CHAPTER 1

EPIDEMIOLOGY OF OSTEOPOROSIS
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The epidemiology of osteoporosis is reviewed in this article. Attempts
were made to answer the following questions:

1. How should osteoporosis be defined?

2. How can risk factors and BMD measurements be applied to diagnose
osteoporosis?

3. How do the rates for osteoporotic fractures vary by country, sex, age
and time?

4. What are the cost for osteoporosis in terms of direct and indirect
cost, morbidity and mortality?

According to the WHO criteria, osteoporosis can be defined as bone
mineral density (BMD) of 2.5 standard deviation or more below the
young normal mean. BMD measurements are predictive of fracture
risks. Hip fracture is by far the most costly of osteoporotic fracture;
and the rates are highest in Caucasians, intermediate in Asians and
lowest in Blacks. Risk factors could be used to assist in decision in
prescribing BMD measurements.
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Research agenda

Further studies aimed at refining the use of risk factors and BMD in
predicting fractures.

Further study on the cost-effectiveness of primary and secondary
prevention of hip and other fractures.

Studies on the various aspects of epidemiology of osteoporosis in
Asian populations.

Summary

Bone mineral density measurements and risk factors can be used to
predict osteoporotic fractures. The important osteoporotic fractures are
hip fracture, vertebral fracture and forearm fracture. The incidence of
hip fracture is highest in Caucasians, intermediate in Asians and lowest
in Negroid populations. The incidence of hip fracture increases
exponentially with age in both sexes, but remains higher in women than
men throughout life. Most vertebral fractures are clinically silent but are
associated with much morbidity. Hip fracture is associated with
extremely high direct cost in developed countries; and the cost is on the
rise in developing countries.

Introduction

Osteoporosis can be defined as a “systematic skeletal disease
characterized by low bone mass, and microarchitectural deterioration of
bony tissue, with a consequent increase in bone fragility and
susceptibility to fractures” [1]. As fragility fractures are the main public
health consequence of osteoporosis, diagnostic criteria should be such
that they are predictive of fractures.

Definition

In 1994, an expert panel of the World Health Organization recommended
thresholds of bone mineral density in women to define osteoporosis [2],
that have been widely but not universally accepted by the international
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scientific community and by regulatory agencies [3,4,5]. Osteoporosis in
postmenopausal Caucasian women is defined as a value of bone mineral
density (BMD) or bone mineral content (BMC) more than 2.5 standard
deviations below the young average value (Fig 1). Severe osteoporosis
(established osteoporosis) uses the same threshold, but in the presence of
one or more fragility fractures.
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Fig. 1  Diagnostic thresholds for women based on the distribution of bone mineral
density in the young healthy female population.

Predicting fracture risk

The association of BMD values and fracture risk has been studied in
several large cohort studies. DEXA measurements of the hip, spine,
forearm and calcaneus predict the risk of any fragility fracture in older
women similarly, each with a relative risk (RR) for any fracture of 1.5,
per age-adjusted standard deviation decrease. It is important to note that
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the risk of specific types of fractures, especially hip fractures, is more
strongly predicted by measuring bone density at that site. The results of
the Study of Osteoporotic Fracture showed that the RR for hip fracture is
2.6 for each standard deviation decrease in age-adjusted BMD at the
femoral neck, while the RR is 1.5 for mid-radius [6].

BMD measurements are less accurate in predicting absolute risk than
the relative risk of fracture, for absolute risk changes marked with age
[7]. Absolute risks are important for decision making on therapeutic
interventions.

The National Osteoporosis Foundation (NOF) has issued clear
guidelines concerning the use of risk factors in predicting fracture [8]. It
was stated that risk factors for low bone density have limited value in
estimating a women’s actual bone density [8]. However, risk factors
for fracture can be useful in identifying women at high risk of fractures
[9-12].

Five factors were selected by the NOF workgroup as being especially
useful in a clinical setting, because they are easily assessible and are
relatively common [§]. They were:

e Low bone mineral density;

e History of a prior fracture after age 40;

e History of a fracture at the hip, wrist, or vertebra in a first-degree
relative (“family history”);

e Being in the lowest quartile in weight;

e Current cigarette smoking.

A simple counting method was recommended by the NOF, in which
practitioners will only need to determine whether a woman has had a
prior fracture, and then count whether she has none, one, two or more of
the remaining three clinical risk factors: family history of fracture,
relatively low body weight, and smoking [8]. This method is practicable.

There is a general lack of longitudind data on the relationship
between BMD measurements, risk factors and the risk of hip fracture
among Asian populations. However, cross-sectional studies
demonstrated that risk factors for hip fracture are similar to Caucasian
[13]. Moreover, the relationship between the relative risk of hip fracture
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and diminishing BMD in Hong Kong Chinese were found to be similar
to Caucasians [14]. Hence much of the above recommendation in
Caucasian is probably applicable to Asian populations.

Fracture epidemiology

There is no universal definition of osteoporotic fractures. It is logical to
consider low energy fractures as being osteoporotic, for osteoporotic
individuals are more likely to fracture than their normal counterparts
[15]. Fractures of the hip, vertebra and forearm are considered to be
osteoporotic fractures. They share common epidemiological features:
the incidences are higher in women than in men, increases exponentially
with age, and occur at sites with a large proportion of trabecular bone
[16].

It is increasingly being recognized, however, that osteoporosis can
lead to fracture at other sites. These include fracture of the humerus,
ribs, tibia (in women), pelvis and other femoral fractures. Exclusion of
such fractures would lead to considerable underestimates in studying the
cost of osteoporosis.

Hip fracture

A. Geographical pattern

There is pronounced geographical variation in the incidence of hip
fracture, with rates being highest in Caucasians living in North Europe,
followed by rates in Caucasian living in North America. The rates are
intermediate in Asians and lowest in Black populations (Table 1) [17].
Moreover, the female to male ratio for hip fracture was 3:1 in
Caucasians, but 1:1 in Chinese and Bantu.
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Table 1. Age-adjusted rate* of hip fracture per 100,000 population for females and
males, by ethnic group and year of study

Ethnic Site Year of Female Male Female to
group study male ratio
Blacks Maryland, USA 1979-1988 345 191 1.8
California, USA 1983-1984 241 153 1.6
Johannesburg, SA  1950-1964 26 29 1.3
Hispanics  California, USA 1983-1984 219 97 23
Texas, USA 1980 305 128 24
Asians Hong Kong 1985 389 196 2.0
Hong Kong 1965-1967 179 113 1.6
Tottori, Japan 1986-1987 227 79 29
Okinawa, Japan 1984-1985 325 86 3.8
California, USA 1983-1984 383 116 33
Hawaii, USA 1979-1981 224 66 34
New Zealand 1973-1976 212 121 1.8
Singapore 1955-1962 83 111 0.7
Caucasian Sweden 1972-1981 730 581 1.3
Kuopio, Finland 1968 280 107 2.6
Malmo, Sweden 1950-1960 468 153 31
Norway 1983-1984 737 298 25
Edinburgh, 1978-1979 529 174 3.0
Scotland
Oxford, England 1983 603 114 53
California, USA 1983-1984 617 215 2.9
Hawaii, USA 1979-1981 645 205 3.1
New Zealand 1973-1976 466 139 34
* Rates were age- and gender-adjusted to the 1990 US non-Hispanic Caucasian
population.

Reproduced with permission from Villa ML, Nelson L (Ref 17).
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The incidence of hip fracture also varies between subjects of the same
origins but living in different countries. In Europe, the incidences of hip
fracture vary more than 7 folds from one country to another [18,19].

There is some evidence that the incidence of hip fracture is raising
rapidly in developing Asian countries. For instance, in Hong Kong, a
highly urbanized city in China, the incidence of hip fracture had
increased by 200% in the last 3 decades [20]. A recent multi-national
study conducted in four Asian countries showed the incidence of hip
fracture to be directly proportional to economic developments. The
adjusted rates in Hong Kong and Singapore were almost identical to
American Caucasians (at 19 per 10,000), while the rate in Thailand and
Malaysia were 2/3 and 1/2 of the Hong Kong rates respectively [21].
With rapid economic development and aging of the population, hip
fracture will be a major health problem in Asia.

Indeed, Cooper et al [22] had projected that, by the year 2050, more
than half of all hip fractures in the world would occur in Asia. The

projected number of fractures will be 6.3 million, with 3.2 million in
Asia.

B. Secular trends

Recent research suggested that the incidence of hip fracture has
experienced either a leveling off or a slightly downturn in North America
and Europe. In Malmo, Sweden, Gullberg described a leveling off of hip
fracture incidence during the mid 80's [23]. Nungu reported that the age-
adjusted incidence of hip fracture remained at around 6/1000 population
in the Uppsala country of Sweden in the same period [24].

In the Canton of Vaud, Switzerland, Jequier et al found a slight
increase in hip fracture incidence in Swiss men, but not in women, from
1986 to 1991[25]. In Siena, Italy, the incidence of hip fracture increased
slightly in men, but not in women from 1980 to 1991 [26].

The time trends for hip fracture in the UK from 1968 to 1986 was
studied by Spector et al, using data from the Hospital In Patient Enquiry
[27]. The standardized admission rates for hip fracture increased
tremendously from 1968 to 1980 in both sexes, after which the rates
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leveled off. A more recent study by Evans et al confirmed these results
[28].

Similar trends have been observed in North America. Melton et al
reported a downturn in hip fracture incidence in Rochester Minnesota,
between 1984 and 1987 [29]. It is not known if such changes are due to
health education, lifestyle changes; or cohort effects. Assuming no
increase in hip fracture incidence, the number of hip fracture patients will
continue to rise in all continents, as a result of population ageing.

C. Incidence by sex and age

As shown in Figure 2, the incidence rates for hip fracture increased
exponentially with ageing in both sexes [30]. The incidence in Rochester
rises from 2 per 100,000 person-years among women less than 35 years
old to 3,032 per 100,000 for women 85 years old and over [30].
Although the annual incidence among young men was similar to young
women, the rates in elderly men were only half of those in elderly
women [30]. These patterns were representative of those in Caucasian
populations.
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Fig.2  Estimated numbers of hip fractures in 8 geographic regions in 1990, 2025 and
2050.
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The age-specific rates of hip fracture in Hong Kong Chinese in 1995
are also presented in Fig 2 (Lau, unpublished data). The changes in the
incidence of hip fracture with age are similar to those observed in
Rochester. While the incidence were similar in young men and women,
an exponential rise was seen in women from 65 years onwards and in
men from 70 years old onwards. The rates in elderly women remained to
be twice as high as in elderly men. In general, the incidence rates for hip
fracture in elderly Chinese men were 75% of those observed in
Rochester, while the rates in elderly women approached 90% of those
observed in Rochester.

Vertebral fracture

Epidemiological studies on vertebral fractures are hampered by the lack
of universally accepted criteria for the definition of vertebral fracture.
Moreover, a substantial proportion of vertebral deformities are clinically
silent.

A. Geographical pattern

According to radiographic studies, 19-26% of postmenopausal women
have a vertebral deformity [31-34]. Vertebral fractures are as frequent in
Asians as in white women [35,36]. However, vertebral fractures are less
common in African-American [37] and Hispanic population [38].

The incidence of new vertebral fracture has been estimated to be
around three times that of hip fracture, with the female to male ratio to be
2:1 [39].

B. Temporal trends

The temporal trends for vertebral fracture are not as well studied as for
hip fracture, and the results are mixed. According to Bengnér et al [40],
the prevalence of vertebral fracture increased in Sweden between the
periods 1950-1952 and 1982-1983.
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Nevertheless, the temporal trend was found to be stable in Rochester,
USA, from 1950 to 1989 [41].

Distal forearm fracture

The change in incidence with age for distal forearm fracture is different
from fractures of the hip and vertebra. Study results from the Mayo
clinic suggested that incidence rates increased linearly from age 40-65
years and then stabilized [30]. However, in men, the incidence remained
relatively constant between 20 to 80 years. The female to male ratio for
forearm fracture was 4 to 1. This ratio was much larger than that of 2 to
1 for vertebral and hip fracture.

The reasons why the incidence of forearm fracture plateaus with age
are unknown. Nevitt and Cummings [42] proposed that elderly women
have a slower gait and impaired neuromuscular coordination, and are
hence more likely to fall backwards to land on their hip. On the other
hand, younger women tended to fall on their outstretched arms. The
changes in the incidence of forearm fracture with age concur with the
pattern of age-related bone loss [43].

The international pattern for forearm fracture is not well described.
There is some evidence to suggest that forearm fracture is much less
frequent in Asian [44] and Black [45] population than Caucasians.

Socio-economic impact of osteoporosis

Mortality

The mortality attributable to osteoporosis results largely from hip
fractures. Hip fracture causes a 12% to 20% reduction in expected
survival [46]. Hospital-based studies showed that mortality rate was
higher in men, older patients and in non-white populations [46]. Such
observations can be explained by the difference in the prevalence of co-
morbidity in population subgroups [47].
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Morbidity and quality of life

Osteoporotic fractures cause varying degrees of morbidity. Colles’
fractures have only short-term consequences, while hip fracture causes
much disability. Many hip fracture patients become permanently
disabled. Up to a third of hip fracture patients become totally
independent, necessitating institutionalization [48].

The morbidity caused by vertebral fracture varies with the frequency
of fractures. Multiple fractures typically cause the most pain and
disability. Ettinger et al, demonstrated that vertebral fracture caused
significant back pain, disability and height loss in Americans [49,50].

The effects of vertebral fracture on back pain and low morale were
consistently demonstrated in Chinese men and women [51].

Costs of osteoporosis

Studies in various countries showed that the costs of osteoporosis are
very substantial. Hip fracture is a major cause of hospital admission in
the elderly. The acute care cost associated with hip fracture is
tremendous in all developed countries. In the USA, the direct cost of hip
fractures was around US$13.8 billion in 1995 [52]. In the UK, the direct
for hip fracture was £942 million per year in 1998 [53]. The predicted
annual treatment costs in Australia for atraumatic fractures occurring in
subjects 260 yeas was A$779 million (or approximately A$44 million
per million of population per annum) [54]. The majority of direct cost
(95%) were incurred by hospitalized patients and related to hospital and
rehabilitation cost [54]. In 1996, the acute hospital care cost of hip
fracture per annum amounted to 1% of the total hospital budget, or
US$17 million, for Hong Kong with a population of 6 million (Lau,
unpublished data).

In the United States of America, the average nursing home care cost
for each hip fracture patient was as much as US$3,875 in 1995 [52].
This approximated 28% of the total cost for hip fracture. As death due to
hip fracture occurs mainly in the elderly, the indirect cost due to reduced
productivity is much lower than for other chronic disorders such as



12 E.M. C. Lau

ischaemic heart disease; stroke or breast cancer. However, the direct
cost is comparable.

REFERENCES
1. Anonymous. Consensus development conference: diagnosis, prophylaxis and
treatment of osteoporosis. American Journal of Medicine 1993;94: 646-50.
2. World Health Organization. Assessment of fracture risk and its application to

screening for postmenopausal osteoporosis. WHO technical report series 843.
Geneva: WHO, 1994.

3. Committee for Proprietary Medicinal Products (CPMP). Note for guidance on
involutional osteoporosis in women. London: European Agency for the
Evaluation of Medicinal Products (CPMP/EWP/5 52/95), 1997.

4. Orimo H, Sugioka Y, Fukunaga M, Muto Y, Hotokebuchi T, Gorai I,
Nakamura T, Kushida K, Tanaka H, Ikai T, Oh-hashi Y. The committee of the
Japanese Society for Bone and Mineral Research for the Development of
Diagnostic Criteria. Diagnostic criteria of primary osteoporosis. Journal of
Bone Mineral Metabolism 1998;16: 139-50.

5. World Health Organization. Guidelines for preclinical evaluation and clinical
trials in osteoporosis. Geneva: WHO, 1998.

6. Cummings SR, Black DM, Nevitt MC, Browner W, Cauley J, Ensrud K,
Genant HK, Palermo L, Scott J, Vogt TM. Bone density at various sites is
predictive of hip fracture. Lancet 1993;341: 72-5.

7. Kanis JA, Delmas P, Burchardt P, Cooper C, Torgerson D on behalf of the
European Foundation for Osteoporosis and Bone disease. Guidelines for
diagnosis and management of osteoporosis.  Osteoporosis International
2000;11: 192-202.

8. National Osteoporosis Foundation. Osteoporosis: Review of the evidence for
prevention, diagnosis, and cost-effectiveness analysis. Osteoporosis
International 1998;8(suppl 4): S1-S88.

9. Slemenda CW, Hui SL, Longcope C, Wellman H, Johnston JR CC. Predictors
of bone mass in perimenopausal women: A prospective study of clinical data
using photon absorptiometry. Annals of Internal Medicine 1990;112: 96-101.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Epidemiology of Osteoporosis 13

Orwoll ES, Bauer DC, Vogt TM, Fox KM. Axial bone mass in older women.
Annals of Internal Medicine 1996;124: 187-196.

Cummings SR. Treatable and untreatable risk factors for hip fracture. Bone
1996;19(suppl 3): 165S-167S.

Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM, Ensrud KE,
Cauley J, Black D, Vogt TM, for the Study of Osteoporotic Fractures Research
Group. Risk factors for hip fracture in white women. New England Journal of
Medicine 1995;332: 767-773.

Lau EMC, Suriwongpaisal P, Lee JK, Das De S, Festin MR, Saw SM, Khir A,
Torralba A, Sham A, Sambrook P. Risk factors for hip fracture in Asian men
and women — the Asian Osteoporosis Study (AOS). Journal of Bone and
Mineral Research 2001;16(3):572-580.

Lau EMC, Woo J, Leung PC, Leung D. Low bone mineral density, grip
strength and skin-fold thickness are important risk factors for hip fracture in
Hong Kong Chinese. Osteoporosis International 1993;3(2): 66-70.

Sanders KM, Pasco JA, Ugoni AM, Nicholson GC, Seeman E, Martin TJ,
Skoric B, Panahi S, Kotowicz MA. The exclusion of high trauma fractures
may underestimate the prevalence of bone fragility fractures in the community.
The GEELONG osteoporosis study. Journal of Bone and Mineral Research
1998;13: 1447-1342.

Melton LJ III. Epidemiology of fractures. In: Riggs BL and Melton LJ I
(eds) Osteoporosis: Etiology, Diagnosis and Management. New York: Raven
Press, 1995, pp 225-248.

Villa ML, Nelson L. Race, Ethnicity, and Osteoporosis. In: Marcus R,
Feldman D, Kelsey J (eds) Osteoporosis. California: Academic Press, 1996, pp
435-447.

Ellfors I, Allander E, Kanis JA, Gullberg B, Johnell O, Dequeker J, Dilsen G,
Gennari C, Lopes Vaz AA, Lyritis G, Mazzuoli GF, Miravet L, Passeri M,
Perez Cano R, Rapado A, Ribot C. The variable incidence of hip fracture in
Southern Europe; The MEDOS Study. Osteoporosis International 1994;4: 253-
263.

Johnell O, Gullberg B, Allander E, Kanis JA. The apparent incidence of hip
fracture in Europe: A study of national register sources. MEDOS Study Group.
Osteoporosis International 1992;2: 298-302.

Lau EMC, Cooper C, Fung H, Lam D, Tsang KK. Hip fracture in Hong Kong
over the last decade — a comparison with Britain. Joumal of Public Health
Medicine 1999;21(3): 249-250.

Lau EMC, Lee JK, Suriwongpaisal P, Saw SM, Das De S, Khir A, Sambrook
P. The incidence of hip fracture in five Asian countries — the Asian
Osteoporosis Study (AOS). Osteoporosis International 2000 (in press).

Cooper C, Campion G, Melton LI ITI. Hip fractures in the elderly: A world-
wide projection. Osteoporosis International 1992;2: 285-289.

Gulberg B, Duppe H, Nilsson B, Redlund Johnell I, Sernbo 1, Obrant K, Johnell
O. Incidence of hip fractures in Malmé, Sweden. Bone 1993;14: §23-529.



14

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

EM C Lau

Nungu S, Olerud C, Rehnberg L. The incidence of hip fracture in Uppsala
Country. Acta Orthopaedica Scandinavica 1993;64(1): 75-78.

Jéquier V, Burnand B, Vader J-P, Paccaud F. Hip fracture incidence in the
Canton of Vaud, Switzerland, 1986-1991. Osteoporosis International 1995;5:
191-195.

Agnusdei D, Camporeale A, Gerardi D, Rossi S, Bocchi L, Gennari C. Trends
in the incidence of hip fracture in Siena, Italy, from 1980 to 1991. Bone
1993;14: S31-34.

Spector TD, Cooper C, Fenton Lewis A. Trends in admission for hip fracture in
England and Wales, 1968-85. British Medicine Journal 1990;300: 1173-4.
Evans JG, Seagroatt V, Goldacre MJ. Secular trends in proximal femur
fracture, Oxford record linkage study area and England 1968-86. Journal
Epidemiology and Community Health 1997;51: 424-429.

Melton LJ III, Atkinson EJ, Madhok R. Downturn in hip fracture incidence.
Public Health Reports 1996;111: 146-50.

Cooper C, Melton LJ III.  Epidemiology of osteoporosis. Trends in
Endocrinology and Metabolism 1992;314: 224-229.

Ettinger B, Black DM, Nevitt MC, Rundle AC, Cauley JA, Cummings SR,
Genant HK. The Study of Osteoporotic Fractures Research Group.
Contribution of vertebral deformities to chronic back pain and disability.
Journal of Bone and Mineral Research 1992;7: 449-56.

Melton LJ III, Lane AW, Cooper C, Eastell R, O’Fallon WM, Rigs B.
Prevalence and incidence of vertebral deformities. Osteoporosis International
1993;3: 113-9.

Jones G, White C, Nguyen T, Sambrook PN, Kelly PJ, Eisman JA. Prevalent
vertebral deformities: Relationship to bone mineral density and spinal
osteophytosis in elderly men and women. Osteoporosis International 1996;6:
233-9.

O’Neill TW, Felsenberg D, Varlow J, Cooper C, Kanis JA, Silman AJ, and The
European Vertebral Osteoporosis Study Group. The prevalence of vertebral
deformity in European men and women: The European Vertebral Osteoporosis
Study. Journal of Bone and Mineral Research 1996;11: 1010-8.

Ross PD, Fujiwara S, Huang C, Davis JW, Epstein RS, Wasnicn RD, Kodama
K, Melton LJ HI. Vertebral fracture prevalence in women in Hiroshima
compared to Caucasians or Japanese in the U.S. International Journal of
Epidemiology 1995;24: 1171-7.

Lau EMC, Chan HHL, Woo J, Black D, Nevitt M, Leung PC. Normal ranges
for vertebral height ratios and prevalence of vertebral fracture in Hong Kong
Chinese: A comparison with American Caucasians. Journal of Bone and
Mineral Research 1996;11: 1364-8.

Jacobsen SJ, Cooper C, Gottlieb MS, Goldberg J, Yahnke DP, Melton LIJIII.
Hospitalization with vertebral fracture among the aged: A national population-
based study. 1986-1989. Epidemiology 1992;3: 515-8.

Bauer RL, Deyo RA. Low risk of vertebral fracture in Mexican American
women. Archives of Internal Medicine 1987;147: 1437-9.



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Epidemiology of Osteoporosis 15

Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ III. The incidence of
clinically diagnosed vertebral fracture: A population-based study in Rochester,
Minnesota. Journal of Bone Mineral Research 1992;7: 221-7.

Bengner U, Johnell O, Redlund-Johnell 1. Changes in the incidence and
prevalence of vertebral fractures during 30 years.  Calcified " Tissue
International 1988;42: 293-296.

Cooper C, Atkinson EJ, Kotowicz M, O’Fallon WM, Melton LJ. Secular
trends in the incidence of postmenopausal vertebral fractures. Calcified Tissue
International 1992;51: 100-104.

Nevitt MC, Cummings SR and the Study of Osteoporotic Fractures Research
Group (1993) Type of fall and risk of hip and wrist fractures: the study of
osteoporotic fractures. Journal of the American Geriatrics Society 1993;41:
1226-1234.

Horsman A, Burkinshaw L. Stochastic models of bone loss and fracture risk.
In: Ring EFJ, Evan WD, Dixon AS (eds) Osteoporosis and bone mineral
measurement. Institute of Physical Sciences in Medicine, York, England, 1989,
pp15-30.

Hagino H, Yamamoto K, Teshima R, Kishimoto H, Kuranobu K, Nakamura T.
The incidence of fractures of the proximal femur and the distal radius in Tottori
prefecture, Japan. Archives of Orthopaedic and Trauma Surgery 1989;109: 43-
44,

Griffin MR, Ray WA, Fought RL, Melton LJ ITI (1992) Black-white difference
in fracture rates. American Journal of Epidemiology 1992;136: 1378-1385.
Sexson SB, Lehner JT (1988) Factors affecting hip fracture mortality. Journal
of Orthopaedic Trauma 1988;1: 298-305.

Magaziner J, Simonsick EM, Kashner TM, Hebel JR, Kenzora JE. Survival
experience of aged hip fracture patients. American Journal of Public Health
1989;79: 274-278.

Bonar SK, Tinetti ME, Speechley M, Cooney LM (1990) Factors associated
with short-versus long-term skilled nursing facility placement among
community-living hip fracture patients. Journal of the American Geriatrics
Society 1990;38: 1139-1144.

Ettinger B, Block JE, Smith R, Cummings SR, Harris ST, Genant HK. An
examination of the association among vertebral deformities, physical
disabilities and psychosocial problems. Maturitas 1988;10: 283-296.

Ettinger B, Black DM, Nevitt MC, Cauley JA, Cummings SR and The Study of
Osteoporosis Fractures Research Group. Contribution of vertebral deformity,
chronic back pain and disability. Journal of Bone and Miner Research
1992,7(4): 449-456.

Lau EMC, Woo J, Chan H, Chan MKEF, Griffith J, Chan YH, Leung PC. The
Health Consequences of vertebral deformity in elderly Chinese men and
women. Calcified Tissue International 1998;63: 1-4.

Ray NF, Chan JK, Thamer M, Melton LJ IIl. Medical expenditures for the
treatment of osteoporotic fractures in the United States in 1995: Report from



16

53.

54.

E. M. C. Lau

the National Osteoporosis Foundation. Journal of Bone and Mineral Research
1997;12: 24-35.

Torgerson D, Cooper C. Osteoporosis as a candidate for disease management:
Epidemiological and cost of illness considerations. Disease Management and
Health Outcomes 1998;3: 207-14.

Randell A, Sambrook PN, Nguyen TV, Lapsley H, Jones G, Kelly PJ, Eisman
JA. Direct clinical and welfare costs of osteoporotic fractures in elderly men
and women. Osteoporosis International 1995;5:427-432.



