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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 10-65 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 Osteomark 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/cm®, 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
(n=50) (n=9) (n=41)

Serum calcium 9.5+0.5 9.5+0.3 9.5+0.6

(mg/ml)

Serum phosphorus 3.2+0.6 2.8+0.7 3.3+0.5

(mg/ml)

Urine NTx 106.2+62.4 95.7484.0  108.8+57.3

(nmol BCE/nmol Cr)

Hip BMD (g/cm?)

Total area 0.513+0.1 0.634+0.09  0.485+0.17

Neck 0.456+0.1 0.557+0.08 0.427+0.14

Trochanter 0.35940.1 0.473+£0.07  0.327+0.15

Intertrochanter 0.583+0.2 0.739+0.11  0.539+0.20

Ward’s 0.218+0.1 0.270+0.88  0.203+0.13

Classified as osteoporotic  65.8 57.1 67.7

on the basis of WHO

criteria (%)*

Patients with vertebral 81.8 62.5 86.1
fracture (%)°

Ratio of cervical to
trochanter fractures

1:1.30 1:0.80 1:1.93

“Hip total BMD <-2.5: 38 patients were examined; 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 Non-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 77.2+5.3 <0.01
(years)
Albumin (g/1) 3.5340.5 3.97+0.5 <0.01
ALP (IU/) 311.04£226 250.0+99.8 <0.05
25-OHD 17.8+22.2 25.8+7.4 <0.01
(ng/ml)
Intact PTH 45.1+£22.2 31.4£18.3 <0.01
(pg/ml)
Number of 6.1+8.6 10.14£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 1 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 70-87 -
(years)
Average 79.9+5.4 77.5+4.8 n.s.
(years)
Albumin 3.6+0.5 4.0+0.5 <0.05
@
ALP (IU/1)309.0+281 255.3+112 ns.
25-OHD 16.6+6.3 22.0+6.0 <0.01
(ng/ml)
Intact PTH45.8+20.4 35.8+22.8 <0.05
(pg/ml)
Number 0f6.3+8.9 8.949.5 n.s.
remaining
teeth

therefore, a subgroup analysis was performed for women of
less than 90 years of age in the hip fracture group (n=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 (=—0.45, p<0.01) and
positively correlated with 25-OHD (#=0.20, p<0.05)
(Table 4).

In hip fracture patients (#=50, 9 males and 41 females),
intact PTH was significantly correlated with phosphorus
(=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 (=—0.52, p<0.01), and
number of teeth was significantly negatively correlated with
age (r=—0.48, p<0.01) and BMD (=—0.42, p<0.01). The
relationships between intact PTH and 25-OHD level in
patients with hip fracture (»=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. 1b). 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 0.10

25-OHD - - - —0.40**  0.20*

Intact PTH - - - - -0.17

Number of - - - - -

remaining

teeth

£p<0.05; **p<0.01
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Table 5 Correlation matrix for age, serum calcium, serum phosphorus, serum ALP, serum 25-OHD, serum intact PTH, urine NTx, BMD of the
femoral neck, and number of teeth in patients with hip fracture (n=50, 9 males and females)

Variables Calcium Phosphorus Albumin ALP 25-OHD Intact PTH NTx BMD Number of teeth
Age 0.10 -0.10 —-0.19 0.07 0.08 0.06 0.08 —0.53* —0.48*
Calcium - 0.10 —0.22 0.18 0.04 0.16 0.04 —028 —0.17
Phosphorus - - 0.06 —-0.15 —-0.05 0.31** —-0.10 0.11 —-0.10
Albumin - - - -0.24 0.03 0.19 —-0.31 0.18 0.04
ALP - - - - 0.01 0.18 0.14 0.02 0.19
25-OHD - - - - - -0.17 —0.44%* 0.30 0.23
Intact PTH - - - - - - -0.12 —-0.04 —-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 >20 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 (#=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.

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 Italy 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

Fig. 1 Relationship between se- _ —
n=50 n=53
rum intact PTH and 25-OHD (ng/mL) ( ) (ng/mL) ( )
levels. a Patients with hip frac- 40 40
ture. b Non-hip fracture con- 351 © 357
trols. Of 50 patients with hip | .
30
fracture, 31 (62.0%) had serum 2 08 %% 2
25-OHD levels <20 ng/ml (a). 3] © g 2]
Of 53 non-hip fracture controls, & 20...-.@%%-9.@9-------9 __________ O(?"' PR
10 (18.9%) had serum 25-OHD P Q © 8 o ¢} ]
levels <20 ng/ml (b) 157] o 8 °© o] 15
10 3 S %oq 10
(0]
5 T : : T 5 T T T T T T
0 20 40 60 30 100 0 20 40 60 80 100 lzgpg/rlrfl?)
intact PTH (pg/mL) intact PTH

a) Patients with hip fracture
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Table 6 Characteristics of patients with hip fracture grouped accord- 25-OHD
ing to 25-OHD ng/mL (n=50)
Variables 25-OHD 25-OHD >20 p value 40

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

(n=31, 5 4 males and 30

males and 26 females)

females) 25 7 - -

20 i

Age range (years) 61-101 6697 - 15 7 o
Average (years) 81.7+9.0 84.2+8.3 n.s.
Cervical- 1:1.81 1:1.38 10
to-trochanter ratio 5
Intact PTH (pg/ml) 46.7£22.6 42.5£21.7 n.s. . .
Calcium (mg/ml) 9.54+0.5 9.44+0.5 n.s. 0
Phosphorus (mg/ml) 3.30+0.5 3.05+0.7 n.s. independent J A
Albumin (g/1) 3.5140.5 3.55+0.5 ns. Degree of Independence
ALP (IU/1) 320.0+278.4 296.4+100.9 n.s. Fig. 3 Relationship between serum 25-OHD and degree of indepen-
NTx (nmol 117.6+60.7 84.3+61.9 <0.05 dence in patients with hip fracture (n.s.) (mean+SD)
BCE/nmol Cr)
Number of 5.6+8.5 7.0+8.8 n.s. also observed (Table 4). Bollen et al. [16] reported that the
re.:maining teethz number of teeth is not influenced by fracture state, whereas
Hip BMD (g/em®) Krall et al. [17] have suggested that intake levels of calcium
Total area 0.490+0.171 0.5514+0.164 n.s. . . . .
Neck 0.43520.128 0.49720.155 s, and vitamin D have a beneficial effect on tooth retention. It
Trochanter 0.344+0.166 0.381+0.129 ns. appears likely that the number of remaining teeth is mainly
Intertrochanter 0.570+0.218 0.610+0.187 ns. influenced by age and is not necessarily associated with
Ward’s 0.1860.116 0.263+0.129 n.s. 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-OHD
ng/mL
35 7

30 -|-

(n=50)

25 T
7

20 7

15 / | Y 7

10

normal I 11 mr-iv

Dementia level

Fig. 2 Relationship between dementia level and 25-OHD in patients
with hip fracture (p<0.05) (mean+SD)

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 (+*=0.127)
(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
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94 nmol/l are associated with better musculoskeletal function
in the lower extremities, and Monaco et al. [22] reported a
significant positive correlation between serum 25-OHDj; 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.
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