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Abstract This study investigated the current incidence of
hip fractures in Okinawa prefecture and compared the data
with those obtained in our previous study, which was
conducted using similar methods in 1987/1988. All
patients, aged 50 years or older and residing in Okinawa,
admitted to Okinawa hospitals in 2004 for a fresh hip
fracture were identified from hospital registries. Details
were obtained from the medical records and radiographs of
all patients and classified according to fracture type (cer-
vical or trochanteric), age, sex, and fracture location.
Subtrochanteric fractures and pathological fractures were
excluded. A total of 1,349 patients (242 men and 1,107
women) were admitted for a fresh hip fracture in 2004.
Their average age was 76.9 years for men and 82.4 years
for women. There were 671 cervical fractures, 654 tro-
chanteric fractures, and 24 unclassified proximal femoral
fractures. Comparing the data from 1987/1988 to those
from 2004, the total number of hip fractures increased by
188%, from 469 to 1,349. The age-adjusted incidence rates
per 100,000, standardized to the 2000 US population, were
75.7 and 296.1 in 1987/1988 and 123.6 and 420 in 2004 for
men and women, respectively. The incidence rates in all
age groups (at 5-year intervals) were higher in 2004 than in
1987/1988, indicating that people 50 years of age or older
became more susceptible to hip fractures. Accordingly, the
accretion of the hip fracture incidence rate was greater than
that which could be explained purely by changes in pop-
ulation size and structure.
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Introduction

Hip fractures are probably the most serious consequence of
osteoporosis [1]. About half of previously independent
elderly patients who develop hip fractures become partly or
completely dependent on others for activities of daily liv-
ing, and an increased rate of mortality has been observed
within the first year after the fracture [2—4]. Therefore, the
prevention of hip fractures is important for the elderly in
maintaining a healthy life expectancy. However, the inci-
dence rate of hip fractures increases exponentially with
age, and the absolute number of fractures is still expected
to rise due to population aging [5].

We need to clarify current epidemiological data on
hip fractures at both national and prefectural levels for
health care planning, particularly targeting fracture pre-
vention. It is well known that the incidence of hip
fracture varies substantially among countries, with higher
rates being reported in Norway, Finland, the US and
Western Europe, and lower rates in East Asia and Africa
[6-9]. Although the age-adjusted incidence rates of hip
fractures over the past several decades have increased in
many countries [10, 11], recent studies in Canada, the
US, Finland, and Norway have shown that they are no
longer increasing [12—15].

Okinawa is well suited for an epidemiological study of
hip fractures. Japan has the longest life expectancy in the
world, and Okinawa has been shown to have Japan’s lon-
gest life expectancy for women since 1975. It has also been
reported that Okinawa has the highest population of cen-
tenarians in the world [16]. Moreover, Okinawa prefecture,
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a chain of subtropical islands, is located northeast of Taiwan,
east of China, and south of mainland of Japan. Because of its
geographical situation, virtually all hip fractures occurring in
the area are referred to local hospitals.

The purpose of this study was to investigate the current
incidence of hip fractures in a population of men and women
aged 50 years and older, and compare the data with our
previous study, conducted using the same methods in 1987/
1988 [17]. Hip fracture patients were identified from medical
records of all the hospitals located in Okinawa prefecture.
Although this study may have limitations, the data represent
an accurate estimate of the occurrence of hip fracture in
Okinawa.

Materials and methods

The subjects of this study were patients in Okinawa who had
anew hip fracture between 1 January 2004 and 31 December
2004. Only patients residing in Okinawa and aged 50 years
or older at the time of fracture were included. Cervical and
trochanteric fractures were included, while subtrochanteric
fractures and pathological fractures were excluded. All
hospitals with orthopedic wards in Okinawa cooperated in
this survey. Because Okinawa Prefecture consists of islands,
all patients sustaining a hip fracture are referred to hospitals
located within the prefecture. This fact makes Okinawa
suitable for epidemiological studies of this type.

Lists of registered and computerized diagnoses were
used to identify patients admitted to hospitals with hip
fractures. Medical records and radiographs for all identified
patients were retrieved, and the diagnoses were verified.
Patients with two different fractures within the observation
period had both fractures recorded. For patients who were
re-admitted for the same fracture, only the first admissions
were recorded. The patients’ sex, date of birth, type of
fracture (cervical or trochanteric), date, and the location of
the fracture were recorded.

The patients were subdivided into age groups at 5-year
intervals according to sex and fracture type. Age- and
sex-specific incidence rates for hip fractures were calcu-
lated and expressed as the number of cases per 100,000
person-years. The age- and sex-specific incidence rates
were then applied to those of the US population in 2000 to
calculate age-adjusted rates of hip fractures. The cervical-
to-trochanteric ratio (C/T ratio) was also determined by
dividing subjects into age groups at S-year intervals. For
comparison with our previous study [17], we included data
from 1 January 1987 to 31 December 1988, collected fol-
lowing the same principle. The data were expressed as an
average of 2 years.

In Japan, a national census is performed every 5 years.
The most recent census was performed on 1 October 2005.
An estimated annual midyear population of the age groups
at 5-year intervals used in the present study can be calcu-
lated by interpolation from census data.

Student’s ¢ test and Mentel-Haenszel test were used for
statistical analysis. P values less than 0.05 were considered
to be significant. All calculations were carried out using
JMP version 8 (SAS Institute Inc., Cary, NC).

Results

A total of 1,349 fresh cases of hip fracture were recorded in
2004: 242 in men and 1,107 in women (Table 1), with a
mean age of 76.9 and 82.4 years, respectively. Men were
5.5 years younger than women on average. The ratio of
men to women was 1:4.6. Sixteen patients were omitted
from the Table 1 and Fig. 1, because their ages were
unknown.

The number of fractures in men increased gradually up
to age 85-89 years and then decreased after 90 years. The
number of fractures in women increased dramatically and
reached its peak at age 80-89 years, and then decreased
(Fig. 1). Fractures that occurred after the age of 80 years

Table 1 Age- and sex-specific

estimated population, number Age group (years)  Men Women

and incidence rates of hip Population Number Incidence rates® Population Number Incidence rates®

fractures in Okinawa Prefecture,

2004 50-54 52,000 11 21.2 49,000 14 28.6
55-59 36,000 11 30.6 34,000 17 50
60-64 32,000 17 53.1 33,000 22 66.7
65-69 32,000 21 65.6 34,000 43 126.5
70-74 26,000 39 150 29,000 98 3379
75-79 15,000 33 220 24,000 146 608.3
80-84 10,000 42 420 18,000 258 1,433.3
85— 7,000 67 957.1 23,000 494 2,147.8
Total 210,000 242 115.2 244,000 1,107 453.7

* Per 100,000 person-years

@ Springer



J Bone Miner Metab (2011) 29:309-314

311

accounted for 68% of cases in women and 45% of cases in
men.

Fractures were approximately equally distributed
between the right (48%) and left (52%) sides. The number
of patients with fractures on both sides during the 1-year
study period was five. Sixty-five percent of the fractures
occurred indoors, 17% outdoors, and 18% were not spec-
ified in the medical records.

The numbers of cervical and trochanteric fractures in
2004 are given in Table 2. Of all hip fractures, 671 were
cervical, 654 were trochanteric, and 24 were undetermined.
The cervical-to-trochanteric (C/T) ratio was 1.23 in men
and 0.98 in women. Women sustained more trochanteric
fractures than men. The mean ages at the time of fracture
were 77.8 and 75.9 years for cervical and trochanteric
fractures, respectively, in men, and 80.1 and 84.7 years,
respectively, in women. Women with trochanteric fractures
were older than those with cervical fractures. In women,
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Fig. 1 Number of hip fractures in each age group in 2004. The
number of fractures in both sexes tended to increase up to age
80-89 years and then decrease

the C/T ratio decreased gradually with age, whereas it did
not change in men (Fig. 2).

A total of 469 fresh hip fractures were recorded in 1987/
1988: 74 in men and 395 in women, with a mean age of
77.5 and 80.4 years, respectively (Table 3). The ratio of
men to women was 1:5.3. Thus, the number of hip fractures
increased by 227% in men and 181% in women, for a
combined increase of 188% in 2004.

The population aged 50 years and older increased from
286,000 (men 125,000; women 161,000) in 1987/1988 to
454,000 (men 210,000; women 244,000) in 2004
(Tables 1, 3). As the number of people 65 years and over
increased, their proportion of the total population increased
from 9.4% in 1987/1988 to 15.3% in 2004. There were
considerable demographic changes within certain age
strata, which were of importance for fracture incidence.
The number of women over 85 years old increased by
140% and that of men increased by 100%; increases in the
55-59-year age group were 11 and 24% for women and
men, respectively.

An exponential increase in the incidence rate of hip
fractures by age was observed for both sexes (Tables 1, 3).
More women than men sustained hip fractures in all age
groups. The sex-specific age-adjusted incidence rates per
100,000, standardized to the 2000 US population, were
75.7 and 296.1 in 1987/1988 and 123.6 and 420 in 2004 for
men and women, respectively. The age-adjusted incidence
rate increased by 63% in men and 42% in women
(P < 0.05%).

Discussion
Investigation of the incidence rate of hip fracture in Oki-

nawa was relevant. Since 1975, Okinawa has ranked
number one in Japan for female life expectancy, while

Table 2 Age- and sex-specific
number and incidence rates by

Age group (years) Cervical fractures (n = 671)

Trochanteric fractures (n = 654)

fracture type in 2004 Men Women Men Women
Number Incidence Number Incidence Number Incidence Number Incidence

rates® rates® rates® rates®
50-54 11.5 13 26.5 5 9.6 1 2
55-59 16.7 13 38.2 5 13.9 4 11.8
60-64 10 31.3 16 48.5 7 21.9 6 18.2
65-69 8 25 31 91.2 13 40.6 12 353
70-74 19 73.1 58 200 19 73.1 40 137.9
75-79 20 133.3 74 308.3 13 86.7 72 300
80-84 27 270 135 750 15 150 119 666.1
85— 36 514.3 199 865.2 30 428.6 293 1,273.9
Total 132 62.9 539 220.9 107 51 547 224.2

* Per 100,000 person-years
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Fig. 2 Ratio of cervical and
trochanteric fractures in 2004.
Men sustained more cervical
fractures than trochanteric
fractures whether or not they
were over 75 years old. On the
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Table 3 Age- and sex-specific

estimated population, number, Age group (years) ~ Men Women
and incidence rates of hip Population Number Incidence rates® Population Number Incidence rates®
fractures in Okinawa Prefecture,
1987-1988 50-54 35,500 2 5.6 34,500 6 17.4
55-59 29,000 35 12.1 30,500 10 32.8
60-64 18,000 2.5 13.9 24,500 11 449
65-69 14,500 5 34.5 20,500 22.5 109.8
70-74 11,500 12.5 108.7 18,000 39.5 2194
As there were no individual data 75-79 8,000 10.5 131.3 13,500 65 481.5
for 1987-1988, we used the 80-84 5,000 19.5 390 10,000 102 1,020
average number of subjects in g5 3500 18 514.3 9,500 137 1,442.1
each age group
Total 125,000 74 59.2 161,000 394.5 245

# Per 100,000 person-years

Japan itself has the longest life expectancy in the world.
The mean age of elderly people with a hip fracture in
Okinawa was higher than that previously reported in other
countries [9, 18-20], especially for women. This is thought
to be a reflection of the increased life expectancy. The hip
fracture mean age changed from 77.5 years in 1987/1988
to 76.9 years in 2004 for men, and from 80.4 to 82.4 years
for women. In the meantime, the mean life expectancy in
Okinawa for men rose from 76.6 years in 1990 to
78.6 years in 2005 and from 84.4 years to 86.8 years for
women.

The Okinawa population of people 50 years and older
increased from 286,000 (men 125,000; women 161,000) in
1987/1988 to 454,000 (men 210,000; women 244,000) in
2004, amounting to a 68% increase in men and a 52%
increase in women. The number of hip fractures in
Okinawa during the same period increased from 74 to 242
in men and from 395 to 1,107 in women, amounting to 227
and 180% increases in men and women, respectively.
Moreover, the sex-specific age-adjusted incidence rates per
100,000 standardized to the 2000 US population, also

@ Springer

increased from 75.7 to 123.6 in men and from 296.1 to 420
in women, amounting to a 63% increase in men and a 42%
increase in women. Surprisingly, the incidence rates in all
age groups (at 5-year intervals) were higher in 2004 than in
1987/1988. Thus, elderly people 50 years of age and older
were more susceptible to hip fracture in 2004 than in 1987/
1988.

In this study, we found that the incidence rate of hip
fractures increased considerably compared with previous
data collected 17 years earlier. Although many studies have
indicated that the overall number of hip fractures will
increase as the population ages [5—11], the increment in
Okinawa was greater than could be accounted for by
demographic changes alone. This suggests the existence of
factors other than aging. However, the actual reasons for the
rising hip fracture incidence rate have not been identified.
Proper use of recent advances in the identification of risk
factors could be utilized to clarify potential causes for the
rising hip fracture incidence rate. For example, various risk
assessments have been developed based on risk factors, such
as low bone mineral density, age, sex, prior fracture, family
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history, and body mass index [21]. Hip fractures are the most
frequent type of fall-related injury, and risk factors for falls
include age, muscle weakness, functional limitation,
declined cognitive ability, environmental hazards, and a
history of falls [22, 23]. There might be the possibility that
persons with a high risk of osteoporotic fracture increased in
2004 compared to 1987/1988.

The incidence rate of hip fractures varies from region to
region. The difference in incidence rates between countries
or regions of countries can be ascribed to racial, cultural, and
lifestyle factor [24]. The incidence rate in Okinawa was
higher than those of other Japanese prefectures, such as
Niigata [25] and Tottori [26], although it was lower than in
Western countries [6, 14, 15]. Okinawa is known to have
highest rate of obesity in young people in Japan, and
increased morbidity of lifestyle-related disease [27, 28], such
as heart disease, stroke, and diabetes, might increase the risk
of hip fracture. Lifestyle changes within the geographical
area could influence the hip fracture incidence rates.

It is important to investigate incidence rates at periodic
intervals in order to identify trends over time and to assess
osteoporosis prevention strategies. A major limitation of
our study is that, as we only compared incidence rates
between 1987/1988 and 2004, we were not able to analyze
incidence rate trends over the whole time period in order to
clarify recent changes. The hip fracture incidence rate has
reached a plateau or even declined in some countries. For
example, there has been a change in the trend in Scandi-
navian countries, where a further increase in the incidence
rate was not found [14, 15]. In the US, the time trend is
toward declining age-adjusted incidence rates [13].

It is important to consider the etiological difference
between cervical and trochanteric fractures in developing
appropriate approaches to the prevention of hip fractures,
because trochanteric fractures are more closely related to
osteoporosis and advancing age than cervical fractures
[29-32]. Previous studies have compared the C/T ratios
between countries and regions [7-11, 17-20, 25]. Many
recent studies indicate that trochanteric fractures have
increased more than cervical fractures [18, 25]. The present
study also indicates that incidence rates of trochanteric
fractures increase according to age, especially for women.
The exponential increase in hip fracture incidence rates
with aging could be related to decreasing bone mineral
density and an increasing tendency to fall, especially in
older patients with trochanteric fractures [6, 33].

Hip fracture should not be regarded as unavoidable
event for a longer life. Thus, it is important to develop
effective approaches for preventing or treating osteoporosis
and for reducing the frequency of falling in order to
decrease the incidence rate of hip fractures. José et al. [34]
reported that, over a period of 14 years in Spain, the
number of trochanteric fractures decreased and that of

cervical fractures increased. They believed that the
increase in osteoporosis drug use, the growth in the pro-
portion of people older than 65 years engaging in physical
activity, and the increase in average height caused a
decrease in trochanteric fractures.

A major strength of this study was the availability of the
data on hip fractures taken from the comprehensive hos-
pital records of Okinawan patients. Our results include
almost all incidents of hip fractures in Okinawa because all
patients are admitted to local hospitals.

In conclusion, this study provided absolute numbers and
age-adjusted incidence rates of hip fractures for Okinawa.
These showed a dramatic increase compared with our pre-
vious data. It will be important to periodically investigate
fracture incidence data to clarify trends in order to develop an
effective strategy for the prevention of hip fractures.
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