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Abstract

Objectives : To define the bone status and pattern of bone loss in a normal adult popula-
tion living in a rural area of Khon Kaen province.

Study design : A descriptive study.

Settings : Department of Medicine, Faculty of Medicine, Khon Kaen University, Thailand.

Subjects : 436 subjects (181 men and 255 women), aged 20-80 years.

Main Outcome Measures : Bone parameter including total bone mineral density (BMD),
the bone mineral density at different sites such as forearm, lumbar spine and hip, bone mineral con-
tent (BMC) were measured by dual energy X-ray absorptiometry (DEXA).

Results : The result revealed that women had lower bone mass at various bone sites than
men. The peak bone mass in women was observed between 30-39 years of age except at the distal
radius which occurred between 20-29 years of age while the peak bone mass in men was observed
between 20-29 years of age. It was also shown that bone loss occurred in both men and women
with advancing age. The rate of decline at all sites in women was greater than men especially when
they were over 60 years old. When comparisons were made between pre and post-menopausal
women, the mean of bone mineral density in pre-menopausal women was 1.18+0.08, 0.69+0.06,
0.69+0.06, 1.0+£0.13, 1.1540.13 g/cm? at total body, mid-shaft radius, ultra distal radius, femoral
neck and lumbar spine, respectively while the mean of bone mineral density in post-menopausal
women was 1.02+0.12, 0.5440.11, 0.54+0.11, 0.75+0.16, 0.88+£0.2 g/cm? at total body, mid-shaft
radius, ultra distal radius, femoral neck and lumbar spine, respectively which were lower than BMD
in pre-menopausal women (p<0.05). The mean bone mineral content (BMC) in pre-menopausal
women was 2401+318.3 g while in post-menopausal women it was 1915.4+421.7 g (p<0.05). The
rate of bone loss correlated with the duration after menopause. In this study, using World Health
Organization criteria for diagnosis of osteopenia and osteoporosis and a reference value obtained
from Khon Kaen young adults, the prevalence of osteopenia in Khon Kaen women subjects was
37.4 per cent at femoral neck, 30.2 per cent at lumbar spine, 44.5 per cent at ultra distal radius,
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shaft radius.
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31.5 per cent at mid-shaft radius and the prevalence of was osteoporosis 19.3 per cent at femoral
neck, 24.7 per cent at lumbar spine, 18.5 per cent at ultra distal radius and 26.4 per cent at mid-

Conclusion : The result of this study demonstrated the bone parameters in rural Thai adults
living in Khon Kaen province, the pattern of bone loss, the difference between men and women and
finally the prevalence of osteopenia and osteoporosis.
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Osteoporosis is a disease characterized by
low bone mass and microarchitectural deterioration
of bone tissue, leading to enhanced bone fragility
and a consequent increase in fracture risk. Osteo-
porosis is considered a major public health problem
in Western countries, however, it has become an
increasing problem in Asian countries as well(1-6).
The burden of osteoporosis fracture is increasing
worldwide because of longevity of the population.
The proportion of people over 60 years in Thailand
was 7.2 per cent in 1990 and is projected to be 9.1
per cent and 15.2 per cent in the year 2000 and
2020, respectively. In some regions, increased age
specific rates of fracture have also been reported(7).
An epidemiological study reported that age-specific
hip fracture increased exponentially in Thai people
after the age of sixty(8),

In 1994, the World Health Organization
(WHO) proposed diagnostic guidelines for osteo-
porosis based on the measurement of bone mineral
density (BMD) by dual energy X-ray absorptiometry
(DXA) and the T-score. Osteoporosis 1s defined as
a BMD value that is 2.5 standard deviations or more
below the average value for young healthy women
(9). In Thailand, an earlier study, showed that the
peak bone mass in women living in Bangkok was
observed between 20-29 years of age at the femoral

neck and lumbar spines while peak bone mass in
men was observed between 20-29 years of age at the
femoral neck and 30-39 years of age at the lumbar
spine(10). It was shown that bone loss occurred in
both men and women with advancing age. For Thai-
land, people residing in different regions may have
different BMD due to multiple factors. However,
data concerning BMD in rural Thai adults are lack-
ing, for this reason the authors evaluated the bone
mineral density pattern of bone loss with ageing at
all bony sites in normal rural Thai adults, in Khon
Kaen province.

MATERIAL AND METHOD

A cross-sectional descriptive design was
adopted in this study. The subjects consisted of 436
rural Thai adults aged 20-80 years from 2 subdis-
tricts (Nongtoom and Koksri) in Muang District,
Khon Kaen province. They were included in the
study if they satisfied the following criteria: lived in
a rural area for at least 5 years, were ethnic Thais
healthy, ambulatory, and willing to participate. Sub-
jects were excluded if they had a bone disorder, chro-
nic disease or history of taking medication affecting
calcium and bone metabolism such as steroids and
thyroid hormone, or had a previous history of frac-
ture. Female subjects were excluded if they were
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pregnant, lactating, had delivered or aborted within
3 months, had a history of oophorectomy, or prema-
ture menopause. .
Eligible subjects were invited to Srinagarind
Hospital where they were interviewed for data
pertaining to age, menarche, menopausal age, body
weight, height, waist and hip circumference, educa-
tion level, occupation, annual income, alcohol con-
sumption and cigarette smoking habits. Standardized
well-trained technicians measured their bone para-
meters for total bone mineral density (total BMD),

bone mineral density at different sites e.g. forearm,
lumbar spine, femur, as well as bone mineral content
(BMC) by dual energy X-ray absorptiometry using
DXP-IQ (Lunar, USA).

After the measurements, the subjects were
put into three categories according to definition
recommended by the European Foundations for
Osteoporosis and Bone Disease, the National Osteo-
porosis Foundation of the United States, and the
World Health Organization, 1994(9). Firstly, a BMD
value greater than 1.0 standard deviation below the

Table 1. Demographic characteristics of the study subjects classified by sex.
Male % Female %
Number of subjects 181 255
Age (year) 49.08 + 17.06 50.63 + 15.89
Body weight (kg) 58.25+8.76 55.85+10.52
Height (cm) 161.22 + 5.86 152.12 £ 5.21
Body mass index (kg/mz) 22.38+2.85 24,08 +4.03
Body mass index (kg/mz)
<185 12 6.6 17 6.7
18.5-24.9 143 78.9 142 55.7
25.0-26.9 16 8.8 39 15.3
27.0-29.9 8 (4.4)33(12.9)
>30 2 1.1 24 9.4
Waist / Hip ratio :normal 179 989 56 220
> 0.8 in women, > 1.0 in men 2 1.1 199 78.0
Education levels
No 5 2.8 25 9.8
Elementary school (gr.1-4) 137 75.7 188 73.7
Elementary school (gr. 5-6) 18 9.9 26 102
Junior high school 11 6.1 10 39
High school 9 5.0 3 1.2
Bachelor degree or higher t 0.6 3 1.2
Occupation
None 12 6.6 19 7.5
House wife 1 0.6 15 59
Farmer 150 82.9 212 83.1
Private employee 13 72 3 1.2
Own enterprise - 2.0
Government official 2 -
Other 3 1 1 0.4
Annual income
< 10,000 8 44 15 59
10,001-50,000 133 73.5 196 76.9
50,001-100,000 32 17.7 28 11.0
100,001-250,000 7 39 16 6.3
> 250,000 1 0.6 -
Alcohol
No 75 414 253 99.2
Yes 106 58.6 2 0.8
Occasional 36 19.9 1 04
Regular 70 38.7 1 04
Smoking
No 45 249 254 99.6
Yes 136 75.1 1 0.4




238 C. PONGCHAIYAKUL et al.

average value of the peak bone of healthy adults was
considered normal. Secondly, a BMD value more
than 1.0 SD but less than 2.5 SDs below the average
value of the peak bone of healthy adults was con-
sidered osteopenia. Finally, a BMD value more than
2.5 SDs below the average value of the peak bone of
healthy adults was considered osteoporosis.

Statistic analysis

Results are expressed as mean and stan-
dard deviation of the mean. Analysis of variance was
performed, and the significance of differences was
determined by unpaired students’ t-test. The SPSS
statistical package was used for data analysis.

RESULTS
Following the eligibility criteria, 436 rural
Thai adults, 181 men and 255 women were included
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in this study. Demographic charateristics and anthro-
pometric parameters of the study subjects are shown
in Table 1. The majority of subjects were farmers
and had less than 4 years of elementary school, the
average income was about 10,001-50,000 baht per
year. The majority of the male subjects (98.9%)
had normal body mass index (78.9%) and waist to
hip ratio while 28 per cent and 94 per cent of the
females were over weight and obese and 78 per cent
had a high waist to hip ratio (> 0.8). The mean and
standard deviation of anthropometric parameters by
age and sex are shown in Table 2.

Women had lower bone mass at all sites
than men. The peak bone mass in women was
observed between 30-39 years of age except at the
distal radius which occurred between 20-29 years of
age while the peak bone mass in men was observed
between 20-29 years of age at all sites.

Table 2. Mean and standard deviation of anthropometric parameter by age and sex.
Sex Age group (year)
20-29 30-39 40-49 50-59 60-69 >70 Total
Body weight M 594468 59.4+8.0 59.3+94 589+10.7 57.3+8.1 55.1+89 582+88
F 532+72 577+124 572+80 597+11.0 558+99 483+ 110 559+105
Height M 165160 1620+58 160.1+55 160758 1593+52 160.0+£55 1612+59
F 1520+45 1536+47 153.1+49 1525454 1516+£50 1492459 1521152
Waist circumference M 742457 769+6.0 79.5+9.1 79.3+£8.9 79.5+95 77.3+£9.5 77.8+8.2
F 740174 77.6+102 812%85 83.1+8.38 840+ 105 77.8+121 80.3+10.1
Hip circumference M 91.3+5.0 90.8+5.8 913+6.7 904 +6.4 903+94 904+58 90.8+ 6.6
F 90.7 +6.1 933+8S5 953169 96.7+7.8 944+74 90.8 +9.1 940479
Waist-hip ratio M 0.81+0.04 085+004 087+005 088+0.05 088+005 085+006 0.86+006
F 082+0.06 083+005 085+005 086+007 0.89+007 085+£0.07 0.85+0.06
Body mass index M 218+201 226+231 23.1+328 227430 226+3.1 215+3.1 224+28
F 23.1+£32 243443 244+3.0 256142 242+4.0 21.6+4.5 24.1+4.0
Table 3. Mean and standard deviation of BMD and BMC by age and sex.
BMD (g/cm2) Sex Age group (year)
20-29 30-39 40-49 50-59 60-69 >70 Total
Total body M 1.25+0.08 1.2+ 0.08 1.19 £ 0.07 1.240.10 1.14+0.10 1.14+0.12 1.19+0.10
F 1.16 £ 0.07 1.2 +£0.08 1.16 £ 0.09 1.114£0.09 1.0+0.10 0.93+0.11 1.10+£0.13
Midshaft radius M 0.78 £ 0.07 0.78 +£0.07 0.77 £ 0.07 0.78 +£0.07 074+0.1 0724010 0.76 +0.08
F 0.68 £ 0.05 0.7 £0.05 0.68 £+ 0.08 063+£0.10 05310.1 0.45+0.08 061+0.11
Distal radius M 046+0.06 043+0.05 042+0.04 0401005 036+006 035+0.07 0.41+0.07
F 0.36+£0.04 0.35+0.05 0.34 + 0.05 0.30+0.05 0.25 +0.05 0.21 +0.05 0.30+0.07
Femoral neck M 1.18+0.14 1.02+0.13 096+0.11 094+0.16 0.84+0.11 0.82+0.14 096+0.18
F 1.01 £0.12 1.05+0.14 095+0.12 0.87+0.14 0.73+0.15 0.63 +£0.10 0.87+0.19
Lumbar spine M 124+ 0.11 1.11+0.14 1.06 £0.14 1.09+0.16 1.05 +£0.12 1.10+£0.22 1.11+0.16
F 1.154+0.09 1.17 £0.13 1.11+0.16 1.01 +0.21 0.85+0.15 0.76 + 0.17 1.01 +£0.22
BMC (g) M 2916+316 2700+330 2,626+296 2,678 +440 2,409+420 2432+390 2,628 + 401
F 2,291 +278 2,468 +370- 2,350+310 2,199+ 401 1,891 + 361 1,612+394 2,140 + 448
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BMD of total body, lumber spine, femoral neck, distal radius, midshaft radius and BMC of different

age groups in both male and female subjects.
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The maximum BMC was observed between
30-39 years of age in women and 20-29 years of
age in men. (Table 3). It was shown that bone loss
occurred in both men and women with advancing
age. The rate of decline at all sites in women was
greater than men especially when they were over 60
years old as shown in Fig. 1.

The subjects were arranged by menopausal
status. When comparisons were made between pre
and post-menopausal women, the mean of bone
mineral density in pre-menopausal women was 1.18+
0.08, 0.69+0.06, 0.69+0.06, 1.0+0.13, 1.15+0.13
g/cm2 at total body, mid-shaft radius, ultra distal
radius, femoral neck and lumbar spine, respectively
while the mean bone mineral density in post-meno-
pausal women was 1.02+0.12, 0.54+0.11, 0.54+0.11,
0.75+0.16, 0.88+0.2 g/cm? at total body, mid-shaft
radius, ultra distal radius, femoral neck and lumbar
spine, respectively which were lower than BMD in
pre-menopausal women (p<0.05). The mean bone
mineral content (BMC) in pre-menopausal women
was 2401+318.3 g while in post-menopausal women
it was 1915.4+421.7 g (p<0.05), which is shown in

Table 4. The rate of bone loss correlated with the
duration after menopause. (Table 5)

Using the mean -2.5 SD value of BMD at
different sites of young adults as a cut-off point
of osteoporosis, the cut-off value of BMD for diag-
nosis of osteoporosis was 0.70, 0.85, 0.23, 0.55 g/
cm? at femoral neck, L2 - 4 spine, distal radius and
midshaft radius, respectively. T- score BMD for
diagnosis osteoporosis in pre-menopausal women
was 1.35+1.27 at femoral neck and 0.023+1.34 at
L2-4 spine, in post-menopausal women was -1.18+
1.64 at femoral neck and -2.69+1.98 at L.2-4 spine.

In this study, the recent World Health
Organization criteria for diagnosis of osteopenia and
osteoporosis using their own referrence value
obtained from the mean of young adults, the preva-
lence of osteopenia in women subjects was 37.4 per
cent at femoral neck, 30.2 per cent at lumbar spine,
44.5 per cent at ultra distal radius, 31.5 per cent at
mid-shaft radius and the prevalence of osteoporosis
was 19.3 per cent at femoral neck, 24.7 per cent at
lumbar spine, 18.5 per cent at ultra distal radius and
26.4 per cent at mid-shaft radius.

Table 4. BMD and BMC of the pre- and post-menopausal
women.
Pre-menopausal Post-menopausal

Number 117 135

BMD (g/cm2)

Total body 1.18 +0.08 1.02 +£0.12*
Femoral neck 1.00+0.13 0.75+0.16*
Lumbar spine 1.15+0.13 0.88 +£0.2*
Ultra distal radius 0.35+0.05 0.26 £ 0.05*
Midshaft radius 0.69 + 0.05 0.54+0.11%
BMC (g) 2,401.5 £ 3183 1,9154 £ 421.7*

* p<0.05

Table 5. Duration after menopause and bone status.

Years after menopause <5 5-10 10-20 >20
Number 27 26 36 46
BMD (g/cm?2) Total body 1.10+0.09 1.06 £0.12 1.02+0.10 094 +0.10
Femoral neck 0.87+0.14 0.80+0.20 0.76 + 0.12 0.64 +0.11
Lumbar spine 1.02+0.16 0.95+0.24 0.88+0.13 0.76 +0.16
Ultra distal radius 0.29 +0.05 0.28 +0.05 0.26 +0.05 022 +0.05
Midshaft radius 0.64 +0.09 0.55+0.10 0.56+0.10 0.56+0.11
BMC (g) 2,160 +352.4 2,071 +438.6 1,937 + 341.0 1,658 +378.6
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DISCUSSION
" This study revealed that bone mineral den-
sity of various sites of normal men peaked earlier
than women and men had a higher bone mass than
women. The peak bone mass in men was observed
between 20-29 years of age while the peak bone
mass in women was observed between 30-39 years
except at the distal radius which reached its peak
in the same decade as men. The peak bone mass in
the male subjects occurred in the same age group as
Bangkok populations(10), but in the female sub-
jects, bone mass reached its peak at the peak in the
younger age group. The average peak bone mass of
female subjects for lumbar spine and femoral neck
in the present study was higher than earlier reported
by Rajatanavin(10). However, other studies in Thai
populations used different software of DXA, and
can not be compared(] 1,12) The rate of decline of
bone mass at all sites in women was greater than
men especially when they reached the age of meno-
pause. When comparisons were made between pre
and post-menopausal women, this study showed the
value of BMD at all bone sites and BMC of post-
menopausal women were significantly lower than
pre-menopausal women. The significant effect of
the duration of years after menopause on bone mass
was also similar to previous studies(13,14),
When the T-score BMD and the cut-off
values for diagnosis of osteoporosis, were calcu-
lated, the cut-off values for diagnosis of osteoporo-
sis was not different from that earlier reported(10)
at femoral neck (0.85, 0.88 g/cm2) while the cut off
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value at the lumbar spine was lower than an earlier
report(10). By using the WHO criteria for diagnosis
of osteopenia and osteoporosis using the reference
value obtained from the mean of young adults of
BMD, the prevalence of osteopenia and osteoporo-
sis in the studied subjects was high. The prevalence
of osteopenia in the women subjects was 37.4 per
cent at femoral neck, 30.2 per cent at lumbar spine,
44.5 per cent at ultra distal radius, 31.5 per cent at
mid-shaft radius and the prevalence of osteoporosis
was 19.3 per cent at femoral neck, 24.7 per cent at
lumbar spine, 18.5 per cent at ultra distal radius and
26.4 per cent at mid-shaft radius. Bone mineral den-
sity varies widely among different ethnic or geo-
graphic groups, dietary calcium intake, life style and
other environmental factors(15-19). The present
study was community-based data, covering only a
rural area and can be used as a reference for diagno-
sis of osteoporosis in a rural Thai adult population.

SUMMARY

The result of this study demonstrated the
bone parameters in rural Thai adults living in Khon
Kaen province, the pattern of bone loss, the diffe-
rence between men and women, pre-menopausal
and post-menopausal women and finally the preva-
lence of osteopenia and osteoporosis.
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