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Abstract

Context: Calcaneal quantitative ultrasound (QUS) is attractive as a pre-screening tool for osteoporosis, 
alternative to dual-energy X-ray absorptiometry. Bone turnover markers (BTMs) are represented as bone 
formation indicators. QUS and BTM analysis may provide osteoporosis screening and bone turnover status, 
which provide benefit for osteoporosis management. Aims: The aims of this study were (1) to compare the 
values of bone mineral density (BMD) and BTMs, including N-terminal extension propeptide of type-I collagen, 
alkaline phosphatase (ALP), C-terminal telopeptide of type-I collagen (CTX), and osteocalcin (OC), and bone-
relating biochemical parameters, such as 25-hydroxyvitamin D (25(OH)D), calcium, phosphorus and magnesium 
between osteoporotic, osteopenia, and normal BMD elders and (2) to investigate the relationship between serum 
BTMs and BMD. Materials and Methods: Determination of BMD, BTMs, and bone-related biochemical 
parameters from 150 of the elders at Amphawa District, Sumut Songkhram, was determined by calcaneal QUS 
and automatic analyzers, respectively. One-way ANOVA was used to compare continuous variables between three 
elder groups. Multiple comparisons among groups were used least-significance different. Pearson correlation was 
used to evaluate the correlation between BMD and BTMs. The statistical significance was considered at P < 0.05. 
Results and Discussion: BMD, calcium, phosphorus, and CTX levels were significantly different among three 
elder groups. CTX was significantly inversely correlated to BMD. Calcium, phosphorus, and CTX can be useful 
with osteoporosis screening by QUS, especially for osteopenia. Conclusions: Combination of calcaneal QUS 
and biochemical tests, including serum calcium, phosphorus, and CTX measurement as early diagnosis, provides 
more benefits for osteoporosis management and suitable for mass screening and intervention.
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INTRODUCTION

Osteoporosis is the most common 
bone diseases, especially in elders, 
which defined by the reduction of 

bone mineral density (BMD), deterioration 
of bone tissue, and disruption of bone-inside 
structure. The reduction of bone strength in 
osteoporosis is a trend to increase the risk of 
bone fractures.[1-3] The risks of osteoporosis 
are increasing with age, and the highest of 
osteoporosis rate is at about 85 years of age. 
The ratios of osteoporosis diagnosis at this 
age are 1 in 3 women and 1 in 10 men.[4] The 
consequences of osteoporosis are associated by 
serious conditions, such as fractures, reduction 

and slow movement, reduced social interaction, and death.[5] 
In Thailand, the increment of life period is a trend to increase 
the number of elders and the rate of osteoporosis will be 
rapidly increased[6] along with common chronic diseases, 
such as diabetic mellitus and cardiovascular diseases.[7-9] 
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The age-adjusted prevalence of osteoporosis in Thai women 
(40–80 years) during 2000–2001 is 13.6% and 19.8% for 
femoral neck and lumbar spine, respectively. In addition, 
the prevalence of osteoporosis in Thai men is 12.6%, 4.6%, 
and 3.9% at the femoral neck, lumbar spine, and both sites, 
respectively. Multi-national research survey for Asian 
osteoporosis study had reported the incidence of hip fracture 
in Thailand, which was 114 and 289 (per 100,000), in men 
and women, respectively.[6,10]

Recently, dual-energy X-ray absorptiometry (DXA) is the 
most common method for the evaluation of BMD to assess the 
risk of bone fracture, which is a reference standard for BMD 
measurement for diagnosis and monitoring of osteoporosis. 
However, it is difficult to screen small bone microarchitecture 
changes in a short time by BMD.[11,12] However, DXA is 
relatively expensive, and there is also lack of indication for 
examining the potential risks and benefits of undertaking 
the test, and ultimately, whether it is worth offering this 
service under the public health insurance scheme.[13] DXA for 
osteoporosis screening in elders is limited at rural area, which 
had inappropriate medical staffs and equipment. Moreover, 
elders at home and/or bed-bound elders are also difficult to 
assess and give health service. When DXA is rarely using for 
osteoporosis screening, the calcaneal quantitative ultrasound 
(QUS) is an attractive method for the screening of osteoporosis 
alternated to DXA. QUS is a bone assessment technique, 
which has gained much popularity in recent years. Comparing 
with DXA, QUS is more preferable on public service due to 
portable, simple to handle, inexpensive cost, and non-harmful 
method by useless ionizing radiation. The technique can be 
used to determine bone status in women, men, and children 
and in certain cases, infants.[14] The reliability of QUS for 
BMD assessment in diagnosis osteoporosis had been reported 
in Thai population.[15]

Both the intra- and inter-observer reliabilities of stiffness index 
of QUS in measuring BMD of the calcaneus are evaluated and 
concluded that QUS is the reliable tool for measuring BMD 
and it can be used as alternative for osteoporosis screening, 
particularly in areas, which are difficult to access, and limited 
in resources.[15] However, QUS is providing only BMD for 
osteoporosis diagnosis, which is unable to give information 
of bone turnover and/or relating biochemical bone status 
for the prediction of supplement effectiveness, especially 
in case of mass calcium and Vitamin D supplementation in 
community level.

Bone turnover markers (BTMs) are usually represented as 
bone formation indicators, including N-terminal extension 
propeptide of type-I collagen (P1NP), bone-specific alkaline 
phosphatase (BALP), and bone resorption markers, including 
C-terminal telopeptide of type-I collagen (CTX) and 
osteocalcin (OC).[16-18] They are providing information on 
fracture risk independent of BMD and predict the rapidity 
of bone loss in untreated patients, which also used to 
predict the response to treatments. The reduction in BTMs 

following antiresorptive therapy and reduction in vertebral 
and non-vertebral fracture risk are related, and the greater 
the decrease in BTM may reduce the risk of fracture. The 
International Osteoporosis Foundation and International 
Federation of Clinical Chemistry and Laboratory Medicine 
Working Group are evaluated BTMs for the prediction 
of fracture risk and for monitoring of treatment; they are 
suggested that bone formation markers (s-PINP) and bone 
resorption markers (s-CTX) can be used as reference markers 
and measured by standardized assays in observational and 
intervention studies.[3,16]

Thus, QUS and BTM analysis may provide BMD for 
osteoporotic screening and bone turnover status of bone 
for management rather than QUS test alone, especially in 
elders. Our objectives were aimed to compare the values 
of BMD and BTMs, including P1NP, ALP, CTX, and 
OC, and other relating biochemical parameter, such as 
25-hydroxyvitamin D (25(OH)D), calcium, phosphorus, and 
magnesium between osteoporotic, osteopenia, and normal 
BMD elders. In addition, we were aimed to investigate the 
relationship between BMD and BTMs.

MATERIALS AND METHODS

Participated elders and demographic data

The cross-sectional study was carried out from November 
2017 to April 2018 (this period including public relation and 
health service), and 150 of health customers were included 
from academic health service program at Amphawa district, 
Sumut Songkhram, which was responsible by Sumut 
Songkhram Education Center, Suan Sunandha Rajabhat 
University. Informed consent of all participants was done, 
and the study protocol was approved by the Ethical Review 
Committee from Suan Sunandha Rajabhat University. 
Screening of BMD was done for classified bone density 
status as normal, osteopenia, and osteoporotic persons.

The inclusion criteria

The following criteria were included in the study:
1. Male and female elders were aged ≥60 year
2. Consciousness and interactive
3. Had not severe medical conditions.

The exclusion criteria

The following criteria were exclueded from the study:
1. Elderly was combined with metabolic bone 

disease (osteomalacia, Paget’s disease, or primary 
hyperparathyroidism)

2. Had accident, especially with fracture
3. Taking daily calcium and Vitamin D supplements
4. Pathological fracture (secondary osteoporosis).[19,20]
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Anthropometric data, medical history, and health behaviors 
(including related risks) were recorded by physical examined 
and interviewed. The elders with poor literacy and/or 
unable to read as well were helped for filling the form of 
questionnaire.

BMD and biochemical measurements

BMD was measured by calcaneal QUS and ultrasound bone 
densitometer (SONOST-2000, OsteoSys, Korea), and the 
instrument protocol and data interpretations were followed 
by manufacturer instruction. According to BMD status, elders 
were divided to osteoporotic (T score at or below −2.5), 
osteopenia (T score between −1.0 and −2.5), and normal 
(T score at above −1.0) elders. Each 6 ml of fasting blood 
sample was obtained by venipuncture from median cubital 
vein during the morning (7–9 a.m.). 6 ml of blood sample was 
drawn into clotting blood tube for centrifuged and processed 
within 2 h after phlebotomy and stored at −20°C.[21] Each 
serum concentration of BTM (P1NP, ALP, CTX, and OC), 
25-(OH)D, and bone-related minerals (calcium, phosphorus, 
and magnesium) was determined by Cobas E411, Cobas 
E601, and Cobas E501 automatic analyser (Roche 
Diagnostics, Basel, Switzerland), respectively. The within-
run and between-run CVs were <10%. Control materials and 
pooled serum were also done prior sample test for accuracy 
checking.

Statistical analysis

The Kolmogorov–Smirnov test was used to test for normal 
distribution. One-way ANOVA (or Kruskal–Wallis) test was 
used to compare the continuous variables as appropriate 
between three elder groups. Multiple comparisons (post hoc 
test) among groups were least-significant difference (LSD). 
Pearson correlation was used to evaluate the correlation 
between BMD and BTMs. The statistical significance was 
judged at P < 0.05. SPSS 18.0 software was used for statistical 
analysis (SPSS, Chicago, Illinois, USA).

RESULTS AND DISCUSSION

The elders, who participated in this study, were mainly 
female (88.5%) and the average age was 67 ± 5.6 years old. 
The average of BMD and calcium levels from all elders was 
lower than normal range, whereas average of CTX level 
was higher than normal range. Moreover, average of BMD, 
calcium, phosphorus, and CTX levels was significantly 
different among three elder groups. BMD and calcium were 
relatively decreased in normal, osteopenia, and osteoporosis 
groups, respectively; CTX level was also relative increased 
in normal, osteopenia, and osteoporosis groups, respectively. 
However, other biochemical parameters, including 
phosphorus, magnesium, ALP, Vitamin D (25-OH-D), OC, 
and total P1NP levels, were within normal ranges [Table 1]. 
The multiple comparisons of BMD, calcium, phosphorus, 

and CTX between normal, osteopenia, and osteoporosis 
groups were analyzed by LSD. Almost each parameter was 
significantly different except phosphorus level between 
osteopenia and osteoporosis groups which was not 
significantly different [Table 2]. Only CTX was one of the 
BTMs, which significantly negatively correlated to BMD, 
while OC and total P1NP were negatively and positively 
correlated; however, there was no statistical significance 
[Table 3].

Calcaneal QUS is an alternative technique for assessing 
bone. Compared to DXA, QUS has the advantages of 
being cheaper, portable, and free of ionizing radiation.[22] 
The systematic review on calcaneal QUS are representing 
usefulness as screening tool for of osteoporotic assessment. 
However, there is no consensus for the type of devices, 
measured variables, or cutoffs. Overall, there is no sufficient 
evidence to recommend a specific cutoff for calcaneal 
QUS that provides a certainty level high enough to rule 
in or out osteoporosis. Calcaneal QUS in a pre-screen or 
stratification algorithm must be based on device-specific 
cutoffs that are validated in the populations for which they 
are intended to be used.[23] However, reliable of calcaneal 
QUS is still used as alternative screening for diagnosing 
osteoporosis, acceptable of calcaneal QUS had been a report 
for cost-effectiveness and ease to access in rural area.[15] The 
calcaneal QUS for BMD assessment is able to reflect bone 
quality and can be used in developing countries for screening 
of osteoporosis, where DXA devices are less accessible 
to public population.[14] According to the study, T-scores 
of BMD measurement among three elder groups were 
significantly different, which was the suggestive data for 
calcaneal QUS for osteoporosis screening as corresponding 
to previous studies. In addition, the summation of osteopenia 
and osteoporotic elders was higher than normal, which may 
implied that BMD screening for osteopenia people was 
important due to ease to prevention by calcium supplement 
and no significant symptom or complication occurring.[3]

In this study, there were significantly differences of calcium, 
phosphorus, and CTX among three elder groups. However, 
other biochemical parameters, including phosphorus, 
magnesium, ALP, Vitamin D (25-OH-D), OC, and total 
P1NP levels, were within normal ranges. The finding may 
provide useful biochemical parameters, which were different 
among normal, osteopenia, and osteoporosis elder groups, 
and can be combined measurement with calcaneal QUS for 
BMD screening and for diagnosis prevention, control, or 
management of osteoporosis together rather than diagnosis 
alone. Low concentrations of serum 25-(OH)D could increase 
the parathyroid hormone (PTH) concentrations, resulting in 
higher rates of bone loss, and Vitamin D status is evaluated by 
measuring the serum 25(OH)D. The concentrations of serum 
25-(OH)D are defined as deficient (<20 ng/ml), insufficient 
(20–30 ng/ml), or sufficient (≥30 ng/ml).[24-26] Thus, the 
monitoring of serum 25-OH-D was also necessary in case 
of mineral and Vitamin D supplement. However, averages of 
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25-OH-D among elder groups in our study were sufficient as 
within normal range.

OC is a non-collagenous protein regulates glucose, lipid, 
and energy metabolisms as well as bone metabolism.[16-18,27] 
P1NP is also another protein which is secreted by osteoblasts 
during the collagen type I synthesis. This protein has been 

taken into account in the osteoporosis management.[16-18,28] 
C-terminal cross-linked telopeptide of type-I collagen (CTX) 
as a bone resorptive marker is produced by osteoclasts during 
bone resorption.[16-18] In calcium supplement study, CTX 
was observed at 12 months and a greater decline in OC was 
observed at 1 year.[20] In our results, only CTX was significantly 
negatively correlated to BMD, while no statistical significant 

Table 1: The difference of BMD and biochemical parameter among three groups of eldersy compared with 
normal range of each parameter

Parameter Normal range Total elders 
(n=150)

Normal BMD 
(n=65)

Osteopenia 
(n=45)

Osteoporosis 
(n=40)

P value

BMD T score >−1.0 −1.70±0.89 −0.80±0.19 −1.99±0.27 −2.84±0.297 <0.001*

Calcium 8.6–10.2 mg/dL 7.66±1.38 8.87±0.54 7.30±1.00 6.09±0.78 <0.001*

Phosphorus 2.7–4.5 mg/dL 3.12±0.67 3.30±0.72 4.35±19.77 2.99±0.70 0.016*

Magnesium 1.40–2.10 mEq/L 2.10±10.82 1.70±0.029 2.09±0.50 1.45±0.28 0.362

ALP 39–105 U/L 53.88±9.30 53.45±8.44 54.67±10.62 53.70±9.22 0.789

Vitamin D (25‑OH‑D) ≥30 ng/mL 41.76±7.51 42.40±7.61 40.64±7.04 41.98±7.88 0.476

Osteocalcin (OC) 11.5–29 ng/mL 16.54±3.40 16.40±3.39 16.46±3.07 16.88±3.80 0.767

Total P1NP 15.0–74.0 ng/ml 46.17±15.18 46.56±15.19 46.07±15.98 45.64±14.61 0.954

Beta‑CrossLaps (CTX) 0.0–0.32 ng/ml 0.38±0.15 0.30±0.10 0.40±0.12 0.50±0.15 <0.001*
BMD: Bone mineral density, *statistically significance at P<0.05

Table 2: Multiple comparisons of BMD, calcium, phosphorus, and beta‑CrossLaps (CTX) within normal, 
osteopenia, and osteoporosis groups

Dependent parameter Group Other 
group

Mean
difference

Standard 
error

95% CI P value
Lower Upper 

BMD G1 G2
G3

1.196*
2.038*

0.048
0.050

1.101
1.940

1.292
2.137

<0.001*
<0.001*

G2 G1
G3

−1.196*
0.842*

0.048
0.054

−1.292
0.735

−1.101
0.948

<0.001*
<0.001*

G3 G1
G2

−2.039*
−0.0842*

0.050
0.054

−2.137
−0.948

−1.940
−0.735

<0.001*
<0.001*

Calcium G1 G2
G3

1.570*
2.778*

0.149
0.154

1.276
2.473

1.864
3.082

<0.001*
<0.001*

G2 G1
G3

−1.570*
1.208*

0.149
0.167

−1.864
0.879

−1.276
1.537

<0.001*
<0.001*

G3 G1
G2

−2.778*
−1.208*

0.154
0.167

−3.082
−1.537

−2.473
−0.878

<0.001*
<0.001*

Phosphorus G1 G2
G3

0.318*
0.313*

0.128
0.132

0.066
0.051

0.570
0.574

0.014*
0.019*

G2 G1
G3

−0.318*
−0.005

0.128
0.143

−0.570
−0.288

−0.066
0.277

0.014*
0.970

G3 G1
G2

−0.031*
0.005

0.132
0.143

−0.570
−0.278

−0.051
0.288

0.019*
0.970

Beta‑CrossLaps (CTX) G1 G2
G3

−0.102*
−0.198*

0.024
0.025

−0.149
−0.247

−0.055
−0.150

<0.001*
<0.001*

G2 G1
G3

0.102*
−0.096*

0.024
0.027

0.055
−0.149

0.149
−0.044

<0.001*
<0.001*

G3 G1
G2

0.198*
0.096*

0.024
0.027

0.150
0.044

0.247
0.149

<0.001*
<0.001*

*Statistically significance at P<0.05; CI: Confident interval, G1: Normal BMD group, G2: Osteopenia group, G3: Osteoporosis group, 
BMD: Bone mineral density
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of OC and total P1NP among three elder groups. Thus, CTX is 
BTM that can be useful with osteoporosis screening by QUS, 
especially in short-term calcium supplement. Osteoporosis 
has no clinical manifestations until there is a fracture. 
Moreover, osteoporosis results in a decreased quality of life 
increased disability-adjusted lifespan and big financial burden 
to health insurance systems of countries that are responsible 
for the care of such patients. With an early diagnosis of this 
disease, before fractures occur, and by assessing BMD and 
with early treatment, osteoporosis can be prevented.[3] Hence, 
we suggest that screening of osteoporosis by calcaneal QUS 
with measurements of bone-related biochemical parameters 
(including serum calcium, phosphorus, and CTX) is providing 
more benefit information for prevention and/or treatment of 
osteoporosis rather than BMD evaluation by calcaneal QUS 
alone. In addition, this combined measurement is suitable for 
mass screening and intervention.

ACKNOWLEDGMENT

We are grateful to Suan Sunandha Rajabhat University, 
Bangkok, Thailand, for grant support. We would like to 
sincerely thank all participants from Amphawa District, 
Samut Songkhram Province, Thailand, for providing useful 
data and helping on this research. Special sincerely thank 
to Sumut Songkhram Education Center, Suan Sunandha 
Rajabhat University, for the convenience support providing, 
such as local public relation and research assistants.

REFERENCES

1. World Health Organization. Assessment of Fracture Risk 
and its Application to Screening for Postmenopausal 
Osteoporosis. No. 843 of Technical Reports Series. 
Geneva: WHO; 1994.

2. NIH Consensus Development Panel on Osteoporosis 
Prevention, Diagnosis, and Therapy. Osteoporosis 
prevention, diagnosis, and therapy. JAMA 2001; 
285:785-95.

3. Sözen T, Özışık L, Başaran NÇ. An overview and 
management of osteoporosis. Eur J Rheumatol 
2017;4:46-56.

4. Looker AC, Borrud LG, Dawson-Hughes B, Shepherd JA, 

Wright NC. Osteoporosis or low bone mass at the femur 
neck or lumbar spine in older adults: United States, 
2005-2008. NCHS Data Brief 2012;93:1-8.

5. David C, Confavreux CB, Mehsen N, Paccou J, 
Leboime A, Legrand E, et al. Severity of osteoporosis: 
What is the impact of co-morbidities? Joint Bone Spine 
2010;77 Suppl 2:S103-6.

6. Pongchaiyakul C, Songpattanasilp T, Taechakraichana N. 
Burden of osteoporosis in Thailand. J Med Assoc Thai 
2008;91:261-7.

7. Maghbooli Z, Emamgholipour S, Hossein-Nezhad A, 
Shirzad M, Gorgani Firuzjaee S. Suitable bone markers 
assessing bone status in patients with both coronary 
artery disease and diabetes. J Diabetes Metab Disord 
2015;15:35.

8. Maghbooli Z, Shabani P, Gorgani-Firuzjaee S, Hossein-
Nezhad A. The association between bone turnover 
markers and microvascular complications of Type 2 
diabetes. J Diabetes Metab Disord 2016;15:51.

9. Sudjaroen Y, Thongmuang P. Association of 
bone-related biochemical markers and risk of 
prehypertension in osteoporotic elders. Asian J Pharm 
2018;12 Suppl 1:S277-83.

10. Lau EM, Lee JK, Suriwongpaisal P, Saw SM, Das De S, 
Khir A, et al. The incidence of hip fracture in four 
Asian countries: The Asian osteoporosis study (AOS). 
Osteoporos Int 2001;12:239-43.

11. Kanis JA. Assessment of fracture risk and its application 
to screening for postmenopausal osteoporosis: Synopsis 
of a WHO report. WHO study group. Osteoporos Int 
1994;4:368-81.

12. Wainwright SA, Marshall LM, Ensrud KE, Cauley JA, 
Black DM, Hillier TA, et al. Hip fracture in women 
without osteoporosis. J Clin Endocrinol Metab 
2005;90:2787-93.

13. Kingkaew P, Maleewong U, Ngarmukos C, 
Teerawattananon Y. Evidence to inform decision 
makers in Thailand: A cost-effectiveness analysis of 
screening and treatment strategies for postmenopausal 
osteoporosis. Value Health 2012;15:S20-8.

14. Chin KY, Ima-Nirwana S. Calcaneal quantitative 
ultrasound as a determinant of bone health status: 
What properties of bone does it reflect? Int J Med Sci 
2013;10:1778-83.

15. Soontrapa S, Soontrapa S, Chaikitpinyo S. The 
reliability of calcaneal quantitative ultrasound in the 
measurement of bone mineral density. Srinagarind Med 
J 2008;23:424-9.

16. Vasikaran S, Eastell R, Bruyère O, Foldes AJ, Garnero P, 
Griesmacher A, et al. Markers of bone turnover for the 
prediction of fracture risk and monitoring of osteoporosis 
treatment: A need for international reference standard. 
Osteoporos Int 2011;22:391-420.

17. Lin YH, Ho YL, Wang TD, Liu CP, Kao HL, Chao CL, 
et al. The relation of amino-terminal propeptide of 
Type III procollagen and severity of coronary artery 
disease in patients without myocardial infarction or 

Table 3: The correlation of bone turnover markers to 
BMD (n=150)

Bone turnover 
marker 

BMD relation value 
(Pearson correlation)

P value

OC −0.040 0.629

Total P1NP 0.001 0.986

Beta‑CrossLaps (CTX) −0.524** <0.001**
**Significant at P<0.01 level (two‑tailed). OC: Osteocalcin, 
BMD: Bone mineral density



Sudjaroen and Thongmuang: Quantitative ultrasound and bone turnover markers for osteoporosis screening

Asian Journal of Pharmaceutics • Oct-Dec 2018 (Suppl) • 12 (4) | S1423

hibernation. Clin Biochem 2006;39:861-6.
18. Starup-Linde J, Vestergaard P. Biochemical bone 

turnover markers in diabetes mellitus-a systematic 
review. Bone 2016;82:69-78.

19. Gao LH, Zhu WJ, Liu YJ, Gu JM, Zhang ZL, Wang O, 
et al. Physical performance and life quality in 
postmenopausal women supplemented with Vitamin 
D: A two-year prospective study. Acta Pharmacol Sin 
2015;36:1065-73.

20. Slevin MM, Allsopp PJ, Magee PJ, Bonham MP, 
Naughton VR, Strain JJ, et al. Supplementation with 
calcium and short-chain fructo oligosaccharides affects 
markers of boneturnover but not bone mineral density in 
postmenopausal women. J Nutr 2014;144:297-304.

21. Young DS, Bermes EW. Specimen collection and 
processing: Sources of biological variation. In: 
Burtis CA, Ashwood AR, editors. Tietz Textbook of 
Clinical Chemistry. 3rd ed. Philadelphia, PA: Saunders; 
1999. p. 42-72.

22. Vestergaard P, Rejnmark L, Mosekilde L. Osteoporosis 
is markedly underdiagnosed: A nationwide study from 
Denmark. Osteoporos Int 2005;16:134-41.

23. Thomsen K, Jepsen DB, Matzen L, Hermann AP, 
Masud T, Ryg J, et al. Is calcaneal quantitative ultrasound 
useful as a prescreen stratification tool for osteoporosis? 

Osteoporos Int 2015;26:1459-75.
24. Seitz S, Koehne T, Ries C, De Novo Oliveira A, 

Barvencik F, Busse B, et al. Impaired bone 
mineralization accompanied by low Vitamin D and 
secondary hyperparathyroidism in patients with femoral 
neck fracture. Osteoporos Int 2013;24:641-9.

25. Martin EN, Haney EM, Shannon J, Cauley JA, Ensrud KE, 
Keaveny TM, et al. Femoral volumetric bone density, 
geometry, and strength in relation to 25-hydroxy Vitamin 
D in older men. J Bone Miner Res 2015;30:562-9.

26. Holick MF. Vitamin D deficiency. N Engl J Med 
2007;357:266-81.

27. Lerchbaum E, Schwetz V, Nauck M, Völzke H, 
Wallaschofski H, Hannemann A, et al. Lower bone 
turnover markers in metabolic syndrome and diabetes: 
The population-based study of health in Pomerania. Nutr 
Metab Cardiovasc Dis 2015;25:458-63.

28. Iglesias P, Arrieta F, Piñera M, Botella-Carretero JI, 
Balsa JA, Zamarrón I, et al. Serum concentrations of 
osteocalcin, procollagen Type 1 N-terminal propeptide 
and beta-crossLaps in obese subjects with varying 
degrees of glucose tolerance. Clin Endocrinol (Oxf) 
2011;75:184-8.

Source of Support: Nil. Conflict of Interest: None declared.


