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Hypovitaminosis D and K are highly prevalent and
independent of overall malnutrition in the

institutionalized elderly
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*Nursing Home Kayu-Shirakawa, Higashiyama, Japan

There have been methodological problems for studying hypovitaminosis D and K in the elderly. First, studies
were done either by evaluating food intake or measuring their circulating levels, but rarely by both in Japan. In
this paper, vitamin D and K intakes and their circulating levels were simultaneously determined. Second issue is
whether hypovitaminosis D and X are independent of general malnutrition, prevalent in the elderly, We tried to
statistically discriminate them by principal component analysis (PCA). Fifty institutionalized elderly were evalu-
ated for their circulating 25 hydroxy-vitamin D (250H-D), intact parathyroid hormone (PTH), phylloquinone
(PK), menaquinone-7 (MK-7) levels, and their food intake. Although average vitamin D intake (7.0 pg/day) ex-
ceeded the Japanese Adequate Intake (AI) of 5.0 pg/day, average serum 250H-D concentration was in the hy-
povitaminosis D range (11.1 ng/mL). Median vitamin K intake was 168 pg/day, approximately 2.5 times as high
as Al for vitamin K. Nevertheless, plasma PK and MK-7 concentrations were far lower than those of healthy
Japanese elderly over 70 years old. PCA yielded four components; each representing overall nutritional, vitamin
K, vitamin D, and vitamin K, status, respectively. Since these components are independent of each other, vita-
min D- and K-deficiency in these subjects could not be explained by overall malnutrition alone. In summary, in-
stitutionalized elderly had a high prevalence of hypovitaminosis D and K, and the simultaneous determination of
their circulating level and dietary intake is mandatory in such studies. PCA would yield fruitful results for elimi-
nating the interference by confounders in a cross-sectional study.

Key Words: hypovitaminesis D, hypovitaminosis K, principal component analysis, adequate intake, institutionalized

elderly

INTRODUCTION

Vitamin D is of utmost importance in enhancing the intes-
tinal absorption of calcium and phosphorus,'” with its
deficiency causing skeletal mineralization defect; rickets
and ostcomalacia. Recently, it has come to the general
attention that inadequate supply of vitamin D, even in its
milder form (vitamin D insufficiency), is associated with
increased risk of fracture through negative calcium bal-
ance, hence secondary hyperparathyroidism."? Vitamin D
insufficiency is also reported to be associated with muscle
weakness. Recent clinical studies have indicated that in-
tervention with vitamin D supplementation reduced the
incidence of falling in elderly subjects.’ Clinically impor-
tant non-vertebral fractures, such as hip and wrist frac-
tures are triggered by falling. Thus, vitamin D insuffi-
ciency would render the elderly subjects more prone to
fracture through its effects both on the skeleton and mus-
cle. Recently, lower serum level of 25 hydroxy-vitamin D
(250H-D) was reported to be a significant risk factor
even for mortality.”

Vitamin D insufficiency is quite common in the eld-
erly population,® and institutionalized elderly are at even
higher risk for vitamin D insufficiency.”'® Factors hith-
erto postulated to be responsible include low dietary vi-
tamin D intake,”® reduced dermal capacity to produce
vitamin D with aging and minimal sun exposure.'"'?

In contrast to vitamin D, the skeletal action of vitamin
K has called our attention only quite recently. The only
biological action of vitamin K has been considered to be
its role as the coenzyme of y-glutamyl carboxylase
(GGCX) in the liver, by which additional carboxyl group
is introduced into the glutamic acid residue in four of the
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Table 1. Background profiles and results from blood tests of the study subjects

Total Male Female p value

n 50 15 35 -
Age (y) 87.6£8.0 (88.5) 84.9+7.9 (83.0) 88.7+7.8 (90.0) 0.133
Level of care needed 3.6+1.1 (4.0) 3.3£1.0 (3.0) 3.7£1.2 (4.0) 0.228
Body height (cm) 144.0+11.6 (142.0) 157.0£7.8 (159.0) 138.4+7.8 (139.0) <0.01
Body weight (kg) 43,6£9.3 (43.2) 50.3£7.9 (49.9) 40.7+8.3 (38.1) 0.001
Body mass index (kg/m2) 21.0£3.8 (20.1) 20.5+3.4 (19.6) 21.3+4.0 (20.2) 0.476
Serum albumin (g/dL) 3.7+£0.4 (3.7) 3.840.4 (3.9) 3.6+0.4 (3.6) 0.136
Serum total cholesterol (mg/dL) 184+37 (184) 186+26 (195) 183+41 (183) 0.828
Serum triglyceride (mg/dL) 98+41 (92) 9647 (75) 98+39 (93) 0.403
Serum aminotransferase (U/L) 22+11(19) 207 (17) 22+12 (19) 0.603
Serum alanine aminotransferase (U/L) 16+10(13) 167 (13) 16£12 (12) 0.235
eGFR (mL/min./1.73m2) 61=20 (60) 67£19 (67) 59421 (57) 0.208
Serum 25-hydroxyvitamin D (ng/mL) 11.1£3.1 (11.2) 10.343.5 (9.3) 11.5£3.0 (11.6) 0.274
Serum parathyroid hormone (pg/mL) 30.8+11.8 (30.0) 29.9+11.1 (31.0) 31.3£12.2 (30.0) 0.736
Plasma phylloquinone (ng/mL) 0.73£0.70 (0.58) 0.62+0.29 (0.60) 0.77+0.82 (0.53) 0.992
Plasma menaquinone-7 (ng/mL) 0.53+0.37 (0.45) 0.59+0.47 (0.47) 0.51+0.32 (0.44) 0.849

Data are expressed as mean+SD with the values in parentheses showing the median.

Comparison of indices between males and females were done by unpaired t test or Mann-Whitney test depending on normality.

eGFR; estimated Glomerular Filtration Rate.

Table 2. Daily dietary intakes of the study subjects

Total Male Female p value

Energy (kcal) 1322+159 (1387) 1374+96 (1416) 1300£175 (1386) 0.160
Protein (g) 51.0+5.8 (53.3) 53.1£3.6 (54.6) 50.2£6.3 (53.5) 0.091
Fat (g) 32.843.9 (34.6) 34.242.4 (35.3) 32.2+4.3 (34.5) 0.095
Carbohydrates (g) 178+20 (186) 185+12 (189.7) 175421 (186) 0.093
Calcium (mg) 494+53 (504) 503£50 (506) 490454 (502) 0.157
Vitamin D (ug) 7.01.4 (7.7) 7.4+0.9 (7.8) 6.9=1.5 (7.6) 0.107
Vitamin K (ug) 155430 (168) 164+19 (172) 151+33 (168) 0.107

Data are expressed as mean+SD with the values in parentheses showing the median. Comparison of indices between male and women were

done by unpaired t test or Mann-Whitney test depending on normality.

blood coagulation factors (II, VII, IX, X) to yield y-
glutamic carboxyl (Gla) residue. B Other extrahepatic pro-
teins are also y-carboxylated by GGCX, such as osteocal-
cin (bone Gla protein; BGP} and matrix gla protein
(MGP)."* Recent evidences suggest that vitamin K defi-
ciency is associated with increased risk of fracture. When
subjects were categorized into quartiles according to their
vitamin K intake, fracture risk in the lowest quartile was
twice as high as that in the highest quartile.”® The age-
adjusted incidence of vertebral fracture was significantly
higher in subjects with low plasma phylloquinone levels
than those with high plasma levels in Japanese women.'®
In addition, the association of circulating vitamin K level
and bone mineral density (BMD) has also been reported.
For example, low plasma phylloquinone concentration
was associated with low BMD at the femoral neck in men,
and lower spine BMD in postmenopausal women without
estrogen replacements."” High serum concentration of
undercarboxyled osteocalcin (ucOC), which is a sensitive
indicator of skeletal vitamin K insufficiency, was a sig-
nificant risk factor of hip fracture independent of BMD."**?

Plasma phylloquinone level is subject to alteration by
aging,2*?' and elderly subjects have been reported to have
low plasma phylloquinone concentrations.”? Of note is the
report that elderly nursing home residents generally had a
poor dietary vitamin K intake compared to the ambula-
tory elderly.”

Studies on the role of hypovitaminosis D and K in the
elderly, especially the institutionalized ones are greatly
hampered by the fact that they are also generally mal-
nourished. Arguments against the significance of these
vitamins have been made that decreased serum concentra-
tions of these vitamins is merely a reflection of overall
malnutrition. In this paper, we have tried to statistically
discriminate hypovitaminosis D and K from general mal-
nutrition by using principal component analysis (PCA),
which has been employed in clinical nutrition for the
analyses of dietary pattern.“’zs

MATERIALS AND METHODS

Subjects

The study subjects were 50 institutionalized elderly (male
15, female 35) in a nursing home, Kayu-Shirakawa. Ex-
clusion criteria were routine medication that has potential
interference with vitamin D or vitamin K status. Detailed
information about this study was given and written con-
sent was obtained from the subject or the proxy. The
study protocol was approved by the ethical committee in
Kyoto Women’s University.

Laboratory data

Blood was obtained after overnight fasting. After cen-
trifugation, serum was kept frozen at —30°C until analysis.
Serum concentration of 250H-D was measured by radio-
immunoassay (RIA) (DiaSorin, Stillwater, MN, USA).
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Circulating level of intact parathyroid hormone (PTH)
was measured by electro chemiluminescent immunoassay
(ECLIA) (Roche Diagnostics, Mannheim, Germany).
Plasma vitamin K, (phylloquinone; PK), and menaquinone-7
(MK-7) levels were determined by high-performance
liquid chromatography-tandem mass-mass spectrometry
with atmospheric pressure chemical ionization (LC-
APCI-MS/MS) using a HPLC system (Shimadzu, Kyoto,
Japan) and API3000 LC-MS/MS System (Applied Bio-
systems, Foster City, CA) with '®0-labeled vitamin K as
the internal standard.”®

Nutrition intake study

Since the subjects were institutionalized and their diet
was supplied from the institution, their nutrients and en-
ergy intake were calculated by multiplying the supplied
nutrients on the basis of the Standard Tables of Food
Composition in Japan, 5™ ed. with the average percentage
intake in a preceding month by the staff?’ Percentage
intake was assessed for each subject at every meal, and
the monthly average percentage intake was calculated.
Based on these records, their intake of energy and nutri-
ents was calculated using software (Healthy Maker Pro
501, Mushroom Software Corp, Okayama, Japan).

Statistical analyses

Statistical analyses were performed with SPSS 15.0]
(SPSS Japan Inc., Tokyo, Japan). Comparison of two
independent groups was made with Student’s t-test or
Mann-Whitney test depending on normality. Multiple
regression analyses by stepwise method were performed
to determine independent factors for circulating levels of
vitamin D and K levels. The relationship between various
nutritional indices and circulating vitamin D- and K- lev-
els was analyzed with principal component analysis
(PCA), which is a statistical method to summarize the
various parameters into a small number of summary fac-
tors (components). These components are obtained in
such a way that the first component is extracted from the
initial raw data with the maximal amount of information
(eigenvalue), and the second one is extracted from the
remaining information. Therefore, each component is
mutually independent. Components with the eigenvalue
greater than 1 were adopted, as in usual practice.

RESULTS

Biochemical markers and circulating concentrations of
vitamin D and K

Baseline characteristics and data from blood examination
are shown in Table 1. There was no gender difference in
the age and level of care needed, which is a 5-grade score
in the long-term care insurance in Japan with a higher
number indicating the need for more intensive care. The
level of care needed was higher than grade 3 in 78% of
subjects. Most of the present subjects required wheelchair
for transportation. Body height and body weight were
significantly higher in males than in females. Body mass
index (BMI), or serum albumin, total cholesterol and
triglyceride concentrations did not significantly differ
between the two groups. Generally, serum albumin level
less than 3.5 g/dL is considered to indicate malnutrition.
Serum albumin level was below this value in 26% of sub-

jects. Inasmuch as the advanced age and high level of
care needed, nutritional parameters remained within the
reference range in most of the subjects. None of the study
subjects had severe hepatic or renal dysfunction. There is
a general consensus that a serum 250H-D concentration
less than 20 ng/mL indicates hypovitaminosis D.? Serum
250H-D concentration was <10 ng/mL in 40% of sub-
jects, 10-20 ng/mL in 58%, and >20 ng/mL in only one
subject. None of the subjecis had a serum PTH level
above the cut-off value (65 pg/mL). Plasma PK and MK-
7 concentrations in all of the subjects were 0.73+0.70
ng/mL and 0.53+0.37 ng/mL, respectively. In the present
study, serum PK was less than 1 ng/ml and serum MK-7
was less than 1 ng/ml, in 85% and 90% of the subjects,
respectively. The interpretation for these values will be
given in the “Discussion” section. There were no gender
differences in plasma vitamin K levels, serum 250H-D or
PTH.

Nutritional intake in the study subjects

The nutrients intake in the males and females were not
statistically different as shown in Table 2. During the
preparation of this paper, Dietary Reference Intake (DRI)
for Japanese 2010 (DRI 2010) was released on May 29,
2009.% Since this work was done in 2006, however, con-
sideration is made basically according to DRI 2005.%° The
intake of macronutrients such as protein, fat and carbohy-
drates appeared appropriate for their age and sex. The
adequate intakes (AI) for calcium in Japan are 750 mg for
men and 650 mg for women over 70 years. The Al for
vitamin D is 5 pg/day, and that for vitamin K is 75
pg/day for men and 65 pg/day for women respectively.
Although average calcium intakes in both groups were
lower than the Al in DRI 2005, the average daily vitamin
D intake was 7.0 pg, which is 140% of the AI in DRI
2005. The average daily intake of vitamin K in whole
subjects was 155 ug, which is more than twice the Al for
each gender. Thus, apparently these subjects had suffi-
cient intakes of vitamin D and K based on AI in DRI
2005.

Multiple regression analyses for the determination of
independent fuctor for circulating vitamin D, K concen-
trations.

In multiple regression analyses, vitamin D intake was a
significant determinant of serum 250H-D level, although
the R* was low. Serum triglyceride level was the only
significant predictor for plasma MK-7 concentration, and
vitamin K intake and serum triglyceride concentrations
significantly contributed to plasma PK level (Table 3).

Principal component analysis (PCA)

Since institutionalized elderly are generally malnourished,
it is quite important to determine whether the low vitamin
D - and K -status is independent of overall malnutrition or
not. Then PCA was performed with the parameters in-
cluded for analysis being serum albumin, triglyceride,
cholesterol, 250H-D, PTH levels and plasma PK, MK-7
concentrations. Four components were obtained and ex-
plained 82% of the variance. The first component was
composite of high albumin, total cholesterol and 250H-D,
and second component consisted of high triglyceride, low

—253-



52 A Kuwabara, M Himeno, N Tsugawa, M Kamao, M Fujii, N Kawai, et al

Table 3. Multiple regression analyses for the determination of independent factors for circulating vitamin D, K con-

centrations
R’ p value Variable B p value
Serum 250H-D 0.095 0.033 Vitamin D intake 0.309 0.033
Plasma PK 0.181 0.011 Vitamin K intake 0.290 0.042
Triglyceride 0.380 0.009
Plasma MK-7 0.255 <0.001 Triglyceride 0.505 <0.001

Only significant predictors are shown. The abbreviations are p for f coefficient, and p for p value. Independent predictor for serum 250H-D
or plasma PK, MK-7 concentrations was analyzed by multivariate analysis with stepwise regression. Age, level of care needed and serum
triglyceride and total cholesterol concentrations were included in all analyses. Vitamin D intake was additionally included in the analysis
for plasma 250H-D concentration. For plasma PK and MK-7, vitamin K intake was additionally included.

Table 4. Principal component analysis of nutrition indices

Component 1 Component 2 Component 3 Component 4
Serum Albumin 0.880 0.004 0.047 0.059
Serum triglyceride 0.229 0.734 0.119 0.380
Serum total cholesterol 0.800 0.320 -0.046 -0.060
Serum 250H-D 0.434 -0.457 -0.658 -0.033
Serum PTH 0.156 -0.273 0.877 -0.090
Plasma PK -0.014 0.030 -0.071 0.986
Plasma MK-7 0.117 0.832 -0.238 -0.152

Factor loadings to four components after varimax rotation are shown. Loadings greater than 0.35 are shown in bold
Four components thus cbtained were considered to represent the following nutritional status; component 1: overall nutritional status, com-
ponent 2: vitamin K; status, component 3: vitamin D status, and component 4: vitamin K, status.

250H-D, and high MK-7. The third component was
composite of low 250H-D and high PTH, and the fourth
component was composed of high triglyceride and high
PK. The interpretation of each component was made as
follows; the first component representing overall nutri-
tional status, the second component, vitamin K, status,
the third component, vitamin D status, and the fourth
component representing vitamin K, status (Table 4).

DISCUSSION

Nutritional status would be adequately assessed by both
evaluating the subjects’ food intake and measuring their
circulating or urinary markers. This principle would hold
true especially in the elderly, since they are at high risk
for malabsorption or utilization defects of nutrients. Un-
fortunately in Japan, vitamin D and K status in the elderly
has been studied either by evaluating their food intake, as
in the annual National Nutrition Survey Japan (NNS-J) or
by measuring circulating level of these vitamins, 2"
but rarely by both.'>**

Institutionalized elderly have been our special concern,
since they are much more susceptible to hypovitaminosis
D and K deficiency than the healthy elderly. The NNS-J
in 2006 showed that subjects over 70 years of age, includ-
ing both genders, had the following daily nutrients intakes:
energy 1761 kcal, calcium 551 mg, vitamin D 9.0 pg,
vitamin K 273 pg,* which were higher than those of the
subjects in the present study. Gastrointestinal absorption
of nutrients in the present study subjects would be im-
paired also. These considerations led us to simultaneously
evaluate both vitamin D and K intakes and its circulating
levels in the present study.

Before the interpretation of our data, determination
procedure for vitamin K deserves some discussion. There
have been discrepancies on the plasma concentration of
vitamin K in the previous literature, which is at least
partly due to the different determination procedure em-
ployed. Recently we have developed a novel procedure
for the determination of vitamin K analogs with high sen-
sitivity and specificity, based on high-performance liquid
chromatography-tandem mass-mass spectrometry with
atmospheric pressure chemical ionization (LC-APCI-
MS/MS).* With this procedure, plasma concentrations of
PK and MK-7 were 0.7320.70 ng/mL (median 0.58
ng/mL) and 0.53+0.37 ng/mL (median 0.45 ng/mL), re-
spectively in the current study. In our recent study,
plasma concentrations for PK and MK-7 were 1.29+1.09
ng/mL (median 0.94 ng/mL) and 4.21+6.81 ng/mL (me-
dian 2.14ng/mL), respectively in the healthy Japanese
elderly over 70 years old using the same assay procedure.
2! In the same study, lowest concentration of plasma vi-
tamin K level to avoid the elevation of serum ucOC con-
centration was 2.5 ng/ml for PK and 6.4 ng/ml for MK-
72" Since serum ucOC level is a sensitive indicator of
skeletal vitamin K insufficiency, these figures can yield a
rough estimate of circulating vitamin K levels needed by
the skeleton.

The median intake of vitamin K in the current subjects
was 168 pg, which was more than twice the Al in DRI
2005. The Al for vitamin K was not altered in DRI 2010.
Dietary vitamin K intake has been identified as an impor-
tant determinant of plasma phyllequinone concentration
in previous studies.’®*” In the present study, vitamin K
intake was also significantly associated with plasma PK,
but not with plasma MK-7. Since they were not supplied
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with fermented soybean; natto, which contains exraordi-
nary amount of MK-7,* phylloquinone from green vege-
tables is likely to be the major contributors to the total
vitamin K intake in our subjects. Thus plasma PK alone
correlated with total vitamin K intake, adjusted by serum
triglyceride. These data strongly suggest that these sub-
jects are vitamin K-deficient in spite of the fact that their
dietary intake is far above the AI in according to DRI
2005, and increased vitamin K intake would be effective
in improving plasma PK levels in institutionalized elderly
in present study.

As in the case of vitamin K, average dietary intake of
vitamin D was around 7 pg/day, which is approximately
140% of the Al in subjects in the present study. Neverthe-
less, the average serum 250H-D concentration was only
11.1 ng/mL. Thus, most subjects in the present study had
hypovitaminosis D in spite of apparently sufficient vita-
min D intake.

Although the multiple regression analysis has identi-
fied vitamin D intake as the significant contributor to se-
rum 250H-D concentration, the R? value was low, which
indicates that the current model could explain only a
small portion of variation. Several factors could be re-
sponsible for the above results. First, because of walking
disability and other physical dysfunction, the chance of
sun exposure was minimal in most of the current study
subjects, but it was not null. Thus, sun exposure may also
partly explain the above results. Unfortunately, however,
detailed information about sun exposure was unavailable.
Furthermore, ADL itself has been reported to be related
to serum 250H-D levels,” on which detailed information
is not available in the current study. Secondly, the intesti-
nal absorption of vitamin D is likely to decrease due to
factors such as compromised intestinal ability for nutri-
ents absorption and limited fat intake.*’ Nevertheless, oral
vitamin D intake seems to be of value in the institutional-
ized elderly for improving their vitamin D status. Cash-
man et al. reported dose-dependent increase in serum
250H-D concentration after incremental supplementation
with vitamin Dj in free-living adults over 64 years of
age.* Although Al for vitamin D slightly increased to 5.5
ug/day in recently issued DRI 2010, the elderly subjects
are likely to require much more vitamin D intake to avoid
hypovitaminosis D considering the various problems to
interfere with absorption and utilization as discussed
above. A second issue with regard to the above discussion;
disturbed intestinal absorption and limited fat intake, will
also apply to the discrepant intake and circulating level of
vitamin K.

Although serum 250H-D level was extremely low, av-
erage serum PTH level was within the reference range.
Circulating 250H-D concentrations showed significant
negative correlation with serum PTH levels (1= -0.293, p=
0.041; data not shown), which suggests that the negative
feedback regulation of PTH secretion by vitamin D is not
impaired in the current population. Kuchuk et al. reported
that the elevation of serum PTH concentration by vitamin
D deficiency is moderate in its magnitude, and usually
fell into the reference range.*” Thus they stressed the im-
portance of serum 250H-D level, and argued that for
bone health maintenance and physical performance in the

elderly, serum 250H-D concentration above 50-60
nmol/L (20-24 ng/mL) was required.

Although the institutionalized elderly are considered to
be generally malnourished,®** nutritional status appeared
rather satisfactory in the present study subjects in face of
hypovitaminosis D and K. Then we analyzed the relation-
ship between the overall nutrition and circulating levels
of vitamin D and K by PCA. The PCA have yielded four
components representing: overall nutritional status, vita-
min D status, vitamin K, status, and vitamin K; status
respectively. Serum 250H-D also exhibited some asso-
ciation with the first component, representing the overall
nutritional status. One of the reasons for the above results
would be that 250H-D is bound to vitamin D-binding
protein (DBP) and albumin during its transport in circula-
tion.”® Since these components are independent of each
other by their definition, these results suggest that hypovi-
taminosis D and K in the institutionalized elderly do not
merely reflect general malnutrition, and have their own
role. Confounders are serious challenge in the clinical
studies. In the intervention studies, randomization would
eliminate the interference by the confounders. It would be
less problematic in the case of cohort studies. Adjustment
for confounders is quite difficult in the cross-sectional
studies like the current one. Multivariate analyses such as
PCA would be of help in eliminating the interference by
confounders in this type of studies.

In conclusion, institutionalized elderly had high preva-
lence of hypovitaminosis D and K in spite of their dietary
intake exceeding the AI in DRI 2005 in Japan, which
suggests that the requirement for these vitamins would be
higher in these subjects. Additionally, hypovitaminosis D
and K were shown to be independent of general malnutri-
tion by PCA, which would be a useful analytical proce-
dure for eliminating the interference by confounders in
cross sectional studies.
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In Japan, y-carboxylation of blood coagulation factors is the basis for determining adequate intake (AI) for vita-
min K in Dietary Reference Intakes (DRIs) issued in 2010. Recently, vitamin K is also known to be essential for
preventing fracture. In this study, relative susceptibility of liver and bone to vitamin K deficiency was studied.
Thirty-seven elderly institutionalized subjects were evaluated for vitamin K status by measuring serum PIVKA
(protein induced by vitamin K absence) —II and ucOC (undercarboxylated osteocalcin) levels, as sensitive
markers for hepatic and skeletal vitamin K deficiency, respectively. Serum PIVKA-II and ucOC levels, with
their cut-off values in the parentheses, were 20.2+8.9 mAUmL (28 mAU/mL) and 4.7+3.0 ng/mL (4.5 ng/mL),
respectively. Median vitamin K intake was approximately 200 pg/day, which is more than 3 times higher than
the current Japanese Al Vitamin K intake was significantly correlated with serum PIVKA-II and ucOC/OC lev-
els, but not with serum ucOC level. Although serum ucOC level is generally a good indicator for vitamin K
status, multiple regression analysis revealed that elevated bone tumover marker significantly contributed to se-
tum ucQC level. All subjects had vitamin K intake exceeding Al for vitamin K. Nevertheless, serum PIVKA-II
and ucOC concentrations exceeded the cut-off value in 14% and 43% of subjects, respectively. The present find-
ings suggest that vitamin K intake greater than the current Al is required for the skeletal health in the institution-

alized elderly.

Key Words: vitamin K, adequate intake, y-carboxylation, ucOC, PIVKA-II

INTRODUCTION

Gamma-glutamy] carboxylase (GGCX) catalyzes the con-
version of glutamyl (Glu) residue into y-carboxyglutamyl
(Gla) residue in certain proteins. The most fundamental
role of vitamin K is the one as a cofactor of GGCX.' Al-
though GGCX is present in various tissues, its role in the
liver has received most attention until recently. In the
liver, conversion of Glu residue to Gla residue takes place
in four of the blood coagulation factors (II, VII, IX, and
X), by which they acquire calcium-binding ability and are
activated.! Recently, attention have been focused on the
physiological roles of vitamin K-dependent proteins in
extrahepatic tissues such as bone and blood vessel.>* Os-
teocalcin is produced by osteoblasts, the most abundant
non-collagenous protein in the bone matrix. Through -
carboxylation, osteocalcin gains hydroxyapatite-binding
ability, and regulates bone mineralization.”> Recent evi-
dences strongly suggest that skeletal vitamin K deficiency
increases the risk of hip fracture. Matrix Gla protein
(MGP); another vitamin K-dependent protein, is an in-
hibitor of vascular calcification.>”

In the current Japanese Dietary Reference Intakes
(DRIs) issued in 2010, Adequate Intake (AI) for vitamin
K in the adult is uniformly 75 pg/day for men and 65
pg/day for women. These values however, carries some

problems when applied to the study population.® First,
they are based on data from America or Europe. Since
nutrients intake is greatly dependent on nationality or
dietary patterns, vitamin K status in the Japanese must be
studied. Second, they are from healthy young volunteers,
not from the elderly who are likely to have nutrients ma-
labsorption. This is especially the case with fat-soluble
vitamins including vitamin K due to various factors such
as decreased secretion of bile acids and pancreatic juice,
and reduced dietary fat intake.® Finally, Al for vitamin K
was determined as the dose sufficient to maintain normal
blood coagulation with little mentioning to bone.® Serum
levels of protein induced by vitamin K absence-II (PIVKA-
II) and undercarboxylated osteocalcin (ucOC) are sensi-
tive markers for vitamin K deficiency in the liver and
bone, respectively. Vitamin K status in the liver and bone

Corresponding Author: Dr Kiyoshi Tanaka, Department of
Food and Nutrition, Kyoto Women’s University, 35, Imaku-
mano-kitahiyoshicho, Higashiyama 605-8501 Japan.

Tel: +81-75-531-7125; Fax: +81-75-531-7153

Email: tanakak@kyoto-wu.ac.jp

Manuscript received 30 May 2010. Initial review completed 4
October 2010. Revision accepted November 2010.

-259~



A Kuwabara, M Fujii, N Kawai, K Tozawa, S Kido and K Tanaka 51

can be separately evaluated by measuring these markers.
By employing such methodology, previous studies have
shown that much higher doses of vitamin K are needed
for the y-carboxylation of osteocalcin than for that of blood
coagulation factors.>'’

Thus it is possible that an elderly judged to be vitamin
K sufficient based on the current Al has skeletal vitamin
K deficiency and increased fracture risk. In this paper, we
have measured serum PIVKA-II and ucOC levels, assessed
vitamin K intake, and studied the prevalence of vitamin K
deficiency in the liver and bone in the institutionalized
elderly.

MATERIALS AND METHODS

Subjects

The study subjects were 37 institutionalized elderly (male
8, female 29) in a nursing home, Kayu-Shirakawa. Exclu-
sion criteria were routine medication that has potential
interference with bone metabolism and vitamin K status
such as warfarin. None had history of hepatic diseases.
Detailed information about this study was given and writ-
ten consent was obtained from the subject or the proxy.
The study protocol was approved by the ethical commit-
tee in Kyoto Women’s University.

Laboratory data
Blood was obtained after overnight fasting. After cen-

trifugation, serum was kept frozen at —30°C until analysis.

Serum PIVKA-II and ucOC levels were measured by
electro chemiluminescence immunoassay (ECLIA) (San-
ko Junyaku, Co, Ltd, Tokyo, Japan) as the markers of
hepatic and skeletal vitamin K deficiency, respectively.
Serum intact osteocalcin (intact OC) was measured by
enzyme immunoassay (EIA) (Mitsubishi Yuka, Tokyo,
Japan). The ucOC/OC was calculated as the ratio of
ucOC to intact OC. Serum levels of tartrate-resistant acid
phosphatase-5b (TRACP-5b) and bone specific alkaline
phosphatase (BAP) were measured by EIA (DS Pharma
Biomedical, Osaka, Japan) and chemiluminescence en-
zyme immunoassay (CLEIA) (Beckman Coulter Inc, To-
kyo, Japan), respectively. TRACP-5b and BAP are mark-
ers of bone resorption and bone formation, respectively.
The reference range of serum TRACP-5b was 170-590
mU/dL in male and 120-420 mU/dL in female, and that of
serum BAP was 3.7-20.9 pg/L in male and 3.8-22.6 pg/L
in female.

Nutrition intake study

Nutrient intake was assessed by food record method. The
intake of vitamin K was calculated by multiplying the
amount of vitamin K supplied from the institution with
the average percentage intake. Based on these records,
their intake of vitamin K was calculated using the soft-
ware (Healthy Maker Pro 501, Mushroom Software Corp,
Okayarma, Japan). Vitamin K intake/kg body weight was
also calculated, since 1 pg/kg of vitamin K is considered
to be sufficient for maintaining normal coagulation in the
adult according to the Japanese DRI 2010.°

Statistical analyses
Statistical analyses were performed using the SPSS 17.0 ]
for Windows (SPSS. Japan Inc, Tokyo, Japan). Associa-

tion between variables was analyzed by Pearson’s or
Spearman rank correlation coefficient. Multiple regression
analyses with stepwise method were performed to deter-
mine independent determinants for serum ucOC and
ucOC/OC. Chi-square test was employed for categorical
data.

RESULTS

Background profiles of the study subjects

The background profiles and biochemical data are shown
in Table 1. Care level is a 5-grade score which is com-
monly used in the long-term care insurance in Japan with
higher number indicating more intensive care needed. It
was higher than grade 3 in 78% of subjects, indicating
that they had low physical activity level. For example,
most of the present subjects required wheelchair for
transportation. In 27% of subjects, serum albumin level
was lower than 3.5 g/dL, which is a generally accepted
cut-off for malnutrition. Overall, nutritional parameters
including the biochemical indicators and body mass index
(BMI) remained within the reference range for most of
the subjects. Thus, despite the elderly population and high
level of care needed, the subjects’ nutritional status was
considered to be generally preserved. Although average
serum TRACP-5b and BAP levels were within the refer-
ence range as a whole, 20% and 32% of subjects had se-
rum BAP and TRACP-5b level above upper reference
range, respectively. Serum PIVKA-II and ucOC levels
were 20.2+8.9 mAU/mL and 4.7+3.0 ng/mL, respectively.
All subjects were on orally consumed their meals. Al-
though energy intakes were lower than estimated energy
requirement (EER) of DRI in all men and 93% of women,
the intake of macronutrients such as protein, fat and car-
bohydrates appeared appropriate for their age and sex.
Average vitamin K intake was 194+51 (median; 197)

Table 1. Baseline data of the study subjects

(MJF; 8/29, n=37)
Age (v) 85.1+8.2 (87.0)
Care level Median; 3 (min-max; 1-5)
Body weight (kg) 45.9+6.1 (46.1)
Height (cm) 149.3£9.7 (145.3)
BMI (kg/m?) 20.6+2.5 (20.0)
Serum Albumin (g/dL) 3.7+0.3 (3.8)
Serum triglyceride (mg/dL) 119+41 (118)

Serum total cholesterol (mg/dL)
eGFR (ml/min./1.73m?)

198+49 (191)
65.4+15.8 (63.3)

Serum BAP (ug/L) 18.4+9.6 (17.6)
Serum TRACP-5b (mU/dL) 365.2£124.9 (372.0)
Serum ucOC (ng/mL) 4.7+3.0 (3.8)
Serum total OC (ng/mL) 6.1£3.1 (5.4)
ucOC / intact OC 0.81+0.36 (0.80)
Serum PIVKA-II (mAU/mL) 20.248.9 (18.0)
Energy intake (kcal) 1346+129 (1401)
Protein intake (g) 53.245.2(55.4)
Fat intake (g) 35.6+3.6 (36.9)

Carbchydrates intake (g)
Vitamin K intake (ug/day)
Vitamin K intake/BW (ug/BW
kg/day)

193.8+18.7 (199.4)
194451 (197)

3.5¢1.1 (3.4)

Data are expressed as mean£SD with the values in parentheses
showing the median.
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ug/day in the study population, 16650 (median; 159)
pg/day in males and 202+49 (median; 224) pg/day in
females. It was approximately 220% and 310% of the Al
in DRI in male and female subjects, respectively. All sub-
jects had vitamin K intake exceeding AL In addition, the
vitamin K intake/kg body weight was 3.5+1.1 pg/day in
the present study subjects, far exceeding 1pg/kg.

Correlations among vitamin K intake and serum PIV-
KA-IT, OCs

Table 2 shows that vitamin K intake was significantly
correlated with serum PIVKA-II and ucOC/OC levels,
but not with serum ucOC concentrations. (Table 2)

Correlations among serum OCs and bone turnover
markers

Serum TRACP-5b and BAP levels were significantly
correlated with serum ucOC concentration, but not with
ucOC/OC ratio. (Table 3)

Multiple regression analyses for serum OCs levels
Multiple regression analyses revealed that serum
TRACP-5b level was a significant determinant of serum
ucOC concentration. Vitamin K intake was a significant
predictor for ucOC/OC. (Table 4)

Relative susceptibility of liver and bone to vitamin K
deficiency
Serum PIVKA-II level exceeded the cut-off level (28

mAU/mL) in only 14% of the subjects, whereas serum
ucOC concentration was above the cut-off value (4.5
ng/mL) in 43% of subjects, which was significantly dif-
ferent by chi-square test (p<0.001). (Table 5)

DISCUSSION

Vitamin status could be evaluated by several ways such
as measuring its blood concentration or measuring the
markers representing the vitamin status. Recently, we
have reported that the prevalence of vitamin D- and K-
deficiency is quite high in the institutionalized elderly by
measuring plasma levels of 25 hydroxy-vitamin D con-
centration which is the best indicator of vitamin D status,
and plasma vitamin K concentration.!' Plasma vitamin K
concentrations, however, only reflect the vitamin K status
as a whole, and do not provide us with information re-
garding the vitamin K status in various tissues individu-
ally. Thus, in this study, we have evaluated the subjects’
vitamin K status by measuring their serum levels of PIV-
KA- II and ucOC rather than their plasma vitamin K lev-
els.

First, we have studied the association between serum
levels of PIVKA-II and ucOC, and vitamin K intake. Vi-
tamin K intake was significantly correlated with PIVKA-
II and ucOC/OC, but not with ucOC. Similar findings
were also reported by Booth et al that circulating levels of
PIVKA-II and ucOC/OC ratio reflected dietary vitamin K
intake, whereas serum ucOC levels did not.? Two mecha-
nisms were considered to be responsible for these find-

Table 2, The correlation between vitamin K intake and serum levels of PIVKA-II and ucOC

ucOC ucOC/OC PIVKA-II
r p-value r p-value r p-value
Vitamin K intake 0.092 0.588 -0416 0.010 -0.362 0.028
Correlations of vitamin K intake with markers for vitamin K deficiency were analyzed by Spearman rank correlation.
Table 3. The correlation of serum ucOC and uc/OC ration and bone turnover markers
ucOC ucOC/0C
r p-value r p-value
Serum TRACP-5b 0.425 0.009 0.014 0.935
Serum BAP 0.517 0.001 0.243 0.147
Correlations of serum OCs with bone turnover markers were analyzed by Spearman rank correlation.
Table 4. Multiple regression analyses for serum ucOC level and ucOC/OC ratio
Dependent variable R’ Independent variable B p-value
ucOC 0.206** Serum TRACP-5b 0.454 0.005
ucOC/0C 0.134* Vitamin K -0.366 0.026

The abbreviations are B for B coefficient. Independent predictor(s) for serum OCs levels were analyzed by multiple regression analyses with
stepwise method. Sex, serum TRACP-5b, and vitamin K intake (ug) were included in all analyses.

*, p<0.05, **; p<0.01

Table 5. Number of subjects with vitamin K sufficiency and deficiency in the liver and bone

Vitamin K sufficiency Vitamin K deficiency
In the bone (serum ucOC concentration) 21 (57%) 16 (43%)
In the liver (serum PIVKA-II concentration) 32 (86%) 5 (14%)

Values represent number of subjects, with percentage of subjects in the parentheses. Vitamin K status in the bone and that in the liver were

significantly different by chi-square test (p<0.001).
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ings. The first is the different bioavailability of phyllo-
quinone (PK; vitamin K;) and menaquinones (MKs; vi-
tamin K;). In the present study, PK was the major form of
vitamin K taken as in America or Europe,'>" since the
subjects had no intake of natto which contains large
amount of MK-7 during the study.'* Recent studies have
shown that PK can be utilized for y-carboxylation in the
liver, but can only be utilized in extrahepatic tissues after
conversion into MK-4,'>'¢

Second issue is the association of serum ucOC level
with bone turnover. Serum levels of BAP and TRACP-5b
reflect osteoblastic bone formation and osteoclastic bone
resorption, respectively, and are elevated in the high turn-
over state. Since osteocalcin is produced in osteoblasts,"”
it is conceivable that serum concentration of osteocalcin
as well as its subfraction, ucOC level is increased with
high turnover. Thus, it is currently under debate whether
ucOC alone is satisfactory or measurement of ucOC as
well as ucOC/OC is a better indicator of vitamin K status.
In the present study, vitamin K intake was a significant
predictor for ucOC/OC, but not with ucOC. Therefore,
there is a possibility that ucOC/OC is a better index for
vitamin K status than serum ucOC concentration. Unfor-
tunately, however, there is no cut-off value published
regarding ucOC/OC ratio, while the clinical usefulness of
serum ucOC measurement is increasingly acknowledged.
Thus, analysis using ucOC/OC could not be done as se-
rum ucOC level in Table 5.

The cut-off value of 4.5 ng/mL for serum ucOC was
validated by Shiraki by simultaneously evaluating the
subjects’ dietary intake of vitamin K, blood levels of vi-
tamin K and ucOC.'® They also reported that serum ucOC
concentration exceeding 5.5 ng/mL was associated with
increased risk of fracture. The clinical usefulness of ucOC
measurement was previously reported, although with dif-
ferent assay procedure of hydroxy-appatite binding assay.
In the European epidemiological study, Vergnaud et al
reported that subjects in the lowest quartile of femoral
neck bone mineral density (BMD) and those in the high-
est quartile of ucOC had increased hip fracture risk with
an odds ratio of 2.4 and 1.9, respectively. These two risk
factors were independent of each other, and those with
both conditions had a even higher odds ratio of 5.5."°
Thus, seram ucOC concentration is shown to be a good
indicator of skeletal vitamin K deficiency, and a predictor
of fracture risk.

In the current study subjects with vitamin K intake far
exceeding Al, serum concentration of PIVKA-II and
ucOC were within the reference range in 86% and 57% of
the subjects respectively, which was significantly differ-
ent. Thus, their vitamin K intake is sufficient for y-
carboxylation in the liver, but not in the bone, and bone is
much more susceptible to vitamin K deficiency than liver.
Such difference is likely to arise from the anatomical ba-
sis that vitamin K absorbed from the intestine is first
transported to liver and preferentially used there, then
utilized in extrahepatic organs.”"

Booth et al in their depletion-repletion studies, re-
ported that the y-carboxylation of prothrombin was re-
stored at 200 pg/day of PK, whereas that of osteocalcin
was not even at 450 pg/day of PK.® Schurgers et al also
reported that undercarboxylated prothrombin concentra-

tion was significantly decreased at supplementary intake
of 100 pg/day of PK, whereas ucOC level did not de-
crease below 300 pg/day of PK.'* Furthermore, Binkley
et al reported that supplementation with 1,000 pg/day of
vitamin K was optimal for the maximal y-carboxylation
of osteocalcin.” These results suggest that at least 300-
500 pg g/day of vitamin K intake is required for the suffi-
cient y-carboxylation in the bone. Our results in the Japa-
nese elderly are compatible with these results from Cau-
casians, and have additionally provided data on the preva-
lence of hepatic and skeletal vitamin K deficiency.

We believe that this paper is of importance in consid-
ering the Al for vitamin K. The current DRI states that
the Al for vitamin K was determined based on its re-
quirement for the y-carboxylation of blood coagulation
factors. The present findings suggest that vitamin K in-
take greater than the current Al is required for the skeletal
health in the institutionalized elderly. Further studies with
lager number of subjects and intervention studies are nec-
essary to define the amount of vitamin K necessary for
the elderly.
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