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The normal ovulatory menstrual cycle requires the presence of a
mature hypothalamic-pituitary-ovarian axis and highly coordi-
nated hormonal feedback loops. Consisting of three phases (fol-
licular, ovulatory, and luteal), the normal menstrual cycle results
in the formation of a mature follicle and release of an oocyte
during each cycle, with menses occurring in the absence of fer-
tilization. While adolescents may initially experience anovula-
tory cycles following menarche, the vast majority of cycles will
be fairly regular, lasting 21 to 45 days in length with an aver-
age of three to seven days of bleeding. Absence of menarche
by age 15, absence of menses for three consecutive months,
and menses lasting eight days or longer with or without associ-

ated heavy bleeding are among the menstrual abnormalities
that warrant further evaluation. Obtaining the menstrual history
in adolescents with the knowledge of expected menstrual pat-
terns allows the pediatric practitioner to provide appropriate
counseling and education to adolescents and their families,
and to identify menstrual abnormalities when they arise. Treat-
ing the menstrual cycle as a “vital sign” highlights the impor-
tance of normal menses as an indicator of an individual’s
overall health and enables timely identification of any concern-
ing findings.
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Introduction

he normal menstrual cycle is the result of a
highly coordinated hypothalamic-pituitary-

ovarian (HPO) axis with complex hormonal
feedback loops that lead to the formation of a dom-
inant follicle, ovulation and, in the absence of fer-
tilization, shedding of the endometrial lining at
regular intervals. A fundamental understanding of
normal menstrual physiology

nents of a menstrual history, and the characteristics
of normal menstrual cycles in adolescents.

Normal menstrual physiology

Normal ovulation and menstruation occur as a result
of the pulsatile release of gonadotropin-releasing hor-
mone (GnRH) from the hypothalamus, which stimu-
lates the secretion of luteinizing hormone (LH) and

and normal menstrual patterns
in adolescents is vital to pro-
viding appropriate counseling,
education, and reassurance to
patients and families, and for
identifying abnormalities
when they arise to provide
timely referral for evaluation
and treatment. This chapter
will lay the foundation for the
subsequent chapters on men-
strual concerns in adolescents
by reviewing normal men-

The normal ovulatory men-
strual cycle consists of three
phases: the follicular (prolifer-
ative] phase, the ovulatory
phase, and the luteal (secre-
tory) phase. Estradiol is the
primary hormone of the follic-
uvlar phase, while progesterone
is the primary hormone of the
luteal phase.

follicle-stimulating  hormone
(FSH) by the anterior pituitary.
LH and FSH act directly on
ovarian cells, resulting in the
production of ovarian andro-
gens and estradiol; FSH is addi-
tionally responsible for the
recruitment of ovarian follicles
and follicular growth. Highly
coordinated feedback loops
result in growth of the endome-
trial lining and the development
of a dominant follicle during
the first phase of the menstrual

strual physiology, the compo-
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cycle, ovulation mid-cycle, and
preparation of the endometrium for implantation in
the third phase of the menstrual cycle. Disruptions to
any step of the carefully orchestrated process, and
abnormalities at any level of the HPO axis, can lead to
menstrual disorders, including irregular, infrequent or
absent menses, and heavy menstrual bleeding.
The normal ovulatory menstrual cycle consists of
three phases: the follicular (proliferative) phase, the
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ovulatory phase, and the luteal (secretory) phase.
Estradiol is the primary hormone of the follicular
phase, while progesterone is the primary hormone
of the luteal phase. The follicular phase of the
menstrual cycle begins with the onset of menses
and ends with ovulation. It is the main determinant
of an individual’s cycle length, ranging in duration
from 7 to 22 days, with an average of 14 days.'
During the early follicular phase, low levels of
estradiol and progesterone stimulate the release of
GnRH from the hypothalamus, resulting in secre-
tion of LH and FSH from the anterior pituitary.
The presence of LH stimulates ovarian theca cells
to produce androgens, while FSH acts directly on
ovarian granulosa cells to convert the androgens to
estradiol through the action of the enzyme aroma-

thickens the cervical mucus, which had remained
thin and watery during the proliferative and ovula-
tory phases to allow for fertilization. In the absence
of fertilization, the corpus luteum degenerates into
the corpus albicans, resulting in decreasing circu-
lating levels of estradiol and progesterone. The hor-
monal withdrawal leads to the shedding of the
endometrial lining and menstruation, and the cycle
begins anew.

The establishment of regular, ovulatory menstrual
cycles requires maturation of the HPO axis, which
does not occur concurrently with menarche, but rather
in the months and years that follow. Anovulatory
cycles are common in the first one to two years fol-
lowing menarche, with the commencement of regular
ovulatory cycles occurring one to six years after

~

tase. FSH is additionally
responsible for the recruit-
ment of primordial ovarian
follicles, as well as follicular
maturation and growth, lead-
ing to the formation of a
dominant follicle. During the
late follicular phase, the dom-
inant follicle produces
increasing amounts of estra-
diol, which stimulates prolif-
eration of the endometrial
lining. As estradiol levels

The onset of ovulatory cycles in
adolescent girls is variable,
occurring in approximately 18
to 45% of females within 2 years
after menarche, in 45 to 70% of
females by two to four years
after menarche, and in 80% of
females by 5 years after
menarche.

menarche.” The onset of ovula-
tory cycles in adolescent girls is
variable, occurring in approxi-
mately 18 to 45% of females
within 2 years after menarche,
in 45 to 70% of females by two
to four years after menarche,
and in 80% of females by
5 years after menarche.”

Obtaining the

rise, a negative feedback loop

results in decreasing levels of LH and FSH. Estra-
diol levels continue to rise until they reach a criti-
cal peak of approximately 200 pg/mL, where they
remain for at least 36 h; during this time, the HPO
feedback loop from the ovaries to the anterior pitu-
itary switches from a negative loop to a positive
loop, resulting in the phenomenon known as the
mid-cycle LH surge, triggering ovulation.”

During ovulation, the mature follicle breaks and
releases an oocyte, subsequently transforming into
a corpus luteum and initiating the luteal phase.
During the luteal phase, which averages 14 days in
duration and is more constant in length compared
to the follicular phase, the corpus luteum secretes
progesterone (and smaller amounts of estradiol)
under the influence of LH. Increased levels of pro-
gesterone result in differentiation of the endome-
trial lining from a proliferative to a secretory lining
in preparation for possible implantation. Progester-
one additionally increases body temperature and

menstrual history

The American Academy of
Pediatrics (AAP) and the American College of Obste-
tricians and Gynecologists (ACOG) recommend dis-
cussing menstruation with all patients and inquiring
about menstrual patterns regularly as a vital sign,
highlighting the importance of menses as a marker of
a woman’s overall health.”™® Obtaining an
adolescent’s menstrual history is valuable for a myriad
of reasons. First, it presents an opportunity to provide
education, reassurance, and anticipatory guidance to
patients and their families, normalizing the conversa-
tion about menstruation and empowering patients to
understand their bodies and take charge of their
health. Second, menses are an important indicator of
an adolescent’s health, and menstrual abnormalities
can be a clue to the presence of other conditions such
as eating disorders, thyroid disease, Cushing syn-
drome, PCOS, congenital adrenal hyperplasia, prolac-
tinoma, an ovarian or adrenal tumor, primary ovarian
insufficiency, or a bleeding disorder, among others.
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Third, the recognition and treatment of identified men-
strual disorders is vital for reducing morbidity in affected
individuals. Menstrual disorders, particularly those char-
acterized by significant dysmenorrhea (menstrual-associ-
ated pain) and/or heavy bleeding can negatively impact
an individual’s quality of life and psychosocial function-
ing, including their academic and work performance.
Dysmenorrhea, the most common menstrual symptom
affecting 70-93% of adolescents, has been associated with
school absenteeism, sleep disturbance, anxiety, depres-
sion, premenstrual syndrome (PMS), and premenstrual
dysphoric disorder (PMDD).”® Similarly, heavy men-
strual bleeding (HMB) in adolescent girls has been associ-
ated with school absenteeism and reduced quality of life.”
Additionally, up to 20% of females with HMB will have
an underlying bleeding disorder."’ Finally, is imperative
for clinicians caring for adolescent patients to be aware
that, while the onset of menses represents a normal part
of pubertal development for girls,

Normal menstrual patterns in
adolescents

An understanding of normal adolescent menstrual pat-
terns, including average age at menarche, expected cycle
length and days of bleeding, and expected menstrual
blood loss is key to providing education and reassurance
to patients and families, and for identifying abnormalities
that warrant further evaluation and treatment.

The current median age at menarche for women in
the United States is 11.9 years, according to 2013-
2017 data from the National Survey of Family Growth
(NSFG), representing a small decrease from 12.1 years
in 1995."" Specifically, 53% of women surveyed had
reached menarche by age 12 years, and 90% achieved
menarche by age 14."" Additionally, the survey found
that Hispanic women were more likely compared to
non-Hispanic white women to experience menarche at
earlier ages (between 10 and 12

it can cause significant distress
for individuals who identify as
transgender or non-binary, and
providers must be prepared to
refer patients for gender-affirming
care when appropriate.

Obtaining the menstrual his-
tory is recommended at every
annual health supervision visit,
and when patients present for a
menstrual-related complaint. It
is additionally recommended

The median age at menarche in
the United States has not
changed significantly in recent
decades, remaining relatively
stable at approximately
12— 12.5 years of age, compa-
rable to the median age at men-
arche of adolescent females in
other developed countries.

years). The median age at men-
arche in the United States has
not changed significantly in
recent decades, remaining rela-
tively stable at approximately
12—12.5 years of age, compara-
ble to the median age at menar-
che of adolescent females in
other developed countries. ’
Importantly, nutritional status
is one important factor known
to impact the timing of menar-

that the date of the last men-

strual period (DLMP) be documented at every visit.
The components of the menstrual history are summa-
rized in Table 1.

TABLE 1. Components of the menstrual history.

Components of the Menstrual History

Age of menarche

Date of last menstrual period

Cycle length*

Number of days of bleeding

Use of menstrual hygiene products and description of flow (eg. —
light, moderate, heavy)

Pain associated with menses

Other symptoms associated with menses (eg. - dizziness, nausea,
vomiting, diarrhea, low back pain, fatigue) and impact on function-
ing/activities of daily living

*Cycle length refers to the number of days from the first day of one
menstrual period to the first day of the next menstrual period.
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che, with higher weight and
higher body mass index (BMI)
in the overweight or obese range being associated
with earlier age of menarche, and low weight and low
body fat percentage being associated with later age of
menarche.'” '® Specifically, in lower weight and
leaner females, body fat percentage appears to be
important for menarche to occur and for menses to
remain regular.'’ It has been postulated that a mini-
mum body fat percentage of 17% is required for men-
arche to occur, and a minimum body fat percentage of
22% is required for the maintenance of regular menses
in older adolescents.'’

Menarche typically occurs within two to three years
after thelarche (the first sign of puberty in girls), typi-
cally at sexual maturity rating (SMR) 4. A lack of
menses by age 15 (primary amenorrhea), or by age 14
with signs of hirsutism, concern for an eating disorder
or an anatomic anomaly, or lack of development of
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secondary sexual characteristics, warrants further
evaluation. Similarly, a lack of menses within three
years following thelarche should be investigated.

Although anovulatory cycles and irregular menstrual
bleeding are common in the months and years follow-
ing menarche, most adolescent cycles will be
21—45 days in length, even in the first gynecologic
year, with cycles becoming more regular over
time.'"® *" By the third year after menarche, the
majority of menstrual cycles are 21 to 34 days in
length, similar to mature adult cycles.”” By the sixth
gynecologic year (at approximately age 19-20 years),
an individual’s adult cycle length is established.”’
To that end, a lack of menses for three consecutive
months, or 90 days, following menarche or following
previously regular cycles should be considered abnor-
mal and prompt further evaluation. Additionally,
abnormally short cycles lasting less than 21 days, or
bleeding in between cycles, should be evaluated.
Infrequent or irregular menstrual periods and amenor-
rhea may be seen in patients with PCOS, eating disor-
ders, chronic illnesses, thyroid dysfunction,
prolactinomas, Turner syndrome, and primary ovarian
insufficiency.

Finally, patient concerns regarding heavy menstrual
bleeding should be taken seriously and evaluated. The
normal length of a menstrual period is between three
to seven days. Menses lasting eight days or longer,
and/or menses associated with blood loss exceeding
80 mL are considered abnormal and indicative of
heavy menstrual bleeding (HMB). Other clues to the
presence of HMB include a history of soaking through
menstrual products (pads or tampons) every one to
two hours, requiring use of two menstrual products
simultaneously (eg. — a tampon and a pad), passing
blood clots larger than a quarter in size, and soiling
clothing or bedsheets despite use of a menstrual
hygiene product. Estimates of menstrual blood loss
can be challenging based on patient report alone; how-
ever, use of three to six menstrual products per day is
generally considered within the normal range. Nota-
bly, some patients may report changing menstrual
products more frequently for the purposes of hygiene;
thus it is important to inquire if products are soaked at
the time they are changed. Use of a standardized tool
such as the Pictorial Blood Loss Assessment Chart
(PBAC) may be helpful to obtain a more objective
measure of menstrual flow. The PBAC tool has been
validated in adult women, with a score of 100 or
greater indicating the presence of heavy menstrual

bleeding requiring further workup and an evaluation
for bleeding disorders.'” In adolescents, heavy men-
strual bleeding is most commonly due to anovulatory
cycles; however, heavy bleeding from menarche,
associated frequent epistaxis or gum bleeding, bleed-
ing after dental procedures, or easy bruising should
raise suspicion for a bleeding disorder such as von
Willebrand disease.””

Conclusion

A working knowledge of normal menstrual physiol-
ogy and the normal menstrual cycle in adolescents is
essential to counseling patients and families, provid-
ing anticipatory guidance, and identifying abnormali-
ties when they occur. An understanding of the
normally functioning HPO axis is additionally benefi-
cial in appreciating the pathophysiology of the myriad
of menstrual disorders that affect adolescents. The
chapters that follow will focus on disorders of men-
struation and other menstrual concerns in adolescents,
including amenorrhea, abnormal uterine bleeding,
endometriosis, premenstrual syndrome and premen-
strual dysphoric disorder, menstrual issues in adoles-
cents with disabilities, menstrual suppression in
transgender males, relative energy deficiency in sport
(RED-S), and the effects of eating disorders and obe-
sity on the menstrual cycle.
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