligomenorrheic athletes (6.44+1.28 %) and a
control group (6.38+1.38 %) [49]. A recent pro-
spective cross-sectional study in 2011 found that
64 % of ballet dancers in a group of 32 had abnor-
mal brachial artery FMD defined as less than 5 %
(2.9£1.5 %). Furthermore, 4 weeks of folic acid
supplementation (10 mg/day) significantly
increased FMD (7.1+2.3 %, p<0.001) [33].
Therefore, it seems that adequate nutritional
intake ameliorates FMD to prevent the potential
for cardiovascular disease, along with normaliz-
ing the function of menstrual cycles and improv-
ing bone health.

12.3.5 Athletes at Greatest Risk
for Developing Signs and
Symptoms Associated with
the Triad

Female athletes in sports where thinness confers
a competitive advantage are at greatest risk for
low EA. Low EA may be related to restricting
caloric intake, excessive energy expenditure,
vegetarian diet, and purposely limiting certain
foods. Disordered eating is the prime risk factor
to develop much more serious eating disorders
such as AN and BN [8]. The diagnosis of certain
disordered eating behaviors has been of much
concern with many clinicians because it is attrib-
uted to psychological stressors including envi-
ronmental and social factors, psychological
predisposition, family dysfunction, physical and
mental abuse, low self-esteem, and genetics [2].
Additionally, various reports have demonstrated
negative attitude scores in female athletes related
to leanness sports [6, 50].

A study by Torstveit, Rosenvinge, and
Sundgot-Borgen investigated the percentage of
female elite athletes (n=186) and controls
(n=145) with disordered eating behavior and
clinical EDs between the ages of 13 and 39 [51].
Results showed that more athletes in leanness
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sports (46.7 %) had clinical EDs compared to
non-leanness sport athletes (19.8 %) and controls
(21.4 %) (p>0.001). Furthermore, the authors
found menstrual dysfunction in leanness athletes,
self-reported EDs in non-leanness athletes, and
self-reported use of abnormal weight control
methods in controls as valid screening procedures.
Thereby, specific risk factors appear to not be
universal pertaining to athletes and non-athletes.

Screening for menstrual dysfunction has also
become vital because of its progressive nature
towards interrupting the reproductive system.
Various studies have reported a higher percentage
of leanness athletes compared to controls with
menstrual dysfunction occurrence. A recent pub-
lication in the Medicine and Science in Sports
Exercise found that athletes competing in high-
risk sports (endurance, weigh classes, leanness
sports) produced significantly more stress frac-
tures compared to other female athletes compet-
ing in low-risk sports [52]. Additionally, there is
no association between the female athlete triad
and body mass index.

12.4 Contemporary
Understanding of the Issues

A general consensus exists among researchers and
leading sport organizations that disordered eating
and menstrual dysfunction is a health issue for
many female athletes competing in sports focusing
on leanness or low body weight. The existence of
the triad components has been well documented in
the collegiate ranks, yet limited information exists
about this syndrome in high school female ath-
letes. However, a recent cross-sectional design
study examined 249 female athletes competing in
sport teams, dance teams, or cheerleading in high
school. The results showed the prevalence of
menstrual irregularity and musculoskeletal injury
in 19.7 % and 63.1 %, respectively. Furthermore, it
was reported that menstrual dysfunction sustained
a higher percentage of severe injuries (missing
more than 22 days of practice or competition)
compared to athletes with regular menses [53].
Therefore, the female athlete triad is affecting
many athletes of all ages.
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The appropriate screening and management of
the female athlete triad has become an enormous
issue within all clinicians practicing. Treatment
of the triad must involve a multidisciplinary team
approach that includes a physician, registered
sports dietician, certified sports psychologist,
athletic trainers, coaches, and along with friends
with family members [2]. Many colleges and
high schools do not use a medical history form
that particularly asks questions that may deter-
mine if various components of the triad exist,
such as disordered eating, amenorrhea, and low
bone mineral density. Therefore, the allied health
professionals such as athletic trainers, school
nurses, team physicians, physical therapists, nutri-
tionists, and exercise physiologists must imple-
ment effective screening protocols for such.

Unfortunately, allied health professionals
may be inadequate in recognizing various risk
factors and components of the female athlete
triad. A recent publication in the Physical
Therapy in Sport found that only 54 out of 205
physical therapists used specific treatment meth-
ods such as education for the female athlete triad.
Moreover, only 13 out of 54 physical therapists
assisted in the athletic screening for the triad dis-
orders [54]. Clinicians are responsible for recog-
nizing, evaluating, and preventing this syndrome,
in which a greater awareness and knowledge of
the triad is vital.

Preparticipation exams and annual health-
screening exams are recommended for all ath-
letes to screen for the triad. Screening for the
triad requires a solid understanding of the inter-
relationships of the components along with the
various spectrums of health for eating behaviors,
menstrual function, and bone health. Screening
tools are available to diagnose various disordered
eating behaviors that may potentially lead to eat-
ing disorders. The key is to prevent reduced EA
due to abnormal eating behaviors or uncompen-
sated energy expenditure through intense exercise
training. If low EA is suspected, it is recom-
mended that increased caloric intake be applied
through appropriate eating behaviors [2, 31].
Athletes must also be assessed for the other com-
ponents of the triad if one component exists with
a referral to their physician [2, 8].

J.J. Robert-McComb and A. Cisneros

12.5 Future Directions

The battle continues for allied health professionals
to assess and intervene with athletes suffering
from the female athlete triad. The physiological
relationships between low EA, functional amen-
orrhea, and low bone mineral density have been
established through many publications along
with the heightened prevalence among female
athletes of all ages. However, specific guidelines
for screening and managing the triad are lacking
in the literature. The ACSM has set out recom-
mendations on screening and diagnosing primar-
ily through evidence based off case studies,
consensus, usual practice, and opinion. Therefore,
consistent and high-quality designed studies are
needed to validate evidence-based practice for
the allied health professional.

Nevertheless, recent literature has provided
well-established research to recommend that
undernutrition through low EA impairs reproduc-
tive and skeletal health. Thereby, increasing
caloric intake should be the first intervention uti-
lized to combat the progressive nature of the
female athlete triad [31]. A recent study by
Becker et al. [55] showed promising results in
reducing risk factors for eating disorders and the
female athlete triad with two evidence-based pro-
grams; athlete-modified dissonance prevention
and healthy weight intervention. Both interven-
tions were able to reduce thin-ideal internaliza-
tion, dietary restraint, bulimic pathology, shape
and weight concern, negative affect at 6 weeks,
bulimic pathology, shape concern, and negative
affect at 1 year.

The challenges of recognizing the female ath-
lete triad along with the appropriate management
for the various components have become the focus
in the scientific literature recently. Additionally,
endothelial dysfunction may become a forth com-
ponent of the triad since it appears to accompany
amenorrhea and low BMD [2, 8, 12]. The rela-
tionship between brachial artery endothelial dys-
function and coronary artery dysfunction is vital
due to coronary artery endothelial dysfunction
positively correlating with an increased number
of cardiovascular events [13]. Therefore, it is
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postulated that the association of endothelial
dysfunction and the female athlete triad may
compromise the cardiovascular system.

12.6 Concluding Remarks

Over the last 30 years, participation by girls and
women in organized athletics has increased
dramatically [8]. President Nixon signed Title IX
into law in 1972, which required that all school
districts receiving federal funding provide equal
opportunities for men and women. Although
female sports participation has dramatically
flourished in recent years, it has brought about new
health concerns for active females, especially
where leanness is paramount.

The triad disorders seen in women athletes are
interrelated via low EA, amenorrhea, and osteo-
porosis. Low EA, with or without disordered eat-
ing, disrupts physiological function of the female
body and notably leads to functional amenorrhea
[2, 3, 8, 21]. The energy-deprived athlete triggers
suppression of the hypothalamic—pituitary—ovar-
ian (HPO) axis as also referred to as hypotha-
lamic—pituitary—gonadal (HPG) axis in literature.
This compromises the menstrual and reproduc-
tive system along with endothelial dysfunction
[12, 13]. Bone health may be also compromised by
the prevalence of stress fractures and is a severe
risk factor for osteoporosis [2, 28].

The appropriate diagnosis and management is
crucial to ameliorate the health of the female ath-
lete during the triad. Recommendations have
been made by various leading organizations to
successfully treat this syndrome; however, spe-
cific guidelines are lacking. Nevertheless, solid
background knowledge of the interrelationships
of the various components of the triad is crucial
for the allied health professional. The disorders
associated with the triad can be prevented and are
not a result of exercise or sports performance
alone. There are many positive benefits to partici-
pation in sports and exercise, and most would
argue that the benefits far outweigh the risks.
Nevertheless, a systemic overview of the female
athlete must be assessed periodically for the
prevention of the female athlete triad.

Table 12.1 Subtle signs of eating disorders

* Poor body image

* Excessive exercise

* Fear of eating in public

* Fine body hair known as lanugo (symptom of starvation)
¢ Cooking elaborate meals for others

¢ Dry and blotchy skin

* Feeling cold

* Swollen cheeks

» Fixating on “safe” foods

e Strange food combinations

Adapted from Gardner, A. Subtle signs of an eating disor-
der. Health. (Accessed February 13, 2013 at http:/www.
health.com/health/gallery/0,,20665980,00.html)

In the sports arena and educational school
system, it is important for coaches, athletic train-
ers, and educators to be aware of the subtle signs
of an eating disorder. Table 12.1 lists subtle signs
that can be used to alert professionals to the pos-
sibility of disordered eating. Normally, the quali-
fications of the supporting educational team
(coaches, teachers, etc.) for female athletes would
limit their ability to counsel an at-risk female ath-
lete, but they could provide guidance and direc-
tion. It is hoped that school systems and sport
clubs have a referral system in place for these
at-risk females. It is also important to educate
parents about the subtle sign of an eating disorder.
Together, we can make a difference in keeping
girls and women to participate in sport and exer-
cise healthily.
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