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Fig. 1. Plots of the serum 25-hydroxycholecalciferol (25-OHD) level over time for all cases. The average maximum
change from the mean value in each case was + 8.5% ( + 1.75 ng/mL).
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Fig. 2. Plots of the serum intact parathyroid hormone (PTH) level over time for all cases. The average maximum
change from the mean value in each case was + 20.7%,
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Fig. 3. Plots of the urine NTx level over time for all cases. The average maximum change from the mean value in

each case was + 19.4%,
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Fig. 4. Plots of the serum NTx level over time for all cases. The average maximum change from the mean value in

each case was + 18.0%.
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Hormone assays

The 25-OHD level was measured by radioimmunoassay
(RIA) using a kit supplied by DiaSorin (Stillwater,
MN, USA), and intact PTH was measured by the
chemiluminescence immunoassay (CLIA) method
using a kit provided by Nichols Institute Diagnostics
(San Clemente, CA, USA). Urine and serum levels of
NTx were measured by enzyme-linked immunosorbent
assay (ELISA), using the Osteomark kit (Inverness
Medical Professional Diagnostics, Princeton, NJ, USA).

Statistical analysis

ANOVA followed by the Bonferroni/Dunn test was
used to evaluate differences in the data, with P values
less than 0.05 considered to be statistically significant.
Analysis was performed using StatView for Windows
software (version 5.0).

RESULTS
Subject characteristics

The characteristics of the 11 patients are shown in
Table 1. On discharge from the hospital, six patients
returned home after an average hospitalization period
of 32 days, while three patients returned to the hospital
or the nursing home at which they had lived before the
fracture, and two patients who had lived at home before
the fracture moved into a hospital or a nursing home.
The BMD of the non-fractured hip was measured by
DXA in nine of the 11 patients, and the average BMD
was 0.582 + 0.13 g/cm?. The average serum total
protein level was 6.53 + 0.7 g/dl. Renal function and
liver function, as determined by the serum creatinine
level and by serum ALT and AST levels, respectively,
were close to the normal ranges, and all patients had
normal serum calcium and phosphorus.

The serum levels of 25-OHD are shown in Fig. 1.
The average at the time of admission was 20.8 ng/mL
(< 20 ng/mL in five of the 11 patients), and in most
cases this level changed little in the six months after the
fracture occurred: the average maximum change was +
8.5% (= 1.75 ng/mL), and no significant difference was
observed in comparison of serum 25-OHD levels for
any pair of time points. The serum levels of intact PTH
are shown in Fig. 2. Intact PTH was higher after three
months than after two weeks or six months, and higher
after six months than after two weeks: the average
maximum change was + 20.7%, but no significant
difference was observed in comparison of serum PTH

Serum 25-OHD Status after Hip Fracture a7

levels for any pair of time points. The urine and serum
levels of NTx are shown in Figs 3 and 4, respectively.
Urine NTx levels changed until four weeks after
fracture, and individual differences were observed;
there were, however, insufficient data for urine NTx
after four weeks to perform any statistical analysis. The
average maximum change in urine NTx was + 19.4%,
though no significant difference was observed in
comparison of the urine NTx levels for any pair of time
points. Serum NTx levels also increased for two weeks
after fracture in six of 11 cases, though smaller changes
in serum NTX were observed in comparison with urine
NTx; the mean maximum change was + 18.0%, and no
significant difference was observed between data for
any pair of time points.

DISCUSSION

The serum levels of 25-OHD showed little change
in osteoporotic patients. Tauber et al.” found that the
blood level of 25-OHD, is reduced during fracture
repair in humans and suggested that this could be
related to reduced outdoor activity; however, these
results were obtained in patients undergoing prolonged
fracture healing. On the other hand, Meller et al.¥
reported that PTH and 25-OHD; do not show significant
changes during the healing period for fractures in young
adults. Yu-Yahiro et al.” reported that intact PTH
levels gradually rise after fracture and are significantly
elevated after 365 days, compared with all other time
points; however, their study also showed that intact
PTH is somewhat decreased 10 days after fracture
and returns to a baseline level after 60 days. In our
subjects, the intact PTH level was higher three months
after fracture than two-four weeks after fracture (not
significant), an observation that is not contradictory
with previous results. Ingle et al.'” showed that urine
NTx slightly increases following fracture and then
decreases from 12 to 52 weeks. In the current study,
numerical variation and the small sample size prevented
these changes from reaching a statistical significance.
Changes in serum NTx were also observed, but these
were smaller than the changes in urine NTx. Overall,
our data are consistent with previous studies, but the
small sample size and lack of data for some variables at
certain time points indicate that more detailed studies
are needed to confirm these results.
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CONCLUSION

The serum 25-OHD level did not change greatly after
fracture, in comparison with the levels of intact PTH
and NTx.
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The relationship between vitamin D insufficiency and hip fracture.
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Recently the relaﬁonship of vitamin D insufficiency and fracture is noticed in elderly people. Vitamin D
nutritional status is evaluated by measuring serum 25 (OH) D. Higher prevalence of vitamin D insufficiency
is observed in the patients with hip fracture. This suggests that vitamin D insufficiency is one of fracture risk
factor and improvement of vitamin D status reduce fracture risk. With the results of recent studies, we would
like to discuss about fractures from the viewpoint of vitamin D insufficiency.
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Abstract

Introduction The prevalence of hypovitaminosis D in
patients with acute hip fracture was examined in a
population on Sado Island in Japan. There were 85 cases
of hip fracture among this population in 2004, giving an
overall incidence of hip fracture of 121.4 per 100,000
population per year. This study included 50 of the 85 cases,
and these cases were defined as the hip fracture group.
Patients older than 70 years without established osteoporo-
sis who were admitted to the hospital on the island during
almost the same period for treatment of an orthopedic
condition other than a hip fracture were defined as the
control group.

Materials and methods The levels of serum 25-hydroxyvi-
tamin D (25-OHD), intact parathyroid hormone (intact
PTH), alkaline phosphatase (ALP), albumin, and the
number of remaining teeth were examined in each group.
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In the hip fracture group, serum calcium, serum phospho-
rus, urine N-terminal cross-linking telopeptide of type I
collagen (NTx), bone mineral density (BMD) of the
nonfractured hip, the presence of a vertebral fracture on
X-ray, severity of dementia, and physical activity level were
also examined.

Results Both the serum 25-OHD and serum albumin levels
were significantly lower in patients with hip fracture than in
controls, and the intact PTH level was significantly higher in
patients with hip fracture. The number of remaining teeth
was correlated with age, and was also significantly correlat-
ed with 25-OHD. In the hip fracture group, 62% of the
subjects had hypovitaminosis D (25-OHD <20 ng/ml) and
one-fifth of cases with hypovitaminosis D showed elevated
PTH levels (>65 pg/ml). On the other hand, in the control
group, hypovitaminosis D occurred in 18.9% of the subjects,
and only one case showed elevated PTH. The serum 25-
OHD level showed a decrease as the severity of dementia
progressed and the activity level decreased.

Conclusion Our results indicate that about two-thirds
(62%) of hip fracture patients had vitamin D insufficiency,
suggesting that this condition may be closely associated
with hip fracture in elderly people. Therefore, the serum
25-OHD level may be a useful index for the risk of hip
fracture in elderly people.

Keywords 25-OHD - Activity - Dementia - Hip fracture -
Intact PTH - Number of remaining teeth
Introduction

The number of cases of hip fracture has been increasing
with the aging of societies worldwide, and methods for the
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prevention of hip fracture are therefore of value. Vitamin
D is an important nutrient for bone health and is a
regulator of calcium metabolism. Vitamin D deficiency
leads to an increase in PTH levels, resulting in bone loss
[1], and subclinical vitamin D deficiency is considered to
be a risk factor for osteoporotic hip fracture in the elderly
[2—4]. The aim of this study was to examine whether
osteoporotic patients with hip fracture have lower levels of
serum 25-hydroxyvitamin D (25-OHD) compared to non-
osteoporotic cases, based on a study of the elderly
population of a particular Japanese geographical area
(Sado Island). The number of remaining teeth, dementia,
and physical activity level were also examined in the
study,

Patients and methods

Study site

This study was carried out on Sado Island, Japan. Sado
Island is located in Niigata Prefecture in the Sea of Japan,
at latitude 37°47'N to 38°20'N and longitude 138°12°E to
138°34E, situated north of the main Japanese island of
Honshu, Sado Island has an area of 855 km’ and the
population of the island was 70,011 as of 30 June 2004, of
which 23,787 (34%) were 65 years old and older. There
were 1,754.5 h of daylight on the island during 2004.
Tourism, fishing, and agriculture are the chief industries,
and access to the island is only by ferry or airplane,
Immigration and emigration among the elderly people of
the island is extremely low.

Subjects

From January to December 2004, 85 patients (20 males and
65 females) visited the general hospital on Sado Island
because of an acute hip fracture. All the patients lived on
the island. Of the 85 patients, 81 (20 males and 61 females)
were admitted to the hospital. Of these 81 patients, 2 were
excluded from the study because they had a traumatic
fracture, rather than an osteoporotic fracture. Patients with a
generally poor medical condition and those who were
immediately moved to another ward for treatment of an
internal disease were also excluded from the study. After
these exclusions, 50 remaining fracture patients (9 males
and 41 females, 61-101 years old, average age: 82.6 years
old) were included in the study. A control group was
selected from patients who were admitted to the same
general hospital with various orthopedic conditions from
July to December 2004: 53 patients over 70 years old (25
males and 28 females, 70-96 years old, average age:
77.2 years old) with no clinical evidence of osteoporotic

fractures were included in the control group. The patients
(or their family if the patient had dementia) were informed
of the nature of the study and consent was obtained from
each participant.

Serum 25-OHD, intact parathyroid hormone (intact
PTH), albumin, alkaline phosphatase (ALP), and the
number of remaining teeth were checked at the time of
admission. The number of remaining teeth was counted
macroscopically by the examiner. Since a lack of teeth
might be related to poor nutritional status and hypovita-
minosis D, the relationship between the number of
remaining teeth and the level of serum 25-OHD was also
examined,

In patients with hip fracture, serum calcium, serum
phosphorus, urine N-terminal cross-linking telopeptide of
type I collagen (NTx), and the bone mineral density (BMD)
of the nonfractured hip were measured, and the presence of
vertebral fractures was determined by X-ray. In addition,
the severity of dementia and the activity level before
fracture were checked, using the criteria of the long-term
care insurance system of the Japanese Ministry of Health,
Labour and Welfare.

Serum, urine, and BMD measurements

Blood samples were collected at the time of admission.
Serum calcium, serum phosphorus, serum albumin, and
serum ALP were determined using standard methods. Serum
calcium was adjusted for the albumin concentration
[adjusted calcium (mg/dl) = calcium — albumin (g/dl) +
4.0] [5]. The serum creatinine, aspartate aminotransferase,
and alanine aminotransferase levels were checked to
examine liver and renal function. Intact PTH was measured
by the chemiluminescence immunoassay (CLIA) method
(Nichols Institute Diagnostics, San Clemente, CA, USA), in
which intact PTH molecules are detected; the normal range
is 1065 pg/ml [6, 7]. We note that Segersten et al. [8] have
suggested that the upper limit of the normal range for PTH
may be too high; however, LeBoff et al. [4] used a value of
65 pg/ml, and we also chose 65 pg/ml as the upper limit of
the normal range for intact PTH.

The serum 25-OHD level was measured by an enzyme-
linked immunosorbent assay (ELISA) using a kit supplied
by DiaSorin (Stillwater, MN, USA). A serum 25-OHD
level of at least 15-20 ng/ml is needed to achieve
optimum PTH levels, based on several reports. Hence,
Hollis et al. [9] reported that the normal range of 25-OHD
was 32-100 ng/ml and that a concentration of less than
10 ng/ml indicated a vitamin D-deficient state. Other
studies performed in the US and Australia [10, 11] show
that a serum 25-OHD level of at least 15-20 ng/ml is
needed to achieve optimum PTH levels, and therefore we
defined a 25-OHD level of less than 20 ng/ml as vitamin D
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insufficiency. The value obtained at admission (from the
day the fracture occurred until a few days later) was used
as the serum 25-OHD level. The urine NTx assay was
performed using the Ostcomark NTx ELISA kit (Inverness
Medical Professional Diagnostics, Princeton, NJ, USA).
BMD of the nonfractured hip was measured using a
dual-energy X-ray absorptiometry (DXA) scan (Hologic
4500A, Bedford, MA, USA). The presence of vertebral
fractures was also checked using the X-ray scan.

Severity of dementia and physical activity level

The severity of dementia was classified according to the
criteria of the long-term care insurance system developed
by the Japanese Ministry of Health, Labour and Welfare
[12, 13], in which the severity of dementia is rated from I
to IV, and M, as follows: I, some dementia, but
independent in almost all daily activities in the commu-
nity; II, symptoms and actions that impair daily activities
or difficulty with mutual understanding, but independent
with some attention; III, symptoms and actions that impair
daily activities or difficulty with mutual understanding
and requires care; IV, frequent symptoms and actions that
impair daily activities or severe difficulty with mutual
understanding and always require care; and M, a very
severe case with extremely disruptive behavior, for which
special medical care is required (in the current study no
patients were in the M category). These standards were
approved by the Japanese Ministry of Health, Labour and
Welfare in 1993 [12, 13].

Physical activity level was also evaluated using the
standards of the long-term care insurance system of Japan
that are used to assess the degree of independence of
disabled elderly people. These standards comprise four
categories: J, some disabilities, but independent in
activities of daily life; A, housebound, needing partial
assistance only in outdoor activities; B, chairbound,
needing partial assistance in indoor activities; and C,
bedridden, dependent for most daily activities. These
standards were approved by the Japanese Ministry of
Health, Labour and Welfare in 1991 [12, 13] and are used
generally in medical institutions in Japan.

The relationships of the serum 25-OHD level with the
severity of dementia and the physical activity level were
also determined.

Statistical analysis

Data are expressed as means+SD. Comparison between the
two groups was performed using a Mann-Whitney U test,
and correlations were examined using Spearman’s rank
correlation test. Regarding the dementia and activity level, a
comparison among groups was performed using a Kruskal-
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Wallis test. Analysis was performed using StatView for
Windows software (version 5.0).

Results

There were 85 cases of hip fracture on Sado Island in 2004,
giving an overall incidence of 121.4 per 100,000 population
per year. The male-to-female ratio was 1:3.25, and the
cervical-to-trochanteric ratio was 1:1.30 (Table 1). Of the
patients, 65.8% (25 of 38 cases) were classified as
“osteoporotic” on the basis of WHO criteria, which defines
osteoporosis as BMD below 2.5 standard deviations (SD)
of the mean BMD for young adults [14]. Of the 85 patients,
a group of 50 patients with hip fracture were judged eligible
for the study and were compared with a group of 53
patients with other orthopedic diseases. All patients had
normal renal function, based on a serum creatinine level
within the normal range, and none of the patients had serum
calcium and phosphorus levels consistent with a diagnosis
of primary hyperparathyroidism or osteomalacia. The
characteristics of the hip fracture patients are shown in
Table 1. The average hip total BMD of the hip fracture
group was 0.513 g/om?, and 81% of the patients had
vertebral fractures (Table 1).

Table 1 Laboratory data for patients with hip fracture (n=50)

Variables Male+female Male Female
(m=50) (n=9) (n=41)

Serum calcium 9.540.5 9.50.3 9.5+0.6
(mg/ml)

Serum phosphorus 3.240.6 2.8+0.7 3.3:0.5
(mg/ml)

Urine NTx 106.2+62.4 9574840  108.8+573
(nmol BCEnmeol Cr)

Hip BMD (g/em”)

Total area 0.51340.1 0.634£0.09 048540.17
Neck 0.456+0.1 0.557+0.08 0.427+0.14
Trochanter 0.35940.1 0.473£0.07 0.32740.15
Intertrochanter 0.58340.2 0.73940.11  0.539+0.20
Ward’s 0.21840.1 0.270+0.88 0.203+0.13
Classified as osteoporotic  65.8 571 67.7

on the basis of WHO

criteria (%)"

Patients with vertebral 818 62.5 B6.1
fracture (%)°

Ratio of cervical o 1:1.30 1:0.80 1:1.93

trochanter fractures

“Hip total BMD <-2.5: 38 patients were exammed; 12 patients

(2 males and 10 females) were not examined because there was no
opportunity for a DXA examination

“44 patients were examined; 6 patients (1 male and 5 females) were
not examined because there was no opportunity for an X-ray
examination
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Table 2 Characteristics of patients in the study

Variables Patients with hip MNon-hip fracture  p
fracture (n=50, controls (n=53, value
9 males and 41 25 males and
females) 28 females)
Age range 61-101 70-96 -
(years)
Average 82.6=8.7 T7.245.3 <001
(years)
Albumin (g/) 3.53:0.5 3.9740.5 <001
ALP (1UA) 3110226 250.0:99.8 <0.05
25-0HD 17.84222 258474 <0.01
(ng/ml)
Intact PTH 4514222 31.4£183 <0.01
(pgml)
Number of 6.148.6 10.1£9.9 <0,05

remaining teeth

Further characteristics of the patients in the study are
shown in Table 2. Serum albumin levels were significantly
lower (p<0.0001) in patients with hip fractures than in
patients without hip fractures, and the hip fracture group
had higher serum ALP levels, significantly lower serum 25-
OHD levels (p<0.0001), and significantly higher intact
PTH levels (p<0.001) compared to the control group. The
number of remaining teeth in the hip fracture group was
significantly fewer than in the control group (Table 2).

Because there was a significant difference in age and
gender between the hip fracture group and the control
group, a subgroup analysis was performed with adjustments
for age and gender. There were 13 patients (2 males and 11
females) aged more than 90 years in the hip fracture group
and there was | male only aged more than 90 years in the
control group. There was no significant difference in age
between the groups for subjects aged less than 90 years;

Table 3 Sub-group analysis of women aged less than 90 years

Variables Patients with hip fracture Non-hip fracture controls p

(n=30) (n=28) value
Age range 67-88 T70-87 -
(years)
Average 79.9:5.4 T77.524.8 ns.
(years)
Albumin 3.6:0.5 4.0£0.5 <0.05
2N
ALP (IUNB09.0£281 2553112 ns.
25-0HD 16663 22.0:6.0 <0.01
(ng/ml)
Intact PTH45.8£20.4 358+228 <005
(pg/ml)
Number ofb.3+8.9 8.949.5 ns.
remaining
teeth

therefore, a subgroup analysis was performed for women of
less than 90 years of age in the hip fracture group (m=30,
average age: 79.9 years old, range: 67-88 years old) and
the control group (n=28, average age: 77.5 years old, range:
70-87 years old) (Table 3). Significant differences in
albumin, 25-OHD, and intact PTH levels persisted in the
subgroup analysis, but there was no significant difference in
ALP level or in the number of teeth.

Correlations were also examined in the total population
(n=103, 50 hip fracture patients and 53 controls) (Table 4):
albumin was significantly inversely correlated with age
(r=—0.22, p<0.05) and positively correlated with 25-OHD
(r=0.35, p<0.05); 25-OHD was significantly inversely
correlated with age (=—0.24, p<0.05) and intact PTH
(r=—0.40, p<0.01); and number of teeth was significantly
inversely correlated with age (r=—0.45, p<0.01) and
positively correlated with 25-OHD (r=0.20, p<0.05)
(Table 4).

In hip fracture patients (n=50, 9 males and 41 females),
intact PTH was significantly correlated with phosphorus
(r=0.31, p<0.05) and NTx was significantly inversely
correlated with 25-OHD (n=—0.44, p<0.01) (Table 5). In
addition, BMD was significantly negatively correlated with
age (r=—0.53, p<0.01) and NTx (r=—0.52, p<0.01), and
number of teeth was significantly negatively correlated with
age (——0.48, p<0.01) and BMD (r=—0.42, p<0.01). The
relationships between intact PTH and 25-OHD level in
patients with hip fracture (n=50) and in control subjects
(n=53) are shown in Fig. 1. In the controls, there was a
significant negative correlation between the intact PTH and
25-OHD levels (Fig. 1a, R*=0.127), but this was not found
in the hip fracture patients (Fig. Ib). In patients with hip
fracture, 62.0% (31 of 50) had serum 25-OHD levels of less
than 20 ng/ml, whereas in non-hip fracture patients, only
18.9% (10 of 53) had 25-OHD levels of less than 20 ng/ml.

Table 4 Correlation matrix for age, serum albumin, serum ALP,
serum 25-OHD, serum intact PTH, and number of remaining teeth in
the total population (fracture group and control group, n=103, 69
females and 34 males)

Variables Albumin  ALP  25. Intact Number of
OHD PTH remaining
teeth
Age -0.22* 0.10 -0.24*  0.19 =0.45%*
Albumin - -0.11  0.35* ~0.06 0.18
ALP - - ~0.08 0.15 010
25-0HD - - - -0.40** 020*
Intact PTH - - - - -0.17
Number of - - - - -
remaining
teeth
*p<0.05; **p<0.01
@ Springer
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Table 5 Correlation matrix for age, serum cales

serum

horus, seram ALP, serum 25-OHD, serum intact PTH, urine NTx, BMD of the

femoral neck, and number of teeth in paticnts with hip fracture (n=50, 9 males and females)

Variables Calcium  Phosphorus  Albumin =~ ALP 25-0HD  Intact PTH  NTx BMD Number of teeth
Age 0.10 -0.10 -0.19 0.07 0.08 0.06 0.08 -0.53*  -048*
Calcium - 0.10 -0.22 0.18 0.04 0.16 0.04 028 -0.17
Phosphorus - 0.06 015 -0.05 03]* -0.10 0.11 —0.10
Albumin - - - -024 003 0.19 031 0.18 0.04
ALP - B - - 0.01 0.18 0.14 0.02 0.19
25-OHD - - - - - -0.17 =0.44* 0.30 0.23
Intact PTH - - - - - - 012 04 -0.05
NTx - - ~ - - -0.52¢ -0.03
BMD - - - - - - - - -0.42°
Number of teeth - - - - - - - - =
+p<0.01; **p<0.05

The hip fracture patients were also classified into two  Discussion

categories based on the level of 25-OHD: a hypovitaminosis
group with 25-OHD <20 ng/ml and a normovitaminosis
group with 25-OHD 220 ng/ml. NTx was significantly
higher in patients with a lower level of 25-OHD (<20 ng/ml)
(Table 6), but significant differences were not observed for
other items in the 25-OHD subgroup analysis.

The relationship between dementia level and serum
25-OHD in the hip fracture patients (n=50) is shown in
Fig. 2. The mean 25-OHD level was highest, at more than
20 ng/ml, in the normal (based on dementia level) group
and then tended to decrease as the degree of dementia
progressed (p<0.05). The relationship between physical
activity level and serum 25-OHD in the hip fracture patients
is shown in Fig. 3. The mean level of 25-OHD reached a
level of more than 20 ng/ml in the group assessed to be
independent and then tended to decrease as the degree of
activity decreased.

Fig. 1 Relationship between se-

Our data show that the serum albumin level was signifi-
cantly lower in the hip fracture group compared to the
control group (Tables 2 and 3), consistent with the study of
Thiebaud et al. [15], in which low albumin was also
reported to be an important risk factor for hip fracture. The
25-OHD level was also significantly lower and the intact
PTH level was significantly higher in the hip fracture
group, also consistent with previously reported results [3, 4].
In the US, a serum 25-OHD level lower than 12 ng/ml was
observed in 50% of women with osteoporotic hip fractures
[4]. In Ttaly this value was found to be 13.5%, and 21.6% of
patients had a serum 25-OHD level less than 20 ng/ml [3].
Our data show that 26% of the hip fracture patients (13 of
50) had a serum 25-OHD level of less than 12 ng/ml and
62% (31 of 50) had a level of less than 20 ng/ml; these
percentages were higher than in the study performed in Italy,
but lower than the study in the US. We note that intake of
fishery products is very common on Sado Island, but despite
these habits, vitamin D insufficiency was observed in
patients with hip fracture. ALP was significantly higher

0 n=53
rum intact PTH and 25-OHD (ng/mL) (n=50) (nsle-l (n=53)
levels. a Patients with hip frac- “0 38
ture. b Non-hip fracture con- 5] ©
trols. Of 50 patients with hip
fracture, 31 (62.0%) had seam & ¥ 08 9%
25-OHD levels <20 ng/ml (a). gn] ©
Of 53 non-hip fracture controls, 4 5 -- %, %..o.dé ....... A o9
10 (18.9%) had serum 25-OHD 056’ 0o 8 o0,0
levels <20 ng/ml (b) 5158 80 o

1 o %0
11i} S0 [s] 5 )
5 T T T —y= T T >
0 20 40 60 80 100 0 20 40 60 80 100 120 140
pg/ml pg/mL)
intact PTH g ) intact PTH ¢

a) Patients with hip fracture

4 springer

y=30.315 - 0.144x; R?=0.127

b) Non-hip fracture controls
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Table 6 Characteristics of p with hip fr grouped accord-  25-OHD
ing to 25-OHD ng/mL (n=50)
Variables 25-0HD 25-0HD =20 p value b

<20 ng/ml ng/ml (=19, 35

(n=31,5 4 males and 30

males and 26 females)

females) 25

20 s T
Age range (years) 61-101 66-97 -
Average (years) 81.749.0 $42:8.3 ns. 15
Cervical- 1:1.81 1:1.38 10
to-trochanter ratio 5
Intact PTH (pg/ml) ~ 46.7422.6 42.5:21.7 ns.
Calcium (mg/ml) 9.5440.5 9.4420.5 ns. 0 : .6
Phosphorus (mg/ml) 330405 3.05+0.7 ns independent A -
Albumin (g/1) 351405 3.5540.5 ne. Degree of Independence
ALP (1UM) 320.0+278.4 296.4+100.9 ns. Fig. 3 Relationship between serum 25-OHD and degree of indepen-
NTx (nmol 117.6+60.7 843619 <0.05 dence in patients with hip fracture (n.s.) (meanzSD)
BCE/nmol Cr)
Number of 5.648.5 70438 ns. also observed (Table 4). Bollen et al. [16] reported that the
H’““’B"::_'[’:(:‘m 3 number of teeth is not influenced by fracture state, whercas
ip ey 3 i

Total area 0.49040.171 0.S5140.164 . Krall f" al: [17] have mggcswf.l that intake levels ofca.lcmm
Neck 0.43540.128  0.49740.155 Sia and vitamin D have a beneficial effect on tooth retention. It
Trochanter 0.34440.166 0.38140.129 N appears likely that the number of remaining teeth is mainly
Intertrochanter 0.57040.218 0.610+0.187 ns. influenced by age and is not necessarily associated with
Ward's 0.186+0.116 0.263+0.129 ns. fracture directly, but may be associated with serum

and the number of teeth was significantly lower in the hip
fracture group. However, since there were no significant
differences in these items in a subgroup analysis in women
less than 90 years old, the influence of age on ALP and
number of teeth appeared to be significant.

Regarding the number of remaining teeth, there was no
significant difference between the hip fracture group and
the control group, but a strong correlation between age and
the number of teeth was found. However, a significant
correlation between 25-OHD and the number of teeth was

25-0HD
ng/mL
sy

(n=50)

30— = — =

25 T i
20
15
10 i
5 H=
normal

1 n
Dementia level

m-v

Fig. 1 Relationship b ! ia level and 25-OHD in patients
with hip fracture (p<0.05) (mean+5D)

25-OHD levels. The significant correlation between the
number of teeth and BMD was mainly related to age
(Table 5).

Regarding the relationship between intact PTH and
25-OHD levels, although intact PTH was significantly
correlated with 25-OHD in the control group (r’=ﬂ.127}
(Fig. 1), no such correlation was found in the hip fracture
group. When the 25-OHD level becomes insufficient, the
intact PTH level generally rises. However, of the 31
patients in the current study with a low 25-OHD level,
only a few (6 of 31) had an elevated PTH level (=65 pg/ml).
Chapuy et al. [18] have reported that low serum 25-OHD
does not always lead to an increase in serum PTH, and
Sahota et al. [19] suggested that a slight reduction in serum
calcium and a substantial decrease in 1,25<(OH),D levels
may be partly related to the failure of the parathyroid gland
to mount an adequate PTH response. In addition, the cutoff
for definition of an elevated PTH level may require further
examination.

The relationship of dementia level with 25-OHD indicated
a tendency for the 25-OHD level to decrease as dementia
progressed (Fig. 2). Sato et al. [20] reported that serum
25-OHD levels are significantly decreased in Alzheimer
disease patients and that vitamin D deficiency due to sunlight
deprivation and malnutrition contributes significantly to re-
duced BMD. The relationship of activity level with 25-OHD
also indicated a tendency for the 25-OHD level to decrease as
the activity level decreased (Fig. 3). Bishoff-Ferrari et al. [21]
have reported that 25-OHD concentrations between 40 and

4 springer
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94 nmol/] are associated with better musculoskeletal function
in the lower extremities, and Monaco et al. [22] reported a
significant positive correlation between serum 25-OHD; and
Barthel Index score in hip fracture patients.

Overall, our results suggest that dementia, decreased
activity, and vitamin D deficiency are mutually associated
and carry a high risk of hip fracture. In particular, of the
patients with hip fracture in the current study, two-thirds
had vitamin D deficiency. Since aging of the population is
progressing and cases of hip fracture are likely to increase
in number, we conclude that determination of the level of
serum 25-OHD in elderly patients is of value, because
vitamin D deficiency is a risk factor for hip fracture.

Acknowledgements This study was performed with the permission
of the Ethical Review Board of Sado General Hospital. The authors
gratefully acknowledge all the staff at Sado General Hospital for their
support in the collection of patient data We acknowledge Teijin
Pharma Limited and SRL Inc. for measurements of laboratory data.

References

1. G'amcml-‘ SmyRmduE.ChlpthC DehnlsPD(l‘)!)ﬁ}
in late a major

ch i of porosis. J Bone Miner Res 11(3): 337—349

. Cumming RG, Klineberg RJ (1994) Case-control study of risk
factors for hip fractures in the clderly. Am J Epidemiol 139:493-503

. Nuti R, Martini G, Valenti R, Gambera D, G i L, Salvadori §,
Avanzati A (2004) Vitamin D status and bone tumover in women
with acute hip fracture. Chn Orthop Relat Res 422:208-213.
DOI 10.1097/01 blo.0000129163.97988.06

. LeBoff MS, Kohimeier L, Hurwitz S, Franklin J, Wright J
Glowacki J (1999) Occult vitamin D defici in postm
US women with acute hip fracture. JAMA 181(!6] 1505-1511

. Payne RB, Little AJ, Williams RB, Milner JR (1973) lnterpretm

17.

18.

20,

. Sahota O, Gaynor K, Harwood RH,

hydroxylase expression in normal and pathological parathyroid
glands. J Clin Endocrinol Mctab 87(6):2967-2972

Hollis BW (2005) Circulating 25-hydroxyvitamin D levels
indicative of vitamin D sufficiency: implications for establishing
a new cffective dietary intake recommendation for vitamin D.
J Nutr 135:317-322

. Malabanan A, Veronikis E, Holick MF (1998) Redefining vitamin

D insufficiency. Lancel 351:805-806

. Need AG, Horowitz M, Morris HA, Nordin BC (2000) Vitamin D

status: effects on parathyroid hormone and 1,25-dihydroxyvitamin
Din women. Am J Clin Nutr 71:1577-1581

. Sato S, Demura S, Minami M, Kasuga K (2002) Longitudinal

assessment of ADL ability of partially dependent elderly people:
examining the utility of the index and characteristics of longitu-
dinal change in ADL ability. J Physiol Anthropol Appl Human Sci
21(4):179-187

. Arai Y, Zarit SH, Kumamoto K, Takeda A (2003) Are there

inequities in the assessment of dementia under Japan's LTC
insurance system? Int J Geriatr Psychiatry 18(4):346-352

AMJA.WOMGW(IM}MmtoTWM

and its appli to screening for p
synopsis of a WHO report. Omnputm Int 4:368-381

. Thicbaud D, Burckhardt P, Costanza M, Sloutskis D, Gilliard D,

Quinodoz F, Jacquet AF, Bumand B (1997) Importance of albumin,
25(0OH)-vitamin D and IGFBP-3 as risk factors in elderly
women and men with hip fracture. Osteoporos Int 7:457-462.
DOI 10.1007/5001980050033

. Bollen AM, Taguchi A, Hujoel PP, Hollender LG (2004) Number

ufMlndmdmldvmlundphﬂghtmnﬂueﬁsmﬁl
history of self-reported Int 15
(12):970-974. DOI 10. 1007/500198-004-1695- I
Krall EA, Wehler C, Garcia RI, Harris 85, Dawson-Hughes B
(2001) Calcium and vitamin D supplements reduce tooth loss in
the elderly. Am J Med 11(6):452-456

Chapuy MC, Preziosi P, Maamer M, Amaud S, Galan P, Hercberg
S, Meunier PJ (1997) P&tulm of vitamin D insufficiency in an
adult normal pory 0 s Int 7(5):439-443.
DOI 10.1007/5001980050030

Hosking D (2001)
Hypovitaminosis D and “fur *—the
NoNoF (Nottingham Neck of chu:l mdv Age Ageing
30:467-472
Sato Y, Asoh T, Oizumi K (1998) High prevalence of vitamin D

tion of serum calcium in patients with abnormal seram p
Br Med J 4:643-646
. Omote M, Nakagawa K, Matsushima H, Yasui T (1997)
Evaluation of chemiluminescence immunoassay kit “Lumico
PTH™ and “Lumico ACTH™. Jpn J Med Pharm Sci 38(4):805-812
Paudian MR, Segre GV, Sherrard D, Pouts JT, Lavigne JR, Carlton
El (1983) Immunoradiometric assay for intact PTH: a new
generation of PTH assay for assessment of parathyroid function,
Nichols Institute Reference Laboratories 60-712-204:1-7
. Segersten U, Correa P, Hewison M, Hellman P, Dralle H, Carling T,
Akerstrom G, Westin G (2002) 25-hydroxyvitamin D(3)-lalpha-

4) springer

2

deficiency and reduced bone mass in elderly women with
Alzheimer's disease. Bone 23(6):555-557

. Bischoff-Ferrari HA, Dietrich T, Orav El, Hu FB, Zhang Y,

Karlson EW, Dlwwn-Hughﬂ B (1004) Higher 25-hydroxyvita-
min D are iated with better lower-extremity
function in both active and inactive persons aged > or =60 y. Am J
Clin Nutr 80:752-758

. Di Monaco M, Vallero F, Monaco R, Manutino F, Cavanna

A (2005) Serum levels of 25-hydroxyvitamin D and fonc-
tional recovery after hip fracture. Arch Phys Med Rehabil
B6.64-68



J Bone Miner Mctab (2007) 25:261-265
DOT 10.1007/500774-007-0760-1

© Springer 2007

Hiroshi Hagino*

Features of limb fractures: a review of epidemiology from

a Japanese perspective

Received: March 13, 2007 / Accepted: March 29, 2007

Key words epidemiology - fractures - osteoporosis - inci-
dence - trends

Introduction

Fractures among the elderly which are associated with
osteoporosis have become a major health and socioeco-
nomic issue with the rapid increase in the elderly population
in both Western and Asian countries. Among the elderly,
bone mineral density (BMD) generally decreases with age,
and the incidence of fractures increases with age, with the
exception of the wrist (Fig. 1) [1]. Among adolescents,
BMD increases with age, but the age-specific incidence of
fractures does not decrease with age, but rather peaks at
the time of the growth spurt (Fig. 1) [2]. These discrepancies
between BMD and aging and fracture incidence seem
to shed light on the pathogenesis and prevention of
fractures.

In this review, the features of geriatric and adolescent
limb fractures among the Japanese population will be pre-
sented, and an attempt will be made to identify factors for
fracture prevention.

Fractures in adolescence
Incidence of fractures in adolescence
Fracture of the distal radius is the most common fracture

among children, comprising 20% of total fractures under
the age of 17 [3]. The age- and sex-specific incidences under
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20 years of age were higher in males than in females, with
peaks at 12 or 13 years for males and 11 years for females
(Fig. 2) [2]. However, 13-year-old boys and 11-year-old girls
are not more active or more prone to falls and trauma than
children older or younger than 13 or 11. Therefore, the
prominent peak in the incidence of fracture in adolescence
has no relation to BMD or physical activity.

Bone mineral density and peak incidence

There is a close relationship between fracture incidence and
the relatively low bone density of the radius. The age of
peak incidence of distal radius fractures coincides with the
age when the metaphyseal/diaphyseal density ratio is lowest
(Fig. 2) [2]. The age at which the incidence of fractures
peaks almost perfectly matches the age at which the speed
of growth in height peaks in both boys and girls. This rela-
tive low bone density at the metaphysis is possibly caused
by rapid growth during adolescence.

Rauch et al. [4] demonstrated that cortical thickness
remains unchanged from 6 to 13 years in girls and from 6
to 15 years in boys, as measured by peripheral quantitative
computed tomography (pQCT). The endocortical apposi-
tion rate at the distal radial metaphysis should be extremely
high in order to maintain cortical thickness during growth.
They estimated the endocortical apposition rate at the distal
radius metaphysis to be about 9.5-10um/day, which is 10-20
times that of the periosteal apposition of the diaphysis. This
makes it difficult for the bone to adapt its strength to the
increased mechanical needs during growth [5]. After longi-
tudinal growth ceases, the robustness of bone can catch up
with the loading needs.

Recent trends

There has been some debate as to whether the incidence of
fractures among children in Japan has increased or not. To
address this question, all wnist fractures in Tottori Prefec-
ture were surveyed from 1986 to 1995, and the age- and
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Fig. 1. Age- and sex-specific incidence rates of distal radius and hip
fracture. Derived from data in Hagino et al. [1,2,7]
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sex-specific incidences were calculated, revealing that the
incidence increased with time for males between 7 and 12
years of age [6]. Although the changes in incidence among
females were not significant, the peak incidence increased
during the observation period. Because the mean body
height in Japanese adolescents is greater than was previ-
ously recognized, this may make the adaptation of bone to
loading more difficult than before, and may contribute to
weakness at the distal radius with time.

Table L. C of the incid of hip fracture in various geo-
graphic arcas

Men Women
Rochester, USA [9] 168.7 3823
Central Finland [10] 147.8 290.7
Malmo, Sweden [11) 198.1 471.7
Picardy, France [12] 674 1654
Cantabria, Spain [13] 542 2055
Beijing, China [14 533 594
Chonnam, Korea [15] 872 119.0
Tottori, Japan [7] 583 1813

Data are incidences (per 100000 person-years) adjusted to the popula-
tion structure of all of Japan (=35 years, 2000)

Fractures in the elderly
Hip fracture
Lower incidence among the Asian population

There have been many epidemiological surveys of hip frac-
tures all over the world. One of the conclusions derived
from these studies is that hip fracture incidence is lower
among Asian or African populations than among North
American or northern European populations. The age- and
sex-specific incidence of hip fractures for both sexes
increased exponentially with age after 70 years (Fig. 1) [7.8].
Table 1 shows a comparison of the incidence of hip fracture
among different populations based on previous studies. The
incidences for both sexes in Asian populations, including
Japanese, are substantially lower than those in Caucasian
populations living in northern Europe or North America,
but not in those in southern Europe.

As bone mass in Asians is known to be lower than or
similar 1o that in Caucasians, the difference in bone mass
does not explain the difference in the incidence of hip frac-
tures [16]. Elucidation of the cause of the ethnic differences
in the incidence of hip fracture may suggest preventive
measures that could protect against osteoporosis-related
fractures. Therefore, several different approaches have
been tried in order to clarify why the incidence of hip frac-
ture is lower in Asian populations.

Geometry of the proximal femur and fracture type

In the early 1990s, Yoshikawa et al. [17] and Nakamura et
al. [18] found that the geometric characteristics of the proxi-
mal femoral neck in Japanese women are associated with a
lower risk of hip fracture. Faulkner et al. [19] found that a
hip axis length (HAL) of 11.0em corresponds to a doubling
of hip fracture risk compared to women with a normal hip
length. Duboeuf et al. [20] demonstrated that in the neck
fracture group, the HAL was significantly longer than in
controls, but this was not true in the trochanteric fracture
group.

The incidence of trochanteric fracture is higher than that
of neck fracture for individuals over 75 years of age (Fig. 3)
[7]. The incidence of neck fracture is substantially lower
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than that of trochanteric fractures in Japanese people, but
this is not true for Caucasians. The incidence of neck frac-
ture is higher than that of trochanteric fracture in northern
European populations, and therefore the neck fracture/
trochanteric fracture ratio is different in Japanese and
northern Europeans (Fig. 4) [21,22]. The short HAL among
Asians affects the lower incidence of neck fractures and
might be one possible explanation for a lower incidence of
hip fractures.

Risk factors

A case-control study in four Asian countries established the
lifestyle factors associated with hip fracture; these are low
dietary calcium intake, lack of regular load-bearing activity
in the immediate past, no vigorous sports activity between
25 and 49 years of age, cigarette smoking (for men only),
daily alcohol consumption, a history of fracture after 50
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Fig. 3. Age-, sex-, and fracture-type-specific incidence rales of hip
fracture in Tottori. Derived from data in Hagino et al. [7]
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years of age, a history of [alls in the year before a fracture,
and a history of stroke [23]. Two studies have examined the
risk factors for hip fracture among the Japanese population
[24,25]. In one of these studies [23], Suzuki performed a
case-control study and found that excessive coffee drinking
and sleeping on a bed (as opposed to a futon) were signifi-
cant risk factors.

In Japan, about 10%-20% of elderly people living in
their own homes fall during a year, while 30%-40% fall in
northern Europe and North America [26]. The fact that the
prevalence of falls among Japanese is half that among
Caucasians offers a possible explanation for the difference
in the incidence of these fractures [27].

Changes in incidence over time

Recent trends in the incidence of hip fractures have varied
between observation periods or geographic areas. Epide-
miological surveys in Europe before 1990 showed that
the incidence of hip fractures was increasing [11,28,29].
However, data from the 1990s or later from northern
Europe [30,31], North America [32], and Australia [33]
indicated that the increase had leveled off [34,35]. On the
other hand, most reports from Asia indicate an increase in
the incidence of hip fracture with time [7,8,36,37].

The reason for the discrepancies between races has not
been clearly elucidated, although changes in lifestyle in
Asian countries seem to affect the trend. In Singapore, hip
fracture rates from 1991 to 1998 were 5 times higher than
rates during the 1960s [38]. In Hong Kong, the fracture rates
in 1995 for women 80 years and older were 3 times higher
than corresponding rates in the 1960s [39]. However, the
incidence rates in these two areas over the last decade have
not changed appreciably. 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 Japan of
1.4 times from 1986 to 1998 was very similar, From these
points of view, the age-specific incidence of hip fracture
among developed and urbanized Asian areas seems to have
leveled off over the last decade, even though increases still
exist. Urbanization or industrialization, with attendant
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changes in degree of physical activity, nutrition, alcohol
intake, sedative drug use, and lifestyle in Asian countries,
may contribute to the rising fracture trend by increasing
bone fragility and the risk of falls. On the other hand, ade-
quate diagnosis and treatment for osteoporosis is thought
to relate to the decreased incidence of hip fracture in North
America [35].

Upper limb fracture
Lower incidence among the Asian population

The incidence of wrist (distal radius) and proximal humerus
fractures was surveyed in Tottori Prefecture (Fig. 1) [1]. In
women, the incidence of wrist fractures increases after the
menopause and plateaus at over 70 years of age; however,
the incidence of proximal humerus fractures increases with
age over 70 years. This is because elderly people over 75
have difficulty in protecting themselves with their hands
when they fall, and instead they injure their hip or
shoulder.

Although few epidemiological surveys have been per-
formed to elucidate the incidence among Asian popula-
tions, the incidences of wrist and proximal humeral fractures
arc substantially lower among Japanese than Caucasians.
Because 96% of wrist and 95% of humerus fractures are
due to falls [40], the lower incidence of upper limb fractures
seems (o be closely related to the lower incidence of falls.

Risk factors

Epidemiological studies have indicated that risk factors for
distal forearm fracture are low bone mass, estrogen defi-
ciency, falls [41), and drinking alcohol [42, 43]. Poor visual
acuity, frequent walking [44], and walking at a brisk pace
[45] are also risk factors for distal forearm fractures. Among
the Japanese population, increased physical activity, in par-
ticular increased walking ability, is a risk factor for wrist
fractures [46]. This is in agreement with factors identified
in previous studies among Caucasians, which concluded
that increased physical activity, increased walking ability,
and frequent outdoor walking all increase the risk of falls.

On the other hand, a greater frequency of going out-
doors significantly decreased the risk of proximal humerus
fracture among the Japanese population [46]. This agrees
with data from past cohort and case-control studies which
identified risk factors for proximal humerus fracture as a
low level of physical activity and infrequent walking [47].
The opposite is true for wrist fractures, i.c., wrist fractures
are most likely in patients with fragile bones and increased
physical activity, while proximal humerus fractures are most
likely in patients with fragile bones and decreased physical
activity.

One of the significant factors associated with reduced
risk of wrist fractures among the Japanese was the use of
a futon (as opposed to a bed), which also reduces the risk
of hip fracture [24,46 ]. Futon use might maintain physical
activity, resulting in a reduced risk of falls.

Changes in incidence over time

According to our survey performed from 1986 to 1995, the
age-adjusted incidence rates of wrist fractures showed a
significant increase with time, although no increase was
observed among men [1]. Proximal humerus fractures
showed a significant increase over time for both sexes. It
has been speculated that decreased physical activity associ-
ated with a Westernized lifestyle is one possible explanation
for the increase in fracture incidence among the Asian
population.

Conclusions

In the year 2000, there were an estimated 9.0 million osteo-
porotic fractures, of which 1.6 million were at the hip, 1.7
million were at the forearm, and 1.4 million were clinical
vertebral fractures [48]. It is estimated that the annual
number of hip fractures will increase progressively to 2.6
million by the year 2025, and to 4.5 million by 2050 [49].
However, the increase is estimated to be 5 times higher, at
21.3 million, when an annual rate of increase of 3% outside
North America and northern Europe is used. This increase
will be most marked in Asia.

The percentage of the Japanese population aged 65 years
and older will be 23% in 2010, 32% in 2030, and 40% in
2050. Based on the age- and sex-specific incidences observed
in the recent study in Tottori, the total number of hip frac-
ture patients in Japan is estimated to be 159000 per year in
2010 and 255000 in 2030. From all these data, we recognize
that it is extremely important to implement preventive
strategies, which should include the treatment and preven-
tion of osteoporosis, the reduction and prevention of falls,
and the maintenance of physical activity among the elderly
through lifestyle changes. A reduction in the number of
fractures in the elderly is very important in order to reduce
the future medical and social burden,

Ackno The author expresses sincere thanks to Kichizo
Yamamoto and Ryota Teshima, and also acknowledge the help of Dr.
Saeko Fujiwara. This study was partially supported by a grant-in-aid
from the Ministry of Health, Labour and Welfare of Japan (grant H15-
Choujyu-004, H18- Choujyu Ippann-036).

References

1. Hagino H, Yamamoto K, Ohshiro H, Nakamura T, Kishimoto H,
Nose T (1999) Changing incidence of hip, distal radius, and pro-
ximal humerus fractures in Tottori Prefecture, Japan. Bone 24:
265-270

2. Hagino H, Y. to K, Teshima R, Kishi H, Nal aT
{1990) Fracture incidence and bone mineral density of the distal
radius in Japanese children. Arch Orthop Trauma Surg 109:
262-264

3. Cheng JCY, Shen WY (1993) Limb fracture pattern in different
pediatric age groups: a study of 3350 children. J Orthop Trauma
T15-22

4. Rauch F, Neu C, Manz F, Schoenau E (2001) The development of

physeal cortex: implications for distal radius fractures during
growth. J Bone Miner Res 16:1547-1555




