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Background: Type 2 diabetes mellitus (T2DM) is a prevalent disorder which accounts for

90–95% of diabetic patients. The aim of this study was to assess the effects of menaquinone

(MK-7) supplementation on glycemic indices, anthropometric indices and lipid profile,

among patients with T2DM.

Methods: In this double-blind placebo-controlled randomized clinical trial, 60 men and women

with T2DM were allocated equally into either the MK-7 (200 µg/day) or the placebo group.

Physical activity level and dietary intake were assessed using the international physical activity

questionnaire-short form (IPAQ-SF) and a 3-day food record, pre- and post-intervention.

Anthropometric measures, blood pressure, glycemic indices and lipid profile including fasting

blood sugar (FBS), hemoglobin A1c (HBA1C), fasting insulin (FI), homeostatic model assessment

insulin resistance index (HOMA-IR), triglycerides (TG), total cholesterol (TC), high-density

lipoprotein (HDL-C) and low-density lipoprotein (LDL-C) were measured at baseline and after

twelve weeks.

Results: Forty-five patients completed the trial. There were no significant between-group

differences for calorie intake, macronutrient intake, physical activity level or anthropometric

measures at baseline and at the end of the study. Dietary vitamin K intake increased significantly

at the end of the study in the MK-7 (p: 0.02) and placebo (p: 0.001) groups, but intergroup

differences were not significant (p: 0.86). FBS (p: 0.01), HbA1c (p: 0.002), fasting insulin (p:

0.01) and HOMA-IR (p: 0.007) decreased significantly in the MK-7 group. Furthermore, after

adjustment for the baseline values and changes of vitamin K intake at the end of study, FBS and

HbA1C showed significant intergroup changes, and they were significantly lower in the MK-7

group compared to the placebo group. Lipid profile (TG, TC, LDL-C, HDL-C and LDL-C/HDL-

C) did not change significantly within or between groups.

Conclusion: MK-7 supplementation seems to be effective in the improvement of glycemic

indices, but not the lipid profile of patients with T2DM.

Clinical Trial Registration: The present study was prospectively registered at the Iranian

Registry of Clinical Trials on May 2019 (ID: IRCT20100123003140N22).

Keywords: diabetes, dyslipidemia, glycemic status, menaquinone, MK-7, phylloquinone,

vitamin K, anthropometric indices

Introduction
Diabetes mellitus (DM) is a metabolic disease characterized by chronic

hyperglycemia.1 Type 2 diabetes mellitus (T2DM) accounts for 90–95% of all
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diabetic patients.1 Insulin resistance and a progressive loss

of β-cell insulin secretion are the main concerns of

T2DM.2 Disease complications include: a) Acute compli-

cations: hyperglycemic hyperosmolar syndrome (increased

blood osmolarity without ketosis); hypoglycemia and b)

Chronic complications: microvascular complications (reti-

nopathy, nephropathy and neuropathy); macrovascular

complications (coronary heart disease, stroke and periph-

eral vascular disease).3 Increased mortality and a reduction

in lifespan of 7 years add to the burden of this disease.4

There were 463 million cases of T2DM reported globally

in 2017, which has increased 25% since 1990.5 In addi-

tion, the age-standardized prevalence of T2DM in Iran was

7.3% in 2017, which was 57% higher than in 1990.5

To date, various methods have been used to control

T2DM, including dietary management, lifestyle changes,

regular exercise, regular blood glucose control, and ulti-

mately drug and insulin therapy. Another important strategy

for controlling T2DM is the use of vitamin supplements.6

According to some recent studies, vitamin K supplementa-

tion can effectively improve clinical features of diabetes.7

Vitamin K has different forms, including vitamin K1

(phylloquinone), vitamin K2 (menaquinone or MK) and

vitamin K3 (synthetic form named menadione).8

Differences in the chemical structure of K1 (phylloqui-

none) and K2 (menaquinone) have led to differences in

their uptake and bioavailability.9 Adsorption, bioavailabil-

ity and the half-life of K2 is higher than K1.9–11 Studies

have revealed that vitamin K2 supplementation can be an

appropriate treatment strategy for diabetes, having a more

sustained effect than K1.12 Vitamin K2 has at least 10

different compounds (MK-4 to MK-14),9 but its common

forms are MK-4 and MK-7. MK-7 has a longer half-life,

as well as more bioavailability and uptake than MK-4.3,13

A very small number of animal studies have investi-

gated the effects of vitamin K on diabetes,7 and to date

only one clinical trial has reported the effectiveness of

MK-7 on vascular calcification in patients with T2DM.14

As such, the aim of this study was to assess the effects of

menaquinone supplementation (MK-7) on metabolic para-

meters in people with T2DM.

Materials and Methods
Study Design and Patients
This parallel double-blind placebo-controlled rando-

mized clinical trial was conducted between August and

December 2019 in the northwest of Iran. Sixty men and

non-postmenopausal women with T2DM (body mass

index: 27–35 kg/m2) aged 20–55 years, were enrolled

into the study using a convenience sampling method.

They were diagnosed with T2DM by an endocrinologist

and were receiving appropriately prescribed medical

therapy (only anti-diabetic drugs and not insulin) for at

least six months prior to study enrolment. Following a

public announcement of the study, patients willing to

participate were recruited from public and private hospi-

tals and clinics in the north-west of Iran. The exclusion

criteria were: pregnancy, lactation, menopause, hormone

therapy, use of vitamin K containing contraceptives;

polycystic ovary syndrome; presence of diseases affect-

ing vascular calcification or cardiac dysfunction; history

of bone disease, rheumatoid arthritis, thyroid, parathyr-

oid, liver, kidney, intestine disease or malignancies; pre-

sence of infectious or inflammatory disease symptoms or

recent surgery; use of insulin, corticosteroids and antic-

oagulant drugs such as warfarin and coumarin; adher-

ence to a specific diet and consumption of any dietary

supplements or weight reducing drugs for three month

prior to the study; smoking.

After being given a full explanation of the study pro-

cedures, written informed consent was taken from each

participant prior to the commencement of baseline data

collection. The study was approved by the ethics commit-

tee of Tabriz University of Medical Sciences, Tabriz, Iran

(Ethics code: IR.TBZMED.REC.1398.123). It was also

registered with the Iranian Registry of Clinical Trials

(IRCT20100123003140N22).

Randomization, Blinding, and Study

Procedures
A blinded assistant, not otherwise involved with the study,

was tasked with random participant allocation into the two

experimental groups (1:1) using RAS (Random Allocation

Software). Allocation concealment was achieved through

the use of sealed, opaque envelopes with consecutive num-

bering. Blinding of participants and investigators was sup-

ported through the provision of MK-7 or placebo

(cornstarch-capsules) containers with identical labelling.

The blinded assistant created a 3-digit code for each partici-

pant to facilitate identification and tracking. Participants and

clinicians/researchers were all blinded to participant group

membership throughout the study. An endocrinologist inter-

viewed eligible volunteers to confirm T2DM. The next day,

after a 12-hour overnight fast, blood was drawn to measure
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metabolic parameters. Additional data collection included: a

demographic questionnaire, international physical activity

questionnaire-short form (IPAQ-SF), blood pressure and

measurement of anthropometric indices. Following appro-

priate explanations, participants were asked to complete the

3-day food record form and return to the clinic every three

weeks for 12-weeks. All assessments were performed at

both baseline and after 12 weeks.

Intervention
All participants were given standardized dietary advice

according to published recommendations.15 They were

then randomized into the intervention or placebo group.

Patients in the MK-7 group received 200 µg/d MK-7

capsules and those in the placebo group received capsules

containing cornstarch for a period of twelve weeks. All

participants were directed to take the capsule with their

main meal. Participants were contacted by phone each

week for a follow-up, in addition to the three weekly

visit to the clinic.

Assessment of Physical Activity and

Dietary Intake
The IPAQ-SF questionnaire was used to estimate physical

activity levels. A trained researcher completed the question-

naire with each participant pre- and post-intervention, via

face-to-face interview. Questionnaire validity and reliability

have been confirmed previously by BashiriMoosavi et al in

2015.16 According to guidelines for data processing and

analysis of the IPAQ, a total metabolic equivalents score

(MET-minutes/week) was calculated, with patients categor-

ized as high (≥3000 MET), moderate (600–3000 MET), or

low (<600 MET) levels of activity.17

Dietary intake was assessed using a three-day food

record. Participants were asked to record their dietary

intakes on three non-consecutive days (two weekdays

and a weekend) pre- and post-intervention. Nutritionist

IV software (First Databank, San Bruno, CA, USA), mod-

ified for Iranian foods, was used for dietary data analysis.

Blood Sampling and Biochemical

Measurements
After a 12-hour overnight fast, seven mL of blood was

drawn for biochemical analyses. Serum fasting blood

sugar (FBS), total cholesterol (TC), high-density lipoprotein

(HDL-C) and triglycerides (TG) were measured by enzy-

matic methods using the colorimetric technique and pars

Azmoon kits (Pars Azmoon, Tehran, Iran). Low-density

lipoprotein (LDL-C) was calculated using the Friedewald

equation.18 Hemoglobin A1c (HbA1c) was measured using

the spectrophotometric method.19 Serum fasting insulin (FI)

was determined using the sandwich ELISA (enzyme-linked

immunosorbent assay) method, with a commercial kit

(Monobind, Lake Forest, CA, USA). The Homeostatic

model assessment insulin resistance index (HOMA-IR)

was calculated using the formula: HOMA-IR = [fasting

insulin (μIU/mL) × FBS (mg/dL)]/405.20

Anthropometric Indices and Blood

Pressure Measurements
All measurements were conducted by a trained nutritionist

at baseline and at the end of the study. Height (without

shoes with precision of 0.1 cm) and weight (with Seca

scale, light clothes and precision of 0.1 kg) were mea-

sured. Body mass index (BMI) was calculated as weight

(kg) divided by height squared (m2).21 A non-stretchable

measuring tape was used to measure waist circumference

(WC) and hip circumference (HC). WC was measured as

the smallest horizontal girth between the costal and iliac

crests at minimal respiration and a relaxed position. HC

was taken as the greatest circumference at the level of

greater trochanters (the widest portion of the hip) on

both sides. Waist to hip ratio (WHR) was calculated by

dividing WC (cm) by HC (cm).22 In addition, blood pres-

sure was measured in a comfortable sitting position in the

left arm after at least five-minutes resting, using an aneroid

sphygmomanometer and stethoscope. It was measured on

two occasions and the mean of the two was taken as the

individual’s blood pressure.

Sample Size and Statistical Analysis
The sample size was determined based on a similar study

published in 201623 and provided 80% power with a 5%

risk of type 1 error. This resulted in a sample requirement

of 23 per group, which was increased to 30 per group to

accommodate an expected 30% attrition rate over the 12-

week study period. A sensitivity analysis initially was

conducted on Intention to treat (ITT) and per protocol

approaches and as there was no difference between the

results and losses to follow did not impose any bias on the

results, the ITT approach was selected for the present

study. Kolmogorov Smirnov test was undertaken to assess

the normality of the quantitative variables. The normally

and non-normally distributed variables were presented as
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mean ± standard deviation (SD) and median (25th and

75th percentiles), respectively. Dichotomous variables

were reported as number (percent). Differences between

the two groups at baseline were assessed using indepen-

dent sample t-test or Mann–Whitney U-test for continuous

variables and Chi-squared or Fishers exact tests for dichot-

omous variables. Paired samples t-test and Wilcoxon

signed-rank test were used to assess within-group changes

and for normally and non-normally distributed variables,

respectively. Continuous variables were compared

between groups at the end of the study using an analysis

of covariance (ANCOVA) and Quantile Regression,

adjusting for baseline values and potential confounding

factors. A P-value less than 0.05 was defined as statisti-

cally significant for all statistical tests and SPSS software

Version 19 (SPSS Inc., IL, Chicago, USA) and Stata

Version 14 (StataCorp, College Station, TX, USA) were

used to perform the statistical analyses.

Results
Of the 644 patients who were screened by phone, 72 met

all inclusion/exclusion criteria. However, after a face to

face meeting, 12 were excluded due to a BMI>35 (n=8) or

refusing to participate further (n=4). Sixty participants

were recruited with seven and eight lost to follow up in

the MK-7 and placebo groups, respectively, by 12-weeks.

Therefore, a total of 45 participants completed the study

(MK-7 group n=23; placebo group n=22) (Figure 1). No

adverse effects were reported by any of the participants,

retained or lost, at any stage of the trial.

Demographics
As shown in Table 1, the intervention and placebo groups

were homogeneous for demographic indices, blood pres-

sure, drug history and physical activity level at baseline

(p>0.05). Just under half of the participants reported an

education level less than diploma level and most were

married. The mean (SD) ages were 45.35 (6.25) and

46.95 (5.25) years in MK-7 and placebo groups,

respectively.

Physical Activity and Dietary Intake
There was no significance difference between the two

groups for level of physical activity at baseline (Table 1)

and the level of physical activity remained unchanged

throughout the study (P>0.05).

As shown in Table 2, calorie and macronutrient intake

between the two groups was not significantly different at

baseline, with no significant difference observed at the end

of the study in either group (p>0.05). Adjustments to the

data for baseline differences did not change the findings.

Although vitamin K intake increased significantly in both

groups during the study, no significant between-group

differences were observed, even when adjusted for base-

line differences.

Glycaemia and Lipid Profile
No differences in glycemic indexes were observed at base-

line. After the 12-week follow-up, FBS (p: 0.01), HbA1c

(p: 0.002), fasting insulin (p: 0.01) and HOMA-IR (p:

0.007) were significantly reduced in the MK-7 group.

After adjustment for the baseline values and changes in

vitamin K intake, FBS (p: 0.02) and HbA1C (p: 0.01) were

still significantly lower in the MK-7 group compared to

placebo group. However, fasting insulin and HOMA-IR

showed no statistically significant intergroup difference

(p> 0.05).

The two groups had similar lipid profiles at baseline

(Table 3). At the 12-week follow-up, there were no sig-

nificant changes, within or between groups (p>0.05), for:

TG, TC, LDL-C, HDL-C and LDL-C/HDL-C.

Anthropometric Measures
As presented in Table 4, weight increased significantly in

the placebo group and HC decreased significantly in MK-7

group. However, no statistically significant between-

groups differences were observed for weight, BMI, WC,

HC or WHR at the end of the study, when the baseline

values and dietary vitamin K intake were taken into

consideration.

Discussion
This study investigated the effects of a 12-week MK-7

supplementation on people with T2DM. More specifically,

the present study examined the effect of MK-7 on glyce-

mic status, anthropometric indices and lipid profile in

people with T2DM. Significant improvements were

observed in the glycemic indices in the MK-7 group,

including: FBS, HbA1C, FI and HOMA-IR. Statistically

significant intergroup changes were also observed for FBS

and HbA1C.

There were only seven published studies which have

evaluated the effects of vitamin K on diabetic animals.7

Supplementation with 10,15,30 mg/kg/day of MK-4 for

eight weeks was found to dose dependently improve

HbA1c, FBS and HOMA-IR in diabetic rats.24 Another
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study, also in diabetic rats, identified decreased FBS and

hyperglycemia after twelve-weeks supplementation with

30 mg/kg of MK-4.25 Two other studies showed dose

dependent reductions in FBS, HbA1c and HOMA-IR

after eight-week supplementation with 1, 3, 5 µg/kg/day

vitamin K1, also in diabetic rats.26,27 Moreover, three

studies conducted by Sai Varsha et al showed decreased

FBS, HbA1c and increased serum FI in diabetic rats who

received 5 mg/kg of vitamin K1, twice a week for three

months.28–30

Thus, overall vitamin K supplementation has been

shown to be effective in diabetes animals, which has

now also been supported by our findings in human diabetic

patients. However, conflicting results were found in a

study conducted by Rasekhi et al on pre-diabetic preme-

nopausal women. Their four week intervention of 1000

Prescreening for eligibility (n=644)

Not meeting the inclusion criteria

(n=572)

Face to face interview and blood 

sampling (n=72) Excluded (n=12)

-Refused to participate (n=4)

-Body mass index ≥ 35 (n=8)

Randomized (n=60)

Enrollment

Allocation 

Menaquinone-7 group (n=30) Placebo group (n=30)

Follow up 

Lost to follow-up:

Irregular consumption of the 

supplements (n=2)

Discontinued intervention (n=2)

High triglyceride (n=2)

Lost to follow-up:

Irregular consumption of the 

supplements (n=2)

Discontinued intervention (n=3)

High triglyceride (n=2)

Final analysis (n=23)

Analysis 

Final analysis (n=22)

Figure 1 Flow diagram of the patient selection process.
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µg/day of vitamin K1 resulted in no significant improve-

ment in: FBS, serum FI, HOMA-IR or HOMA-B.10,31

There may be several reasons for this negative finding.

Firstly, the intervention duration of four-weeks was prob-

ably too short and the vitamin K dosage was too small to

result in significant glycemic changes.31 Secondly,

HOMA-IR is an indirect method of measuring insulin

resistance, therefore yielding different results by applying

different methods of measuring insulin resistance.31

Thirdly, according to previous studies, vitamin K would

be more effective for improving the glycemic control

among subjects with impaired glucose tolerance, rather

than among healthy individuals.32 In light of this, the

role of vitamin K in glycemic control seems to be notable

in patients with DM, rather than among pre-diabetes.7

As described in our previous study,7 vitamin K can

increase insulin sensitivity in skeletal muscle cells in sev-

eral different ways. Vitamin K can (a) reduce oxidative

stress and inflammation,26,28-30 (b) elevate adiponectin

levels10,24,33 and activate AMPK (phosphorylated AMP-

activated protein kinase) pathways,33 and (c) directly

increase the expression of SIRT1 (sirtuin1) and AMPK.26

AMPK and SIRT1 are important signaling molecules in

the regulation of lipid metabolism, glucose hemostasis and

insulin sensitivity.34

The present study also showed that MK-7 supplemen-

tation had no significant beneficial effects on lipid profile

parameters, in comparison to the placebo group. In con-

trast with the present study, two studies on diabetic ani-

mals found vitamin K supplementation had a significant

positive effect on lipid profile. In diabetic rats, an eight

week intervention which consisted of 30 mg/kg/day of

vitamin K2 (MK-4), resulted in significantly reduced TC

and TG.24 In addition, dosages of 1, 3, 5 µg/kg BW/day of

vitamin K1 over an eight-week period has also been

reported to significantly reduce TC and TG among diabetic

mice.27 However, to date no clinical trials have confirmed

these findings on diabetic dyslipidemia.

There are two reasons for the inconsistent results

between our study and the two previous studies. Firstly,

our study was conducted using a rigorous RCT design in a

human population with T2DM, compared to studies using

animals. As such, it is important to note that the results

from animal studies may not mirror the findings in

humans. Secondly, the dosage and vitamin K type were

not the same. Perhaps a higher dose of vitamin K is needed

to produce an effect on TG and TC. Further studies are

required with diabetic populations to examine this

hypothesis.

The possible mechanisms involved in the improve-

ments in diabetic dyslipidemia have been explained in

our previous study.7 Vitamin K can reduces hepatocyte

lipogenesis and gluconeogenesis by (a) suppressing

inflammatory cytokines’ production,28,35-41 (b) inactiva-

tion of NF-κB (nuclear factor kappa B),33,42 (c) elevating

adiponectin levels,10,24 and (d) increasing the gene expres-

sion levels of AMPK and SIRT-1.26,43-47

Table 1 Baseline Characteristics of the Study Population

Variables Placebo

Group

(n=22)

MK-7

Group

(n=23)

p

Age (year)a 46.95 (5.25) 45.35 (6.25) 0.35c

Sexb 0.92e

Male 15 (62.8%) 16 (69.6%)

Female 7 (31.8%) 7 (30.4%)

Education levelb 0.91e

<Diploma 10 (45.5%) 9 (39.1%)

Diploma and Associate 6 (27.3%) 7 (30.4%)

≥Bachelor 6 (27.3%) 7 (30.4%)

Marital statusb 1f

Single 1 (4.5%) 1 (4.3%)

Married 21 (95.5%) 22 (95.7%)

Occupationb 0.75f

Housewife 13 (59.1%) 15 (65.2%)

Employed 5 (22.7%) 6 (26.1%)

Retired 4 (18.2%) 2 (8.7%)

Drug historyb 0.17f

Only anti diabetic drugs 3 (13.6%) 8 (34.8%)

Anti-hyperlipidemia drugs 10 (45.5%) 8 (34.8%)

Anti-hypertension drugs 3 (13.6%) 3 (13%)

Both anti-hyperlipidemia

and anti-hypertension

drugs

6 (27.3%) 2 (8.7%)

Other drugs 0 (0%) 2 (8.7%)

Systolic blood pressure

(mmHg)g
120 (110, 130) 120

(110,120)

0.45d

Diastolic blood pressure

(mmHg)g
80 (80, 90) 80 (80, 80) 0.12d

Physical activityb 0.28f

Low 2 (9.1%) 0 (0%)

Moderate 7 (31.8%) 11 (47.8%)

High 13 (59.1%) 12 (52.2%)

Notes: aMean (standard deviation). bNumber (%). cBased on independent-samples

t-test. dBased on Mann–Whitney U-test. eBased on Pearson Chi-Square test. fBased

on Fishers exact test. gMedian (25th and 75th percentile)
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In this study no significant between-group differences

were observed for weight, BMI, WC, HC and WHR post-

intervention. A significant increase in weight was observed

only in the placebo group. Similarly, supplementation with

1.5 mg/day of MK-4 for 12-months had no significant

effect on weight or BMI in healthy postmenopausal

women,48 or even when the dosage was increased to

1000 µg/d vitamin K1 for four weeks.10

Consistent with our study, MK-4 supplementation in

healthy postmenopausal women, over a three-year period,

did not result in a significant weight gain, whereas a

significant increase in weight was observed in their pla-

cebo group.49 This suggests that taking vitamin K helps to

maintain baseline weight and BMI.49,50 In contrast to our

findings, previous research has suggested that vitamin K

levels were lower in participants with higher weight and

waist circumferences.49 This finding was also reported in

another study, which showed that body weight and BMI

were significantly lower in subjects with the highest tertile

of vitamin K level.51

One possible explanations for the effect of vitamin K

on the maintenance of body weight, as suggested by

Knapen et al’s hypothesis, is that vitamin K directly affects

cell function, independent of Ȣ-carboxylation.49 Takeuchi

et al conducted an in vitro study and reported that MK-4,

but not phylloquinone, inhibited adipogenesis.52 In line

with these findings, Shearer et al showed that MK-4 has

direct effects on cellular pathways by activating the steroid

and xenobiotic receptors on the nuclear membrane.53 Our

study suggests that this hypothesis may be also true for

MK-7.

Strengths and Limitation
1. For the diabetic population, only animal studies were

previously available. This is the first study that evaluated

the effect of vitamin K on glycemic status, anthropometric

indices and lipid profile among patients with T2DM.

2. Absorption and bioavailability of MK-7 were shown

to be better than for MK-433 and only one previous study

had examined the effect of MK-7 on vascular calcification

in patients with T2DM.

3. Participant dietary intake was measured using a

three-day food record, in which under reporting may

have occurred. It seems that a weighted food record may

Table 2 Comparison of the Dietary Intake Between Study Groups at Baseline and at the End of the Intervention

Variable Placebo Group (n=23) MK-7 Group (n=22) MD (95% CI), P

Energy (kcal/day)

Before 2466.31 (1105.53) 2256.36 (666.22) 209.95 (−335.96, 755.86), 0.44b

After 2526.49 (1087.02) 2327.57 (818.62) 148.15 (−424.37, 720.67), 0.60a

MD (95% CI), pc 60.17 (−503.23, 623.58), 0.82 71.20 (−379.92, 522.33), 0.74

Fat (g)

Before 59.67 (26.78) 57.73 (23.53) 1.93 (−13.20, 17.07), 0.79b

After 65.38 (28.77) 66.88 (24.33) −1.69 (−17.82, 14.43), 0.83a

MD (95% CI), pc 5.70 (−9.13, 20.54), 0.43 9.14 (−6.43, 24.72), 0.23

Protein (g)

Before 95.63 (46.80) 84.68 (26.32) 10.94 (−11.75, 33.64), 0.33b

After 100.63 (45.50) 90.65 (32.45) 8.12 (−15.79, 32.03), 0.49a

MD (95% CI), pc 4.99 (−20.33, 30.33), 0.68 5.96 (−12.13, 24.06), 0.50

Carbohydrate (g)

Before 395.19 (206.86) 357.56 (108.66) 37.62 (−61.08, 136.33), 0.44b

After 371.21 (155.33) 351.75 (143.75) 11.83 (−77.54, 101.21), 0.79a

MD (95% CI), pc −23.98 (−123.81, 75.85), 0.62 −5.81 (−76.36, 64.73), 0.86

Vitamin k (µg/d)

Before 91.86 (58.98) 127.20 (79.24) −35.34 (−77.48, 6.80), 0.09b

After 155.24 (86.19) 174.93 (78.26) −4.03 (−51.91, 43.85), 0.86a

MD (95% CI), pc 63.38 (28.72, 98.03), 0.001 47.73 (7.91,87.54), 0.02

Notes: Mean (standard deviation) and mean difference (95% CI) are presented for normally distributed data. cp based on paired samples t-test. bp based on independent-

samples t-test. ap based on analysis of covariance (ANCOVA) adjusted for baseline values.

Abbreviations: MD, mean difference; CI, confidence interval.
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be more precise, but in the present study patients were

asked to report their dietary intake using home scales.

4. Nutritional recommendations were presented to all

participants, but we were not able to verify the level of

adherence.

5. Subgroup analysis could not be conducted to exam-

ine whether the treatment effect of MK-7 was heteroge-

neous across the different subgroups of patients with

T2DM. Future research is needed with larger sample

sizes to investigate this hypothesis.

Table 3 Comparison of the Glycemic Indexes and Lipid Profile Between Study Groups at Baseline and at the End of the Intervention

Variable Placebo Group (n=22) MK-7 Group (n=23) MD (95% CI), P

FBS (mg/dL)

Before 139.54 (38.42) 136.78 (50.47) 2.76 (−24.29,29.82), 0.83b

After 146.72 (32.82) 121.08 (49.66) 24.37 (3.37,45.37), 0.02h

MD (95% CI), pc 7.18 (−13.79, 28.15), 0.48 −15.69 (−28.45, −2.93), 0.01

FI (µIU/mL)

Before 14.35 (7.65, 25.52) 15.70 (9.50, 44) −1.35, 0.28d

After 15.55 (5.67, 29.12) 9.90 (5.40, 15.20) −5.82 (−15.79, 4.13), 0.24g

MD, Pf 1.2, 0.78 −5.8, 0.01

HBA1C (%)

Before 6.95 (1.33) 6.81 (1.68) 0.14 (−0.76, 1.06), 0.74b

After 7.11 (1.88) 5.78 (1.76) 1.23 (0.21, 2.26), 0.01h

MD (95% CI), pc 0.15 (−0.81, 1.11), 0.74 −1.03 (−1.62, −0.43), 0.002

HOMA-IR

Before 5.09 (2.85, 8.63) 5.23 (2.58, 19.80) −0.14, 0.58d

After 4.75 (1.85, 10.50) 2.35 (1.74, 4.83) −2.82 (−6.21, 0.56), 0.09g

MD, Pf −0.34, 0.91 −2.88, 0.007

TG (mg/dL)

Before 175.36 (81.15) 166.73 (46.65) 8.62 (−30.94, 48.19), 0.66b

After 151.09 (73.32) 168.91 (48.83) −23.91 (−57.33, 9.50), 0.15h

MD (95% CI), pc −24.27 (−59.94, 11.39), 0.17 2.17 (−19.80, 24.15), 0.83

TC (mg/dL)

Before 151.36 (26.69) 161.78 (33.17) −10.41 (−28.57, 7.73), 0.25b

After 159.04 (39.41) 169.91 (30.21) −6.78 (−25.82, 12.26), 0.47h

MD (95% CI), pc 7.68 (−11.41, 26.77), 0.41 8.13 (−1.73, 17.99), 0.10

HDL-C (mg/dL)

Before 47.68 (7.63) 48.08 (8.45) −0.40 (−5.25, 4.44), 0.86b

After 49.13 (8.66) 50.21 (6.59) −0.99 (−4.99, 3.00), 0.61h

MD (95% CI), pc 1.45 (−1.85, 4.76), 0.37 2.13 (−1.22, 5.48), 0.20

LDL-C (mg/dL)

Before 68.67 (21.76) 79.74 (31.03) −11.07 (−27.25, 5.11), 0.17b

After 78.77 (38.20) 81.98 (31.95) 3.76 (−14.78, 22.31), 0.68h

MD (95% CI), pc 10.10 (−7.03, 27.24), 0.23 2.24 (−6.29, 10.78), 0.59

LDL-C/HDL-C

Before 1.46 (0.49) 1.67 (0.58) −0.20 (−0.53, 0.12), 0.20b

After 1.67 (0.96) 1.64 (0.63) 0.19 (−0.22, 0.62), 0.35h

MD (95% CI), pc 0.21 (−0.16, 0.58), 0.25 −0.03 (−0.23, 0.17), 0.76

Notes: Mean (standard deviation) and mean difference (95% CI) are presented for normally distributed data; Median (25th and 75th percentiles), median difference and

coefficient (95% CI) are presented for data not normally distributed. cp based on paired samples t-test. bp based on independent-samples t-test. dp based on Mann–Whitney

U-test. fp based on Wilcoxon signed-ranked test. hp based on analysis of covariance (ANCOVA) adjusted for baseline values and changes of dietary vitamin K intake. gp based
on Quantile regression adjusted for baseline values and changes of dietary vitamin K intake.

Abbreviations: CI, confidence interval; FBS, fasting blood sugar; FI, fasting insulin; HBA1C, hemoglobin A1c; HOMA-IR, homeostatic model assessment; TG, triglyceride;

TC, total cholesterol; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein.
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Conclusion
Our study suggests that vitamin K supplementation in

T2DM results in improved glycemic status, including:

FBS, HbA1C, FI and HOMA-IR. Vitamin K supplementa-

tion may also help with body weight maintenance.

However, no significant effects were observed for other

anthropometric or lipid profile indices. Future research is

required to confirm these findings and to support a recom-

mendation for vitamin K supplementation as an adjunctive

treatment for diabetic patients.
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