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Vitamin D Deficiency in Elderly Women in Nursing Homes:
Investigation with Consideration of Decreased Activation

Function from the Kidneys

Yasuhito Terabe, MD,” Atsushi Harada, MD, PhD," Haruhiko Tokuda, MD, PhD,? Hiroyasu
Okuizumi, MD, PhD,5 Masahiro Nagaya, MD, PhD,* and Hiroshi Shimokata, MD, PhD?¢

OBJECTIVES: To determine the approximate percentage
of women in nursing homes who have vitamin D defi-
ciency and to investigate whether, in assessing vitamin D
status in elderly women, there are problems with measur-
ing only 25 hydroxy-vitamin D3 (25(OH)D3) and whether
decreased vitamin D activation as a result of poor renal
function needs to be considered.

DESIGN: Cross-sectional study.

SETTING: Forty-eight nursing homes in Japan.
PARTICIPANTS: Four hundred three women with a
mean age of 86.5 living in nursing homes who had partici-
pated in a clinical trial for hip protectors and were not
bedridden.

MEASUREMENTS: At the start of the trial, in addition
to general biochemical data, 25(OH)D3, 1,25-dihydroxy-
vitamin D3 (1,25(OH),;D3), intact parathyroid hormone
(intact PTH), calcium (Ca), phosphorus (P), bone alkaline
phosphate (BAP), cross-linked N-telopeptide of type I
collagen (NTx), and osteocalcin were measured in partici-
pants’ blood, and statistical analysis was performed.
RESULTS: 25(OH)D3;, which is thought to reflect vitamin
D status in the body, was surveyed and found to have a
mean value of 16.7 ng/mL. 25(OH)D; was less than
16 ng/mL. in 49.1% of all participants. Creatinine
clearance (CCr) was less than 30 mL/min in 20.1% of par-
ticipants. Participants with serum 25(OH)D; less than
16 ng/mL and CCr less than 30 mL/min had significantly
higher levels of intact PTH and serum NTx. Participants
with a CCr less than 30 mL/min had significantly lower
levels of 1,25(0OH),Ds.
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CONCLUSION: Frail elderly adults living in nursing
homes with poor renal function had lower 1,25(0H),D;
and higher intact PTH levels and were thus thought to
have poorer vitamin D activating capacity. Supplementa-
tion with cholecalciferol may be insufficient in people who
have poor renal function. J] Am Geriatr Soc 60:251-255,
2012.
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he importance of vitamin D for bones has been indi-

cated in previous studies.’? Frail elderly adults with
limited ability to perform activities of daily living (ADL)
who enter a nursing home are at high risk for low vitamin
D as a result of poor nutrition and lack of sunlight. Vita-
min D deficiency is an important risk factor for osteoporo-
sis and fractures from falls in elderly adults.**® When
assessing serum 25 hydroxy-vitamin D3 (25(OH)D3) levels
to define vitamin D deficiency, many reports have adopted
a cutoff of 20 ng/mL.°® It has also been reported that
individuals with hip fracture or those with a history of falls
have low 25(OH)D; levels.”!° Secondary hyperparathy-
roidism from poor renal function in elderly adults must
also not be overlooked.' The group that is probably at the
highest risk of falls and fractures is elderly women living in
nursing homes who are not completely bedridden but have
a mobility level of at least being able to move about in a
wheelchair with assistance. The participants in this study
were such a group of people, who had previously partici-
pated in a fracture prevention trial using hip protectors.'?
Vitamin D levels, renal function, and the relationship
between the two were investigated in these women, and the
approximate percentage of these nursing home residents
who needed supplemental vitamin D was considered.
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METHODS

Participants were 403 women aged 70 and older (range:
70-103) who lived in 48 nursing homes from whom con-
sent was obtained for participation in a fracture prevention
trial using hip protectors.’® They had a mobility level of at
least being able to move about in a wheelchair with
assistance. A history of bilateral hip fracture was a condi-
tion for exclusion. Written informed consent was obtained
from all participants. The Ethics Committee of the
National Center for Geriatrics and Gerontology approved
the study. Blood was collected from participants as the 48
nursing homes in the southern part of central Japan were
visited in turn between January 2005 and May 2008. At
the start of the trial, in addition to general biochemical
data, 25(OH)D;, 1,25-dihydroxy-vitamin D3 (1,25
(OH),D3), intact parathyroid hormone (PTH), calcium
(Ca), phosphorus (P), bone alkaline phosphate (BAP),
cross-linked N-telopeptide of type I collagen (NTx), and
osteocalcin were measured using participants’ blood,
and statistical analysis was performed. 25(OH)D; was
measured using the radioimmunoassay double antibody
method. Frail elderly adults have little muscle, and even if
creatinine (Cr) is in the normal range, it cannot be con-
cluded that renal function is normal. For a simpler assess-
ment of renal function, we estimated Cr clearance (CCr)
with adjustments for age and body weight using the widely
adopted Cockeroft-Gault formula.™

Statistical Analyses

SPSS (version 17.0, SPSS, Inc., Chicago, IL) was used in
the statistical analysis. Adjustment was made for age as a
control variable in partial correlation. Two-tailed signifi-
cance probability <.05 was taken to be significant. The
Student t-test was used to test for differences between the
mean values of the two groups, with P < .05 taken to indi-
cate significance. The Bonferroni test was used to compare
the mean values in the groups, using a general linear
model adjusted for age. P < .05 was taken to indicate a
significant difference.

RESULTS

Participants were aged 70 were to 103 (mean 86.5). Mean
25(OH)D; level, which is an indicator of vitamin D level,
was low (16.7 ng/mL). The mean values for the following
tests were: 1,25(OH),D3, 44.4 £ 17.5 pg/mL; intact PTH,
57.4 £ 38.7 pg/mL; BAP, 32.4 + 13.2 U/L; osteocalcin,
7.8 + 3.8 ng/mL; and NTx, 17.6 + 9.7 nmol bone collagen
equivalent/L. The percentile distribution in the 25(OH)D;
distribution is shown in Figure 1. When 25(OH)D; con-
centration of less than 20 ng/mL was taken to indicate
vitamin D deficiency, 78.1% of participants were found to
be vitamin D deficient.

To further investigate 25(OH)Ds3, the partial correla-
tion was first examined adjusted for age. There were
significant positive correlations between 25(OH)D; and
1,25(OH),D;  (correlation  coefficient  (r) = 0.149,
P =.003), albumin (r = 0.185, P < .001), total cholesterol
(r=0.165, P =.001), blood urea nitrogen (r=0.116,
P=.02), Ca (r=0.153, P=.002), and P (r=0.100,
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Figure 1. Percentile distribution of serum 25 hydroxy-vitamin
D3 (25(OH)D3) concentrations. 25(OH)D3 level was < 20 ng/
mL in 78.1% and < 16 ng/mL in approximately half.

P = .04). Significant negative correlations were shown with
serum NTx (r=-0.153, P=.002) and intact PTH
(r=—-0.178, P <.001). It was then decided to further
investigate intact PTH, which had shown a high correla-
tion. Mean intact PTH levels in the group with a serum 25
(OH)D3 concentration less than 12.0 ng/mL, 12.0 to
15.9 ng/mL, and 16.0 ng/mL or higher were 72.3 pg/mL,
60.4 pg/mL, and 51.1 pg/mL, respectively. Mean intact
PTH level was significantly higher in participants with a
serum 25(OH)D; concentration less than 12.0 ng/mL
(P <.001) and 12.0 to 15.9 ng/mL (P = .02) than in those
with a concentration of 16.0 ng/mL or higher. Participants
younger than 85 were then compared with those aged 85
and older to determine whether the various data differed
depending on age (Table 1). Significant differences were
seen in 25(OH)D3, 1,25(0H),D3, and intact PTH. Because
1,25(0OH),D3, a form of activated vitamin D, also
decreases with age, it was decided to investigate 1,25
(OH),Ds. First, in the age-adjusted partial correlation,
1,25(0H),D; showed the strongest negative correlation
with Cr (r = —0.323, P < .001). This finding suggests that
renal function strongly affects 1,25(OH),D3. The relation-
ship between 1,25(OH),D; concentration and estimated
CCr is shown in Table 2. 1,25(OH),D3 concentration was
significantly lower in participants with CCr less than
30 mL/min. Similarly, intact PTH concentration was sig-
nificantly higher in participants with CCr less than 30 mL/
min, in whom 1,25(0OH),D; concéentration was signifi-
cantly lower (Table 2). A tendency was seen for 25(OH)
D; levels to be higher with lower CCr, and a significant
difference was seen between groups with CCr of less than
30 and 45 mL/min or greater (P <.05, general linear
model Bonferroni test). To improve understanding of how
participants were distributed according to 25(OH)Dj3 con-
centration and CCr value, they were divided into four
groups with 25(OH)Dj3 concentrations of less than 16 and
16 ng/mL and greater and CCr of less than 30 and 30 mL/
min and greater. Concentrations of 1,25(OH),D3, intact
PTH, and serum NTx of the groups were then compared
(Table 3). Of 198 participants with 25(OH)D3 concentra-
tions of less than 16 ng/mL, 36 (18.4%) had poor renal
function (CCr < 30 mL/min), and of 205 participants with
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Table 1. Comparison of Mean Data Values According to Age

Mean + Standard Deviation

Characteristic Normal Range <85 (n = 139) >85 (n = 264) P-Value
41 ifaﬁsf} T
207144U 200;&33

Total kcholesterol mg/dL

B3za7

2076 = 36.0

Blood urea nitrogen, mg/dL. . 820 7B485
Creatmme mg/dL 0.66 + 0.3

 clearance (Cockcroft-Gault formula), mb/min ~ — . B524186 389 £12. 7
Glomerular filtration rate (modified diet in renal e 73.9 £ 25.0 65.4 + 221
disease formula), mL/min
Calcium, mg/dl. = 871041 - 88=x04 - BBAOS5 o050
Phosphorus, mg/dL B 2545 36+04 3605 21
Aspartate aminotransferase, UL . 1040 e2Eer . ST ERD o iags
Alanine aminotransferase, U/L 5-45 13.2+75 115 +6.0 .02

Table 2. Comparison of 1,25-Dihydroxy-Vitamin D;
(1,25(OH),D3), Intact Parathyroid Hormone (PTH),
and 25 Hydroxy-Vitamin D3 (25(OH)D;) Concentra-
tions According to Creatinine Clearance (CCr)

Mean (Standard Error)

Table 3. Comparison of 1,25-Dihydroxy-Vitamin D;
(1,25(OH),D3), Intact Parathyroid Hormone (PTH),
and Cross-Linked N-Telopeptide of Type I Collagen
(NTx) Concentrations According to Creatinine Clear-
ance (CCr) and 25 Hydroxy-Vitamin D3 (25(OH)Ds)
Concentration

1,25(0H)2Dj,
pg/mL

Intact PTH,
pg/mL

25 Hydroxy-Vitamin

CCr, mL/min D3, ng/mL

" P < .05, general linear model Bonferroni test.

25(0OH)D3 concentrations of 16 ng/ml and higher, 45
(22.0%) had poor renal function. These percentages were
approximately the same, but concentrations of intact PTH
and NTx were significantly higher in the group with 25
(OH)D3 of less than 16 ng/mL and CCr of less than
30 mL/min. In addition, in the group with CCr of less
than 30 mL/min, 1,25(0OH),D; concentration was signifi-
cantly lower than in the group with CCr of 30 mL/min
and higher, regardless of 25(OH)D3 concentration.

DISCUSSION

Table 4 summarizes the reports on 25(OH)D5 concentra-
tion in elderly cohorts.’**% A comparison of reports in
which participants were living in institutions and reports
in which participants were living independently revealed
lower levels of 25(OH)Ds in residents of institutions, who
are thought to have greater difficulty with activities of

Mean (Standard Error)

25(0OH)D3, ng/mL

CCr, mL/min <16 >16

<30

29.0 (2. 7) %3 (2 5
1048 (6.1)* 60.7 (5.4)
18.9 (14)

125(0H) Dg) pg/mL -

.

452(1.2) )
: mL SOSEAIRB) AR o0y
NTx, nmolBCE/L 17.1(0.7) 15.3 (0.7)

1,25(0H);D3 levels were significantly lower in participants with CCr
lower than 30 mL/min than those with CCr of 30 mL/min and higher.
Mean intact PTH and NTx concentrations in participants with CCr lower
than 30 mL/min and 25(OH)D; of less than 16 ng/mL were significantly
higher than in the other participants.

" P < .05, general linear Bonferroni test.

daily living. Experts have proposed that 25(HO)D; con-
centrations of 20 to 32 ng/mL, or roughly 30 ng/mL, are
the mlmmum necessary concentration to prevent frac-
tures.”! A recent meta-analysis also reported that concen-
trations of 75 to 100 nmol/L balanced the benefits and
risks of the health of elderly people.”” Many studies take
PTH to be an 1nd1cator of the cutoff value for 25(0H)D;
concentration.®® When PTH is taken as an indicator, a 25
(OH)D3 concentration of 20 ng/mL is taken as the cutoff

— 291 —



Table 4. Past Reports of 25 Hydroxy-Vitamin D3 (25
(OH)D3) Levels in Elderly Cohorts

25(0H)D,,
Age, ng/mlL.,
Study Participants n Mean Mean References
Nursing home (Japan) 133 846 119 '
Nursing home or 116 81 12.6 15
housebound
(United States) -
Nursing home (this 425 864 168 P
study, Japan) . 0
Nursing home 35 74 17.4 16
(United States)
Independent women 186 73 16§ 7
{Camada) . o o o
Independent women 440 80 17.0 18
(France)
Community-dwelling 2,007 754 242 ns
elderly women (Japan) - ' S
Independent women 500 71 29.6 20

(United States)

in many reports.°® In the participants in this study,
78.1% had 25(OH)D; levels less than 20 ng/mL. Another
study reported that 25(OH)D3 of 20 ng/mL and greater is
needed when intact PTH is taken as the indicator and that
28 ng/mL and greater is needed when bone density in the
femoral neck is taken as the indicator.® From the present
results, the cutoff value for 25(OH)Dj3 as an indicator of
intact PTH was thought to be 16 ng/mL; 49.1% of partici-
pants had 25(OH)D3 of less than 16 ng/mL (Figure 1). In
general, people with poor renal function have lower levels
of 1,25(OH),D3, an activated form of vitamin D, as a
result of poor vitamin D activating capacity. Moreover,
secondary hyperparathyroidism from poor renal function
is not unusual in elderly people.’® In the present results as
well, there was a strong negative correlation between 1,25
(OH),D3 and CCr (r = —0.323, P < .001), which suggests
that renal function strongly affects 1,25(OH),Ds3. As
shown in Table 2, intact PTH levels were significantly
higher and 1,25(OH),Dj significantly lower with a CCr of
less than 30 mL/min. From this it can be conjectured that
vitamin D activation in the kidneys may decrease in cases
of secondary hyperparathyroidism from poor renal func-
tion. In addition, as shown in Table 3, the percentage of
people with poor renal function (CCr < 30 mL/min) was
nearly the same in participants with 25(OH)D; levels
greater and less than 16 ng/mL. Women with such vitamin
D activating capacity made up 20.1% of all participants,
although according to guidelines published in the United
States in 2003%* for bone metabolism disorders in individ-
uals with chronic kidney disease, if PTH is measured and
found to be high in people undergoing dialysis and those
with chronic renal failure with less than 60% renal
function, it is recommended that serum 25(OH)Dj3 be
measured and vitamin D, be administered if it is less than
30 ng/mL. Considering these guidelines, a greater number
of people would probably be judged to have poor renal
function, although there are limitations to this investiga-
tion. All CCr values were derived through calculation, not
from actual measurements of CCr or glomerular filtration

rate (GFR). Cystatin C was not measured either. The
Cockeroft-Gault formula was first used to calculate CCr,
but the Modification of Diet in Renal Disease (MDRD)
formula?* was also used to investigate CCr. The correla-
tion between CCr calculated using the Cockeroft-Gault
formula and GFR calculated using the MDRD formula
was high (» = 0.769, P <.001). Moreover, in the group
with GFR of less than 50 mL/min (n = 84, 20.8%), a sig-
nificant difference, similar to that in the results obtained
with the Cockcroft-Gaults formula, was seen. Thus,
although CCr obtained from calculations is not ideal, it
seems to be reliable. In addition, intact PTH level may be
a useful indicator in establishing a cutoff value for 25(OH)
D; in frail elderly adults such as the present participants.
Moreover, because plainly higher intact PTH levels were
shown in participants with poor vitamin D activation in
the kidneys, intact PTH may have an important role in
considering vitamin D supplementation in frail elderly
adults. Many experts recommend vitamin D supplementa-
tion with cholecalciferol when 25(OH)D;3 level drops
below 30 to 32 ng/mL. A recent Institute of Medicine
report”® recommends supplementation when 25(OH)Dj is
less than 20 ng/mL, but it does not specifically address
frail elderly adults. Vitamin D is not activated efficiently
even with cholecalciferol supplementation in frail elderly
adults, such as the present participants, who seem to have
poor activation of vitamin D. Theoretically, therefore, it
would seem that supplementation with a form of activated
vitamin D such as paricalcitol or alfacalcidol may be bene-
ficial in the case of frail elderly adults with poor renal
function.

CONCLUSION

In this study, 25(OH)D3 levels were found to be low in
women living in nursing homes who were at least able to
move about in a wheelchair with assistance. Approxi-
mately 50% to 80% of participants were thought to be
vitamin D deficient, although this depends somewhat on
the cutoff value used for 25(OH)D3. In addition, approxi-
mately 20% of all participants were thought to have
decreased vitamin D activating capacity in the kidneys.
Such poor vitamin D activation capacity in the kidneys
was present in a similar 20% of people whose 25{OH)D;
level was above the cutoff level (16 ng/mL). An unexpect-
edly large number of women in nursing homes thus had
poor vitamin D activation secondary to poor renal func-
tion. For vitamin D supplementation, therefore, it may be
necessary to make a comprehensive judgment with mea-
surements of intact PTH and CCr or GFR and 1,25
(OH),D; rather than cholecalciferol supplementation
based simply on 25(OH); level.
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Abstract

Background Serum 25-hydroxyvitamin D (25(OH)D) is
used as an index that reflects the level of vitamin D. We
have previously reported, on the basis of a study in Sado in
Niigata, that patients with hip fracture have lower serum
25(0OH)D levels than non-hip-fracture cases. In this study,
the serum 25(0OH)D status in hip-fracture cases was
examined in four regions in Japan. Although most hip-
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fracture patients have experienced past spine-compression
fractures, the relationship of these fractures and 25(OH)D
is unknown. Therefore, we also examined the 25(OH)D
level in spine-compression fracture patients in the same
locations and time periods.

Methods The levels of 25(OH)D, intact parathyroid hor-
mone (intact PTH), undercarboxylated osteocalcin (ucOC),
urine N-terminal crosslinking telopeptide of type I collagen
(NTX), and bone mineral density were examined in
patients with hip and spine fracture due to osteoporosis in
several regions in Japan.

Results  There were no significant differences in age,
BMLI, serum 25(0OH)D, serum intact PTH, and serum ucOC
among the regions. Levels of serum 25(0OH)D were low in
patients with hip fracture and spine fracture. The average
serum 25(0OH)D level was significantly lower in hip-frac-
ture patients than in spine-fracture patients (16.3 vs.
18.1 ng/mL, P < 0.05). High serum ucOC was found in
37% of hip-fracture patients and 44% of spine-fracture

patients.
Conclusions Both hip and spine-fracture patients have

vitamin D insufficiency, with similar results found in
elderly patients in four areas of Japan. The severity of this
condition tends to be more serious in hip-fracture patients
than in spine-fracture patients.

Introduction

Osteoporosis causes fractures, serious physical and mental
damage, and decreased activities of daily living (ADL) and
quality of life (QOL). Hip fractures and vertebral com-
pression fractures are especially common in elderly people
[1, 2], and the negative effects of these fractures on ADL
and QOL emphasize the need to determine the associated
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Table 1 Number of patients in the study

Hip fracture

Spine fracture

Sado Aichi Tottori Kumamoto Total Sado Aichi Tottori Kuniamoto Total
Male 14 11 12 15 4 6 2 0 12
Female 52 37 26 58 27 14 11 0 52
Total 66 48 38 73 31 20 13 0 64

risks and causes and to establish preventive measures. A
relationship between serum vitamin D (25(OH)D; 25-hy-
droxyvitamin D) level and hip fracture has been estab-
lished. Overseas [3, 4] and domestic reports, including an
epidemiologic survey in Sado City in Niigata Prefecture in
2004 [5], have shown that 25(OH)D is significantly lower
in hip-fracture patients than in controls. Furthermore, half
of Japanese women aged >65 years old also have insuffi-
cient levels of serum 25(OH)D [6, 7], and this may be a
major risk factor for hip fracture.

Epidemiologic surveys suggest that the incidence of hip
fracture is lower in Japan than in Europe and the United
States [8-10], and there are also regional differences in
Japan. Furthermore, because most hip-fracture patients
(81.8%) have past vertebral compression fracture on X-ray
[5], the relationship of compression fracture and serum
25(OH)D is of concern. In this study, the relationship
between serum 25(OH)D and hip fracture was examined
from a perspective of regional differences in Japan. We
also aimed to clarify the relationship between spine frac-
ture and serum vitamin D level, and to examine the
vitamin K status of patients with hip fracture or spine
fracture.

Patients and methods
Study site

A survey of patients treated for hip fracture and spine-
compression fracture was performed in one or two hospi-
tals in several areas of Japan: Niigata (Sado), Aichi,
Tottori, and Kumamoto prefectures.

Subjects

The subjects were inpatients and outpatients aged
>65 years old with fresh hip and spine-compression frac-
ture treated from April 1, 2007 to March 31, 2008. All
patients gave consent to the study. For compression frac-
ture, it was not always easy to identify a new fracture.
However, patients who visited the hospital for symptoms
such as back pain and were judged, on the basis of X-ray
and physical examination by an orthopedic doctor, to have

a fresh vertebral fracture were considered as a case of new
fracture (an incident of fracture: clinical fracture).

There were 102, 81, 57, and 90 subjects from Sado,
Aichi, Tottori, and Kumamoto, respectively. Of these 330
patients, 16 with a tumor, osteomalacia, bone fracture due
to systemic diseases, hyperthyroidism, hyperparathyroid-
ism, renal failure, or dialysis were excluded. This left 314
patients (66 males, 247 females, | unknown) for whom
data were collected. Of these patients, data were analyzed
for 289 (225 cases of hip fracture and 64 of spine fracture;
Table 1) after exclusion of patients who had taken drugs
such as active vitamin D, vitamin K, and bisphosphonate,
and one patient of unknown sex.

There were more patients with hip fracture than with
spine-compression fracture in this study. Epidemiologi-
cally, there were more patients with spine fracture than hip
fracture, but those with spine fracture were mainly outpa-
tients. This reduced the number of cases of spine fracture in
the analysis, and there was no selective exclusion of spine-
fracture patients in the study.

Measurements

Data were collected for body height and weight (body mass
index, BMI), serum 25(OH)D, serum intact PTH (intact
parathyroid hormone), urine NTX (N-terminal crosslinking
telopeptide of type I collagen), serum undercarboxylated
osteocalein (ucOC), bone mineral density (BMD) in the
hip, and history of fractures of other bones, including the
spine, hip, distal radius, and proximal humerus. Blood
samples for biochemical assays were collected within
1 week after fracture. The exact date of spine fracture was
often uncertain, but most data were collected within
I week after the first medical examination.

The serum 25(OH)D level was measured by enzyme-
linked immunosorbent assay (ELISA) assay using a kit
supplied by DiaSorin (Stillwater, MN, USA). A serum
25(OH)D level of at least 15-20 ng/mL is needed to
optimize PTH levels, on the basis of several reports. Hollis
et al. [11] found that the normal range of 25(0H) D was
32-100 ng/mL. and that a concentration of <10 ng/mL
indicated a vitamin D-deficient state. Other studies per-
formed in the USA and Australia [12, 13] show that a
serum 25(0OH) D level of at least 15-20 ng/mL is needed to
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achieve an optimum PTH level, and therefore we defined a
25(0H) D level of <20 ng/mL as vitamin D insufficiency.

Serum-intact PTH was measured by means of an elec-
trochemiluminescence immunoassay (ECLIA) (Roche
Diagnostics, Basel, Switzerland), in which intact PTH
molecules are detected; the normal range is 10-65 pg/mL
[14, 15]. We note that Segersten et al. [16] 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/
mlL, and we also chose 65 pg/mL as the upper limit of the
normal range for intact PTH.

The urine NTX assay was performed using an Osteomark
NTX ELISA kit (Inverness Medical Professional Diagnos-
tics, Princeton, NJ, USA). Serum ucOC was measured by
ECLIA (Sanko Junyaku, Tokyo, Japan). A high level of
serum ucOC is a reported risk factor for hip fracture [17,
18]. In patients with vitamin K insufficiency, osteocalcin
(OC) (a basic bone protein produced by osteoblasts) is
released into blood as ucOC, which has a glutamic acid
(Glu) residue that is not converted to a y-carboxyl gluta-
mate. This reduces OC incorporation into bone. The cutoff
ralue for serum ucOC is 4.5 ng/mL [19, 20].

BMD of the hip was measured by dual-energy X-ray
absorptiometry (DXA) (in Sado: Hologic 4500A, Bedford,
MA, USA; in Aichi: DPX-NT; GE Medical Systems Lunar,
Madison, WI, USA: in Kumamoto: Hologic Delphi,
Bedford, MA, USA). In hip-fracture cases, BMD was
measured in the hip on the opposite side to the fractured hip.
Data for past fractures of the hip, spine, distal radius, and
proximal humerus were determined by interview or X-ray.

Statistical analysis

Comparison between two groups was performed using a
non-paired ¢ test for parametric variables and a Mann-
Whitney U test for non-parametric variables. Comparison
among multiple groups was performed using ANOVA,
followed by a Tukey test for parametric variables and a
Kruskal-Wallis test for non-parametric variables. Analysis
was performed using Microsoft Excel 2007 and Ekuseru
Toukei 2008 for Windows.

Ethical considerations

The study plan was approved by the Japanese Orthopedics
Association Ethical Review Board. The study was explained
in writing to the patients and informed consent was obtained.

Results

Data were collected for 66 cases of hip fracture (52 females
and 14 males) and 31 of spine-compression fracture
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(27 females and 4 males) in Sado City, Niigata (an island
city) (Table 1); for 48 cases of hip fracture (37 females, 11
males) and 20 of spine fracture (14 females and 6 males) in
Aichi Prefecture (National Center for Geriatrics and Ger-
ontology); for 38 cases of hip fracture (26 females and 12
males) and 13 of spine fracture (11 females and 2 males) in
Tottori Prefecture (including patients in three hospitals);
and for 73 cases of hip fracture (58 females and 15 males)
and 0 of spine fracture in Kumamoto Prefecture (Tamana
Central Hospital).

Data in the four regions

The average values of variables in each region are shown in
Table 2. The average age at the time of injury ranged from
82 to 84 years old for hip-fracture cases, with no significant
differences among the regions. For BMI in hip-fracture
patients also there were no significant differences among
regions. The order of BMI in spine fracture was Tottori >
Sado > Aichi, with no significant differences among
regions. The average levels of serum 25(OH)D (<17 ng/mL)
in hip-fracture patients were low in all four areas. These
values were especially low in Sado and Aichi, but there
were no significant differences among the regions. The
mean serum 25(OH)D level was 17-19 ng/mL in spine-
fracture cases, and was lowest in Sado, but again with no
significant regional differences.

The average serum intact PTH level (>45 pg/mL) in
hip-fracture patients was comparatively high in all four
areas, with no significant regional differences. This level
ranged from 40 to 47 pg/mL in spine-fracture patients, and
there were also no significant differences among the areas.

In patients with hip fracture, urine NTX was signifi-
cantly higher in Aichi and Sado than in Kumamoto
(P <0.01 and P < 0.05, respectively). There were no
significant differences in urine NTX in spine-fracture
patients among the regions.

Data for serum ucOC were collected from Sado, Tottori,
and Kumamoto, and showed no significant differences
among these areas. BMD analysis was performed in Sado,
Aichi, and Kumamoto. Because radial and spine BMD
were measured in Tottori, we excluded these data from the
analysis. BMD in hip-fracture patients in Sado was sig-
nificantly lower than that in Aichi (P < 0.001). There were
no significant differences in BMD in spine-fracture patients
among the regions.

Comparison of hip and spine fracture

A comparison of variables in hip and spine-fracture cases is
shown in Table 3. The average age over all regions was
significantly higher for hip fracture than for spine fracture
(83.0 vs. 80.1 years old, P < 0.01). BMI showed no
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Table 2

Average values of variables for cases of hip and spine fracture in each region (mean + SD)

Variables/ Serum Serum Urine Serum
Regions Age BMI 25(0H)D intact PTH NTX-cre ucOC BMD
(years old) (kg/m2) (ng/mL) (pg/mL) (nmol BCE/Mmmol Cr)  (ng/mL) (g/em2)
Sado 84.3+7.83 20.1+£3.34 16.0£5.61 §55.0£53.6 98.6+52.5 448+449  0.465x0.164 ]*
*
Hip fracture  Aichi 82.2+9.38 19.6+4.01 15.5+4.88 46.8£19.04 107.6:63.8 - 0.585+0.144
(n=225) Tottori §3.2+8.07 21.2x3.64 17.1%£5.41 46.3+£23.6 84.0+46.2 ¢k 4.57+3.34 -
Kumamoto  82.3%11.3 20.243.05 16.9%+4.48 59.7£31.5 7378425 TT—J 4612450 0.535+0.140
Sado 79.626.67 21.8+5.56 17.5£6.00 47.3%18.1 76.8446.8 6.61+5.59  0.522+0.164
Spine fracture Aichi 81.7£5.85 20.3£6.04 19.2+£5.05 41.9£22.1 92.8+44 4 - 0.590£0.203
(n=64) Tottori 79.2£5.85 22.4+2.49 17.7%£5.5 43.7£17.0 67.7426.2 5.18+2.83 -
Kumamoto - - - - - _
*P <008, ¥ P <001
Taple 3 Average vz?iug s of Variables Hip fracture Spine fracture P value
variables for cases of hip and
spine fracture Age (vears old) 83.0 & 9.51 80.1 + 6.26 P <001
BMI (kg/m®) 20.5 + 3.49 214 £ 5.15 ns.
Serum 25-OHD (ng/mL.) 163 & 5.13 18.1 = 5.59 P <0.05
Serum intact PTH (pg/nL.) 533 £ 368 449 £ 19.1 1.s.
Urine NTX (nmol BCE/nmol Cr) 89.9 + 533 80.5 + 42.9 n.§.
Serum ucOC (ng/ml.) 4.55 4+ 4.25 6.18 £ 4.95 P < 0.01
BMD (g/em?) 0.521 £ 0.163 0.616 £ 0.136 P < 0.0]

significant difference between hip and spine cases, but the
average BMI in spine-fracture patients tended to be higher
than that in hip-fracture patients. The average 25(OH)D
level in hip-fracture patients was significantly lower than
that in spine-fracture patients (16.3 wvs. 18.1 ng/mL,
P < 0.05). There were no significant differences in intact
PTH between hip and spine-fracture cases, but the average
intact PTH in hip-fracture patients tended to be higher than
that in spine-fracture patients.

Urine NTX was elevated in both fracture types, with no
significant difference between the two types, The average
serum ucOC level was significantly lower in patients with
hip fracture than in those with spine fracture (4.55 vs.
6.18 ng/mL, P < 0.01). BMD was low for both types of
fracture, and mean BMD for all hip-fracture cases was
significantly lower than that for all spine-fracture cases
(0.521 vs. 0.616 mg/em?, P < 0.001).

The percentages of patients with 25(OH)D <20 ng/mL
were 79.0% for hip-fracture cases and 66.7% for spine-

fracture cases (Fig. 1). Data for ucOC were available for
Sado, Tottori, and Kumamoto. In these regions, the per-
centages of patients with ucOC > 4.5 ng/mL were 36.2% in
hip-fracture cases and 50.0% in spine-fracture cases (Fig. 2).

Past fractures

For evaluation of past fracture, asymptomatic spine-com-
pression fracture was evaluated on the basis of X-ray only in
Sado. This analysis showed that 83.3% of hip-fracture
patients had past fracture. These data in other areas were
obtained by interview, and indicated that 16.7-20.5% of
hip-fracture patients had past fractures (Table 4). The per-
centage of patients with past fracture among spine-fracture
patients ranged from 12.9 10 25.0%. Past spine-compression
fracture was most common in both hip and spine-fracture
patients. Because the data range was wide and there was a
large difference between the fractures counted by interview
and those assessed by X-ray, including asymptomatic
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hip fracture patients spine fracture patients

25{0H)D 25{QH)D
Z20ng/ 220ng/
miL mL
21.0% 33.3%
25{0H)D< ~.25(0H)D<
- 20ng/mtL 20ng/mL
79.0% 66.7%

Fig. 1 Percentages of patients with hip or spine fracture with high
and low serum 25-OHD levels. The percentages of patients with
25(0H)D < 20 ng/mL were 79.0% in hip-fracture cases and 66.7% in
spine-fracture cases

hip fracture patients spine fracture patients

ucOCZ4, ucoCE4.
Sng/ml.___ Sng/mlL
36.2% 50.0%
. uc0C<4.5
ng/mt
Luc0C<4.5 50.0%
ng/mL
63.8%

Fig. 2 Percentages of patients with hip or spine fracture with high
and low serum ucOC levels. The percentages of patients with
ucOC > 4.5 ng/mL were 36.2% in hip-fracture cases and 50.0% in
spine-fracture cases

Table 4 Numbers of patients who had past fracture

Area Patients with hip fracture  Patients with spine fracture
N (%) N (%)

Sado 55" (83.3) 4(12.9)

Aichi 8 (16.7) 5(25.0)

Tottori 7 (18.4) 3214

Kumamoto 15 (20.5) -

N, number of patients who had past fractures (spine, hip, distal radius,
and proximal humerus)

“ Asymptomatic past spine-compression fracture was assessed by
X-ray in Sado. Other data were obtained by interview

compression fracture, we concluded that accurate infor-
mation on past fractures cannot be obtained by interview.

Discussion
Serum 25 (OH)D and ucOC status

The serum 25(OH)D was low in both hip and spine-fracture
patients in all four areas (<20 ng/mL). Intact PTH was
slightly elevated in both fracture types and all areas. Low
25(0OH)D (vitamin D insufficiency) leads to a high level of
intact PTH, indicating slight secondary hyperparathyroidism,

Serum 25(OH)D differences caused by changes in
daylight hours at different latitudes are thought to affect the
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incidence of hip fracture, but this study showed no marked
regional differences for either fracture type. However,
because data from Northern Japan were not included in this
study, it is unclear whether there is any regional difference
in an area of higher latitude than Sado.

Fewer fermented soybeans (Natto) are consumed in
Western Japan than in the Eastern part of the country [21],
and ucOC levels can be viewed in this context. However,
there were no significant regional differences in these
levels in this study.

Comparison of hip and spine fracture

We also examined differences between hip and spine
fractures. The average age at the time of injury was
2.4 years older for hip-fracture cases than for spine-frac-
ture cases (P < 0.01). Because approximately 80% of
patients with hip fracture also have spine fracture [5], this
suggests a chain of events of vitamin D insufficiency -
bone absorption acceleration — spine fracture — hip
fracture.

The 25(0OH)D level was lower (P < 0.05) and intact
PTH tended to be higher (N.S.) in hip-fracture patients than
in spine-fracture patients (Table 3). Low 25(OH)D was
more common in hip fracture, and almost two-thirds of
spine-fracture patients also had low 25(OH)D (Fig. 1).
These results indicate that vitamin D insufficiency and
resulting  slight hyperparathyroidism were present in
patients with both kinds of fracture. These conditions were
more severe in hip-fracture patients, which is consistent
with the chain of events described above.

The ucOC level was higher in spine fracture than in hip
fracture (P < 0.01) (Table 3). High ucOC was found in
half of the spine-fracture patients, but only one-third of the
hip-fracture patients (Fig. 2). That is, vitamin K deficiency
was more serious in spine-fracture patients than in hip-
fracture patients. However, other factors tended to be more
severe in hip-fracture patients. This contradictory result
might be because of a change in the serum ucOC level in
the period after fracture and before measurement. Blood
samples may not always have been collected within 1 week
after fracture in spine-fracture cases, because it was not
always clear when the {racture had occurred. Therefore, we
cannot exclude the possibility of a change in the serum
ucOC level in the period after fracture.

Tsugawa et al. [22] reported that the incidence of ver-
tebral fracture in patients with a low plasma phylloquinone
(K,) conceniration was significantly higher than that in
those with a high K; level. However, the ucOC level has
not been compared between cases of hip and spine fracture,
and clarification of this issue requires further study.

This study was performed in several areas across Japan.
The results indicated that differences between hip and
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spine fracture were more significant than regional differ-
ences. We note that our data do not cover the entire country
and further studies of regional differences are required.
However, there are few spine-fracture cases in some
regions and values for BMD and ucOC are not available in
some areas, which may prevent complete analysis. Within
this limitation, our results show that both hip and spine-
fracture patients have vitamin D insufficiency, which is a
risk factor for fracture, based on measurement of serum
25(OH)D and other factors in elderly patients in four areas
of Japan. The severity of this condition was more serious in
hip-fracture patients.
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