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Vitamin K nutritional status and undercarboxylated
osteocalcin in postmenopausal osteoporotic women
treated with bisphosphonates
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Serum undercarboxylated osteocalcin (ucOC) is an index of vitamin K nutritional status in treatment-naive post-
menopausal osteoporotic women. The purpose of the present study was to reveal the association between vitamin
K nutritional status and serum ucOC concentrations in postmenopausal osteoporotic women taking bisphospho-
nates. Eighty-six postmenopausal women with osteoporosis (age range: 47-90 years) initiated bisphosphonate
treatment. Vitamin K nutritional status was evaluated using a simple vitamin K-intake questionnaire and serum
ucOC concentrations were measured after 6 months of treatment. The patients were divided into two groups ac-
cording to the simple vitamin K-intake questionnaire score: a low vitamin K-intake (score <40) group (n=67) and
a normal vitamin K-intake (score >40) group (n=19). There were no significant differences between the groups in
baseline parameters including age, height, body weight, body mass index, serum alkaline phosphatase (ALP),
urinary cross-linked N-terminal telopeptides of type I collagen (NTX), and changes in serum ALP and urinary
NTX concentrations during the 6-month treatment period. However, the mean serum ucOC concentration after 6
months of treatment was significantly higher in the low vitamin K-intake group (2.79 ng/mL) than in the normal
vitamin K-intake group (2.20 ng/mL). These results suggest that 78% of postmenopausal osteoporotic women
treated with bisphosphonates may have vitamin K deficiency as indicated by low vitamin K-intake and high se-
rum ucOC concentrations, despite having a similar reduction in bone turnover to women who have normal vita-

min K-intake.
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INTRODUCTION

Vitamin K is a cofactor of y-carboxylase, which converts
three glutamic acid (Glu) residues in osteocalcin (OC) to
y-carboxyglutamic acid (Gla), and is thus essential for y-
carboxylation of OC.'™* Without this modification, OC
becomes undercarboxylated OC (ucOC), which lacks
structural integrity and the ability to bind to the mineral
hydroxyapatite. The carboxylation reaction is completed
as an intracellular posttranslational event, and secreted
OC can no longer be carboxylated. Vitamin K deficiency
impairs y-carboxylation of OC, resulting in high serum
concentrations of ucOC.

Although OC is a calcium binding protein that is
strongly expressed in bone, its effects on bone remain
obscure. However, a biomechanical analysis of the quali-
ty of the femur bones in OC-deficient mice showed that
the yield energy (ductility of bone specimens), failure
load (strength of the bone), and stiffness (elasticity of the
bone) decreased dramatically after ovariectomy,’ suggest-
ing that OC may play an important role in bone biology,
and that OC deficiency may be associated with bone fra-
gility.

Vitamin K deficiency leads to OC deficiency. Associa-
tions between vitamin K deficiency, increased risk of hip

fracture, and bone mineral density (BMD) have been re-
ported in elderly people.”'? High serum concentrations of
ucOC are arisk factor for hip fractures in elderly women,
independent of BMD.'® One study showed that vitamin K
deficiency was associated with a high prevalence of ver-
tebral fractures in Japanese women."” Vitamin K defi-
ciency, indicated by low serum phylloquinone concentra-
tions, high serum ucOC concentrations, or possibly a low
serum carboxylated OC to serum total OC ratio, may con-
tribute to the increased risk of fractures in postmenopau-
sal women and elderly people, and possibly to BMD loss
in selected cohorts of elderly people.”"* In Japan, the cut-
off value for increased fracture risk associated with vita-
min K deficiency is set at 4.5 ng/mL in treatment-naive
postmenopausal women.'* However, in osteoporotic pa-
tients treated with amino-bisphosphonates, the cut-off
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value is reduced to 2.6 ng/mL,"” because serum ucOC
concentrations are correlated with bone turnover markers
and bisphosphonates reduce bone turnover and subse-
quent serum ucOC concentrations in postmenopausal

However, few studies have investigated the influence
of vitamin K nutritional intake on serum ucOC concentra-
tions in patients treated with bisphosphonate, and the as-
sociation between vitamin K nutritional status and high
ucOC remains to be established in postmenopausal wom-
en receiving bisphosphonates. The purpose of the present
study was to evaluate the relationship between vitamin K
nutritional status and high serum ucOC concentrations in
postmenopausal osteoporotic women during bisphospho-
nate treatment.

SUBJECTS AND METHODS

Study subjects

Ninety-eight postmenopausal women with osteoporosis
(age range: 47-90 years) who were receiving amino-
bisphosphonates (alendronate or risedronate) were en-
rolled from our outpatient clinic (Hiyoshi Medical Clinic,
Japan) during the 6 months period between October 1,
2012 and March 30, 2013. The inclusion criteria were
spontaneous menopause, a fully-ambulatory status, a di-
agnosis of postmenopausal osteoporosis according to the
Japanese diagnostic criteria,'™"" and an osteoporosis-
treatment-naive status before bisphosphonate treatment.
The exclusion criteria included glucocorticoid use, warfa-
rin use, rheumatoid arthritis, gastrectomy, renal failure, or
bone diseases including cancer-induced bone loss because
of aromatase inhibitors, primary hyperparathyroidism,
hyperthyroidism, Cushing syndrome, multiple myeloma,
Paget’s disease of the bone, osteogenesis imperfecta, or
type 2 diabetes mellitus.

Age, height, body weight, body mass index, history of
non-vertebral fractures after menopause, prevalence of
vertebral fractures, bone mass, and biochemical markers
were assessed in our outpatient clinic prior to osteoporo-
sis treatment. Non-vertebral fractures included fractures
of the hip, distal radius, proximal humerus, rib, pelvis,
clavicle, femur, and lower leg. Thoracic and lumbar spine
radiographs were taken to detect vertebral fractures.
Blood and urine samples were obtained to assess serum
calcium, phosphorus, alkaline phosphatase (ALP), and
urinary cross-linked N-terminal telopeptides of type I
collagen (NTX). After the initiation of bisphosphonates,
urinary NTX concentrations were measured at 3 months,
and serum calcium, phosphorus, and ALP concentrations
were measured at 6 months. Vitamin K nutritional status
was evaluated and serum ucOC concentrations were
measured after 6 months of treatment using the simple
vitamin K-intake questionnaire developed by Uenishi.”’
This questionnaire evaluates vitamin K nutritional status
using scores based on natto (fermented soybean) and
green vegetable intakes (Table 1).*° Because multiple
simultaneous measurements of bone markers were not
permitted for health insurance reasons, serum ucOC con-
centrations were evaluated after 6 months of bisphospho-
nate treatment.

Twelve patients discontinued bisphosphonate treatment
during the 6-month treatment period because of gastric

pain (n=1), tooth extraction (n=2), and noncompliance
(n=9). Data for the 86 patients who continued bisphos-
phonate treatment for 6 months were analyzed. These
patients were divided into two groups according to the
simple vitamin K-intake questionnaire score: a low vita-
min K-intake (score <40) group (n=67) and a normal vit-
amin K-intake (score >40) group (n=19). The cut-off val-
ue for vitamin K deficiency was score 40 as assessed by
the simple vitamin K-intake questionnaire.”” In the low
vitamin K-intake group, 31 women were treated with
alendronate (35 mg, weekly) and 36 with risedronate
(17.5 mg, weekly). In the normal vitamin K-intake group,
7 women received alendronate (35 mg, weekly) and 12
received risedronate (17.5 mg, weekly). The doses of bis-
phosphonates used in the present study were recognized
as effective doses in postmenopausal Japanese women
with osteoporosis.”'** Baseline parameters, changes in
biochemical markers and bone mass during the 6-month
treatment period, and serum ucOC and vitamin K nutri-
tional status after 6 months of treatment were compared
between the two groups. The present study was approved
by the Ethics Committee of Hiyoshi Medical Clinic.

Japanese diagnostic criteria for postmenopausal osteo-
porosis

Postmenopausal osteoporosis was defined according to
the Japanese diagnostic criteria'™'" as (1) BMD<70% of
the young adult mean (YAM) or the “presence” of osteo-
penia on X-ray images of the spine, and (2) BMD of 70-
80% of the YAM or “possible” osteopenia on X-ray im-
ages of the spine, together with a history of osteoporotic
fractures. Dual energy X-ray absorptiometry (DXA) of
the spine is a useful technique for monitoring osteoporo-
sis in Japanese women. Although quantitative ultrasound
(QUS) parameters can predict the risk of hip, wrist, and
total non-vertebral fractures for up to 10 years,” the reli-
ability of speed of sound (SOS) in the calcaneus has not
been fully established. The diagnosis of osteoporosis was
therefore made using both SOS (<70% of the YAM or
70-80% of the YAM together with a history of osteopo-
rotic fractures) and X-ray findings of the spine (i.e., pres-
ence of osteopenia or possible osteopenia, along with a
history of osteoporotic fractures).

Assessment of morphometric vertebral fractures

Plain lateral X-ray films of the thoracic and lumbar spine
were obtained to detect evidence of prevalent morpho-
metric vertebral fractures. Based on the Japanese criteria,
a vertebral fracture was defined according to the vertebral
height on lateral X-ray films.'">" Briefly, the vertebral
height was measured at the anterior (A), central (C), and
posterior (P) parts of the vertebral body, and the presence
of a vertebral fracture was confirmed when (1) a reduc-
tion in the vertebral height of >20% (A, C, and P) com-
pared with the height of the adjacent vertebrae was ob-
served, (2) the C/A or C/P was <0.8, or (3) the A/P was
<0.75. Assessment for vertebral fractures was performed
at the T4-L4 level.

Measurement of bone mass
SOS of the left calcaneus was measured using a QUS
device (CM-200; Elk Corp., Osaka, Japan). The coeffi-
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cients of variation (100 x standard deviation (SD)/mean)
of five measurements, with repositioning within 24 hours
each time, was 0.17-0.43% among three healthy adults
and 0.25-0.35% among three osteoporotic patients.

Blood and urinary biochemical tests

Serum and urine samples were obtained from each patient
and subjected to biochemical analyses. Serum calcium,
phosphorus, and ALP concentrations were measured us-
ing standard laboratory techniques. Urinary NTX concen-
trations were measured using an enzyme immunoassay.

Statistical analysis

Data were expressed as the mean+SD. Unpaired t-test
was used to compare the baseline characteristics, percent
changes in biochemical markers and SOS, urinary NTX
concentrations after 3 months of treatment, and serum
ALP, ucOC concentrations and vitamin K-intake scores
after 6 months of treatment between the two groups. The
Fisher’s exact test was used to compare the numbers of
subjects with prevalent vertebral fractures and a history of
non-vertebral fractures between the two groups. All sta-
tistical analyses were performed using the Stat View J-5.0
program (SAS Institute, Cary, NC, USA). The signifi-
cance level was set at p<0.05 for all the comparisons.

RESULTS

Baseline characteristics of study subjects

Table 2 shows the baseline characteristics of the study
subjects. The mean age of the participants was 70.4 years
in the low vitamin K-intake group (n=67, 78%) and 69.7
years in the normal vitamin K-intake group (n=19, 22%).
The mean vitamin K-intake questionnaire score was sig-
nificantly lower in the low vitamin K-intake group than in
the normal vitamin K-intake group (26.4 vs. 48.7, respec-
tively, p<0.001). However, there were no significant dif-
ferences in age, height, body weight, body mass index,
SOS, number of subjects with prevalent vertebral frac-
tures, number of subjects with a history of non-vertebral
fractures, and serum calcium, phosphorus, ALP, or uri-
nary NTX concentrations between the two groups. Seven
women in the low vitamin K-intake group (10.4%) had
prevalent vertebral fractures and four (6.0%) had a history
of non-vertebral fracture (all wrist fractures). Three sub-
jects in the normal vitamin K-intake group (15.8%) had
prevalent vertebral fractures and none (0%) had histories

Table 1. Simple vitamin K-intake questionnaire

of non-vertebral fractures. All non-vertebral fractures had
completely healed, as assessed by plain radiographs.

In particular, the median (interquartile ranges) of serum
ALP was 249 IU/L (212-293 TU/L) in the low vitamin K-
intake group and 245 IU/L (203-289 IU/L) in the normal
vitamin K-intake group. The respective median (inter-
quartile ranges) of urinary NTX was 54.1 nmol BCE/
mmol Cr (40.1-70.0 nmol BCE/mmol Cr) and 44.5 (28.5-
68.1 nmol BCE/mmol Cr).

Percentage changes in SOS and biochemical markers
after bisphosphonate treatment

Table 3 shows that urinary NTX concentrations decreased
after 3 months of treatment and SOS increased and serum
ALP concentrations decreased after 6 months of treatment
in both groups. The mean rate of urinary NTX decrease
was 38.5% in the low vitamin K-intake group and 36.6%
in the normal vitamin K-intake group. The respective
mean rate of serum ALP decrease was 17.5% and 22.4%,
respectively. The respective mean rate of SOS increase
was 0.36% and 0.62%, respectively. However, there were
no significant differences in the percentage changes in
urinary NTX, serum calcium, phosphorus, ALP concen-
trations or SOS between the two groups.

The mean urinary NTX concentration after 3 months of
treatment was 32.5 nmol BCE/mmol Cr in the low vita-
min K-intake group and 26.6 nmol BCE/mmol Cr in the
normal vitamin K-intake group with no significant differ-
ence between the two groups. The respective mean serum
ALP concentration after 6 months of treatment was 209
IU/L and 192 TU/L with no significant difference between
the two groups.

Vitamin K nutritional status and serum ucOC after 6
months of treatment

Figure 1 shows serum ucOC concentrations after 6
months of treatment in the low and normal vitamin K-
intake groups. The mean serum ucOC concentration was
significantly higher in the low vitamin K-intake group
than in the normal vitamin K-intake group (2.79 ng/mL
and 2.20 ng/mL, respectively).

Adverse events

Twelve women dropped out of the study during the 6-
month treatment period. However, no severe adverse
event was observed in any participants.

Simplified vitamin K-intake questionnaire (Eat normally = a handful or small bowlful)

Fermented soybeans 1. Almost none

(1 pack 50 g)

Vegetables 1. Almost none

(per meal)

2. One to three times/ week 3. Four to five times/ week

2. Eat a few

4. One or more times/day

3. Eat normally 4. Eat plenty

Points table for the simplified vitamin K-intake questionnaire (Total score <40 pts = insufficient vitamin K intake expected and
measurement of serum undercarboxylated osteocalcin recommended)

Fermented soybeans 1. 0 pts 2.10 pts

Vegetables 1. 0 pts 2.10 pts

3.25 pts 4. 40 pts

3. 15 pts 4. 25 pts
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Table 2. Baseline characteristics of study subjects

Low vitamin K-intake Normal vitamin K-intake

group (n=67) group (n=19) p-value
Vitamin K-intake questionnaire score 26.4+8.5 48.7+8.6 <0.001
Age (years) 70.4+9.5 69.7+9.9 NS
Height (m) 1.54+0.06 1.54+0.07 NS
Body weight (kg) 51.6+7.0 49.9+5.9 NS
Body mass index (kg/m?) 21.7+3.1 21.1£1.2 NS
Prevalence of vertebral fracture (%) 10.4 15.8 NS
History of non-vertebral fracture (%) 6 0 NS
SOS (mv/s) 147217 1468+11 NS
YAM of SOS (%) 67.3+7.8 65.2+4.8 NS
Serum calcium (mg/dL) 9.1+£0.3 9.2+0.4 NS
Serum phosphorus (mg/dL) 3.5£0.5 3.5+0.3 NS
Serum ALP (IU/L) 258+69 247+67 NS
Urinary NTX (nmol BCE/mmol Cr) 56.8£22.3 52.7+£30.3 NS

Data are expressed as mean+SD. Unpaired #-tests were used to compare baseline characteristics of study subjects between groups. Fish-

er’s exact tests were used to compare percentages of patients with prevalent vertebral fractures and history of non-vertebral fractures be-

tween groups.

SOS: speed of sound; YAM: young adult mean; ALP: alkaline phosphatase; NTX: cross-linked N-terminal telopeptides of type I collagen;

BCE: bone collagen equivalent; Cr: creatinine; NS: not significant.

Table 3. Percentage changes in SOS and biochemical markers after bisphosphonate treatment

Low vitamin K-intake

Normal vitamin K-intake

group (n=67) group (n=19) p-value
SOS (my/s) 0.36+0.97 0.62+0.84 NS
Serum calcium (mg/dL) -0.10+4.33 0.65+3.79 NS
Serum phosphorus (mg/dL) -2.3£14.3 -4.0£15.5 NS
Serum ALP (IU/L) -17.5£17.1 -22.4+15.1 NS
Urinary NTX (nmol BCE/mmol Cr) -38.5+24.4 -36.6+£33.8 NS

Data are expressed as mean+SD. Unpaired #-tests were used to compare the changes in SOS and biochemical markers after bisphosphonate
treatment between groups. The percentage changes in SOS, serum calcium, phosphours, and ALP after 6 months of treatment and the
percentage change in urinary NTX after 3 months of treatment were evaluated.

SOS: speed of sound; ALP: alkaline phosphatase; NTX: cross-linked N-terminal telopeptides of type I collagen; BCE: bone collagen

equivalent; Cr: creatinine; NS: not significant.

DISCUSSION

Serum ucOC is an index of vitamin K nutritional status in
treatment-naive postmenopausal osteoporotic women.
However, the association between vitamin K nutritional
status and high ucOC remains to be established in post-
menopausal women receiving bisphosphonates. The pre-
sent study confirmed that 78% of postmenopausal osteo-
porotic women treated with bisphosphonates might have
had vitamin K deficiency as indicated by low vitamin K-
intake and high serum ucOC concentrations, despite hav-
ing a similar reduction in bone turnover to women who
had normal vitamin K-intake.

Our previous studies showed that alendronate (35 mg
weekly) and risedronate (17.5 mg weekly) reduced serum
ALP and urinary NTX concentrations by 34.7-44.9% (at
3 months) and 17.2-19.9% (at 6 months), respectively,
from baseline values, and increased SOS by 0.60-0.68%
(at 6 months) from baseline in postmenopausal women
with osteoporosis.”** In the present study, urinary NTX
concentrations were reduced by 36.6-38.5% at 3 months
and serum ALP concentrations by 17.5-22.4% at 6
months. SOS was increased by 0.36-0.62%. The changes
in bone turnover markers and SOS in the present study
were compatible with those in previous studies.***’

There are two types of naturally-occurring forms of vit-
amin K, phylloquinone (vitamin K1) and menaquinones

p<0.05

Normal vitamin K-
intake group (n=19)

Low vitamin K-
intake group (n=67)

Figure 1. Serum ucOC levels after 6 months of bisphosphonate
treatment. ucOC: undercarboxylated osteocalcin.

(vitamin K2). All forms of vitamin K contain a 2-methyl-
1,4-naphthoquinone ring as part of their structure, and
individual forms differ in the length and degree of satura-
tion of a variable aliphatic side chain attached at the 3-
position. Vitamin K1 is rich in green vegetables, while
vitamin K2 is rich in natto (fermented soybean).® Thus,
the simple vitamin K-intake questionnaire developed by
Uenishi*® was considered suitable for evaluating vitamin
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K nutritional intake. A significant positive correlation
between vitamin K nutritional intake according to this
simple vitamin K-intake questionnaire and the food fre-
quency questionnaire for dietary intake of calcium and
other nutrients has been demonstrated in terms of bone
health in adult Japanese women (Spearman's rank correla-
tion coefficient, r’=0.899, p<().()0()l).20’27 Furthermore,
there was a significant negative correlation between the
simple vitamin K-intake questionnaire scores and serum
concentrations of ucOC in treatment-naive postmenopau-
sal women (mean age: 64.9 years) (Spearman’s rank cor-
relation coefficient, r’=-0.404, p<0.0001).%° These results
demonstrate an association between simple vitamin K-
intake questionnaire scores and serum ucOC concentra-
tions in postmenopausal women with osteoporosis.
Alendronate (5 mg daily) reduced serum OC concentra-
tions by approximately 45% from the baseline value in
postmenopausal Japanese women with osteoporosis.”' No
data are available regarding risedronate.”” Serum ucOC
concentrations are decreased in postmenopausal women
with osteoporosis according to the reduction in bone
turnover markers following bisphosphonate treatment.'®
The reduction in serum OC concentrations levelled off
after 6 months of bisphosphonate treatment, so evaluation
of serum ucOC concentrations after 6 months may be
considered reasonable. However, the association between
vitamin K nutritional status and high ucOC in postmeno-
pausal osteoporotic patients treated with bisphosphonates
still remains to be confirmed. In the present study, 78% of
postmenopausal osteoporotic patients treated with bispho-
sphonates were considered to have vitamin K deficiency
as indicated by low vitamin K-intake and high serum
ucOC concentrations (mean: 2.79 ng/mL), even though
bone turnover markers were reduced similarly to those in
patients who had normal vitamin K-intake and low serum
ucOC concentrations(mean: 2.20 ng/mL). Because high
concentrations of ucOC concentrations (>2.6 ng/mL) are
thought to be an independent risk factor for incident frac-
tures in osteoporotic patients treated with bisphospho-
nates," nutritional management of vitamin K appears to
be essential to reduce the occurrence of fractures in post-
menopausal osteoporotic women treated with bisphos-
phonate who have vitamin K deficiency.

The vitamin K-dependent vy-glutamyl carboxylase
(GGCX) carboxylates vitamin K-dependent proteins, in-
cluding bone Gla protein (osteocalcin) and matrix Gla
protein. Differences in GGCX activity have been demon-
strated between the common genotypes associated with
BMD in elderly Japanese women.”® Another study
showed an influence of GGCX gene polymorphisms on
the response of serum ucOC after treatment with men-
atetrenone (vitamin K2, menaquinine-4) among Thai
women.” The GGCX polymorphism may therefore affect
the carboxylase activity of vitamin K and contribute to
individual differences in susceptibility to osteoporosis
and response to vitamin K. There seem to be genetic con-
tributions to the actions of vitamin K in human popula-
tions, and the influence of GGCX gene polymorphisms
on the relationship between vitamin K nutritional status
and serum ucOC concentrations in individual patients
thus needs to be considered. Further studies are needed to
address this issue.

This study had some limitations. First, DXA is the gold
standard in the diagnosis of osteoporosis, but we used
SOS as measured by QUS to evaluate bone mass. There
might therefore have been a bias in terms of patient inclu-
sion and exclusion. Second, despite no significant differ-
ences between the two groups, both urinary NTX level
after 3 months of treatment and serum ALP concentration
after 6 months of treatment tended to be higher in the low
vitamin K-intake group than in the normal vitamin K-
intake group, which could have affected serum ucOC
concentrations after 6 months of treatment, because se-
rum ucOC concentrations might have been influenced by
bone turnover status.!” Considering the modest number of
the study subjects, there remains the possibility that the
lack of significance was due to the type-II error. Third,
we did not measure serum 25-hydroxyvitamin D concen-
trations to evaluate vitamin D insufficiency/deficiency.
Vitamin D supplementation is uncommon in Japan, and
the measurement of serum 25-hydroxyvitamin D concen-
trations is not covered by health insurance. Because low
serum concentrations of 25-hydroxyvitamin D are associ-
ated with a poorer response to bisphosphonate treat-
ment,’ vitamin D nutritional status could have had an
influence on the results of the present study.

In conclusion, the results of this study suggest that 78%
of postmenopausal osteoporotic patients treated with
bisphosphonates may have vitamin K deficiency as indi-
cated by low vitamin K-intake and high serum ucOC con-
centrations, despite similar reductions in bone turnover to
women who have normal vitamin K-intake. Because high
concentrations of ucOC concentrations are thought to be
an independent risk factor for incident fractures in osteo-
porotic patients treated with bisphosphonates, nutritional
management of vitamin K appears to be essential to re-
duce the occurrence of fractures in postmenopausal oste-
oporotic women treated with bisphosphonate who have
vitamin K deficiency.
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