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Abstract

Background: Osteoporosis is characterized by microarchitectural disruption of the bone, decrease in bone mineral density,
and increased skeletal fragility and risk of fracture. Osteoporosis occurs due to the decoupling of bone formation and bone
resorption, with a significant increase in resorption. This review article focuses on the role of laboratory investigations in
the diagnosis and monitoring of treatment in patients with osteoporosis.

Methods: This review article collected literature from various databases using keywords such as ‘Laboratory investigations’,
‘Osteoporosis’, ‘Diagnosis’, ‘Monitoring’, and ‘Bone turnover markers’.

Results and Discussion: Laboratory investigations, including serum calcium, alkaline phosphatase, vitamin D, and para-
thormone, are commonly performed tests to exclude secondary causes of osteoporosis and monitor the response to therapy.
The biochemical markers of bone turnover are newly emerged tests for monitoring individual patients with osteoporosis.
These markers are classified as bone formation and resorption markers, measurable in both serum and urine. The use of
these markers is limited by biological and analytical variability. The International Federation of Clinical Chemistry and
Laboratory Medicine and the International Osteoporosis Foundation recommend serum procollagen type 1 amino-terminal
propeptide as the bone formation marker and p-form of C-terminal cross-linked telopeptide of type I collagen (B-CTx-1/p-
CrossLaps) as the marker of choice, using standardized procedures. However, in specific cases, such as patients with chronic
renal disease, CTx-1 is replaced by the resorption marker tartrate-resistant acid phosphatase 5b, as its levels are not affected
by renal excretion.

Conclusion: Bone turnover markers have emerged as tools for the assessment of osteoporosis, using standardized procedures,
and are useful in monitoring therapy and treatment compliance.
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Introduction

Osteoporosis is a condition marked by microarchitectural
disruption, decreased bone mineral density, and increased
skeletal fragility and fracture risk. Generalized osteoporosis
may occur as either a primary condition or as a secondary
manifestation of various underlying conditions (Table 1) [1].
Senile and post-menopausal are the most common forms
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of primary osteoporosis. Radiological investigations such
as dual-energy X-ray absorptiometry (DEXA) are usually
used for the initial work-up of osteoporosis, which provide
static measures such as bone quantity and are limited by the
fact that they reflect the effects of changes in the past. Labo-
ratory investigations, such as bone markers, are dynamic
measures that provide real-time information on bone status,
including whether there is bone matrix loss or new bone
formation. Laboratory evaluation is typically performed for
post-menopausal women or men above 50 years of age who
are at risk of osteoporosis fracture and falls. The laboratory
investigations are important in differentiating primary and
secondary causes of osteoporosis, in choosing appropriate
therapy, and to monitor therapy [2].

The basic investigations performed for all forms of
osteoporosis include complete blood counts (CBC), serum
and 24-h urinary calcium, serum phosphate, parathormone
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Table 1 Conditions associated
with secondary osteoporosis
(1,3, 4]

Endocrine causes
Hyperparathyroidism

Diabetes mellitus

Addison’s disease
Hyperthyroidism

Hypothyroidism

Cushing’s syndrome

Pituitary tumors

Hypogonadism

Primary or secondary amenorrhea

Chronic renal disease

Autoimmune disorders
Rheumatoid arthritis
Psoriatic arthritis

Gastrointestinal
Malabsorption
Inflammatory bowel disease
Celiac disease

Hepatic insufficiency
Lactose intolerance

Genetic disorders
Osteogenesis imperfecta
Ehlers—Danlos syndrome
Hypophosphatasia

Drugs

Glucocorticoids

Anti-coagulants

Antiepileptics

Proton pump inhibitors
Chemotherapy agents (methotrexate)
Thiazolidinediones

Gonadotrophic releasing hormone

Chronic obstructive pulmonary disease

Hematological
Multiple myeloma
Hemolytic anemia

Nutritional

Alcoholism

Malnutrition, vitamin C & D deficiency
Bad dietary habits

Anorexia

Others
Smoking
Immobility

(PTH), 25-hydroxy vitamin D (25(OH)D), and liver func-
tion tests including alkaline phosphatase (ALP).

The significance of each laboratory investigation is out-
lined in the following sections:

CBC may reveal anemia or multiple myeloma. Although
anemia is not related to osteoporosis, it may indicate
malnutrition.

Serum calcium has a significant role in bone metabo-
lism. The normal serum calcium level in adults ranges
from 8 to 10 mg/dl. Adequate dietary intake is required
to maintain calcium levels, and the recommended daily
intake of calcium for individuals aged 10-25 years is
1000-1200 mg/day [5]. Approximately 50% of the serum
calcium in circulation is present as free-ionized calcium
and 40% is bound to proteins such as albumin (80%) and
globulin (20%). The remaining 10% comprises small
diffusible inorganic and organic anions such as calcium
lactate, calcium bicarbonate, and calcium citrate. Several
factors influence the total serum calcium levels such as
serum pH, and the levels of immunoglobulins and albu-
min. Hypoalbuminemia can cause falsely decreased cal-
cium levels. The calcium concentration is regulated by
PTH and vitamin D levels.

The total serum calcium level is measured using the
spectrophotometric method and ionized calcium levels
are measured using the ion-specific electrode method [6].
Elevated serum calcium levels suggest primary hyperpar-
athyroidism or malignancy, and decreased serum calcium
levels are indicative of malnutrition or malabsorption such
as in celiac disease [7].

The 24-h urinary calcium excretion varies depending on
the dietary changes. In non-fasting conditions, both genders
can excrete up to 300 mg calcium/24 h in the urine, while in
fasting conditions, the excretion is typically < 200 mg/24 h.
Low urinary calcium (<50 mg/24 h) suggests malnutri-
tion or malabsorption. Conversely, a high urinary calcium
(> 300 mg/hr) is indicative of hypercalciuria.

Hypercalciuria can occur due to three reasons:

1. Renal calcium leak, seen commonly in males with osteo-
porosis.

2. Decreased absorption by renal tubules, either of idi-
opathic nature or due to increased vitamin D.

3. Malignancies such as multiple myeloma or disorders
associated with elevated bone turnover such as hyper-
parathyroidism, Paget’s disease, or hyperthyroidism.

Urine calcium should be normalized to glomerular filtra-
tion and hence serum and urinary creatinine levels are also
measured to estimate the calcium creatinine ratio. Urinary
calcium concentration > 0.16 mg/100 mL GF is generally
indicative of osteoclastic bone resorption. Therefore, it
serves as a useful marker in the evaluation of high-turnover
osteoporosis [6].

Phosphorus/phosphate is primarily stored (85%) in teeth
and bones, with only 1% being found in the extracellular
fluid. It is a component of cell membrane structure and ATP.
Phosphorus and calcium make up hydroxyapatite, a major
structural component of bone. PTH and vitamin D regu-
late its metabolism. Phosphate concentration levels can be
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assessed in both urine and serum. Phosphorus levels may be
decreased in hyperparathyroidism and increased in chronic
renal disease [7].

Parathormone (PTH) is a single-chain polypeptide con-
sisting of 84 amino acids produced by the parathyroid gland.
It plays a key role in calcium homeostasis (Fig. 1). Intact
PTH, the biologically active hormone, exerts its action
mainly on bone and kidney, independent of the glomerular
filtration rate. Low plasma calcium stimulates PTH secre-
tion, leading to the mobilization of stored calcium from the
skeleton. In addition, it increases calcium absorption from
the intestine by promoting the 1,25-dihydroxy vitamin D
(1,25(0OH),D) synthesis in renal tubules. It also enhances
calcium reabsorption from the ascending loop of Henley
and facilitates the excretion of phosphorus. PTH serves as
a major regulator of bone remodeling and osteoclast activ-
ity [8].

Hyperparathyroidism, a disorder characterized by
increased PTH levels, is classically associated with hyper-
calcemia. Elevated PTH levels result in the upregulation
of Receptor Activator of Nuclear Factor Kappa-B Ligand
(RANKL), with subsequent activation of osteoclasts and
increased bone resorption. This may be associated with
osteopenia and osteoporosis, usually affecting the periph-
eral skeleton [10].

Vitamin D, a fat-soluble steroid prohormone, is mainly
produced in the skin from 7-dehydrocholesterol, while
only 10-20% is obtained through dietary sources such as
fish, milk products, and fortified foods. Vitamin D2 (ergo-
calciferol) and vitamin D3 (cholecalciferol) are the two
common forms of vitamin D. Vitamin D promotes intes-
tinal absorption of calcium and phosphates. It is converted
to 1,25(0OH),D (calcitriol), the biologically active form

Fig. 1 Calcium homeostasis
[9]. PTH parathormone, ECF
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through hydroxylation reaction. Vitamin D undergoes con-
version to 25(OH)D in the liver and further hydroxylation
to 1,25(0OH),D occurs mainly in the proximal renal tubules
of kidneys. The major storage form of vitamin D present in
the blood is 25(OH)D, which has a half-life of 2-3 weeks. In
contrast, the active form, 1,25(OH),D, has a shorter circulat-
ing half-life of approximately 4 h [9].

The measurement of vitamin D involves assessing the
two forms, 25(OH)D and 1,25(0OH),D. They are typically
analyzed using chemiluminescence or liquid chromatogra-
phy—mass spectrometry.

e 25(OH)D is considered the analyte of choice for measur-
ing vitamin D levels [9]. Measuring both the vitamin D
forms (total vitamin D) is useful for the assessment of
bone health and growth, diagnosing vitamin D deficiency
and hypervitaminosis, and monitoring patients on vita-
min D supplements.

e [,25(0OH),D test is useful in assessing calcium metab-
olism in subjects with hypercalcemia, renal failure, or
those undergoing dialysis.

Vitamin D deficiency is associated with reduced calcium
absorption, impaired calcium balance, and a compensatory
elevation in PTH, resulting in excessive bone resorption.

Total alkaline phosphatase (ALP), a homodimeric pro-
tein with phosphorylating properties, occurs in numerous
isozyme forms. The primary isoenzymes found in the blood-
stream (serum) originate from the liver and bone (BSAP).
Under physiological conditions, BSAP adheres to osteo-
blastic membrane with minimal quantities in serum and the
levels increase only with bone remodeling. In the evaluation
of osteoporosis, total ALP is nonspecific, as it cross-reacts

l Serum calcium

; Tl,zs-dihydroxyvitamin D

Go

T Calcium reabsorption
Phosphate excretion

I Calcium absorption
T Phosphate absorption

Serum calcium
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with liver isoforms and can be mildly elevated in patients
with fractures. Increased serum aminotransaminases, ALP,
and gamma-glutamyl transferase may indicate underlying
alcohol abuse. Elevated ALP with normal calcium and phos-
phate should prompt consideration of Paget’s disease [11].

Laboratory investigations help in differentiating primary
osteoporosis from secondary causes. The serum phosphate,
calcium, and ALP levels are usually normal in persons with
primary osteoporosis. Besides the basic investigations, fur-
ther testing can be conducted based on the findings to rule
out secondary causes of osteoporosis (Table 2).

Bone Turnover Markers in Osteoporosis

Bone turnover markers (BTMs) serve as biochemical mark-
ers of continuous bone formation and resorption, which
occurs at various sites in the bone during the process of
remodeling. This remodeling process of the bone is tightly
balanced in response to the biomechanical stress and plays
a role in the repair of microfractures (Fig. 2). Osteoporo-
sis occurs when there is imbalance in bone formation and
resorption, which can be measured using biochemical reac-
tions. BTMs are currently not recommended for the diagno-
sis of osteoporosis but are used for monitoring the patient
on osteoporosis therapy.

Table 2 Investigations for secondary causes of osteoporosis [12]

The various biochemical markers can be analyzed in
blood and urine samples. These markers show variable sen-
sitivity and specificity in the assessment of bone formation
and resorption, and are classified as depicted in Fig. 3 [14].

Regulators of bone turnover are currently not being used
in clinical diagnosis due to analytical and biological vari-
ability and are still in the research phase [2].

The most sensitive markers of bone formation are serum
osteocalcin, BSAP, and P1NP, while p-CTx-1/p-Cross Laps
and NTx-1 are markers of bone resorption.

Bone Formation Markers

These markers are enzymes or by-products released by the
active osteoblasts during the various stages of their develop-
ment [2]. They are briefly described in the sections provided
below:

a. Osteocalcin, a non-collagenous, hydroxyapatite-bind-
ing protein with a molecular weight of 5800 Daltons, is
composed of 49 amino acids. It is also known as bone
y-carboxyglutamic protein, as it has y-carboxyglutamic
acid residues. It is secreted by mature osteoblasts, hyper-
trophic chondrocytes, and odontoblasts [12]. Elevated
osteocalcin is seen in high bone turnover conditions
and is a specific marker of bone formation with a low

Investigations

Secondary causes of osteoporosis

CBC
Erythrocyte sedimentation rate and C-reactive protein

Serum calcium

Serum phosphate, calcium, ALP, magnesium and creatinine
Intact PTH

25(0H)D
ALP

Liver function test

Hemoglobin Alc

Protein electrophoresis in serum and urine, and free light chain estima-
tion

Serum testosterone, follicle stimulating hormone, and luteinizing

hormone in men
Estradiol levels in premenopausal women

Transglutaminase IgA and antigliadin antibody IgG

24-h urinary calcium excretion

Ferritin levels

Tryptase and serum IgE

Serum and urinary cortisol, Dexamethasone suppression test

If anemia is present evaluate for underlying hematological malignancy,
multiple myeloma

Inflammatory conditions such as rheumatoid arthritis, which can be
further worked up with tests such as anti-cyclic citrullinated peptide

If hypercalcemia, evaluate for hyperparathyroidism, multiple myeloma

Renal disease and primary hyperparathyroidism; hypophosphatemia
suggests osteomalacia

Chronic kidney disease-mineral bone disorder (CKD-MBD) and hyper-
parathyroidism

Vitamin D deficiency or malabsorption

Paget's disease of bone, osteomalacia, renal disease, metastatic bone
disease

Chronic liver disease, alcoholism, malnutrition
Diabetes mellitus

Multiple myeloma, monoclonal gammopathy of undetermined signifi-
cance

Hypogonadal state

Celiac disease

Malabsorption and idiopathic hypercalciuria
Hemochromatosis

Mastocytosis

Cushing syndrome
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Fig.2 Bone turnover markers in
the management of osteoporosis
[2, 11, 13]. BSAP, serum bone-
specific alkaline phosphatase;
OC, osteocalcin; CINP or
PINP, serum type 1 procol- * *

Bone remodelling

Quisence o Activation
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telopeptide of type I collagen; ‘ ‘

PYD, pyridinoline; CTx-1, / l \ / \ \
carboxy-terminal cross-linked . _ .
telopeptides of type I collagen;

DPD, deoxypyridoline; OPG,
osteoprotegerin; RANKL+,
receptor activator of nuclear
factor kappa B ligand

Bone formation markers Bone resorption markers

Fig.3 Classification of bone
turnover makers

1. Bone formation markers

a. Serum bone-specific ALP (BSAP)

b. Serum osteocalcin

c. Serum type 1 procollagen (C-terminal/N-terminal): P1CP or PINP
2. Bone resorption markers
2.1 Bone resorption markers in urine

a. Urinary hydroxyproline

b. Urinary free and total pyridinoline (PYD)

c. Urinary free and total deoxypyridinoline (DPD)

d. Urinary collagen type 1 cross-linked N-telopeptide (NTx-1)

e. Urinary or serum collagen type 1 cross-linked C-telopeptide (CTx-1)

2.2 Bone resorption markers in serum

a. Bone sialoprotein (BSP)

b. Tartrate-resistant acid phosphatase 5b (TRAP5b)

c. Collagen type 1 cross-linked N-telopeptide (NTx-1)

d. Serum collagen type 1 cross-linked C-telopeptide (B-CTx-1/ B-CrossLaps)

3. Regulators of bone turnover
a. RANKL
b. Osteoprotegerin (OPG)
c. Dickkopf-related protein 1 (DKK-1)
d.

Sclerostin

within-person variation. However, there are limitations
to its use including rapid degradation in serum, follows
circadian rhythm, and significant variations with the
menstrual cycle, renal function, and vitamin K levels.

Bone-specific alkaline phosphatase (BSAP) is an
enzyme anchored to the osteoblast cell membrane and
has vital function in osteoid formation and primary min-
eralization. The enzyme is active at alkaline pH and it is
antigenically distinct from other isoforms of ALP such
as liver and placental ALP. Immunoassays have been
developed to measure the bone-specific isomer of ALP,
which has better specificity and sensitivity, compared to

@ Springer

the measurement of the total ALP. BSAP is unaffected
by renal function and serves as a valuable bone forma-
tion marker for the management of osteoporosis in cases
with chronic renal failure [14]. A high BSAP, with levels
above the biological reference interval, may be helpful
in excluding the presence of a dynamic bone disease.
However, other causes of increased BSAP must be ruled
out, as it can also be elevated in other conditions such as
hyperparathyroidism, Paget’s disease, recent fracture, or
osteomalacia, which can lead to elevations of BSAP.

Propeptides of type 1 collagen have a significant role in
bone formation. More than 90% of bone matrix is com-
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posed of type 1 collagen, which is derived from type 1
procollagen, synthesized by proliferating osteoblasts and
fibroblasts. The N- and C-terminal extensions of procol-
lagen are removed by specific proteases during the syn-
thesis of collagen-1. These extensions are subsequently
incorporated into bone matrix. The amino-terminal of
type I collagen (P1NP) and carboxy-terminal propeptide
of type I collagen (P1CP) are peptides formed by the
posttranslational cleavage of type I procollagen mol-
ecules by proteases at N- and C-terminals, respectively.

Propeptides of type 1 collagen amino-terminal (PINP)
and propeptides of type 1 collagen C-terminal (P1CP)
are markers of bone formation. These peptides have low
affinity to remain in the bone matrix and are secreted into
the plasma. Hence, the amount detected in the blood cor-
responds directly to the osteoid-producing activity of the
osteoblast. PINP is preferred over P1CP, as P1CP has high
biological variation due to its short half-life and is influ-
enced by growth hormone and thyroid hormone [15].

PINP has been recommended by the Bone Marker Stand-
ards Working Group and the International Osteoporosis
Foundation (IOF) as the preferred bone formation marker
considering its several functional advantages, predictable
response to treatment, and reliability [15]. It has low inter-
individual variability, smaller circadian variation, and rela-
tively good stability in serum at room temperature. Current
immunoassays can detect the trimeric intact form or have
the potential to detect both the fractions, i.e., trimeric intact
and monomeric forms referred to as total PINP assays (auto-
mated electrochemiluminescence assay by Roche) [16].

Bone Resorption Markers

These markers are by-products released by osteoclasts in the
process of bone resorption and remodeling. They are usually
collagen breakdown products but include non-collagenous
matrix protein (BSA) or osteoclast-specific enzymes such
as TRAP5SD [13].

a. Urinary hydroxyproline, a component of bone colla-
gen, is released in both free and bound forms into the
bloodstream and subsequently excreted through urine.
Hydroxyproline is a degradation byproduct of newly
synthesized collagen in bone and collagens found in
other tissues and dietary sources. It is considered as a
nonspecific marker of bone turnover due to its low sen-
sitivity and specificity and has been replaced by other
assays [17, 18].

b. Hydroxy-pyridinium cross-links of collagen, namely
pyridinoline (PYD) and deoxypyridinoline (DPD), are
pyridinium compounds formed during the extracellular
maturation of fibrillar collagens. These cross-linked col-

lagen compounds are released into the bloodstream upon
proteolytic degradation of mature collagen. The urinary
excretion of PYD and DPD is unaffected by diet, and
they are present in both free form and bound to pep-
tides. The free forms can be measured either through
direct immunoassays, such as ELISA on a 24-h sample
of urine, or as creatinine-corrected spot urine measure-
ments. Although pyridinium cross-links are considered
as reliable indices for evaluating bone resorption, these
assays are time-consuming and cumbersome [19].

c. Bone sialoprotein (BSP) is a phosphorylated glyco-
protein that constitutes 5-10% of the non-collagenous
matrix in bones. It plays a role in the mineralization of
newly formed bone matrix and calcification of other tis-
sues. It binds to factor H in the serum, which is involved
in the complement pathway. Currently recommended
immunoassays can detect only a fraction of the bio-
available BSP. The serum BSP levels primarily reflect
processes associated with bone resorption [18, 20].

d. Tartrate-resistant acid phosphatase 5b (TRAPS5bD),
secreted by osteoclasts, is an enzyme that cleaves type 1
collagen during bone resorption. It is typically increased
in high bone turnover conditions and reflects increase in
number of osteoclasts. Serum TRAPSb activity shows
minimal diurnal variation and is not excreted in the
urine, hence there is no accumulation of this marker in
the blood in hepatic or renal failure. The blood levels are
increased in 80% of osteoporosis patients, whereas they
decrease by around 40-50% following antiresorptive
treatment with bisphosphonate alendronate and estrogen
[21].

e. Collagen type 1 cross-linked telopeptide N-termi-
nal (NTx-1) and C-terminal (CTx-1) are degradation
products of type I collagen, which forms the major
component of bone matrix (90%). These markers are
generated by the cathepsin K enzyme activity during
bone resorption and are indicators of osteoclast activity
[22].

CTx-1, the native CTx, is present in o and f§ isomerized
forms. As the bone ages, the a-aspartic acid within the
CTx gets converted to the f-form (B-CTx-1/p-CrossLaps).
In the serum CrossLaps assay, only the p-CTx-1 is meas-
ured, which is a representation of degraded bone. Urinary
CrossLaps assay detects both a- and B-isomers and has
shown significant rise in elevated bone turnover condi-
tions and also detectable reaction in healthy individuals.
The serum B-CTx-1/p-CrossLaps has been recommended
as a reference marker of bone resorption by IOF and Inter-
national Federation of Clinical Chemistry and Laboratory
Medicine (IFCC). The major challenge associated with
B-CTx-1/p-CrossLaps measurement is its diurnal variation
and variability linked to food intake. Hence, the sample

@ Springer



576

Indian Journal of Orthopaedics (2023) 57:570-581

should be collected in fasting state [23]. The serum CTx-1/p-
CrossLaps levels return to normal during resorption-inhibit-
ing therapy, therefore, it is recommended for monitoring the
efficacy of antiresorptive medications [24, 25].

NTx-1 measurement is done using a monoclonal antibody
that targets specific N-terminal epitope. The assay can be
performed both in serum and urine samples. It should be
noted that urine NTx-1 exhibits greater postprandial vari-
ability compared to CTx-1. To avoid the effects of diurnal
variation, a 24-h urine collection is required and can be
cumbersome [26]. Additionally, urine creatinine levels are
needed to report normalized levels of NTx-1.

Factors Affecting Measurement of BTMs

The BTMs’ measurement in the serum and urine is compli-
cated due to the wide biological variability, preanalytical
causes, and variations in assay methods and procedures. It
is important to understand the variations intrinsic to each
marker in order to minimize them where possible. Under-
standing the sources of variability is necessary for the cor-
rect interpretation of the results (Table 3).

Measurement variability In addition to the biologic
variability, there can be variability in the measure-
ment of BTMs due to the differences in methods and

Table 3 Factors affecting the measurement of BTMs

standardization of the assays across laboratories. The pre-
analytical technical variations such as type of specimen
(serum or urine), whether it is a random 2nd void sample
or a 24-h urine, the timing of sample collection, the sta-
bility of marker in the collected sample, and the storage
conditions will affect the results of the BTMs [32].

Measures to control the variability of BTM assays It
is important to maximize the accuracy and precision of
assays and control the modifiable variables for the success-
ful use and interpretation of BTMs [33]. The important
measures to be followed are listed below:

1. The sample must be collected, processed, and stored fol-
lowing established standardized procedures.

2. A fasting serum sample should be collected in the morn-
ing between 7 and 10 a.m. to reduce the variability due
to circadian rhythm.

3. Inapatient on therapy, it is preferable to collect the sam-
ple in the same season, if possible, otherwise account for
the variations due to seasonal changes while interpreting
the results.

4. Urine collection should also be standardized with a pref-
erence for fasting 2nd void sample.

5. Patients should avoid excessive exercise on the day
before giving the sample.

Source Effects on BTMs

(I) Modifiable factors
Circadian variation
Fasting and food intake
Seasonal variation
Exercise

Menstrual cycle

Concentration of BTMs higher at night and lower in the afternoon, particularly for markers like CTx-1 [27]
Concentration decreases with food intake, particularly for resorption markers (20-40% variability)

Higher levels in winter, about 20-30% increase. [18]

Intense exercise can reduce bone resorption and increase bone formation markers [28]

Overall, 10-20% variation during menstrual cycle with higher bone formation markers in luteal phase and

higher resorption markers in mid and late follicular phase [29, 30] (The sample should ideally be collected
between day 3 and 7 of menstrual cycle)

Medications

Oral glucocorticoids lead to dose-dependent fall in bone formation markers

Aromatase inhibitors cause an increase in BTM

(11) Non-modifiable factors

Age Higher levels in childhood and during peak bone mass of growth at puberty, and subsequently stable. In elderly
(after 70 yrs), resorption markers may increase

Sex In women, menopause and estrogen therapy influence the BTM levels

Menopause Substantial increase in BTM levels. Initially, there are decreased bone formation markers in early menopause,

followed by increased resorption markers [31]

Ethnicity
Recent fracture
Chronic renal disease

Minimal differences, but Caucasians have higher levels than African Americans
Increased BTM levels after fracture, with maximum effect at 2—12 weeks, but may remain elevated for a year
Decreased production of 1,25(OH),D, decreased phosphorus excretion, increased plasma phosphorus,

decreased calcium, and increased PTH (secondary hyperparathyroidism) [32]

High BTM levels
Secondary hyperparathyroidism Increased bone resorption markers

Immobility due to chronic
diseases such as stroke

Elevation in resorption markers and decrease in bone formation markers. [18]
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6. The sample should be stored properly to avoid deteriora-
tion and analyzed within a defined stability period.

7. The sample should preferably be processed in an auto-
mated analyzer using standardized procedures.

The results should be interpreted by considering variables
such as menstrual cycle and drug history.

The National Bone Health Alliance launched a project
in the United States in 2012 with the aim of standardizing
BTM sample collection procedures and establishing a refer-
ence range for serum BTMs [34].

When monitoring the response to therapy, the changes in
BTM values should be clinically significant and large, con-
sidering biological and analytical variations. The change in
the BTM levels is expressed as the ‘least significant change
(LSC)’. The LSC of the BTM is 2.77 times the precision
error with a 95% confidence interval. For urinary excretion
markers like NTx-1, the decrease should be 50%, and for

Table 4 Secondary causes of osteoporosis [1, 36]

serum markers such as p-CTx-1/p-CrossLaps, PINP, and
BSAP, the decline should be 30% [3, 13, 35].

The IOF and IFCC recommend the use of PINP as the
reference bone formation marker and p-CTx-1/p-CrossLaps
as reference bone resorption marker. These markers should
be measured using standardized procedures for assessing
fracture risk and therapeutic monitoring [4].

Utility of BTMs

BTMs’ levels are elevated in osteoporosis; however, they
are not used for initial diagnosis, which is currently based
on clinical and (BMD) evaluation using DEXA. BTM levels
are elevated in both primary and also in osteoporosis due to
secondary causes and the mechanisms are detailed below
(Table 4).

Disorder

Primary mechanism

Inflammatory conditions

Ulcerative colitis, Crohn’s disease
cytokines

Systemic lupus erythematosus, rheumatoid arthritis
Endocrine disorders

Diabetes mellitus
type 2

Hyperthyroidism, primary hyperparathyroidism
Hyperprolactinemia

Hypercortisolemia

Acromegaly

Hypogonadism

Increased bone turnover due to malabsorption, malnutrition, and pro-inflammatory

Elevated bone turnover due to pro-inflammatory cytokines

Reduced bone turnover due to low insulin levels in type 1 diabetes, mechanism unclear in

Increased bone turnover due to elevated bone resorption

Elevated bone turnover due to estrogen deficiency

Reduced bone turnover due to impaired mineralization and bone formation

Elevated bone turnover, increase bone structure and co-occurring secondary hypogonadism

Hypopituitarism, premature menopause
Malabsorption

Celiac disease, gastrectomy

Pernicious anemia

Hematological conditions

Multiple myeloma and monoclonal gammopathy of
unknown significance

Systemic mastocytosis
Myeloproliferative disorders
Abnormal bone structure
Osteopetrosis

Primary or metastatic neoplasms
Paget’s disease

Other diseases

Chronic liver disease

Kidney transplantation

Chronic kidney disease

Increased bone turnover due to reduced estrogen or testosterone

Increased bone turnover due to malabsorption and malnutrition
Decreased bone turnover due to abnormal osteoblast recruitment

Dysregulation in bone turnover due to pro-inflammatory cytokines

High bone turnover due to mast cell mediators

Direct bone marrow effects on bone

Reduced bone turnover due to defective bone resorption
Increased bone turnover due to paraneoplastic effects

Increased bone turnover due to overactive bone resorption

Reduced bone turnover due to liver disease and elevated bone resorption due to hypog-
onadism, vitamin D deficiency, and malabsorption

Tertiary hyperparathyroidism and elevated bone turnover

Reduced bone turnover due to adynamic bone disease or elevated bone turnover due to
secondary hyperparathyroidism, osteomalacia or mixed bone disease,
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The major applications of measuring BTM levels are
[13]:

1. Monitoring patients on therapy for osteoporosis
2. Enhancing patient compliance with therapy
3. Predicting fracture risk

Monitoring Patients on Therapy for Osteoporosis

BTMs show a rapid response to osteoporosis treatment com-
pared to the slow changes seen with DEXA. Hence, they
are useful for monitoring treatment outcomes. The response
of the BTMs will vary based on the mode of action of the
specific osteoporosis therapy. Antiresorptive agents, such as
bisphosphonates, cause a rapid reduction in markers of bone
resorption, followed by a decrease in bone formation mark-
ers [15]. Treatment with anabolic agents, such as recombi-
nant human parathyroid hormone (thPTH), triggers a rapid
elevation in bone formation markers and subsequent increase
in markers of bone resorption.

1. Antiresorptive therapy
2. Bisphosphonate therapy

Zoledronate, risedronate, ibandronate, and alendronate
are the commonly used drugs for the treatment of osteo-
porosis. These drugs reduce bone resorption by inhibiting
the osteoclasts, increasing BMD, and lowering the risk of
vertebral and nonvertebral fractures. When administered at
recommended doses, f-CTx-1/p-CrossLaps exhibits a rapid
reduction of around 50-80%, with maximum suppression
achieved within approximately 2 months. On the other hand,
the suppression of PINP is lesser and reaches its lowest val-
ues after approximately 6 months [37]. Clinical studies have
shown a correlation between decreased BTM levels and a
reduced risk of fractures (vertebral and nonvertebral) follow-
ing antiresorptive therapy [15, 38, 39].

Fig.4 Algorithm for monitor-
ing BTM levels in patients on
antiresorptive therapy [42].

. BTM, bone turnover mark-
ers; PINP, procollagen type

I amino-terminal propeptide;
CTx-1, carboxy-terminal cross-
linked telopeptides of type I
collagen Source: Diez-Perez

A, Naylor KE, Abrahamsen B,
et al. International Osteoporosis
Foundation and European Calci-
fied Tissue Society Working
Group. Recommendations for
the screening of adherence to
oral bisphosphonates. Osteo-
poros Int. 2017;28(3):767-774

Baseline BTM

(PINP, BCTx-1)*

*Recommended

LSC = Least significant change
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3-months
BTM
(PINP, BCTx-1)*

Treatment initiation

The changes in the BTM levels may vary based on the
type of bisphosphonates used. A study of post-menopau-
sal osteoporotic women showed that treatment with alen-
dronate and ibandronate resulted in greater suppression of
B-CTx-1/B-CrossLaps and NTx-I levels compared to rise-
dronate [39, 40]. Recently, the European Calcified Tissue
Society Working Group and the IOF have recommended
monitoring oral bisphosphonate treatment by measuring
serum B-CTX-I and PINP at baseline and after 3 months.
Based on this recommendation, if the reduction in BTM
levels is less than the LSC, the clinician should review to
identify treatment-related problems such as poor adher-
ence (Fig. 4) [41].

If baseline BTM levels have not been assessed before
initiating the therapy, the reference interval method should
be adopted for clinical evaluation [42, 43].

Bisphosphonates are used for long-term osteoporosis
treatment and may rarely have adverse side effects such
as atypical femoral fractures and osteonecrosis of the jaw.
This has led to the emergence of the ‘drug holiday’ con-
cept. Continuous monitoring is necessary to assess the risk
of fracture and to resume the treatment if required. Roberts
et al. recommended that an increase of BTMs > 30% dur-
ing a drug holiday help guide to restart treatment [44].

b. Denosumab

It is a subcutaneously administrated monoclonal anti-
body that targets RANKL, and is a potent inhibitor of
bone resorption. Patients receiving denosumab show a
rapid decrease in p-CTx-1/p-CrossLaps within a few days
of drug administration. The suppression of serum P1NP
and BSAP in response to the treatment is slow and takes
approximately 3—6 months to complete.[45]

2. Anabolic agents

BTM Continue

- Decrease alalal 2

> LSC treatment

BTM Reassess
—> Decrease treatment
< LSC

Poor compliance?
Other issues?
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iii. Recombinant human parathyroid hormone (thPTH),
teriparatide

Treatment with thPTH, specifically teriparatide, causes
a dose-dependent and rapid elevation in bone formation
markers such as PINP, P1CP, and osteocalcin within days of
treatment. This response reaches peak levels after 3 months,
with PINP being the most responsive marker [46]. Subse-
quently, there is a mild elevation in bone resorption markers.

d. Romosozumab

It is a monoclonal antibody that increases bone formation
by binding to sclerostin secreted by osteocytes, an inhibitor
of osteoblast activity. Treatment with romosozumab causes
a transient elevation in bone formation markers and a con-
sistent reduction in resorption markers. The levels of PINP
start to rise within 1 week, reaching peak values at 4 weeks,
and then gradually falls to pretreatment levels over 6 months.
Initially, there is a decrease in p-CTx-1/p-CrossLaps and it
remains low even at 12 months.[47]

Enhancing patient compliance with therapy

A major challenge with osteoporosis treatment is poor long-
term compliance. Monitoring the BTM levels and sharing
the data with patients has been shown to improve compli-
ance [44]. The IOF has proposed measuring PINP or f-CTx-
1/B-CrossLaps before the start of therapy and after 3 months
to identify patients with poor adherence to treatment or
ineffective treatment [48]. For patients who are reluctant to
continue treatment for long, higher BTM values compared
to premenopausal values can help demonstrate evidence of
increased risk of bone loss and fracture, thereby convincing
the patient to continue osteoporosis therapy.

Role of BTMs in Predicting Bone Loss and Fracture
Risk

BTMs are valuable tools for predicting rates of bone loss in
populations [49]. Clinical studies have demonstrated a cor-
relation between elevated BTM levels and higher risk of ver-
tebral and nonvertebral fractures in elderly patients, regard-
less of BMD [15, 50, 51]. However, a few studies indicate
a weak or no correlation between BTM levels and fracture
risk prediction [52]. When compared to other BTMs, the
bone resorption markers and BSAP show a stronger associa-
tion with fracture risk. BTMs are helpful for fracture risk
prediction over shorter time periods (within a few years)
compared to longer periods beyond 10 years. Hence, the
value of BTMs is limited in the commonly used long-term
fracture risk assessment tools such as Fracture Risk Assess-
ment Tool (FRAX). In view of the limitations of the use of

BTMs in long-term fracture risk prediction, the challenges
with the test procedures, and the variability in the different
BTMs, FRAX Position Development Conference commit-
tee has inferred that BTMs should not be used in the FRAX
tool [45].

Use of BTMs in Chronic Renal Disease

Various serum and urinary BTM markers, including p-CTX-
I/p-CrossLaps, are excreted by the kidneys and are there-
fore affected by kidney dysfunction. The bone formation
markers, BSAP and PINP, and resorption marker TRAP5b
are reliable BTMs in CKD patients. [51, 53-55] The CKD-
MBD recommendation suggests monitoring serum levels of
PTH, phosphate, calcium, and ALP activity from CKD G3a
(1C) to G5D, and 25(0OH)D may also be used. However,
the guidelines do not advocate routine use of BTMs such as
P1NP and breakdown telopeptides. In patients with CKD
G3a-G5D, assessing serum PTH or BSAP levels can be used
to evaluate and predict underlying bone turnover [49, 56].

Conclusion

Laboratory investigations play an important role in osteopo-
rosis. Laboratory tests are not used for the primary diagnosis
of osteoporosis; however, they are useful for ruling out sec-
ondary causes of osteoporosis. BTMs have emerged as tools
for the assessment of osteoporosis. The major challenge in
the use of BTMs in osteoporosis is their biological variabil-
ity and variable analytical performance. Hence, it is impor-
tant to use standardized procedures on automated analyzers.
The IOF has recommended serum PINP (a bone formation
marker) and serum and urinary p-CTx-1/pB-CrossLaps (a
bone resorption marker) as markers of choice. BTMs are
useful in monitoring patients on osteoporosis treatment and
predicting bone loss and fracture risk. BTM levels are ana-
lyzed before starting treatment and then followed up at regu-
lar intervals to monitor the response to therapy. Repeated
measurement of these biomarkers improves adherence to
treatment and assists in better management of osteoporosis
patients.
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