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Introduction
Osteoporosis is one of the common medical problems facing an aging population. It is
projected that the number of hip fractures occurring worldwide will increase from 1.66
million in 1990 to 6.26 million by the year 2050 (1). Many studies have shown a strong
relationship between low bone density and increased fracture risk. The World Health
Organization (WHO) has proposed a threshold of bone mineral density (BMD) based
on peak bone mass, with osteoporosis denoting a value of BMD that is 2.5 standard
deviations or more below the peak bone mass (2). The interpretation of bone mineral
densitometry results for a particular individual relies on valid reference data from a
representative population sample. Recent studies have suggested that apart from bone
density, there are racial differences in hip axis length. A longer hip axis length is
associated with an increased risk of fracture (3). The hip axis length of Asian and black
women were reported to be significantly shorter than white women (4). Japanese
women were found to have a shorter hip axis length and a lower hip fracture incidence
than American women despite lower bone density values (5).
The main objectives of this study was to a) determine the age of peak bone density in
each study group, b) quantify differences in bone density as functions of age and sex.
The hip axis length was also measured.

Methods
The recruitment of subjects for this study was done through the hospital staff and their
family as well as through an advertisement in the local media. Normal healthy subjects
from the three major ethnic groups i.e Chinese, Malays and Indians , of both sexes ,
aged 15 -50 years were recruited. All subjects completed a questionnaire which
detailed their medical history. The exclusion criteria include;
• moderate or severe scoliosis
• known chronic illness (past or present) of more than 3 months, eg renal, liver or

thyroid disease
• known chronic use of any medication eg. steroids, estrogen or fluoride
• previous low trauma fracture
• prolonged immobilization ( > 1 month)

A total of 204 males and 318 females who met the initial criteria were recruited (Table
1). Height and weight of the subjects were measured and the body mass index (BMI)
calculated using body weight in kilograms divided by the square of height in metres.
The subjects were interviewed by the same technologist using the WHO questionniare
and included details on lifestyle factors such as food intake, exercise and medication.
Bone mineral density (BMD) was determined using a LUNAR DPX-L (Lunar Corp.,
Wisconsin, USA) at the lumbar spine and femoral neck. The BMD of the spine was
analysed in the region L2-L4 while analysis of the hip gave BMD values for the femoral
neck, trochanter and Ward's triangle. The hip axis length (HAL), defined as the length
below the lateral aspect of the greater trochanter through the femoral neck axis to the
inner pelvic brim was also measured. This was done by placing the software ruler
parallel to the femoral neck axis with the ends of the ruler positioned at the bone
edges.
A dedicated quality assurance programme was done throughout the period of the study
to ensure instrument consistency and accuracy of results. Daily calibration was
performed by the system's internal calibration system. Daily scans of a phantom was
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also performed to ensure consistent and reliable readings. The European Spine
Phantom (ESP) has also been scanned.
The results are given as mean + SD. Student's t test was performed to test differences
between the male and female groups, and between the three ethnic groups.

Results
I) Sex differences

Table 2 summarizes the anthropometric and BMD data for the males and females.
The male subjects were significantly taller and heavier than the female subjects.
However, there was no significant difference in body mass index of males and females.
There was no significant difference in lumbar spine BMD of males and females.
However, femoral neck BMD of males was significantly higher than females.
In males, peak BMD in both the lumbar spine and femoral neck occurred in the age
group 25-29 years (Table 3). There was a linear regression of BMD with age in males.
In females, peak BMD occurred in the age group 35-39 years (Table 4).
There was no significant difference in peak spine BMD between the sexes (1.170 ±
0.118 g/cm2 for males versus 1.224 ± 0.135 g/cm2 for females). However, males were
found to have significantly higher peak density in the femoral neck ( 1.076 g/cm2 for
males versus 0.969 g/cm for females; p < 0.01). Males attained the peak BMD in the
age group 25-29 years compared to the females where the peak BMD was attained a
decade earlier.
Hip axis length was moderately correlated to height in both males ( r =0.500) and
females (r= 0.545) but not correlated to weight and body mass index. The hip axis
length in males was significantly longer in males than in females ( 10.92 cm in males
versus 9.76 cm in females).

II) Racial differences
The data was also analysed according to the 3 major ethnic groups. Among the males,
there was no racial differences in height, weight, spine or hip BMD. However, Chinese
males had longer hip axis length than the Indian and Malays (Table 5). Similarly ,
Chinese females had significantly longer hip axis length (p < 0.05) than Indian or
Malay females although there was no difference in height. Chinese females also had
significantly lower body weight ( p < 0.01). There was no significant difference in both
lumbar spine and hip BMD among the 3 races (Table 6).

III) Lifestyle factors
None of the females interviewed had any history of smoking. In males, only 15% of the
subjects smoked at least a pack of cigarettes a day and over 70% of this cohort were
Malays. 17% of males had at least a glass of milk everyday, while in females, only 13%
drank milk regularly. According to a survey done by the Ministry of Health (7), the mean
intake for calcium for men and women is 567 mg and 448 mg respectively (Table 7).
Calcium intake was found to be highest among the Indians for both men (714 mg) and
women (506 mg). The RDA for calcium for adults for all age and sex groups is 500 mg.
49.8% Chinese men and 70.7% Chinese women have calcium intakes less than their
RDAs.
Most of the subjects interviewed led sedentary lifestyle with no regular exercise. Only
25% males and 17.6% females did regular weight bearing exercises at least once a
week.
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Conclusions
From the data collected so far, there was no significant differences in bone density
among the three ethnic groups in both sexes. A recent study in Singapore however,
showed that Chinese had higher hip fracture incidence compared to the Malays or
Indians (6). Mean calcium intake among the Chinese was also the lowest among the
races. The hip axis length in Chinese was found to be significantly longer and this could
partly explain the racial differences in hip fracture rates.
In comparison to the western population, Singapore females had significantly shorter
hip axis length (9.8 ± 0.51 cm) compared to American women (10.5 ± 0.62 cm).

Other related work performed
Our department is involved in a multi-centre study involving Singapore, Philippines,
Thailand and Malaysia to determine the risk factors for hip fracture, using a case
control design: dietary status, load bearing activites, cigarette smoking, alcholic
beverages, low body mass index and role of medical diseases. This one year study
started in August 1997. Patients over 50 years of age with an incident hip fracture due
to minimal trauma were interviewed. Patients were recruited from five major
Government/Restructured Hospitals in Singapore. Controls, over 50 years of age was
selected within the age and sex strata.
A total of 303 females and 126 males with hip fractures were recorded in a year. There
were more than twice as many hip fractures in females than in males (ratio 2.4:1).
We are also doing another study with the University of Tokyo, Japan to look at the
environmental factors regulating the relationship between osteoporosis and hip
fractures. This study involves Singapore, Japan, Hong Kong and Pakistan.
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Table 1. Number of subjects in the five year age group

Age group
15-19
20-24
25-29
30-34
35-39
40-44
45-50

Males
26
28
30
27
33
31
29

Females
27
27
30
47
47
50
90

Table 2. Anthropometric and bone mineral density data for the male and female
population

n
Height (cm)
Weight (kg)

Body mass index
Hip axis length

Lumbar spine BMD (g/cm2)
Femoral neck BMD (g/cm2)

Males
204

170.1 ±6.3*
68.2 ±10.3*
23.53 ±3.30
10.92 ± 0.49*
1.135 ±0.134
1.014 + 0.142*

Females
318

158.5 ±5.2
57.0 ±9.8

22.69 ±4.0
9.76 ±0.51

1.187 ±0.127
0.939 ±0.111

* Significant difference at p < 0.01
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Table 3. Characteristics of study variables of males in 5 year age group

Age
group
(years)
15-19
20-24
25-29
30-34
35-39
40-44
45-50

Height
(cm)

173 ±6.7
176 + 6.3
173 ±5.7
168 + 6.9
170 ±4.8
170 ±6.4
168 ±4.9

Weight
(kg)

53 + 10.7
68 ± 9.1
67 ± 9.5
66 ±10.5
71 ± 8.5
71 +12.5
69+ 9.1

Body mass
index
(BMI)

17.8 + 2.2
21.9 ±3.1
22.5 ± 3.2
23.1 ±2.6
24.7 ± 3.0
24.6 ± 3.7
24.4 ±3.1

Hip axis
length (cm)

11.12 ±0.11
11.19 ±0.55
10.93 + 0.61
10.88 ±0.50
10.85 ±0.57
10.86 ±0.40
10.91 +0.35

Lumbar spine
BMD (g/cm2)

1.120 ±0.059
1.160 ±0.103
1.170±0.118"
1.165 ±0.104
1.162 ±0.121
1.144 ±0.095
1.147 ±0.131

Femoral neck
BMD (g/cm2)

1.028 ±0.070
1.074 ±0.118
1.076 ±0.122"
1.055 ±0.134
1.052 ±0.116
0.989 ±0.124
0.975 ±0.119

" peak BMD

Table 4. Characteristics of study variables of females in 5 year age group

Age
group
(years)
15-19
20-24
25-29
30-34
35-39
40-44
45-50

Height
(cm)

164
160
160
159
159
157
158

±
±
±
±
±
±
±

11.2
6.5
6.3
4.6
4.4
5.4
3.9

Weight
(kg)

50
54
54
56
57
58
59

±
±
±
±
±
±
±

7.2
8.9
8.8

10.9
9.6

10.5
9.2

Body mass
index
(BMI)

18.7 ±2.3
21.2 ±3.5
21.1 ±2.9
21.9 ±4.3
22.8 ±3.9
23.8 ±4.5
23.7 ±3.7

Hip axis
length (cm)

9.77
9.68
9.75
9.69
9.68
9.73
9.89

+ 0.94
±0.59
±0.56
± 0.45^
±0.48
+ 0.49
±0.48

Lumbar spine
BMD (g/cm2)

0.992
1.174
1.171
1.188
1.224
1.213
1.210

±0.112
±0.137
±0.117
±0.131
±0.136"
±0.117
±0.117

Femoral neck
BMD (g/cm2)

0.909 ±0.138
0.940 ±0.129
0.946 ±0.137
0.959±0.113

0.969 ±0.125"
0.957 ± 0.090
0.938 ± 0.088

peak BMD
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Table 5. Anthropometric, BMD and hip axis length in Chinese, Malay and Indian males

n
Age

Height (cm)
Weight (kg)

Body mass index
Lumbar spine BMD
Femoral neck BMD
Hip axis length (cm)

Chinese
194

33.6 +9.0
170.8 ±6.1
67.1 ±10.9
22.96 ± 3.52
1.127±0.110
0.997 ±0.121
11.03 ±0.46+

Malay
73

37.0 ± 7.7
169.2 + 5.4
69.8 ± 9.3

24.28 ± 3.04
1.155 ±0.162
1.042 ±0.150
10.79 ± 0.48

Indian
51

37.3 ± 8.3
169.8 ± 8.7
69.1 ±9.9

23.95 ± 2.83
1.121 ±0.146
1.014 ±0.190
10.79 ±0.52

+ significant difference at p < 0.05

Table 6. Anthropometric, BMD and hip axis length in Chinese, Malay and Indian
females

n
Age

Height (cm)
Weight (kg)

Body mass index
Lumbar spine BMD
Femoral neck BMD
Hip axis length (cm)

Chinese
194

38.2 ±9.4
159.2 ±4.8
55.2 ±7.5

21.64 ±2.95
1.199 + 0.131
0.937 ± 0.093
9.84 ± 0.53++

Malay
73

36.3 ±8.3
157.1 ±4.8
60.4 ±11.6
24.73 ±4.81
1.181 ±0.113
0.931 ±0.138
9.63 ± 0.44

Indian
51

35.3 ± 8.3
159.3 ±6.3
60.5 ±12.4
23.63 ± 4.75
1.149 ±0.127
0.959 ±0.126
9.65 ±0.53

significant difference at p < 0.01

Table 7. Mean energy and nutrient intakes in males and females

Energy intake (kcal)
Protein (g)

Fat (g)
Carbohydrates (g)

Iron (mg)
Ca (mg)

Sodium (mg)
Vitamin A (ug)

Males
2232
85.4
74.6
300.6

16
567
3920
642

Females
1709
67.4
57.7
228.6
12.6
448
2959
605
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