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Abstract 
Age and sex related changes in bone metabolism are of interest in the pathogenesis of 

osteoporosis. However, most data in the literature were studied in Western countries. In a tropical 
country, such as Thailand, little is known of vitamin D status and bone remodeling. Thus, the aim 
of this study was to determine the changes of vitamin D levels and biochemical markers of bone 
turnover in healthy women and men of various age groups between 20-80 years who were living in 
Bangkok. From the results, vitamin D levels of various age groups did not alter significantly between 
men and women except in the sixth decade of women. However, men had higher levels of vitamin 
D than women. In women, all biochemical markers of bone turnover increased with age, with a 
sharp increase at the onset of menopause. In contrast, biochemical markers of bone turnover in men 
gradually declined with advancing age. 

Conclusion : There was no evidence of vitamin D deficiency in the Bangkok population. 
Women and men showed different age-related changes in bone metabolism. 
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Bone loss is a universal phenomenon with 
ageing and it occurs in all individuals after middle 
age. The mechanisms of bone loss are multifactorial. 
The major factors are likely to be mediated by a 
combination of hormonal and nutritional factors that 

impair regulation of calcium homeostasis. Vitamin D 
is a unique hormone which is essential for the main­
tenance of a healthy skeleton throughout our lives. 
Geographic location, seasonal variations, skin pig­
ments, social conditions, aging and nutritional habits 
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are known to influence serum vitamin D level(1,2). 
A low vitamin D level in serum identifies subjects 
at high risk of developing bone disease. Numerous 
studies have reported that vitamin D deficiency is a 
common problem in elderly people. However, much 
of these data were from Western countries(3-7). In 
tropical countries with plenty of sunlight such as 
Thailand, there is a paucity of information on the 
influence of normal aging on vitamin D status and the 
changes in bone remodeling which can be examined 
by measuring the levels of biochemical markers of 
bone turnover. An important clinical application of 
these biochemical markers lies in their ability to pre­
dict the rate of bone loss and subsequent risk of 
fractures(8-10). A high level of a marker indicates a 
high bone turnover and consequently, a high rate of 
bone loss01,12) which may lead to a higher fracture 
incident rate. Recently, newer biochemical markers 
of bone turnover have been developed and shown 
to have a clear advantage over older markers which 
have low specificity and sensitivity(l3-15). These 
new markers allow clinicians to identify individual 
patients with high bone turnover and to monitor inter­
ventions to slow bone loss. 

As the mean age of the population increases, 
more attention is being paid to diseases associated 
with ageing, including diseases of the skeleton such 
as osteoporosis. Assessment of vitamin D status and 
the levels of biochemical markers of bone turnover 
of the population may provide clinically relevant 
information about skeletal remodeling for predicting 
future bone loss and may be important for primary 
care in preventing osteoporosis. Therefore, the aim of 
this study was to determine the changes of vitamin 
D levels and biochemical markers of bone turnover 
with ageing among normal healthy subjects living in 
Bangkok and its vicinity. 

MATERIAL AND METHOD 
Subjects 

The participants were recruited from 396 
people who were living in Bangkok and its vicinity. 
There were 155 men and 241 women, aged 20-80 
years. All were in good health. All had neither signs 
or symptoms of metabolic or hormonal diseases (parti­
cularly those known to affect bone or calcium meta­
bolism) nor any history of fracture. The participants 
were excluded from the study if they were taking 
corticosteroid or calcium supplement, or were receiving 
honnone replacement therapy. The study was approved 
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by the Ethics Committee of the Faculty of Medi­
cine, Ramathibodi Hospital, Mahidol University, and 
informed consent was obtained from all study partici­
pants. The participants were stratified into 6 groups 
according to their age. 

Laboratory assays 
Blood samples were collected between 8.00 

a.m. and 9.00 a.m. after an overnight fast. Sera were 
kept frozen at -80"C until assayed. Serum 25 hydroxy­
vitamin D (25 OHD) was measured by radioimmuno­
assay (DiaSorin Inc., Stillwater, USA). Serum total 
alkaline phosphatase (ALP) was measured by auto­
mated enzymatic method (Selectra, Vital Scientific, 
Netherlands). Serum N-terminal mid fragment osteo­
calcin (OC (1-43)) and serum carboxy terminal tela­
peptide fragment of type I collagen (CTX-I) were 
measured by electrochemiluminescence immunoassay 
(Roche Diagnostics, Germany). The within-assay 
coefficient of variations (CVs) of serum 25 OHD, OC 
(1-43) and CTX-I were, respectively, 15.8 per cent, 
1.0 per cent, 3.4 per cent and of between-assay CVs 
were 14.4 per cent, 5.1 per cent, 4.1 per cent, respec­
tively, at mean concentrations of 83.4 ng/ml, 20.5 
ng/ml, and 0.41 ng/ml. 

Statistical analyses 
All data are presented as mean ± SE unless 

stated otherwise. Comparisons between groups were 
analyzed by Student's unpaired t-test or Mann-Whitney 
U test. The statistical significance among age groups 
in the same sex was determined with one-way ana­
lysis of variance followed by Scheffe F test or with 
Kruskal-Wallis test. All analyses were performed 
using SPSS/PC release I 0.0 I. 

RESULTS 
The levels of serum 25 OHD, total ALP, OC 

(I-43) and CTX-1 of each age group in both sexes 
are presented in Table I and Table 2. 

In women, menopausal age was 49.6 ± 4.3 
(mean ± SD) years. The mean levels of 25 OHD, 
total ALP, OC (1-43) and CTX-1 in premenopausal 
age groups (the third through fifth decade) did not 
change significantly (Fig. 1). However, only the mean 
serum CTX-I in the third decade was found signifi­
cantly higher than that of the fifth decade. In post­
menopausal age, the mean serum 25 OHD and total 
ALP in the sixth decade was significantly higher than 
that of the fifth decade; both gradually decreased 
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Table 1. Serum vitamin D and biochemical markers of bone turnover levels in women. 

Age Women 
N 250HD Total ALP oc (l-43) CfX-I 

20-29 28 33.68 ±2.68 18.52 ±0.83 20.19 ± 1.10 0.35 ± O.o2 
(n=22) 

30-39 30 29.10 ± 2.39 16.60±0.93 19.91 ± 1.27 0.28 ±0.02 
(n=23) 

40-49 57 32.61 ±2.90 18.24 ±0.90 17.52±0.97 0.28 ±0.01 
(n=l7) 

50-59 50 51.65 ±4.66 22.44 ± 1.01 28.76± 1.46 0.54±0.o3 
(n=20) 

60-69 50 38.77 ±5.0 21.39 ± 1.02 30.37 ± 1.91 0.54±0.03 
(n=20) 

70-80 26 37.79 ± 4.14 19.28 ± 1.12 29.37 ±2.54 0.53 ±0.04 
(n=l9) 

Values are mean± SE, N =number 
25 OHD = 25 hydroxyvitamin D, ALP= alkaline phosphatase, OC (l-43) = N-terminal mid fragment osteocalcin, 
CfX-I =carboxy terminal telopeptide fragment of type I collagen. 

Table 2. Serum vitamin D and biochemical markers of bone turnover levels in men. 

Age Men 
N 250HD Total ALP oc (l-43) CfX-I 

20-29 24 52.04±6.08 19.12 ± 1.21 27.85±2.14 0.56±0.05 
(n = 14) 

30-39 27 54.07 ±5.30 18.71 ± 1.14 22.01 ±0.86 0.43 ± 0.02 
(n=l8) 

40-49 25 59.79 ± 7.10 22.28 ± 1.51 22.23 ± 1.59 0.44±0.o3 
(n=l6) 

50-59 25 53.14 ± 4.92 22.12 ± 1.17 19.36 ± 1.77 0.39 ± O.o3 
(n=20) 

60-69 28 36.09 ±3.26 20.36 ± 1.28 19.10 ± 1.26 0.37 ± O.o3 
(n=20) 

70-80 26 52.05 ±4.80 18.83 ± 1.18 20.00 ± 1.36 0.34±0.02 
(n=20) 

Values are mean± SE, N =number 
25 OHD = 25 hydroxyvitamin D, ALP= alkaline phosphatase, OC (l-43) = N-terminal mid fragment osteocalcin, 
CfX-I =carboxy terminal telopeptide fragment of type I collagen. 

through the eighth decade. In contrast, the mean serum 
OC (1-43) and CTX-1 significantly increased in the 
fifth decade and remained stable up to the eighth 
decade. 

In men, there were no significant changes 
of serum 25 OHD levels between age groups (Fig. 
1 ). Serum total ALP slightly increased in the fifth 
decade. Thereafter, it gradually decreased up to the 
eight decade. However, these changes were small 
and without statistical significance compared to that 
of the third decade. Serum OC (1-43) and CTX-1 
levels decreased gradually from the third through 
eighth decade. In the sixth decade, serum OC (1-43) 

and CTX-1 were observed to decrease significantly 
from the third decade and continued to decrease 
through to the eighth decade. 

Compared with women in the same age 
groups, men had higher levels of serum 25 OHD 
than women. However, the higher levels of 25 OHD 
in men at the sixth and seventh decades did not signi­
ficantly differ from those of women. A significant 
gender difference was not observed for serum total 
ALP except in the fifth decade. In the younger age 
groups (20-49 years), mean serum levels of OC 
(1-43) and CTX-1 were significantly higher in men 
than in women. However, mean serum OC (1-43) 
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Fig. 1. Changes in serum 25 OHD, total ALP, OC (1-43) and CTX-1 with age in women and men. Value are 
mean ± SE. * p<O.OS vs women at the same age group, t p<O.OS vs the fifth decade in women, :J: p<O.OS 
vs the third decade in men. 

levels in the fourth decade in men and women were 
not different. After the fifth decade, both serum OC 
(1-43) and CTX-I in men were significantly lower 
than those in women. 

DISCUSSION 
Serum 25-0HD concentrations of people 

living in Bangkok and its vicinity were high, espe­
cially in elderly subjects. This finding was similar to 
a previous report by the authors on subjects in Khon 
Kaen province06). However, the levels of 25 OHD 
of Khon Kaen subjects did not change with ageing 
in either sex. In contrast, most previous studies have 
shown that plasma levels of 25(0H) D decreased 
with ageing in both men and women(l7-19). The dis­
crepancy between the authors' data and other results 
may be explained by greater availability of sunlight 
in the lower latitude area of this country. Neverthe­
less, the excellent vitamin D status in Bangkok elderly 
subjects might be due to the higher educational and 
socioeconomic status and greater nutritional cons­
ciousness than others. In addition, men had higher 
level of serum 25 OHD than women. This might be 

due to more outdoor activities in men. Therefore, 
vitamin D deficiency in Thailand is probably not a 
major risk factor for osteoporosis in active elderly. 

With regard to biochemical markers of bone 
turnover, both bone formation and resorption markers 
in women were shown to increase markedly at the 
onset of menopause. These results were in agreement 
with those of others(20,21). It is relevant that the 
values of biochemical markers of bone turnover were 
associated with the degree of the change in bone 
mass, therefore, these data suggested that accelerated 
bone loss occurred in the early postmenopausal period. 
An important determinant of rapid bone loss is 
estrogen deficiency. In addition, recent studies using 
bone metabolic markers have revealed that high bone 
turnover at menopause continued for a longer period 
than previously expected(22-24). The present study 
also demonstrated that the levels of OC (l-43) and 
CTX-I remained high during the post-menopause 
period for up to 20 years. This indicated that increased 
bone turnover continues to be present in the post­
menopausal period in healthy women. Sustained bone 
Joss in late postmenopausal women could lead to 
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osteoporosis. Therefore, It would be necessary to 
implement preventive therapy on osteoporosis soon 
after menopause. Bone loss in men is likely due to 
decreased functional capacity of bone cells associated 
with the aging process, which results in impaired 
bone formation relative to bone resorption(25,26). 
This concept was compatible with a decline in bio­
chemical markers of bone turnover with age in the 
present study and was also supported by histomorpho­
metric studies(27,28). However, the changes of total 
ALP activity with age were not compatible with the 
levels of OC (1-43) and CTX-1 in both women and 
men. The failure of total ALP activity to follow the 
pattern of other biochemical markers of bone tum­
over probably reflects the poor specificity of this 
parameter. Circulating levels of ALP are derived 
from many sources other than bone(29,30). There­
fore, further studies using bone specific alkaline phos­
phatase as a bone formation marker would be interest­
ing. Moreover, the levels of biochemical markers of 

bone turnover were higher in men than in women 
between the ages of 20 and 50. In contrast, after the 
ages of 50, all three biochemical markers of bone 
turnover in men were lower than in women. There­
fore, the loss of bone and bone fragility occurred less 
in men than in women. 

SUMMARY 
There was no evidence of vitamin D defi­

ciency in people living in Bangkok and its vicinity. 
Women and men showed a different pattern of age­
related changes in biochemical markers of bone 
turnover. The cessation of gonadal function is the 
importance factor of an increase in bone turnover in 
women at the time of menopause. 
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