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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background and objectives: There is a rising interest 

in studying the possible therapeutic value of fat-soluble 
micronutrients like vitamin K2 for preventing or controlling 
type 2 diabetes mellitus. The present study was designed to 
evaluate levels of vitamin K2 in patients with type 2 diabetes 
mellitus.

Patients and Methods: The study enrolled 60 patients 
with type 2 diabetes mellitus and 30 individuals as a control 
group. Blood samples were collected from each participant for 
estimation of vitamin K2 by (ELISA), HbA1c by (Cobas), lipid 
profile by (colourimetric methods) and calculated BMI.

Results: The mean ± Standard Deviation (SD) of vitamin K2 
levels for the type 2 diabetes group were (185.13±30.08) pg /ml, 
with a highly significant decrease (p < 0.001) when compared 
with the control group (303.91± 58.60) pg /ml. The HbA1c, 
cholesterol, TG, and LDL-C level for the type 2 diabetes group 
highly significant increase (p < 0.001) when compared with 
the control while HDL-C decreased when compared with the 
control group. 

Conclusion: The current study concluded that: Vitamin K2 
levels showed a highly significant decrease in patients with 
uncontrolled type 2 diabetes mellitus when compared with those 
in the control group. Vitamin K2 levels play an important role 
in improving glycated haemoglobin and lipid profiles in patients 
with type 2 diabetes mellitus.

Key words. vitamin K, diabetes mellitus, lipid profile, HbA1c.
Introduction.

Diabetes mellitus (DM) is a long-term metabolic disorder 
marked by high blood sugar levels. It can be caused by a lack of 
insulin or resistance to insulin's effects on the body's tissues, or 
both [1]. Diabetes is becoming more common in every region 
of the world. The Global Diabetes League projects that 536.6 
million individuals had diabetes (analyzed or undiscovered) in 
2021, rising 46% to 783.2 million by 2045 [2]. Type 1 diabetes 
mellitus (insulin-dependent), Type 2 diabetes mellitus (insulin-
independent), and pregnancy-related diabetes are the three types 
of diabetes that are diagnosed the most frequently [3].

Diabetes Mellitus Type 1 (T1DM) is an autoimmune disorder 
that is caused by beta-cell death in the pancreatic islets. The 
beginning of type 1 diabetes is most common throughout 
adolescence, namely during the puberty years, but it can happen 
at any age. In children, it occurs at a rate that is similar across 
the sexes, but by early adulthood, men are at a higher risk than 
women of developing the illness. T1DM is one of the most 
common autoimmune disorders in children and young adults, 
accounting for 5–10% of all cases of diabetes [4].

Type 2 diabetes mellitus (T2DM) is a common metabolic 
disease marked by high blood sugar. It is caused by either 

relative impairment of insulin secretion by pancreatic beta-cells 
or insulin resistance of the insulin-sensitive tissues.

Type 2 diabetes mellitus accounts for about 90% of diagnosed 
cases and affects the largest number of adults between the 
ages of 40 and 59 [5]. One person dies from diabetes-related 
complications every eight seconds on average throughout the 
world, indicating that the prevalence of type 2 diabetes (T2D) has 
reached epidemic proportions around the world. Some people 
are more likely to develop DMT2 than others, and this risk is 
influenced by genetics. However, prior studies have revealed 
that environmental variables including being overweight, not 
exercising enough, having high fat, poor fibre diet, smoking, 
and having a low birth weight, might also be crucial components 
contributing to the development of DMT2. A wide range of 
symptoms is characterized by the incessant need to urinate, 
a feeling of persistent thirst, continuous starvation, a lack of 
energy, and a gradual or rapid change in body weight [6].

Inadequate treatment and management of type 2 diabetes have 
directly led to persistent morbidities such as cardiovascular 
disease (CVD), renal disease, blindness, and amputations of 
the lower limbs, as well as deaths. According to estimates, 
T2D contributed significantly to roughly 32% of all CVD, 56% 
of new end-stage renal diseases, and 1.6 million fatalities in 
2016 [7]. To reduce the risk of problems associated with type 
2 diabetes, careful monitoring of blood glucose levels, food, 
medication usage, nutritional status, and physical activity is 
required [7]. 

In recent years, several studies have highlighted the positive 
effect that supplementing with vitamin K2 can have on 
enhancing insulin sensitivity and glucose tolerance, decreasing 
insulin resistance, and lowering the risk of developing type 2 
diabetes. Vitamin K2 enhanced insulin sensitivity by involving 
the vitamin K-dependent protein osteocalcin, exhibiting anti-
inflammatory properties, and having effects that lowered lipid 
levels [8]. This study aims to evaluate levels of vitamin K2 in 
patients with type 2 diabetes mellitus.
Materials and Methods.

Study Design: This study is a case-control study conducted 
in Diyala governorate at Baqubah Teaching Hospital and Balad 
Ruz General Hospital from the first of January to the end of 
February 2023, the study included 60 patients with type 2 
diabetes mellitus (30 males and 30 females). On the other 
hand, 30 people as a control group of both sexes (15 males and 
15 females) were taken. The ages of the two groups ranged 
between (30-65) years. All the following tests were conducted 
on all members of both groups to determine the level of vitamin 
K2, glycated haemoglobin (HbA1c), lipid profile, and BMI. 
Through a direct interview with them, all participants provided 
their informed consent to take part in the study, data collection, 
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and analysis for research motives. The information about the 
patient group and control group in this study was retrieved from 
the patients themselves, according to a prepared questionnaire 
(including their demographic characteristics, age, weight, 
length, etc.).

Inclusion Criteria: The study included people who met the 
following criteria:

1. Diabetic patients (T2DM) as patient’s groups.
2. Healthy non-diabetic subjects as a control group.
3. Male or female aged between 30-65 years.
Exclusion Criteria: Individuals who met one of the following 

criteria were excluded from participating in the study:
1. Patients on vitamin K2 supplements therapy.
2. Patients on anticoagulant drug therapy.
3. Use glucocorticoid or orally administered antibiotics for 

long-term periods.
4. Patients on lipid-lowering drug therapy.
Sample Collection and Preparation: All participants' 

samples were collected by using a disposable syringe to extract 
approximately five millilitres of blood from the antecubital 
vein. The obtained blood was divided into two portions; the first 
portion, 3 ml, was put in a separation gel tube, which facilitates 
serum separation by centrifugation at 3000 rpm for 10–15 
minutes. The clear serum was pipetted into clear, dry Eppendorf 
tubes and stored at -20 °C for the subsequent measurement 
of vitamin K2 (ELISA, Sunlong/China) and lipid profile (Kit 
supplied by Linear/ Spain). The second part, consisting of 
2 mL of blood, was put in a blood collection tube containing 
ethylene diamine tetra-acetic acid (EDTA) as an anticoagulant 
for immediate measurement of glycated haemoglobin (HbA1c) 
using the kit supplied by Roche (Germany). For analysis of 
measured parameters, Cobas C 111 analyzer (Roche, Germany) 
and spectrophotometer (Cecil/England) were used.

Statistical Analysis: The data were analyzed using Statistical 
Package for Social Sciences (SPSS) version 25.0, Microsoft 
Office 2019, and GraphPad Prism version 9.0. Statistical data, 
including the mean and standard deviation, were measured to 
describe the variables. The groups were compared by applying 
an independent sample t-test (unpaired t-test between two 
groups), chi-square (for non-continuous data or percentage), 
and a Mann-Whitney test (to evaluate the difference between the 
patient group and the control group). The degree of association 
between continuous variables was calculated by the Pearson 
correlation coefficient (r), and the results were considered 
statistically significant when the p-value was less than 0.05.
Results.

The control group included 15 females and 15 males, totalling 
30 participants. This accounts for 33.3% of the total sample, 
while in the T2DM group, there were 30 females and 30 males, 
totalling 60 participants. This accounts for 66.7% of the total 
sample. Overall, there were an equal number of females (45) 
and males (45) in the present study, making a total of 90 
participants. There was no difference in sex between the two 
groups (p=1.00). Additionally, the other descriptive statistics 
and statistical analysis results for the demographic parameters 
measured in this study with their p-values for both the control 
and type 2 diabetic patient groups (Table ‎1).

These results show that there is no statistically significant 
difference (p<0.05) in the age, weight, and height of type 2 
diabetic patients when compared to those of the control group. 
In the present study, the T2DM group had a mean vitamin K2 
level of 185.13 pg/mL (SD = 30.08), while the control group 
had a mean vitamin K2 level of 303.91 pg/mL (SD = 58.60).

The results of the present study show a highly significant 
increase (p < 0.001) in total cholesterol, TG level, LDL-C, 
and VLDL-C in T2DM as compared with the control group. 
Whereas there was a highly significant decrease (p < 0.001) in 
HDL-C in the sera of T2D patients when compared to those of 
the control group. These results indicate that lipid abnormalities 
are common in T2D patients in the studied population (Figure1).

A correlational analysis was conducted to explore the 
relationships between Vitamin K2 and different variables within 
the T2DM group. However, the strength and significance of the 
correlations vary across the parameters, indicating complex 
relationships between these variables in Type 2 DM. Table 2 
below provides information on the correlation coefficient (r) and 
the p-value associated with each correlation. This study showed 
a weak positive correlation (r = 0.07) between vitamin K2 and 
age, but it was not statistically significant (p = 0.594). Also, it 
showed a positive correlation (r = 0.29) between vitamin K2 
and BMI, which is statistically significant (p < 0.05). However, 
there are no previous studies to compare these correlations, 
so further research is needed to interpret these correlations in 
patients with T2DM.

Table 1. Clinical Characteristics of the Study Subjects by Group.
Parameters Subjects Mean ± SD p-value

Age (year) DM 50.93±8.84 0.46
Control 49.47±9.11

Weight (Kg) DM 81.27±11.18 0.8
Control 81.97±12.76

Height (m) DM 1.73±0.08 0.39
Control 1.75±0.09

BMI (Kg/m2) DM 27.20±4.25 0.52
Control 26.66±2.30

Table 2. Pearson Correlation Results between Vit K2 with Age, BMI, 
HbA1c and Lipid Profile in the T2DM Group.
Combination  (n*=60) r* p-value
Vitamin K2 and Age 0.07 0.594
Vitamin K2 and BMI 0.29 0.022
Vitamin K2 and HbA1c -0.25 0.057
Vitamin K2 and Chol -0.39 0.002
Vitamin K2 and TG -0.31 0.016
Vitamin K2 and HDL_C 0.17 0.197
Vitamin K2 and LDL_C -0.39 0.002
Vitamin K2 and VLDL_C -0.31 0.016
*r: correlation coefficient    *n: number 

Discussion.
These results show that there is no statistically significant 

difference (p = 0.524) in the BMI of type 2 diabetic patients 
when compared to those of the control group. These results 
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indicate that BMI may not be a distinguishing factor between 
individuals with type 2 diabetes and those without it, and these 
results agree with Malone et al. [9]. They found in his study that 
obesity is not the cause of T2DM and that the insulin resistance 
of T2DM occurs primarily in the muscles of lean individuals 
predisposed to diabetes before they become obese. 

However, the results of the present study disagree with Yaturu 
et al. [10], who found that elevated BMI and waist circumference 
(WC) were significantly associated with T2DM because most 
obese individuals have elevated plasma levels of free fatty acids 
(FFA), which are known to cause peripheral (muscle) insulin 
resistance. This disagreement may be due to the small sample 
size of the control group.

Vitamin K2 (menaquinone, MK) is an essential lipid-soluble 
vitamin that performs crucial functions in blood coagulation 
and bone health. It has been gaining attention for its potential 
role in the prevention of cardiovascular disease, type 2 diabetes, 
and various health outcomes [11].

These findings indicate that patients with type 2 diabetes 
in the studied population had highly significant (p < 0.001) 
lower vitamin K2 levels compared to the control group. This 
implies that the levels of vitamin K2 have a connection with 
the glycaemic state in type 2 diabetes, and these results agree 
with Mittal et al. [12] and Helmy et al. [13]. Who found in 
their studies that serum vitamin K2 levels in T2D patients were 
significantly reduced when compared to those of the control 
group, especially when hyperglycemia is uncontrolled.

Although the cause of vitamin K2 deficiency in patients with 
T2D compared to the control group is unclear, this may be 
due to those patients mainly receiving multiple drugs that may 
alter their intestinal normal flora, which has an important role 
in vitamin K2 production. In addition, some of those patients 
have a strict low-fat diet, which reduces vitamin K2 absorption 

because it is a fat-soluble vitamin. Also, some of those patients 
who reduced their animal diets developed a vitamin K2 deficiency 
because animal meals are the main source of vitamin K2.

The retrospective studies on the association between diabetes 
and vitamin K2 levels are limited, and there is a scarcity of 
studies directly comparing these findings. While the specific 
relationship and effect between vitamin K2 levels and T2DM 
remain unclear, many prospective interventional studies have 
suggested that vitamin K2 supplementation has shown vitamin 
K's beneficial effect in enhancing insulin sensitivity and glucose 
tolerance, avoiding insulin resistance, and lowering the risk of 
developing type 2 diabetes (T2D). This is explained by vitamin 
K2's effect on osteocalcin (OC) and adiponectin levels and their 
relationship with glycemic control and insulin sensitivity, in 
addition to its anti-inflammatory and lipid-lowering effects [14]. 

These results indicate that lipid abnormalities are common 
in T2D patients in the studied population. These results are in 
good agreement with Thapa et al. [15], Feingold et al. [16] and 
Athyros et al. [17], who found in their studies that hyperlipidemia 
is the commonest complication of T2DM and predisposes them 
to premature atherosclerosis and macrovascular complications 
and that most lipid abnormalities in T2D are elevated serum 
total cholesterol, triglycerides, LDL-C, and low serum HDL-C.

Insulin resistance in T2DM leads to increased peripheral 
lipolysis and the release of FAs for energy purposes, and 
excesses of these FAs are accumulated in the liver and then 
converted to TGs. Also, increased hepatic VLDL production 
occurs due to increased substrate availability via FFAs, 
decreased apolipoprotein B100 degradation, and increased 
lipogenesis [18].

The higher level of small, dense LDL cholesterol (sdLDL-C) 
particles is the most frequent type of dyslipidemia linked with 
insulin resistance. These particles are more susceptible to arterial 

Figure 1. Evaluation of measured parameters in patients with type 2 diabetes mellitus. Data Expressed as mean±SD.
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entrance and retention, oxidation, have a lower affinity for the 
LDL receptor and are more likely to cause atherosclerosis [19].

Managing lipid levels is an important aspect of diabetes care 
to reduce the risk of cardiovascular complications. This may 
involve lifestyle modifications, such as adopting a healthy 
diet, engaging in regular physical activity, weight reduction, 
and other factors that affect lipids, as well as micronutrient 
supplementation and medication interventions, if necessary, to 
optimize lipid profiles [20-24]. 

The present study showed a negative correlation (r = -0.25) 
between vitamin K2 and HbA1c, but it is not statistically 
significant (p<0.057) and these results agree with Mittal et 
al. [12], Hussein et al. [23]. Those who reported an inverse 
association between vitamin K2 and glycated haemoglobin 
(HbA1c), and this finding implies that the levels of vitamin K2 
have a connection with the glycemic state in type 2 diabetes.
Conclusion.

The current study concluded that vitamin K2 levels showed 
a highly significant decrease in patients with T2DM when 
compared with those in the control group. This finding supports 
his potential role in the pathophysiology of T2DM. There was a 
negative correlation between levels of vitamin K2 and glycated 
haemoglobin (HbA1c), and this finding implies that his levels 
have improved glycemic control in type 2 diabetes. There was a 
negative correlation among levels of vitamin K2 with cholesterol, 
TG, LDL-C and VLDL-C; and a positive correlation with 
HDL-C. This finding implies that their levels play an important 
role in improving the lipid profile in type 2 diabetes. There was 
a negative correlation between glycated haemoglobin (HbA1c) 
and cholesterol, TG, LDL-C, and VLDL-C. Thus, HbA1c level 
is not only a useful biomarker of long-term glycaemic control 
but also a good marker of dyslipidaemia and identifies patients 
who are at a greater risk of cardiovascular complications in type 
2 diabetics.
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