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Bone Health in Women

Yasser El Miedany

Introduction

Bone is a living, dynamic tissue that undergoes
constant remodeling throughout life. This is nec-
essary to allow the skeleton to increase in size
during growth, respond to the physical stresses
placed on it, and repair structural damage due to
structural fatigue or fracture. This process
requires a range of proteins and minerals, which
are absorbed from the bloodstream [1]. In child-
hood, bones grow and repair very quickly, but
this process slows down as you get older. Bones
stop growing in length between the ages of 16
and 18 but continue to increase in density until
late 20s. From about the age of 35, gradually lose
bone density. This is a normal part of aging, but
for some people it can lead to osteoporosis and
osteoporosis is a condition that affects the bones,
causing them to become weak and fragile and
more likely to break [2]. Before a woman reaches
30 years of age her body gains more bone than it
loses. Around age 30, this process balances out.
However, for most women, bone mass remains
stable until menopause, when the loss of estrogen
in conjunction with aging is associated with a
decline in bone mineral content. The onset of
menopause around 50 years of age may speed up
the rate of bone loss. If bone loss becomes severe,

Y. El Miedany (D<)
Canterbury Christ Church University,
Canterbury, Kent, UK

© Springer Nature Switzerland AG 2022

a woman may develop osteoporosis [3]. Family
history, gender, and race are responsible for the
majority of peak bone mass; however, diet and
exercise behaviors are responsible for up to 25%.

Risk for osteoporosis is greater for women
than men. Established risk factors for women
include increased age, Caucasian or Asian ethnic-
ity, postmenopausal status, late menarche or early
menopause, low peak bone mass, family history
of osteoporosis or fracture, low dietary intake of
calcium and vitamin D, lack of physical activity,
smoking, excess alcohol consumption, and long-
term use of certain medications, such as steroids,
anticonvulsants, immunosuppresants, and hepa-
rin [4, 5]. Female bone health can be stratified
into phases outlined by the woman’s age. In post-
menopausal women, osteoporosis is usually the
result of accelerated bone turnover due to estro-
gen deficiency, whereas in aging women and
men, vitamin D insufficiency and secondary
hyperparathyroidism may further contribute to
bone loss. In these subjects, osteoporosis is diag-
nosed when their hip or spine bone mineral den-
sity (BMD) is two and a half standard deviations
(SD) or more lower than the young adult mean
(T-score <-2.5) [6, 7]. Together with prevalent
fragility fractures (typically spine or hip),
T-scores equal to or below —2.5 are considered as
clear indications for osteoporosis therapy,
although age and clinical risk factors that modu-
late fracture probability may also have to be
taken into account [9]. In contrast, low bone mass
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in children and adolescents has been defined as
an areal bone mineral density (aBMD) more than
2 SD below the age-adjusted mean value
(Z-score <—2SD) [8], and it has been recom-
mended that bone fragility should not be diag-
nosed on the basis of low bone mass alone but
requires the presence of fractures due to low
trauma [10]. On the other hand, in comparison to
childhood and postmenopausal/ elderly subjects,
diagnosis and treatment of osteoporosis in young
adults, i.e., between 20 and 50 years of age,
remain poorly defined. The true difficulty resides
in differentiating between those young healthy
individuals whose apparently low aBMD reflects
low peak bone mass in relation to their body size,
pubertal timing, genetic background, and envi-
ronment during growth [11-13], which does not
necessarily represent a pathological condition,
and those who may truly have osteoporosis with
bone fragility at a young age, resulting from
altered bone modeling and/or remodeling during
growth and/or thereafter. The latter situation is
most commonly associated with a chronic disor-
der and may also occur as a genetic or idiopathic
condition. Distinguishing between these two sit-
uations can be difficult base up to 30% of young
women and 50% of young men have had frac-
tures during childhood and adolescence, usually
traumatic but not uncommonly multiple [14-17].
These fractures are associated with decreased
bone mass acquisition and lower peak bone mass
in otherwise healthy individuals [16], i.e., with-
out an underlying pathophysiological mecha-
nism. It would, therefore, be inappropriate to
investigate for osteoporosis, e.g., perform a DXA
examination, and to search for secondary causes
of osteoporosis in most young people with preva-
lent fractures, unless the circumstances (low
trauma), frequency (over two fractures), and/or
site of fractures (e.g., vertebrae) appear unusual.

This chapter will discuss the physiological and
pathological changes in young adult women, preg-
nancy and lactation, followed by changes in both
the pre-menopausal and post-menopausal period
and lastly elderly women. The chapter will then
discuss the diagnostic criteria for osteoporosis in
women. It will also propose a clinical approach to
the patients’ assessment in standard practice.

Young and Adulthood

Between 8 and 18 years of age, bone mineral con-
tent (BMC) more than doubles, whereas the true
volumetric bone mineral density (vBMD) barely
changes [18]. This bone mass accumulation per-
tains primarily to an increase in bone size (diam-
eter) and cortical thickness by periosteal
apposition (modeling) and, to a lesser extent, to
trabecular bone formation and thickening [19].
Meanwhile, endosteal surfaces undergo both
modeling and remodeling in order to achieve,
approximately by the age of 20, bone mass, geom-
etry, and microstructure of the adult skeleton [20].
In turn, peak bone mass is a major determinant of
bone strength and fragility throughout life, hence,
the increase in bone diameter and mass in grow-
ing females, which occurs at approximately the
same rate as in males. However, this increase lasts
longer in men leading to a 10-15% greater peak
bone mass on average, consequently, it plays an
important role in explaining the lesser and later
propensity to fractures in aging men compared to
women. Nevertheless, as a result of continuous
bone remodeling, loss of cortical and trabecular
bone starts soon after peak bone mass is achieved
in both genders, albeit in variable proportions in
weight-bearing and non-weight-bearing bones
and accelerates in women after menopause and in
aging men [21-24].

Heredity, that is, the additive effects of genes
and their polymorphisms, accounts for 50 to
80% of the variation in bone mass and structure
among individuals [25] and likely contributes to
some of the phenotypic differences between the
male and female skeleton [26]. Yet gene expres-
sion depends on both the internal and external
milieu, i.e., on hormone levels, particularly
gonadal steroids (puberty) and the growth hor-
mone (GH)-IGF-1 axis; nutrition, such as cal-
cium and protein intake; physical activity,
particularly load-bearing exercise; lifestyle; etc.
[19] (Fig. 4.1 shows developmental risk factors
for osteoporosis). Therefore, any disorder that
might occur during growth that alters one or
more of these parameters will exert a negative
influence on bone modelling and remodelling;
consequently, will affect bone mass acquisition
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Fig. 4.1 Developmental risk factors for osteoporosis

and its distribution in the cortical and/or trabecu-
lar compartment; and could thereby cause bone
fragility not only during growth but later on in
young adults. Similarly, endocrine, nutritional,
and other disturbances appearing during early
adulthood will precipitate bone loss at a younger
age. A good example would be inflammatory
bowel diseases (IBD), particularly Crohn’s dis-
ease, which impair bone mass accrual and/or
accelerate bone loss because of malabsorption
and poor nutrient intake; low levels of physical
activity; delayed puberty or secondary amenor-
rhea, in addition to systemic inflammation, and,
in many cases, effects of corticosteroid treatment
[27]. Another example of the complex patho-
physiology of osteoporosis in the young is illus-
trated by thalassemia major, which causes
hormonal deficiencies (GH-IGF-1 and gonadal
steroids), expands bone marrow at the expense
of bone tissue, interferes with mineralization due
to iron overload, and, additionally, defers oxam-
ine treatment that inhibits osteoblastic function
[28]. Among numerous pharmacological agents
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implicated in bone loss (Fig. 4.2), depot proges-
terone acetate (Depo-Provera), used as a contra-
ceptive agent, has raised huge concerns [29, 30].

Pregnancy and Lactation

A moderate increase of bone turnover (Fig. 4.3)
has been reported during pregnancy [31],
although it is still uncertain whether significant
changes of bone mass occur. A small decrease in
aBMD has been observed at the lumbar spine, but
in long bones, this might be compensated by end-
osteal and periosteal appositions [32]. While dur-
ing pregnancy the mother’s intestinal calcium
absorption is increased; it returns to normal val-
ues during lactation [33], putting further pressure
on the skeleton to compensate for the need of cal-
cium associated with breastfeeding. The body
adapts by increasing bone resorption and reduc-
ing renal calcium excretion, influenced by
increase in parathyroid hormone production and
hypo-estrogenic state secondary to high prolactin
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Chronic & Inflammatory:

Inflammatory bowel disease Malabsorption
Coeliac disease, HIV, Nephropathies Organ
transplant, Cystic fibrosis Connective tissue
diseases, (Juvenile) rheumatoid arthritis
Thalassemia, Systemic mastocytosis, Leukemia

Neuromuscular and metabolic:

Duchenne, Galactosemia,

Gaucher's disease, Glycogen storage disease,
Hemochromatosis,

Marfan syndrome

Endocrine:

Diabetes type |, Cushing's syndrome,
Hypovitaminosis D, Hyperparathyroidism,
Hypogonadism (amenorrhea, Turner,
anorexia nervosa), Hyperthyroidism,
Pregnancy

Medications:
Gilucocorticoids, Glitazones, PPIs (chronic
use), Anticonvulsants, Cyclosporine,
tacrolimus, Aromatase inhibitors, depot
MPA, GnRH inhibitors, High-dose thyroxine
Heparin (long-term), Cytotoxic
chemotherapy, HAART

Fig. 4.2 Causes of secondary osteoporosis in the young. (H/V human immunodeficiency virus, MPA medroxyproges-
terone acetate (used as contraceptive), HAART highly active antiretroviral therapy, PPIs proton pump inhibitors)

levels [32, 34, 35]. The decrease in bone mass,
observed mainly in the trabecular compartments
of bones, is generally restored 6 to 12 months
after weaning [36].

Pregnancy-associated osteoporosis is a rare
condition, which can present in the form of spi-
nal osteoporosis or transient osteoporosis of the
hip, as well as associated with prolonged heparin
use [37]. Transient osteoporosis of the hip is
associated with uni- or bilateral hip pain and
may be complicated with a fracture, sometimes
spontaneous [38]. Post-pregnancy osteoporosis
can lead to vertebral fractures, height loss, and
severe back pain [39], as well as clinical frac-
tures at other sites. Pre-existing low BMD and
high bone turnover during pregnancy and lacta-
tion may both play a role [34]. In women of
reproductive age with established osteoporosis,
it could, therefore, be recommended to avoid
breastfeeding. Randomized doubleblind pla-
cebo-controlled study on postpartum healthy
women revealed that calcium supplementation
did not prevent bone loss during lactation and
only slightly enhanced gain in bone density after
weaning [40].

Premenopausal Women

Osteoporosis is less common in premenopausal
women than in postmenopausal women.
However, both fractures and low bone mineral
density do occur in the premenopausal years, and
young women with these conditions require spe-
cialized clinical considerations. Osteoporosis in
premenopausal women results from either a low
peak bone mass, increased bone loss prior to
menopause, or both [41]. As noted earlier, peak
bone mass is reached by 30 years of age with
90% of the development completed by 18 years
of age. For most women, bone mass remains sta-
ble until menopause, when the loss of estrogen in
conjunction with aging is associated with a
decline in bone mineral density. Peak bone mass
variations are genetic in 60-70% of cases [42].
The loss of bone results from an imbalance in
bone formation by osteoblasts and bone resorp-
tion by osteoclasts. Most treatments for osteopo-
rosis aim to adjust this imbalance [43]. In the
case of premenopausal osteoporosis, secondary
causes are responsible for at least half of cases
[41]. Secondary causes are listed in Table 4.1.
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Fig. 4.3 Main changes in the mother and the feto-
placental unit to facilitate adequate transfer of calcium to
the fetal skeleton. The mother is the main source of cal-
cium transferred to the fetus. Three main domains,
mother/ mother bones, placenta, and fetus. The changes in
the maternal domain include an increased intestinal
absorption of calcium. Further calcium supply is provided
via maternal parathyroid hormone related-peptide and by
local changes within maternal bone, where receptor acti-
vator of nuclear factor kappa B ligand/osteoprotegerin

Earlier study (the Michigan Bone Health Study),
which included over 600 premenopausal women
followed for 6 years, revealed varied changes in
lumbar spine BMD but a 1.6% decrease in femo-
ral neck BMD starting in a woman’s mid 20s
[44]. Risk factors for low BMD in premenopausal
women include low body weight, amenorrhea,
lack of physical activity, smoking, low dietary
calcium or vitamin D, personal or family history
of fracture, pregnancy, and Caucasian or Asian
race [42]. Minimal bone loss is noted during
pregnancy and breastfeeding; however, this loss
is usually corrected shortly after pregnancy and
breastfeeding are complete [45].

Healthy premenopausal women experience a
0.25-1% loss in BMD annually after reaching
peak bone mass (commonly at the femoral neck);
however, no link has been established between

Placental Pump

Parathyroid Hormone

Fetus

(RANKL/OPG) and osteocytes may participate. The cal-
cium drainage is partly counterbalanced by an increased
anabolic process, where IGF1, stimulated by placental
growth hormone may be involved. Other potential factors
are prolactin and estrogens. Despite the reactive bone for-
mation process, the bone balance seems negative for the
mother. The placental calcium gradient is sustained by the
placental pump, where fetal parathyroid hormone and
parathyroid hormone related-peptide are determinant

this gradual loss in BMD and fracture risk in
healthy women. Low Z-scores (2.5 standard
deviations below other age matched females) are
seen in 0.5% of premenopausal women [42].
Another study [41] revealed that in Spanish
women 20-44 years of age, 0.34% will have
osteoporosis at the lumbar spine, and 0.17% will
have osteoporosis at the femoral neck based on
BMD alone. Overall, 50-90% of premenopausal
women have a secondary cause for osteoporosis
(e.g., eating disorders or glucocorticoid use,
among others), whereas the remaining women
were diagnosed with idiopathic osteoporosis
[46]. Fracture risk in premenopausal women with
osteoporosis remains low due to the small base-
line fracture risk in younger women. The inci-
dence of fractures in females under the age of
35 years is more difficult to detect due to the low
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Table 4.1 Secondary causes of osteoporosis in premeno-
pausal women

Hormonal

Any childhood disease that has affected puberty and/or
skeletal development

Premenopausal amenorrhea (e.g., pituitary diseases,
medications, athletic amenorrhea)

Premature menopause (<40 years)
Endocrine

Cushing syndrome

Hypogonadism

Hypopituitarism

Hyperthyroidism

Primary hyperparathyroidism

Diabetes (types 1)

Hyperprolactinemia

Chronic and inflammatory conditions
Vitamin D, calcium,

Inflammatory bowel disease

Cystic fibrosis

Rheumatoid arthritis, SLE, other inflammatory
conditions

Malnutrition/malabsorption

Anorexia nervosa

Intestinal bypass/gastrointestinal surgery
Celiac disease

Malabsorption

Primary biliary cirrhosis

Connective tissue diseases

Osteogenesis imperfecta

Marfan syndrome

Ehlers Danlos syndrome

Turner’s and Klinefelter’s syndromes
Systemic and metabolic

Renal disease

Liver disease

Hypercalciuria

Other rare diseases, including mastocytosis, Gaucher
disease, hemochromatosis, hypophosphatasia
Lifestyle changes

High salt intake

Smoking (active/passive)

Alcohol abuse

Immobilization

Low calcium intake

Excess vitamin A

Organ transplantation

Solid organ and bone marrow transplants
Medications (some have not been studied in
premenopausal populations)

Glucocorticoids

Immunosuppressants (e.g., cyclosporine)
Antiepileptic drugs (particularly cytochrome P450
inducers such as phenytoin, carbamazepine)
Cancer chemotherapy/aromatase inhibitors

Table 4.1 (continued)

Gonadotropin-releasing hormone (GnRH) agonists
(when used to suppress ovulation)

Depo medroxyprogesterone acetate (DepoProvera)
Heparin

Other medications with probable relationships to
osteoporosis: Proton pump inhibitors, selective
serotonin reuptake inhibitors, low molecular weight
heparin

incidence of three fractures per 100,000
patient-years but is noted to increase to 21 per
100,000 patient-years in women aged 35-44 years
[41]. Premenopausal fractures are associated
with a 1.5- to three-fold increase in the risk of
postmenopausal fractures [42]. Fracture risk is
doubled or tripled once a loss of 10% in BMD
has occurred; however, treatments resulting in a
5% increase in BMD may decrease fracture risk
[47].

A third study [48] assessed premenopausal
women referred for a bone disease at a tertiary
medical center and looked for secondary versus
idiopathic osteoporosis. A retrospective review of
all premenopausal women referred for fracture or
low bone mass over 1 year (n = 61) was con-
ducted, and 39% of the total cohort of patients
were found to have idiopathic osteoporosis, while
49% of the 29 women who had a history of low
trauma fracture had idiopathic osteoporosis. This
is consistent with other measures in premeno-
pausal women. Low trauma fracture was defined
as that occurring due to a fall from standing
height or less, with the exception of digit or skull
fracture. Over half of the women (57%) reported
a family history of osteoporosis. Secondary
osteoporosis was due to amenorrhea in 34%,
anorexia nervosa in 16%, glucocorticoid use in
13%,and celiac disease in 10%. Premenopausal
women with secondary osteoporosis had lower
BMD at the spine (Z-score: —2.39 vs —1.58;
p = 0.001) and hip than those with idiopathic
osteoporosis, indicating a greater need for treat-
ment in those women with secondary causes. Of
the women referred due to a fracture, 28% did not
have a low BMD. Bisphosphonates were used by
47% of women with low BMD, but no history of
fracture and by 50% of women with idiopathic
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osteoporosis, which may indicate overuse of
osteoporosis treatments in this population.
Therefore, further insight to clarify the role of
osteoporosis treatments in younger, premeno-
pausal women is needed [49].

Postmenopausal Osteoporosis
(Type | Osteoporosis)

There is a direct relationship between the lack of
estrogen during menopause and the development
of osteoporosis. Initially, 2 basic types of osteo-
porosis have been identified. Type I osteoporosis
uses the postmenopausal woman as the prototype
(although men also rarely may suffer from the
abrupt loss of sex steroids that impact greatly on
the retention of bone tissue), and Type II osteopo-
rosis, discussed in the next section, is age-related
and typically occurs in both genders in the later
decades of life (the causation of Type II is poorly
understood, but it accelerates when the musculo-
skeletal system functions decline). At the bone
level, type I and II osteoporosis can also be dif-
ferentiated. Whereas the accelerated cancellous
(trabecular) bone loss caused by estrogen defi-
ciency at menopause (type I) results predomi-
nantly from trabecular perforation and loss of
connectivity, the later phase of slower bone loss
(type II) that occurs in both older women and
men primarily affects cortical sites and is associ-
ated with a decrease in osteoblast number and
bone formation rate (Fig. 4.4). Additionally, bone
loss in older men is associated with trabecular
thinning rather than perforation [50].

Estrogen deficiency causes loss of bone asso-
ciated with an increase in the bone remodeling
rate, increased osteoclast and osteoblast num-
bers, and increased resorption and formation,
albeit unbalanced. Conversely, estrogens decrease
bone resorption, restrain the rate of bone remod-
eling, and help to maintain a focal balance
between bone formation and resorption. These
effects are the result of hormonal influences on
the birth rate of osteoclast and osteoblast progen-
itors in the bone marrow, as well as pro-apoptotic
effects on osteoclasts and anti-apoptotic effects
on mature osteoblasts and osteocytes [50-52].

However, estrogen deficiency can be also closely
linked or intercorrelated to the aging process in
postmenopausal women. While the onset of cor-
tical bone loss in women is closely tied to estro-
gen deficiency, attesting to the adverse effect of
estrogen deficiency on skeletal homeostasis and
its contribution to the age-associated bone loss
[53], a significant proportion of trabecular bone
loss throughout life is age-related and estrogen-
independent [52, 53]. The age-dependent loss of
trabecular bone in the spine accelerates after the
menopause, as does the rate of fractures at the
wrist, spine, and hip. Between menopause and
the age of 75 years, women lose approximately
22 percent of their total body bone mineral. It has
been estimated that of this, 13.3 percent is due to
aging and 7.75 percent is due to estrogen depriva-
tion. In the femoral neck, 14 percent of the loss is
“age related” and only 5.3 percent because of
estrogen deprivation [54].

The accelerated phase of cancellous (trabecu-
lar) bone loss caused by menopause results pre-
dominantly from trabecular perforation and loss
of connectivity. This phase is followed few years
later by a phase of slower bone loss that primarily
affects cortical sites. The slower phase occurs in
both women and men and is associated with a
decrease in osteoblast number and bone forma-
tion rate and reduced number of trabeculae. In
line with this, decreased wall width, the hallmark
of decreased osteoblast work output, is the most
consistent histological finding in older women
and men with osteoporosis [55-57].

Estrogen deficiency may also contribute to the
development of osteoporosis in men [58, 59].
Estrogens derived from androgen aromatization
and acting via the estrogen receptor are important
for skeletal homeostasis in men, as evidenced by
bone abnormalities in men with ER or aromatase
mutations, as well as results of short-term clinical
experimentation with administration of aroma-
tase inhibitors [60]. In addition, several clinical
studies show correlation between a decrease in
bioavailable estradiol, but not testosterone, and
bone mass in older men [51]. Studies of mouse
models with targeted deletion of the ER and the
androgen receptor in specific cell types have elu-
cidated that the antiresorptive effects of estrogens
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Fig. 4.4 Areal BMD as determined by DXA declines
with aging for different reasons. With aging, women with
smaller femoral necks tend to increase bone area through
an increase in cortical thickness by an increase in perios-
teal and endosteal bone formation. Since BMD may only
decrease slightly but bone area increases more, the result
is lower areal BMD as measured by DXA despite likely
having little change in bone strength. In the case of women
with larger femoral necks, the endosteal cortex undergoes

or androgens in the cancellous versus the cortical
bone compartment are mediated by different cell
types [60—62]. The protective effects of estrogens
on the cancellous bone compartment are medi-
ated via signaling through the estrogen receptor-
alpha expressed in cells of the osteoclast lineage
[63, 64]. On the other hand, estrogen receptor-
alpha signaling in cells of the osteoblast lineage
is responsible for the protective effect of estro-
gens against endocortical resorption in females,

Decline in BMC
Maintain external bone size

l aBMD = ﬂ‘

Bone area 1‘

4

Decreased strength?

excessive resorption without periosteal expansion result-
ing in a thinner cortex. The result is a lower BMC without
significant change in bone area. The DXA areal BMD
decreases and may result in a bone with less strength.
(Quoted under open access scheme from Choksi, P.,
Jepsen, K.J. & Clines, G.A. The challenges of diagnosing
osteoporosis and the limitations of currently available
tools. Clin Diabetes Endocrinol 2018; 4: 12)

but it plays no role in their effects on cancellous
bone resorption. Whether estrogen receptor-
alpha also plays a role on cancellous or cortical
bone formation remains controversial [62,
65-68].

Osteoporosis is the most prevalent metabolic
bone disease. Approximately 70% of people with
osteoporosis are women, hence the importance of
postmenopausal osteoporosis. Half of postmeno-
pausal women over 50 will experience an
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osteoporotic fracture at some point [45]. The
most common fracture locations are the vertebrae
(spine), proximal femur (hip), and distal radius
(wrist). Most fractures cause pain, many produce
lingering disability, and, in the case of hip frac-
ture, it can result in death. Furthermore, osteopo-
rosis exacts a psychological toll on individuals
and their families, especially when the discom-
forts and limitations of fracture lead to depres-
sion and loss of independence. On another front,
postmenopausal osteoporosis raises a major eco-
nomic concern, bearing in mind osteoporosis-
linked costs attained through acute care
admissions, rehabilitation, long-term care, drug
costs, and productivity losses, among others [69].

Osteoporosis in Elderly Females

In view of the progressive aging of most of the
world’s populations, it can be expected that the
incidence of age-related conditions will grow and
therefore the treatment and management of these
individuals will gain increasing priority.
Osteoporosis and frailty, which together greatly
increase the risk of fracture, are of particular con-
cern. Hip fractures are the most serious osteopo-
rotic fractures, with high risk of mortality. A
large proportion of patients (more than 50%)
admitted to hospital with hip fracture are over
80 years old [70]. The survivors have a high risk
of sustaining another major fracture and face
deterioration in their quality of life and risk of
dependency. Furthermore, Patients over the age
of 80 years are often denied having bone mineral
density assessment or osteoporotic treatments
because it might be felt that the treatments do not
work or they are “too late to treat” [71].

Old age and estrogen deficiency are the two
most critical factors for the development of
osteoporosis in both women and men. However,
it is unknown whether the cellular and molecular
events responsible for the imbalance between
resorption and formation in old age versus sex
steroid deficiency are similar or distinct or
whether and how much sex steroid deficiency
contributes to the age-dependent involution of
the skeleton. Because of the abrupt decline of

ovarian function at menopause in women and a
slower decline of both androgen and estrogen
levels in men with advancing age, the two condi-
tions inevitably overlap, making it impossible to
dissect their independent contribution to the
cumulative anatomic deficit. However, findings
from the mouse model suggest that the adverse
effects of old age on the skeleton are independent
of estrogens and are due to molecular mecha-
nisms that are distinct from those responsible for
the effects of sex steroid deficiency [72-74].
Such bone-intrinsic molecular mechanisms likely
include mitochondria dysfunction, oxidative
stress, declining autophagy, DNA damage, osteo-
progenitor and osteocyte senescence, senescence-
associated secretory phenotype (SASP), and lipid
peroxidation [75].

In both women and men, the balance between
bone formation and resorption becomes progres-
sively negative with advancing age (Fig. 4.3).
Age-related bone loss begins immediately after
peak bone mass for either sex, but most bone loss
occurs after age 65 years. Men, however, are less
likely to develop osteoporosis than women for
two reasons. First, they gain more bone during
puberty, and second, they lose less bone during
aging because, unlike women, men do not experi-
ence an abrupt loss of estrogens. Older residents
in long-term care have the greatest risk. Eighty-
five percent of nursing home women over age
80 years have osteoporosis. Hip and nonvertebral
fractures in older residents of nursing homes are
2.5 to 3.5 times more common than in the com-
munity [76].

Most fractures after age 65 years occur at pre-
dominantly cortical sites. High-resolution periph-
eral  quantitative  computed  tomography
(HRpQCT) of the radius and post-mortem femurs
of women between ages 50 and 80 years have
revealed that most bone loss in old age is the
result of increased intracortical porosity (Fig. 4.4)
[77]. Importantly, the age-dependent increase in
cortical porosity is not captured by dual-energy
x-ray absorptiometry (DXA) bone mineral den-
sity (BMD) [78].

Besides its effects on bone mass, aging
increases the risk of fractures, independently of
bone mass, as highlighted by evidence that for the



152

Y. El Miedany

same BMD, a 20-year increase in age is accompa-
nied by a fourfold increase in fracture risk
(Fig. 4.4) [79]. Consistent with this, human cadav-
eric specimens demonstrate significant declines in
whole bone strength with age, with younger spec-
imens being three- to tenfold stronger than older
specimens. Furthermore, population-based stud-
ies with 3D-QCT imaging have demonstrated sig-
nificantly greater declines in vertebral compressive
strength over life in women than men (—43 versus
—31 percent). Declines in femoral strength in a
sideways fall configuration are also significantly
greater in women than men (—55 versus —39 per-
cent) and exceed the declines in femoral BMD
(=26 and — 21 percent for women and men,
respectively). In addition, cortical porosity
increases by 176 percent and 259 percent from 20
to 90 years of age (Fig. 4.5).

Muscle strength and power decline 10 to 20
percent per decade after age 50 years. These

Accumulative risk of any fracture

0.6

declines obviously impact the risk of falls, and
perhaps the severity of falls, but may also influ-
ence loads applied to vertebral bodies during
daily activities. The influence of muscle strength
on vertebral body compressive forces depends on
the activity being performed. Vertebral compres-
sive forces may remain unchanged, decrease, or
greatly increase with reduced muscle strength.
The aging process is driven at the cellular
level by random molecular damage that slowly
accumulates with age. Although cells possess
mechanisms to repair or remove damage, they are
not 100% efficient and their efficiency declines
with age. At the bone level, there are several
bone-intrinsic molecular mechanisms which
impact on bones in older adults. These include:

e Oxidative stress — Oxidative stress is a shared
mechanism of the pathogenesis of several
degenerative disorders associated with aging,

Accumulative risk of any fracture

Female

Age

— Mean
—— 95% confudence interval lower bound
—— 95% confudence interval upper bound

Fig.4.5 Cumulative risk of having any fracture hospital-
ization since birth in both men and women. (Quoted under
open access scheme under the Creative Commons
Attribution License from Liang W and Chikritzhs T. The

Age

— Mean
—— 95% confudence interval lower bound
—— 95% confudence interval upper bound

Effect of Age on Fracture Risk: A Population-Based
Cohort Study. Journal of Aging Research. 2016, Article
ID: 5071438 (https://doi.org/10.1155/2016/5071438))
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including osteoporosis [80, 81]. An increase
in reactive oxygen species (ROS) has been
implicated in the decreased bone formation
associated with advancing age, as well as the
increased resorption associated with estrogen
deficiency [81]. In line with this evidence,
increased reactive oxygen species production
in osteoblasts stimulates apoptosis and
decreases bone formation. On the other hand,
reactive oxygen species, and in particular,
H,0,, is a critical requirement for receptor
activator of nuclear factor kappa-B ligand

(RANKL)-induced osteoclast generation,
activation, and survival [82].
e Osteoblast and osteocyte senescence —

Cellular senescence is a process in which cells
stop dividing and undergo distinctive pheno-
typic alterations, including profound chroma-
tin and secretome changes termed
senescence-associated secretory phenotype
(SASP) [83]. Nonproliferating, terminally dif-
ferentiated cells also become senescent and
exhibit the senescence-associated secretory
phenotype (SASP). Cellular senescence is one
of the hallmarks of aging in most, if not all,
tissues [84]. Osteoblast progenitors as well as
osteocytes from old mice exhibit typical fea-
tures of cellular senescence [85-87].
Furthermore, cellular senescence of osteopro-
genitors is associated with a decline in their
number by more than 50 percent between 6
and 24 months of age in both female and male
mice, as well as increased production of
senescence-associated secretory phenotype
(SASP)-associated pro-osteoclastogenic cyto-
kines, such as tumor necrosis factor (TNF)-
alpha, interleukin (IL)-1-alpha, matrix
metalloproteinase 13 (MMP13), SDF1, and
RANKL. Senescent osteocytes similarly
exhibit senescence-associated secretory phe-
notype (SASP), including some of the same
cytokines found in the osteoprogenitors.
Prevention of apoptosis by deleting Bak and
Bax, two genes essential for apoptosis, in
osteoblasts and osteocytes greatly potentiates
the effects of old age on cortical porosity [88].
Notably, attenuation of apoptosis stimulates
cellular senescence [89, 90]. Increased pro-

duction of senescence-associated secretory
phenotype (SASP) cytokines by senescent,
apoptotic, or dysfunctional osteocytes and
probably their affected neighbors (paracrine
senescence), stimulate osteoclastogenesis,
matrix degradation, focal bone resorption, and
cortical porosity.

* Autophagy — Autophagy is a major adaptive
response to cellular starvation and an essen-
tial  protein/organelle  quality  control.
Declining autophagy with advancing age is a
big component of the loss of proteostasis,
another one of the hallmark mechanisms of
aging. Attenuation of autophagy in osteo-
cytes, by conditional deletion of the ATG7
gene, recapitulates most of the effects of old
age in six-month-old mice, including cortical
porosity. Along with several other lines of
evidence [91-93], these findings support of
the general idea that in line with the seminal
role of osteocytes in the choreography of
physiologic bone remodeling, in conditions
of overwhelming stress, the physiological
mechanisms of bone repair are exaggerated
and become disease mechanisms [94].

Definition of Osteoporosis

In Young/Premenopausal Females In young
age where the peak bone mass has not been
achieved, the definition of osteoporosis based on
T-score cannot be implemented. Hence, low bone
mass in children and adolescents has been defined
by a Z-score below —2. This definition could also
be extended beyond 20 years of age in those with
delayed puberty, as is often the case with chronic
diseases from childhood [9, 10].

However, it has to be noted that by extension
and considering that in young adults T- and
Z-scores are virtually identical, the 2007
International Society for Clinical Densitometry
Official Positions has suggested keeping the use
of Z-scores to define “low bone mass” in young
adult (premenopausal) women [95]. On the other
hand, and for the sake of coherence with the
WHO operational definition of osteoporosis, the
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T-score-based definition of the disease for young
adults is also kept, unless it appears that the
young adult is still growing. Therefore, in young
adults living with a chronic disorder known to
affect the bone metabolism, a T-score below —2.5
at spine or hip should be considered as diagnostic
of osteoporosis. On another front, it is important
to note, that the relationship between aBMD and
fracture risk is not well established among young
adults and that fracture prediction tools, such as
FRAX®, are not valid for the young population.
In the absence of secondary causes, occurrence
of fragility fractures, in addition to the low
T-score, may indicate genetic or idiopathic osteo-
porosis. Hence, the detection of prevalent verte-
bral fractures, which in the absence of major
back trauma most likely indicate bone fragility,
plays an important role in the identification of
young adults with osteoporosis. For this purpose,
DXA-based vertebral fracture assessment (VFA)
tools now appear as major add-ons to aBMD
evaluation [96].

According to a T-score <—2.5, in theory, only
0.5% of young women aged 30-40 years would
fulfill the criteria of osteoporosis and another
15% would be considered as osteopenic (T-score
between —2.5 and — 1) in any population [97].
This is corroborated by several observations,
including a study of 282 premenopausal healthy
women (mean age 34.8 years) without family
history or secondary causes of bone fragility,
which reported osteopenia in 10.6% of cases
[98]. Similar prevalence of low bone mass in 579
Spanish ~ premenopausal ~ women  (aged
20-44 years) was observed, with lumbar spine
BMD characterized as osteoporosis and osteope-
nia in 0.3% and 13.1% of the cases, respectively,
and in 0.2% and 12.6%, respectively, using femo-
ral neck BMD [99].

Against this background of low prevalence of
osteoporosis in healthy young individuals, the
prevalence of osteoporosis and/or fragility (verte-
bral) fractures can reach 15% to 50% in young
subjects with inflammatory bowel disease [100—
102], celiac disease [103-105], cystic fibrosis
[106-108], type 1 diabetes [109-111], rheumatoid
arthritis [112], and anorexia nervosa [113-115],
among other causes of secondary osteoporosis.

Special considerations are required for inter-
pretation of BMD results in premenopausal
women. Dynamics of Peak BMD Accrual BMD
in premenopausal women depends primarily
upon achievement of peak bone mass. Attainment
of peak bone mass varies according to gender
[116, 117], ethnicity [118], body size, menarchal
age [119, 120], and region of bone. In healthy
girls, the peak period of bone mass accrual occurs
between ages 11 and 14 [121], and the rate of
bone mass accrual slows dramatically by approx-
imately 2 years after menarche [116]. Although
at least 90 percent of peak bone mass is acquired
by the late teen years [122, 123], studies have
documented small additional gains between the
ages of 20 and 29 [124]. Moreover, population-
based, cross-sectional studies suggest that the
timing of peak bone mass accrual may be site-
specific [116], with women reaching peak bone
mass at the proximal femur in their 20s and at the
spine and forearm around age 30 [125]. When
interpreting BMD measurements in premeno-
pausal women, the possibility that peak bone
mass has not yet been achieved must always be
considered.

Physiologic Changes in the Bone
Mass in Association with Pregnancy
and Lactation

The majority of epidemiological studies in
humans suggest that the net effect of the loss and
regain of bone mass during and after lactation
does not affect postmenopausal bone mass or
long-term fracture risk [126-128]. However,
other studies show that multiparity and longer
periods of lactation are associated with decreased
bone mineralization [129-134]. Additionally,
studies performed in Turkey, China, and Mexico
suggest that there may be an impact of lactation
history on postmenopausal BMD in some
populations [130, 135, 136]. Differences in popu-
lation age, stature, parity, socioeconomic condi-
tions, study duration and design, analysis
techniques, and covariates included must be
taken into account when interpreting these differ-
ing results.
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Because of these physiologic bone mass
changes associated with reproduction, interpreta-
tion of BMD results in premenopausal women
must take into account the timing of any recent
pregnancy or lactation. Based on available data,
BMD at the lumbar spine is likely to have
returned to that individual’s premenopausal base-
line by 12 months post-weaning [137].

Pregnancy- and Lactation-Associated
Osteoporosis In some women, premenopausal
osteoporosis may first present with low trauma
fracture(s), usually at trabecular sites such as the
vertebrae, occurring in the last trimester of preg-
nancy or during lactation [136-139]. Given the
physiologic bone mass changes described above,
pregnancy and lactation may represent particu-
larly vulnerable times for the premenopausal
woman’s skeleton, particularly if low bone min-
eral density is present before pregnancy.

However, premenopausal fractures, including
those associated with pregnancy and lactation,
remain quite rare, suggesting that additional fac-
tors contribute to bone fragility in women who
present with fractures during this time. Women
with low trauma fractures sustained during preg-
nancy and/or lactation require the same thorough
evaluation for secondary causes as do young
women with fractures that are not associated with
reproductive events. We have included women
with pregnancy- and lactation-associated osteo-
porosis, in whom no cause is found after exten-
sive evaluation, in cohorts defined to have
idiopathic osteoporosis [140, 141].

Post-Menopausal and Elderly Women Several
clinical groups have been involved in the diagno-
sis and recommendations concerning the treat-
ment of osteoporosis in postmenopausal women.
Two of these, the National Osteoporosis
Foundation (NOF) in the USA [148]and the
National Osteoporosis Guideline Group (NOGG)
in the UK [143], have provide an interesting con-
trast in views with respect to their use of FRAX
as a tool for patient identification and decisions
on intervention (Table 4.2). While NOF suggests
that a FRAX calculation is warranted when the

Table 4.2 Xomparison between NOF and NOGG
regarding guidelines for intervention in osteoporosis, with
a focus on older individuals

NOF NOGG
BMD Women aged >65 years  If suggested by
testing ~ Men aged >70 years FRAX
Initiate therapy in those case-finding
with T-scores <2.5 (at analysis
femoral neck, total hip or
lumbar spine)
Vertebral Women aged >70 years ~ Not mentioned
Imaging Men aged >80 years
Its use is warranted in Case finding
patients with low femoral —using FRAX in
neck BMD. Noted that all post-
using FRAX in patients menopausal
with low BMD at the women and
lumbar spine with men aged >50
relatively normal levels at  years
the femoral neck leads to  Initiate therapy
an underestimation of following
fracture risk discussion of
risk with
patient

NOF National Osteoporosis Foundation (USA) [142]
NOGG National Osteoporosis Guideline Group (UK)
[143]

BMD indicates elevated fracture risk, the deci-
sion to treat rests mainly on BMD; NOGG sug-
gests that FRAX should be used in a case-finding
exercise and the BMD should be performed in
cases where the risk estimate is in a borderline
zone [144].

In cases where the diagnostic threshold is
crossed (i.e., elevated risk), additional clinical
data might be sought to determine whether treat-
ment should be initiated. This could be BMD (as
suggested by NOGG), if not already done.
Biomarker analysis might also be of potential
interest, since high levels of bone turnover mark-
ers are associated with increased fracture risk in
post-menopausal women [145]. One of the goals
of this risk analysis exercise is to improve the tar-
geting of anti-osteoporosis medication to ensure
that the individuals who need to be treated are
identified and presented with their therapeutic
options.

The guidance of NOF concerning the inter-
vention thresholds for treatment (while focusing
on men and women 50 years and older) is to treat
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if T-score < —2.5 at femoral neck or if the T-score
is between —1.0 and — 2.5 and the 10-year prob-
ability of fracture (on FRAX) is >3% for hip
or > 20% for a major fragility fracture. The guid-
ance of NOGG is to treat when the age-related
fracture probability exceeds the intervention
threshold given by FRAX (where the FRAX
threshold is the risk equivalent to a woman with a
prior fragility fracture). The age-dependent inter-
vention threshold favored by NOGG is designed
to avoid under-prescription of treatment in eligi-
ble younger patients as well as the over-
prescription in older age groups that could arise
from a fixed threshold.

The FRAX defined intervention threshold
therefore corresponds to “severe osteoporosis,’
i.e., the presence of at least one fragility fracture
[146]. Other definitions of severe osteoporosis or
high-risk patients could include that used in the
GLOW study (Global Longitudinal Study of
Osteoporosis in Women) [147], of patients hav-
ing an age >65 years and a prior fracture or at
least 2 other FRAX risk factors (parental hip
fracture, current smoker, less than or equal to
three alcoholic drinks/day, rheumatoid arthritis,
current corticosteroid use, body mass index
(BMI) <20 kg/m?, or secondary osteoporosis).

Clinical Approach to Patient
Identification and Diagnosis

Young/Premenopausal Females

Identifying individuals prone to have osteoporo-
sis in the standard clinical practice represents the
cornerstone in their management process. Young
individuals suffering from a chronic disease
(Table 4.1) and/or presenting with a low trauma
fracture, particularly in the vertebrae (>20% loss
of the vertebral height), and/or multiple low force
long bone fracture (more than two) should be tar-
geted for the possibility of having osteoporosis.
The evaluation process starts with thorough med-
ical history and examination (Table 4.3). Medical
history should include full personal as well as
family history (bearing in mind the genetic causes
for osteoporosis) of bone fragility and/or endo-

Table 4.3 Clinical approach of osteoporosis in the young
/ premenopausal females rely mainly on the patient’s his-
tory and clinical assessment. Many secondary causes can
be identified by a detailed history and physical
examination
Medical history should include information on

Adult and childhood fractures

Adult and childhood illnesses and medication

exposures

Menstrual history

Timing of recent pregnancy or lactation

Dieting and exercise behavior

Gastrointestinal symptoms

Nephrolithiasis

Family history of osteoporosis and/or nephrolithiasis

Physical examination should pursue signs of

Low height and/or BMI

Abdominal tenderness

Cutaneous signs of allergy (urticaria)

Hyperpigmentation or decreased pilosity

(hypogonadism)

The presence of kyphosis

Limb deformities

Joint inflammation

Hyperlaxity

Blue sclerae

Poor dentition

crine, metabolic, and inflammatory disorders.
Also, it should include past and present medica-
tions, age of menarche and/or history of amenor-
rhea, food intolerance, abdominal pain and bowel
movements, urticaria, timing of recent pregnan-
cies and lactation, as well as dietary and exercise
patterns. Physical examination should particu-
larly seek signs of Physical examination should
seek signs of: nutritional deficiency or eating dis-
order, Cushing syndrome, thyroid hormone
excess, connective tissue disorders (e.g., osteo-
genesis imperfecta, Ehlers Danlos syndrome,
Marfan syndrome), and inflammatory conditions
(e.g., rheumatoid arthritis, SLE) [148].
Laboratory assessment: In addition to clinical
assessment, lab tests are carried out to screen for
the most common bone and mineral disorders
(Table 4.4). Basic osteoporosis blood profile
should be carried out for all patients. This aims to
identify the common causes of bone thinning,
including vitamin D deficiency, primary hyper-
parathyroidism, thyroid dysfunction, diabetes,
renal impairment and hepatic dysfunction, sys-
temic inflammation, and in men, hypogonadism
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Table 4.4 Laboratory evaluation of young patients prone
to have osteoporosis. The laboratory evaluation should
aim to identify conditions such as vitamin D and/or cal-
cium deficiency (and laboratory evidence that may distin-
guish osteomalacia from osteoporosis), hyperthyroidism,
hyperparathyroidism, Cushing syndrome, early meno-
pause, renal or liver disease, celiac disease, as well as
other forms of malabsorption and idiopathic
hypercalciuria

Basic osteoporosis
blood profile

Complete blood count
Electrolytes, renal

Specific laboratory evaluation
Estradiol, LH, FSH, prolactin
Screening for Cushing

function syndrome: 24 hour urine for
Serum calcium, free cortisol (or
phosphate dexamethasone suppression

test)
Celiac screen (serologies)

Serum albumin,
transaminases, total

alkaline phosphatase ~ Serum/urine protein

Serum TSH electrophoresis

Serum ESR or CRP
25-hydroxyvitamin D Vitamin A/retinol level

PTH Specific testing for other rare

24-hour urine for
calcium and creatinine

conditions (e.g., mastocytosis,
Gaucher disease,
hypophosphatasia,
hemochromatosis)

If genetic diseases such as
Gaucher disease,
hypophosphatasia, or
osteogenesis imperfecta are
considered, genetic testing
may be pursued

Bone turnover biomarkers
Transiliac crest bone biopsy

(particularly in the presence of other clinical
signs). It is particularly important to exclude the
possibility of vitamin D deficiency (25(OH),
vitamin D <10 ng/ml or 25 nmol/L), as this may
affect bone mineralization and be translated into
low aBMD, without being osteoporosis
(Osteomalacia). Bearing in mind the secondary
causes of osteoporosis in this cohort of patients,
some patients might require specific laboratory
tests. It is worth noting that celiac disease (preva-
lence 1%) may present in occult form, particu-
larly since most adults will change their diet to
avoid food intolerance/bowel symptoms, and
should be suspected especially in the presence of
low 25-hydroxyvitamin D. An elevated titer of
antiendomysial or antitissue transglutaminase
antibodies has an excellent positive predictive
value for this disease [149]. In patients suffering

from inflammatory bowel disease (IBD), Crohn’s
disease and ulcerative colitis are commonly
delayed up to 2 years after the appearance of the
first digestive symptoms. Hence, patients with
low bone mass/bone fragility and abdominal
symptoms/signs who test negative for antitissue
transglutaminase Ab (and who may have inflam-
matory markers) should be assessed for fecal cal-
protectin and referred to a specialist for further
intestinal investigations.

An additional set of selected diagnostic tests
can be applied particularly when the clinical and/
or baseline laboratory results orient towards a
specific condition. Although systemic mastocyto-
sis (SM) is a rare (0.3/10,000) condition, it is
diagnosed in 0.4 to 1% of bone biopsies referred
for the investigation of osteoporosis [150]. It
becomes clinically manifest as urticaria pigmen-
tosa in 60% of the patients, gastrointestinal mani-
festations in 40%, and idiopathic anaphylactoid
reactions in 20%. However, all of these symp-
toms can be absent and the skeletal manifestation
can be the sole presentation, with osteoporosis
reported in up to 30% of patients with systemic
mastocytosis [58, 59]. An elevated serum trypt-
ase (>20 ng/ml) has a positive predictive value of
98% for systemic mastocytosis [151].

Besides bone alkaline phosphatase isoenzyme
(BALP), it can be assessed in patients presenting
with persistently elevated alkaline phosphatase
level. If elevated, after growth is completed, it
can orient toward osteomalacia (together with
low 25(0OH) vitamin D levels), Paget’s disease, or
bone neoplasia; and if low, it raises the possibility
of hypophosphatasia.

The utility of bone biomarkers—that is, pro-
collagen peptides (N and C terminals, PINP,
and PICP, respectively) for bone formation and
telopeptide cross-links of collagen type I (N
and C terminals, NTX, and CTX, respectively),
deoxypyridinoline/pyridinoline, and tartrate-
resistant acid phosphatase for bone resorp-
tion—in the investigation of osteoporosis in the
young remains controversial [152—-154]. So far,
the predictive role of bone biomarkers for frac-
ture risk in secondary osteoporosis has not been
fully documented, although they have been cor-
related with BMD changes in some diseases



158

Y. El Miedany

(inflammatory bowel disease) [155]. Several
examples have been reported to show such poor
association. Firstly, bone biomarkers are corre-
lated to the level of 25(OH) vitamin D, IGF-1,
physical activity, etc. [156—159]; and in the
case of a chronic disorder, bone biomarkers can
be elevated, normal, or low depending on the
nature of the underlying disease, its severity
and relapses, past and current therapy, as well
as the subject’s mobility and nutrition.
Secondly, in premenopausal women with idio-
pathic osteoporosis, bone turnover may also be
high, normal, or low [160]. Furthermore, bone
biomarkers have been negatively correlated
with HbA,C in type 1 diabetes, i.e., were lower
with poor glucose control [161]. In contrast,
when the achievement of peak bone mass is
delayed, as is often the case with chronic disor-
ders starting during childhood or adolescence,
bone biomarkers may remain elevated into
young adulthood (between 20 and 25 years of
age) as a reflection of the ongoing physiologi-
cal bone modeling/remodeling state rather than
a catabolic state. In addition, a recent fracture
may also cause an elevation of biomarkers for
several months. Furthermore, patients with
osteogenesis imperfecta, levels of PINP, and
B-CTX are normal or low, whereas osteocalcin
is normal or high, reflecting the alterations in
collagen metabolism on one side and bone turn-
over on the other side [162].

Despite these difficulties in interpreting bone
biomarkers, normal bone biomarkers in a young
adult with low aBMD would argue for an acquired
low peak bone mass, whereas high bone bio-
markers would point toward an ongoing process
of bone loss, as seen, for instance, in anorexia
nervosa compared to constitutionally lean
women. Taken together with a low T-score and
some evidence of bone fragility, elevated bone
biomarkers could, therefore, prompt further
investigations for an underlying cause and could
be useful for therapeutic guidance [163]. On the
other hand, low bone turnover has been observed
in a subset of young women with idiopathic
osteoporosis in association with a more pro-
nounced deficit in bone microarchitecture and
stiffness [160].

All patients suspected to have osteoporosis
should have a DXA (ideally combined with VFA)
scan. For those individuals with a T-score < —2.5
and/or fragility fractures but no known secondary
cause, a search for underlying disorders and/or
medications potentially associated with osteopo-
rosis should be initiated (Fig. 4.5). Low aBMD
alone and/or together with bone and muscle pain
(and weakness in the latter) can be due to vitamin
D deficiency, eventually osteomalacia, i.e., not
necessarily osteoporosis. Moreover, when vita-
min D levels are adequate, low aBMD without
fragility fractures, including the absence of verte-
bral crush fractures as evaluated by VFA and/or
lateral X-rays, does not necessarily represent a
pathological situation, particularly in subjects of
small body size [24]. Investigations in this case
should be limited in the absence of symptoms
and/or signs of a chronic disorder.

Postmenopausal Females

Identifying postmenopausal women at risk of
osteoporosis/ osteoporotic fracture relies pri-
marily on population screening. At present,
there is no universally accepted policy for pop-

Table 4.5 Clinical risk factors used for the assessment of
fracture probability

Risk factors for osteoporosis/osteoporotic fracture
Age
Sex
Low body mass index
Previous fragility fracture, particularly of the hip, wrist,
and spine including
Morphometric vertebral fracture
Parental history of hip fracture
Glucocorticoid treatment (by mouth for 3 months or
more)
Current smoking
Alcohol intake of 3 or more units daily
Secondary causes of osteoporosis include
rheumatoid arthritis
untreated hypogonadism in men and women
inflammatory bowel disease
prolonged immobility
organ transplantation
type I diabetes
thyroid disorders
chronic obstructive pulmonary disease
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ulation screening; however, in most cases, the
patients are identified opportunistically using a
case-finding strategy on the finding of a previ-
ous fragility fracture or the presence of signifi-
cant risk factors. The risk factors that are used
for clinical assessment are summarized in
Table 4.5. Algorithms that integrate the weight
of clinical risk factors for fracture risk with or
without information on BMD have been devel-
oped—FRAX™. The FRAX™ tool (www.shef.
ac.uk/FRAX) computes the 10-year probability
of hip fracture or a major osteoporotic fracture
(clinical spine, hip, forearm and humerus frac-
ture) [164]. Probabilities can be computed for
several countries, categorized for different lev-
els of risk.

Similar to young females, the same approach
should be undertaken in all patients with osteopo-
rosis. However, the range of clinical and biologi-
cal tests depend on the severity of the disease,
age at presentation, and the presence or absence
of vertebral fractures [165]. The aims of the clini-
cal history, physical examination, and clinical
tests (Table 4.6) are to:

* Exclude diseases that mimic osteoporosis
(e.g., osteomalacia, myelomatosis).

e Identify the cause of osteoporosis and con-
tributory factors.

* Assess the risk of subsequent fractures.

e Select the most appropriate form of
treatment.

e Perform baseline measurements for subse-
quent monitoring of treatment.

Table 4.6 Routine procedures proposed in the investiga-
tion of postmenopausal osteoporosis

Basic osteoporosis profile
History and physical examination
Blood cell count, sedimentation rate, serum calcium,
albumin, creatinine, phosphate, alkaline phosphatase,
vitamin D, and liver transaminases
Lateral radiograph of lumbar and thoracic spine
Bone densitometry (dual energy X-ray
absorptiometry)

Other tests
X-ray—Vertebral fracture assessment
Markers of bone turn over (when available/
appropriate)

Approach 1: Quantitative
Assessment

The diagnosis of osteoporosis relies on the quan-
titative assessment of bone mineral density
(BMD), usually by central dual energy X-ray
absorptiometry (DXA). Bone mineral density at
the femoral neck provides the reference site. It is
defined as a value for BMD 2.5 SD or more below
the young female adult mean (T-score less than or
equal to —2.5 SD). Severe osteoporosis (estab-
lished osteoporosis) describes osteoporosis in the
presence of 1 or more fragility fractures [164].

However, diagnostic thresholds differ from
intervention thresholds for several reasons.
Firstly, the fracture risk varies markedly in differ-
ent countries and at different ages, even with the
same T-score. Other factors that determine inter-
vention thresholds include the presence of clini-
cal risk factors, high indices of bone turnover,
and the cost and benefits of treatment as well as
presence of other comorbidities [166].

In addition to the bone mineral density assess-
ment, assessment for falls should also be carried
out particularly among elderly women. Several
tools are available to assess for the falls risk in
standard practice that vary between using for
research or standard clinical practice [167].

Approach 2: Probability-Based
Assessment

Women with a prior fragility fracture should be
considered for treatment. In the presence of other
clinical risk factors, the 10-year probability of a
major osteoporotic fracture (clinical spine, hip,
forearm, or humerus) should be determined using
FRAX™ (www.shef.ac.uk/FRAX). Women with
probabilities below the lower assessment thresh-
old can be reassured (Fig. 4.6). Women with
probabilities above the upper assessment thresh-
old can be considered for testing with BMD and
their fracture probability reassessed. Women
with probabilities above the intervention thresh-
old should be considered for treatment. The inter-
vention threshold at each age is set at a risk
equivalent to that associated with a prior fracture


http://www.shef.ac.uk/FRAX
http://www.shef.ac.uk/FRAX
http://www.shef.ac.uk/FRAX

160

Y. El Miedany

Young age

e ®
Q-
90 —
80 —

70 —

Mean bone loss (mg hydroxyapatite)

50-64

Fig. 4.6 The mg of hydroxyapatite lost with age was
measured using high-resolution peripheral CT of the dis-
tal radius in a cross-sectional study of 122 white women
with a mean age of 62.8 (range 27 to 98) years. Please
note that most bone lost after the age of 65 was cortical.
Cortical porosity was measured using scanning electron
microscopy of postmortem specimens of femora from 24

and therefore rises with age. But the proportion
of women in the UK potentially eligible for treat-
ment rises from 20 to 40% with age.

Without computer access, the following man-
agement algorithm can be used. Women with a
prior fragility fracture should be considered for
treatment. In the presence of other clinical risk
factors, BMD should be measured at the femoral
neck. The chart (Fig. 4.7) gives average fracture

. Cortical loss

. Trabecular loss

= 80

65-79
Years

women with a mean age of 69 (range 29 to 99) years and
is depicted in a schematic fashion. (CT Computed tomog-
raphy. *p < 0.0001. Reproduced from: Zebaze et al. [83].
Ilustration used with the permission of Elsevier Inc.
within the STM permissions guidelines. Figure 4.5:
Assessment threshold for BMD testing (left) and treat-
ment threshold (right))

probabilities according to BMD T-score and the
number of clinical risk factors. The chart is color
coded. Green denotes that an individual’s risk
lies below the intervention threshold, i.e., treat-
ment is not indicated. Red denotes that the frac-
ture probability is consistently above the upper
assessment threshold, irrespective of the mix of
clinical risk factors, so that treatment can ordi-
narily be strongly recommended. The intermedi-
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Fig. 4.7 Assessment and treatment thresholds in the
absence of a BMD test (left) and with a BMD test to com-
pute fracture probability (right) for men and women.
(Quoted from nogg National Osteoporosis guideline
Group. JA Kanis, J] Compston, A Cooper, C Cooper, R
Francis, D Marsh, EV McCloskey, D Reid, P Selby and M
Wilkins, on behalf of the National Osteoporosis Guideline

ate category (orange) denotes that probabilities
lie between these limits and that treatment can be
recommended in those with the stronger risk fac-
tors. Smoking and alcohol are weak risk factors,
glucocorticoids and secondary causes of osteopo-
rosis are moderate risk factors, and a parental his-
tory of hip fracture is a strong risk factor.
However, it has to be noted that the only second-
ary cause of osteoporosis that should be used
with BMD is rheumatoid arthritis [166] (Fig. 4.8).

Specific Clinical Situations
Idiopathic Osteoporosis in the Young

In some cases of low trauma fracture in premeno-
pausal women, no known secondary cause can be
found after extensive evaluation. These women
are said to have idiopathic osteoporosis (IOP).

Group (NOGG). Guideline for the diagnosis and manage-
ment of osteoporosis in postmenopausal women and men
from the age of 50 years in the UK. https://iofbonehealth.
org/sites/default/files/PDFs/National %20Guidelines/
nogg_pocket_guide-healthcare_professionals.pdf
(Accessed on 18th October 2020))

Based on current guidelines, the term IOP applies
only to those with a history of low trauma frac-
tures, and not to those with low BMD and no his-
tory of fractures [148].

Idiopathic osteoporosis has been reported in
premenopausal women, but its pathophysiology
is less well understood. A recent bone biopsy
study in 45 premenopausal women with fragility
fractures, 19 with low aBMD and 40 controls,
indicated that the group with idiopathic osteopo-
rosis has significantly thinner cortices and tra-
beculae, and a lower mean wall thickness, i.e., a
bone formation deficit [168]. Other studies,
utilizing central quantitative CT, peripheral high-
resolution CT, and microCT of transiliac bone
biopsy samples, demonstrated similar findings
with markedly thinner cortices, fewer, thinner,
widely separated, and heterogeneously distrib-
uted trabeculae and lower estimated stiffness in
IOP women compared to normal controls. Studies
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Fig. 4.8 Assessment of men and assessment of women
with no previous fracture according to body mass index
(BMI) and the number of clinical risk factors (CRFs).
(Quoted from nogg National Osteoporosis guideline
Group. JA Kanis, J] Compston, A Cooper, C Cooper, R
Francis, D Marsh, EV McCloskey, D Reid, P Selby and M
Wilkins, on behalf of the National Osteoporosis Guideline

of biochemical and bone remodeling characteris-
tics suggest that the pathogenesis of IOP is het-
erogeneous, with some women exhibiting
evidence of low bone turnover while others have
evidence of high bone turnover [168, 169].
Therefore, pathogenesis is likely to be diverse;
etiologies including excess urinary calcium
excretion and IGF-1 axis abnormalities have
been implicated [137]. However, bone turnover
and indices of bone remodelling are extremely
heterogenous in these women. Only in a sub-
group with low bone formation rate and more
severely disrupted microarchitecture were serum
IGF-1 levels elevated, suggesting a resistance
against this growth factor. In another study,
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Group (NOGG). Guideline for the diagnosis and manage-
ment of osteoporosis in postmenopausal women and men
from the age of 50 years in the UK. https://iofbonehealth.
org/sites/default/files/PDFs/National%20Guidelines/
nogg_pocket_guide-healthcare_professionals.pdf
(Accessed on 18th October 2020))

young women with idiopathic osteoporosis were
reported to have lower free estradiol levels and
higher bone turnover than normal [170]. It should
be noted that hypercalciuria may be present in
premenopausal women with idiopathic osteopo-
rosis [171].

Premenopausal Women with Fractures or Low
BMD Related to Known Secondary Causes.

In premenopausal women with low BMD or
low trauma fractures and a known secondary
cause of osteoporosis, the first goal of manage-
ment should be to address the underlying cause.
Bone density benefits have been shown in the
context of intervention for several such second-
ary causes in premenopausal women:
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* Estrogen replacement for those with estrogen
deficiency [172-174].

* Discontinuation of medications, for example,
depot medroxyprogesterone acetate (Depo
Provera) [175, 176].

¢ Gluten-free diet for celiac disease [177-179].

e Nutritional rehabilitation and weight gain for
anorexia nervosa [180].

e Parathyroidectomy for primary hyperparathy-
roidism [181].

Although thiazides are used for idiopathic
hypercalciuria, and appear to have beneficial
effects on BMD in men64, few data are available
in young women. Continuing or severe effects of
the secondary cause may lead to a necessity for
pharmacological therapy.

In conclusion, bone health in females is an
important topic that requires careful consider-
ation. Most premenopausal women, with low
trauma fracture(s) or low BMD have a secondary
cause of osteoporosis or bone loss. Women who
present with unexplained fractures or low BMD
should have a thorough clinical and laboratory
evaluation to search for known causes of frac-
tures and/or bone loss. Post-menopausal and
elderly women are highly prone to develop frac-
tures. Where possible, treatment of the underly-
ing cause should be the focus of management.
Women with an ongoing cause of bone loss and
those who have had, or continue to have, low
trauma fractures may require pharmacological
intervention.

An example is given in Fig. 4.7 for a woman
with rheumatoid arthritis aged 60 years on oral
glucocorticoids with a BMD T-score of —1 SD
(i.e., two clinical risk factors). The chart gives an
averagel0-year fracture probability of 12% for
any combination of 2 CRFs and is coded orange.
With the 2 moderate risk factors in this woman,
the probability is close to the average (11%) and
exceeds the treatment threshold. With weak risk
factors (e.g., smoking and alcohol), the probabil-
ity would be lower (6.8%) and fall below the
treatment threshold. The range (6.7-12%) is not a
confidence interval but, because the weight of
different risk factors varies, is a true range.
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