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Abstract 

Introduction: We hypothesised that vitamin K (VK) may have potential effect on insulin secretion and FGF-

19 and FGF 21 may modulate the vitamin K/insulin pathway. We investigated whether   vitamin K1 or 

K2 supplementation for 18 months can affect insulin secretion and FGF19 and FGF21 production. Methods: 

We conducted exploratory analyses using stored samples from an 18-month randomised double-blind 

placebo controlled trial of VK1 (1 mg/day) or VK2 (menaquinone-4, MK4 45 mg/day)) in 105 post-

menopausal women with osteoporosis (PMO) aged between 55-85 years which looked at the effect of VK 

supplementation on bone mineral density. In the current study, plasma insulin (primary outcome), FGF19 

and FGF21 (secondary outcomes) were measured at baseline, 6 and 18 months. Results: Plasma insulin at 

6 and 18 months increased significantly compared to baseline value in both  treatment arms   (VK1 and 

VK2 (MK4) )  (Median Insulin  [IQR] VK1: baseline : 41.2 [29.3, 54.3] pmol/L, 6 months: 59.7 [37.8, 89.5] 

pmol/L p<0.001, 18 months: 54.3[43.5, 73] pmol/L (p= 0.05), VK2 (MK4) arm (Median Insulin [IQR]:  

baseline:  44.3[30.6, 60.9], 6 months: 63.2[43.5, 97] pmol/L p=0.011, 18 months: 54.2[40.7, 103.5] pmol/L 

p=0.05) in within-group analyses. No significant changes were seen in the placebo group. Circulating 

FGF21 tended to be higher at 6 months (p=0.045) compared to baseline following VK2 (MK4) only. 

Conclusions: Improving VK status in post-menopausal women may improve insulin secretion. Our data 

suggest that MK4’s effect on the insulin axis may be mediated, at least in part, by FGF21. Further studies 

are needed for confirmation. 

Keywords: vitamin K; insulin secretion; fibroblast growth factor 19 and 21; post-menopausal women; 

menaquinone-4; phylloquinone 

 

1. Introduction 

With the growing burden of obesity and related insulin resistance, type 2 diabetes worldwide, 

there is an increasing interest in discovering new clinical strategies and biomarkers which can help in 

the early diagnosis and prevention of these metabolic conditions. Studies have shown that vitamin 

K(VK), best known for its effect on coagulation, is involved in glucose homeostasis and insulin 

sensitivity (1). VK can be found in two natural forms, VK1 (phylloquinone), and VK2 (the menaquinone 

series). VK1 exists in green leafy vegetables, and the menaquinones which consist of many sub-types, 

the MK-ns, differ in the length of the isoprenyl side chains and are present in fermented food (2). VK is 
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involved in the post-translational modification of vitamin K-dependent proteins (VKDPs) such as 

coagulation factors and osteocalcin rendering them biologically active via carboxylation. Data from 

observational studies show that higher intake of VK1, the main dietary VK in the western diet, is 

associated with better glycaemic control in the postprandial states, and VK2 was inversely associated 

with the new diagnosis of type 2 diabetes (3). The Prevention with the Mediterranean Diet study 

showed that people who were known to have diabetes appeared to have a less energy-adjusted intake 

of phylloquinone at baseline (4). VKs effects on glucose homeostasis and insulin sensitivity are thought 

to involve osteocalcin (OC) present in bone (5). However, total osteocalcin (tOC) consists of 

carboxylated osteocalcin (cOC) and an uncarboxylated fraction (ucOC), and there is uncertainty as to 

which form of OC is required for glucose control in initial studies carried out in animal models (6,7). 

Human studies show that the serum tOC concentrations were inversely associated with HOMA-IR, 

both cross-sectionally and longitudinally in older adults (8). There is a need for further studies and 

analyses to determine the impact of vitamin K on insulin secretion and sensitivity.  

It is plausible that other factors which modulate energy metabolism could act as mediators in 

the vitamin K/OC/insulin axis and merit further exploration as data are lacking. FGF21, synthesized 

in the liver promotes energy expenditure, weight loss, and insulin sensitivity by promoting glucose 

uptake in the adipose tissue (9). FGF21 level is positively associated with metabolic conditions such 

as type 2 diabetes, insulin resistance and hsCRP believed to be an adaptive response (10).   

Administration of FGF21 increases insulin sensitivity in mice (11). Studies have shown that 

exogenous administration of FGF21 in mice reduced blood glucose, lipids and improved insulin 

sensitivity and energy expenditure, suggesting that FGF 21 could also be a potential treatment in type 

2 diabetes mellitus, obesity and disorders associated with the metabolic syndrome [11]. Indeed, 

several clinical trials of human FGF21 analogues have been conducted in subjects with type 2 diabetes 

mellitus, obesity and fatty liver. Some of these trials showed improvement in lipid homeostasis and 

insulin sensitivity (12). Disappointingly, there were no effects on body weight reduction, although 

treatment with pegozafermin, an FGF21 analogue led to improvement in liver fibrosis (13). FGF19, 

another member of the FGFs family, also increases energy expenditure, glucose uptake in tissues and 

improves insulin sensitivity (9, 14). Studies have shown that circulating FGF19 tends to be low in type 

2 diabetes mellitus, obesity and increases after bariatric surgery (15,16).  

Our hypothesis is that VK supplementation influences insulin secretion and that FGF-19 and 

FGF 21 may act as modulators of the VK/insulin axis. The aim of the study was to conduct further 

exploratory post-hoc analyses of insulin, FGF19 and FGF21 from stored samples from a previous 18-

month randomized controlled intervention study of VK1 and VK2 which was designed initially to 

investigate bone metabolism in post-menopausal women with osteoporosis.  

2. Material and Methods 

2.1. Study Design and Intervention 

The current study investigates the relationship between VK status, insulin secretion and 

circulating concentrations of FGF19 and FGF21 and uses stored samples from a previous clinical trial 

(Vitamin K in Osteoporosis Trial, EudraCT;2010-02258712, ClinicalTrials.gov registry ID; 

NCT01232647). The previous trial  was an 18 month double-blind randomised placebo controlled 

trial (RCT) of VK1 (1 mg/day) and VK2 (menaquinone-4, MK4 45 mg/day in 3 divided doses of 15 

mg) conducted in 105 ambulatory post-menopausal women with osteoporosis (PMO) aged between 

55-85 years (17). Privacy rights of participants were observed and informed consent was obtained for 

the study involving human subjects. The trial was in 2 stages consisting of a pre-screen stage when 

participants were invited to have serum VK1 concentration measured after at least a 2 hour fast.  

Those with serum VK1 concentration of ≤ 0.40 µg/L (defined as low or insufficient VK) were 

randomised into 3 groups (placebo, VK1 or VK2, n=35 in each arm). Exclusion criteria included 

secondary osteoporosis, glucocorticoid use, Chronic kidney disease stage 4 and 5, untreated 

endocrine disorders (primary hyperparathyroidism, hyperthyroidism), diabetes mellitus, chronic 
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liver disease, malabsorption (extensive bowel surgery, short bowel, treatment with VK antagonists; 

warfarin. Of the 105 women who entered the intervention trial, 93 women completed the study (n=32 

in VK1, n=31 in VK2 and n=30 in placebo arm). The study protocol is shown in Figure 1. Samples 

which were not used in the ‘The Vitamin K in Osteoporosis Trial’ were stored in aliquots at -80oC. All 

participants had consented for their stored samples to be used in future ethically approved studies. 

A separate ethical approval was obtained for the current study (REC reference number: 22/WA/0105).  

All procedures were performed in compliance with relevant laws and institutional guidelines and 

have been approved by the Health and Care Research Wales Committee, UK and the Human 

Research Authority (HRA), UK.  Stored samples taken at baseline, 6 and 18 months were analysed 

for fasting Insulin, FGF19 and FGF21. A summary of participants demographics and baseline 

laboratory results at study entry is shown in Table 1. The pre-screen serum VK1 concentration was 

lower compared to serum VK1 measured at study entry (median [IQR] pre-screen: 0.25 [0.18, 0.28] 

ug/L, study entry baseline visit: 0.32 [0.21, 0.48] ug/L, p< 0.001).   

 

Figure 1. Flowchart illustrating the study protocol. WD: withdrawn. 

2.2. Routine Laboratory Analyses 

Routine laboratory biochemical tests, including renal, liver and bone profiles, were measured by 

standard laboratory methods on the Roche automated analysers (Roche Diagnostics Limited, West 

Sussex, UK). Results were available from the previous ‘Vitamin K in osteoporosis’ study (17). 

Estimated GFR was calculated using the Modification of Diet in Renal Disease formula. Serum 

vitamin K1 was measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS), 

involving the initial sample preparation step and chromatographic separation before tandem MS 

detection (18,19). The assay coefficient of variation (CV) was <8%. In-house standards for vitamin K1 

assay calibration were prepared in line with ISO 15189 (2012) requirements, and the assay 

performance was evaluated through participation in the international Vitamin K External Quality 

Assurance Scheme (KEQAS). The reference interval of vitamin K1 for adults differs for the fasting 

and non-fasting states, and it is 0.17 – 0.68 ug/L (0.38 – 1.51 nmol/L) and 0.15 – 0.55 ug/L (0.33-3.44 

nmol/L) respectively. Fasting plasma insulin was measured by electrochemiluminescence 

immunoassay on the automated Roche Cobas Elecsys analysers. The CV of the assay is less than 5%, 
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and the measuring range is between 2.78 – 6945pmol/L. The Limit of Detection and Quantitation are 

2.78 and 6.95 pmol/L, respectively. The normal range for fasting plasma insulin in healthy individuals 

is between 17.8 and 173 pmol/L.  

Homeostasis model assessment of insulin resistance (HOMA-IR) could not be derived from 

fasting insulin as plasma glucose measurements were not measured during the original study (17) 

and plasma glucose could not be measured in the stored samples as they were collected in specimen 

tubes containing EDTA which can lead to lower glucose levels (20).  

2.3. FGF19 and FGF21 Assays 

FGF19 was measured using the human FGF19 DuoSet ELISA (DY969) and ancillary reagent kit 

(DY008) (Biotechne Ltd, Abingdon OX14 3NB, UK). The detection limit (LOD) was 6.55 pg/ml and 

the limit of quantification (LOQ) was 21.6 pg/ml. The inter-assay coefficient of variation (CV) was 

9.1% and the intra-assay CV was 5.0%. FGF19 and FGF21 were measured in serum aliquots which 

had not been thawed previously.  The human FGF21 Duoset (DY2539) from Biotechne was used to 

measure serum FGF21. The LOD and LOQ for FGF21 were 7.4 and 24.4 pg/ml respectively. Inter-

assay CV and intra-assay CV were 10.2% and 8.2% respectively. There was no cross-reactivity 

between FGF19 and FGF21 ELISAs. Serum FGF19 and FGF21 were measured at 3 different time-

points; baseline, 6 and 18 months. 

2.4. Statistical Analyses 

Sample size was based on power calculation done for the ‘vitamin K in osteoporosis’ study with 

changes in bone mineral density as primary outcome measure. The current study is an extension of the 

previous trial and is an explorative study with different outcome measures including insulin, FGF19 and 

FGF21. However, before undertaking the current study, an initial sample size calculation was done based 

on data on changes in serum FGF19 concentrations in controls compared to individuals with Type 2 

diabetes mellitus (T2DM) (15). Assuming a change in serum FGF19 of 30% with a standard deviation of 

35% following vitamin K1 or K2 (MK4) compared to placebo, a sample size of 29 per group would be 

sufficient to detect this magnitude of change with 90% power at 5 % significance level.  

The statistical analyses were done using IBM SPSS Statistics version 26 for Windows 

(https://www.ibm.com/products/spss-statistics). Statistical analyses were carried using data of all 

participants who completed the study. Mean and standard deviation (SD) or median (interquartile 

range; IQR) were estimated for all continuous variables. Non-parametric data including serum FGF19 

and FGF21 were log-transformed before parametric statistical tests were used.  

Repeated measures ANCOVA analysis with Bonferonni correction was done for multiple testing 

of log-transformed plasma insulin at the three different time points: Baseline, 6M and 18M. Within-

group analysis evaluated the changes in plasma insulin in each treatment arm over 18 months 

adjusted for baseline vitamin K1 concentration. Between-group analysis assessed the difference in 

plasma insulin between treatment groups at each time point. Similarly, repeated measures ANCOVA 

was done for multiple testing of Log FGF19 and FGF21 measured at Baseline, 6M and 18M. Within-

group analysis evaluated the change in serum FGF19 and FGF21 in each treatment arm over 18 

months. Between-group analysis assessed the difference in serum FGF19 and FGF21 between 

treatment groups at each time point (Baseline, 6M and 18M). Univariate ANCOVA with Bonferonni 

correction was used to look at differences in FGF19 and 21 at each timepoint (dependent variable) 

with treatment arms (independent variable) corrected for baseline FGF19 and FGF21, age, body mass 

index (BMI) and baseline serum vitamin K as covariates. Non-parametric statistics (Wilcoxon-signed 

Rank test) was used to compare FGF21 at 6 months with baseline values in the VK2 group.  A ‘p’ 

value of less than 0.05 was considered significant. 
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3. Results 

3.1. Study Participants 

Data presented relate to the 93 women who completed the study (n=32 in VK1, n=31 in VK2 and 

n=30 in placebo arm).  Adherence to the vitamin K supplements and placebo was 99.3% in the 

vitamin K1 arm, 96.3% in the MK4 arm and 97% in the placebo arm.  Body Mass Index (BMI) did not 

change significantly over 18 months in the entire study population (median [interquartile range IQR] 

baseline 23.10 [21.20, 26.00] kg/m 2 18 months; 23.50 [21.60, 25.90] kg/m 2, p=0.07). There was no 

significant difference in routine laboratory parameters; creatinine, e GFR, serum 25(OH)vitamin D at 

18 months compared to baseline in the whole study population. There was a significant correlation 

between BMI and plasma insulin at baseline (r=0.525, p<0.001). Significant correlations were seen 

between serum FGF19 and FGF21 at all time points (baseline: r=0.614, p<0.001, 6 months: r=0.665, 

p<0.001, 18 months: r=0.623, p<0.001).  

3.2. Changes in Plasma Insulin Following VK1 and VK2 

There was no significant correlation between baseline VK1 and plasma insulin in the entire study 

population (r=0.062, p=0.5). There were significant correlations between baseline plasma insulin and 

FGF21 at 6 (r= 0.25, p=0.016) and 18 months (r=0.23, p=0.03) in the entire study population, irrespective 

of treatment arms. Repeated measures ANCOVA was used to test changes in plasma insulin (within-

group and between-group analyses) using log-transformed data at three different time points 

(Baseline, 6M and 18M. Within-group analysis, adjusted for baseline serum VK1 concentration and 

BMI,  showed that  plasma insulin at 6M and 18M increased significantly compared to baseline 

value in both  treatment arms   (VK1 and VK2 (MK4) )  (Median Insulin  [IQR] VK1: baseline : 

41.2 [29.3, 54.3] pmol/L, 6 months: 59.7 [37.8, 89.5] pmol/L p<0.001, 18 months: 54.3[43.5, 73] pmol/L 

at 18M (p= 0.05), VK2 (MK4) arm (Median Insulin [IQR]:  baseline:  44.3[30.6, 60.9], 6 months: 

63.2[43.5, 97] pmol/L p=0.011, 18 months: 54.2[40.7, 103.5] pmol/L p=0.05) as shown in Figure 2. No 

significant changes in plasma insulin were seen over time in the placebo group (Median Insulin [IQR] 

placebo: baseline: 45.4 [32.6, 78.6], 6 months: 55.1 [35.8, 82.6] p=0.2, 18 months: 66.7 [39.8, 95.9] pmol/L 

p=0.07). The results are shown in Figure 1. Between-group analysis using log -transformed plasma 

insulin showed no significant difference at any time point.  
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Figure 2. Insulin was significantly higher at 6 and 18 months in the treatment arms; VK1 (B) and VK2 (C) 

compared to baseline (* p<0.05, **p<0.001, #p 0.011). No significant differences were seen between time-points in 

the placebo group (A).  

3.3. Changes in FGF19 and FGF21 Following VK1 and VK2 

Within-group analysis showed no significant differences in serum FGF19 at any time points 

compared to baseline (Median FGF19 [IQR] placebo: baseline: 140.45 [67.12, 369.93], 6  months: 59.00 

[65.42, 245.72] p=0.9, 18 months: 196.2 [120.6, 387.3] pg/mL p=0.87). No significant changes in 

circulating FGF19 were seen within the treatment arms (Median FGF19 {IQR] VK1: baseline: 95.9 

[63.7, 228.9] pg/mL , 6 months :120.4 [60.7, 284.1] pg/mL p=0.9, 18 months:117 [48.4, 336.3] pg/mL 

p=0.9), VK2: baseline: 131.8 [63.6, 421.2], 6 months: 160.05 [64.1, 389.4] p=0.9, 18 months: 119.4 [46.9, 

333.4] pg/mL p=0.46). Between-group analysis of log-transformed FGF-19 showed no significant 

difference at any time points.  Using repeated measures ANCOVA, FGF21 did not differ 

significantly at any time points compared to baseline in any groups (Median FGF21  [IQR] placebo: 

baseline: 125 [46, 280], 6 months : 186 [39.5,438] p=0.9, 18 months: 127.5 [51,541] pg/mL p=0.27, VK1: 

baseline: 101 [28, 204] pg/mL , 6 months :56 [25, 147] pg/mL p=0.7, 18 months: 62.4 [42, 198.4] pg/mL 

p=0.9, VK2: baseline: 73.5 [41.5, 169.5], 6 months: 84.3 [59, 243.7] p=0.19, 18 months: 77.4 [42.6, 228] 
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pg/mL p=0.96). However, FGF21 tended to be higher at 6 months compared to baseline in the VK2 

group. This was significant when comparing the 2 time points using the Wilcoxon signed -rank test 

(p=0.045) (Figure 2) Between-group analysis showed no significant differences in FGF21 at any 

timepoints. However, using univariate ANCOVA analysis, FGF21 was significantly higher in the VK2 

group compared to the VK1 group at 6 months (p=0.02) adjusted for age, BMI, baseline FGF21 and 

serum vitamin K (Figure 3). 

Table 1. Summary of participants demographics and baseline biochemical parameters. 

Characteristics 
VK1 

N=35 

VK2 (MK-4) 

N=35 

Placebo 

N=35 
P-Value 

Completed study 

 (n) 
32 31 30  

Age (years) 

 Mean [SD] 
65 [6] 69 [7] 67 [7] 0.064 

BMI (kg/𝑚2) 

Mean [SD] 
24.5 [5.6] 23.4 [2.5] 24.9 [5.6] 0.9 

Creatinine (µmol/L) Mean [SD} 65 [9] 65 [9] 67[1]) 0.9 

eGFR (ml/min) 

Mean [SD] 
81 [14] 81 [16] 79 [15] 0.9 

Serum Vitamin K1 (µg/L) 

Mean [SD] 
0.38 [0.23] 0.34 [0.26] 0.45 [0.26] 0.067 

 

Figure 3. A: FGF21 tended to be higher at 6 months in the VK2 arm of the trial (* p= 0.045). B: FGF21 at 6 months 

was higher in the VK2 group compared to the VK1 group (* p=0.023), placebo v/s VK1 arm (p=0.16). 

  

* 
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4. Discussion 

In summary, we observed significant correlations between FGF19 and FGF21 at all time points 

and a significant correlation between baseline insulin in the whole study populationand FGF21 at 6  

and 18 months.  Vitamin K supplementation with either VK1 or K2 (MK4) significantly increased 

insulin secretion at 6 and 18 months. Circulating FGF21 increased at 6 months following VK2 (MK4) 

compared to VK1.  Our data appear to suggest that improving VK status may improve insulin 

secretion. In addition, MK4’s effect on the insulin axis may be mediated, at least in part, by FGF21. 

Further confirmatory studies are needed. 

Both FGF19 and FGF21 increases glucose tolerance and insulin secretion/sensitivity, thus their 

functions in the regulation of glucose and lipid metabolism overlapto a large extent (9). It is therefore 

not surprising to observe a significant relationship between the circulating concentrations of both 

factors in our study population. FGF21, in particular, is an insulin-dependent hormone and plays an 

important role in the insulin signalling pathways, thereby improving insulin sensitivity (21).  

Studies have also shown that insulin is an important factor in stimulating FGF21 production (22). 

This would explain our findings of the significant association between FGF21 and insulin 

concentrations in the study population.   

Several studies point to a role of vitamin K in metabolism. Several cross-sectional and 

epidemiological studies have suggested that VK may reduce insulin resistance (3, 4, 23). There is a 

paucity of data as to whether VK can improve insulin secretion. Data from intervention studies of VK 

in humans are mixed. One clinical trial using VK1 (500 ug daily) showed an improvement in insulin 

sensitivity, determined by HOMA-IR, in older men but not in women at 36 months (23).  In another 

small intervention study in healthy young men (n=12), one week supplementation with VK2 (MK4 

90mg/d) led to improvement in insulin response following  75 gram glucose loading in the subgroup 

(n=4) with the highest descarboxy prothrombin (DP) levels, a marker of VK status (24). However, 

there were no significant differences in fasting insulin before and after MK4 supplementation. In our 

study, we observed increases in fasting insulin at all time points in the groups supplemented with 

VK1 and K2 (MK4) but not in the placebo group in within-group analysis but not in between-groups 

analysis. One explanation for our findings is that within-subject variability is smaller than between-

subject, hence it is easier to show statistical significance compared to between-subject because any 

individual differences between participants are controlled for as each participant acts as their own 

control. Our study was not large enough to detect between-group differences. Nevertheless, our data 

suggest that both VK1 as well as K2 (MK4) increases insulin secretion in post-menopausal women. 

Increases in insulin secretion are unlikely to be due to increased insulin resistance as there was no 

significant difference in BMI in the intervention trial participants at baseline (study entry) and 18 

months (study end). MK4’s bioavailability in tissues is higher than other forms of VK as it is the 

dominant form in tissues such as the pancreas (25). VK1 is   metabolised to tissue (MK4) through a 

pathway that converts dietary VK1 to menadione, which is prenylated to MK4 in target tissues by 

UBIAD1, which may explain  the similar effect of VK1 and MK4 supplementation on insulin 

secretion (26). The direct up-regulation of Insulin 1, Insulin 2 and Cyclin D2 gene expression has been 

observed following treatment with MK-4, indicating possible β-cell proliferation following MK-4 

supplementation which would support the findings of this study (27). MK4 may also act as an incretin 

amplifier, increasing glucose-stimulated insulin secretion in β-cells by enhancing cyclic AMP-driven 

insulin exocytosis as described in animal studies (28).   

In this study, we also sought to identify if any factors such as FGF19 and FGF21 could modulate VK’s 

effects on insulin sensitivity. We did not observe any differences in FGF19 following VK1 or MK4 

supplementation.  One explanation for our findings is that FGF19 and VK may affect different target 

tissues. The effect of FGF-19 on energy and glucose homeostasis may primarily involve peripheral tissues, 

such as adipose tissues and the sympathetic nervous system, as previously described in β-Klotho knock-

out mice (29).  Vitamin K or more specifically MK4, on the other hand, may act on pancreatic tissue. We 

observed an increase in FGF21 at 6 months following MK4 supplementation only. This is unlikely to be 

due to the increase in insulin which has been shown to increase FGF21 production as this was not 
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observed in the VK1 group. Our data would suggest that the increase in FGF21 may be MK4 specific and 

may also be dose- dependent as we would expect higher concentrations of MK4 following 

supplementation with 45 mg/day of MK4 compared to the concentrations which may be achieved through 

VK1 conversion. Our data would suggest that MK4 may also have an effect on insulin sensitivity as well 

via the FGF21 pathway. FGF21 is expressed in several tissues including the pancreas as FGF21 mRNA has 

been detected in adipose, muscle and pancreatic tissues (30). 

Our study, however, has several limitations. Firstly, the study   was an extension of a previous 

study designed to assess the additive effect of VK on bone mineral density in post-menopausal 

women with osteoporosis who were already on standard osteoporosis treatment with oral 

bisphosphonate (17).  The current study was not powered to detect any changes in insulin/FGF19 

and FGF21 which could also explain why we did not observe any significant changes when between-

group analyses were done. Thus, the statistical analyses and data remain exploratory. Secondly, our 

findings may not be representative of the general population as the study population consisted of 

post-menopausal women with low serum VK1 concentrations. Thirdly, we did not assess insulin 

sensitivity by deriving HOMA-IR as an indirect measure of insulin resistance as glucose 

measurements were not carried out in the original study. Fourthly, we derived BMI only and did not 

carry out other anthropometric measurements to assess insulin resistance and metabolic syndrome 

risk such as waist circumference which is an indicator of visceral fat and weight-height ratio. 

In conclusion, 18 months supplementation with VK1 and MK4 increased insulin secretion. 

FGF21 concentration increased at 6 months following MK4 supplementation only. Our study 

suggests that VK, in particular MK4 may have an effect on insulin secretion and sensitivity via the 

modulation of FGF21.  Further investigations are needed with future studies designed specifically 

to test whether VK has a beneficial effect on insulin secretion and insulin resistance in other 

populations including those at risk of the metabolic syndrome.  
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