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ABSTRACT

Background: Vitamin K deficiency is associated with low bone
mineral density and increased risk of bone fracture. Phylloquinone
(K,) and menaquinone 4 (MK-4) and 7 (MK-7) are generally ob-
served in human plasma; however, data are limited on their circu-
lating concentrations and their associations with bone metabolism or
with y-carboxylation of the osteocalcin molecule.

Objectives: The objectives were to measure the circulating concen-
trations of K, MK-4, and MK-7 in women and to ascertain whether
each form of vitamin K is significantly associated with bone metab-
olism.

Design: Plasma concentrations of K, MK-4, MK-7, undercarboxy-
lated osteocalcin (ucOC; measured by using the new electrochemi-
luminescence immunoassay), intact osteocalcin (i0C), calcium, and
phosphorus; bone-derived alkaline phosphatase activity; and con-
centrations of urinary creatinine, N-terminal telopeptide, and deoxy-
pyridinoline were measured in healthy women (n = 396).
Results: On average, MK-7 and MK-4 were the highest and lowest,
respectively, of the 3 vitamers in all age groups. K, and MK-7
correlated inversely with ucOC, but associations between nutritional
basal concentration of MK-4 and ucOC were not observed. Multiple
regression analysis indicated that not only K, and MK-7 concentra-
tions but also age were independently correlated with ucOC concen-
tration and the ratio of ucOC to iOC. The plasma K, or MK-7
concentration required to minimize the ucOC concentration was
highest in the group aged =70y, and it decreased progressively for
each of the younger age groups.

Conclusions: The definite role of ucOC remains unclear. However,
if submaximal y-carboxylation is related to the prevention of frac-
ture or bone mineral loss, circulating vitamin K concentrations in
elderly people should be kept higher than those in young
people. Am J Clin Nutr 2006;83:380-6.

KEY WORDS Phylloquinone, menaquinone 4, menaquinone
7, vitamin K, plasma concentrations, osteocalcin, bone turnover
makers, healthy elderly women

INTRODUCTION

Vitamin K is a cofactor for the enzyme responsible for the
conversion of specific glutamyl residues to y-carboxyglutamyl
residues in a limited number of blood coagulation factors (1) and
bone-related proteins (2, 3). Vitamin K is thought to maintain
bone strength via the y-carboxylation of osteocalcin (4) and to
suppress arterial calcification via y-carboxylation of matrix glu-
tamic acid residues of protein (5). In vitamin K insufficiency or

deficiency, a small amount of undercarboxylated osteocalcin
(ucOCQ) is released from the osteoblast into the circulation. Thus,
the serum concentration of ucOC has been considered a sensitive
marker of vitamin K status in bone (6, 7). High concentrations of
circulating ucOC have been associated with low bone mineral
density (8, 9) and a greater risk of hip fracture evening those
subjects without any abnormalities in the blood coagulation sys-
tem (10, 11).

Vitamin K naturally exists in 2 forms, namely phylloquinone
(K,) and a group called vitamin K,, also called menaquinones. K,
is widely distributed in green and leafy vegetables, whereas
menaquinones exist preferentially in meats [menaquinone
(MK)-4], eggs (MK-4), curd (MK-7), cheese (MK-7), and fer-
mented soybeans (MK-7). The predominant dietary and circu-
lating form of vitamin K for people in the United States, Europe,
and most other parts of the world is K, (12, 13). However, the
other major component of dietary vitamin K for the Japanese,
especially those living in eastern Japan, is MK-7, which is mainly
derived from soybeans fermented by Bacillus natto (referred to
as natto). The small amount of available data on circulating
vitamin K concentrations of healthy women has limited precise
examination of the relation between vitamin K status and bone
health. In the current study, using our new liquid chromatog-
raphy—atmospheric pressure chemical ionization—tandem mass—
mass spectrometry (LC-APCI-MS/MS) method for the measure-
ment of K,, MK-4, and MK-7, we investigated the relations
between the plasma concentrations of K;, MK-4, or MK-7, as
biochemical measures of vitamin K status, and bone turnover
markers, including ucOC, in women stratified by age. As far as
we know, there are no previous studies including the precise
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measurement of plasma MK concentrations and the detailed
analyses of their associations with bone turnover markers and the
status of +y-carboxylation of the osteocalcin molecule in pre-
menopausal or postmenopausal healthy women. The objectives
of the current study were to examine the associations between the
biochemical measures of vitamin K status and bone metabolic
markers in healthy Japanese women and to evaluate age-related
differences in the requirement for vitamin K in bone in terms of
the y-carboxylation of osteocalcin.

SUBJECTS AND METHODS

Subjects

Women aged 30-88 y were recruited from the rural area of
Nagano prefecture, Japan, where most people frequently eat
natto. Women with a metabolic bone disease other than primary
osteoporosis and women who were taking medicine related to
bone metabolism—eg, active vitamin D, vitamin K, a vitamin K
antagonist, estrogen, bisphosphonate, and steroids—were ex-
cluded. A total of 396 women withax *+ SD age of 63.0 = 10.9y
met the inclusion criteria for this study. The subjects were strat-
ified into 3 groups by age: 30-49, 50—69, and =70y old. All of
the subjects in the group aged 30—49 y were premenopausal, and
all of the subjects in the other 2 groups were postmenopausal.

Measurements

After a 12-h overnight fast, plasma and urine samples were
collected from the patients in the morning and stored immedi-
ately at —30 °C until measurement. The urine sample was a
second morning void per kit instructions. Plasma K, MK-4, and
MK-7 concentrations were measured by using an LC-APCI-
MS/MS method (14). Plasma ucOC, as a sensitive marker of
vitamin K deficiency or insufficiency, was measured with the
new electrochemiluminescence immunoassay (Sanko Junyaku
Co Ltd, Ibaragi, Japan). The specific antibody to ucOC was
purchased from Takara Shuzo Co Ltd (Kyoto, Japan). In brief,
the measurement is conducted as follows: after the ucOC in the
sample is bound to anti-human ucOC prepared on the solid phase
by using magnetic beads, antiosteocalcin labeled with a ruthe-
nium complex emitting luminescence in response to an electro-
chemical change is bound, and then electricity is applied onto the
electrode. The ruthenium complex emits luminescence accord-
ing to the amount of the ruthenium-labeled antibody that is
bound. We measured iOC with an immunoradiometric assay
(Mitsubishi Kagaku BioClinical Laboratories Inc, Tokyo, Ja-
pan). We measured bone resorption markers, urinary excretion of
N-telopeptide [(NTx) as measured by using an enzyme-linked
immunosorbent assay (Osteomark; Ostex International, Seattle,
WA), total deoxypyridinoline (DPD; as measured by HPLC after
hydrolysis of the urine sample; Teijin Bio-Lab, Tokyo, Japan),
and a bone formation marker, bone-derived alkaline phosphatase
[(BAP) measured by using an enzyme immunoassay and a mi-
croplate (Sumitomo Seiyaku Biomedical Co Ltd, Osaka, Japan).
For the evaluation of calcium metabolism, the serum concentra-
tions of calcium, phosphorus, and the ratio of urinary calcium to
creatinine were measured. Height and weight were measured,
and body mass index (BMI) was calculated as the weight (in kg)
divided by the height (in m?).

Statistical analysis

All statistical analyses were performed by using JMP statisti-
cal software (version 5.0.1 J; SAS Institute Inc, Cary, NC). For
cross-sectional analyses, simple regression analysis was per-
formed to assess the associations between plasma K, MK-4, or
MK-7 and ucOC, the ratio of ucOC to intact osteocalcin (ucOC:
i0C), or plasma or urinary bone metabolic variables. Pearson’s
correlation coefficient () and the corresponding P values were
used to evaluate the relation of plasma vitamin K concentrations
to each variable. In secondary analyses, multiple linear regres-
sion analyses were performed to explore determinants of ucOC,
ucOC:iOC, and DPD, which simple regression analysis showed
to be significantly related to vitamin K concentration.

To evaluate the age-related difference in the amount of vitamin
Krequired to minimize ucOC:iOC, nonlinear logarithmic regres-
sion analysis was performed by using the plasma K, or MK-7
concentration as an independent variable and ucOC:iOC as a
dependent variable after subjects were classified into the 3 age
groups. Significant differences in intercepts and slopes of regres-
sion curves between the 3 age groups were evaluated by analysis
of covariance.

Written informed consent was obtained from all participants.
The study protocol was approved by the ethic committee of the
Research Institute and Practice for Involutional Diseases.

RESULTS

Subjects

The characteristics of the study samples are shown in Table 1.
Weight and height were negatively correlated with age, whereas
BMI and plasma triacylglycerol and total cholesterol concentra-
tions did not significantly differ between the 3 age groups. Bone
turnover markers, including ucOC and BAP activity in the serum
and NTx and DPD in the urine, were significantly correlated with
age, whereas the plasma iOC concentration was not. Moreover,
MK-7 was the major contributor to plasma vitamin K concen-
tration in this Japanese population, unlike in Americans and
Europeans. Plasma concentrations of K, and MK-7 were highest
in the group aged 50—69 y and lowest in the group aged =70 y.
Plasma concentrations of MK-4 did not significantly differ be-
tween the 3 age groups. Plasma concentrations of MK-7 were
~3—4 times higher than those of K, in any of the age groups.
Plasma phosphorus concentrations differed significantly be-
tween the 3 age groups, although the actual differences were
small and within the normal laboratory range and did not appear
to be of practical importance.

Distribution of plasma concentrations of phylloquinone
and menaquinones 4 and 7

Asshownin Figure 1, K, was detected in all subjects atarange
of 0.13 to 8.83 ng/mL, and the mean (=SD) and median values
in the groups aged 30—-49, 50—-69, and =70y were 1.52 = 1.02
and 1.16 ng/mL, 1.74 = 1.29 and 1.31 ng/mL, and 1.29 £ 1.09
and 0.94 ng/mL, respectively. MK-4 was detected in 56.8% of
the subjects, and the mean and median values were 0.07 = 0.14
and 0.01 ng/mL, 0.10 = 0.19 and 0.03 ng/mL, and 0.09 *+
0.15 and 0.02 ng/mL, respectively. MK-7 was detected in 97.8%
of the subjects, and the mean and median values were 4.96 + 6.93
and 2.65 ng/mL, 8.42 *+ 11.44 and 3.92 ng/mL, and 4.21 *+ 6.81
and 2.14 ng/mL, respectively. Similar distribution patterns for

6002 ‘ST Y2JRIN UO YuIeIpad 10} 1SU| 18)ISIaAIUN Baw N Te BIo udfe:mmm wol) papeojumoq


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

382 TSUGAWA ET AL

Table 1
Subject characteristics’
Age group
30-49y 50-69y =70y
(n=52) (n = 208) (n = 136) P

Age (y) 454+ 43 59.6 £53 749 £ 4.1 <0.001
Time since menopause (y) 0.0 £0.0 99 %62 252 £5.1 <0.001
Body weight (g) 55384 532%75 48.7+175 <0.001
Body height (cm) 155.7+54 152.8 £5.3 148.0 £ 5.5 <0.001
BMI (kg/m?) 22.8 £ 3.1 228 £3.0 222 +3.0 0.170
Triacylglycerol (mg/dL) 134.0 £ 95.1 1383 =774 132.8 = 62.6 0.793
Total cholesterol (mg/dL) 192.1 +£39.7 202.4 £ 31.2 199.1 = 31.8 0.126
K, (ng/mL) 1.52 £ 1.02 1.74 £ 1.29 1.29 + 1.09 0.002
MK-4 (ng/mL) 0.07 £0.14 0.10 £ 0.19 0.09 = 0.15 0.563
MK-7 (ng/mL) 4.96 = 6.93 8.42 £ 11.44 421 £ 6.81 <0.001
ucOC (ng/mL) 3.59 £ 2.17 439 +2.79 5.51 £3.82 <0.001
iOC (ng/mL) 6.91 £3.02 9.11 = 8.92 8.82 £4.30 0.149
ucOC:i0C 0.54 £ 0.28 0.55 £0.35 0.73 = 0.68 0.003
Calcium (mg/dL) 9.18 £ 0.39 9.21 £0.37 9.22 £0.45 0.820
Phosphorus (mg/dL) 3.38 £047 3.53 £047 3.41 £ 046 0.025
BAP (U/L) 25.69 £ 9.85 32.81 £ 11.56 32.28 = 12.30 <0.001
NTx (pmol BCE/umol ceatinine) 45.16 £ 18.94 57.49 + 31.15 63.95 + 27.81 <0.001
DPD (nmol/mmol creatinine) 5.50 = 1.86 597 £2.49 7.39 £3.15 <0.001

! All values are x + SD. K, phylloquinone; MK, menaquinone; ucOC, undercarboxylated osteocalcin; iOC, intact osteocalcin; BAP, bone-derived alkaline
phosphatase; NTx, N-terminal telopeptide; BCE, bone collagen equivalents; DPD, deoxypyridinoline. Parametric comparisons used ANOVA. All women in
the group aged 30-49 y were premenopausal, and all women in the other 2 groups were postmenopausal.

each plasma concentration of K;, MK-4, and MK-7 were ob-
served in the 3 age groups.

Plasma concentrations of phylloquinone and
menaquinone 4 or 7 and anthropometric, nutritional, or
calcium metabolic variables

As shown in Table 2, plasma concentrations of K, correlated
significantly and positively with BMI and cholesterol, triacyl-
glycerol, MK-4, and MK-7 concentrations and correlated nega-
tively with age, ucOC:iOC, and ucOC and urinary DPD concen-
trations. In contrast, plasma MK-7 concentrations also
significantly correlated negatively with age, ucOC concentra-
tions, and ucOC:iOC but not with urinary DPD concentrations.
No correlations were observed between plasma concentrations
of MK-4 and ucOC, ucOC:iOC, or concentrations of NTx, DPD,
or BAP.

Plasma concentrations of phylloquinone or menaquinone
7 and plasma concentrations of undercarboxylated
osteocalcin or the ratio of undercarboxylated osteocalcin
to intact osteocalcin

Stepwise multiple linear regression analyses were performed
to explore determinants of ucOC, ucOC:iOC, and urinary DPD.
Plausible predictors (ie, age, BMI, cholesterol, triacylglycerol,
K;, MK-4, and MK-7) were included in the original model.
Forward stepwise regression was performed, and a P value >
0.25 was used to exclude some of the predictors that had been in
the original model. As a result, not only K, and MK-7 concen-
trations but also age correlated independently with ucOC con-
centrations and ucOC:iOC (Table 3). In contrast, only age and
K, concentrations correlated independently with urinary DPD
concentrations.

The age-related differences in the regression curves obtained
from nonlinear logarithmic regression analysis with the use of
plasma K, or MK-7 concentrations as an independent variable
and ucOC:iOC as a dependent variable are shown in Figure 2. In
the relation between plasma K, concentrations and ucOC:i0C, it
was confirmed that the intercepts in the 3 age groups differed
significantly (P < 0.001). In contrast, in the relation between
plasma MK-7 concentrations and ucOC:iOC, significant differ-
ences were observed between the intercepts (P < 0.001) and
slopes (P < 0.022) in the 3 age groups. In both analyses, with the
use of the plasma K, and MK-7 concentrations, values of the
intercept and slope of the curves were highest in the group aged
=70y and decrease progressively in the 2 younger age groups.
An age-related difference clearly observed at a low vitamin K
concentration. When the groups aged 50-69 and =70 y were
compared, the vitamin K concentrations that had reached a pla-
teau in the former group was significantly lower than that in the
latter group.

DISCUSSION

Several reports on the circulating concentrations of vitamin K
in Japanese women have been published. Kawana et al (15)
reported circulating concentrations of K;, MK-4, and MK-7 in
healthy elderly women and women with vertebral fracture or hip
fracture. In their study, a large proportion of the subjects had
undetectable concentrations of K; (35% and 38% of healthy
control subjects and patients with fractures, respectively) and
MK-7 (52% and 24% of healthy control subjects and patients
with fractures, respectively). Kaneki et al (16) reported that the
concentrations of K,, MK-4, and MK-7 were undetectable in 0%,
90%, and 24%, respectively, of 49 postmenopausal women in
Japan. In another study, the concentrations of K; and MK-7 were

6002 ‘ST Y2JRIN UO YuIeIpad 10} 1SU| 18)ISIaAIUN Baw N Te BIo udfe:mmm wol) papeojumoq


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

VITAMIN K STATUS IN HEALTHY JAPANESE WOMEN 383

X+5D:1.52+1.02 X+SD:0.07+0.14 ~ fiS].): 4.96+6.93 2.
Median: 1.6 20 Median: 0.01 -70 Median: 2.65 =70 -
> Min: 0.24-max: 5.60 | _ 2 ND-max: 0.56 60 2 ND-max: 33.55 [60 2
fop) 15 °2 50 2 -50 2
@ ) @
- Z 10 2 40 3
| 2 < g
o = 30 o -30 <
M < 20 = -20 £
-10 -10
01 2 3 45 6 78 9 0 020406 08 1012 14 0 10 20 30 40 50 60 70 80
X+5D:1.74+1.29 13 X+5D:0.10+£0.19 X+8D:8.42+11.44 35
: 60 :
Median: 1.31 Median: 0.03 Median: 3.92 30 T
> Min: 0.13-max: 8.83 [ :—; ND-max: 1.44 [-50 %’ ND-max: 79.20 E
oK E -40 ¢ g
(F é -30 E ks’
Q = 20 o 9
Te} & < <
~10
01 2 3 45 6 7 89 0 020406081012 14 0 10 20 30 40 50 60 70 80
%+SD:1.29+1.09 £+5D:0.09+0.15 70 +SD:4.21+6.81 |
Median: 0.94 =20 T Median: 0.02 - Median: 2.14 e
Min: 0.19-max: 6.67 [~ 2 ND-max: 0.73 "gg 2 ND-max: 61.50 |49 3
> [ B [ =2
o 2 40 = g
£ b 30 2 3
Al g 50 £ s
~10
01 2 3 45 6 728 9 0 020406 08 1.012 14 0 10 20 30 40 50 60 70 80

K, (ng/mL) MK-4 (ng/mL)

MK-7 (ng/mL)

FIGURE 1. Distribution of plasma phylloquinone (K, ) and menaquinone (MK) 4 and MK-7 concentrations in 3 age groups. K, was detected in all subjects.
MK-4 and MK-7 were detected in 56.8% and 97.8% of subjects, respectively. Min, minimum; max, maximum; ND, not detected. n = 52, 208, and 136 in the
groups aged 30-49, 50-69, and =70 y, respectively.

undetectable in < 5% and 15%, respectively, of groups of Eu- MK-7 has been suggested (15). Therefore, we recently estab-
ropean whites (13) and Japanese (16, 17). The existence of large lished a precise and sensitive method for simultaneously mea-
interlaboratory differences in the measurement of MK-4 and suring plasma K;, MK-4, and MK-7 by using the LC-APCI-

Table 2
Relation between plasma vitamin K concentrations and bone metabolism variables’
K, MK-4 MK-7

r P r P r P
Age —0.146 0.004 —0.006 0.916 -0.125 0.013
BMI 0.147 0.004 0.093 0.092 0.086 0.087
Cholesterol 0.122 0.016 —0.017 0.759 0.156 0.002
Triacylglycerol 0.342 <0.001 0.047 0.398 0.062 0.221
K, — — — — — —
MK-4 0.153 0.005 — — — —
MK-7 0.173 0.001 0.009 0.875 — —
ucOC —0.216 <0.001 0.020 0.720 -0.227 <0.001
ucOC:i0C —0.203 0.001 —0.005 0.927 —0.181 0.001
NTx —-0.071 0.189 —0.066 0.249 -0.015 0.781
DPD —-0.223 <0.001 —0.065 0.254 —0.091 0.101
BAP 0.013 0.815 0.001 0.988 0.004 0.937

! K,, phylloquinone; MK, menaquinone; ucOC, undercarboxylated osteocalcin; iOC, intact osteocalcin; NTx, N-terminal telopeptide; DPD, deoxypyr-
idinoline; BAP, bone-derived alkaline phosphatase. Pearson’s correlation coefficient () and the corresponding P values were used to evaluate the relation of
the plasma vitamer K concentration with each variable.
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Table 3
Relation between undercarboxylated osteocalcin (ucOC), the ratio of ucOC to intact osteocalcin (iOC), or deoxypyridinoline (DPD) and age’
ucOC ucOC:i0C DPD
r P P r? P
Age 0.054 <0.001 0.030 0.008 0.095 <0.001
K, 0.047 0.001 0.041 0.002 0.050 <0.001
MK-7 0.052 <0.001 0.033 0.009 NR

! K,, phylloquinone; MK, menaquinone; NR, no relation. Stepwise multiple linear regression analyses were performed to explore determinants of ucOC,
ucOC:iOC, or DPD. Plausible predictors [age, BMI, cholesterol, triacylglycerol, K, MK-4, and MK-7] were included in the original model. Forward stepwise

regression was performed, and P >0.25 was used for variable removal.

MS/MS technique (14). With this method, we detected K, in the
plasma of all subjects who participated in this study, and the
proportion of subjects with undetectable concentrations of MK-4
and MK-7 was 47.8% and 1.9%, 42.0% and 2.3%, 45.3% and
2.3%, respectively, in the groups aged 30—49, 50-69, and =70
y, respectively. Thus, we believe the current system of assay for
serum vitamin K has achieved a significant improvement in
terms of the minimum detectable sensitivity.

The mean plasma K, concentrations of the groups aged 30—
49,50-69, and =70y were 1.52, 1.75, and 1.29 ng/mL, respec-
tively, which were almost the same as or slightly higher than
those of previous reports (13, 18). As we expected, the plasma
MK-4 concentration was below the limit of detection in nearly
half of the women, and the concentrations were extremely low.
There were no significant differences between the plasma con-
centrations of MK-4 and ucOC or the plasma ucOC:1OC in any
of the age groups. This lack of difference does not indicate the
failure of MK-4 to reduce the concentration of plasma ucOC. In
fact, pharmacologic doses of MK-4 significantly decreased the
serum ucOC concentration (19). It has been suggested that K is
converted in part into MK-4 in various tissues of animals after K,
ingestion, and thus the plasma concentrations of K, may reflect
the plasma MK-4 concentrations (20). In our study, however, no

1 ———30-49y
Esammans 50_69 y

ucOC:10C

Plasma K| concentration (ng/mL)

correlation was observed between the plasma concentrations of
K, and MK-4 in any of the age groups. Differences in the circu-
lating concentrations of MK-7maybe attributable to differences
in eating habits, especially in the intake of fermented soybean
(natto). Kaneki et al (16) reported that the average plasma MK-7
concentrations in Japanese women in Tokyo were higher than
those in Japanese women in Hiroshima (Tokyo: 5.26 ng/mL;
Hiroshima: 1.22 ng/mL) because natto is eaten frequently in
Tokyo but seldom in Hiroshima. The customary natto intake in
the population in the current study is almost same as that in the
Tokyo area. When the plasma K, and MK-7 concentrations in the
3 age groups were compared, both K, and MK-7 were highest in
the group aged 50—69 y. Triacylglycerol-rich lipoproteins are
known to serve as carriers of K, in the circulation (21). Consistent
with the previous reports (22), we found a significant positive
correlation between the plasma concentrations of K, or MK-7
and the plasma triacylglycerol concentrations. In this regard, the
subjects aged S0—69 y seemed to have a higher vitamin K status,
as well as a faster lipoprotein metabolism, than did the other 2 age
groups.

Plasma K, concentrations correlated negatively and inde-
pendently with urinary DPD concentrations. It was reported
that 15 d of dietary vitamin K depletion led to increased bone

2
] ———. 30-49y
| PP 50—69y
1.5 — >0y

ucOC:i0C

0 2 4 6 8 10
Plasma MK-7 concentration (ng/mL)

FIGURE 2. Association between the plasma phylloquinone (K;) or menaquinone (MK) 7 concentration and the ratio of undercarboxylated osteocalcin
(ucOC) to intact osteocalcin (i0C) in 3 age groups. Regression curves and P values were obtained from nonlinear logarithmic regression analysis by using the
plasma K, or MK-7 concentrations and ucOC:iOC. n = 52,208, and 136 in the groups aged 30—49, 50— 69, and =70y, respectively. The equations of regression
curves using the plasma K, concentration and ucOC:10C were y = 0.546—0.015 log x (P = 0.8151) for the group aged 30-49y,y = 0.589-0.117 log x (P =
0.0020) for the group aged 50—-69 y, and y = 0.748-0.224 log x (P = 0.0101) for the group aged =70 y, where y = mean ucOC:iOC, and x = mean plasma
concentration of K, or MK-7. Intercepts of the 3 age groups were significantly different (P < 0.001, analysis of covariance). The equations of regression curves
that used the plasma MK-7 concentrations and ucOC:iOC were y = 0.550—-0.006 log x (P = 0.8401) for the group aged 30—49y, y = 0.677-0.094 log x (P <
0.0001) for the group aged 50—-69 y, and y = 0.870-0.172 log x (P = 0.0005) for the group aged =70 y, where y = mean ucOC:iOC, and x = mean plasma
concentration of K; or MK-7. Significant differences were detected in intercepts (P < 0.001, analysis of covariance) and slopes (P < 0.022, analysis of
covariance) of the 3 age groups.

6002 ‘ST Y2JRIN UO YuIeIpad 10} 1SU| 18)ISIaAIUN Baw N Te BIo udfe:mmm wol) papeojumoq


http://www.ajcn.org

@ The American Journal of Clinical Nutrition

VITAMIN K STATUS IN HEALTHY JAPANESE WOMEN 385

turnover, as measured by the serum osteocalcin and urinary
NTx concentrations; these markers were subsequently nor-
malized by K, repletion for 10 d (200 wg/d) (23). In other
studies, these bone turnover markers either were not signifi-
cantly changed (7, 18) or were increased (24, 25) by K, sup-
plementation. In our study, plasma K, concentrations corre-
lated significantly only with urinary DPD concentrations, not
with urinary NTx and plasma BAP concentrations, which
suggested that vitamin K may be a weak regulatory factor for
bone turnover in women.

In this cross-sectional observational study of healthy Japanese
women, we observed a significant negative correlation between
the plasma concentrations of K, or MK-7 and the plasma ucOC
concentration or ucOC:iOC in the subjects aged > 50 y; how-
ever, these correlations were not observed in the subjects aged
30-49 y. It is conceivable that the plasma concentrations of
vitamin K required for y-carboxylation of osteocalcin in younger
subjects may be lower than those required in older subjects, and,
thus, even at a concentration below the median, the plasma con-
centrations of vitamin K in the groups aged 30—49 y may be
almost sufficient for the subjects to sustain normal
y-carboxylation of ucOC in the bone. In previous reports (26,
27), the circulating ucOC concentrations in elderly women were
higher than those in young women. We also confirmed that the
plasma ucOC concentration and ucOC:iOC were highest in the
oldest group (Table 1), which suggests an age-related difference
in osteocalcin y-carboxylation efficiency. Figure 2 clearly indi-
cates that requirements for vitamin K increase with age. Accord-
ing to the minimum ucOC:1OC (0.546 for K, and 0.550 for
MK-7) presumed by the logarithmic regression analysis of the
group aged 30—49 y, minimum ucOC:iOC in the groups aged
50-69 and =70 y would be achieved by the consumption of 1.4
and 2.5 ng K,/mL, respectively, and of 3.9 and 6.4 ng MK-7/mL,
respectively. However, because almost all subjects had both K
and MK-7 in their plasma, the effect of K, and MK-7 to reduce
ucOC:iOC could not be compared. Binkley et al (28) reported
that, when 1000 pg K,/d was supplemented for 1 wk, the K,
concentrations rose to 2.9 ng/mL, and the ucOC percentage
reached a minimum in subjects aged 19-36 y. In other studies,
younger or elderly subjects who supplemented their diets with
1000 pg K,/d for 1 wk had 6.5 or 12 nmol K,/L (2.9 or 5.4 ng
K,/mL), respectively, at the end of the week, and the ucOC
percentage decreased maximally in both age groups (18). The
mechanisms of the increase in the vitamin K requirement with
aging are not clear. It may be that a decrease in the number of
osteoblasts—target cells of vitamin K—or in the enzymatic ac-
tivity of y-carboxylase in osteoblasts with aging may be related
to the mechanism.

This is the first report showing the difference between the
requirements for K, and MK-7 to minimize ucOC concentrations
in healthy young adult and elderly women. Several reports indi-
cated that the increase in serum ucOC concentrations is a risk
factor for fractures (29-32), and a high ucOC concentration
correlates with low bone mineral density (33). The precise role of
ucOC remains unclear. However, if the subminimum ucOC con-
centration is related to the prevention of bone fracture or bone
mineral loss, circulating vitamin K concentrations in elderly
people should probably be kept higher than those in younger

people. [ ]
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