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Abstract Objective To analyze the association between
hip fracture incidence in 12 regional blocks within Japan
and dietary intake of four key nutrients: calcium, magne-
sium, vitamin D, and vitamin K. Design An ecological
study. Methods Using data from the 2002 national survey
on the incidence of hip fracture and the National Nutri-
tional Survey of Japan, a standardized incidence ratio of
hip fracture was calculated, and the association between
the standardized incidence ratio and each nutritional intake
was assessed for each region using Pearson’s correlation
coefficient and partial correlation analysis. Results There
were significant correlations between the standardized
incidence ratio by region and magnesium, vitamin D, and
vitamin K in both men and women, and calcium in women.
The strongest inverse correlations were found in vitamin K
in both men and women (r = —0.844, P = 0.001, and
r = —0.834, P = 0.001, respectively). After adjusting for
calcium, magnesium, and vitamin D, the partial correlation
between the standardized incidence ratio by regional block
and vitamin K was strongest in both men and women
(partial correlation coefficient, pcc = —0.673, P = 0.04;
pee = —0.575, P = 0.106, respectively). Conclusions The
significant correlation between hip fracture incidence and
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vitamin K intake, and also regional variations in food
patterns, suggest that increasing intake of vegetables and
legumes might lead to a decrease in hip fracture incidence
in the future. Further, this study suggests that a review of
the dietary reference value of vitamin K from the per-
spective of osteoporosis would be useful.

Keywords Ecological study - Hip fracture -
Nationwide survey - Nutrients - Regional difference -
Vitamin K

Abbreviations
pce Partial correlation coefficient
BMD Bone mass density

Introduction

Hip fracture is a major public health problem and the most
serious outcome of osteoporosis, and is becoming more
frequent as the average age of the world's population
increases [1, 2]. Estimates suggest that in the absence of
primary prevention the number of hip fractures worldwide
will increase to approximately 2.6 million by the year 2025,
and 4.5 million by the year 2050 [3]. Additionally, even if
age-adjusted incidence rates for hip fracture remain stable,
the estimated number of hip fractures worldwide will rise
from 1.7 million in 1990 to 6.3 million in 2050 [1].

In Japan, hip fracture is a major cause of patients’
becoming bedridden, which in turn severely decreases
quality of life in the elderly, at the same time as adding
costs to the health system. It is therefore an urgent problem
in the rapidly aging Japanese population, and the devel-
opment of measures against hip fracture is an urgent
medical and social issue in Japan [4].
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Four nationwide surveys in 1987, 1992, 1997, and 2002
showed that the incidence of hip fracture was higher in the
western areas than in the eastern areas of Japan. Further,
the 2002 survey showed that the number of new cases of
hip fracture continued to increase as the elderly population
increased [5-8].

It is well known that hip fracture is associated with
osteoporosis, a skeletal disorder characterized by compro-
mised bone strength (9], and that some micronutrients play
an important role in the prevention and treatment of oste-
oporosis. Calcium, the most studied nutrient in the area of
bone health, is known for its effectiveness in retarding bone
loss in postmenopausal women [10, 11]. Magnesium and
vitamin D play important roles in calcium and bone
metabolism. Vitamin K, originally recognized as a factor
required for normal blood coagulation, is beginning to
receive more attention for its role in bone metabolism [10,
12-14]. Vitamin K is a family of structurally similar, fat
soluble, 2-methyl-1, 4-naphthoquinones, including phyllo-
quinone (K1) and menaquinones (K2). Phylloquinone (K1)
is found in higher plants and algae, with the highest con-
centration in green leafy vegetables. Menaquinones (K2)
also occur naturally, but are produced by an array of bac-
teria. In vitro studies show vitamin K2 is far more active
than K1 in bone formation [15]. According to Schurgers
et al. [16], both menaquinone-7 (K2) and vitamin K1 were
absorbed well, with peak serum concentrations at 4 h after
intake. However, menaquinone-7 (K2) showed a very long
half-life time compared to vitamin K1 [16]. It is reported
that the half-life time of vitamin K1 is 1-2 h and that of
menaquinone-7 is approximately 3 days [17].

Though the frequency and the regional differences of
hip fracture in Japan have been reported previously, the
potential association with nutritional factors has not been
reported in a comprehensive manner. The purpose of this
study is to analyze the associations between the incidence
of hip fracture and intake of four key nutrients—calcium,

magnesium, vitamin D, and vitamin K—using data from
the 2002 nationwide survey on the incidence of hip fracture
and the National Nutritional Survey of Japan.

Subjects and methods

The 2002 nationwide survey on the incidence of hip
fracture

To estimate the number of patients with hip fracture
nationwide, hospitals and clinics including or specializing
in orthopedics throughout Japan were divided into strata
according to the number of beds, resulting in 10 strata in
total. A total of 16% of clinics with 19 or fewer beds and
all hospitals with 20 or more beds were included in the
survey (Table 1).

In previous nationwide surveys, hospitals with 199 or fewer
beds were stratified by the number of beds and were randomly
selected by Neyman's allocation method. This survey was
conducted using the same method and further obtained the
accurate incidence of hip fracture by regional block.

A questionnaire was sent to all participating or selected
hospitals and clinics asking for information on the number
of new patients with hip fracture between January 1 and
December 31, 2002, and each patient’s sex, age, and place
of residence. The number of new patients with hip fracture
was estimated by the following formula:

Ni
Number of patients = E —;-P;
i

where N, is the number of surveyed institutions, n; is the
number of responding institutions, and P, is the summation
of the number of new patients.

To evaluate the influence of regional differences in the
incidence of hip fracture, the country was divided into 12
regional blocks and a standardized incidence ratio was cal-
culated following the same procedure used for calculating

Table 1 Number of responding

institutions and response rate by S ;‘:i:f g:;j:fﬁs:::m {S:':glc o ::;;:;:sugondmg 2ﬁp? ;:e

stratum
Total 9422 5,919 (62.8%) 3723 62.9
1 =19 4,168 665 (16.0%) 437 65.7
2 2049 567 567 (100%) 340 60.0
3 50-99 1,364 1,364 (100%) 882 64.7
4 100-149 863 863 (100%) 356 64.4
5 150-199 702 702 (100%) 481 68.5
6 200-299 629 629 (100%) 353 56.1
7 300-399 477 477 (100%:) 274 57.4
8 400-499 244 244 (100%) 144 59.0
9 500-599 155 155 (100%) 95 61.3
10 600- 253 253 (100%) 161 63.6
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the standardized mortality ratio, based on regional classifi-
cations used in the National Nutritional Survey in Japan
(Fig. 1).

Incidence by sex and age was calculated based on the
estimated number of new patients derived from the
response to the survey. This incidence was multiplied by
the population of the sex and age groups in each regional
block to obtain the expected number of new patients
(Table 2). Population figures from the 2000 national census
were used to calculate the incidence of hip fracture and the
standardized incidence ratio by region.

Intake of nutrients

The National Nutrition Survey [18] is carried out annually
in Japan to monitor health conditions and dietary intakes in
order to allow more effective nutrition policy making, to
clarify the relationships between nutrition and health out-
comes, and to evaluate their economic effect. The dietary
survey procedure was conducted by both the food weighing
method and the method of proportional distribution, which
meant estimating the amount of food per household
member according to the proportion of eating. The survey
procedure is based on the revision of the Japanese Standard
Food Composition Table (5th edition, revised in 2001).
Intake of four nutrients related to bone metabolismcalcium,
magnesium, vitamin D, and vitamin Khas been surveyed
annually in Japan since 2001. We analyzed intake of the
four nutrients by each regional block using data from the
National Nutrition Survey 2001.

Statistical analysis

Pearson’'s correlation coefficient was used to assess the
associations between the standardized incidence ratio and

Fig. 1 Standardized incidence

ratio of hip fracture 1. Hokkaido

2. Tohoku

3. Kanto |
4, Kanto Il
5. Hokuriku
6. Tokai

7. Kinki |

8. Kinki Il
9, Chugoku
10. Shikoku
11. Kitakyushu
12, Minamikynshu

221
Table 2 Estimated incidence rate by block (per 10,000)
Block Total Men Women
I Hokkaido 8.55 431 12.44
2 Tohokn 8.57 3.93 12.92
3 Kanto 1 7.08 324 10.96
4 Kanto II 8.60 399 13.11
5 Hokuriku 11.01 488 16.78
6 Tokai 9.16 3.89 14.31
7 Kinki | 9.49 4.11 14.57
8 Kinki I1 10.43 437 16.09
9 Chugoku 12,58 533 19.25
10 Shikoku 13.84 6.18 20.76
11 Kitakyushu 12.89 5.06 19.94
12 Minamikyushu 12.91 5.40 1971
Total 9.47 414 14.57
95% CI 9.25-9.70 402423 14.25-14.95

the four nutrients: calcium, magnesium, vitamin D, and
vitamin K. Further, we calculated the partial correlation
coefficient (pec) for each nutrient after adjusting for the
remaining variables as covariates. In all analyses, two-sided
P values <0.05 were considered to be statistically significant.

Results
The incidence of hip fracture in 2002

Among 9,422 orthopedic institutions in Japan, 5,919 were
selected to estimate the incidence of hip fracture by region.
Replies were obtained from 3,723 institutions, a response
rate of 62.9%. The response rate was highest for the To-
hoku region (71.4%), and lowest for the Kanto I region
(52.7%) (Table 2).

Women
Standardized incidence ratio

j\. W 120~ \\N
\/-ﬁ W o10-119 Q’\‘/}
W 1.00~1.09
jfﬁk O 0.50~099 %\
O ~0.89
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The estimated number of new hip fracture patients in
2002 was 118,500 in total (95% CL: 115,900-121,500),
25,400 (24,600-25,900) in men and 93,100 (91,200-95,700)
in women. Crude incidence of hip fracture per 10,000 by
regional block was highest in men in the western areas of
Japan (Shikoku: 6.18 per 10,000, Minamikyushu: 5.40 per
10,000 and Chugoku: 5.33 per 10,000) compared with the
eastern areas (Kanto I: 3.24 per 10,000, Tokai: 3.89 per
10,000, and Tohoku: 3.93 per 10,000). The pattern in women
was similar, with the highest rate in Shikoku (20.76 per
10,000), Kitakyushu (19.94 per 10,000) and Minamikyushu
(19.71 per 10,000) in the western areas and lower rates in the
eastern areas: Kanto (10.96 per 10,000), Hokkaido (12.44
per 10,000) and Tohoku (12.92 per 10,000) (Table 2).

Figure 1 shows the east-west regional differences
expressed by standardized incidence ratios. The similarity
in the pattern in both men and women is noteworthy.

Correlation between the standardized incidence ratio by
block and each nutritional intake

Figures 2-5 show the correlations between the standard-
ized incidence ratio by regional block and intake of each
nutrient. There was a significant correlation between the

standardized incidence ratio by regional block and calcium
in women (r= —0.636, P = (0.026), but not in men
(Fig. 2). For magnesium (Fig. 3), and vitamin D (Fig. 4),
significant correlations were observed in both men and
women (r= -0.706, P=0.010, and r= -0.797,
P = 0.002, respectively, for magnesium and r = —0.723,
P = 0.008, and r = —0.814, P = 0.001, respectively, for
vitamin D). The strongest inverse comelations were found
between the standardized incidence ratio by regional block
and vitamin K in both men and women (r = —0.844,
P =0.001, and r= —0.834, P = 0.001, respectively)
(Fig. 5). Eastern areas such as Tohoku and Kanto, which
had higher vitamin K intake than the western areas, showed
a lower incidence ratio of hip fracture. Conversely, western
areas such as Shikoku and Kyushu, which had lower
vitamin K intake, showed the opposite results.

The data were also analyzed by Spearman’s correlation
coefficient. The results were similar to those of Pearson's
coefficient.

Partial correlation adjusting for other covariates

Table 3 shows partial correlation coefficients and P values
after adjusting for the other three covariates. There was no

Fig. 2 Correlation between Men Women
standardized incidence ratio and 13 13 =
calcium 3 r=0538 ¥ = -0.636
3 4a 10 o oon iz P 000
E 11 12 =
5 $ : 0 7
1.1 9 7 1.1 9 5 °
£ 2 |
- 8%
210 S 10
3 P 3
. )
k] ' a 1
2 N 4
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B B v
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Fig. 3 Correlation between Men Women
standardized incidence ratio and 13 13 =
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Fig. 4 Comelation between Men Women
standardized incidence ratio and 1.3 13
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significant correlation between the standardized incidence
ratio by regional block and intake of calcium, magnesium, or
vitamin D, respectively. Only vitamin K was significant in
men after adjusting for vitamin D, magnesium, and calcium
(pecc = —0.673, P = 0.047). In women, the partial corre-
lation between the standardized incidence ratio by regional
block and vitamin K was the strongest (pcc = —0.575,
P = 0.106), although it was still statistically insignificant.

Discussion

With the exception of calcium intake in men, we found
significant inverse associations between the standardized
hip fracture incidence ratio by block for each nutrient. The
strongest associations were found for vitamin K in both
men and women, followed by vitamin D and magnesium,

After adjusting for calcium, magnesium, and vitamin D
as covariates, vitamin K in men was correlated with the
standardized incidence ratio by block. Though the differ-
ence in women was not statistically significant, partial
correlation between the standardized incidence ratio by
region was the strongest for vitamin K. There was also a
striking pattern of high intake of vitamin K and low inci-
dence of hip fracture in eastern areas of Japan, with the
opposite pattern—a low intake of vegetables rich in

Vitamin D intake (ug /day)

vitamin K and a high incidence of hip fracture—in western
areas. These findings lend support to the idea that vitamin
K is an important factor explaining regional differences in
the incidence of hip fracture.

Though calcium has been perceived as the most impor-
tant nutrient relating to bone metabolism, we observed
weak or null associations between the standardized inci-
dence ratio and its intake. One possible explanation is that
most Japanese people recognize the importance of calcium
and consciously include it in their diet. However, magne-
sium deficiency alters calcium metabolism, resulting in
hypocalcemia, vitamin abnormalities, and neuromuscular
hyperexcitability [10]. Several small epidemiologic studies
have found that higher magnesium intake was associated
with higher bone mass density (BMD) in elderly men and
women [ 19]. Although there is little evidence linking intake
of magnesium to the prevention of osteoporosis in the
general population [11], in this study we found a stronger
correlation between the standardized incidence ratio and
magnesium intake than that of calcium, Therefore, it
appears possible that magnesium might have an effect on
regional differences in hip fracture incidence.

As vitamin D has been recognized as a critical factor in
calcium metabolism, the effect of calcium and vitamin D
supplementation on bone density has been reported in
various studies. According to a meta-analysis by Bischoff-

Fig. 5 Correlation between T4 Men Women
standardized incidence ratio and P i 13 =
vitamin K % - - . r=-0.834
z 12 Ve p= 0.001 12 p= 0.001
17
3 4 ) w 2 3
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Table 3 Results of partial correlation analysis adjusting the other
factors

Men Women

pect P pec* P
Calcium 0.218 0.574 0.192 0.621
Magnesium -0.040 0.919 —0.149 0.702
Vitamin D —-0.381 0.312 —~0.480 0.191
Vitamin K -0.673 0.047 —0.575 0.106

pec® = partial correlation coefficient

Ferrari et al. [20], oral vitamin D supplementation in the
range of 700-800 TU/day reduces the relative risk of hip or
any non-vertebral fracture by approximately 25% [20].

It is well known that sun exposure is related to activa-
tion of vitamin D. In Japan, day length in western areas
exceeds that in eastern areas, but incidence of hip fracture
in western areas is higher than that in eastern areas.
However, vitamin D intake, mainly from fish to fish
products, is much higher in the eastern areas of Hokkaido
and Tohoku than in any regions in western areas [18]. This
suggests that vitamin D intake itself, more than day length,
might explain the lower incidence of hip fracture.

Regarding vitamin K, we found the strongest correla-
tions between the standardized incidence of hip fracture by
regional block and its intake in partial correlation analysis
as well as in correlation analysis. The percentage of vita-
min K intake from vegetables is 94%, with 59% from
various vegetables and 26% from legumes. In turn, fer-
mented soybeans (‘natto’) account for 87% of legumes.
There were no distinct regional differences in terms of
intake of vegetables and legumes by regional block in the
2001 study [18]. However, we found a big difference in
natto consumption by region. According to the Household
Expenditure Survey of 2002, annual natto consumption
was highest in eastern areas (Tohoku, followed by Kanto
and Hokkaido) and lowest in western areas (Shikoku and
Kinki); expenditure on natto in Tohoku was 2.3 times that
in Shikoku [21]. Because regional classifications differed
between the National Nutritional Survey and the House-
hold Expenditure Survey, we were unable to rank regions
directly. However, the rankings of natto consumption were
almost identical to those of vitamin K intake.

Though Japan is a relatively small group of islands, it is
characterized by striking differences in patterns of food
consumption. A previous study of consumption of fer-
mented soybeans in a few regions showed a large
geographic difference in serum vitamin K2 levels in post-
menopausal women, and also suggested a relationship
between natto intake and the incidence of hip fracture [22].
Our results, covering all regions of Japan, are entirely
consistent with these earlier findings.

@ Springer

If the associations suggested by our study are, in fact,
present, there is 4 possibility of decreasing the incidence of
hip fracture by encouraging increased consumption of
green and yellow vegetables in general, and natto in
particular.

However, our study has some limitations. First, in the
National Nutrition Survey, data on the intake of each
nutrient are provided by sex and age group, but the data by
regional block are not divided by sex and age group.
Second, this is an ecological study and therefore cannot
confirm a causal linkage between the incidence of hip
fracture and intake of vitamin K.

Nevertheless, because of the unique situation in Japan,
where the food culture varies significantly between regions,
the opportunity to study these important associations is
unequaled anywhere in the world. The finding that con-
sumption of natto, high in vitamin K2, appears to be
associated with a lower incidence of hip fracture offers a
readily available solution. Increasing intake of green vege-
tables and legumes, especially fermented soybeans rich in
vitamin K2, might lead to a decreased incidence of hip
fracture in the future. Further, we noted the difference in
dietary reference value of vitamin K or other types of vita-
min K intake by country, although the methodological
approaches were not standardized. The dietary reference
value in Japan is a maximum of 65 pg/day for men and
55 pg/day for women [23]. The adequate intake in the USA/
Canada is a maximum of 120 pg/day for men and 90 pg/day
for women. The recommended nutrient intake in France is a
maximum of 65 pg/day for both men and women. In the UK,
safe intake is set at 1 pg/kg for adults [24]. Since regions
which consumed a lot of vitamin K, especially vitamin K2,
showed a low incidence of hip fracture, we considered that
vitamin K intake, not absorption, of over 300 pg/day would
be helpful to reduce the incidence of hip fracture. However,
as for regions in which intake of vitamin K1 is compara-
tively high (as in Europe and the USA), overall vitamin K
intake significantly exceeding 300 pg/day might be more
effective to decrease the incidence of hip fracture.

Our study suggests that a review of the dietary reference
value of vitamin K from the perspective of osteoporosis
would be useful. However, to confirm these associations,
further research using more robust epidemiological meth-
ods is warranted.
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