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Prevalence of type 2 diabetes mellitus (T2DM) is increasing globally 

and has reached epidemic proportions in many countries. Type 2 

diabetes is a complex disorder resulting from an interaction between 

genes and environment. Several risk factors for type 2 diabetes have 

been identified, including age, sex, obesity and central obesity, low 

physical activity, smoking, diet including low amount of fiber and 

high amount of saturated fat, ethnicity, family history, history of 

gestational diabetes mellitus, history of the non-diabetic elevation of 

fasting or 2-h glucose, elevated blood pressure, dyslipidemia, and 

different drug treatments.  It occurs due to β- cell dysfunction. Type 2 
diabetes and its complications constitute a major worldwide public 

health problem, affecting almost all populations in both developed and 

developing countries with high rates of diabetes-related morbidity and 

mortality. The prevalence of type 2 diabetes has been increasing 

exponentially, and a high prevalence rate has been observed in 

developing countries. Multiple risk factors of diabetes, delayed 

diagnosis until micro- and macro-vascular complications arise, life-

threatening complications, failure of the current therapies, and 

financial costs for the treatment of this disease, make it necessary to 

develop new efficient strategies and appropriate prevention measures 

for the control of type 2 diabetes. In our current understanding about 

the epidemiology of type 2 diabetes, the roles of genes, lifestyle and 
other factors contributing to rapid increase in the incidence of type 2 

diabetes. The core aims are to bring forward the new strategies for 

care and control  type 2 diabetes. 

                                 
                  Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:-  
Diabetes mellitus is one of the oldest diseases known to mankind. This was first mentioned in Egyptian manuscript 

about 3000 years ago (1). In 1936, the difference between type 1 and type 2 Diabetes was clearly identified. Type 2 

Diabetes was first described as a component of metabolic syndrome in 1988. It is also known as non-insulin 

dependent diabetes and  is the most common form of diabetes characterized by hyperglycemia, insulin resistance, 

and relative insulin deficiency which results from interaction between genetic, environmental and behavioral risk 

factors.(2). In North American prevalence of diabetes mellitus reached 10.2% in 2010, and is estimated to reach 
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12.1% by 2030. This is an increase of 42.4% in the number of adults who will have diabetes. In the United States, 

(2004/06) national survey data indicated that the prevalence of diabetes was greater in non Hispanic Blacks (11.8%) 

and Hispanics (10.4%) compared to non-Hispanic whites (6.6%). In Ontario, the most populated province in 

Canada, the Black population has higher rates of diabetes (11.6%) than the White population 7.3 % (2). Indian 

scenario is more serious being a developing nation majority of population belongs to middle class and death 

associated with diabetes is more than 80% in countries with low and middle income population (Global Health 
Estimates Geneva, WHO, 2014). India already house highest number of diabetic patients, and which is estimated to 

double by 2030 (3). Person with type 2 Diabetes are more vulnerable to various forms of both short and long-term 

complications, which often lead to their premature death. This tendency of increased morbidity and mortality is seen 

in patients with type 2 diabetes because of its insidious onset and late recognition, especially in resource-poor 

developing countries like India, Nepal, Bhutan, Sri Lanka, etc. It occurs due to β- cell dysfunction. 

 
Figure.1:- Islets within the pancreas contain beta cells, which make insulin and release it into the 

blood.(21).(Diabetes Spectrum 2002 (15). 

 

β-cell dysfunction:- 

 β-cell resides in pancreas, where they perform important function of producing insulin for body. β-cell secrete 

insulin when they are signaled to do so by increasing glucose level in blood. Without adequate insulin, blood 

glucose level increases, this is a defining characteristic of any type of Diabetes.  In type 2 diabetes, β-cells churn out 

a lot of insulin early in the disease process, hence characterized by both high glucose level and high insulin level in 

blood. This is now clearly evident by the findings of Staigeret al., (2013)(3) that among the 27 confirmed and 

potential  diabetes risk genes, 18 genes affect β-cell function, which are as follows: CAPN10 , CDC123/CAMK1D 
,CDKAL1, CDKN2A/B , ENPP1, FOXO1,HHEX, IGF2BP2, JAZF1 , KCNJ11,KCNQ1, MTNR1B ,PPARGC1A , 

SGK1, SLC30A8,TCF7L2, TSPAN8/LGR5 and WFS1 . 

 

Responsible factors for T2D:- 

Several previous studies showed that there are many factors such as genetic, environmental, Chemical etc. have 

great influence on T2D. 

 

Genetic Factors:- 

GWAS study showed that there are many genetic factors play important role in prevalence of T2D. The 

susceptibility loci of T2DM have been discovered by genome-wide association studies (GWAS) since early 2007 

(4). Then, numerous GWAS conducted in different countries and ethnic groups have reported linkage signals at the 

same or different chromosomes with T2DM, and have successfully identified approximately 75 susceptibility loci 
related to T2DM. Epigenetics refers to heritable changes in gene function that occur without a change in nucleotide 

sequence. Mechanisms like DNA-methylation, histone acetylation and non-coding RNAs are used by the cell to 

regulate gene expression in response to environmental cues and can persist for an individual‘s lifetime and can be 

passed on over 2-3 generations. 
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Figure 2:- Different genetic variants of T2D. (GWAS). Over the years, type 2 diabetes mellitus (T2D) genome-wide 

association studies (GWAS) (Nature Reviews Genetic 17:535–54).(5) 
 

Some examples of candidate genes are:-  

CDKAL1 Although the function of CDKAL1 is still unclear, this protein is similar to cyclin-dependent kinase 5 

regulatory subunit-associated protein1 (CDK5RAP1), which is expressed in neuronal tissues, and inhibits CDK5 

activity by binding to the CDK5 activator. CDK5 has been shown to blunt insulin secretion in response to glucose 

and to play a permissive role in the decrease of insulin gene expression, suggesting that CDKAL1 plays a role in β-

cell function by inhibiting activity of CDK5. CDKN2A/BCDKN2A and CDKN2B are adjacent cyclin-dependent 

kinase inhibitor genes on chromosome 9p. CDKN2A inhibits CDK4, a key regulator of pancreatic beta cell 

replication. HHEX (Hematopoietically expressed homeobox protein) that in human is encoded by HHEX gene, this 

gene encodes a member of homeobox family of transcription factors, many of which are involved in the 

developmental process. IGF2BP2Insulin like growth factor 2 mRNA binding protein 2 gene is involved in insulin 

secretion essential for glucose metabolism, this gene have shown conflicting results regarding the nature of 
association of type 2 Diabetes. KCNJ11 (potassium inwardly rectifying channel, subfamily J, member 11), 

TCF7L2 (transcription factor 7–like 2, the strongest T2D locus identified to date), IRS1 (insulin receptor substrate 

1), MTNR1B (melatonin-receptor gene), PPARG2 (peroxisome proliferator-activated receptor gamma 2), FTO (fat 

mass and obesity associated) gene. van Exel and his group found that low IL-10 production capacity is also 

associated with T2DM (6). It is worth highlighting that IL-10-1082A/G polymorphism is associated with T2DM 

susceptibility in Asians, but not in Europeans and Africans, which may be ascribable to various genetic background 

and environmental exposures (7).Among these susceptible loci, KCNJ11 encodes the islet ATP-sensitive potassium 

channel Kir6. TCF7L2 regulates proglucagon gene expression and produces glucagon-like peptide(8).IRS1 has an 

effect on insulin action (9). MTNR1B is correlated with endogenous ligand melatonin that mediates circadian 

rhythm and affects metabolic regulation (9). PPARG2 encodes a transcription factor for adipocyte differentiation 

(10); IGF2BP2 is involved in pancreas development, growth and stimulation of insulin action (10). HHEX affects β 
cell development; and FTO predisposes to diabetes through acting on BMI (Body Mass Index) (11). Meanwhile, 

many of these loci are some important susceptibility loci are listed in Table 1.   

 

 

 



ISSN: 2320-5407                                                                                Int. J. Adv. Res. 4(12), 2127-2139 

2130 

 

Table 1:- Genetic variants associated withT2D (GWAS) (12). 

LOCUS MARKER CH

R. 

TYPE OF 

MUTATION 

EFFECT 

(ALLELE/OT

HER) 

EFFECT 

ALLELE 

FREQUENCY(H

apMap-CEU) 

TRAI

T 

EFFECT 

OR/Beta 

(95% 

CI/SE) 

PPARG rs18012824 3 Missense 

Pro 12Ala 

C/G 0.92 T2D 1.14(1.0

8-

1.20)15-17 

KCNJ11/ABC
C8 

rs5219/rs757
110a,5 

11 Missense 
Glu23Lys/Ala1

369Ser 

T/C 
G/T 

0.50 
0.40 

T2D 1.15(1.0
9-1.21)17 

TCF7L2 rs7903146b,3,

35 

rs12243326b,

36 

10 Intronic 

Intronic 

T/C 

C/T 

0.25 

0.21 

T2D 

FG 

2-hrG 

1.37(1.2

8-1.47)18 

0.07(0.0

1) 

IGF2BP2 rs440296015-

17 

 

3 Intronic T/G 0.29 T2D 1.17(1.1

0-1.25)18 

CDKAL1 rs775484015-

17 

6 Intronic C/G 0.31 T2D 1.12(1.0

8-1.16) 

SLC30A8 rs1326663413

,35 

8 Missense 

Arg325Trp 

C/T 0.75 T2D 

FG 

1.12(1.0

7-1.16)65 

0.027(0.

004) 

CDKA2A/B rs1081166115

-17 
9 125 kb 

upstream 
T/C 0.79 T2D 1.20(1.1

4-1.25) 

HHEX rs111187513 10 7.7 kb 

downstream 

C/T 0.56 T2D 1.13(1.0

8-1.17)17 

FTO rs805013615,1

6 

16 Intronic A/C 0.45 T2D 1.15(1.0

9-1.22)18 

HNF1B rs757210110,1

11 

17 Intronic A/G 0.43 T2D 1.12(1.0

7-1.18)65 

NOTCH2 rs1092393118 1 Intronic T/G 0.11 T2D 1.13(1.0

8-1.17) 

THADA rs757859718 2 Missense 

Thr1187Ala 

T/C 0.92 T2D 1.15(1.1

0-1.20) 

ADAMSTS9 rs460710318 3 38 kb upstream C/T 0.81 T2D 1.09(1.0

6-1.12) 

JAZF1 rs886474518 7 Intronic T/C 0.52 T2D 1.10(1.0

7-1.13) 

GCK Rs4607517
35

 7 36 kb upstream A/G 0.20 FG 

HbA1

c 

T2D 

0.02(0.0

04) 

0.041(0.

005) 
1.07(1.0

5-1.10) 

KLF14 Rs97228365 7 47 kb upstream G/A 0.55 T2D 1.07(1.0

5-1.10) 

TP33INP1 Rs89685465 8 Intronic T/C 0.48 T2D 1.06(1.0

4-1.09) 

GLIS3 Rs703420035 9 Intronic A/C 0.53 FG 

HOM

A-B 

0.018(0.

003) 

-

0.020(0.

004) 
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TLE48 Rs132921366

5 

9 234 kb 

upstream 

C/T 0.93 T2D 1.11(1.0

7-1.15) 

ADRA2A Rs108851223

5 

10 210 kb 

downstream 

G/T 0.90 FG 0.022(0.

004) 

CENTD2 Rs1552224
65

 11 5‘UTR A/C 0.88 T2D 1.14(1.1

1-1.17) 

CRY2 Rs116959243

5 

11 Intronic A/C 0.54 FG 0.015(0.

03) 

FADS1 Rs17455035 11 Intronic T/C 0.63 FG 

HOM

A-B 
 

0.17(0.0

03) 

0.020(0.
003) 

MADD Rs794458435 11 Intronic A/T 0.59 FG 0.021(0.

03) 

MTNR1B Rs108309633

5 

11 Intronic G/C 0.30 FG 

HOM

A-B 

HbA1

C 

T2D 

0.067(0.

003) 

-

0.034(0.

004) 

0.024(0.

004) 

1.09(1.0

6-1.12) 

HMGA2 Rs153134365 12 43 kb upstream C/G 0.10 T2D 1.10(1.0

7-1.14) 

HNF1A Rs795719765 12 20 kb 
downstream 

T/A 0.85 T2D 1.07(1.0
5-1.10) 

IGF1 Rs3576735 12 1.2 kb 

downstream 

G/A 0.90 F1 

HOM

A-IR 

0.01(0.0

06) 

0.013(0.

006) 

C2CD4B Rs110716573

5 

15 21 kb 

downstream 

A/G 0.59 FG 0.008(0.

003) 

PRC1 Rs804268065 15 Intronic A/C 0.22 T2D 1.07(1.0

5-1.09) 

VPS13C Rs172713053

6 

15 Intronic G/A 0.42 2-hrG 0.07(0.0

1) 

ZFAND6 Rs116343976

5 

15 1.5 kb 

downstream 

G/A 0.56 T2D 1.06(1.0

4-1.08) 

GIPR Rs1o4239283

6
 

19 Intronic A/T 0.18 2-hrG 0.11(0.0

1) 

CDC123/CA

MK1D 

Rs127797901

8 

10 Intergenic 

region 

G/A 0.23 T2D 1.11(1.0

7-1.14) 

KCNQ1 Rs2237892c,2

4 

Rs231362c,65 

11 Intronic C/T 

G/A 

0.61d 

0.52 

T2D 

T2D 

1.4(1.34-

1.47) 
1.08(1.0

6-1.10) 

TSPAN8/LG

R5 

Rs796158118 12 Intronic C/T 0.23 T2D 1.09(1.0

6-1.12) 

IRS1 Rs294364127 2 502 kb 

upstream 

C/T 0.61 T2D 1.19(1.1

3-1.25) 

DUSP9 Rs594532665 X 8 kb upstream G/A 0.12 T2D 1.27(1.1

8-1.37) 

PROX1 Rs34087435 1 2 kb upstream C/T 0.50 FG 

T2D 

0.013(0.

003 
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1.07(1.0

5-1.09) 

BCL11A Rs24302165 2 99 kb 

downstream 

A/G 0.46 

 

T2D 

 

1.08(1.0

6-1.10) 

G6PC2 Rs560887
35

 2 Intronic C/T 0.70  

FG 

HOM

A-B 

Hba1C 
 

0.075(0.

004) 

-

0.042(0.

004) 
0.032(0.

004) 

GCKR Rs1260326e,1

7 

Rs780094e,35 

2 Missense 

Leu446Pro 

Intronic 

T/C 

C/T 

0.40 

0.062 

2-hr-

G 

FG 

F1 

HOM

A-IR 

T2D 

 

 

0.10(0.0

1) 

0.029(0.

003) 

0.032(0.

004) 

0.035(0.

004) 

1.06(1.0

4-1.08) 

ADCY5 Rs2877716f,3

6,81 

ent,35 

3 Intronic 
Intronic 

C/T 
A/G 

0.77 
0.78 

2-hr-
G 

FG 

HOM

A-B 

T2D 

0.07(0.0
1) 

0.027(0.

003) 

-

0.023(0.

004) 

1.12(1.0

9-1.15) 

SLC2A2 Rs119200903

5 

3 Intronic T/A 0.85 FG 0.02(0.0

04) 

 

A/GWFS1 

Rs180121465 4 Intron-exon 

junction 

G/A 0.27 T2D 1.13(1.0

7-1.18) 

ZBED3 Rs445705365 5 41 kb upstream G/A 0.26  

T2D 

1.08(1.0

6-1.11) 

DGKB/TME

M195 

Rs219134935 7 Intergenic 

region 

T/G 0.47 FG 

T2D 

0.03(0.0

03) 
1.06(1.0

4-1.08) 

 

Environmental Factors:- 

The number of people with diabetes has tripled in only 30 years. People‘s genes have not changed in 30 years. What 

has changed is the environment we live in. That‘s where all the Type 2 diabetes (and the high blood pressure and 

heart disease) is coming from. Environment plays a key role in the prevalence of T2D. There are many 

environmental factors such as Temperature, air, altitudinal variations, chemicals, pollutions etc. that are directly or 

indirectly related to the T2D. 

 

Unhealthful food:- 

 Intake of large quantities of refined carbohydrates the ―white things,‖ such as sweets, breads, pastas, etc. Disturb the 
natural process of food digestion and absorption. They raise serotonin (13) and dopamine levels, making your blood 

glucose drops and you feel miserable again. 
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Physical activity:- 

 Many studies suggested that less physical activity is one of the important reason for T2D.People used to move their 

bodies in the course of work, food gathering, transportation, and recreation. Most of this is now done by machines, 

so they have to consciously seek physical activity. 

 

Stress;- 
Stress is the body‘s response to a threat (14), often called the ―fight-or-flight‖ response. Stress hormones, 

particularly cortisol, raise blood glucose levels and blood pressure. They do this so muscles involved in fight or 

flight will have enough fuel. Under stress, only the cells actually being used to run away or fight will open to 

insulin. Other cells close off (become ―insulin resistant‖) to save the glucose fuel for the cells that are working. 

Stress also causes the liver to release even more glucose into the blood for fight or flight. 

 

Social isolation:- 

People don‘t realize how social mobility and moving all the time endangers health. Social isolation is increasing 

(15), and it is stressful. Loneliness (16) may be the number one cause of premature death. Humans are primates, and 

like all the apes, we feel better and stronger when we have other people on our side. 

 

Pollution:- 
Different type of the pollution  ( Noise, Air, Water etc. ) have potential to increase the prevalence of 

T2D.Epidemiologic evidence shows a positive association between air pollution and T2D risk (17,18).Effect of 

inhaled pollutants that are supported by experimental and epidemiological evidence include the contribution to 

systemic inflammation, autonomic imbalance, weight gain and to insulin resistance, thought to be in part the result 

of inhalants stimulating an innate immune response, influencing endoplasmic reticulum, glucose and lipid 

metabolism and activating the central nervous system.( 19) 

 

Exposure to chemical pollution:- 

Chemical pollution may be harder to avoid. And since nobody knows for sure if a particular case of diabetes is 

caused by pollution, Chemicals in food, water, plastic packaging, and cleaning and beauty care products have all 

been found to increase insulin resistance and diabetes. These risks are not evenly spread through society. People 
with less money, less education, and less social status usually have less access to healthful food. They also have 

more barriers to exercise, more stress, and often more exposure to chemicals. People who have had hard lives, like a 

history of trauma or a difficult childhood, also have more of these risk factors. 

 

 
Figure.3:- A summary of the influencing factors and mechanism of T2DM. (A)  Lifestyles; (B) Susceptibility loci; 

(C) Gut metagenome association; (D) Vitamins. (E) The mechanism of T2DM. (Ijms.1185-1200. 2014. (20). 
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Figure 4:- A theoretical model showing how our environmental factors affect health behaviours. (Diabetes 

Spectrum 2002 (15).(21) 

 

People who develop type 2 diabetes are more likely to have the following characteristics: 

 age 45 or older 

 overweight or obese 

 physically inactive 

 parent or sibling with diabetes 

 family background that is African American, Alaska Native, American Indian, Asian American, 
Hispanic/Latino, or Pacific Islander American 

 history of giving birth to a baby weighing more than 9 pounds 

 history of gestational diabetes 

 high blood pressure—140/90 or above—or being treated for high blood pressure 

 high-density lipoprotein (HDL), or good, cholesterol below 35 milligrams per deciliter (mg/dL), or a 

triglyceride level above 250 mg/dL 

 polycystic ovary syndrome, also called PCOS 

 prediabetes—an A1C level of 5.7 to 6.4 percent; a fasting plasma glucose test result of 100–125 mg/dL, called 

impaired fasting glucose; or a 2-hour oral glucose tolerance test result of 140–199, called impaired glucose 

tolerance 

 acanthosis nigricans, a condition associated with insulin resistance, characterized by a dark, velvety rash around 
the neck or armpits 

 history of CVD 

 

The American Diabetes Association (ADA) recommends that testing to detect prediabetes and type 2 diabetes be 

considered in adults who are overweight or obese and have one or more additional risk factors for diabetes. In adults 

without these risk factors, testing should begin at age 45. (55, 56) 

 

Life style factors:- 

A variety of lifestyle factors such as sedentary lifestyle (22)physical inactivity (23), smoking (24), alcohol 

consumption(25), sexual inactivity and Mental stress. Current studies have shown that obesity is the most important 

risk factor for T2DM, which may influence the development of insulin resistance and disease progression (26). 
Nearly 90% of diabetic patients develop T2DM mostly relating to excess body weight according to the World 

Health Organization (WHO, 2011). Furthermore, obesity is strongly inherited (27). Junk food consumption in recent 

time is one of the major cause of obesity. 

 

Pamidi et al. Explained  that obstructive sleep apnea (OSA), a treatable sleep disorder that is pervasive among 

overweight and obese adults, has become a novel, modifiable risk factor relevant to insulin resistance and glucose 

intolerance, and may influence on the development of prediabetes (20%-67%) and T2DM (15%-30%), independent 

of shared risk factors (28,29).  In addition, diet is considered as a modifiable risk factor for T2DM. Studies have 

shown that a low-fiber diet with a high glycemic index is positively associated with a higher risk of T2DM (30), and 
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specific dietary fatty acids may affect insulin resistance and the risk of diabetes in varying degrees (31). Total and 

saturated fat intake is associated with an increased risk of T2DM independently of BMI, but higher intake of linoleic 

acid has the opposite effect, especially among leaner and younger men (32). Frequent consumption of processed 

meat, but not other meats, may increase the risk of T2DM after adjustment for BMI, prior weight change, and 

alcohol and energy intake.(33). Soft drinks have also been bounded up with increased risk of T2DM (34) and 

metabolic syndrome (35), because they are directly associated with BMI (36).   

 

Gut metagenome factor:-  

Gut metagenomic markers show higher specificity for differentiation between T2DM cases and controls based on 

human genome variation, which may be a promising complementary approach to monitor gut health for risk 

assessment of this disease. 

 

In some recent studies, gut metagenome was shown to be a factor for the development of T2DM (37). Various type 

of gut bacteria play important roles in maintaining or interacting with their environment. Two-stage metagenome-

wide association study (MGWAS) suggested that T2DM patients show a moderate degree of gutmicrobial dysbiosis, 

with various butyrate-producing bacteria being decreased (Clostridiales sp. SS3/4, Roseburiaintestinalis, 

Roseburiainulinivorans, Eubacteriumrectale and Faecalibacteriumprausnitzii) and some opportunistic pathogens 

being increased (Bacteroidescaccae, Clostridium hathewayi, Clostridium ramosum, Clostridium symbiosum, 
Eggerthellalenta and Escherichia coli) .  In T2DM patients, the gut microbiota presents enrichment in membrane 

transport of sugars, methane metabolism, branched-chain amino acid (BCAA) transport, xenobiotics degradation 

and metabolism, and sulphate reduction; and reduction in the level of bacterial chemotaxis, flagellar assembly, 

butyrate biosynthesis and metabolism of cofactors and vitamins. A study showed that seven of the T2DM-enriched 

KEGG orthologues markers were associated with oxidative stress resistance, including nitric oxide reductase 

(K02448), putative iron-dependent peroxidase (K07223), cytochrome c peroxidase (K00428), catalase (K03781), 

peroxiredoxin (K03386), Mn-containing catalase (K07217), and glutathione reductase (NADPH) (K00383), which 

were not seen in control-enriched KEGG orthologues markers (38). In addition, it was found that 14 KEGG 

orthologues markers, which were markedly up-regulated in T2DM patients, were related to drug resistance. These 

results demonstrated that T2DM patients may have a more hostile gut environment that stimulates defence 

mechanisms against microbes and oxidative stresses.  There is a T2D classifier system based on gut microbiota, in 
which the T2DM index is correlated with the ratio of T2DM patients and this system provides accurate classification 

of T2D individuals. For example, butyrate-producing bacteria may play a protective role against several types of 

diseases, and dysbiosis in T2DM patients may result from ‗functional dysbiosis‘ rather than a specific microbial 

species. 

 

Susceptibility of T2D patients:- 

T2D patients are more susceptible to the diseases include macrovascular diseases (hypertension, hyperlipidemia, 

heart attacks, coronary artery disease, strokes, cerebral vascular disease, and peripheral vascular disease), 

microvascular diseases (retinopathy, nephropathy, and neuropathy) and cancers. 

 

 
Figure 5:- T2D patient‘s susceptibility to disease. (20)(ijms.1185-1200.2014.). 
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Care and Control on T2D:- 

Recent studies suggested that proper care , efficient methods such as use of proper medication and therapy can 

reduce the prevalence of T2D. 

 

Vitamins and T2D:- 

Vitamin D:- 
Current researchers supports that vitamin D may have a potential role in the control of T2DM (22,23). A recent 

research shows that vitamin D deficiency may have negative effects on glucose intolerance, insulin secretion and 

T2DM (24), either directly via vitamin D receptor (VDR) activation or indirectly via calcemic hormones and also 

via inflammation (25,26). As both 1-α-hydroxylase and VDR are present in pancreatic β cells, vitamin D has 

significant roles in the synthesis and release of insulin. Furthermore, vitamin D has influence on the insulin 

sensitivity by controlling calcium flux through the membrane in both β cells and peripheral insulin-target tissues 

(39). In addition, vitamin D supplementation is recognized as a promising and inexpensive therapy, which may 

decrease the risk of T2DM and improve glycemicparameters in T2DM patients (40). Therefore, it is seemingly that 

the positive effects of vitamin D are correlated with its action on insulin secretion and sensitivity as well as on 

inflammation. 

 

Vitamin K:-  
Vitamin K has two naturally occurring forms, including phylloquinone (vitamin K1) and menaquinones. 

Menaquinone-4 (vitamin K2) is considered as the active form of vitamin K in the bone tissue and functions in 

maintaining bone quality (41) and also as a transcriptional regulator of bone-specific genes that acts through steroid 

and xenobiotic receptors (SXRs) to promote expression of osteoblastic markers (42)It plays a protective role in bone 

fractures, in which the substance can promote γ-carboxylation of osteocalcin and induce production and secretion of 

osteocalcin by osteoblasts or may stimulate bone formation through SXRs. Besides, a recent survey indicates that 

vitamin K1 provides benefits in glucose homeostasis, as higher intake of vitamin K1 is correlated with greater 

insulin sensitivity and glycemic status (43). Because poor glycemic control and bone quality may occur when 

vitamin K is deficient, it is cardinal to exclude vitamin K deficiency in T2DM patients. Several preclinical and 

clinical observations show that vitamin K2 has effects on bone quality and subsequent bone mechanical strength in 

T2DM patients independently of increasing BMD(bone mineral density) (44,45). It is also suggested that vitamin K2 
may improve osteocyte density and lacunar occupancy by viable osteocytes in the cortical bone of glucocorticoid-

treated or sciatic neurectomized rats (46, 47). In addition, vitamin K2 may down-regulate bone turnover and 

stimulate lamellar bone formation, and prevent an increase in bone resorption with maintaince of bone formation 

and prevent a decrease in lamellar bone formation in glucocorticoid-treated rats (48). Further studies are required for 

the comprehensive assessment of the role of vitamin K in the development of T2DM.  

 

Common antibiotic drugs for T2D control:- 

Different kind of antibiotic drugs are available for the control of T2D. Table 2 shows the drugs with their target 

,action and disadvantage.(49,50,51) 

 

Table 2:- Representative antidiabetic agents for the management of patients with T2DM (ijms.1185-1200.2014; 

11(11):(20). 

Class Drug (s) Target Action Disadvantage 

Biguanides Metformin AMP-kinase blood glucose↓ 

insulin sensitivity↑ 

cardiovascular 

risk↓ hypoglycemia 

risk↓ 

G1 side effects 

lactic acidosis 

Vitamin B12 and 

folate deficiency 

Sulfonylureas Glyburide/ 

Glipizide/ 

Gliclazide/ 

Glimepiride 

ATP-sensitive, K+ 

channels 

insulin secretion↑ hypoglycemia 

weight gain 

TZDs Troglitazone/ 

Roziglitazone/ 

Pioglitazone 

PPAR-γ insulin sensitivity↑ 

hypoglycemia risk↓ 

glycemic control↑ 

bladder cancer 

risk↑ weight gain 

edema 

AGIs Acarbose/ Miglitol/ 

Voglibose 

α-glucosidase carbohydrate 

absorption↓ 

GI side effects 

dosing frequency 
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GLP-1 receptor 

agonists 

Exenatide/ 

Liraglutide 

GLP-1 receptors insulin secretion↑ 

glucagon secretion↓ 

satiety↑ 

hypoglycemia risk 

GI side effects 

acute pancreatitis 

renal dysfunction 

thyroid C-cell 

tumors in rodents 

 

New therapeutic strategies for control of T2D:-  

When the oral insulin and anti diabetic agent not showing positive results there is a urgent need of therapeutic 
strategies for diabetic control. Many researchers suggested therapies for diabetic control (52, 53). These therapy 

includes Stem cell educator therapy, Antioxidant therapy, NO3-/NO2- therapy etc. 

Some researchers focused on the some necessary life style interventions have beneficial for the control of T2D. 

 Physical activity interventions. 

 Healthy eating. 

 Obesity management. 

 Behaviour change interventions. 

 

Conclusions:- 
Today world facing a alarming situation due to increasing risk of T2D. The main cause of the diabetes epidemic is 

the interaction between genetic and environmental risk. A proper care and use of suggested measures can minimize 

the risk of T2D prevalence (54).T2DM and its related complications impose heavy health burdens worldwide and 

there have been not effective measures to fully cope with the diseases. There is a need to train a large number of 

grass-root health care workers to communicate with the rural population and the general public at large.  A number 

of other factors are also attributable to the diseases. Whereas most antidiabetic agents have shown beneficial effects 

when used as monotherapy or combination therapy, they are also associated with negative effects, such as weight 

gain, hypoglycemia, gastrointestinal effects or cardiovascular disease. To date, several therapeutic strategies have 

been developed, such as the use of SGLT2 inhibitors, DPP-4 inhibitors and GPR40 agonists. Above all, stem cell 
educator therapy opened avenues to develop new therapeutic strategies in the treatment of T2DM, with safety and 

high therapeutic efficacy. Further investigations should focus on the exact mechanism contributing to T2DM and its 

related complications effective intervention trials and prevention measures to avoid the occurrence of this disease, 

earlier diagnosis for earlier treatment, novel drugs with more beneficial effects and less adverse effects, so as to 

conquer this disease and improve the quality of life and overall life span. 
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