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Abstract
Previous studies indicated a positive effect of vitamin K2 (VK2) supplementation on bone turnover biomarkers and bone 
mineral density (BMD), but the doses varied, and few studies have focused on the difference between VK2 supplementation 
alone and in combination with calcium and vitamin  D3. The aim of this study was to explore a low and effective dose of 
VK2 for improving BMD, and to examine whether the co-supplementation of VK2, calcium and vitamin  D3 would bring 
greater effects. In this trial, a total of 311 community-dwelling men and postmenopausal women aged 50 and 75 years were 
randomly assigned to four groups, receiving placebo, 50 µg/day, 90 µg/day or co-supplementation with calcium (500 mg/
day) and vitamin  D3 (10 µg/day) for 1 year. At the endpoint, the bone loss of femoral neck was significantly lower in post-
menopausal women in the two 90 µg groups (treatment × time, p = 0.006) compared with placebo, but no effects in men. 
Serum biomarkers cOC/ucOC ratio increased in the intervention groups (treatment × time, p < 0.001). VK2 supplementation 
in dose of 90 µg/day performed a significant effect on reducing bone loss in postmenopausal women, but in combination 
with calcium and vitamin  D3 brought no additional effects.
Trial registration This trial was registered at http://www.chict r.org.cn as chiCTR1800019240.
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Introduction

Osteoporosis is a major public health problem, which is 
characterized by low BMD and deterioration of bone micro-
architecture, leading to increased risk to fragility fracture 

and having a negative impact on quality of life in high-risk 
populations [1]. Calcium and vitamin D supplementation is 
a common nutritional intervention to protect or treat osteo-
porosis over the past years [2–4], but some studies suggested 
it has no significant effect on increasing BMD or reducing 
fracture incidence [5, 6]. Therefore, more effective nutrition-
related approaches are being explored.

From previous studies, vitamin K plays an important 
role in improving bone health by acting as a cofactor of 
γ-glutamyl carboxylase to activate vitamin K-dependent 
proteins [7]. Osteocalcin, one kind of vitamin K-depend-
ent proteins, is an important bone turnover biomarker, and 
compared with undercarboxylated osteocalcin (ucOC), the 
carboxylated osteocalcin (cOC) can bind calcium ions to 
bone matrix to promote bone mineralization [8, 9]. To main-
tain sufficient levels, the carboxylation process relies on a 
vitamin K cycle in the body [10]. Nonetheless, adequate 
nutritional status of VK is essential.

Vitamin K (VK) is one kind of fat-soluble vitamin, with 
two dietary forms (VK1 and VK2) [11, 12]. VK1 is mainly 
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found in plants, while VK2 is contained in some fermented 
foods, such as natto and cheese, and also endogenously syn-
thesized by intestinal bacteria [13]. Compared with VK2, 
VK1 contributes majority parts of dietary sources of VK for 
its relatively high content in foods [14], but as for improving 
bone health, VK2 serves as a major contributor [15, 16], and 
has a greater effect on stimulating bone calcium deposition 
[17]. Two subtypes of vitamin K2 are commonly used in 
clinical trials, MK-4 and MK-7, MK-7 was chosen in this 
study for its longer half-time and lower effective dosage [18, 
19].

Most observational studies indicated a direct relation-
ship between VK intake, either VK1 or VK2, and BMD and 
risk of fracture [20]. However, in elderly, low food intake 
and poor nutrition condition of VK, especially VK2, has 
been a concern, and the increased risk of osteoporosis and 
fracture also in turn highlights a higher age-related require-
ment [21, 22]. Some randomized controlled trials, although 
designed for different intervention doses and periods, have 
shown that VK2 supplementation did promote bone health, 
which reflected in improving bone metabolism biomarkers, 
increasing BMD or reducing bone loss and preserving bone 
structure [23–26]. Thus, considering the liposolubility of 
VK2 and on the basis of the available evidence, we tried to 
explore the minimum effective dose of VK2 supplementa-
tion to improve BMD. To observe the treatment effect of 
VK2 on bone and reduce the interference of some possi-
ble factors caused by excessively long time, the interven-
tion time was one year. Nowadays, the supplements of VK2 
were mainly applied in two ways, alone or in combination 
with calcium and (or) vitamin  D3, but few studies focused 
on their difference. So, another objective of this study was to 
examine if additional calcium and vitamin  D3 supplementa-
tion would show a synergistic effect on improving BMD.

The aim of this 12-month randomized controlled trial 
was to assess the effects of VK2 supplementation on bone 
health in two doses in a monotherapy way, and simultane-
ously compared with in combination with calcium and vita-
min  D3 in middle-aged and elderly population in China. The 
primary outcome was BMD at the lumbar spine (L1–L4), 
femoral neck and total hip.

Methods

Participants

We recruited healthy community-dwelling men and post-
menopausal women aged 50 and 75 years in November 
2018 from the Harbin Cohort Study on Diet, Nutrition and 
Chronic Non-communicable Diseases (HDNNCDS) [27]. 
Inclusion criteria were T-scores of the lumbar spine (L1–L4) 
and (or) hip lower than − 1.0, body mass index (BMI) 

between 18 and 30 kg/m2. They were excluded if they had 
taken vitamin D, calcium, vitamin K, calcitonin, diphospho-
nate for osteoporosis in the past 6 months; vitamin K antago-
nists within the 1 year, such as warfarin; estrogen or other 
hormone therapy in past 1 years; history of chronic diseases 
of kidney, liver, lung, or pancreas; hyperthyroidism, hyper-
parathyroidism, osteomalacia; history of malignant tumors.

At first screening in April 2017, a total of 860 residents 
accepted bone mineral density measurement and accom-
plished the questionnaires and physical examination, there 
were 478 subjects meeting our inclusion criteria, and 311 
subjects participated in the second screening in November 
2018 and entered into the study (Fig. 1). All participants 
gave written informed consent before entering the study. 
Ethical requirements stated by the Declaration of Helsinki 
and other international regulations are met by this study. 
The study was approved by the Ethical Committee of Har-
bin Medical University (No. HMUIRB2018RCT002). This 
trial was registered at https ://www.chict r.org.cn (code: 
chiCTR1800019240).

Study Design and Intervention

This study was designed as a 12-month, randomized con-
trolled and single-blind trial to examine the effects of vita-
min K2 (MK-7) supplementation on bone health. Two sub-
types of vitamin K2 are used in clinical trials, MK-4 and 
MK-7, we chose MK-7 for its longer half-time and lower 
effective dosage [18]. The study was performed at the Har-
bin Medical University, Harbin, China, between September 
2018 and December 2019.

According to baseline T-scores, 311 subjects were ran-
domly assigned into four study groups (Placebo, VK2-1, 
VK2-2 and VK2DCa group) by block randomization with 
software-generated random numbers. The VK2-1 group 
and VK2-2 group received vitamin K2 (MK-7) 50 µg/day 
and 90 µg/day, respectively. The VK2DCa group received 
vitamin K2 (MK-7) 90 µg/day in combination with calcium 
500 µg/day and vitamin  D3 10 µg/day. The placebo group 
was set as a control group receiving placebo. All the three 
kinds of tablets contain MK-7 and placebo was provided by 
SUNGEN BIOSCIENCE CO., LTD. The tablets were simi-
lar in appearance and taste. All subjects were asked to take 
one tablet every evening after dinner and record their tablets 
intake. The records and empty bottles were returned per two 
months and then the next batch tablets were provided. Com-
pliance was estimated with tablet counts.

Measurements

The primary outcome was the BMD of the lumbar spine 
(L1–L4) and left hip. BMDs of the lumbar spine (L1–L4) 
and left hip (total hip and neck) were measured by dual 
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energy X-ray absorptiometry (DEXA, Hologic Acclaim 
QDR4500W, Hologic, USA) and analyzed according to 
standard protocol at Logistic Support Forces of the Chi-
nese People’s Liberation Army 962 Hospital.

Blood samples were collected in the morning after 8 h 
fasting. Serum vitamin K2, cOC, ucOC, 25-hydroxyvi-
tamin D (25(OH)D) and calcium concentrations were 
measured at baseline and endpoint of intervention. Serum 
vitamin K2 was measured by double-antibody sandwich 
ELISA (MLBIO Biotechnology, Shanghai, China). Serum 
cOC and ucOC were measured by Gla-OC and Glu-OC 
EIA Kits (Takara, Japan), and the cOC/ucOC ratio was 
calculated from the cOC and ucOC concentrations. Serum 
25(OH)D was extracted with Oasis HBL 96-well µElution 
Plates (Waters, Milford, MA, USA) and quantified with 
the ultra-performance liquid chromatography-tandem 
mass spectrometry (UPLC–MS/MS, Waters). Serum cal-
cium was measured by a Roche Modular P800 Automatic 
Biochemical Analyzer (Roche Diagnostics, Mannheim, 
Germany).

Body fat was measured by using the electric impedance 
method with a body fat mass analyzer (OMRON HBF-306, 
Omron Corporation, Dalian, China). A food-frequency 
questionnaire was applied to assess dietary intake of sub-
jects and estimated by using the Food Nutrition Calculater 
(V1.6; Chinese CDC).

Statistical Analysis

The sample size calculation was based on BMD change data 
from a previous study examining the effect of vitamin K2 
supplementation on BMD in postmenopausal women, which 
observed BMD changes of 0.006 g/cm2 at lumber spine in 
the VK2 intervention group, and − 0.033 g/cm2 in the con-
trol group [23]. According to the data and considering a 
15% dropout rate, 36 participants were needed in each group 
(2-sided, 80% power, and 0.05 α).

The results were expressed as means ± SDs, and changes 
between baseline and endpoint are presented as means (95% 
CI). The distribution of data was analyzed by descriptive sta-
tistics and Kolmogorov–Smirnov test. Univariate ANOVA 
was used to analyze the differences of continuous variables 
among four groups. Chi-square test was used to compare 
the differences among groups of classified variables. The 
effect of VK2 supplementation on the change of BMD, 
serum VK2, bone biomarkers and 25(OH)D was assessed 
by using linear mixed models with treatment, time and 
treatment × time interaction as fixed effects and participant 
included as a random effect. And if the linear mixed mod-
els analysis showed a significant of the interaction effect, 
pairwise comparisons the interaction effect were assessed 
by the model. For variables, values < 3 or > 3 SDs from the 
mean were considered outliers and removed. The p < 0.05 

Fig. 1  Study profile. DEXA, dual energy X-ray absorptiometry
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(2 tailed) was set as the threshold for statistical significant. 
Statistical analyses were performed with SPSS 21.0 (Beijing 
stats Data Mining Co. Ltd, Beijing, China).

Results

A total of 295 participants completed the study (Fig. 1). 
Sixteen subjects did not complete the study for the follow-
ing reasons: 8 subjects could no longer be contacted, and 
8 subjects withdrew from the study for personal reasons. 
The rates of tablets intake were 97.7%, 97.8%, 97.4% and 
97.5% in the Placebo, VK2-1, VK2-2 and VK2DCa groups, 
respectively (p = 0.893).

The baseline characteristics were not significantly dif-
ferent among the four study groups (Table 1). The aver-
age age was 59.78 ± 6.60 years, and BMI of subjects was 
24.08 ± 3.27 kg/m2. T-scores of the lumbar spine and total 
hip were − 1.62 ± 1.3 and − 1.06 ± 0.96, respectively. In this 
study, women constituted 64.73% of all subjects, mean men-
opausal age was 50.32 ± 3.84 years, and mean years since 
menopausal of female subjects was 10.19 ± 6.26 years.

After the 12-month intervention, no significant differ-
ences were observed in BMD changes of lumbar spine 
(L1–L4), femoral neck or total hip from baseline and end-
point among four groups in general population, but we 
observed a slight but non-significant BMD increase in 
the VK2DCa group at lumbar spine (0.002 g/cm2; 95% 
CI − 0.005, 0.009) but decreased in the placebo group 
(− 0.006 g/cm2; 95% CI − 0.017, 0.004), and a lower bone 
loss in the VK2DCa group (− 0.003 g/cm2; 95% CI − 0.012, 

0.005) at femoral neck compared with the placebo group 
(− 0.015 g/cm2; 95% CI: − 0.031, 0.001). What’s more, dif-
ference of BMD changes between the VK2-2 group and the 
VK2DCa group was not statistically significant.

After 12-month vitamin K2 supplementation, serum vita-
min K2 increased in all the three treatment groups (VK2-1 
group: + 0.43  nmol/L; VK2-1 group: + 0.22  nmol/L; 
VK2DCa group: + 0.40  nmol/L) (treatment × time, 
p = 0.015). Similarly, in the three treatment groups, cOC/
ucOC ratio increased (treatment × time, p < 0.001) but 
unchanged in the placebo group. Serum 25(OH)D of 
VK2DCa group increased significantly after additional 
vitamin D3 supplementation (treatment × time, p = 0.013) 
(Table 2).

A subgroup analysis was applied to examine the effects 
of vitamin K2 supplements on bone health in postmeno-
pausal women. When analyzed with stratified for gender, 
changes in BMD at the femoral neck showed an obvious 
decline tendency from the placebo group to VK2DCa group 
in women (treatment × time, p = 0.006). Compared with the 
placebo group (− 0.025 g/cm2; 95% CI − 0.049, − 0.001), 
the VK2DCa and VK2-2 group both showed a decreased 
bone loss, − 0.000 g/cm2 (95% CI − 0.011, 0.011) (treat-
ment × time, p = 0.036) for VK2DCa group and − 0.000 g/
cm2 (95% CI − 0.02, 0.02) (treatment × time, p = 0.039) 
for VK2-2 group (Fig. 2). No significant difference was 
observed at the lumbar spine and total hip (Fig. 2). The 
cOC/ucOC ratio also increased in the three treatment groups 
(p = 0.013) (Fig. 3), and serum 25(OH)D also increased sig-
nificantly in VK2DCa group (p = 0.004). We did not observe 
similar results in male subjects (Figs. 2, 3).

Table 1  Baseline characteristics of the subjects

Values are means ± SDs for continuous variables or n (%) of subjects for categoric variables. P values were assessed using univariate ANOVA 
for continuous variables and Chi-square test for classified variables. Doses of intervention: VK2-1 (MK-7: 50 µg/day), VK2-2 (MK-7: 50 µg/
day), VK2DCa (MK-7: 90 µg/day, Ca: 500 mg/day,  VD3: 10 µg/day)

Placebo VK2-1 VK2-2 VK2DCa P

N 61 79 74 81 295
Female (male) (%) 62.3 (37.7) 65.8 (34.2) 64.9 (35.1) 65.9 (34.1) 0.970
Age (years) 59.70 ± 6.84 58.96 ± 6.04 60.83 ± 5.65 60.48 ± 6.69 0.257
Waist (cm) 86.55 ± 7.86 84.07 ± 8.98 84.68 ± 9.24 84.24 ± 9.99 0.382
Height (cm) 164.35 ± 8.07 163.41 ± 7.58 162.57 ± 7.73 163.58 ± 8.87 0.650
Weight (kg) 66.35 ± 10.12 63.41 ± 9.76 63.94 ± 11.11 63.33 ± 11.54 0.334
Body fat rate (%) 28.95 ± 5.62 28.27 ± 4.88 28.44 ± 5.57 27.63 ± 5.66 0.544
BMI (kg/m2) 24.50 ± 2.82 23.66 ± 2.61 24.12 ± 3.38 23.55 ± 3.00 0.212
Waist-hip ratio 8.83 ± 0.68 8.67 ± 0.74 8.77 ± 0.64 8.64 ± 0.68 0.317
Time since menopause (years) 9.77 ± 7.23 9.22 ± 5.63 11.36 ± 6.85 10.43 ± 5.57 0.383
Not-smoke (smoke), n (%) 86.9 (13.1) 96.2 (3.8) 85.1 (14.9) 92.7 (7.3) 0.076
Not-drink (drink), n (%) 68.9 (31.1) 65.8 (34.2) 74.3 (25.7) 67.1 (32.9) 0.684
Serum Ca (µmol/L) 2.21 ± 0.15 2.25 ± 0.13 2.21 ± 0.14 2.16 ± 0.14 0.008
Dietary calcium intake (mg/day) 497.99 ± 209.70 542.41 ± 229.21 507.72 ± 226.44 510.37 ± 230.01 0.672
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Discussion

This 12-month randomized controlled trial was designed to 
examine the effects of VK2 supplementation alone and in 
combination with calcium and vitamin  D3 on bone health 
in middle-aged and elderly women and men. We observed 
that VK2 supplementation in dose of 90 µg/day decreased 
bone loss at the femoral neck in postmenopausal women, but 
the combination with calcium and vitamin  D3 did not bring 
additional benefits.

VK2 is also known as menaquinones, abbreviated as 
MK-n (n ranges from 1 to 13) depending on its number of 
isoprenyl units and length of side chain. Among the sub-
types, MK-4 and MK-7 are more commonly used to improve 
bone health, but MK-7 has a longer half-life and higher 
bioavailability [18], and the number of clinical trials with 
MK-7 has increased in number recently. To improve bone 
health, a large range of doses has been used in previous 
studies. Although few adverse events have been reported 
in VK2 clinical trials [19], actually, for the micronutrients 

supplementation, more is not better. So we tried to find 
a relatively low and effective dose. A low dose of MK-7 
around 50 µg/day was reported to maintain circulating status 
and improve bone biomarkers effectively [28]. We wanted to 
focus on not only biomarkers, also the BMD which is more 
closely related to bone health condition. Therefore, in our 
study, trying to provide some evidence for finding a thresh-
old dose of MK-7 to improve BMD, we chose two relatively 
low doses of MK-7 (50 µg/day and 90 µg/day) supported by 
previous studies [29, 30]. Considering the key role of VK2 
in the transport of calcium, we also designed a group in com-
bination with calcium and vitamin  D3 to explore whether 
there is a synergistic effect among them.

At the 1 year endpoint, we only observed a positive effect 
on inhibiting bone loss with 90 µg MK-7 supplementation 
in postmenopausal women. Some higher doses have been 
used in previous studies, but results showed that the effects 
on BMD did not seem to be proportional to the doses used. 
A study in 334 Norwegian women, aged between 50 and 
60 years, with MK-7 supplementation alone (360 µg MK-7/

Table 2  Treatment effects on biochemical markers and bone mineral density in total subjects

Values of month 0 and 12 are means ± SDs excepted for serum VK2 which are medias (IQRs), and values of changes are means (95% CIs). 
Doses of intervention: VK2-1 (MK-7: 50 µg/day), VK2-2 (MK-7: 50 µg/day), VK2DCa (MK-7: 90 µg/day, Ca: 500 mg/day,  VD3: 10 µg/day). p 
were treatment × time, p values based on linear mixed model. Adjusted for baseline value, BMI, body fat rate, waist, and sex
OC carboxylated osteocalcin, ucOC undercarboxylated osteocalcin

Placebo VK2-1 VK2-2 VK2DCa p

Serum VK2 (nmol/L)
 Month 0 0.82 (0.50, 1.44) 0.7 (0.33, 1.11) 0.73 (0.47, 1.68) 0.85 (0.40, 1.4)
 Month 12 0.86 (0.55, 1.68) 0.99 (0.56, 1.86) 0.90 (0.57, 1.95) 1.12 (0.62, 2.26)
 Change  − 0.03 (− 0.15, 0.09) 0.43 (0.23, 0.64) 0.22 (0.06, 0.38) 0.40 (0.22, 0.59) 0.015

Serum OC/sssucOC ratio
 Month 0 7.18 ± 7.92 9.09 ± 8.12 7.94 ± 8.9 8.20 ± 8.09
 Month 12 7.12 ± 4.65 13.86 ± 9.62 12.41 ± 10.39 13.22 ± 11.19
 Change  − 0.52 (− 3.03, 1.98) 4.86 (1.77, 7.95) 4.37 (1.26, 7.48) 5.45 (2.62, 8.29)  < 0.001

Serum 25 (OH)D (ng/mL)
 Month 0 16.35 ± 10.34 13.88 ± 9.57 14.15 ± 8.46 14.97 ± 9.94
 Month 12 16.52 ± 8.61 15.90 ± 7.21 15.73 ± 9.34 20.70 ± 12.37
 Change 0.24 (− 3.37, 3.86) 1.86 (− 1.12, 4.86) 1.58 (− 1.51, 4.67) 5.53 (1.50, 9.56) 0.013

Lumbar spine BMD (g/cm2)
 Month 0 0.889 ± 0.132 0.856 ± 0.138 0.898 ± 0.162 0.876 ± 0.170
 Month 12 0.883 ± 0.135 0.852 ± 0.137 0.893 ± 0.159 0.877 ± 0.164
 Change  − 0.006 (− 0.017, 0.004)  − 0.003 (− 0.011, 0.004)  − 0.004 (− 0.014, 0.005) 0.002 (− 0.005, 0.009) 0.980

Femoral neck BMD (g/cm2)
 Month 0 0.767 ± 0.105 0.726 ± 0.121 0.760 ± 0.128 0.735 ± 0.121
 Month 12 0.752 ± 0.101 0.718 ± 0.115 0.757 ± 0.126 0.731 ± 0.118
 Change  − 0.015 (− 0.031, 0.001)  − 0.007 (− 0.018, 0.003)  − 0.003 (− 0.018, 0.011)  − 0.003 (− 0.012, 0.005) 0.539

Total hip BMD (g/cm2)
 Month 0 0.848 ± 0.112 0.809 ± 0.129 0.836 ± 0.129 0.821 ± 0.133
 Month 12 0.842 ± 0.114 0.803 ± 0.124 0.835 ± 0.126 0.819 ± 0.129
 Change  − 0.006 (− 0.02, 0.007)  − 0.006 (− 0.017, 0.005)  − 0.001 (− 0.01, 0.007)  − 0.002 (− 0.013, 0.008) 0.530
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day vs. placebo) showed no effect on bone loss rates at the 
total hip or any other measurement site after 1 year [31], 
and the effect also did not observed in a higher dose with 
375 µg MK-7/day [26]. However, a 3-year study with a half 
dose MK-7 180 µg/day, carried out in 244 healthy Dutch 
postmenopausal women aged between 55 and 65 years dem-
onstrated that MK-7 could maintain bone mass at lumbar 
spine [25]. Femoral neck, though not the same measurement 
site, reflected a similar effect in our study, and the results 
indicated that 90 µg MK-7/day might be a threshold dose to 
decrease bone loss effectively in postmenopausal women. 
Base on the above, it suggests a possibility that the rela-
tionship between the dose and effect of MK-7 supplementa-
tion might similar to be a bell-shaped curve. As recently 
reported, compared with the low-dose vitamin  D3, when the 
dose increased to a certain extent, not only did it not improve 
BMD, but had a negative effect and resulted in significantly 
lower BMD [32].

VK2 plays an important role in the process of transport-
ing calcium to bone [10]. In vitro experiments suggested 
that co-supplementation of VK2 and vitamin  D3 might result 
in an optimal effect, similar to synergistic effect [33]. In 
our study, we investigated the effect of VK2 (90 µg MK-7/
day) in combination with calcium and vitamin  D3, 500 mg/
day and 10 µg/day, respectively, which maintained the bone 
mineral density at femoral neck effectively as well. Consist-
ent with our results, a 1-year study with MK-7 100 µg/day, 
calcium 800 mg/day and vitamin  D3 10 µg/day showed a 

increase in BMD at lumbar spine and the whole body [24]. 
To our knowledge, few studies focused on the difference 
between MK-7 supplementation alone and in a combina-
tion way. In our study, compared with the monotherapy, a 
very close result, but not better, was observed in the co-sup-
plementation. This result supported that the dose of 90 µg 
MK-7/day supplementation did have an effect on improving 
BMD. We guessed, in our target population, their body’s 
calcium and vitamin D reserves might be enough to meet 
the needs, therefore, no additional effects were observed.

BMDs of lumbar spine, total left hip and femoral neck 
were measured, after 1 year intervention, we only observed 
an expected effect at the femoral neck in postmenopausal 
women. This result also indicated a clinical value of MK-7 
supplementation, because of such special anatomical loca-
tion of the femoral neck, and fracture occurs at this site 
makes up the largest proportion in hip fracture [34]. As 
aging, the superolateral cortex of the femoral neck is get-
ting thinning, which leads to fragility and risk of fracture 
increase [35]. Once fractures happen at this site, patients 
are prone to suffer a greater decrease in body function and 
quality of life than happen at elsewhere [36]. So, to reduce 
bone loss of this site is important. Normal bone remode-
ling is crucial to maintain bone mass, but osteopenia and 
osteoporosis patients always have a negative bone balance, 
i.e., the resorption of bone is more than formation [37]. 
Evidence from vitro studies prompted that VK2 also play 
a role in transcription regulation of bone remodeling, the 

Fig. 2  Effect of VK2 sup-
plementation on changes from 
baseline in the lumbar spine, 
total hip and femoral neck BMD 
of female and male subjects 
during the intervention. Values 
were expressed as means 
(SEM). For female, n = 38, 52, 
46 and 53, and for male n = 20, 
22, 23 and 27 for placebo, 
VK2-1 (MK-7: 50 µg/day), 
VK2-2 (MK-7: 50 µg/day), 
VK2DCa (MK-7: 90 µg/day, 
Ca: 500 mg/day,  VD3: 10 µg/
day) groups, respectively. p 
were treatment × time, p values 
based on linear mixed model. 
*p < 0.05, significant change 
from the baseline value
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corresponding mechanism is that VK2 can promote bone 
formation by suppressing expression of RANKL, a recep-
tor activator of NF-κB, then inhibiting osteoclastogenesis, 
meanwhile, protecting osteoblasts from apoptosis and reduce 
cortical porosity [38–40].

So far, majority of relevant trials have been conducted 
in postmenopausal women, few carried out in men, thus, 
a part of male subjects was included in our study. The 
treatment effect of VK2 on BMD was not observed in 
male subjects, as female subjects. The serum biomarker 
related to VK2 supplementation just showed a lightly and 
non-significant change at the endpoint. A cross-sectional 
study including 1662 elderly Japanese men suggested 

that habitual natto intake was significantly associated 
with a beneficial effect on bone health, and the dose of 
VK2 intake was about 380 μg/day or more [41]. Another 
observational study in 1112 men and 1479 women aged 
59 ± 9 years indicated that low dietary vitamin K intake 
was associated with low BMD in women instead of 
men [42]. So probably men need a higher dose of VK2 
to observe an effect on biomarkers and bone loss. The 
rate of bone loss in men was very low, and a significantly 
improvement was hardly expected to observe if there was 
almost no bone loss during the one year of the study. 
Moreover, it could not exclude that fewer men than women 
in the analysis and there is a gender difference in the effect 

Fig. 3  Treatment effects on 
serum VK2, 25(OH)D and 
cOC/ucOC ratio in female and 
male subjects. Values were 
expressed as means (SEM). For 
female, n = 38, 51, 48 and 53, 
and for male n = 23, 26, 25 and 
23 for placebo, VK2-1 (MK-7: 
50 µg/day), VK2-2 (MK-7: 
50 µg/day), VK2DCa (MK-7: 
90 µg/day, Ca: 500 mg/day, 
 VD3: 10 µg/day) groups, respec-
tively. p were treatment × time, 
p values based on linear mixed 
model
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of VK2 supplementation on bone, further studies with 
larger sample size are needed to confirm it.

The strength of our study is that we designed two doses 
of MK-7, 50 µg/day and 90 µg/day, and tried to explore a 
dose–response relationship for improving BMD instead of 
just bone turnover biomarkers, and we found a relatively low 
but effective dose of 90 µg/day on reducing bone loss. In 
addition, we compared the differences between MK-7 sup-
plementation alone and in combination with calcium and 
vitamin  D3. There are also some limitations in our study. 
First, the sample size was relatively small when subjects 
were assigned into four study groups, as well as the subse-
quent subgroup analysis. What’s more, a similar effect was 
not observed in male subjects as female subjects, and we did 
not find out the exact reason in this study.

Conclusion

In conclusion, our findings showed that a 1-year vitamin 
K2 (MK-7) supplementation performed a positive effect 
on decreasing bone loss in postmenopausal women, but in 
combination with calcium and vitamin  D3 brought no more 
effects. To improve bone health in postmenopausal women, 
we suggest a dose of 90 µg/day or more of MK-7 for a con-
tinuous supplementation.
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