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department of orthopedic surgery or general surgery
during the observation period, and survey registration
was performed each year in all these hospitals by the
doctors and the staff of each hospital according to hos-
pital records. Registration information included name,
gender, age, place of residence, date of the fracture, type
of fracture (neck or trochanteric) and the treatment.
Patients residing in other prefectures were excluded.
Duplication of cases was checked by the patients’ names
and addresses. Completion of registration was confirmed
by interviewing doctors or making telephone calls, and
investigators were sent from Tottori University to hos-
pitals, if necessary, to complete the registrations.

To compare data with those reported before, we
investigated the methods of collection at the three hos-
pitals with the most patients (top three), which cover
one-third of the total patients in this prefecture. We
confirmed that the methods of registration of patients
with hip fracture were consistent from 1986 to 1988,
from 1992 to 1994, and from 1988 to 2001 at those three
hospitals. All patients’ data were collected based on
hospital records including surgical records. The number
of patients increased consistently from 1986 to 2001 and
the increases were 3.0-fold (22 and 67), 4.0-fold (19 and
76), and 4.5-fold (21 and 95), respectively, at the three
hospitals.

Calculation of the incidence

The patients were divided into groups according to age
(subdivided into 5-year increments), gender, and frac-
ture type. The age- and gender-specific incidence rates
(per 100,000 person-years) were calculated based on the
population of Tottori Prefecture in each year. A national
census is undertaken on October 1 every 5 years in Ja-
pan, and it was performed in 2000 during the observa-
tion period. The age- and gender-specific population for
each survey year was estimated by the Bureau of Sta-
tistics of the Tottori Prefecture government according to
its resident registration records.

Statistical methods

To determine the recent incidence trend, a test of trends of
proportions in quantitatively ordered samples was used
to analyze the changes of incidence [14]. The age- and
gender-specific incidence rates (per 100,000 person-years)
during 1986-1988 and 1992-1994, which we reported
¢ before [2], were used for this analysis. The expected
number of patients, age-adjusted to the population
structure of 1986 in Tottori Prefecture (35 years and
over), was calculated from the age- and gender-specific
incidence rates in each observation year. Then, the values
of the chi-square for overall and slope were examined.

The monthly variation in the number of patients was
tested by the Friedman test.

p <0.05 was regarded as significant.

Results
Number of patients

Registration was performed in all hospitals during the
whole observation period; as a result, this survey cov-
ered all patients with the studied fractures. The survey
found 604 (114 men and 490 women), 671 (130 men and
541 women), 710 (150 men and 560 women), 729 (150
men and 579 women) patients, in 1998, 1999, 2000, and
2001, respectively.

Dividing into the fracture types, there were 228 neck
and 362 trochanteric (undetermined 14), 243 neck and
416 trochanteric (undetermined 12), 259 neck and 422
trochanteric (undetermined 29), and 293 neck and 428
trochanteric (undetermined 8), in 1998, 1999, 2000, and
2001, respectively. Concerning the fracture site, there
was no significant difference between the numbers of
fractures on the right or left (by chi-square test).

Age- and gender-specific incidence

The age- and gender-specific incidences (per 100,000
person-years) for both genders increased exponentially
after 70. years of age (Table 1, Fig. 1). Dividing into the
fracture types, those for neck fractures averaged for
4 years (from 1998 to 2001) were 42.0 for men and 123.4
for women, 78.8 and 209.6, 169.7 and 413.4, and 213.0
and 625.2, in the age groups of 70-74, 75-79, 8084, and
over 84, respectively (Table 2). Those for trochanteric
fractures were 64.4 for men and 122.1 for women, 122.7
and 287.5, 262.1 and 671.1, and 560.4 and 1,388.2,
respectively.

The recent incidence trend

The age- and gender-specific incidence rates between
1986 and 2001, averaged for 3-year or 4-year observa-
tion periods, increased among patients 80 years old and
over for both genders (Fig. 1). The expected numbers of
patients in 1992 were 1.39 and 1.34 times those in 1986
for men and women, respectively; those in 1998 were
1.23 and 1.42 times, and those in 2001 were 1.61 and
1.48 times those in 1986, for men and women, respec-
tively (Table 3). The trend test for the increase in the
incidence rates in each year showed a significant increase
with time for both genders. (The time-trend data anal-
ysis reported in Table 3 is based on individual year data
and not on 3-year or 4-year observation periods as in
Fig. 1.)

Dividing into the fracture types, the age- and gender-
specific incidence rates between 1986 and 2001 averaged
for 3-year or 4-year observation periods increased with
time for both neck and trochanteric fractures in both
genders (Table 2). The expected numbers of patients for
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Table 1 Age- and gender-specific incidence of hip fracture in Tottori Prefecture, Japan. Data are incidence rates per 100,000 person-years

Age group Men Women Average

(year) 1998 1999 2000 2001 1998 1999 2000 2001 Men Women
35-39 0 0 5.8 6.1 w 0 0 0 0 3.0 0
40-44 4.8 5.0 10.2 26.4 0 0 10.2 10.5 11.6 5.2
45-49 11.9 4.2 8.7 9.0 8.2 21.7 4.5 9.3 8.5 10.9
50-54 14.2 4.4 24.4 33.8 14.4 13.5 8.3 7.8 19.2 11.0
55-59 34.3 32.6 21.6 63.0 26.1 76.1 15.4 27.5 37.9 36.3
60-64 28.0 58.4 41.4 47.4 72.3 25.1 72.1 52.0 43.8 554
65-69 61.4 118.7 91.4 62.8 171.7 98.6 108.7 129.0 83.6 127.0
70-74 93.2 122.7 95.8 120.3 244.2 165.7 268.0 318.4 108.0 249.1
75-79 140.4 212.0 330.7 152.9 467.5 435.4 566.2 554.2 209.0 505.8
80-84 352.3 321.0 505.5 617.8 1,015.6 1,337.2 1,087.7 1,021.2 449.1 1,115.4
85- 1,003.7 719.1 774.5 622.9 1,932.8 2,224.5 2,108.9 1,999.5 780.0 2,066.4

each fracture type for women in 1992 were 1.32 and 1.34
times those in 1986 for neck and trochanteric fractures,
respectively. Those in 1998 were 1.39 and 1.42 times
those in 1986, and those in 2001 were 1.48 and 1.49 times
those in 1986 (Table 3) for neck and trochanteric frac-
tures, respectively., The trend test showed a significant
increase with time for women in both fracture types but
no significant increase for men.

Monthly variation
The highest number of fractures occurred in October;

the second-highest number occurred in January. The
lowest number of fractures occurred in July and the
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Fig. 1 The age- and gender-specific incidence rates (per 100,000
person-years) of hip fracture between 1986 and 2001 (The incidence
rates during 1986-88 and 1992-94, which we reported before
(Hagino H, 1999), were used for comparison)

second-lowest occurred in June (Fig. 2). There was a
significant monthly variation ( p <0.05, by Friedman
test).

Discussion

This study demonstrated that the age-adjusted incidence
rates of hip fracture for both genders from 1998 to 2001
were significantly higher than those from 1986 to 1988 or
those from 1992 to 1994 in Tottori Prefecture. Com-
paring the recent data concerning the incidence of hip
fractures within Japan [15,16], the incidence rates were
similar to our results, suggesting that the incidences in
this study properly represent the Japanese population.

The secular trends in the incidence of hip fractures
are variable between observation periods or geographic
areas according to previous studies. Epidemiological
surveys before 1990 in Furope in most cases showed that
the incidence of hip fractures was increasing [17-21];
however, data in the 1990s from Northern Europe [22—
24], North America [25], and Australia [26] indicated
that the increase had leveled off or stopped. In East
Germany, a steep increase since reunification was
reported in the incidence of hip fracture, suggesting a
significant influence of Western lifestyle on hip fracture
incidence [27].

Most reports from the Asian area indicated an
increase in the incidence of hip fracture with time [2, 16,
28,29]. In Singapore hip fracture rates from 1991 to 1998
for women were five times higher than corresponding
rates in the 1960s [8], and in Hong Kong those for
women 80 years old and over in 1995 were three times
higher than corresponding rates in the 1960s. However,
the trends of the last decade in these two areas are dif-
ferent from those before [30]. The increases were only 1.1
times in Singapore in the 1990s and 1.4 times in Hong
Kong from 1985 to 1995. The increase in the incidence
rate in our observations, which was 1.4 times from 1986
to 1998 (Table 2), were very close to these findings.
From these points of view, the age-specific incidences of
hip fracture among developed and urbanized Asian
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areas seem to have leveled off in the last decade,
although small increases still exist.

The increase in risk factors of fractures might con-
tribute to the increase in fracture incidence. Two studies
were performed to elucidate risk factors for hip fracture
among the Japanese population [13,31]. In one of them
[13], a case-control study on hip fracture was performed
and found that some Westernized lifestyle characteristics
such as sleeping in a (Western-type) bed increased the
risk of hip fractures, and traditional Japanese lifestyle
factors such as drinking Japanese tea were effective in
preventing hip fractures. Recently, we reported that one
of the significant preventive factors for distal radius
fractures among Japanese was the use of a futon (as
opposed to bed use), and we speculated that futon use
maintains physical activity resulting in a reduced risk of
falls [32]. The decrease in physical activity of a West-
ernized lifestyle is one of the possible explanations for
the increase in fracture incidence among Japanese. An-
other explanation might be a greater proportion of se-
niors with poor health because of other conditions under
treatment, with the result that people are living longer at
a time when their bones are considerably weakened [2].

Several studies have demonstrated seasonality in hip
fractures [33-36], while another failed to find it [37]. In
the previous studies which found seasonal variation, the
incidence of hip fracture was higher in the winter than
the summer period. A nationwide survey in Japan also
found that the number of patients per month was
highest in January and lowest in June or July, showing a
significant monthly variation [38]. Although our previ-
ous study failed to find such a variation [2], there was a
significant monthly variation in the number of hip
fracture patients in the .present study, with a lower
incidence during the summer months than during winter
months, supporting previous studies. Since about 70%
of patients sustained fractures indoors [38], weather
conditions such as ice or snow have only little impact on
fracture occurrence. It is possible that elderly patients
have poorer coordination in winter and are clumsier due
to extra layers of clothing, which may lead to falls [36].
Cold weather is associated with lower blood pressure,
which also increases the risk of falls [34]. A low level of
yitamin D in winter may cause the higher incidence of
fracture, since the low vitamin D level in winter results in
not only diminished bone mineral density but also
diminished muscle strength, increasing falls [39].

Our study has limitations concerning data collection.
All hospitals but one in Tottori Prefecture that have a
department of orthopedic surgery or gemeral surgery
have doctors related to Tottori University, and this
circumstance affects the validity of the survey. To
compare the present data with those reported before, we
checked on the methods of collection at the top three
hospitals in terms of patient numbers and found the
method of registration was consistent during the obser-
vation periods. We also observed steady increases in
the number of registered patients in these hospitals.
It is most likely that the incidences each year were
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Table 3 Test of trends of proportions in number of patients with  Population ages 35 and over was 154,774 for men and 183,157 for
hip fractures per annum (35 years and over). Data are the expected ~women in 1986. Incidence rates for 1986-88 and 1992-94 were
number of patients adjusted for the age- and gender-specific inci- reported earlier (Hagino H, 1999)

dence in each year, adjusted by the population structure of 1986.

Neck fractures Trochanteric fractures

All hip fractures

Men Women Men Women Men Women
1986 63.0 209.0 22.0 87.0 39.0 119.0
1987 68.5 205.6 25.1 86.4 434 116.4
1988 85.1 2454 323 102.5 51.0 133.9
1992 87.4 281.1 34.9 114.9 51.5 159.8
1993 71.0 237.7 22.2 100.8 43.1 136.2
1994 88.4 265.9 32.5 109.3 55.9 156.0
1998 77.3 295.9 29.1 121.2 45.8 169.3
1999 86.0 307.3 32.1 121.0 53.2 180.3
2000 99.2 309.8 31.8 124.2 62.7 173.0
2001 101.3 309.1 47.7 129.0 52.9 176.9
%2 overall 17.4 55.3 16.1 18.8 8.0 34.0
<0.05 <0.001 n.s. <0.05 n.s. <0.001
%2 slope 9.5 48.1 5.9 16.5 3.5 30.2
<0.01 <0.001 <0.05 <0.001 ns. <0.001
80 important in order to reduce the social burden of hip
70 - fractures in the future.
[2]
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Fig. 2 Monthly variation in number of patients with hip fractures

comparable; however, data collection bias based on
hospital records in each hospital cannot be discounted.
Furthermore, hip fracture patients resident in Tottori
Prefecture and treated outside this Prefecture could have
missed the registration. From the geographical features
of Tottori Prefecture, all patients with hip fracture must
be treated at a hospital within the Prefecture, but those
who were injured outside the Prefecture may have mis-
sed registration, although the number of such patients
would be very small.

In conclusion, the incidence rates of hip fracture from
1998 to 2001 increased compared with those from 1986
to 1988 or from 1992 to 1994. It is estimated that the
population aged 65 years and over will account for 23%
of the total population in Japan in 2010, rising to 30% in
2030. Based on the age- and gender-specific incidence
observed in the current study, the total number of hip
fracture patients in Japan is forecast to be 153,000 per
year in 2010, and 238,000 in 2030. Strategies including
prevention and treatment of osteoporosis and preven-
tion of falling, and maintenance of physical activities
among the elderly by changing lifestyle will be extremely
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