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931 patients in the risedronate and vitamin K2 group and 
in 104 or 26 sites respectively among 943 patients in the 
risedronate alone group. The rates of any incident fracture 
were similar between the two groups (incidence rate ratio 
1.074, 95  % confidence interval 0.811–1.422, p =  0.62), 
implying that the primary end point was not met. There 
were no differences in the degree of increase in bone min-
eral density between the two groups. Undercarboxylated 
osteocalcin concentration decreased from 5.81 ±  3.93  ng/
mL to 2.59 ±  1.52  ng/mL at 6  months in the risedronate 
and vitamin K2 group, whereas the change in the risedronate 
alone group was minimal (from 5.96  ±  4.36  ng/mL to 
4.05 ± 3.40 ng/mL at 6 months) (p < 0.01). The treatment 
discontinuation rate was higher in the risedronate and vita-
min K2 group than in the risedronate alone group (10.0 % vs 

Abstract  The aim of this study was to investigate the 
efficacy of concurrent treatment with vitamin K2 and rise-
dronate compared with treatment with risedronate alone in 
patients with osteoporosis and to explore subsets of patients 
for which concurrent treatment is particularly efficacious. 
Women with osteoporosis aged 65  years or older were 
recruited from 123 institutes in Japan and allocated to take 
either vitamin K2 (45 mg/day) and risedronate (2.5 mg/day 
or 17.5  mg/week) or risedronate (2.5  mg/day or 17.5  mg/
week) alone. The primary end point was the incidence of 
any fracture (vertebral and nonvertebral). The secondary 
end points were bone mineral density, height, undercar-
boxylated osteocalcin concentration, quality of life, and 
safety. Over a 2-year follow-up, vertebral or nonvertebral 
fractures occurred in 117 or 22 sites respectively among 
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6.7 %). No unknown adverse drug reactions were reported. 
In conclusion, concurrent treatment with vitamin K2 and 
risedronate was not efficacious compared with monotherapy 
with risedronate in terms of fracture prevention.

Keywords  Risedronate · Osteoporosis · 
Undercarboxylated osteocalcin · Vitamin K2

Introduction

Bisphosphonates have been used as first-line drugs to 
treat osteoporosis. Their key mode of action is inhibition 
of osteoclastic bone resorption through inhibition of the 
mevalonate pathway [1], achieving a decrease in bone turn-
over followed by an increase in secondary mineralization 
of bone. This process turns bone catabolism to anabolism 
and finally prevents fracture [2]. However, the rate of risk 
reduction of fractures through the use of bisphosphonates 
has ranged from 70 to 50  %, which means that the pre-
vention of fracture has not yet been completely achieved 
by bisphosphonate treatment alone [3–7]. This insuffi-
cient reduction in the risk of fracture by bisphosphonate 
treatment may be partly explained by the concept that the 
pathogenesis of osteoporosis is complex.

Carmel et  al. [8] reported that a sufficient level of 
25-hydroxyvitamin  D in serum (33  ng/mL or greater) is 
required for bisphosphonates to exert a favorable effect 
on bone. We previously found an association between 
undercarboxylated osteocalcin (ucOC) concentration and 
incident fracture among osteoporosis patients receiving 
bisphosphonate treatment [9]. Vitamin K is considered to 
maintain bone strength through γ-carboxylation of glu-
tamic acid residues in matrix proteins such as osteocalcin. 
In vitamin K insufficiency or deficiency, ucOC is released 
from osteoblasts into the circulation. Thus, the serum con-
centration of ucOC has been recognized as being a sensi-
tive marker of vitamin K status in bone [10]. Serum ucOC 
concentration decreases after vitamin K1 (phylloquinone) 
or vitamin  K2 (menaquinone) treatment, and vitamin K 
administration was consistently reported to reduce fracture 
risk [11, 12]. Furthermore, Okano et al. [13] reported that 
vitamin K1) can be converted to vitamin K2 in various cells, 
including osteoblasts, through geranylgeranylation in the 
side chain and that menaquinone 4 was considered to be 
an active form of vitamin K because menaquinone 4 was 
reported to bind to nuclear steroid and xenobiotic recep-
tor [14]. Since bisphosphonate inhibits farnesyl diphos-
phate synthase activity, bisphosphonate possibly inhibits 
the vitamin K activation process in the same bone cells. 
Thus, we attempted to investigate the efficacy of concurrent 
treatment with vitamin K2 and risedronate compared with 
treatment with risedronate alone and to explore subsets of 

patients for whom concurrent treatment is particularly effi-
cacious in a randomized prospective study [15].

Materials and methods

Japanese Osteoporosis Intervention Trial-03 is a prospec-
tive, multicenter, open-labeled, randomized trial (Univer-
sity Hospital Medical Information Network Clinical Tri-
als Registry identification number UMIN000000991), and 
details of its design have been reported elsewhere [15]. 
The protocol was approved by the central ethics committee 
for the Japanese Osteoporosis Intervention Trial (Rikushi 
Morita as Chairman) and was reviewed by the institutional 
review board of each participating institution as necessary. 
The trial was conducted in accordance with the Declaration 
of Helsinki. Written informed consent was obtained before 
patient enrollment and after the patient had been provided 
with a thorough explanation of the trial’s objectives, dura-
tion, and procedure.

Patients were recruited from 123 institutions nation-
wide in Japan from January 2008 to February 2010. Those 
who met all the eligibility criteria were randomly allo-
cated to either the vitamin K2 (45 mg/day) and risedronate 
(2.5  mg/day or 17.5  mg/week) group or the risedronate 
alone (2.5 mg/day or 17.5 mg/week) group in a 1:1 rand-
omization ratio. Random allocation was implemented by 
a Web-based computerized system for the modified mini-
mization method that adjusts that data for an imbalance in 
eight factors: age, number of prevalent vertebral fractures, 
bone mineral density (BMD), serum ucOC level, presence 
of alcohol intake, past or current smoking, history of par-
ents’ femoral neck fracture, and institution. The algorithm 
for random allocation was concealed from the investigators 
and patients. The planned follow-up duration was 2 years.

Eligibility criteria

Eligible participants were women who met the criteria to 
start pharmacological therapy defined by the Japanese 
guidelines for the prevention and treatment of osteoporo-
sis (2014 edition) [16], were aged 65  years or older, had 
any of the risk factors suggested by the Adequate Treat-
ment of Osteoporosis (A-TOP) research group, could walk 
unassisted, and had the ability to answer questionnaires. 
The A-TOP risk factors included age of 70 years or older, 
having one or more prevalent vertebral fractures between 
T4 and L4, BMD below minus three standard deviations 
of the young adult mean, and an ucOC level of 4.5 ng/mL 
or more. Exclusion criteria were prior treatment with war-
farin, secondary osteoporosis or metabolic bone diseases 
other than osteoporosis, contraindication for administra-
tion of vitamin K2 and risedronate, hyperparathyroidism or 
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hypoparathyroidism, mental disorders with the potential to 
result in unreliable self-reported data, prevalent vertebral 
fracture at six or more sites, severe degenerative deforma-
tion of the spine between T4 and L4, which may interfere 
with judgment of incident fracture or the precise measure-
ment of lumbar BMD, critical disorders of the heart, liver, 
or kidney, and prior treatment with bisphosphonates within 
6 months.

Assessments

For the assessment of prevalent vertebral fractures (T4–
L4), anteroposterior and lateral radiographs of the tho-
racic and lumbar spine within 3 months before the date of 
informed consent were initially examined by investigators 
independent of the central committee according to the sem-
iquantitative method [17]. After the first X-ray films had 
been collected, one evaluator for prevalent fractures or two 
independent evaluators for incident fractures, an orthope-
dist, and a radiologist reviewed those films simultaneously 
after the patient’s information had been masked according 
to the same semiquantitative method. When a diagnosis of 
prevalent vertebral fractures differed from that made by 
the investigators, the diagnosis made by the independent 
evaluators was preferentially adopted. If inconsistencies 
arose between the two independent readers, the two evalu-
ators negotiated between themselves to reach a consensus. 
Incident vertebral fractures were assessed at 6, 12, and 
24  months in the same manner as for prevalent vertebral 
fractures with use of radiographs obtained within 1 month 
of each visit. Also, assessors were completely blinded to 
treatment assignment.

To assess prevalent nonvertebral fractures, all fractures 
excluding vertebral, facial, and skull fractures that had 
occurred after the age of 50 years were recorded. All inci-
dent nonvertebral fractures were assessed by radiographs at 
the time of fracture with the exception of vertebral, facial, 
and skull fractures. Information such as the date, site, and 
circumstance of the fracture was recorded simultaneously. 
After X-ray films taken at each institution had been col-
lected, they were reviewed by two independent evaluators.

At the baseline and at 6, 12, and 24 months, BMD was 
measured at one or more of the following sites: proximal 
part of the femur, femoral neck, lumbar vertebrae, distal 
part of the radius, and second metacarpal bone. The BMD 
measurements were done by a method that could be used 
in each institution. Quality of life was assessed by self-
administered questionnaires [the Japanese Osteoporosis 
Quality of Life (JOQOL) questionnaire and the EuroQol 
five dimensions (EQ-5D) questionnaire] at the baseline 
and at 6, 12, and 24 months [18]. Baseline laboratory tests 
included those for ucOC, homocysteine, and 25-hydroxy-
vitamin  D, and other routine biochemical examinations. 

The levels of ucOC were measured at 6 and 24 months, and 
those of homocysteine were measured at 24 months. Serum 
samples were sent to the central laboratories (SRL, Tokyo, 
Japan, and Toyo Kensa Center, Tokyo, Japan, for ucOC and 
25-hydroxyvitamin D, and MBL, Tokyo, Japan, for homo-
cysteine). Adverse events were assessed according to Med-
DRA version 6.1J.

Statistical considerations

The primary end point was the incidence of any fracture 
(vertebral and nonvertebral) analyzed by the person-year 
method. The accumulation of person-years at risk began at 
the randomization of each subject and ended at the date of 
the last visit (or the date of last radiographs for analysis of 
vertebral fractures), the date of lost to follow-up, or the date 
of death. The secondary end points were changes in BMD, 
height, ucOC concentration, JOQOL questionnaire score, 
EQ-5D questionnaire score, and safety. The current report 
focus on end points other than the JOQOL and EQ-5D 
questionnaire scores, and results regarding JOQOL and 
EQ-5D questionnaire scores will be reported elsewhere.

On the basis of past studies [19–21] and an attrition 
proportion of 15 %, a sample size of 910 participants per 
group and a 2-year follow-up were determined to provide 
80 % power to detect the minimum clinically meaningful 
effect of a 35 % risk reduction of fracture with a two-sided 
significance level of 5  %. Interim analysis for safety was 
conducted at 1  year after enrollment of one third of the 
planned number of patients. Interim analysis for efficacy 
was not planned.

For the primary analysis we fit a multivariate Poisson 
regression model that included the adjustment factors for 
random allocation as covariates to the incidence of verte-
bral and nonvertebral fractures to estimate the hazard ratio 
between the two arms with its 95 % confidence interval and 
p value. We also fit the same Poisson regression models 
to incident fractures at each site as a secondary analysis. 
BMD, height, and ucOC concentration were described by 
means ± standard errors for each visit and means ± stand-
ard errors of changes from the baseline. Differences in 
changes from the baseline between the two arms were com-
pared by a t test. All analyses were based on the intention-
to-treat principle. Subgroup analyses of patients stratified 
according to the following factors that accompanied the 
interaction tests were also planned before provision of 
data: adjustment factors for random allocation, body mass 
index, 25-hydroxyvitamin  D status, estimated glomerular 
filtration rate, grade of vertebral fracture, JOQOL question-
naire score, EQ-5D questionnaire score, and comorbidity. 
Two exploratory analyses were performed after provision 
of data: subgroup analysis according to homocysteine con-
centration and multivariate Poisson regression models and 
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generalized additive models for the associations between 
the ucOC concentration at 6 months and incidence rate of 
vertebral fracture. In the latter analysis, we excluded inci-
dents and person-years before 6 months to avoid bias due 
to outcome-by-outcome analysis. The regression models 
included age, BMD at the baseline, prevalent vertebral 
fractures, and A-TOP risk factors as covariates. All p val-
ues were two-tailed without multiplicity adjustment, and 
p  <  0.05 indicated statistical significance. Data manage-
ment and all statistical analyses were conducted by the 
Japan Clinical Research Support Unit (Tokyo, Japan) and 
academic biostatisticians with use of SAS version 9.2 (SAS 
Institute, Cary, NC, USA).

Results

Baseline characteristics

We randomized 1983 patients from 123 institutes in Japan. 
Finally, 931 patients in the risedronate and vitamin K2 
group and 943 in the risedronate alone group were included 
the full analysis set after exclusion of those who did not 
receive the planned treatment and those who were not eli-
gible (Fig.  1). The baseline characteristics of the patients 
in the full analysis set were well balanced between the 
two groups (Table  1). The mean age of the patients was 
75.3 years. About 54 % of patients had BMD less than the 
young adult mean minus three standard deviations, and 
about 70 % of patients had not receive osteoporosis treat-
ment during the previous year. Half of the patients had an 
ucOC level less than 4.5 ng/mL.

Adherence

The proportion of participants who discontinued treatment 
was higher in the risedronate and vitamin K2 group (10.0 % 
vs 6.7 %; Fig. 1). Adherence to risedronate or vitamin K2 
therapy was excellent in both groups. The proportions of 
patients who took risedronate on 2, 3, or more days in 6, 
12, 18, and 24 months were 89.2, 87.7, 87.0, and 82.1 % 
respectively in the risedronate and vitamin K2 group and 
90.5, 88.3, 91.7, and 83.9 % respectively in the risedronate 
alone group. The proportions of patients who took vitamin 
K2 on 2, 3, or more days in 6, 12, 18, and 24 months were 
84.3, 78.8, 79.8, and 74.1 % respectively in the risedronate 
and vitamin K2 group.

Fracture

The 2-year follow-up rate was 70.9 % (69.2 % in the rise-
dronate and vitamin K2 group and 73.1 % in the risedronate 
alone group). There was no significant difference in the 
proportion of patients who were not assessed for vertebral 
fracture between the two groups (Fig. 1).

Table  2 shows the incidence rates of fracture over a 
period of 2  years. A total of 216 patients experienced 
any fracture. In comparison with no-fracture patients, 
the fracture patients were significantly older (77.6  years 
vs 75.0  years) and had lower BMD (T score of −3.7 vs 
−3.1) and 25-hydroxyvitamin  D concentration (19.0  ng/
mL vs 20.6  ng/mL) at the baseline. However, there were 
no significant differences at the baseline in ucOC con-
centration (5.8  ng/mL vs 5.9  ng/mL), homocysteine 
concentration (13.9  nmol/mL vs 13.2  nmol/mL), and 

Fig. 1   Flow diagram of enroll-
ment, randomization, treatment, 
and follow-up

Assessed for eligibility (N=2181)

Randomized (N=1983)

Risedronate and vitamin K2 (N=992) Risedronate alone (N=991)

Patients treated (N=958) Patients treated (N=970)
Excluded: 34 who did not receive treatment Excluded: 21 who did not receive treatment

Full analysis set/safety analysis set (N=931)
(Including 93 who discontinued treatment)

Full analysis set/safety analysis set (N=943)
(Including 63 who discontinued treatment)

Excluded: 27 who were not eligible Excluded: 27 who were not eligible

Assessed for vertebral fracture
(N=810, 87.0%)

Assessed for vertebral fracture
(N=841, 89.2%)

Followed-up for 24 months (N=644, 69.2%) Followed-up for 24 months (N=689, 73.1%)
Reasons: 78 patients’ reasons, 33 hospital 
transfers, 31 adverse events, 16 switching 

drugs, 211 other reasons

Reasons: 60 patients’ reasons, 24 hospital 
transfers, 18 adverse events, 13 switching 

drugs, 192 other reasons
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estimated glomerular filtration rate (70.3 mL/min/1.73 m2 
vs 70.5  mL/min/1.73  m2). Incident vertebral fractures 
occurred in 94 patients in the risedronate and vitamin K2 
group and in 83 patients in the risedronate alone group. 
Incident nonvertebral fractures occurred in 20 patients in 
the risedronate and vitamin K2 group (3 rib, 2 radius, 2 

ulna, 1 breastbone, 1 femur, 1 fibula, 1 forearm, 1 humerus, 
1 knee joint, 1 kneecap, 1 middle phalanx, 1 patella, 1 prox-
imal interphalangeal joint, 1 shoulder, 1 tibia, and 1 wrist) 
and in 24 patients in the risedronate alone group (5 rib, 4 
radius, 3 femur, 3 kneecap, 2 breastbone, 2 proximal part 
of phalanx, 2 tibia, 1 coccyx, 1 finger, 1 humerus). There 

Table 1   Background 
characteristics of 1874 
postmenopausal women with 
osteoporosis

BMI body mass index, eGFR estimated glomerular filtration rate, ucOC undercarboxylated osteocalcin, SD 
standard deviation YAM young adult mean
a  Adjustment factors for randomization

Risedronate and vitamin K2  
(N = 931)

Risedronate alone  
(N = 943)

Mean or N SD or  % Mean or N SD or  %

Age at randomization (years) 75.3 5.8 75.3 5.9

 <70 yearsa 158 17.0 % 158 16.8 %

 70–79 yearsa 552 59.3 % 555 58.9 %

 ≥80 yearsa 221 23.7 % 230 24.4 %

Age at menopause (years) 49.2 4.3 49.1 4.5

Years after diagnosis 4.1 4.6 4.0 4.7

Outpatients 899 96.6 % 901 95.5 %

Height (cm) 147.7 5.7 147.9 5.9

Weight (kg) 51.1 8.9 50.8 9.0

BMI (kg/m2) 23.4 3.8 23.2 3.7

Treatment during past year

 Bisphosphonates 24 2.6 % 22 2.3 %

 Active vitamin D3 105 11.3 % 114 12.1 %

 Calcitonin 55 5.9 % 59 6.3 %

 Vitamin K2 27 2.9 % 23 2.4 %

 Raloxifene 102 11.0 % 99 10.5 %

 Estrogen 5 0.5 % 3 0.3 %

Comorbidity

 Hypertension 399 42.9 % 398 42.2 %

 Diabetes 100 10.7 % 87 9.2 %

 Dyslipidemia 228 24.5 % 211 22.3 %

 Rheumatoid arthritis 13 1.4 % 16 1.7 %

 Osteoarthritis 315 33.7 % 288 30.5 %

Risk factors in guidelines ≥1a 121 13.0 % 117 12.4 %

 Alcohol drinker 18 1.9 % 15 1.6 %

 Smoker 71 7.6 % 63 6.7 %

 Family history of femoral neck fracture 47 5.0 % 50 5.3 %

Number of vertebral fractures 0.9 1.2 1.0 1.5

 1–5 vertebral fracturesa 725 77.9 % 733 77.7 %

Maximum grade of vertebral fracture 1.0 1.2 1.0 1.2

BMD (T score) −3.2 1.6 −3.2 1.6

 BMD < YAM − 3SDa 507 54.5 % 509 54.0 %

ucOC (ng/mL) 5.8 3.9 6.0 4.4

 ucOC < 4.5 ng/mLa 422 45.3 % 426 45.2 %

25-Hydroxyvitamin D (ng/mL) 20.6 7.3 20.2 7.0

Homocysteine (nmol/mL) 13.5 5.2 13.1 4.4

eGFR (mL/min/1.73 m2) 69.7 17.2 71.2 17.5
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were no significant differences in the rate of any incident 
fracture between the two groups (incidence rate ratio 1.074, 
95 % confidence interval 0.811–1.422, p = 0.62), implying 
that the primary end point was not met. Figure 2 shows the 
subgroup analysis by the prespecified stratification factors. 
Interaction tests indicated that a significant effect modifica-
tion was not observed.

Secondary end points

Figure  3 depicts changes in BMD, height, and ucOC and 
homocysteine concentrations. There were no significant dif-
ferences in the changes in BMD between the two groups; 
BMD according to the T score increased from −3.17 ± 1.65 
at the baseline to −2.95 ± 1.70 at 24 months in the risedronate 

Table 2   Comparison of incidence rate of fracture over 2 years between concurrent treatment with vitamin K2 and risedronate and treatment with 
risedronate alone

CI confidence interval, IRR incidence rate ratio
a  Estimated by generalized estimating equation Poisson regression

Risedronate and vitamin K2 
(N = 931)

Risedronate alone  
(N = 943)

IRRa 95 % CI p

Events Annual rate Events Annual rate

Any incident fracture 139 (112 cases) 0.091 130 (104 cases) 0.082 1.074 0.811–1.422 0.62

Incident vertebral fracture 117 (94 cases) 0.080 104 (83 cases) 0.068 1.152 0.842–1.574 0.38

Progression of vertebral fracture 45 (42 cases) 0.031 43 (40 cases) 0.028 1.081 0.702–1.664 0.72

Incident nonvertebral fracture 22 (20 cases) 0.014 26 (24 cases) 0.016 0.885 0.483–1.622 0.69

Incident nontraumatic nonvertebral fracture 16 (16 cases) 0.011 23 (21 cases) 0.014 0.732 0.383–1.398 0.34

Age < 70 years
Age 70 to 79 years
Age 80 years
No prevalent vertebral fracture
With prevalent vertebral fracture
No risk factors
With risk factors
BMD < YAM-3SD
BMD YAM-3SD
ucOC < 4.5 ng/mL
ucOC 4.5 ng/mL
BMI < 25 kg/m2
BMI 25 kg/m2
25(OH)D < 25 ng/mL
25(OH)D 25 ng/mL
eGFR < than 60 mL/min/1.73m2

eGFR 60 mL/min/1.73m2

SQ Grade < 2
SQ Grade 2
Normotension
Hypertension
Non diabetes
Diabetes
Normolipidemia
Dyslipidemia
Non osteoarthritis
Osteoarthritis
Overall

0.5                 1              1.5         2      2.5      3          4        5
IRR of risedronate and vitamin K2 compared to risedronate alone

Interaction test

p=0.95

p=0.90

p=0.32

p=0.55

p=0.57

p=0.30

p=0.35

p=0.80

p=0.56

p=0.81

p=0.37

p=0.27

p=0.27

Fig. 2   Subgroup analysis of effects on any incident fracture accord-
ing to prespecified subgroups. BMD bone mineral density, BMI body 
mass index, eGFR estimated glomerular filtration rate, IRR incidence 

rate ratio, ucOC undercarboxylated osteocalcin, 25(OH)D 25-hydrox-
yvitamin D, SD standard deviation, SQ semiquantitative, YAM young 
adult mean
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and vitamin K2 group and from −3.21 ±  1.58 at the base-
line to −3.06 ± 1.66 at 24 months in the risedronate alone 
group (p = 0.21 for difference in change at 24 months). In 
contrast, ucOC concentration decreased from 5.81 ± 3.93 ng/
mL at the baseline to 2.59 ±  1.52 ng/mL at 6 months and 
was stable after 6 months (2.63 ± 1.87 at 24 months) in the 
risedronate and vitamin K2 group, whereas the change in 
ucOC concentration in the risedronate alone group was less 
(5.96 ± 4.36 ng/mL at the baseline to 4.05 ± 3.40 ng/mL at 
6 months) and continued until 24 months (3.74 ±  3.31 ng/
mL) (p < 0.01 for difference in change at 24 months). Patients 
with an ucOC concentration at 6 months of less than 4.5 ng/
mL and of 4.5–6  ng/mL accounted for 92.0 and 5.6  %, 
respectively, of the patients in the risedronate and vitamin 
K2 group, and 70.4 and 10.3 %, respectively, of patients in 
in the risedronate alone group. The degree of change in 
height was slightly greater in the risedronate and vitamin K2 
group. The concentration of homocysteine, which is a marker 
of bone quality, was 13.5 ±  5.2  mmol/mL at the baseline 
and 12.1 ±  5.0  mmol/mL at 24  months in the risedronate 
and vitamin K2 group and was 13.1 ± 4.4 mmol/mL at the 

baseline and 11.9 ± 4.4 mmol/mL at 24 months in the rise-
dronate alone group.

Safety

Adverse events according to MedDRA occurred in 80 
patients (83 reports) in the risedronate and vitamin K2 
group and in 52 patients (54 reports) in the risedronate 
alone group, and 97 of the 137 reports were of adverse 
drug reactions for which causal relationships with treat-
ment cannot be ruled out. Table 3 provides information on 
the 97 reports of adverse drug reactions. All adverse drug 
reactions were known, and the commonest adverse drug 
reactions were gastrointestinal disorders (4.05  % in the 
risedronate and vitamin K2 group and 2.56 % in the rise-
dronate alone group). Serious adverse events occurred in 
14 patients (14 reports) in the risedronate and vitamin K2 
group (including 7 patients who died) and in 16 patients 
(16 reports) in the risedronate alone group (including 12 
patients who died); these included three adverse drug reac-
tions related to the protocol-specific treatment (two patients 
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in the risedronate and vitamin K2 group and one patient in 
the risedronate alone group).

Discussion

In this study of 1874 Japanese women with osteoporosis, 
we compared incidence rates of vertebral and nonvertebral 

fractures over 2 years, changes in BMD, height, and ucOC 
concentration, and safety with the concurrent treatment 
with vitamin K2 and risedronate and monotherapy with 
risedronate. The rates of any incident fracture were simi-
lar between the two groups, and the subgroup analysis 
revealed no effect modification among patients with ucOC 
concentration of 4.5  ng/mL or more and other subsets. 
Decreases in ucOC concentration were observed with both 

Table 3   Comparison of adverse 
events between concurrent 
treatment with vitamin K2 and 
risedronate and treatment with 
risedronate alone

SOC system organ class in MedDRA

Risedronate and vitamin K2 
(N = 931)

Risedronate alone 
(N = 943)

Number % Number %

Gastrointestinal disorders in SOC 38 4.05 24 2.56

 Stomach discomfort 8 0.86 9 0.95

 Dyspepsia 7 0.75 4 0.42

 Gastritis 5 0.54 1 0.11

 Abdominal pain upper 3 0.32 3 0.32

 Nausea 4 0.43 1 0.11

 Diarrhea 4 0.43 1 0.11

 Stomatitis 2 0.21 3 0.32

 Constipation 2 0.21 0 0.00

 Gastric ulcer 1 0.11 1 0.11

 Gastrointestinal disorder 1 0.11 0 0.00

 Glossitis 1 0.11 0 0.00

 Reflux esophagitis 0 0.00 1 0.11

Skin and subcutaneous tissue disorders in SOC 11 1.47 4 0.43

 Pruritus 3 0.32 3 0.32

 Dermatitis medicamentosa 3 0.32 0 0.00

 Urticaria 3 0.21 1 0.11

 Dermatitis allergic 1 0.11 0 0.00

 Alopecia 1 0.11 0 0.00

 Exanthem 1 0.11 0 0.00

General disorders and administration site conditions in SOC 5 0.53 4 0.43

 Edema 3 0.32 3 0.32

 Thirst 2 0.21 1 0.11

Musculoskeletal and connective tissue disorders in SOC 0 0.00 4 0.43

 Osteonecrosis 0 0.00 1 0.11

 Bone pain 0 0.00 1 0.11

 Pain in extremity 0 0.00 1 0.11

 Back pain 0 0.00 1 0.11

Ear and labyrinth disorders in SOC 2 0.21 1 0.11

 Vertigo 1 0.11 1 0.11

 Tinnitus 1 0.11 0 0.00

Nervous system disorders in SOC 2 0.21 0 0.00

 Hypoesthesia 2 0.21 0 0.00

Cardiac disorders in SOC 1 0.11 0 0.00

 Palpitations 1 0.11 0 0.00

Hepatobiliary disorders in SOC 0 0.00 1 0.11

 Liver disorder 0 0.00 1 0.11
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concurrent treatment and monotherapy, and the proportion 
of patients with an ucOC concentration less than 4.5 ng/mL 
at 6 months was 92.0 % in the risedronate and vitamin K2 
group and 70.4 % in the risedronate alone group. However, 
there were no significant differences in changes in BMD 
and height between those receiving concurrent treatment 
and monotherapy.

Overall this study was conducted as planned. The inci-
dence rate of vertebral fracture in the risedronate alone 
group, 0.068 per year, was close to that in our previous trial 
of alendronate [17] and the value for sample size calcula-
tion, a 2-year risk of 12.3 % with risedoronate monother-
apy [19]. Therefore, the nonsignificant results of this study 
are not due to lack of statistical power. Although treatment 
discontinuation and gastrointestinal disorders were more 
frequent in the risedronate and vitamin K2 group, these 
did not influence fracture end points since the proportions 
were quite low and adherence to risedronate or vitamin K 
therapy was excellent in both groups. Therefore, our pre-
sent results clearly indicate that the combination treatment 
was not superior to the monotherapy in terms of fracture 
prevention.

Although combination therapy is common in clinical 
practice, evidence for use of vitamin K combined with 
bisphosphonates is sparse. We hypothesized that bisphos-
phonates possibly interfere with vitamin K activation and 
that vitamin K and bisphosphonates have additive or syner-
gistic effects. However, the effects of vitamin K combined 
with bisphosphonates may not be comparable to those of 
vitamin K monotherapy. Systematic reviews estimated that 
vitamin K monotherapy increased BMD by 1.80  % [22] 
and reduced the incidence of vertebral fractures by 37  % 
[23], although the results of the largest trial were negative 
[24]. Thus, fracture prevention effects of vitamin K mono-
therapy would be partially mediated through an increase in 
BMD. On the other hand, in our study an increase in BMD 
was observed in both arms, and the degree of increase was 
not significantly different between the two arms. Our find-
ings were close to observations in a randomized clinical 
trial of risedronate combined with vitamin K that reported 
a nonsignificant difference in the change in BMD at 1 year 
[25]. Taken together, the effects on BMD of vitamin K 
combined with bisphosphonates are different from those of 
monotherapy. That may explain the lack of a significant dif-
ference in incidence rates of fracture in this study.

It is reasonable to expect that the efficacy of concurrent 
treatment with vitamin K is dependent on the nutritional 
status of a patient. The major source of dietary intake of 
vitamin K in Japanese people is fermented soybean foods, 
leading to a substantial variability in vitamin K intake 
[26]. In this study population, the average concentration 
of ucOC was around 6 ng/mL, and half of the patients had 
a ucOC concentration less than 4.5  ng/mL. However, our 

study revealed no significant differences in incidence rates 
of fracture in both the primary analysis and the subgroup 
analysis of ucOC concentration; that is, there was no evi-
dence supporting the efficacy of concurrent treatment with 
vitamin K among patients with a low ucOC level.

In conclusion, concurrent treatment with vitamin K2 and 
risedronate was not more efficacious than monotherapy 
with risedronate in terms of fracture prevention.
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