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FOREWARD this guideline has been published to foster a better un-
derstanding of osteoporosis.

Menopause is a natural biological process that marks
the end of a woman’s reproductive years. As ovarian |. OSTEOPOROSIS: DEFINITION AND
function declines, distressing menopausal symptoms EPIDEMIOLOGY
such as hot flashes and facial flushing arise. Further-
more, decreased estrogen levels may elevate the risk of
chronic conditions, such as osteoporosis and cardiovas-
cular diseases. Currently, South Korean women have
been reported to have an average life expectancy of ap-
proximately 87-88 years. Considering menopause typi-
cally occurs at roughly 50 years old, postmenopausal
life spans over 37-38 years, accounting for more than
40% of an individuals lifespan.

Lifestyle modifications and healthy habits during
menopause are essential, specifically in preventing and
treating osteoporosis. Neglect on this issue not only
affects individual postmenopausal women but also
results in substantial losses and regrets for society. In
an ongoing effort to contribute to the health and well-
being of peri-menopausal and postmenopausal women,

Key points

1. Osteoporosis is defined as a systemic skeletal dis-
ease characterized by a decrease in bone mass and
abnormal microstructure, ultimately weakening
the bones and making them prone to fractures.

2. According to the Korean National Health and
Nutrition Examination Survey (KNHANES) con-
ducted from 2008 to 2011, the overall prevalence
of osteoporosis in adults over 50 was 22.4%. The
prevalence differed by gender, with 7.5% in men
and 37.3% in women; women were four times
more likely to have osteoporosis than men.
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3. An analysis of health insurance claim data showed
that in 2016, there were 212,192 cases of osteopo-
rotic fractures in adults over 50. The overall frac-
ture incidence was 2 to 4 times higher in women
than men. Among women, the highest incidence
rates of osteoporotic fractures (per 10,000 popula-
tion in 2016) were in the spine (128 cases), wrist
(60 cases), hip (23 cases), and humerus (10 cases),
in that order of highest prevalence.

1. Definition

The World Health Organization (WHO) defines os-
teoporosis as “a systemic skeletal disease characterized
by low bone mass and microarchitectural deterioration
of bone tissue, with a consequent increase in bone fra-
gility and susceptibility to fracture” [1]. The National
Institutes of Health in the United States has a similar
concept, defining osteoporosis as “a skeletal disorder
characterized by compromised bone strength predis-
posing a person to an increased risk of fracture” [2].
The term ‘bone strength’ is a term that reflects both
bone density and bone quality.

Bone mineral density (BMD), measured in grams of
mineral per area or volume, is determined by an indi-
vidual's peak bone mass and the degree of bone loss.
Osteoporosis occurs as a result of bone loss, typically
influenced by aging and decreased estrogen due to
menopause in women. However, individuals who fail
to reach peak bone mass during childhood and adoles-
cence can develop osteoporosis earlier in their 50s with-
out aging factors and decreased estrogen levels [3,4].
Therefore, failing to achieve appropriate peak bone
mass up to adolescence could increase the likelihood of
future osteoporosis events. Bone quality is determined
by structure, bone turnover rate, accumulation of mi-
cro-damage (such as micro-fractures), and mineraliza-
tion. At present, there are no specific ways to measure
bone quality; thus, it could be said that there are no ac-
curate methods to quantify overall bone strength. Con-
sequently, BMD tests are primarily used as a substitute
measure for evaluating bone strength. It is known that
BMD reflects about 70% of bone strength.

The WHO defines osteoporosis as having a BMD
lower than 2.5 standard deviations (SD) (T-score <
-2.5) below the average BMD of a young Caucasian
female. If osteoporosis is accompanied by fractures
related to the disease, it is classified as severe or estab-
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lished osteoporosis. Osteopenia is a condition with a
BMD between 1 and 2.5 SD below. However, the afore-
mentioned diagnostic criteria remain controversial, as
accurate measurement and standardization in assessing
BMD can be challenging. Furthermore, applying these
diagnostic standards to men, children, and races other
than Caucasians may be an inaccurate assessment.
Above all, diagnosing osteoporosis using BMD has low
sensitivity in predicting fractures; only about 20% of
female fractures are diagnosed as osteoporosis [4].

Osteoporosis is categorized into primary (or idio-
pathic) and secondary, based on its cause. Primary os-
teoporosis can occur in men and women of all ages, but
it often arises in women after menopause and in older
men. Medications such as glucocorticoids or other
abnormalities and diseases such as hypogonadism can
cause secondary osteoporosis [5,6].

Osteoporosis leads to financial, physical, and psycho-
social outcomes that significantly affect individuals,
families, and communities. Osteoporotic fractures re-
sult from trauma exerted on weakened bones, and their
incidence increases with various other risk factors.
Osteoporosis is a significant risk factor for fractures.
Thus, it is crucial to distinguish between factors that
affect bone metabolism and those that increase the risk
of fractures.

2. Epidemiology

1) Osteoporosis

Osteoporosis is the most common musculoskeletal
disorder and the second most common cause of mus-
culoskeletal symptoms in the elderly after arthritis.
There are about 200 million patients diagnosed with
osteoporosis worldwide, with the prevalence increasing
with age. Over 70% of those in their 80s are known to
have osteoporosis.

According to the KNHANES, conducted from 2008
to 2011, the overall prevalence of osteoporosis in adults
over 50 was 22.4%, with 7.5% in men and 37.3% in
women, showing that the rate is over four times higher
in women. The prevalence of osteoporosis by age in-
creased roughly two-fold for every 10-year increase,
with 15.4% for women aged 50-59, 36.6% for 60-69,
and 68.5% for those over 70.

Data from the claims data of National Health Insur-
ance show that the number of patients over 50 who re-
ceived medical care for osteoporosis rose from 1.4 mil-
lion in 2008 to 1.96 million in 2012, an average annual
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increase of 7.4%. The medical utilization rate associated
with osteoporosis was highest in their 70s and tended
to decrease gradually afterwards. The total healthcare
costs for osteoporosis patients increased annually by
9.2%, from 4.77 trillion won in 2008 to 6.15 trillion
in 2011. This accounts for about one-sixth of the total
medical expenses, indicating that the socioeconomic
burden will continue to increase. However, only about
60% of osteoporosis patients used medical services, and
the treatment rate with medication was 34%. Patient
compliance is low, as the continuation rate of medica-
tion was only 33% in 1 year and 22% in 2 years.

2) Osteoporotic fracture

Osteoporotic fractures are the most serious compli-
cation of osteoporosis. It is more common in women
than men; a decrease in BMD due to menopause is
known to be a significant factor. The most common
osteoporotic fracture sites are the hip, spine, wrist, and
proximal humerus. Other sites include distal humerus,
rib, tibia, pelvic bone, distal femur, sacrum, and ankle.
Of these, hip fractures result in the highest morbidity
and account for about 20% of all osteoporotic fractures.
Internationally, the economic cost of osteoporotic
fractures is significant. In Europe, it is estimated to be
around 50 trillion won [7]. In the United States, the
cost was about 19 trillion won in 2005 and is projected
to rise to around 28 trillion won by 2025 [8]. In South
Korea, medical expenses due to osteoporotic fractures
increased by 31.6% over three years, from approximate-
ly 610 billion won in 2008 to around 800 billion won in
2011 [4].

According to an analysis of health insurance claim
data, osteoporotic fractures in adults aged 50 and above
were as follows: 146,822 cases in 2008, 155,606 cases
in 2009, 190,139 cases in 2010, 205,291 cases in 2011,
208,274 cases in 2012, 214,119 cases in 2013, 209,990
cases in 2014, 207,219 cases in 2015, and 212,192 cases
in 2016. This indicates that there was an average an-
nual increase of approximately 15% until 2013, after
which the rate of growth showed a tendency to slow
down. Women were likely to experience 2-4 times
more osteoporotic fractures in all locations compared
to men. In 2016, the most common sites of osteopo-
rotic fracture in women (per 10,000 population) were
the spine (128 cases), wrist (60 cases), hip (23 cases),
and humerus (10 cases), respectively. In women, wrist
fractures were most common in their 50s (59.4%),
while the rates of femur and spine fractures increased

with age [9]. The lifetime risk of experiencing at least
one osteoporotic fracture for 50-year-old women was
59.5%, approximately 2.5 times higher than 23.8% for
men of the same age. The lifetime risk of experiencing
a femur fracture, which has a high mortality rate, was
12.3% for 50-year-old women [10].

However, the 1-year mortality rate following an os-
teoporotic fracture was lower in women than men.
According to the claims data from the Korean National
Health Insurance from 2013 to 2015, the 1-year mor-
tality rate after a femur fracture was 20.8% for men and
13.6% for women, and after a spine fracture, it was 9.2%
for men and 4.2% for women [11].

In 2015, the prescription rate of osteoporosis medica-
tion within 1 year after an osteoporotic fracture was
only about 42% of the estimated population with os-
teoporosis. Of these, only 48% of women and 21% of
men received medication. The treatment rate increased
with age but decreased after 80 years of age. In terms of
fracture type, the 1-year prescription rate after a spine
fracture was the highest (53.2%), followed by femur
fracture (36.6%), humerus fracture (22.9%), and wrist
fracture (22.6%) [11].

3) Secondary fractures (recurrent fractures)

According to data from the National Health Insur-
ance claims data from 2012 to 2016, the cumulative
incidence rate of recurrent fractures in osteoporotic
fractures was 4.3% in the first year, 12.1% in the second
year, 18.8% in the third year, and 24.8% in the fourth
year. A comparison of the incidence of osteoporotic
fracture in 2013 and recurrent fracture a year later
showed that the risk of recurrent fracture was about
four times higher in men and about two times higher
in women with a previous fracture history. This sup-
ports that a past fracture history is an important risk
factor for osteoporotic fractures. The spine was the
most common recurrent fracture site. The cumulative
incidence of recurrent spine fractures in the fourth year
was 1,787 per 10,000 patients with fractures, followed
by wrist (399 cases), hip (342 cases), and humerus (79
cases) [11].

4) Osteopenia

A T-score between -2.5 and -1.0 defines osteopenia.
According to KNHANES data from 2008 to 2011, the
prevalence of osteopenia in adults aged 50 and above
was 46.8% for men and 48.9% for women, correspond-
ing to 47.9% of the total population. A study from
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the National Osteoporosis Risk Assessment (NORA),
which observed the fracture risk over a year in post-
menopausal women, found that those with osteopenia
had a 1.73 times higher risk of fracture compared to
those with normal BMD [12]. Most of the patients
who suffered fractures showed a T-score correspond-
ing to osteopenia. Considering that about 48% of the
population falls into the osteopenia category and that
the proportion of postmenopausal women among os-
teoporotic fracture patients is 77%, proactive measures
are necessary to prevent fractures in postmenopausal
women with osteopenia [13].

3. Conclusion

South Korea is entering a super-aged society at a
rapid rate, and the prevalence of osteoporosis is rap-
idly increasing. Consequently, the treatment costs
for osteoporosis and osteoporotic fractures are also
sharply rising. Osteoporosis often goes unnoticed and
untreated until a fracture occurs since patients have
no symptoms before a fracture event. Once a fracture
occurs, individuals may suffer from chronic pain, dis-
ability, decreased quality of life, and increased mortal-
ity rate. Additionally, the opportunity cost to society is
substantial; thus, proactive prevention, diagnosis, and
treatment are essential. Particularly, patients who have
already experienced a fracture are at an increased risk
of additional and new fractures. Special attention to a
cohort of patients who already experienced fractures
is necessary. Moreover, the population corresponding
to osteopenia, where actual fractures frequently occur,
accounts for 48% of the population over 50 years old.
Therefore, it is essential to prepare measures for these
patients to establish long-term preventative strategies
against future fractures.

II. DIAGNOSIS AND EVALUATION OF
OSTEOPOROSIS

1. Radiologic Evaluation and Diagnosis of
Osteoporosis

Key points
1. For quantitative assessment of BMD, Dual-energy
X-ray absorptiometry (DXA), quantitative com-
puted tomography (QCT), and quantitative ultra-
sound (QUS) are used.
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2.DXA is considered the standard test for BMD
measurement. Advantages of DXA include 1)
high accuracy, 2) minimal radiation exposure, 3)
easy to use and interpret, and 4) easy assessment
of response to treatment.

BMD, one of the determining factors for bone
strength, is widely implemented for the prediction, di-
agnosis, and evaluation of treatment efficacy of osteo-
porosis. Among several tests, DXA is known to provide
the most objective and quantitative information. Other
quantitative evaluation measures of bone density in-
clude QCT and QUS.

1) Dual-energy x-ray absorptiometry

Currently, DXA is the most widely used tool for diag-
nosing osteoporosis. It reports the results of bone den-
sity in the T-score and Z-score. Given the substantial
accumulation of clinical research data, DXA is recog-
nized as the standard test for BMD measurement. DXA
diagnoses osteoporosis based on the lowest measure-
ment obtained from images of the lumbar spine and
the femur, the most frequent sites of osteoporotic frac-
tures. DXA can also measure total body BMD beyond
the lumbar spine and femur; it can also evaluate bone
density in areas such as the forearm and the calcaneus.
In situations where imaging of the lumbar spine and
femur is not possible, in cases of hyperparathyroidism
or extreme obesity in which the patient cannot get onto
the imaging table, DXA captures images of the distal
third of the radius [14].

The advantages of DXA include 1) high accuracy, 2)
minimal radiation exposure, 3) ease of use and inter-
pretation, and 4) easy assessment of response to treat-
ment.

(1) Measurement and evaluation of lumbar spine
BMD

The lumbar spine BMD is measured by capturing im-
ages of the L1 to L4 vertebrae and calculating an aver-
age value. Regions with fractures, osteophytes (bony
outgrowths), scoliosis, or artifacts should be excluded
from evaluation. At least 2 or more lumbar vertebrae
should be assessed. If this is not feasible, the diagnosis
should be made based on the BMD of other regions.
The lateral lumbar spine view should not be used for
diagnosing osteoporosis.

The imaging should include thoracic vertebrae T12 to
lumbar vertebrae L5 and the iliac crest. The top of the
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iliac crest corresponds to the interspace between lum-
bar vertebrae L4 and L5. It is recommended to count
the position of the vertebrae from bottom to top. Dur-
ing follow-up observations, it must be confirmed that
the lumbar position has been evaluated similarly [14].

Approximately 17% of adults may have variations,
such as sacralization of the lumbar spine or lumbariza-
tion of the sacral spine, resulting in either fewer than
five lumbar vertebrae or the absence of visible ribs at
the 12th thoracic vertebra. Therefore, attention should
be paid to individual variations. The imaging should
include enough soft tissue and exclude artifacts, as it is
used for future adjustments; thus, accurate imaging is
necessary [15].

Typically, the BMD of the lumbar spine should pro-
gressively increase from L1 to L4, and the T-score
should not differ by more than 1.0 between the adja-
cent vertebrae. If the difference exceeds one SD, there is
a possibility of lumbar fracture, calcification due to de-
generative disc changes, osteophytes, or calcification of
the aorta. In such cases, a spine X-ray or vertebral frac-
ture assessment (VFA) should be conducted to evaluate
possible vertebral fractures [15].

(2) Measurement and evaluation of femoral BMD

The femur BMD measurement includes both the fem-
oral neck and the total femoral BMD. The femoral neck
consists of a higher portion of cortical bone compared
to the total femur. The Wards triangle area, the area
with the lowest BMD automatically detected through
the devices software, is not used for the diagnosis due
to poor reproducibility.

As with lumbar spine BMD measurements, there
should be no artifacts. The femoral shaft should be
positioned straight, and the lesser trochanter should
be visible with a slight internal rotation. Because a very
small area is measured, a change in the degree of inter-
nal rotation can significantly influence BMD measure-
ment [14].

(3) Measurement and evaluation of forearm BMD

For forearm BMD measurement, the distal one-third
of the left radius is used in right-handed individuals
if there is no arthritis or fracture. A device is used to
maintain position, and there should be no artifacts.

(4) Diagnosis of osteoporosis using DXA

Osteoporosis is diagnosed based on the T-score,
which reflects the degree of difference in SDs from the

BMD of young women (Table 1). The value of -2.5 is
indicative of osteoporosis in postmenopausal Cauca-
sian women; it may not reflect racial and ethnic varia-
tions. The T-score is used in postmenopausal women,
while the Z-score, which reflects racial differences,
is used in premenopausal women. Utilization of the
T-score in premenopausal women may not be appro-
priate; in these women, the terminology “below the
expected range for age” is used when the Z-score is -2.0
or lower instead of “osteoporosis” [16].

2) Quantitative computed tomography

QCT measures volumetric BMD and has the advan-
tage of measuring regardless of body size. It can also
exclude areas of the spine that influence BMD but not
bone strength and can separately measure cortical and
trabecular bone. In particular, the trabecular bone is
useful because it can evaluate the therapeutic effect
of drugs and can exclude degenerative changes in the
spine or aortic calcification. The pitfall of QCT is that
it exposes the patient to a higher radiation dose than
DXA.

QCT can be used effectively to predict fractures as
DXA does, but WHO standards cannot be applied.
Typically, osteoporosis is diagnosed when the BMD of
the L2 and L3 areas is 80 mg/cm3 orless [14].

3) Quantitative ultrasound

QUS has the advantages of no radiation exposure,
being easy to use, and occupying a small space for
equipment; thus, it is widely used in many countries.
The FDA approved QUS for predicting osteoporosis,
and the International Society for Clinical Densitometry
(ISCD) consensus recommends measurements only at
the heel. The calcaneus, rich in trabecular bone, makes
measuring changes in BMD easier than cortical bone.

QUS does not show results that match BMD. In stud-
ies that measured BMD and QUS simultaneously, the
correlation was moderate. However, it has been report-
ed to predict fracture risk relatively well [14].

Table 1. The World Health Organization diagnostic criteria of
osteoporosis

Status
Normal T-score > -1.0 SD
Osteopenia —2.5 8D < T-score < —1.0 SD
Osteoporosis T-score <-2.5SD

SD: standard deviation.
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Compared to DXA, QUS has issues with reproducibil-
ity and accuracy. Due to this, it cannot be used to assess
treatment efficacy and is not covered by national health
insurance in Korea.

2. Bone Turnover Markers

While BMD is used to decide treatment strategies
and assess the rate of bone loss or the response to os-
teoporosis treatment, it still cannot comprehensively
predict the risk of osteoporotic fractures. Furthermore,
BMD measurements for assessing treatment response
require lengthy measurement intervals of more than a
year. Bone turnover, the process of resorbing old bone
and forming new bone, is continuously taking place.
Changes in the rate of bone turnover may affect bone
quality. Considering the limitations of BMD and the
characteristics of bone turnover markers that reflect
bone quality, the attention given to the potential role of
bone turnover markers for predicting fracture risk and
monitoring treatment response in the clinical setting is
constantly increasing [17].

1) Types of bone turnover markers

It is recommended to use serum C-terminal telo-
peptide of collagen type 1 (CTX) as a bone resorption
marker and serum procollagen type I N-terminal pro-
peptide (PINP) as a bone formation marker, as they
are readily measurable with an automated process with
minimal variability.

(1) Bone formation markers

Bone formation markers include osteocalcin (OC),
bone-specific alkaline phosphatase (BSALP), Procol-
lagen type I C-terminal propeptide (P1CP), and PINP
[18]. BSALP and OC are released from osteoblasts
and play a vital role in bone mineralization. P1CP and
PINP are cleaved from Procollagen type I during col-
lagen synthesis.

(2) Bone resorption markers

Bone resorption markers include CTX, N-terminal
telopeptide of collagen type 1 (NTX), free and total
pyridinoline (PYD), and free and total deoxypyridino-
line (DPD) [18]. In South Korea, CTX is the most com-
monly used bone resorption marker.

2) Considerations in the analysis process

Various factors, such as biological characteristics and
the measurement method, can influence bone turnover
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marker values. These include age, sex, race, physical
activity, diet, medication, liver disease, kidney disease,
fractures, and factors related to the technical aspects
such as sample handling process, precision and accu-
racy of measurement, standardization, cross-reactivity
with other substances, and inter-laboratory variation.
Bone resorption markers exhibit diurnal variation. Es-
pecially, serum CTX, the most commonly used, peaks
in the early morning (2:00-5:00 am), nadirs around
11:00 am-2:00 pm, and is influenced by meal intake.
Therefore, it is recommended that blood samples are
collected between 7:30 and 10:00 am after overnight
fasting [18]. Bone formation markers can be collected
at any time of the day since they have less than 10%
diurnal variation; however, they are typically measured
along with bone resorption markers. It is important to
note that significant variations may be present in the
same test depending on the reagent and analysis Kkits
used, which may make direct comparison difficult.
Therefore, when monitoring an individual, it is recom-
mended that the same exams are repeated in the same
laboratory settings.

3) Clinical utility of bone turnover markers

(1) Prediction of fracture

If the concentration of bone turnover marker is high,
rapid bone loss and a high risk of osteoporotic fractures
could be expected. According to two major studies
based on large cohorts, increased serum BSALP and
serum/urine CTX levels were significantly associated
with an increased risk of osteoporotic fractures (hip
and spine) [19,20]. In these studies, the concentra-
tion of bone turnover markers was associated with
an increased risk of fractures independent of BMD.
This indicates that fracture risk assessment could be
supplemented with bone turnover markers in cases
where DXA cannot be used. Despite such implications,
it is not recommended to routinely use bone turn-
over markers to assess fracture risk since there is an
unresolved uncertainty about the clinical use of bone
turnover markers [21,22]. Although there seems to be
a positive correlation between bone turnover markers
and fracture risk, previous studies have shown incon-
sistent results with a wide range of variation.

(2) Evaluation of the treatment effects of osteoporosis

Bone turnover markers can reflect the treatment re-
sponse to osteoporosis drug therapy earlier than BMD.
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@ Anti-resorptive agents

Anti-resorptive agents result in a decrease in bone
resorption markers, followed by a plateau. Changes in
bone turnover markers during the treatment with anti-
resorptive agents vary according to the mechanism of
action of the drug, the degree of bone resorption inhi-
bition, and the route of administration. The inhibition
of bone resorption, through physiological mechanisms
that link the activity of osteoclasts and osteoblasts, in-
duces a secondary decrease in bone formation markers.

Bisphosphonates

Bisphosphonates are the most commonly used drugs
for the treatment of osteoporosis. The inhibition of
bone resorption markers peaks at 8 weeks of treatment,
and the inhibition of bone formation markers peaks
after 26 weeks [18]. In the TRIO study, alendronate and
ibandronate led to a greater reduction of bone turn-
over markers (CTX-I, NTX-1) than risedronate. In this
study, more than 80% of patients showed a response
to treatment. In the study, the treatment response was
defined as those with a greater decrease than the least
significant change (LSC) for CTX-I (56%) and PINP
(38%) after 3 months of treatment [23]. The treatment
response group could also be defined as those with a
decrease to a value below the median found in healthy
young women. Intravenous bisphosphonates inhibit
bone resorption and reduce the concentration of bone
resorption markers more rapidly than orally adminis-
tered bisphosphonates [18].

Denosumab

Bone resorption markers (such as CTX-I) decrease
within 24 hours of treatment. Denosumab inhibits
bone resorption to a greater extent than zoledronic
acid [24]. PINP decreases to a lesser extent over several
months than bone resorption markers and maintains
this suppressed state with continuous administration
for up to 10 years [25]. If the drug is discontinued, bone
resorption markers rise sharply, and their concentra-
tion increases compared to initial values. This rise in
bone turnover markers is associated with accelerated
bone loss. One recent study has reported that elevated
levels of bone turnover markers are associated with
multiple vertebral fractures [26].

Selective estrogen receptor modulators

Selective Estrogen Receptor Modulators (SERMs),
such as raloxifene, have a weaker effect on bone turn-
over rates than bisphosphonates and denosumab. Using
an LSC-based approach with CTX-I or PINP, about
60%-65% of patients with osteopenia demonstrated ef-

ficacy with SERM [23].
@ Bone-forming agents (osteoanabolic agents)

The connection between osteoclasts and osteoblasts
can also work in the opposite direction when combined
with bone-forming agents, as opposed to anti-resorp-
tive agents.

Recombinant human parathyroid hormone (PTH)

1-34

Teriparatide is typically characterized as a bone-form-
ing agent, but bone formation and resorption mark-
ers increase [27]. Bone formation markers increase
within a few days of treatment initiation and peak at
three months. PINP has been demonstrated to be the
bone turnover marker that exhibits the most favorable
response to teriparatide. If the concentration of serum
PINP increases by greater than 10 pg/mL, a significant
increase in BMD could be expected [28,29].

Romosozumab

Romosozumab, an anti-sclerostin monoclonal anti-
body, also acts in a dose-dependent manner to increase
bone formation markers. However, unlike teriparatide,
it initially leads to a temporary increase in P1NP levels
while serum CTX-I decreases. PINP levels increase one
week after drug administration, peak within a month,
and gradually recover to pre-treatment levels within six
months. CTX-I initially decreased and remained below
the reference value at 12 months [30]. These changes
in bone turnover markers are associated with a rapid
increase in BMD.

(3) Evaluation of treatment adherence

In postmenopausal women receiving osteoporosis
treatment, bone turnover markers could be used to
monitor individual treatment adherence. Monitor-
ing bone turnover markers individually may improve
patient adherence to osteoporosis treatment [31]. The
International Osteoporosis Foundation (IOF) has sug-
gested that bone turnover marker tests, such as PINP
or CTX-I, measured within 3 months of starting treat-
ment, could help identify people with low compliance
to osteoporosis treatment [29,32]. If there is no change
in the concentration of bone turnover markers during
osteoporosis treatment, it may indicate poor compli-
ance. According to a recent Consensus Statement from
the Asia-Pacific region, measuring serum CTX-I and/
or PINP levels before treatment initiation and at 3,
6, and 12 months after starting anti-resorptive agent
drug therapy can be employed to monitor medication
compliance and drug response in patients. In patients
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receiving a bone-forming agent, serum PINP can be
used to monitor both drug treatment adherence and
treatment response. These measurements should be
taken before starting treatment and at 1, 3, 6, and 12
months after treatment initiation [33].

(4) Drug holiday

Monitoring bone turnover markers during a drug hol-
iday could potentially help in deciding when to resume
treatment, but the evidence is not sufficient. Long-term
use of bisphosphonates is associated with rare but seri-
ous side effects such as osteonecrosis of the jaw (ONJ)
and atypical femur fractures (AFF) [34]. Therefore, a
“bisphosphonate drug holiday” concept has emerged as
an alternative option that could circumvent such side
effects. Since bisphosphonates remain deposited in the
bones for an extended period, the effects of bisphos-
phonate, including bone resorption inhibition and frac-
ture prevention, are maintained for a prolonged period
after the discontinuation of a drug. However, the risk
of fractures increases gradually after stopping bisphos-
phonates, even though they have a long retention pe-
riod. Therefore, it is necessary to evaluate fracture risk
and resume treatment if needed through meticulous
monitoring during a drug holiday. Clinical guidelines
for monitoring bone turnover markers during a drug
holiday are limited. Several meta-analyses have in-
dicated that increased bone turnover is a significant
determinant of fracture susceptibility [35-37]. Some
guidelines have suggested cessation of the drug holiday
if bone resorption markers increase above a certain
level compared to pre-treatment levels [38]. A signifi-
cant decrease in BMD or a substantial increase in bone
turnover marker concentration during a drug holiday
may indicate that the residual effects of bisphosphonate
therapy are diminishing, suggesting that its time to re-
sume drug therapy [39].

(5) Prediction of side effects such as ONJ and AFF

Although still subject to debate, bone turnover mark-
ers could be used cautiously to predict long-term side
effects of bisphosphonates, such as ONJ and AFF [40].
Long-term bisphosphonate therapy is associated with
rare side effects such as ONJ and AFF. These rare but
serious side effects are believed to be associated with
a significant suppression of bone turnover. Thus, vari-
ous bone turnover markers have been investigated as
screening methods during the bone remodeling period.
Some dentists have proposed CTX-I measurements as
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a prediction tool for ONJ. If a patients CTX-I level is
less than 0.100-0.150 ng/mL, the risk of ONJ may be
high, suggesting the need for a drug holiday or surgery
after recovery of CTX-I levels [41]. In one prospective
cross-sectional study, bone turnover marker test values,
including PINP, tartrate-resistant acid phosphatase 5b,
and undercarboxylated OC, were significantly lower in
patients with AFF patients than in patients with a typi-
cal osteoporotic femur fracture. They suggested that a
severe suppression of bone turnover is associated with
AFF [34].

4) Conclusion

Appropriate use of bone turnover markers may as-
sist in predicting fracture risk, monitoring treatment
response, and assessing compliance in patients with os-
teoporosis [31]. However, bone turnover markers have
not been widely used in clinical settings due to poor
intra-individual and inter-laboratory reproducibility.
Efforts to minimize the variability of bone turnover
marker tests by automating and standardizing mea-
surements in laboratories are being made. Recently, in
the Republic of Korea, bone turnover marker tests have
been covered by national health insurance. Thus, bone
turnover markers can be used as dynamic indicators
reflecting bone quality, supplementing BMD measure-
ments. Further research on the efficacy of BMD will be
needed in the near future.

3. Evaluation of Fracture Risk and Treatment
Efficacy

Key points

1. To perform an absolute assessment of fracture
risk, tools like the Fracture Risk Assessment
Tool (FRAX) are employed, considering various
fracture risk factors. FRAX calculates the risk of
major osteoporotic and hip fractures within a 10-
year timeframe.

2. BMD measurements and bone turnover markers
are monitored to evaluate treatment efficacy.

1) Risk factors for fracture

Based on large-scale meta-analyses, the independent
risk factors for fractures in postmenopausal women are
as follows [42]:
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(1) Previous fracture history

(2) Low BMD

Low BMD is correlated with fracture risk at all sites,
but femur BMD shows the strongest correlation [43].
The risk of hip fracture increases 2.6 times for every
10% decrease in femur neck BMD, whereas for forearm
BMD, the risk increases 1.6 times for every 10% de-
crease.

(3) Age

Elderly women are at a higher risk of fracture than
younger postmenopausal women, given the same BMD
values [44].

(4) Smoking

In postmenopausal women, smoking increases the
risk of fractures by approximately 30%, regardless of
BMD. Some studies have suggested that this additional
risk is normalized with smoking cessation [45].

(5) Excessive alcohol consumption

The risk of osteoporosis and hip fractures increases by
38% and 68%, respectively, with excessive alcohol con-
sumption of 3 or more drinks per day.

(6) Family history of hip fractures

Parental fracture history is one of the most potent fac-
tors in predicting fracture risk.

(7) Medical history and medications

Diseases (such as thyroid diseases, type 2 diabetes,
and obesity) and drugs (such as glucocorticoids, antide-
pressants, and proton pump inhibitors) that cause bone
loss have been shown to be associated with increased
fracture risk [46].

(8) Falls

Most fractures occur in relation to falls. Therefore,
risk factors for falls, including a history of previous
falls, visual/hearing impairments, obesity, arthritis, and
a decrease in the ability to maintain balance, also serve
as risk factors for fractures.

2) Assessment of fracture risk

(1) Fracture risk assessment tool

BMD values measured by DXA are good predictors
of fracture risk; the risk of fracture increases by 1.6-2.6

times for every 10% decrease in BMD. However, in or-
der to estimate the absolute risk of fracture rather than
the relative risk, it is crucial to consider other major
risk factors along with BMD, such as age and a history
of previous fractures.

FRAX, based on a meta-analysis of large observa-
tional cohorts, incorporates eight risk factors. It is used
as a tool to calculate the 10-year risk of major osteopo-
rotic fractures (femur, proximal humerus, distal radius,
symptomatic vertebral fractures) or hip fractures [47].

The bone density value used for the calculation of
FRAX is limited only to femur-neck BMD, as this was
the sole measure of bone density across all cohorts
when FRAX was developed. Even when BMD values
are unavailable, FRAX could be calculated using factors
such as body mass index (BMI). Because the incidence
of hip fractures has variations according to race, coun-
try-specific FRAX models have been developed and are
currently available for use in 63 countries, including
South Korea. In the United States, databases for four
racial groups (White, Hispanic, Asian, and Black) are
being used. Many countries have included FRAX in os-
teoporosis treatment guidelines, and FRAX is suitable
for postmenopausal women with an age range of 40-90
[47].

This computer-based algorithm is available online
(www.sheffield.ac.uk/FRAX/) and in standard DXA
software. A 10-year risk of major osteoporotic and hip
fractures could be calculated by visiting the website and
entering the necessary information on the program
screen (Fig. 1). According to the meta-analysis of the
FRAX large observational cohort, age, gender, BMI,
previous fracture history, parental hip fracture, cur-

®
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Fig. 1. FRAX, the computer-based algorithm for fracture risk assessment.

https://doi.org/10.6118/jmm.24000 9



Dong Ock Lee, et al.

rent smoking, steroid use history, rheumatoid arthritis,
secondary osteoporosis, femur neck BMD, and alcohol
consumption of more than three units per day are in-
cluded as independent risk factors [47].

FRAX is the most widely used tool worldwide and can
enhance the sensitivity of fracture prediction without
decreasing specificity by combining BMD with age and
clinical risk factors. If there is a probability of 3% or
more for hip fractures or 20% or more for major osteo-
porotic fractures occurring within 10 years, pharmaco-
logical treatment should be considered (Refer to Box 1.
Case study) [48].

(2) Other risk assessment methods

Bone density can also be assessed by technologies in-
cluding QUS and QCT.

Biomechanical CT is a method of quantitatively as-
sessing the lumbar spine and hip to estimate the bone
strength of an individual patient. The advantage of this
method is that it is unaffected by the patient’s spinal de-
formities or individual body size. However, the clinical
utility of biomechanical CT is still limited, considering
the comparative advantages of DXA over biomechani-
cal CT.

The trabecular bone score (TBS) is a method of in-
directly evaluating the distribution of bone density
by analyzing two-dimensional (2D) DXA images and
representing them in 3D. It correlates with the micro-
structure of trabecular bone and can predict fracture
risk independent of BMD. It has been integrated into
FRAX [49,50]. Recently, in the United States, a program
that adjusts FRAX using TBS after a BMD evaluation
has been commercialized. In women with a high risk
of fracture, integration of TBS could be helpful. This
method is useful for predicting osteoporotic fractures
not only in postmenopausal women but also in men
over 50.

(3) Limitations of fracture risk assessment

There are limitations to FRAX, including the pos-
sibility of underestimating fracture risk in cases of a
fall history, diabetes, or patients with a low BMD only
limited to the lumbar spine. Furthermore, responses
for some FRAX items are dichotomized only as “yes” or
“no;” thus making it impossible to quantify risk factors
such as dosage of glucocorticoids, number and type of
previous fractures, and recent occurrence. This could
limit its ability to reflect the weights of each risk factor
accurately. Despite these limitations, FRAX has been
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validated and widely used as a predictor of fracture risk
in the United States and Canada [51,52]. Until another
practical and economical method to accurately mea-
sure bone strength emerges, FRAX will continue to be
used as a useful tool to estimate fracture risk.

(4) Indications for BMD testing

According to guidelines from the National Osteopo-
rosis Foundation (NOF), the North American Meno-
pause Society (NAMS), and the American Association
of Clinical Endocrinologists (AACE), all postmeno-
pausal women at risk of low BMD are recommended
to undergo BMD measurements [53]. This includes all
women over 65 and younger postmenopausal women
with one or more risk factors for low BMD, such as a
history of fractures, family history, being underweight
(international standard: 1271b [57.7 kg], and BMI < 21,
Korean standard: BMI < 18.5). The US Preventive Ser-
vice Task Force (USPSTF) guidelines, less commonly
referred, recommend BMD testing for women over 65
or women aged 60 to 64 with a FRAX estimate of os-
teoporotic fracture risk of 9.3% or more (similar to the
risk in 65-year-old women without other risk factors).
According to the updated guidelines by the USPSTE,
BMD testing is recommended for women aged 60 to 64
with low BMD results and a high fracture risk, as well
as for women over 65, based on screening tools such as
FRAX or the Simple Calculated Osteoporosis Risk Esti-
mation (SCORE) [54].

3) Evaluating treatment response

For postmenopausal women who are receiving os-
teoporosis treatment due to low BMD and high frac-
ture risk, it is recommended to measure the BMD of
the spine and femur every 1-3 years to evaluate the
response to treatment [55]. For bone turnover mark-
ers, serum CTX, a bone resorption marker, and P1NP,
a bone formation marker, could be used to assess the
response to treatment [33]. The efficacy of drug treat-
ment for osteoporosis patients ultimately depends on
demonstrating a reduction in fracture risk, with a typi-
cal treatment reducing the risk of spinal fractures by
30%-70%, femoral fractures by 40%—-50%, and non-
vertebral fractures by 15%-20%. However, assessing
fractures can be challenging due to their low occur-
rence rate, extended time to occurrence, and suscepti-
bility to multiple influencing factors.

The Committee of Scientific Advisors of the IOF has
suggested that treatment responses could be evaluated
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using fractures, changes in BMD, and bone turnover
markers. Although the evidence is limited, it could be
considered a treatment failure if two or more fractures
occur during treatment, bone turnover markers are not
suppressed, or BMD continues to decrease [32].

When evaluating treatment response and select-
ing non-responsive groups, it is essential to consider
whether the patient is adhering to the medication regi-
men, taking appropriate doses of calcium and vitamin
D, not experiencing gastrointestinal absorption disor-
ders, or having an underlying condition contributing to
secondary osteoporosis.

(1) Fractures

In clinical trials, secondary or tertiary fractures were
shown to decrease significantly by 80%-90% compared
to the placebo treatment group [32]. Osteoporosis
treatment may reduce the risk of fractures but can-
not completely eliminate the possibility of occurrence.
Hence, a new fracture doesn't necessarily imply a lack
of response to treatment. Thus, the patient is con-
sidered non-responsive to treatment if two or more
fractures occur [32]. Even if a single fragility fracture
occurs, a decrease in BMD and an increase in bone
turnover markers may lead to the case being classified
as non-responsive. Moreover, fragility fractures occur-
ring within the first 6 months of treatment should not
be regarded as a treatment failure. Not all fracture sites
are associated with osteoporosis; fractures of the skull,
hands, fingers, feet, and ankles are not considered fra-
gility fractures [32].

(2) Bone mineral density

Osteoporosis is characterized by progressive bone loss,
and BMD is used as a predictor of fracture risk. How-
ever, the decrease in femoral neck BMD in postmeno-
pausal women with osteoporosis who are not receiving
treatment is generally 1%-2%, nearly the same as the
precision error of BMD measurement at this site. BMD
measured using Central DXA should be compared in
g/cm’, not T-scores. To evaluate whether the change in
BMD during treatment exceeds the error range of the
measuring device in actual clinical settings, it is nec-
essary to calculate the LSC for the measurement site,
which can be checked on the ISCD website (www.iscd.
org). A minimum confidence level of 95% is required
when inferring changes in BMD during follow-up ex-
aminations, and a decrease in BMD greater than the
LSC at 95% confidence can be considered an indicator

of non-response to treatment.

Different standards for defining non-responders using
BMD apply across societies. Generally, a patient could
be classified as non-responsive if there is a difference
greater than the LSC in at least two consecutive BMD
measurements (roughly 2% or more) or if an overall
decrease in BMD of 5% in the spine and 4% or more in
the femur is observed.

(3) Bone turnover markers

Generally, it was predicted that the fracture risk
would be reduced to a greater degree if the bone turn-
over markers decreased further after treatment with
antiresorptive drug therapy. Several clinical studies
have shown a strong correlation between the change in
PINP levels after 1 month and 3 months of using the
anabolic drug and the increase in spine BMD after 12
and 18 months [33].

When evaluating bone turnover markers, it is impor-
tant to consider secondary causes of osteoporosis. For
example, bone resorption markers and bone formation
markers appear to be lower in diabetic patients. They
can fluctuate in patients with chronic kidney disease
and endocrine disorders, which may lead to second-
ary osteoporosis [46]. CTX levels may be high in adult
patients with congenital hypophosphatemia who need
long-term phosphate supplementation. Moreover, OC
titers could be high in postmenopausal women defi-
cient in vitamin D.

Among various bone turnover marker tests, serum
CTX and P1INP are predicted to be more accurate in
reflecting the remodeling speed of bones. When moni-
toring adherence and drug response, they can be mea-
sured at baseline, 3 months, 6 months, and 12 months
after treatment begins. In the case of using an anti-
resorptive agent, CTX can be measured 3-6 months
after the start of treatment. In the case of bone-forming
agents, PINP can be evaluated 1-3 months after treat-
ment to monitor adherence and drug response. When
CTX or PINP are applied clinically, the clinical charac-
teristics are listed in the table below (Table 2) [33].

The treatment response for these markers is con-
sidered significant if they decrease by more than 25%
compared to baseline in antiresorptive drug treatment
or increase by more than 25% in anabolic drug treat-
ment, such as PTH. The IOF-IFCC (International Fed-
eration of Clinical Chemistry and Laboratory Medi-
cine) also deems it significant if PINP decreases by
more than 38% and CTX decreases by more than 56%
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Table 2. Clinical characteristics of serum CTX and P1NP in short-term monitoring of osteoporosis treatment

CTX

PINP

Drugs for monitoring response

Monitoring Frequency (follow-up intervals) * Basgline

¢ 3-6 months after 1st treatment
12 (or 6) months follow-up

® > 30% or 100 ng/L
e Diurnal variations

Threshold for efficacy

Possible interfering factors
e Food intake
e Diabetes
o Renal failure

Anti-resorptive drug

Anti-resorptive drug
Anabolic drug

 Baseline

e 3-6 months after 1st treatment
® 12 (or 6) months follow-up

® > 20% or 10 pg/L

e Diurnal variation
e Minimal variation caused by food intake
 Renal failure

CTX: C-terminal telopeptide of collagen type 1, P1NP: procollagen type | N-terminal propeptide.

3 months after treatment. If the baseline levels of bone
turnover markers are not available, it can be interpreted
as a response to treatment if it decreases below the me-
dian of young, healthy premenopausal adult women.
The median PINP of premenopausal women is roughly
30-40 ng/mL, and the median CTX is 0.22-0.30 ng/
mL, although variations depending on studies exist.
The median PINP of premenopausal Korean women is
roughly measured as 35-42 ng/mL, and for CTX, it is
0.279-0.573 ng/mL.

(4) Clinical evaluation of treatment response

If adherence does not improve further and the re-
sponse criteria are not met within 1 year after starting
treatment, it is recommended to consider changing
treatment in the following situations [56].

@ When two or more fragility fractures occur,

@ When a single fracture is accompanied by an in-
crease in CTX or PINP or no significant reduction of
either two markers,

When a single fracture is accompanied by a signifi-
cant decrease in BMD,

When a single fracture is accompanied by a signifi-
cant increase in bone turnover markers and a decrease
in BMD,

® When CTX and PINP do not decrease significantly
while BMD decreases significantly.

There is ongoing research regarding the effects of
different treatment modalities in various routes of ad-
ministration. Oral medications can be replaced with
injectable drugs or switched to stronger anti-resorptive
or anabolic agents. Combination therapy could be con-
sidered as well.
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[1l. LIFESTYLE MODIFICATION FOR BONE
HEALTH: EXERCISE AND NUTRITION

1. Calcium and Vitamin D

Key points

1. The best route of calcium intake in postmeno-
pausal women is through a calcium-rich diet.
Calcium supplements are secondary to a healthy
diet when consumption is deemed insufficient.

2. Vitamin D deficiency in postmenopausal women
is diagnosed by testing the blood concentration
of 25-hydroxyvitamin D, and vitamin D intake
is recommended at 800 IU/day to maintain bone
health and general health.

Calcium and vitamin D supplements are commonly
recommended to postmenopausal women for the pre-
vention and treatment of osteoporosis. However, recent
research results suggest that high-dose calcium supple-
ment intake can cause cardiovascular disease. Further
studies on the efficacy of vitamin D have also high-
lighted the need to revisit the importance of appropri-
ate daily intake.

1) Calcium

Adequate calcium intake is essential for maintaining
bone health and preventing osteoporosis regardless of
age. Calcium is abundant in dairy products, fish, and
green vegetables. If calcium intake is insufficient with a
regular diet, calcium supplements may be considered.
The 2021 NAMS (position statement) recommended
that all postmenopausal women should have a bal-
anced diet containing calcium and vitamin D, main-
tain overall health, including bone health, by quitting
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unhealthy substances such as cigarettes, and exercise
regularly, regardless of their BMD, clinical risk factors,
or fracture risk [42]. Nonetheless, lifestyle changes are
insufficient to inhibit BMD reduction in women who
undergo premature menopause, nor can they enhance
BMD or offer a satisfactory therapeutic substitute for
postmenopausal women suffering from osteoporosis.
Therefore, calcium supplementation is recommended
for postmenopausal women as a strategy for the pre-
vention and management of osteoporosis and bone
fractures [57]. The Institute of Medicine (IOM) in the
United States stated that the recommended daily al-
lowance (RDA) of calcium needed to maintain bone
health, including overall health, is 1,000 mg for adults
aged 19-50 and 1,200 mg for women over 51.

In South Korea, calcium is one of the least consumed
nutrients. According to the National Health and Nu-
trition Survey, the average daily calcium intake for
individuals over 1-year-old was 68.4% of the recom-
mended amount, which continues to decrease with
age. Specifically, the daily calcium intake for women
between 50 and 64 is 486.5 mg (60.8%), and for those
aged 65 and above, it is 392.0 mg (49.0%). This is rela-
tively low compared to the average daily calcium intake
in the United States and Canada, which is between 700
and 800 mg. Patients with malabsorption or calcium
metabolism disorders, such as hyperparathyroidism,
require a greater amount of calcium and vitamin D
supplementation.

However, recent studies have found that a high intake
of calcium supplements may contribute to the calcifica-
tion of blood vessels, leading to myocardial infarction
and increasing the risk of kidney stones and colon pol-
yps [58]. This has sparked ongoing discussions about
whether it is really beneficial to supplement with cal-
cium and what the appropriate intake amount should
be. According to a meta-analysis by the NOF, calcium
intake reduced the risk of all fractures by 15% and the
risk of hip fractures by 30%. However, other studies
did not reach a consensus on the efficacy of calcium
in preventing fractures [59,60]. A meta-analysis of
the effects of calcium intake on cardiovascular disease
found that long-term prescription of calcium supple-
ments increased the risk of myocardial infarction by
31% compared to the control group, and prescribing
high-dose calcium supplements of 1,200 mg or more
increased the cardiovascular risk by 5%, with an addi-
tional 10% increase for dosages above 1,400 mg. How-
ever, contrary to these findings, another study found

that a group consuming 700 mg of calcium daily had a
higher incidence of cardiovascular disease than a group
consuming 1,400 mg. The study concluded that there
was no consensus on the impact of the duration and
amount of calcium intake on cardiovascular disease.
According to a prospective longitudinal cohort in Swe-
den, a total daily calcium intake exceeding 1,500 mg,
including dietary calcium, increased the all-cause mor-
tality rate (hazard ratio, 1.4; 95% confidence interval,
1.17-1.67) [61]. However, another study found that a
group of 9,000 postmenopausal women who were given
500-1,000 mg of calcium over a 10-year period showed
a statistically significant increase in survival rate com-
pared to a non-supplementation group, but there was
no change in mortality among those who took more
than 1,000 mg of calcium compared to those who did
not.

In many research findings, there is no consensus on
the additional health benefits of calcium intake, such
as its impact on cardiovascular diseases and overall
mortality, beyond its effects on bone health. Due to the
risk of kidney stones, calcium supplements should not
be recommended indiscriminately, with vague expec-
tations. As reported studies consistently noted, cau-
tion should be exercised when considering high-dose
calcium supplementation [62]. Calcium is a threshold
nutrient. BMD decreases below a certain intake level,
but consuming more than the threshold provides no
additional benefit. Consequently, since substantial cal-
cium supplementation offers no clear benefit, healthy
postmenopausal women and women diagnosed with
osteoporosis are advised to prioritize dietary calcium
intake. The AACE, the NOF, the IOM, and the Endo-
crine Society recommend a total daily calcium intake
of 1,200 mg from food and supplements for women
over 51 [62]. Before recommending calcium supple-
ments, it is important to assess the amount of calcium
that could be consumed through diet. Half of the daily
required calcium intake in the United States may be
fulfilled with a regular diet alone. Thus, the actual rec-
ommended dose of calcium supplements would be 600
mg. For individuals with low dietary calcium intake,
the approach should not be to increase the dose of cal-
cium supplements but to correct dietary habits first by
encouraging the consumption of calcium-rich foods
such as dairy and nuts. Calcium supplements should be
recommended only when dietary intake is insufficient.
A daily calcium intake of 600 mg or less is known to
have no serious side effects, but consuming more may
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lead to constipation or bloating.

There are various types of calcium supplements. Cal-
cium carbonate, which contains 40% calcium, is inex-
pensive and convenient; however, it may cause consti-
pation or gastrointestinal disorders. It should be taken
with food to maximize absorption since gastric acid
secretion facilitates it. Calcium citrate contains 21% cal-
cium, is more expensive and requires more pills for the
same dose as calcium carbonate. However, the absorp-
tion is not affected by stomach acid, and it causes fewer
gastrointestinal disorders. Some calcium supplements
are available in forms that can be chewed, which can
be easier to swallow for some patients. For optimal ab-
sorption, regardless of the type of supplement, calcium
should be taken in doses not exceeding 500-600 mg at
a time. If more than 600 mg of calcium supplementa-
tion is needed, it should be taken in divided doses.

2) Vitamin D

Vitamin D plays a crucial role in the absorption of
calcium in the intestines, bone health, muscle func-
tion, body balance, and reducing the risk of falls. Ad-
equate levels of vitamin D can enhance the response to
bisphosphonate therapy in patients with osteoporosis,
increase bone density, and prevent fractures. As a re-
sult, numerous societies have recommended that adults
over 50 intake daily at least 1,000 IU of vitamin D. In
healthy women with an average age of 63 and a baseline
serum concentration of 25-hydroxyvitamin D at 27.6
ng/mL, administering omega-3 and vitamin D at a dos-
age of 2,000 IU for 24 months did not raise the serum
concentration above 30 ng/mL, despite the high dosage
being administered [63]. This could be attributed to
vitamin D being a threshold nutrient, meaning that se-
vere deficiency can be harmful, but beyond the thresh-
old necessary to avoid deficiency, there may be no
additional benefits from further supplementation. The
IOM in the United States has recommended a daily in-
take of 600 IU/day for vitamin D up to age 70, and 800
IU/day for those aged 71 and above [64]. These dosages
are deemed necessary to maintain an appropriate blood
concentration of 25-hydroxyvitamin D, at 20 ng/mL,
in postmenopausal women. The potential benefits of
vitamin D supplementation for bone health in healthy
adults are unclear, and multiple meta-analyses have not
reached a consensus regarding its effect on fracture risk
[65]. While some research suggests that taking 700-800
IU of vitamin D supplements daily reduce femoral
fractures by 26% and non-vertebral fractures by 23%

14 www.e-jmm.org

[38], others indicate that taking high doses of vitamin
D, such as 500,000 IU annually (approximately 1,370
IU/day), increases the risk of fractures by 26% and the
risk of falls by 16% [66]. These findings have prompted
a paradigm shift in recommended daily intake. In 2021,
the USPSTF raised issues when they released guide-
lines against the routine use of calcium and vitamin
D supplements to prevent fractures in community-
dwelling adults without a history of osteoporosis or
fractures, and who do not have a vitamin D deficiency
[67]. According to a meta-analysis of 11 systematic
clinical trials involving 51,419 community-dwelling
adults without prior history of vitamin D deficiency,
osteoporosis, or fractures, vitamin D supplementation
in isolation did not significantly alter the risk of hip
fractures [59]. Combined supplementation of vitamin
D and calcium also showed no effect on vertebral and
hip fractures but increased the risk of kidney stones.
The beneficial effects of vitamin D on fractures were
primarily observed in older adults with vitamin D de-
ficiency or those in care facilities. Consequently, the
USPSTF concluded that there is insufficient evidence
to evaluate the benefits and harms of supplementing
postmenopausal women residing in communities with
400 IU of vitamin D or more than 1,000 mg of calcium,
or monitoring and supplementing vitamin D deficien-
cies through blood tests for the primary prevention of
fractures [67]. Similarly, the Endocrine Society in the
US also stated that there is a lack of sufficient evidence
for screening serum vitamin D levels in adults without
a risk of deficiency.

In conclusion, although calcium and vitamin D sup-
plementation appears to have no preventive effect on
osteoporotic fractures in healthy adults without risk of
fractures, a daily intake of 800 IU of vitamin D is rec-
ommended to maintain bone health [68,69]. While the
conventional practice has been to co-administer cal-
cium and vitamin D with medications for osteoporosis
in women with the condition to enhance their effect,
there is insufficient evidence to support this. Thus, it is
advised not to take large amounts of vitamin D and cal-
cium routinely and to stay within recommended doses
[70]. Vitamin D can be synthesized in the skin through
sunlight exposure, or it could be obtained from food
sources such as fatty fish like mackerel, tuna, salmon,
egg yolks, and cheese.

2. Other Dietary Management and Exercise
In dietary management for the prevention of osteo-
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porosis, it is crucial to consume appropriate levels of
calcium and vitamin D, or use supplements if there
is a deficiency. This section will explore other dietary
management strategies and exercises for the prevention
of osteoporosis, excluding calcium and vitamin D. It
is generally recommended to maintain an appropriate
weight as low body weight is a risk factor for osteopo-
rosis and fractures.

Key points

1. Consume a low-salt diet with sufficient protein
intake, avoiding excess beyond recommended
levels.

2. Adequately consume soy and tofu, which are rich
in magnesium and plant estrogens.

3. Ensure ample intake of fresh vegetables and fruits
for vitamins such as vitamins C, K, and minerals
like potassium and magnesium.

4. Maintain a healthy weight, avoiding excessive
weight loss.

5. Limit the intake of carbonated drinks and coffee.
Opt for tea (green or black) when a caffeinated
beverage is required.

6. Avoid smoking and limit alcohol consumption to
1-2 drinks, if possible.

1) Other dietary management

Bones are composed of both inorganic and organic
components, and in the deposition, maintenance, and
repair of bone tissue, minerals such as calcium and vi-
tamin D, as well as inorganic minerals like vitamin C, K,
phosphorus, magnesium, zinc, play important roles.

Among various etiologies of osteoporosis, nutrition
not only influences bone mass and quality but also
the occurrence and healing of fractures. Bone mass is
determined by genetic factors, but adequate nutrition
during adolescence, which is the period for acquiring
maximum bone mass, especially through the intake of
calcium, vitamin D, and protein, plays a crucial role
in maintaining high bone density throughout life. An
increase of 10% in maximum bone mass can reduce
the risk of fracture by 50%. After achieving maximum
bone density, the absorption of bone exceeds deposi-
tion, which in turn leads to bone demineralization.
The extent and speed of this process are influenced by
the intake of calcium, vitamin D, fluoride, magnesium,
zinc, and vitamin K. Furthermore, adequate muscle or
fat around the hip can cushion the bone during falls,

enabling faster recovery after a fracture. Therefore, suf-
ficient nutrient intake affects not only fracture preven-
tion but also recovery [71].

(1) Protein

Protein, along with calcium, forms the fundamental
structure of bones. It accounts for half of the total bone
volume and a third of its weight. Protein intake, when
sufficient, determines about 2%-4% of adult bone den-
sity [72]. Therefore, adequate protein intake is essential
for bone health. In elderly patients with osteoporosis, a
daily protein intake of more than 0.8 g per kg of body
weight increases BMD, slows bone loss, and reduces
the risk of hip fracture [73]. However, recent studies
suggest that this amount may be insufficient, and
Korean research also advocates for an intake of not
less than 0.9 g [11]. Adequate protein supplementa-
tion after a hip fracture has been reported to shorten
the hospital stay and aid functional recovery [74-76].
In patients with chronic kidney disease, a high-protein
diet can affect kidney function; therefore, the American
National Kidney Foundation limits protein intake to
approximately 0.6-0.75 g per kg of body weight per day
for non-dialysis patients with chronic kidney disease.

Excessive protein intake (> 2 g/kg) can increase cal-
cium excretion in the kidneys, thus underlining the
importance of appropriate protein intake [73]. This is
especially significant when the daily calcium intake is
below 600 mg.

(2) Magnesium

Approximately 60%-70% of magnesium is present in
the skeleton or teeth, where it combines with calcium
and phosphorus, altering the surface characteristics
of calcium and phosphorus. Magnesium also plays a
crucial role in facilitating intestinal calcium absorption
[77]. Rich sources of magnesium include green leafy
vegetables, legumes, nuts, and less refined grains due
to its role as a component of chlorophyll. While the ne-
cessity of magnesium supplementation has been ques-
tioned, no randomized studies have yet confirmed its
influence on fracture risk or BMD. Adequate amounts
of magnesium could be found in a regular diet [38].
However, magnesium supplementation could be ben-
eficial in the circumstances suspected of magnesium
deficiency, for instance, malabsorption, chronic liver
diseases, alcohol consumption, loss through kidneys,
and long-term use of proton-pump inhibitors or di-
uretics. Magnesium can also be helpful in relieving
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constipation caused by calcium intake.

(3) Sodium

Consuming salt increases calcium excretion in the
kidneys. In menopausal Korean women, higher sodium
intake was associated with lower femoral BMD and
increased osteoporosis risk. The Korean Dietary Refer-
ence Intakes recommends a sodium intake of less than
2,000 mg (5 g of salt), yet the national health and nutri-
tion survey shows actual intake exceeding 3,200 mg
[78].

(4) Phosphorus

Phosphorus, combined with calcium, is essential for
bone and teeth formation. Phosphorus deficiency may
lead to osteomalacia, bone pain, and muscle weak-
ness. However, it is contained in various types of foods,
making deficiency rare among those who maintain a
regular diet. The optimal phosphorus intake ratio to
calcium is 1:1, yet the KNHANES indicates a 2:1 ratio
[79]. Excessive phosphorus intake can negatively affect
calcium metabolism; thus, there is a need to limit the
consumption of high-phosphorus beverages such as
carbonated soda [80].

(5) Vitamin A, K, phytoestrogen, omega-3

Vitamin A plays a role in the differentiation of osteo-
blasts and osteoclasts; thus, deficiency may impair bone
formation. However, chronic consumption of large
amounts of vitamin A (over 10,000 IU per day) can
negatively impact bone health and should be avoided
[38].

Vitamin C is essential for collagen synthesis, osteo-
blast stimulation, and calcium absorption. It is advis-
able to meet the Korean Dietary Reference Intakes’ rec-
ommendation of 100 mg and not to exceed the upper
intake level of 2,000 mg [81].

Vitamin K is required for the synthesis of osteocytes,
calcium attachment to the bone matrix, and fracture
healing. There are reports suggesting that supplement-
ing about 1 mg of vitamin K per day can reduce bone
turnover and increase bone loss in postmenopausal
women [38]. However, further research is needed in or-
der to confirm these benefits and consider their inclu-
sion in the standard recommendations for the preven-
tion of osteoporosis. Vitamin K stimulates the synthesis
of OC, and the deficiency caused by coumarin antico-
agulant therapy can impact OC, potentially harming
bone health [82].
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Vitamin A is found in animal products such as liver
and egg yolk, while vitamins C and K are abundant in
plant-based foods such as green vegetables and fruits.
Bacteria in the colon also synthesize vitamin K, and
they are absorbed via the intestines. This implies a re-
lationship between intestinal health and the nutritional
status of vitamins.

A diet rich in isoflavones, also called “phytoestrogens,’
which act on estrogen receptors, has been reported to
prevent bone loss and reduce fracture risk [83]. Howev-
er, the overall evidence supporting the benefit of isofla-
vone supplementation in enhancing BMD or reducing
fracture risk remains inconclusive [38].

Omega-3 fatty acids, abundant in fish and seafood,
positively affect bone density. They can promote calci-
um absorption in the duodenum by regulating ATPase.
A study of postmenopausal Korean women showed a
positive correlation between blood levels of omega-3
fatty acids and BMD. Yet, there are insufficient data to
confirm the benefits of omega-3 supplementation for
bone health.

(6) Other trace elements

In addition to calcium, trace elements such as zinc,
copper, and manganese are also required for bone for-
mation. For zinc, about 2-3 g is present in our body;
about 28% is distributed in the bones and teeth. With
advancing age, the concentration of zinc in urine el-
evates, a process that is further intensified in the pres-
ence of osteoporosis and decreased upon the adminis-
tration of estrogen in postmenopausal women. Zinc is
abundant in animal-derived food sources such as red
meat and oysters.

(7) Caffeine

Caffeine consumption may reduce intestinal calcium
absorption and increase excretion through urine. Drink-
ing more than four standard cups (1 standard cup =
240 mL) per day could decrease BMD, but moderate
consumption does not seem to be associated with os-
teoporosis. Therefore, limiting caffeine intake to 1-2
cups per day or switching to decaffeinated options is
recommended [84]. Although tea, including black and
green, contains caffeine, it also contains fluoride, plant
estrogen, and manganese; thus, limiting the intake is un-
necessary. One report stated that consuming tea for over
10 years, regardless of the type, has increased BMD [85].
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(8) Alcohol

Excessive alcohol intake increases the risk of frac-
tures. This is primarily due to its negative impact on
bone formation. In most studies, OC, a bone formation
marker, increases when alcohol consumption is ceased.
Moreover, alcohol consumption increases the risk of
falls, exacerbates calcium deficiency, and may elevate
the risk of liver disease and subsequent vitamin D de-
ficiency due to chronic liver disease [86]. Therefore, it
is recommended that postmenopausal women who are
at high risk for osteoporosis limit their daily alcohol
intake to no more than two drinks. Here, one drink is
defined as 120 mL of wine, 30 mL of spirits, or 260 mL
of beer [87].

(9) Smoking

Numerous studies have established an increased risk
of osteoporotic fractures associated with smoking [38].
The precise mechanism remains uncertain but could be
due to reduced calcium absorption in the gut, increased
metabolism of endogenous estrogen, or the direct im-
pact of cadmium on bone metabolism [86]. Although
no prospective studies confirm that quitting smoking
reduces fracture risk, some meta-analyses reported a
higher fracture risk in current smokers compared to
those who have quit. Therefore, all smokers should
receive cessation counseling. The use of alternative to-
bacco products is also detrimental to overall health and
bone integrity.

2) Exercise strategies for the prevention of
osteoporosis

Key points

1. Weight-bearing and strength-training exercises
should be incorporated into daily routines.

2. High-intensity aerobic exercise is more effective
than low-intensity exercises such as walking.

3. Patients with severe osteoporosis should avoid
exercises that require sit-ups, excessive spinal
flexion, or heavy weightlifting.

4. For osteoporotic patients, safety should be priori-
tized over efficiency during exercise.

5. Exercise prevents fractures from falls. Exercises
aimed at maintaining balance and preventing falls
are as important as using osteoporotic drugs to
prevent fractures.

(1) Exercise and bone

Numerous studies on exercise and bone health exhibit
a range of results, yet they all conclude that exercise
can, to some extent, affect BMD. According to a meta-
analysis of 16 studies, exercise has been reported to
increase lumbar BMD by about 2%. The mechanical
stress applied during exercise imposes tension on the
bone, triggers morphological changes, provokes local-
ized bone responses, suppresses bone resorption, and
promotes bone formation. Exercise also stimulates the
secretion of growth hormones. Moreover, metabolic
acidosis induced by exercise is reported to stimulate
bone remodeling. In addition to the direct load on the
bone, strengthening muscles through exercise can also
increase bone density [86]. The effect of commenc-
ing and continuing exercise before adolescence on
bone density and volume is significant, approximately
1%—-6%, much higher than the 0.3%-2% effect of exer-
cise after adolescence. Therefore, high-intensity sports
such as gymnastics, badminton, tennis, volleyball, and
basketball can be beneficial, providing tension in bones
during adolescence.

Whether exercise can increase bone strength remains
uncertain, mainly because methods for measuring and
predicting bone strength are not as well established as
those for bone density. Though evidence is scarce, ex-
ercise has been reported to cause a small but significant
increase in the strength of bones in the lower extremi-
ties in young adults who have not reached peak height.
Interestingly, this effect was not observed in women of
the same age. Once growth is complete, exercise does
not significantly impact bone strength in either sex.

Muscle weight is a critical factor in determining bone
mass. Both muscle weight and bone mass decline
with age. Bone mass is closely related to exercise and
strength training. In elderly individuals, increasing
muscle mass through strength training can reduce the
rate of bone loss.

(2) Exercise and decreased fracture rate

Published studies investigating the incidence of frac-
tures indicate that exercise reduces fracture risk, as it
helps maintain adequate muscle strength and aids in
maintaining walking speed and posture control, thereby
preventing falls [88]. However, it has also been reported
that the group that exercised only showed a reduction
in fractures by about 4%, which was not statistically
significant. The UK National Osteoporosis Guideline
Group (2017) summarized that weight-bearing exercise
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benefits BMD but doesn’t reduce actual fracture risk
[74]. Nevertheless, it concluded that periodic weight-
bearing exercises should be recommended, tailored to
meet each individuals needs [74].

There is a need for careful consideration and coun-
seling about the potential drawbacks of exercise, as
excessive encouragement may increase the risk of falls
in elderly patients. Moreover, excessive exercise may
be associated with joint pain, back pain, or headaches,
which in turn results in reduced activity and muscle
loss.

(3) Practical exercise for osteoporosis

So, what is the ideal exercise for osteoporosis preven-
tion? Its challenging to present a standardized program,
but weight-bearing and strengthening exercises should
be in the mainstream of exercise. Weight-bearing ex-
ercises include activities such as running, walking,
jogging, Tai Chi, stair climbing, dancing, tennis, etc.
Exercise that applies a strong weight-bearing load on
targeted areas of bone is reported to stimulate bone
formation more effectively than applying a constant
but tolerable load throughout the body. The intensity of
weight-bearing exercise should be safely adjusted, con-
sidering each individual’s cardiovascular endurance
and joint function. The intensity, once adjusted, should
be gradually increased [4].

Strength exercises are beneficial for BMD in both pre-
and post-menopausal women. Progressive resistance
strength training performed under non-weight-bearing
conditions significantly reduced postmenopausal femo-
ral neck BMD loss and decreased total hip bone density
loss by about 1%. Strength exercises include equip-
ment-based exercises (dumbbells, weights, etc., most
equipment in fitness clubs) and body-weight exercises
(push-ups, squats, etc.), as well as yoga and Pilates.
Strength exercises should begin within a safe range
and gradually increase in intensity. The same action
should be repeated 8-20 times, followed by a 1-2 min-
utes break, then another 8-20 repetitions. After 10-18
weeks of strength training, muscle strength increases by
about 20%, but when exercise is discontinued, 70% of
the gained strength is lost after 12 weeks [5].

High-intensity aerobic exercise is more effective than
low-intensity exercises such as walking. A year of per-
sistent low-intensity weight-bearing exercise, like walk-
ing three to 5 times a week, has been reported to have
minimal effect on BMD in postmenopausal women
[89]. Some studies even indicate that walking alone
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has no significant impact on BMD [90]. Higher BMD
increases have been reported for moderate to high-in-
tensity aerobic exercises (climbing stairs, brisk walking,
weighted walking, running) sustained over 1-2 years
than for low-intensity exercises like simple walking.

Combining two or more exercises is more effective
for increasing BMD than individual exercises. Accord-
ing to a meta-analysis, in postmenopausal women, a
combination of resistance exercises (a method of com-
bining resistance exercises with high-impact or weight-
bearing exercises) significantly increased lumbar and
femoral BMD more than resistance exercises alone [90].
Furthermore, a combination of aerobic and anaerobic
exercises is reported to be the most effective approach
to prevent spine BMD.

Combining exercise with calcium or hormone re-
placement therapy in women enhances BMD to a
greater degree than exercise therapy alone. The over-
all benefit of exercise on BMD appears to be around
0%-2%. Considering that about 1% of bone loss occurs
annually in a non-exercising control group, this effect
can be considered substantial [89]. However, if exercise
is not sustained, its effect diminishes. While exercise
can maintain bone mass or alleviate bone loss, it cannot
replace bone resorption inhibitors.

(4) Precautions and exercises to avoid

Patients with severe osteoporosis should avoid exer-
cises that require sit-ups, excessive spinal flexion, heavy
weightlifting, or bending the torso sideways. These
movements can exert pressure on the spine, potentially
leading to fractures.

Spinal fractures can occur not only from strenuous
exercise but also in daily life, especially when bending
forward to lift objects, which can exert pressure on the
spinal bones 10-20 times higher than the normal posi-
tion. A 2-year study tracking women aged 49-60 with
spinal osteoporosis found that 67% of those who did
not exercise experienced fractures, compared to 89%
of those who performed exercises involving excessive
spinal flexion.

For patients with osteoporosis, safety should take
precedence over efficiency. Preparation and cool-down
exercises must always be included before and after
workouts. Comprehensive assessments of balance, gait,
vision, orthostatic blood pressure, medication therapy,
environment, cognitive function, and mental health in
elderly patients should be made in advance of working
out. For those with functional limitations, alternative
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methods of exercise should be suggested to reduce the
risk associated with such limitations.

For postmenopausal women with osteoporosis, the
following precautions should be considered during ex-
ercise:

The intensity of the exercise should be gradually in-
creased.

Safety should be prioritized, and strenuous exercises
should be avoided.

Exercises that cause excessive torso bending should be
avoided.

Individualized exercise protocols should be prescribed
based on the patients BMD and physical ability.

Sustainable exercise environment should be fostered
with ongoing education and observation.

(5) Fall prevention

Approximately one-third of individuals aged 65 and
over, and about half of those aged 80 and over, experi-
ence falls each year. Of these, 20%-30% suffer from
moderate to severe injuries. While osteoporosis is a risk
factor for fractures, 90% of fractures are caused by falls.
The risk of femoral fractures increases 2.5 times with
a decrease of 1 SD in BMD, but it increases more than
five times due to falls. In particular, about 95% of hip
fractures occur due to falls. In individuals aged 75 and
over, the risk of fractures is solely attributed to the inci-
dence of falls, not a decrease in BMD [89].

Exercise has a preventive effect on falls and fall-
induced fractures by improving agility, balancing sense,
muscle strength, and BMD. Recent studies have re-
ported that exercise reduces incidences of fractures by
reducing falls [91]. Therefore, exercise is as important
as the use of osteoporosis medication for fracture pre-
vention [92]. Exercises that enhance muscle strength,
coordination, and balance, such as dancing, Tai Chi,
and walking, are recommended. Long-term participa-
tion in such balance exercises is effective in preventing
falls. According to a meta-analysis, these exercises not
only reduce fall frequency by 10% but also lessen the
severity of injuries when falls occur [93]. Tai Chi, for
instance, has been reported to decrease the frequency
of falls by 47% and reduce the risk of femoral fractures
to a quarter [94]. Exercising using gym balls can also
improve balance. It is also important to identify fall risk
factors, such as aging, history of stroke, visual and mus-
cular conditions, underlying diseases, medication use
that can induce dizziness or reduced alertness, and en-
vironmental factors (for instance, furniture and electric

cord placements, dim indoor lighting, slippery floors or
tiles). Necessary measures should be taken accordingly
[95].

3) Conclusion

Management of lifestyle factors such as calcium, pro-
tein, and vitamin D intake, physical activity, smoking
cessation, moderate alcohol consumption, nutritional
management, and fall prevention are crucial for osteo-
porosis and fracture prevention. Such lifestyle modi-
fications are recommended, regardless of the current
intake of osteoporosis drug treatments. The FRAX de-
veloped by the WHO classifies certain lifestyle-related
factors as risk factors for fractures. The NOF and the
IOF have included lifestyle management in their os-
teoporosis treatment guidelines. It is imperative to quit
smoking and avoid excessive alcohol consumption,
maintain a healthy weight, limit caffeine and carbon-
ated beverages, and avoid excessive salt intake.

Exercise helps maintain BMD and reduce the risk of
falls. It helps prevent fractures and shortens the recov-
ery period post-fracture. A combination of weight-
bearing and resistance exercises is recommended as
long as they are performed safely. The AACE strongly
advises lifelong physical activity for cardiovascular
health, osteoporosis prevention, and overall health.
The recommended 150 minutes of moderate aerobic
exercise per week and strength exercises at least twice
a week should be initiated. The duration and intensity
should be gradually increased over time and main-
tained for over a year with the goal of integrating exer-
cise into a healthy lifestyle.

Most risk factors for osteoporosis and fractures are re-
lated to lifestyle habits. Rather than focusing on medi-
cation, paying attention to each risk factor and making
efforts to correct them through lifestyle modification

can help patients prevent fractures and lead a healthier
life.
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