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Abstract The aging population and an increasing number
of hip fractures worldwide have made prevention of hip
fractures a matter of importance. The prevalence of hypo-
vitaminosis D in patients with acute hip fracture has been
reported widely in recent years, and the vitamin D nutri-
tional status in such reports is usually evaluated based on
serum 25-hydroxyvitamin D (25-OHD). The aim of this
article is to review the relationship of serum 25-OHD and
osteoporotic fracture and the prevalence of 25-OHD insuf-
ficiency in patients with hip fracture, including assessment
of nutritional status, oral status, activity, and dementia. We
conclude that the serum 25-OHD level may be a useful in-
dex for risk of hip fracture in elderly people.

Key words 25-hydroxyvitamin D - intact PTH - hip
fracture - number of remaining teeth - activity - dementia

25-0HD insufficiency and hip fracture

The number of cases of hip fracture has been increasing
with the aging of societies worldwide, and methods for pre-
vention 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 nutritional status is evalu-
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ated by measuring serum 25-hydroxyvitamin D (25-OHD),
and 25-OHD insufficiency may occur in elderly people
because of malnutrition, dementia, and inactivity leading to
decreased exposure to sunlight. Serum 25-OHD insufficien-
cy leads to an increase in parathyroid hormone (PTH) lev-
¢ls (secondary hyperparathyroidism), resulting in bone loss
[1] and leading to hip fracture and decreased activities of
daily living (ADL) or quality of life (QOL). Subclinical 25-
OHD insufficiency is also considered to be a risk factor for
osteoporotic hip fracture in elderly people [2-4] (Fig. 1).
Hollis [5] reported that the normal range of 25-OHD is
32-100ng/ml, and other studies performed in the United
States and Australia [6,7] have shown that a serum 25-OHD
level of at least 15-20ng/ml is needed to achieve optimum
PTH levels. Therefore, we defined a 25-OHD level of less
than 20ng/ml as vitamin D insufficiency (Fig. 2); we note
that vitamin D deficiency defined as a 25-OHD of less than
5ng/ml causes osteomalacia/rickets [8,9].

Serum 25-0HD status in hip fracture patients:
the Sado study

In the United States, a serum 25-OHD level lower than
12ng/ml was observed in 50% of women with osteoporotic
hip fractures [4], and in Italy this value was found to be
13.5%, with 21.6% of patients having a serum 25-OHD
level less than 20ng/ml [3]. We compared the serum 25-
OHD level in hip fracture patients with that in non-hip
fracture control subjects over 1 year in the elderly popula-
tion on Sado Island, Niigata, Japan (total population,
70011; 34% were 65 years old and older); these data showed
that the serum 25-OHD level was significantly lower in the
hip fracture patients [10]. In addition to checking the 25-
OHD levels and determining other laboratory data, we
collected serum and urine samples at admission and also
examined changes in the levels of serum 25-OHD in acute
hip fracture patients at another general hospital in Niigata
City [11]. Although the sample size was small (n = 12), se-
rum 25-OHD did not show large changes (less than £10%)
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during hip fracture healing, in comparison with the levels
of other biochemical markers.

In the Sado study, 62% of 50 hip fracture patients had
vitamin D insufficiency, which was defined as a serum 25-
OHD concentration less than 20 ng/ml (Fig. 3). The average
serum 25-OHD concentration was 17.8ng/ml in hip-fracture
patients and 25.8 ng/ml in non-hip fracture controls [10]; the
mean for the patient population was lower than the recent
mean value of 20.9ng/ml reported for nonosteoporotic
Japanese women more than 70 years of age [12]. In an age-
maiched comparative analysis, serum 25-OHD (means of

ADL
QoL

Serum 25-OHD

Fig. 1. Schema for the risk of fracture resulting from 25-hydroxyvita-
min D (25-OHD) insufficiency and related factors. BM D, bone mineral
density; ADL, activities of daily living; QOL, quality of life

25-OHD insufficiency <20ng/mL

osteoporosis (osteopenia, fragile bone)
25-OHD deficiency <Sng/mL

rickets, osteomalacia

bone mineralization problems

Fig. 2. 25-OHD insufficiency and deficiency

Fig. 3. Percentages of patients
with 25-OHD nsufficiency and
clevated parathyroid hormone
(PTH). In paticnts with hip frac-
ture, 62.0% (31 of 50) had serum
25-0HD levels <20ng/ml (a). In
non-hip fracture controls, 18.9%
(10 of 53) had serum 25-O0HD
levels <20ng/ml (b). In hip frac-
ture patients with low 25-0HD,
194% (6 of 31) had elevated
PTH levels (=65 pg/ml) (c). (From
oD

a) patients with hip fracture

25-OHD<20ng/mL
62.0%

[

¢) 25-OHD insufficiency for a)

normal PTH level

80.6%

11

16.6ng/ml and 22.0ng/ml in hip fracture patients and con-
trols, respectively) and albumin (3.6g/1 and 4.0g/1, respec-
tively) were significantly lower and intact PTH (458 pg/ml
and 35.8pg/ml, respectively) was significantly higher in
the hip fracture patients [10]. In addition, the serum PTH
level was not elevated (<65pg/ml) in about 80% of hip
fracturc patients with 25-OHD insufficiency (see Fig. 3).
Chapuy et al. [13] have reported that low serum 25-OHD
does not always lead to an increase in serum PTH, and Sa-
hota et al. [14,15] suggested that a slight reduction in serum
calcium and a substantial decrease in 1,25-(OH),D may be
partly related to the failure of the parathyroid gland to
mount an adequate PTH response; however, the mecha-
nisms underlying the PTH response remain unclear, and the
cutoff for definition of an elevated PTH level requires
further examination. A better understanding of the mecha-
nism of serum 25-OHD and intact PTH and their relation-
ship to bone metabolism is important for prevention of
osteoporotic fractures and development of individualized
treatment.

Regarding the relationship of serum 25-OHD and the
number of remaining teeth, for which the average is 6.3 in
hip fracture patients and 8.9 in controls, there was no sig-
nificant difference between the hip fracture group and the
control group. However, a significant negative correlation
between age and number of teeth was found (@ =-045, P
<—0.01) [10] and a significant correlation between 25-OHD
and number of teeth (a = 0.20, P < 0.05) was also observed.
It appears likely that the number of remaining teeth is
mainly influenced by age; however, Krall et al. [16] have
suggested that intake levels of calcium and vitamin D have
a beneficial effect on tooth retention, which suggests a mu-
tually beneficial relationship between the status of the oral
cavity and nutritional status.

We also examined the relationship of the severity of
dementia and physical activity level with serum 25-OHD in
hip fracture patients, using a classification based on the cri-
teria of the long-term care insurance system developed by
the Ministry of Health, Labor and Welfare of Japan [17,18].
The mean 25-OHD level was highest, at more than 20ng/ml,

b) non-hip-fracture controls
25-OHD<20ng/mL | 8.9%
25-0HD 2 20ng/mL
38.0%
25-OHD=20ng/mL
81.1%

elevated PTH level
19.4%

2



Table 1. Relationship b d level and mean serum
25-hydroxyvitamin D (ZS-OHD]
Dementia level 25-OHD P value
Independent
:'I l P < 0.05*
Severe M-IV Lower
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Abstract Osteoporotic fracture in elderly populations is
increasing worldwide, but there are few data on the inci-
dence and outcome of osteoporotic fractures, including
upper extremity and vertebral fracture, during a certain
period in a defined geographic area. The purpose of this
study was to determine the incidence of osteoporotic
fractures in a particular area: Sado City, Niigata Prefecture,
Japan. From January to December 2004, osteoporotic frac-
tures of the vertebra, hip, distal radius, and proximal
humerus in Sado City were recorded. The incidence, age,
gender, type of fracture (for hip fracture), right or left side
(for distal radius, proximal humerus, and hip fracture),
place of injury, cause of injury, outcome, hospitalization
period, and patient status regarding taking of drugs for
osteoporosis treatment were checked for each fracture. The
incidence was calculated based on the whole population of
Sado City. The incidence per 100000 population was 232.8,
121.4,108.6, and 37.1 for fractures of the vertebra, hip, distal
radius, and proximal humerus, respectively. The total inci-
dence of these four kinds of fracture was 499.9 per 100000
persons per year. The average age at the time of injury was
81.4, 77.7, 75.7, and 60.2 years old for fractures of the hip,
vertebra, proximal humerus, and distal radius, respectively.
As the average age increased, the percentage of fractures
that occurred indoors also increased; that is, a higher per-
centage of hip fractures occurred indoors, followed by frac-
tures of the vertebra, proximal humerus, and distal radius.
Most patients were not taking anti-osteoporosis drugs
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before fractures of the hip or vertebra. We determined the
incidence of major osteoporotic fractures in 1 year in a
defined geographic area. Our data showed that 81% of hip
fracture patients also had a vertebral fracture and that the
average age at the time of injury was higher for hip fractures
than for vertebral fractures. Therefore, these results suggest
that vertebral fracture leads to hip fracture, indicating that
early fracture prevention and continuous prevention strate-
gies through positive treatment are of importance in osteo-
porotic elderly people.

Key words vertebral fracture - hip fracture - proximal
humerus fracture - distal radius fracture - incidence

Introduction

Osteoporotic fractures, and especially vertebral and hip
fractures, reduce quality of life (QOL) in elderly people
because of associated pain, malposture, movement disabil-
ity, and mental anxiety [1-4]. Knowledge of the descriptive
epidemiology of the incidence and outcome of these frac-
tures is important for prevention or reduction of such frac-
tures. The aim of this study was to identify the incidence of
fractures of the vertebra, hip, distal radius, and proximal
humerus over a certain period in a population in a defined
geographic area; Sado City, Niigata Prefecture, Japan.

Patients and methods
Study site

The study was carried out in Sado City, Japan. Sado City is
located on Sado Island, and the population of the city and
the island are equivalent. Sado Island is located in Niigata
Prefecture on the Sea of Japan, at latitude 37°47° N to
38°20° N and longitude 138°12’ E 10 138°34 E, situated north
of the main Japanese island of Honshu. Sado Island has an
area of 855 km’, and the population of the island was 70011
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(33418 males and 36593 females) as of June 30, 2004, of
which 23787 (9603 males and 14 184 females) (34%) were
65 years old and older, Tourism, fishing, and agriculture are
the chief industries, and access to the island is only possible
by sea or air. Immigration and emigration among the elderly
people of the island are extremely low.

Subjects

We examined the occurrences of osteoporotic fractures of
the vertebra, hip, distal radius, and proximal humerus on
Sado Island from January to December 2004. Almost all
patients with hip fractures visited one general hospital,
where all cases of this type are concentrated and surgery for
hip fractures is carried out. To obtain information on frac-
tures of the vertebra, distal radius, and proximal humerus,
we distributed questionnaires to four hospitals and five
doctors’ offices on the island, including the main orthope-
dics facility. Answers were obtained from three hospitals
and three doctors’ offices, comprising 94% of the number
of beds allocated for orthopedics cases. Fractures that
occurred in tourists were excluded from the data, and path-
ological fractures resulting from malignant tumor or other
bone metabolic diseases were also excluded.

Methods

All fractures were examined by X-ray. For vertebral frac-
tures, lateral spinal radiographs were examined and the
fractures were defined as wedge, biconcave, and compound
(Fig. 1) based on the dimensions of the vertebral body and
diagnostic criteria issued by the Ministry of Health and
Welfare and widely used in Japan [5,6]. It was not necessar-
ily easy to identify a new vertebral fracture, but patients
who visited the hospital for symptoms such as back pain for
the first time and were judged to have a vertebral fracture
by the orthopedic doctor based on X-ray and physical
examination were considered to be new fracture cases (an
incident of fracture: clinical fracture). Asymptomatic older
fractures (prevalent fracture) discovered accidentally by X-
ray were excluded from the data. The incidence, age, gender,
type of fracture (for hip fracture), right or left side (for
distal radius, proximal humerus, and hip fracture), place of
injury, cause of injury, outcome, hospitalization period, and
patient status regarding taking of anti-osteoporosis drugs
were checked for each fracture. The incidence rates were
calculated based on the whole population of Sado City.

Table 1. Number and incid of each fracture in Sado City in 2004

Incidence rates adjusted to the entire population of Japan
in 20035 were also calculated.

Statistical analysis

A chi-square test for goodness of fit was used to evaluate
the difference in numbers of right and left side fractures (for
distal radius and proximal humerus fractures). The analysis
was performed using Microsoft Excel for Windows.

Results
Vertebral fracture

There were 163 cases of vertebral fracture (45 males and
118 females), a male-to-female ratio of 1:2.6 (Table 1). The
overall incidence was 232.8 per 100000 population per year,
which was the highest incidence among the four kinds of
fractures. With adjustment for the Japanese population, the
incidence was 138.4. The average age at the time of injury
was 77.7 years old, with a range of 18 to 97 years old.

Hip fracture

There were 85 cases of hip fracture (20 males and 65
females), a male-to-female ratio of 1:3.3. The overall inci-
dence was 121.4 per 100000 population per year. Adjusted
for the Japanese population, the incidence was 69.8. The

39,

wedge: A/P<0.75
biconcave: C/A<0.8 or C/P<0.8 mp
compound: AVA and C'/C and P/P<08 [far e [l

NS

Fig. 1. Diagnostic crileria for vertebral fracture. (From [5, 6])

Site Number of fractures  Male-to-female  Mean age (years) Incidence Adjusted for Japanese
(male, female) ratio (per 100000 person-year)  population (2005)

Vertebra 163 (45, 118) 1:26 77.7 £ 11.8 (18-97) 2328 1384

Hip 85 (20, 65) 1:33 814 110 (42-104) 1214 69.8

Distal radius 76" (18, 57) 1:32 60.2 + 24.6 (B-91) 108.6 769

Proximal humerus 26 (3, 23) 1:7.7 75.7 £16.2 (15-92) 371 373

Total 350 (86, 263) 1:31 — 499.9 3224

*One patient of unknown gender
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