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Osteopenia: Mind the Gap
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 Introduction

The terms “osteoporosis” and “osteopenia” were 
originally coined to convey the notion that an 
individual is susceptible to sustaining a fracture 
following minimal trauma because there is “not 
enough bone” [1–3]. In the absence of a true gold 
standard, the WHO proposed that the reference 
standard should be based on BMD measurement 
made at the femoral neck with dual-energy X-ray 
absorptiometry (DXA). This site has been the 
most extensively validated and provides a gradi-
ent of fracture risk as high as or higher than that 
of many other techniques [4]. The recommended 
reference range was the National Health and 
Nutrition Examination Survey (NHANES) III 
reference database for femoral neck measure-
ments in Caucasian women aged 20–29 years [5]. 
This proposal has been endorsed by many inter-
national agencies including the International 
Osteoporosis Foundation (IOF), the International 
Society for Clinical Densitometry, and the 
European Society for Clinical and Economic 
Aspects of Osteoporosis and Osteoarthritis 
(ESCEO). More controversially, a similar thresh-
old value for femoral neck BMD that is used to 
define osteoporosis in women was proposed for 

the diagnosis of osteoporosis in men—namely, a 
value for BMD 2.5 SD or more below the average 
for young adult women [6].

Although it is well established that the risk of 
fracture is increased in women with the BMD 
levels in the osteoporosis range (i.e., BMD: 
T-score < −2.5), women with higher BMD levels, 
such as those in the osteopenia range (BMD: 
T-score < −1 to −2.49), have also been reported 
at increased risk for fracture. In a previous analy-
sis of 200, 160 postmenopausal women in the 
National Osteoporosis Risk Assessment (NORA) 
study, women with osteoporosis had 2.74 times 
higher 1-year risk of fracture, and women with 
osteopenia had 1.73 times higher risk of fracture, 
compared with women with normal BMD, inde-
pendent of demographic and clinical factors [7].

The BMD level appropriate for intervention 
with pharmacological treatment in postmeno-
pausal women at increased fracture risk is a criti-
cal issue when assessing the potential for 
reducing the overall fracture rate in the popula-
tion. Several medications have been shown to 
prevent bone loss or reduce the risk of fracture in 
postmenopausal women with low bone mass or 
osteoporosis [8–15]. However, there is no agree-
ment on the ideal BMD measurement at which to 
initiate pharmacological therapy. The lack of 
consensus on treatment intervention thresholds 
reflects the trade-offs between the known poten-
tial benefits versus risks of these treatments, the 
willingness of patients to initiate and continue 
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therapy, as well as the available resources to pay 
for medications.

Treatment threshold levels available for con-
sideration in clinical practice emerge principally 
from two sources. The first is derived from 
reports developed by the World Health 
Organization (WHO), and the second is from the 
National Osteoporosis Foundation (NOF). The 
WHO provided an operational definition of 
osteopenia and osteoporosis in 1994 [16]. A post-
menopausal woman with a BMD 2.5 SDs or 
more below the young adult mean (i.e., 
T-score ≤ −2.5) at any site (spine, hip, or mid 
radius) is considered to have osteoporosis, and a 
woman with a BMD between −2.49 and − 1.0 is 
considered to have osteopenia. Although the 
WHO cutoff points were designed as diagnostic 
thresholds and were not developed to provide cri-
teria for selecting patients in whom to initiate 
therapy, many clinicians and reimbursement 
sources use the WHO level for osteoporosis 
(T-score  ≤  −2.5) as the treatment intervention 
threshold.

The NOF developed treatment thresholds by 
combining BMD measured at the hip with clini-
cal risk factors for fracture (e.g., prior fracture as 
an adult, family history of fracture, BMI <18, 
cigarette smoking, excessive alcohol intake) [17, 
18]. According to NOF recommendations, 
women with a T-score of −2.0 or less or − 1.5 or 
less with at least one risk factor should be consid-
ered for treatment. The rationale for these partic-
ular threshold levels was evidence-based and 
influenced by cost-effectiveness considerations 
[19].

The observation that more than half (52%) of 
the NORA women experiencing an incident 
osteoporotic fracture within 1 year had a BMD 
T-score of −1.0 to −2.5 underscores the unmet 
need to identify those subjects who are most 
likely to fracture and might benefit from targeted 
pharmacological intervention. This chapter will 
discuss the evidence relating to fracture risk in 
the population who are classified in the osteope-
nia range. It will then expand to include current 
levels of case-finding and appropriate osteopenia 
management. Where available, analysis of pub-
lished work describing models of care to imple-

ment best practice is presented. Finally, it will 
present an algorithm for osteopenia treatment- 
selected examples of clinical recommendations 
regarding pharmacotherapy.

 From T-score to Bone Health

Trabecular bone loss and vertebral fractures are 
historical hallmarks of osteoporosis. However, 
80% of the skeleton is cortical; 80% of all frac-
tures are nonvertebral; and 30% of these are fore-
arm fractures. Moreover, about 70% of all the 
appendicular bone lost during aging is cortical 
and results from intracortical remodeling which 
occurs throughout the cortex but is particularly 
vigorous in the cortico-trabecular junctional 
(transitional) zone where the cortical and trabec-
ular compartments merge (Fig.  12.1) [20]. 
Remodeling during advancing age becomes 
unbalanced and removes more bone than it 
deposits leaving residual cortical porosity, which 
increases bone fragility exponentially and is a 
quantifiable “footprint” of bone loss [21–23].

Originally, the T-score concept was developed 
to assess for the probability of fragility fractures 
in postmenopausal white women in their mid to 
late 60s and older [21]. It has been useful because, 
in this age group, the disease prevalence is high. 
The T-score was endorsed as a surrogate marker 
for the histologic changes in aged bone that ren-
der it weak and susceptible to fractures from low 
loading forces: the lower the score, the worse the 
fracture risk. It followed intuitively that a low 
T-score determined the diagnosis of primary 
osteoporosis. Consequently, today’s bone health 
specialists appreciate the importance of the 
T-score in diagnosing osteoporosis [24].

But the T-score has its problems when used 
outside this intended population. Practitioners 
have assumed that all patients with abnormally 
low scores have primary osteoporosis. However, 
this number alone is insufficient to accurately 
make such a diagnosis in patients outside the 
demographic group in which it was developed, 
simply because the low disease prevalence in 
younger groups makes the score less accurate as 
a predictive tool. Furthermore, it has long been 
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apparent that T-scores use is associated with 
issues, including different T-score values at vari-
ous skeletal sites (lumbar spine, hip, distal 1/3 
radius) [25].

Moreover, re-evaluation of data from pivotal 
clinical trials has brought into question the long- 
held idea that increases in bone density parallel 
increases in bone strength and reduction in frac-
tures and that therapeutic improvement in bone 
density is the mark of success. Bone strength or 
resistance to fracture is more complex than den-
sity alone. Into this arena enters the concept of 
bone quality [26].

 Bone Loss Is a Continuum, Not a T 
score

Another limitation of the term osteopenia is that 
there is a big distance under the curve from −1 to 
−2.49 standard deviations. Therefore, when it 
comes to risk assessment, it is important to 
remember that loss of bone mass is a continuum. 
And because the risk of fracture is directly related 
to bone mass, fracture risk is a continuum, too. 
For every standard deviation of bone mass lost, 
the relative risk of fracture doubles, but absolute 
fracture risk is highly age-dependent (Fig. 12.2). 

In younger women, the relative risk of fracture is 
quite low, and it remains low even when doubled. 
On the other hand, the absolute fracture risk of a 
50-year-old with a T-score of −3 (a score most 
clinicians would be very concerned about) is 
exactly the same as the absolute fracture risk of 
an 80-year-old woman with a T-score of −1 (a 
score many clinicians might consider excellent 
for a woman that age). Thus, the T-score is only 
part of the story.

Bone mineral density (BMD) measures bone 
mass, which is simply one component of bone 
strength. BMD does not assess bone microarchi-
tecture, although it can facilitate a diagnosis of 
osteopenia or osteoporosis using the WHO defi-
nitions. Similarly, BMD is used to monitor risk of 
fracture, much as blood pressure predicts the risk 
of cardiovascular disease. Many patients with 
high blood pressure never have a heart attack or 
stroke, and many patients with normal blood 
pressure do—but overall, rising blood pressure 
and rising risk of cardiovascular disease go 
together. In concordance, BMD is used to moni-
tor response to treatment, but it is accurate only if 
the concept of least-specific change (LSC) is 
taken into account: LSC = 2.77 ×  the precision 
error of the machine. Thus, in a good center, 
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BMD measurement of the spine will be ±3%, and 
measurement of the hip will be ±5% [27].

In short, BMD measurement is used to reflect 
the bone remodeling continuum and degree of 
bone loss (Fig. 12.3). In turn, this would raise the 
question of which women should have their bone 
mass tested and who of them would require ther-
apy? Various organizations have issued guide-
lines for measuring BMD in women to assess risk 
of fracture.

 The Burden of Fragility Fractures

There is limited information concerning how 
many of all the fractures seen in postmenopausal 
women originate from the larger portion of the 
population with normal BMD or osteopenia. This 
information is important because it identifies the 
number of fractures that are likely to be averted 
by programs targeted at the whole community or 
only those with osteoporosis. In a study carried 
out to determine the age- and BMD-specific bur-
den of fractures in the community and the cost- 
effectiveness of targeted drug therapy, 1224 
women over 50 years of age sustaining fractures 
over 2  years’ duration were assessed. Of the 

women sustaining fractures, 80% of 50–59 years 
olds did not have osteoporosis, 50% of 60–79 year 
old did not have osteoporosis, and even among 
those 80+ years old, 30% did not have osteoporo-
sis [28].

Thus, referring to these fragility fractures as 
“osteoporotic” is misleading because it implies 
that the fractures come from a group of women 
identifiable by measurement of BMD. Although 
women with osteoporosis have an increased risk 
of fracture and the prevalence of osteoporosis in 
women with fractures is twice that observed in 
the population, most fractures in the population 
occur in women without osteoporosis. It is only 
in the oldest sectors of the population (80+ years) 
that a majority of fractures occur in women with 
osteoporosis.

These observations have important implica-
tions in deciding who, when, and how to treat. If 
a drug halves fracture risk, for each fracture 
averted, three times more women must be 
exposed to treatment when treatment is aimed at 
50–59-year-olds than 80 + −year-olds. In addi-
tion, to identify osteoporosis in women over 
50  years, a mass screening program would be 
required. This can be done by questionnaires to 
assess for fracture probability, e.g., 
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FRAX. Adding other risk factors, such as bone 
remodeling status or prevalent fracture, may 
increase sensitivity and cost-effectiveness 
because it identifies the highest risk individuals 
who are most likely to benefit by actually avert-
ing the event they are likely to sustain.

These results as well as the outcomes of ear-
lier studies such as the National Osteoporosis 
Risk Assessment (NORA) study [29]. This was a 
longitudinal observation study that included over 
200,000 postemenopausal women who range in 
agre from 50 to 104 years and had baseline 
peripheral BMD measurements. The study 
assessed the frequency of low bone mass and its 
association with fracture in women 50–64 years 
of age in comparison to women ≥65 of age. 
NORA enrolled 200,160 postmenopausal women 
≥50 years of age who had no prior diagnosis of 
osteoporosis. Baseline BMD was measured at the 
heel, forearm, or finger. A 1-year follow-up sur-
vey requesting incident fractures since baseline 
was completed by 163,935 women, 87,594 (53%) 
of whom were 50–64  years of age. Results 
revealed that more than half (52%) of the NORA 

women included in that work, who experienced 
an incident osteoporotic fracture, had a BMD 
T-score of −1.0 to −2.5.

Both results revealed a consistent pattern of a 
higher fracture incidence and lower peripheral 
BMD T-score in both the younger and the older 
women for all fracture sites, findings which sup-
port the suggestion that the definition of osteopo-
rosis and the criteria for subsidized drug therapy 
would be better served by a gradient-of-risk 
model using a combination of several risk factors 
incorporating age and BMD with absolute frac-
ture risk rather than being defined as a single 
BMD threshold [30–33].

 The Problem of Osteopenia

The “Geoffrey Rose Prevention Paradox” applies 
to many chronic diseases, including osteopenia: 
“a large number of people at small risk give rise 
to more cases than the small number who are at 
high risk.” In most countries less than half of 
women and men who sustain a fragility fracture 
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have osteoporosis as diagnosed by DEXA mea-
surements of BMD. The majority have osteope-
nia. The outcomes of the NORA (Nordic 
Research on Aging) study were the first one to 
raise the attention to the “osteopenia challenge.” 
Out of the 149,562 postmenopausal women aged 
50–104  years (mean 64.5  years), only 6.4% of 
women had a BMD of <−2.5 SD (associated with 
18% of all fractures and 26% of hip fractures), 
but 45.3% of women had a BMD of <−1.0 SD 
(associated with 70% of all fractures and 77% of 
hip fractures) [19, 29]. In the Rotterdam study of 
4878 women who had DEXA measurements of 
the femoral neck and were followed up for a 
mean 6.8 years, the rate of self-reported nonver-
tebral fractures was 44% with osteoporosis, 
43.3% with osteopenia, and 12.6% with normal 
BMD [34]. Similarly, in an Australian commu-
nity study of 616 women who had DEXA mea-
surements of the total femur, 124 women had one 
or more fractures. Of the women with fractures, 
only 26.9% had osteoporosis, 56.5% had osteo-
penia, and 16.6% had a normal BMD [35]. Most 
women and men who suffer from a fragility frac-
ture do not have osteoporosis as defined by the 
WHO. Therefore, assessment of fracture risk and 
diagnosis and treatment should not be limited to 
those with osteoporosis but should include all 
patients with osteopenia and all patients with 
clinical risk factors for fracture.

Another work carried out by the Study of 
Osteoporotic Fractures Research Group in the 
USA has related the estimated time interval for 
10% of women with different degrees of osteope-
nia to make the transition from osteopenia to 
osteoporosis. Normal BMD was defined as a 
T-score at the femoral neck and total hip of −1.00 
or higher and osteopenia as a T-score of −1.01 to 
−2.49. Mild, moderate, and advanced osteopenia 
were defined as T-scores of −1.10 to −1.49, 
−1.50 to −1.99, and − 2.0 to −2.49, respectively. 
The intervals between baseline testing and devel-
opment of osteoporosis in 4957 women aged 
67  years and older (adjusted for BMI, current 
estrogen use and smoking, current or past use of 
oral glucocorticoids, and rheumatoid arthritis) in 
years with 95% confidence limits were normal 
BMD 16.8 (11.5–24.6), mild osteopenia 17.3 

(13.9–21.5), moderate osteopenia 4.7 (4.2–5.2), 
and advanced osteopenia 1.1 (1.0–1.3). 
Accordingly, it is clear that the degree of osteope-
nia is a major factor in predicting the develop-
ment of osteoporosis and of consequent fracture 
risk and the degree of osteopenia should be taken 
into account in arriving at all treatment decisions 
[36].

 The Challenge of Case Finding: 
Mind the Gap

Among the large group of subjects with osteope-
nia, there exists a substantial subgroup with bone 
fragility contributing to the burden of fractures. If 
an aBMD measurement alone is used in an osteo-
porosis screening program, women with osteope-
nia will be excluded from further investigation 
and so will not be offered treatment [37–39]. 
Challenges of case finding of osteopenic patients 
are multifaceted (Table  12.1) including the 
healthcare professionals’ awareness and interest 
in bone health, identifying specific subjects at 
high fracture risk as well as adopting appropriate 
management algorithms. One important approach 
to case finding—identifying those at risk for frac-
ture in need of treatment, that is, applicable in 
standard clinical practice—is the use of the frac-
ture risk assessment tool (FRAX) [38]. Another 
approach is to identify the structural basis of the 
bone fragility not captured by the aBMD mea-
surement and thereby to quantify “microarchitec-
tural deterioration of bone tissue,” the descriptive 
component of the definition of “osteoporosis.” 
Getting the right treatment to the right patient at 
the right time is of paramount importance if frac-
ture rates are to be significantly reduced as the 
world’s population ages and lifestyles change.

At the service setup, a good case can be made 
for the establishment of local groups, including 
generalists and specialists who are especially 
interested in osteoporosis, to agree on referral 
practices and treatment based on local resources. 
In large hospitals, an “osteoporosis clinic” 
including different disciplines may facilitate 
diagnosis and management. There is little doubt 
that the care of women and men with osteoporo-
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sis or osteopenia and those with fragility frac-
tures, particularly the very elderly, can be 
enormously improved.

At the case finding level, strategies to ensure 
that individuals who are at high risk of sustaining 
fragility fractures in general, and hip fractures in 
particular, have been reliably identified by health 
systems and best practice guidance for treatment 
have been published [40].

 Case Finding Strategies

While bone density remains one of the most valid 
and reliable measures of fracture risk, a better 
delineation of risk factors has led to renewed 
interest in absolute risk models such as 
FRAX. New imaging approaches, including ver-
tebral morphometry, have been added to the diag-
nostic armamentarium and facilitate identification 
of fractures both early in the disease course (if 
properly identified) and with less radiation expo-

sure to the patient. This is important because of 
the severe consequences of prevalent fractures in 
osteopenia as well as osteoporosis, not only of 
the hip but also of the much more common spine 
fractures.

 Identification of Osteopenic Patients 
with High Fracture Risk

While BMD is used to reflect bone strength and, 
consequently, low BMD has been considered as a 
major risk factor for fractures, most patients pre-
senting with a fracture do not have BMD-based 
osteoporosis, defined according to the World 
Health Organization (WHO) definition (T-score 
of −2.5 or below). The best example is hip frac-
ture, where only half of the patients exhibit 
T-scores below −2.5 [41, 42]. In addition, and 
independent of bone-related risks, extra-skeletal 
risk factors such as falls contribute to fracture 
risk and are present in the majority of patients 
older than 50  years presenting with a clinical 
fracture, and falls are the dominant event leading 
to forearm and hip fracture [43]. Therefore, it is 
important to consider BMD screening for sub-
jects who present with risk factors for bone loss 
as well as subjects older than 50 years old pre-
senting with loss of balance and/or recurrent 
falls.

 Identification of Patients 
with Prevalent Fractures

The primary risk factor for subsequent fracture is 
a prevalent low-energy fracture, irrespective of 
whether it is clinically apparent or not. Thus, 
most guidelines for treatment consider the pres-
ence of a low-energy fracture in an osteopenic 
patient a clear indication for specific osteoporosis 
therapy [44, 45]. A history of nonvertebral frac-
ture is associated with a doubling of the risk of a 
subsequent fracture, and the subsequent fracture 
risk is even quadrupled after a vertebral fracture. 
The re-fracture risk is, however, not constant over 
time. It is highest (2–3X) in the years immedi-
ately after a first fracture, followed by a gradual 

Table 12.1 The challenge of case finding of osteopenia: 
possible causes and approaches to tackling

The challenge Approach to case finding
Healthcare 
professionals

Patients with potential loss of bone 
mineral content (i.e., osteoporosis and 
osteopenia) are usually managed by 
general practitioners and specialists 
from various disciplines including 
orthopedics, rheumatology, 
gynecology, geriatrics, and 
endocrinology
Few specialties receive training in 
osteoporosis for higher professional 
qualification
Agree referral pathways
Set up specialized bone health clinics

Fracture risk Implement tools for assessment of 
absolute/probability of fracture risk in 
standard clinical practice
Implement strategies in standard 
practice to identify patients with 
imminent fracture risk
Quantify microarchitectural 
deterioration of bone tissue
Adopting fracture liaison service

Appropriate 
management 
approach

Getting the right treatment to the right 
patient at the right time is vital to 
ensure prevention of fractures
Adopting valid treatment algorithm for 
treatment of osteopenia
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waning later on [46]. Forty to 50% of all subse-
quent fractures occur within 3–5 years after a first 
fracture, and the presence of such fractures 
demands rapid intervention with specific osteo-
porosis drugs to reduce the risk of a subsequent 
fracture. Prevalent hip, spine, and several other 
nonvertebral fractures are all associated with 
increased morbidity and mortality [15], which is 
higher immediately after fracture than later on. 
Hip, vertebral, and non-hip, nonvertebral frac-
tures were each associated with approximately 
one-third of deaths. The major causes of death 
were related to cardiovascular and respiratory 
comorbidities [47].

Unfortunately subsequent follow-up of frac-
ture patients after orthopedic fracture repair to 
identify patients in need of specific osteoporosis 
treatment is still very limited. Most studies show 
that only 10–15% of fracture patients treated at 
orthopedic departments are offered a DXA evalu-
ation and even less patients are offered supple-
mentation with vitamins D and Ca or specific 
osteoporosis treatment. Fortunately a lot of cen-
ters are recognizing this dilemma and have estab-
lished initiatives for post-fracture care (e.g., 
fracture liaison service) [48]. Such interventions 
have the potential to reduce subsequent fractures, 
morbidity, mortality, and readmissions to 
hospital.

While hip and other nonvertebral fractures are 
clinically obvious, the detection of vertebral frac-
tures constitutes a significant problem. 
Morphometric vertebral fractures are the most 
frequent fractures in women and men older than 
50 years [49], and their presence is a strong pre-
dictor of future vertebral, nonvertebral, and hip 
fracture risk [50, 51]. Clinical vertebral fractures 
are characterized by back pain lasting for 
2–3 months, depending on fracture severity, but 
they represent only a small subgroup of all verte-
bral fractures. In large-scale trials, symptomatic 
vertebral fractures constitute less than 10% of all 
morphometric fractures [52, 53]. Most morpho-
metric vertebral fractures therefore remain undi-
agnosed, which results in many patients 
developing severe osteoporosis with multiple 
fractures and chronic pain, before effective treat-
ment is initiated. Only when clinical suspicion, 

e.g., significant height loss, increasing kyphosis, 
protruding abdomen, rib-iliac crest distance of 
less than 2 cm, and acute or chronic back pain, is 
raised, a spine X-ray is performed. But even 
when lateral X-rays of the spine are available, 
vertebral fractures are often missed [54, 55].

Thus, detection of prevalent fractures is very 
important when making decisions on treatment in 
osteopenic women. This has been further facili-
tated by accessory software for DXA scanners 
yielding lateral X-rays of the spine, which permit 
assessment of vertebral fracture status. This pro-
cedure has been given many names: (vertebral 
morphometry, lateral vertebral assessment (LVA), 
vertebral fracture assessment (VFA)) (Fig. 12.4). 
The images are usually of good quality, albeit 
less detailed than conventional X-rays, and in 
most cases a good evaluation of compression 
fractures in the range Dorsal 4-Lumbar 4 is pos-
sible. Advantages are low radiation dose, the 
availability of semiautomatic image analysis 
tools to assist in measuring vertebral shapes of 
the individual vertebrae, its plan-parallel projec-
tion, and its high negative predictive value. The 
disadvantage is the inability to study upper tho-
racic vertebrae, but only a minority of fractures 
are found there.

If pathology outside this region of interest 
(ROI) is suspected, other imaging techniques will 
have to be used. The experience in most centers 
employing this methodology is, however, that 
such referrals are needed in less than 10% of 
cases. According to the International Society for 
Clinical Densitometry (ISCD), additional X-ray 
imaging is needed in cases of two or more mild 
(grade 1) deformities without any moderate or 
severe (grade 2 or 3) deformities, when lesions in 
vertebrae cannot be ascribed to benign causes, or 
when vertebral deformities are found in a patient 
with a known history of a relevant malignancy 
[54]. The methodology also permits assessment 
of spondylosis, and even arteriosclerosis of the 
abdominal aorta can be evaluated. Differential 
diagnosis of radiologic osteopenia is shown in 
Table 12.2.

The prevalence of previously unknown mor-
phometric vertebral fractures has been studied in 
various at-risk populations. In a study of women 
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and men presenting with a nonvertebral fracture, 
one out of four had a prevalent morphometric 
vertebral fracture on vertebral morphometry that 
was not recognized previously [56]. In another 
study, the prevalence of morphometric vertebral 
fractures was 21% in postmenopausal women 
with osteopenia [68/25].

In patients with BMD-diagnosed osteoporo-
sis, a baseline vertebral fracture assessment (ver-
tebral morphometry) is not necessary for 
treatment decisions but is helpful in detecting 
lack of treatment efficacy during follow-up. 
Fractures occurring in L1–L4 will increase appar-
ent BMD and may be difficult to see on the stan-
dard AP image provided by a routine scan.

 Identification of High-Risk 
Individuals Without History 
of Fracture

The vast majority of osteoporotic fractures take 
place in osteopenic patients without prevalent 
fractures. While on one hand many aspects of 

a bFig. 12.4 Vertebral 
morphometry. (a) 
Normal spine. (b) 
Osteoporotic vertebral 
fractures

Table 12.2 Differential diagnosis of radiologic 
osteopenia

Disease
Specific radiographic 
clues

Hyperparathyroidism Subperiosteal 
resorption

Osteomalacia Looser zones
Disseminated multiple 
myeloma

Focal lytic lesions
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osteoporosis and fracture risk are clinically rec-
ognizable (such as age, gender, and body weight), 
even before a first fracture has occurred, on the 
other hand, relative risk estimates are difficult to 
apply in daily clinical practice. This has been 
attributed to the finding that their clinical signifi-
cance depends on the prevalence of fractures in 
the general population. In order to better delin-
eate individuals at high risk of osteoporotic frac-
ture, the WHO developed the Fracture Risk 
Assessment (FRAX) tool (www.shef.ac.uk./ 
FRAX). FRAX is an internet-based clinical tool 
for calculation of fracture risk in the individual 
patient based on assessment of significant risk 
factors for osteoporotic fracture. The FRAX 
algorithm is based on large-scale prospective 
population-based studies which isolated the fol-
lowing risk factors as significant determinants of 
fracture risk: age, gender, body weight and body 
mass index, a history of fracture, hip fracture in 
parents, current smoking, excessive alcohol 
intake, rheumatoid arthritis, glucocorticoid use, 
and other forms of secondary osteoporosis 
(Table 12.3) [44].

The National Osteoporosis Foundation (NOF) 
in the USA and the National Osteoporosis Society 
(NOS) in the UK have integrated FRAX and 
BMD for case finding of individuals at high risk 
for fracture and for treatment decisions in their 
new guidelines. Treatment thresholds were put at 
10-year fracture risk estimates from the FRAX 
algorithm, at which fracture prevention became 
cost-effective. Generally, FRAX-based 10-year 
fracture risk probability of 20% or higher for all 
osteoporotic fractures and 3% or higher for hip 

fracture are considered reasonable intervention 
thresholds [45].

FRAX identifies patients at increased risk of 
osteoporotic fracture based on some of the domi-
nant risk factors but cannot be used in isolation. 
However, several known determinant of fracture 
risk are not included in FRAX.  The algorithm 
does not take into account well-known “dose 
effects” like glucocorticoid dose. Also, FRAX 
does not differentiate between having history of 
one or more osteoporotic fracture and when this 
fracture(s) has happened, hence miscalculation 
of the imminent fracture risk. Incorporation of 
BMD results is limited to results of BMD in the 
femoral neck. However, total hip BMD is a more 
precise measure and can be used interchangeably 
with femoral neck BMD in women, but not in 
men. Vitamin D deficiency, a well-established 
risk factor for falls and hip fracture, is not 
included. The same holds for bone markers, 
which have been shown to independently affect 
fracture risk. FRAX may also underestimate frac-
ture risk in individuals with increased propensity 
for falls. More than 80% of women and men pre-
senting with a clinical fracture to the emergency 
unit have one or more fall-related risks and 
exhibit a fourfold increased risk of falls in the 
year leading up to admission. In another study on 
5- and 10-year absolute risks for fractures in 
patients using glucocorticoids, a history of falls 
had a greater impact on fracture risk than any 
other evaluated risk [57]. Finally, it is important 
to remember that FRAX is only applicable in 
untreated patients. It cannot be used as a helper in 
decision-making in patients, who already 
received specific osteoporosis treatment. 
However, recent studies revealed the applicabil-
ity of FRAX in patients who received osteoporo-
sis therapy [58, 59]. A recent study from 
Switzerland used FRAX to identify patient pro-
files with increased probability of fracture beyond 
currently accepted reimbursement thresholds for 
BMD and osteoporosis. The study found that in 
particular age, BMI, and parental history of frac-
ture increased the risk for fracture substantially 
[60].

In patients with BMD-based osteoporosis or 
presenting with a clinical fracture or both, diag-

Table 12.3 Causes of secondary osteoporosis as identi-
fied in FRAX tool

Causes of secondary osteoporosis as identified in 
FRAX tool for calculation of fracture probability
Untreated hypogonadism in men and women, anorexia 
nervosa, chemotherapy for breast and prostate cancer, 
and hypopituitarism
Inflammatory bowel disease and prolonged immobility 
(e.g., spinal cord injury, Parkinson’s disease, stroke, 
muscular dystrophy, and ankylosing spondylitis)
Organ transplantation
Type I diabetes and thyroid disorders (e.g., untreated 
hyperthyroidism and overtreated hypothyroidism)
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nostic evaluation is necessary to exclude second-
ary osteoporosis. Such evaluations should include 
hematologic parameters (Hb, WBC), serum 
25-(OH)D3, calcium, creatinine, thyroid- 
stimulating hormone, parathyroid hormone 
(PTH), serum/urine electrophoresis, testosterone, 
and prolactin (in me). According to the clinical 
picture and suspicion, other serum measurements 
such as plasma cortisol, tests for celiac disease, 
and selected other evaluations looking for sec-
ondary causes are indicated [61]. It is generally 
considered that secondary causes of osteoporosis 
are more common in men than women. Among 
secondary causes, hypogonadism, which results 
from the treatment of breast cancer with aroma-
tase inhibitors or the use of androgen deprivation 
therapies for prostate cancer is considered an 
emerging clinical challenge [76/29].

There is general consensus on the need for 
specific osteoporosis treatment in patients with 
spine or hip fractures and low BMD. For other 
nonvertebral fractures, different societies advo-
cate different strategies. The NOS recommends 
drug treatment in all postmenopausal women 
with a history of any fragility fracture [12], while 
the NOF advocates performing a dual-energy 
X-ray absorptiometry (DXA) on patients after 
nonvertebral fractures to decide, whether specific 
osteoporotic therapy is indicated. Drug treatment 
should then be considered in patients having 
osteoporosis and in patients with osteopenia 
when FRAX indicates a 10-year fracture proba-
bility of at least 3% for hip or at least 20% for 
major fractures [41].

 Thresholds for Intervention

Critically, none of the fracture risk assessment 
tools currently available directly yield an indica-
tion for treatment. Thus, the probability of frac-
ture risk generated needs to be interpreted, and 
thresholds set, above which pharmaceutical inter-
vention is judged to be warranted. The cost- 
effectiveness of a therapeutic approach is often a 
key consideration in threshold setting.

There are two major approaches to the health 
economic assessment in a particular condition 

[62, 63]. First, one can assess the cost- 
effectiveness of the intervention and set the 
threshold for intervention, for example, FRAX 
probability, accordingly. Alternatively, one can 
derive a clinically informed and appropriate 
intervention threshold and use cost-effectiveness 
analysis to validate a threshold. The 2017 
National Institute for Health and Care Excellence 
(NICE) updated Multiple Technology Appraisal 
(MTA) on bisphosphonate use in osteoporosis 
[64] serves as an example of how, for a common 
disorder, the strict application of cost- 
effectiveness thresholds for relatively inexpen-
sive drugs may lead to counterintuitive and 
potentially harmful guidance [62, 65]. The wide-
spread availability of low-cost generic forms of 
the main oral and intravenous bisphosphonates 
resulted in oral treatments being deemed cost- 
effective above a 1% risk of major osteoporotic 
fracture. Unfortunately, these were initially inter-
preted by some payers as clinical intervention 
thresholds, but, in fact, NICE directs practitio-
ners to the UK National Osteoporosis Guideline 
Group (NOGG) guidance, which provides an 
illustration of the alternative approach to thresh-
old setting. NOGG developed its guidance on the 
basis of clinical appropriateness, setting the 
threshold at the age-specific 10-year FRAX prob-
ability of fracture equivalent to women having 
already sustained a fracture. This approach, 
which avoids inappropriate over-treatment of 
older individuals and under-treatment of younger 
individuals, has been shown to be cost-effective 
[44] and has been adopted in many countries 
[66].

The approach to threshold setting varies sub-
stantially across the world, with guidelines using 
either fixed or variable age-dependent threshold 
and, sometimes, combining a probability thresh-
old with the requirement for BMD in the osteo-
porotic range [67]. Even between the USA and 
UK guidance, there is marked heterogeneity. The 
National Osteoporosis Foundation in the USA 
suggests BMD assessment in women and men 
aged ≥ 65  years or 70  years, respectively, or at 
younger ages if they have had a prior fracture, 
and treatment for those with either a history of 
vertebral or hip fracture, osteoporosis on BMD 
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assessment, or osteopenia and a 10-year FRAX- 
calculated probability of a hip fracture probabil-
ity of ≥ 3% or major osteoporotic fracture 
probability of ≥ 20% [68]. Conversely, as men-
tioned above, the UK National Osteoporosis 
Guideline Group (NOGG) recommends the use 
of FRAX with or without BMD as the first step in 
risk assessment, with prior fragility fractures at 
older ages usually a sufficient basis for treatment 
regardless of other risk factors. Where a 10-year 
probability has been generated by FRAX, thresh-
old graphs are subsequently used to guide appro-
priate intervention. The possible outcomes 
include patient reassurance with further risk cal-
culation at a later date (low risk), BMD assess-
ment (intermediate risk), or immediate treatment 
without the need for BMD assessment (high risk) 
[69]. Once BMD has been performed, the 10-year 
probability of fracture is plotted by age, either 
above or below a single treatment threshold, 
which is set at the 10-year fracture probability 
conferred by having had a previous fragility frac-
ture, corresponding to older UK national guid-
ance. The treatment threshold, thus, increases 
with age, but even so, the proportion of women 
potentially eligible for treatment rises from 20 to 
40% across the age range assessed. A key mes-
sage is that it should not be assumed that one size 
will fit all countries. For example, intervention in 
China at a threshold of 20% for FRAX major 
osteoporotic fracture, a threshold used in the 
USA, would lead to only a very tiny proportion 
of the population treated [67]. Accordingly, the 
International Osteoporosis Foundation has pub-
lished guidance relating to osteoporosis and 
corticosteroid- induced osteoporosis, which can 
be readily modified to reflect national priorities 
and subsequent treatment thresholds [70–72].

 Treatment Decisions

Criteria for diagnosis are not the same as those 
for treating osteoporosis and osteopenia. 
Treatment must be based on assessing future 
fracture risk and on the medical state/risk factors 
of each individual. Therefore, authorities agree 
that decisions about treatment must be individu-

alized and based on good clinical judgment, tak-
ing into account patient preferences, 
comorbidities, previous drug use and risk factors 
not captured in FRAX, and possible under- or 
overestimation of fracture risk by FRAX [73, 
74]. Treatment of osteopenia was reviewed in an 
article published by Erickson [40].

 Lifestyle Changes General

Changes in lifestyle like smoking cessation, reg-
ular exercise, and optimization of nutrition 
should be implemented in all osteopenic patients. 
Patient compliance with these measures is, how-
ever, poor, and very few prospective data on the 
anti-fracture efficacy of such measures exist. 
Smoking has emerged as a significant risk factor 
for fracture in many epidemiological studies [75–
77], albeit the influence of dose and duration is 
less well defined. The same holds for exercise 
[78, 79], but exercise can slow down bone loss 
after menopause and is important for muscular 
strength and coordination in the elderly [77]. The 
impact of poor nutrition on skeletal health is 
apparent in its most extreme form in anorexia 
nervosa, where significant improvement of skel-
etal mass is important without a reversal of 
caloric intake in these young women [80, 81].

 Calcium and Vitamin Supplement 
Therapy

In recent years, vitamin D deficiency has 
emerged as a very important risk factor for 
osteoporotic fracture, especially at the hip. High 
turnover bone loss due to secondary hyperpara-
thyroidism due to vitamin D deficiency is con-
sidered a major pathogenetic factor in senile 
osteoporosis [82]. Vitamin D deficiency is 
endemic worldwide [83], and patients with hip 
fracture generally have the lowest vitamin D 
levels among all patient groups studied [100, 
101/39, 40]. Vitamin D deficiency does cause 
not only weaker bones due to osteomalacia but 
also severe myopathy with loss of muscle 
strength, selective loss of the rapid type 2 fibers, 
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dyscoordination, and consequently increased 
propensity for falls [84]. It is therefore not sur-
prising that meta-analyses indicate that correc-
tion of vitamin D deficiency results in a 
decreased fall and fracture risk [85, 86], but the 
effects depend on the dose of vitamin D and the 
target population [87]. It is still a matter of 
debate which doses of vitamin D3 or D2 supple-
mentation are necessary/optimal, taking into 
account baseline vitamin D status and the 
desired serum levels to be achieved by supple-
mentation. Daily intake of 400  IU/day is not 
sufficient, while 800  IU/day reduce falls and 
fractures significantly [85, 86]. In their con-
trolled clinical trial, Bischoff-Ferrari et al. dem-
onstrated that in a population of post hip fracture 
patients maybe even higher doses are warranted. 
In this study, a dose of 2000 IU/day of D3 was 
superior to 800  IU/day in a cohort of 176 
patients all undergoing moderate physiotherapy. 
Over a 1-year period, the dose of 2000  IU 
resulted in 25% less falls, 39% less readmis-
sions to hospital, and a staggering 90% reduc-
tion in all cause infections, when compared to 
800 IU per day [88].

Several reviews have emphasized the need of 
addition of calcium to vitamin D for fracture pre-
vention, and a dose of 1000 to 1200 mg/day was 
advocated [89]. Whether the calcium dose can 
get too high is still a matter of debate, but studies 
from one center published in 2008 reported that 
supplements of 1000 mg calcium/day on top of a 
baseline intake of 800 mg/day increased the risk 
of vascular events including myocardial infarc-
tion in healthy postmenopausal women and men 
[108, 109/47, 48]. In this context, it is reassuring 
that, when intake of vitamin D3 is sufficient, the 
need for calcium intake is considered to be lower 
[90].

 Prevention of Falls and Protection 
Against Fall Trauma

Over 90% of hip fractures and all Colles fractures 
are caused by falls, mostly in house. The role of 
physical exercise is still debated, but exercise 
interventions together with other measures such 

as removing loose carpets, reduce use of sleep 
medicine and other tranquilizers, correct visual 
impairment, etc. reduce the risk and rate of falls 
in older people living in the community [91], but 
no data that fall prevention decreases the risk of 
fracture are yet available. Similarly, as noted 
above, vitamin D supplements improve muscle 
function and decrease the risk of falls. The role of 
hip protectors remains controversial. They seem 
to work in nursing homes [92, 93], but less in 
community-dwelling elderly, mainly due to dis-
comfort and practicality [94, 95].

 Pharmacotherapy

Most clinical trials of specific therapies for osteo-
porosis and osteopenia have focused on patients 
with osteoporosis and/or the presence of hip or 
vertebral fracture. Few randomized controlled 
trials have been performed on patients with 
osteopenia, but some have included osteopenic 
patients allowing post hoc analyses.

Alendronate In the Fracture Intervention Trial 
(FIT) 1 and FIT 2 trials of patients with osteope-
nia of the femoral neck with and without verte-
bral fractures, alendronate decreased the risk of 
radiological fractures (relative risk (RR) 0.48, 
95% confidence interval (CI) 0.41–0.81) and of 
clinical vertebral fractures (RR 0.41, 95% CI 
0.19 - 0.76) [96]. The FOSIT study evaluated the 
safety and effects on bone mineral density (BMD) 
of alendronate 10 mg in postmenopausal women 
with lumbar spine BMD T-score of −2 or more. 
After 12  months the incidence of nonvertebral 
fractures was reduced significantly by 47% [97].

Risedronate Post hoc analysis of data available 
from four Phase III risedronate trials: BMD 
Multinational (BMD-MN) [98], BMD-North 
America (NA) [99], Vertebral Efficacy with 
Risedronate Therapy-Multinational (VERT-MN) 
[100], and Vertebral Efficacy with Risedronate 
Therapy-North America (VERT-NA) [101] (in 
which efficacy and safety of risedronate in the 
prevention and treatment of postmenopausal 
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osteoporosis have been demonstrated) were car-
ried out. Using data only from osteopenic women 
included in these trials, the effect of risedronate 
in reducing the risk of fragility fractures in 
women with femoral neck T-scores in the 
osteopenic range and without prevalent vertebral 
fracture was evaluated. Six hundred and twenty 
postmenopausal women with osteopenia were 
included, receiving either placebo (= 309) or rise-
dronate 5  mg (= 311). Risedronate reduced the 
risk of fragility fractures by 73% over 3  years 
versus placebo (= 0.023); cumulative fragility 
fracture incidence was 6.9% in placebo-treated 
versus 2.2% in risedronate-treated patients. The 
magnitude of the effect was similar in the sensi-
tivity analysis subset [102].

Zoledronate Zoledronate (also known as zole-
dronic acid) has characteristics that make it 
attractive for use in women who have osteopenia. 
It is administered by intravenous injection at 
intervals of 1  year or longer. Reid et  al. [103] 
conducted a 6-year, double-blind trial involving 
2000 women with osteopenia (defined by a 
T-score of −1.0 to −2.5 at either the total hip or 
the femoral neck on either side) who were 
65 years of age or older. Participants were ran-
domly assigned to receive four infusions of either 
zoledronate at a dose of 5 mg (zoledronate group) 
or normal saline (placebo group) at 18-month 
intervals. A dietary calcium intake of 1 g per day 
was advised, but calcium supplements were not 
provided. Participants who were not already tak-
ing vitamin D supplements received cholecalcif-
erol before the trial began (a single dose of 
2.5 mg) and during the trial (1.25 mg per month). 
The primary endpoint was the time to first occur-
rence of a nonvertebral or vertebral fragility frac-
ture. Results revealed that women who received 
zoledronate had a lower risk of nonvertebral fra-
gility fractures (hazard ratio, 0.66; P  =  0.001), 
symptomatic fractures (hazard ratio, 0.73; 
P = 0.003), vertebral fractures (odds ratio, 0.45; 
P = 0.002), and height loss (P < 0.001). The study 
concluded that the risk of nonvertebral or verte-
bral fragility fractures was significantly lower in 

women with osteopenia who received zoledro-
nate than in women who received placebo.

Strontium In the Spinal Osteoporosis 
Therapeutic Intervention (SOTI) and TReatment 
Of Postmenopausal OSteoporosis (TROPOS) tri-
als [104] in women with osteopenia of the lumbar 
spine, strontium ranelate reduced the risk of ver-
tebral fracture in women with no prevalent frac-
tures (RR 0.41, 95% CI 0.17–0.99) and in women 
with prevalent fractures (RR 0.62, 95% CI 0.44–
0.88).17 In women with osteopenia at both the 
lumbar spine and femoral neck, treatment with 
strontium ranelate reduced the risk of fracture 
(RR 0.48, 95% CI 0.24–0.96). Specific drug 
treatment appears to be effective and is justified 
to reduce the risk of further fractures in patients 
with osteopenia, particularly those with prevalent 
fractures.

Raloxifene Selective estrogen receptor modula-
tors (SERMs) are nonsteroidal synthetic agents, 
which exert estrogen-like properties on the bone 
and cardiovascular systems but estrogen antago-
nistic actions in the breast and, in some cases, the 
endometrium. The first SERM developed both 
for breast cancer prevention and for osteoporosis, 
raloxifene, is now approved in many countries 
for the treatment of osteoporosis.

Multiple Outcomes of Raloxifene Evaluation 
(MORE) study [105] reported similar rates of 
vertebral fracture risk reduction in raloxifene- 
treated women with osteopenia—defined as a 
total hip T-score > −2.5 without a prevalent ver-
tebral fracture—compared with those with osteo-
porosis at 3 years. The relative risk reduction for 
vertebral fractures with raloxifene compared 
with placebo was 0.53 (0.32–0.88, 95% CI) in 
osteopenic women; the relative risk for clinical 
vertebral fractures in osteopenic women was 0.25 
(0.04–0.63). Information about reduction of non-
vertebral fractures has not been provided raloxi-
fene analyses.
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Hormone Replacement Therapy 
(HRT) Conjugated equine estrogens signifi-
cantly reduced the risk of clinical vertebral, hip, 
and total fractures in postmenopausal women in 
the Women’s Health Initiative, the vast majority 
of whom did not have bone density testing but 
who were not selected based on having diag-
nosed osteoporosis [106].

Estrogen receptors have been demonstrated on 
both osteoblasts and osteoclasts [107, 108]. 
Estrogen replacement therapy (ERT) or com-
bined estrogen/progestin therapy (HRT) reduces 
bone turnover by about 50% and improves bone 
balance at each individual BMU in postmeno-
pausal women [109]. The Women’s Health 
Initiative (WHI), a randomized study comprising 
over 16,000 postmenopausal women, demon-
strated a significant 34% reduction of hip frac-
tures after treatment with combined conjugated 
equine estrogen and [110] estrogen alone in those 
women who had undergone hysterectomy [111]. 
The study, however, also found a nearly 30% 
increased risk of coronary heart disease, 40% 
increased risk of stroke, increased risk of throm-
boembolic events, and 26–35% increased risk of 
breast cancer. These results led to less enthusi-
asm for long-term estrogen therapy worldwide. 
The decision to initiate ERT/HRT should be indi-
vidualized and based on a balanced assessment 
of risk and benefits by the physician and patient. 
Current recommendations support restricting the 
use of estrogen in most women to 5 years in the 
perimenopausal period [40], with the aim mainly 
to reduce hot flushes and other postmenopausal 
symptoms, and regular mammography should be 
performed.

 Androgen Replacement Therapy 
in Males

In hypogonadal males, low testosterone levels 
result in a high turnover state in bone leading to 
bone loss and increased risk of fracture. The main 
driver of this turnover increase is low circulating 
estrogen levels, just as in postmenopausal women 
[112]. The low estrogen arises from insufficient 

aromatase conversion from testosterone, either 
due to low testosterone levels or insufficient aro-
matase activity [113]. Testosterone replacement 
therapy in hypogonadism will increase circulat-
ing estradiol levels and thereby reduce bone turn-
over and increase BMD [114]. In hypogonadism, 
usually defined as total testosterone levels below 
8 nmol/l and hypogonadal symptoms [115], tes-
tosterone replacement will lead to increases in 
bone mass similar to those seen after ERT/HRT 
[115, 116], but randomized controlled studies 
with fracture endpoints are still lacking. Due to 
the fear of inducing prostate cancer, clinicians 
have, however, been quite reluctant to institute 
testosterone replacement therapy. Recent data 
suggest, however, that prostate cancers occurring 
in hypogonadal males have a worse prognosis 
than cancers occurring in eugonadism [117]. 
Moreover, 16 population studies were unable to 
demonstrate any relation between testosterone 
levels and risk of prostate cancer [50]. 
Nevertheless, regular controls of prostate- specific 
antigen (PSA) and digital rectal exploration 
before and after institution of therapy are still 
warranted.

 Management of Osteoporosis 
and Osteopenia in the Very Elderly

Very elderly women and men (aged 80 years and 
over) are the fastest-growing segment of the pop-
ulation. About 25–30% of the population burden 
of all fragility fractures is in women and men 
over 80, who are at high risk for fracture, particu-
larly nonvertebral fracture, because of their high 
prevalence of osteoporosis and osteopenia and 
high incidence of falls. After a hip fracture, 
approximately 20% of patients do not survive 
more than a year, and 50% do not regain their 
previous level of independence. Vertebral frac-
tures are associated with back pain, height loss, 
kyphosis, and functional disability. The preva-
lence of vertebral deformities increases from 
5–10% in women in the 50s to 45–55% of those 
in the 80s. Only a proportion of older women and 
men with osteoporosis or osteopenia receive spe-
cific treatment. Some clinicians may consider 
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that patients over 80 years are too old or that it is 
too late to significantly alter the course of the dis-
ease. Based on pooled data of 1392 women aged 
80 or over from the HIP, VERT-MN, and 
VERT-NA trials [10–13], risedronate resulted in 
a 44% reduction in vertebral fractures but not in 
nonvertebral fractures [102]. In 1488 women 
between 80 and 100 years of age from the SOTI 
and TROPOS trials [104] and followed up for 
3  years, strontium ranelate reduced the risk of 
vertebral, nonvertebral, and clinical symptomatic 
fractures within the first year by 59% (p = 0.002), 
41% (p = 0.027), and 37% (p = 0.012), respec-
tively. At the end of 3 years, vertebral, nonverte-
bral, and symptomatic clinical fractures were 
reduced by 32% (p = 0.013), 31% (p = 0.011), 
and 22% (p  =  0.040), respectively. Strontium 
ranelate was reported to be well tolerated and as 
safe as in younger patients. Women and men are 
therefore never too old for treatment, and it is 
never too late to treat those with osteoporosis or 
osteopenia, particularly when they have a fragil-
ity fracture.

 Treatment Algorithm 
for Osteopenia

An ever-increasing array of effective treatments 
is available to protect patients with osteopenia 
against fractures. While there is general consen-
sus on treating osteopenic individuals with prev-
alent low-energy fractures, the treatment of 
osteopenia without fracture is still debatable. 
However, current evidence indicates that specific 
pharmacotherapy should be instituted if an 
osteopenic patients has prevalent fractures or 
suffers new fractures, be it clinical or asymptom-
atic. Moreover, a significant accumulation of 
several significant risk factors, for example, as 
indicated by the FRAX tool may constitute an 
indication for pharmacotherapy. Patients without 
such risk factors should be counseled on a “bone-
friendly” lifestyle with nutritional modifications, 
regular exercise, moderation in alcohol use, and 
if possible smoking cessation. In patients with 
low vitamin D levels, Ca and vitamin D supple-
mentation may also be indicated (Fig. 12.5).

Bisphosphonates, taken orally or intrave-
nously, remain the dominant treatment modali-
ties for osteopenia. They reduce fracture risk in 
osteoporotic as well as osteopenic individuals. 
Questions exist about the very long-term safety 
of these drugs, but the best data available so far 
[72] suggest that 10  years with 90% suppres-
sion of bone turnover is safe. Denosumab con-
stitutes a possible alternative to bisphosphonates. 
In younger postmenopausal women with osteo-
penia, estrogen or estrogen/progestin still has a 
place as a short-term (up to 5 years) treatment, 
especially in women with menopausal symp-
toms. Similarly, SERMs should be considered 
in younger postmenopausal women, especially 
those at increased risk of breast cancer. In males 
with low testosterone levels, testosterone sub-
stitution is indicated as it improves skeletal 
integrity. However, long-term controlled stud-
ies on this treatment are still required, but the 
risk of prostate cancer does not seem to be as 
big as previously anticipated. Teriparatide 
would currently rarely be considered in women 
or men with cheaper anabolics available; how-
ever, initial therapy with anabolics to bring 
osteopenic patients out of the risk zone fol-
lowed by an antiresorptive would probably be 
the ideal treatment [40].

In conclusion, osteopenia is not a disease 
but is a marker for risk of fractures. Older per-
sons are at risk of having unrecognized osteo-
porosis, which may be discovered only after a 
fracture (such as a broken hip). The need to 
establish treatment efficacy in osteopenia has 
become more pressing, given the clinical trend 
to base intervention decisions on absolute frac-
ture risk. Many patients at high risk for frac-
ture do not have T-scores of less than −2.5 but 
rather have osteopenia in combination with 
other risk factors, such as age. Intervention in 
such patients currently lacks an adequate evi-
dence base, though several therapeutic options 
are available. A treatment algorithm has been 
suggested based on bone mineral density and 
the fracture risk probability. If the bone density 
is already abnormal, lifestyle changes can help 
slow progression of bone loss and reduce the 
occurrence of fractures. Pharmacotherapy is 
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indicated in patients with osteopenia and low-
trauma fractures or at high risk of sustaining a 
fracture.
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