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Abstract
The rising rates of obesity in youth have concurrently 
led to an increase in the rates of type 2 diabetes melli-
tus (T2DM) in this age group. However, there are limit-
ed data on the efficacy of different antidiabetic agents 
in youth. In this context, the Treatment Options for 
Type 2 Diabetes in Adolescents and Youth trial recently 
reported that the majority of obese children and ado-
lescents 10-17-years old with newly diagnosed T2DM 
(T2DM duration less than 2 years) could not achieve 
HbA1c levels < 8% for more than 1 year with metfor-
min monotherapy, metformin plus rosiglitazone combi-
nation, or metformin and lifestyle changes. These find-
ings suggest that, in the majority of youth with T2DM, 
tight long-term glycemic control with oral agents is an 
elusive goal and that most patients will require treat-
ment with insulin within a few years of diagnosis to 
achieve HbA1c targets and reduce the risk of macro- 
and microvascular complications. Therefore, reducing 
the incidence of T2DM by preventing pediatric obesity 
through the implementation of lifestyle changes in the 
community should be the primary objective of health-
care systems.

© 2012 Baishideng. All rights reserved.

Key words: Type 2 diabetes mellitus; Metformin; Rosi-
glitazone; Lifestyle changes; Insulin
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INVITED COMMENTARY ON HOT 
ARTICLES
Obesity is becoming increasingly prevalent in children 
and adolescents, putting considerable burden on pub-
lic healthcare services[1,2]. According to the 2007-2010 
National Health and Nutrition Examination Survey 
data, 16.9% of  6- to 19-year-old in the United States 
are obese[2]. These rising rates of  obesity in youth have 
concurrently led to an increase in the rates of  type 2 di-
abetes mellitus (T2DM) in this age group[3]. The overall 
prevalence of  T2DM in youth is 0.22 cases per 1000[4] 
and it is estimated that T2DM accounts for 15% to 86% 
of  newly diagnosed cases of  diabetes mellitus in ages 
10-19 years with the higher prevalence rates reported 
among ethnic minorities[5].

Despite the increasing rates of  T2DM in youth, there 
are limited data on the efficacy of  different antidiabetic 
agents in this age group. Furthermore, additional dif-
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ficulties emerge during the treatment of  this special 
population, including the psychological and emotional 
changes of  adolescence as well as particularities of  the 
specific familial and socioeconomic environment[6,7].

In this context, the Treatment Options for Type 
2 Diabetes in Adolescents and Youth (TODAY) trial 
provides new insights on the management of  this un-
derstudied group of  patients[8]. This multicenter study 
included children and adolescents 10- to 17-year-old 
who had T2DM for less than 2 years (mean T2DM 
duration 7.8 mo) and body mass index (BMI) ≥ the 
85th percentile for age and sex. Of  the 1211 subjects 
who were screened, 927 patients entered a run-in phase 
during which metformin was administered at a dose of  
1000-2000 mg/d to achieve HbA1c levels < 8%. At the 
end of  the run-in period, 699 patients were randomly 
assigned to continue metformin monotherapy at a dose 
of  1000 mg twice daily, to receive metformin and rosi-
glitazone 4 mg/d combination treatment, or to receive 
metformin and lifestyle intervention focusing on weight 
loss through family-based changes in eating and activity 
behaviors. The primary endpoint was treatment failure, 
defined as HbA1c levels persistently ≥ 8% over a 6-mo 
period or persistent metabolic decompensation (i.e., in-
ability to discontinue insulin within 3 mo after its initia-
tion for decompensation or recurrent decompensation 
within 3 mo of  stopping insulin). Patients were followed-
up for a mean of  3.86 years.

Treatment failure occurred in 51.7% of  patients in 
the metformin monotherapy group (95% CI 45.3-58.2), 
in 38.6% of  patients treated with metformin plus rosi-
glitazone combination (95% CI 32.4-44.9), and in 46.6% 
of  patients managed with metformin and lifestyle modi-
fication (95% CI 40.2-53.0)[8]. Metformin plus rosigli-
tazone treatment reduced the occurrence of  treatment 
failure by 25.3% compared with metformin monother-
apy (P = 0.006). Treatment failure rates did not differ 
significantly between patients treated with metformin 
combined with lifestyle intervention and patients treated 
with either metformin monotherapy or metformin com-
bined with rosiglitazone. The median time to treatment 
failure was 11.5 mo (range, < 1 to 66 mo) and did not 
differ between the 3 groups. The BMI increased sig-
nificantly more in patients treated with metformin plus 
rosiglitazone than in the other groups. The group that 
received metformin and lifestyle intervention exhibited 
less BMI increase than patients treated with metformin 
monotherapy. However, neither BMI at baseline nor 
BMI during treatment predicted treatment failure. Ad-
herence to treatment was 57% at month 60 and did not 
differ between the 3 groups. Changes in blood pressure 
and lipids were also comparable in the 3 groups. Seri-
ous adverse events were reported by 18.1%, 14.6% and 
24.8% of  patients treated with metformin alone, met-
formin plus rosiglitazone, and metformin plus lifestyle 
intervention, respectively (P = 0.02). The most frequent 
adverse effects in all groups were infections, gastrointes-
tinal symptoms, rash, muscle ache and elevation of  liver 

enzymes.
Until now, metformin and glimepiride are the only 

oral agents approved by the Food and Drug Admin-
istration for the treatment of  children with T2DM[9]. 
Although metformin is recommended as first-line treat-
ment in this age group[10], the TODAY study showed 
that in children and adolescents who have T2DM for < 
2 years, metformin maintains optimal glycemic status in 
< 50% of  patients after 1 year. When metformin mono-
therapy does not achieve HbA1c targets, sulphonylureas 
are the most frequently added oral agents[10]. However, 
sulphonylureas are associated with weight gain and in-
crease the risk for hypoglycemia[11]. Unfortunately, the 
TODAY study did not include a sulphonylurea arm and 
the benefit/risk ratio of  metformin plus sulphonylurea 
combination in this age group remains unclear. Never-
theless, in adults with newly diagnosed T2DM, sulpho-
nylurea monotherapy maintains HbA1c targets after 
3 years in < 50% of  patients[12]. On the other hand, in 
adults, rosiglitazone monotherapy appears to be associat-
ed with more sustained glycemic control than monother-
apy with either metformin or sulphonylureas[13]. Never-
theless, rosiglitazone has been withdrawn from Europe 
and its use is restricted in the United States because it 
appears to increase the risk for myocardial infarction[14]. 
Pioglitazone, the other member of  the thiazolidinedio-
nes class, does not appear to increase cardiovascular 
risk[15], but both agents are associated with weight gain, 
edema and increased risk for heart failure and frac-
tures[11]. Moreover, pioglitazone was recently withdrawn 
from France because of  increased risk for bladder can-
cer[16,17]. In addition to these safety concerns, almost 40% 
of  patients treated with metformin plus rosiglitazone 
combination in the TODAY study could not maintain 
HbA1c levels < 8% after 1 year. Therefore, the efficacy 
of  adding rosiglitazone in this age group also appears to 
be suboptimal. It should also be emphasized that treat-
ment failure rates did not differ in the TODAY study be-
tween patients treated with metformin plus rosiglitazone 
and patients given metformin and lifestyle advice.

Overall, the findings of  the TODAY study suggest 
that, in order to achieve optimal glycemic control, the 
majority of  children and adolescents with T2DM will 
require treatment with insulin within a few years after 
diagnosis[8]. Even though insulin can achieve sustained 
normalization of  HbA1c levels, it has the drawbacks 
of  weight gain and elevated risk of  hypoglycemic epi-
sodes[11,18]. In addition, the parenteral administration 
of  insulin is an important barrier for the introduction 
of  this treatment[19]. Moreover, the need in some cases 
for multiple daily injections to optimize glycemic con-
trol hampers the intensification of  insulin treatment[19]. 
Common misperceptions of  patients regarding insulin, 
including the belief  that it represents failure of  oral 
agents or a sign of  uncontrolled diabetes with a higher 
risk for long-term complications, are additional obstacles 
for initiating insulin[20]. In addition, after the introduc-
tion of  insulin, adherence is lower than those with oral 
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antidiabetic agents[19]. The issue of  adherence to treat-
ment is particularly pertinent to adolescents[18]. Indeed, 
in the TODAY study, only 57.6% of  patients adhered 
to treatment with oral antidiabetic agents[8]. Moreover, 
satisfaction with antidiabetic treatment, which is directly 
correlated with adherence, is lower in patients treated 
with insulin than in those who receive oral agents[20].

In conclusion, the findings of  the TODAY study 
suggest that, in the majority of  youth with T2DM, tight 
glycemic control is an elusive goal with oral agents even 
in the context of  a clinical trial involving presumably 
motivated patients. Therefore, achieving HbA1c goals 
will probably be even more difficult in everyday clini-
cal practice. It remains to be established whether newer 
antidiabetic agents, particularly dipeptidyl-peptidase Ⅳ 
(DPP-Ⅳ) inhibitors and glucagon-like peptide 1 (GLP-1) 
analogues, will provide more sustained glycemic con-
trol in adolescents with T2DM. These agents have the 
advantage that they either not cause weight gain (the 
DPP-Ⅳ inhibitors) or induce weight loss (the GLP-1 
analogues) and are considered second line treatment in 
adult diabetic patients who cannot achieve glycemic tar-
gets with metformin monotherapy[21]. However, they are 
not currently licensed for use in patients younger than 
18 years. Accordingly, reducing the incidence of  T2DM 
by preventing pediatric obesity through lifestyle changes 
should be the primary objective of  healthcare systems. 
Randomized trials in adults showed that diet and exer-
cise reduces the risk of  T2DM in patients with impaired 
fasting glucose or impaired glucose tolerance[22,23]. How-
ever, long-term adherence to lifestyle changes is difficult 
to achieve, particularly in adolescents, as shown in the 
TODAY and other studies[8,24]. Therefore, implementing 
healthcare policies to address causes of  low adherence 
to lifestyle modifications, including low socioeconomic 
and educational status, limited health care accessibility 
and family problems[25,26], are imperative to prevent the 
development of  obesity and T2DM in children and ado-
lescents.
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Abstract
Diabetic nephropathy is associated with high morbid-
ity and mortality and the prevalence of this disease is 
continuously increasing worldwide. Long-term diabe-
tes increases the likelihood of developing secondary 
complications like nephropathy, the most common 
cause of end stage renal disease. Usually, other fac-
tors like hypertension, alcoholism and smoking also 
partly contribute to the progression of diabetic ne-
phropathy. Among this, cigarette smoking in diabetes 
has been repeatedly confirmed as an independent 
risk factor for the onset and progression of diabetic 
nephropathy. Various studies suggest that smoking 
is a major fuel in the development of high oxidative 
stress and subsequently hyperlipidemia, accumulation 
of advanced glycation end products, activation of the 
renin angiotensin system and Rho-kinase, which are 
observed to play a pathogenic role in the progression 
of diabetic nephropathy. Furthermore, cigarette smok-
ing in diabetic patients with vascular complications 
produces a variety of pathological changes in the kid-
ney, such as thickening of the glomerular basement 
membrane and mesangial expansion with progression 
in glomerulosclerosis and interstitial fibrosis, which 
ultimately results in end stage renal failure. Strong 
associations are consistently found between chronic 
cigarette smoking and diabetic microvascular com-
plications. A diverse group of studies unveil potential 

mechanisms that may explain the role of cigarette 
smoking in the progression of diabetic nephropathy. 
Tremendous efforts are being made to control smok-
ing mediated progression of diabetic nephropathy, 
but no promising therapy is yet available. The present 
review critically discusses the possible detrimental 
role of chronic cigarette smoking in the progression 
of diabetic nephropathy and various possible pharma-
cological interventions to attenuate the exacerbation 
of diabetic nephropathy.
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INTRODUCTION
Diabetic nephropathy is considered to be one of  the 
major complications of  diabetes mellitus and its preva-
lence is continuously progressing worldwide. Progres-
sion of  this disease is further accelerated by the partial 
or complete contribution of  various factors, such as 
hypertension, chewing tobacco, alcoholism and smok-
ing. Predominantly, nicotine exposure via chronic ciga-
rette smoking is an emerging cause that accelerates the 
microvascular complications in diabetes mellitus[1]. The 
pathophysiological mechanisms underlying the health 
effects of  cigarette smoking in diabetes are complex. 
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Diabetic smokers are usually associated with glomerular 
hypertrophy, glomerulosclerosis, tubulointerstitial fibro-
sis and mesangial cell expansion, followed by albumin-
uria and reduction in the glomerular filtration rate[2,3]. 
Thus, establishing the causes of  smoking mediated pro-
gression of  diabetic nephropathy remains the key step 
towards the prevention and amelioration of  this disease.

In diabetic microvasculature, a high level of  glu-
cose probably synergizes with superimposed stresses 
such as oxidative stress and hyperlipidemia to continue 
the stress on vascular cells, which is further increased 
by smoking. The potential risk factors involved in the 
progression of  diabetic nephropathy remain unclear, 
although smoking mediated hastening of  oxidative 
stress and hyperlipidemia play partial but key roles in 
this. Chronic and uncontrolled diabetes mellitus is often 
coupled with oxidative stress, a risk factor for diabetic 
microvascular complications. Furthermore, nicotine 
(an active constituent of  a cigarette) exposure is noted 
to promote excessive oxidative stress in diabetes[3]. To-
gether, diabetes and smoking mediated increased oxida-
tive stress subsequently leads to vascular endothelial cell 
dysfunction (VED), which is one of  the earliest meta-
bolic consequence of  chronic hyperglycemia[3-5]. In addi-
tion to this, both hyperglycemia and smoking (nicotine) 
downregulates endothelial nitric oxide synthase (eNOS), 
an enzyme involved in the generation of  NO, decreases 
endothelium dependent vasodilation and results in VED, 
which is subsequently involved in the pathogenesis of  
diabetic nephropathy[5-7]. Evidently, diabetes mediated 
oxidative stress upregulates the expression of  trans-
forming growth factor-β (TGF-β), a prosclerotic and 
profibrogenic cytokine, which again is implicated in 
the pathogenesis of  nephropathy[8,9]. Similarly, nicotine 
has also been noted to upregulate the expression of  
TGF-β and is involved in the pathogenesis of  diabetic 
nephropathy[8]. Thus, TGF-β is considered to be another 
common pathway for diabetes and smoking to worsen 
the nephropathy.

Hyperlipidemia is considered another major risk fac-
tor implicated in the progression of  diabetic nephropa-
thy[10]. Dyslipidemia is a condition associated with hyper-
triglyceridemia, elevated low density lipoprotein (LDL) 
levels and decreased high density lipoprotein (HDL) 
levels. Diabetes mediated hyperlipidemia is noted to be 
responsible for the progression of  nephropathy in rats[5]. 
The astonishing fact is that nicotine causes an impair-
ment of  lipoprotein lipase (LPL), an enzyme involved in 
the hydrolysis and clearance of  triglyceride (TG) from 
the circulation, and thus causes hyperlipidemia[11,12]. 
Furthermore, smokers have higher serum concentra-
tions of  TG and LDL and lower serum concentrations 
of  HDL compared with non-smokers[13]. This indicates 
that smoking independently contributes to hyperlip-
idemia and/or dyslipidemia-like conditions. Although 
the precise mechanism involved in diabetes-associated 
dyslipidemia is not clear, the insulin resistance in type Ⅱ 

diabetes mellitus could play a key role in elevating lipid 
levels[2,10]. In diabetic patients, high lipids could induce 
renal injury by stimulating TGF-β and thereby inducing 
the generation of  reactive oxygen species (ROS) to dam-
age the glomeruli, showing that diabetic hyperlipidemia 
accelerates reno-vascular complications[10]. Cigarette 
smoking associated hyperlipidemia has been identified 
as a progression factor in the development of  diabetic 
reno-vascular complications[14]. A study illustrated that 
diabetes mellitus may mediate renal injury by increas-
ing the renal expression of  sterol regulatory element-
binding protein-1 (SREBP-1), which is responsible for 
increasing the synthesis of  TGs and cholesterol, that 
are further associated with upregulation of  TGF-β and 
could play a pivotal role in the pathogenesis of  glo-
merulosclerosis and tubulointerstitial fibrosis[15]. One 
potential explanation for supporting the intricate effects 
of  nicotine is that smoking stimulates renal lipid accu-
mulation by increasing expression of  SREBP-1, which 
increases the synthesis of  TGs and cholesterol[16]. In 

addition to this, diabetes mediated activation of  Rho-
kinase and advanced glycation end products (AGEs)-like 
factors also participate in the pathogenesis of  nephrop-
athy[17,18]. Taken together, it could be indubitably sug-
gested that cigarette smoking could induce and worsen 
diabetic nephropathy. Therefore, initial interest focuses 
on strict glycemic control and subsequently smoking 
secession. Thus, identifying the major culprits and path 
of  their involvement in the pathogenesis of  diabetic ne-
phropathy may open a vista in exploring novel therapeu-
tic agents to ameliorate the induction and progression 
of  this disease.

OPTIMISTIC CONTRIBUTION OF 
DIABETIC OXIDATIVE STRESS AND 
HYPERLIPIDEMIA IN THE DEVELOPMENT 
OF NEPHROPATHY
In diabetes, chronic hyperglycemia is the single most 
important factor in the generation of  sustained oxidative 
stress. Under normal physiological conditions, a homeo-
static balance exists between the formation of  ROS and 
their removal by endogenous antioxidant compounds. 
However, oxidative stress occurs when this balance is 
disrupted by excessive production of  ROS and decreas-
ing endogenous antioxidants, probably due to chronic 
hyperglycemia[19,20]. ROS encompasses diverse chemical 
species, including superoxide or hydroxyl, are produced 
by oxygen metabolism and play a major part in cell sig-
naling, aging and microvascular diseases[21]. ROS acts as 
intracellular messengers and integral glucose signaling 
molecules in the diabetic kidney. The metabolism of  
glucose through harmful alternate pathways, such as 
glycolysis, specific defects in the polyol pathway, nicotin-
amide adenine dinucleotide phosphate (NADPH) oxi-
dase, advanced glycation and uncoupling of  nitric oxide 
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synthase, are mainly responsible to generate ROS[9]. In 
physiology, the unused glucose in the cytosol is diverted 
to the polyol pathway, where the aldose reductase re-
duces it to sorbitol by utilizing cofactor NADPH from 
the pentose phosphate pathway. In addition, chronic hy-
perglycemia causes excessive consumption of  NADPH 
in the polyol pathway and the net effect is the generation 
of  ROS[21]. 

Most estimates suggest that the excessive generation 
of  ROS in diabetes precedes endothelial dysfunction 
by decreasing eNOS expression and decreasing NO 
production[5,19,22,23]. Thus, the impaired ability of  endo-
thelial cells to modulate the vascular tone is a result of  
low bioavailability of  nitric oxide in the vascular lumen. 
Furthermore, in diabetes, low levels of  nitric oxide in 
endothelial cells may potentially result in ineffective sup-
pression of  ROS and could indirectly lead to enhanced 
vasoconstriction. This contention was further confirmed 
in subsequent in vitro and in vivo studies, which explains 
the enhancement in superoxide generation that ulti-
mately increases endothelin-Ⅰ production in diabetic rat 
glomeruli[24]. These alterations of  nitric oxide metabo-
lism promote oxidative stress, particularly in the diabetic 
renal milieu (glomerular and tubulointerstitial cells)[25]. 
In support of  these claims, oxidative stress coupled with 
chronic hyperglycemia may have an important role in the 
pathogenesis of  glomerular and tubular functional and 
structural abnormalities [20].

Cavernous mechanism often pertains in the develop-
ment of  oxidative stress. In diabetes, intricate mecha-
nisms are involved in the promotion of  oxidative stress. 
NADPH oxidase is the major source for superoxide gen-
eration. NADPH oxidase is located in the plasma mem-
brane of  various cells, including renal endothelial cells, 
fibroblast mesangial cells, proximal tubular cells and vas-
cular smooth muscle cells[26]. Furthermore, in the diabet-
ic rat, the stimulation of  expression of  NADPH oxidase 
was noted to be increased in the kidney and NADPH 
oxidase dependent overproduction of  ROS plays a key 
role in the induction of  renal hypertrophy and nephrop-
athy[23,27]. Intriguingly, activation of  glomerular SREBP-1 
increases NADPH oxidase-mediated ROS production, 
which further progresses diabetic nephropathy[28]. Thus, 
this evidence suggests a possible pathological role of  
NADPH in diabetic nephropathy. Enhanced oxidative 
stress has been shown to activate TGF-β, which regu-
lates the extracellular matrix remodeling in the mesangial 
cells[29]. It is plausible that diabetes mediated oxidative 
stress activates TGF-β and could play a role in the devel-
opment of  the characters of  diabetic nephropathy[20,30]. 
In the case of  signaling kinases, protein kinase C (PKC) 
is considered to be the central culprit involved diversely 
to the pathogenesis of  diabetic nephropathy[31]. Evi-
dently, involvement of  PKC is further confirmed by the 
treatment with ruboxistaurin, a specific PKC inhibitor, 
which prevented the development of  diabetes-induced 
nephropathy by reducing the increased mRNA expres-
sion of  TGF-β1 and fibronectin[32]. Therefore, in diabe-

tes, NADPH oxidase acts as an engine for the generation 
of  oxidative stress and oxidative stress mediated TGF-β 
initiates secondary microvascular complications.

Dyslipidemia is a condition associated with hypertri-
glyceridemia, elevated LDL levels and decreased HDL 
levels[10]. The association between hyperglycemia and 
lipid accumulation is a hall mark of  diabetic nephropa-
thy. Insulin resistance in diabetes is the initial step in the 
formation of  dyslipidemia[33]. Furthermore, dyslipidemia 
has been suggested as an independent risk factor for 
the development and progression of  diabetic nephropa-
thy[34]. This indicates that insulin resistance/hyperin-
sulinemia is a primary cause of  diabetic dyslipidemia. 
Thus, patients with diabetic nephropathy often have 
multiple lipoprotein abnormalities[35]. However, two key 
mechanisms explain the association between diabetes 
mellitus and hyperlipidemia. Firstly, insulin deficiency 
downregulates the LPL, an enzyme involved in the hy-
drolysis and clearance of  TGs from the circulation[36]. 
Secondly, insulin has an inhibitory action on 3-hydroxy-
3-methyl-glutaryl-Co-A (HMG-COA) reductase, a key 
rate limiting enzyme involved in the synthesis of  choles-
terol[37]. Jointly, it is possible that hypoinsulinemia during 
long term diabetes downregulates LPL and activates the 
HMG-COA reductase pathway and might play a role 
in excessive lipid accumulation during early stages of  
diabetic nephropathy. The strong correlation between 
diabetic-endothelial dysfunction and nephropathy has 
been demonstrated in various studies[5,38,39]. Worthy of  
note is that increased concentrations of  free fatty acids 
impairs NO production by downregulating eNOS and 
decreases endothelial dependent vasodilation[40,41]. The 
diabetic hyperlipidemia-induced VED is characterized 
by reduced activation of  eNOS, reduced generation and 
bioavailability of  NO[5,39]. Moreover, the accumulation of  
renal lipid and generation of  ROS is collectively involved 
in the pathogenesis of  diabetic nephropathy[42]. Support-
ing this contention, Chen et al[43] observed that both na-
tive and oxidized LDL enhances superoxide generation 
in isolated diabetic rat glomeruli. Furthermore, a recent 
study certainly emphasized that, in diabetes, an excess 
amount of  a variety of  lipid progressively affects glo-
merular and tubular function[44]. Likewise, diabetic dys-
lipidemia is often associated with glomerular, mesangial 
and tubulointerstitial injury[43]. Additionally, it has been 
suggested that an increased expression of  SREBP-1 in 
diabetic mice could play a central role in renal lipid ac-
cumulation, glomerulosclerosis and proteinuria[15]. Thus, 
growing evidence suggests that hyperlipidemia is consid-
ered a serious risk factor involved in the pathogenesis of  
diabetic renal diseases.

TGF-β PLAYS AN ABYSMAL ROLE IN 
PATHOGENESIS OF NEPHROPATHY: A 
PROFOUND LOOK
Although precise mechanisms involved in diabetes-asso-
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ciated renal complications are not clear, oxidative stress 
and dyslipidemia could play a key role in elevating renal 
complications. As many factors contribute to the induc-
tion and progression of  diabetic nephropathy, the as-
sociation between plasma levels of  TGF-β (pro-sclerotic 
cytokine) and diabetes is considered an independent and 
major determinant of  the progression of  renal disease in 
patients with diabetes mellitus[8]. Various studies strongly 
suggested that high lipids could induce renal injury by 
stimulating TGF-β. This contention is supported by the 
fact that TGF-β is a fibrogenic cytokine and seems to 
promote extracellular matrix accumulation, a cardinal 
structural feature of  the kidney in diabetic mice[45]. Fur-
thermore, TGF-β appears to be an important mediator 
in oxidized LDL-induced mesangial matrix expansion, 
which changes the architecture of  the kidney[46]. The 
strong correlation between hyperglycemia and TGF-β 
has been demonstrated as high-content glucose medium 
increases TGF-β mRNA expression glomeruli[47] and 
diabetic smokers are noted to have increased serum con-
centration of  TGF-β[8,48]. Additionally, TGF-β stimulates 
the expression of  connective tissue growth factor, which 
promotes glomerulosclerosis, renal deposition of  ex-
tracellular matrix and hypertrophy of  mesangial cells[49]. 
Furthermore, abnormal regulation of  the renin angio-
tensin system is directly involved in the pathogenesis of  
diabetic nephropathy. It has been noted that angiotensin-
Ⅱ (Ang-Ⅱ) increases the expression of  TGF-β, which 
stimulates the synthesis of  the mesangial matrix[50]. Thus, 
it may be concluded that long-term hyperglycemia el-
evates Ang-Ⅱ, which increases the expression of  TGF-β 
and plays a pathological role in the induction of  diabetic 
nephropathy.

Ordinarily, in diabetes, AGEs are a heterogeneous 
compound formed non-enzymatically through an inter-
action of  reducing sugar with an amino group of  pro-
teins and lipids[51]. Various studies have reported that the 
renal accumulation of  AGEs is implicated in the patho-
genesis of  diabetic vascular complications[52]. As well, 
AGEs are noted to upregulate the expression of  TGF-β 
and collagen, which accumulates particularly in glomeru-
lar and extracellular matrix, thus provoking glomerular 
hypertrophy in diabetes [53]. 

A further step towards the pathogenesis of  diabetic 
nephropathy is involvement of  Rho-kinase, a serine/
threonine kinase noted to promote diabetic nephropa-
thy[54]. This notation is further supported by the fact that 
the Rho-kinase plays a pivotal role in the pathogenesis 
of  VED, which again complicates the condition of  dia-
betic secondary complications[55]. Apparently, diabetes 
mediated activation of  Rho-kinase contributes to the 
induction of  glomerulosclerosis and upregulation of  
glomerular matrix deposition in rats[54,55]. This fact is 
further confirmed by treatment with fasudil, a selective 
Rho-kinase inhibitor, which markedly attenuated the 
development of  diabetic nephropathy by inhibiting the 
renal upregulation of  TGF-β, connective tissue growth 
factor and NADPH oxidase in rats[56]. Therefore, TGF-β 

is a marked contributor in the pathogenesis of  diabetic 
nephropathy.

PARTICIPATION OF SMOKING 
MEDIATED OXIDATIVE STRESS IN 
THE DEVELOPMENT OF DIABETIC 
NEPHROPATHY
As there is no prior information about the role of  nico-
tine as a powerful fierce molecule, many efforts entail a 
conceptual shift to understand the health hazards of  nic-
otine. Smoking has been noted to develop large amount 
of  free radicals and pro-oxidant molecules, exerting an 
adverse influence on endothelial cells through an inhibi-
tory effect on components of  the L-arginine-nitric oxide 
pathway[54,55]. Furthermore, nicotine plays a key role in 
the pathogenesis of  endothelial dysfunction by decreas-
ing the generation and bioavailability of  NO and down-
regulating the expression of  eNOS[7,56]. Thus, smoking 
mediated high oxidative stress and low availability of  
eNOS may engender VED, which is the initial step in 
the pathogenesis of  glomerulosclerosis in diabetic ne-
phropathy. In recent years, the increasing prevalence of  
smoking has been pinpointed as a progression factor for 
diabetic nephropathy. The chronic administration of  nic-
otine is noted to increase lipid peroxidation products (cell 
membrane phospholipids) in serum and various tissues 
of  rat. The concentration of  these products was found 
to be inversely proportional to activity of  endogenous 
antioxidants like catalase and superoxide dismutase[57]. 
Accordingly, breakdown of  membrane phospholipids by 
lipid peroxidation is expected to play an important role 
in the vascular pathogenesis. Recently, David et al tested 
the hypothesis that exposure to tobacco smoke (nicotine) 
in db/db mice worsens the progression of  diabetic ne-
phropathy by increasing the severity of  ECM deposition 
and increasing the expression of  the profibrotic cytokine 
TGF-β. The knowledge about the involvement of  ROS 
in the pathogenesis of  vascular disease should facilitate 
the development of  therapies that directly target ROS 
production to prevent microvascular complications.

During smoking, nicotine is fiercely worked for the 
development of  oxidative stress. Nicotine has been 
noted to increase generation of  superoxide by activa-
tion of  NADPH oxidase and PKC, which ultimately 
damages the kidney[23,31,58]. The destructive role of  PKC 
is manifested as inhibition of  PKC by calphostin C, a 
potent PKC inhibitor, which prevents nicotine-induced 
mesangial cell proliferation and fibronectin production. 
It suggests that nicotine-mediated growth promoting 
effects is through activation of  NADPH oxidase and 
PKC, probably ROS as second messengers[3,59,60]. Thus, 
the inhibition of  PKC halts the progression of  nicotine-
mediated renal damage and decreases NADPH oxidase 
mediated ROS generation. One unique mechanism 
explains that smoking stimulates lipid accumulation by 
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increasing expression of  SREBP-1, which is responsible 
for increasing the synthesis of  TGs and cholesterol, 
which again sidewise contributes in the pathogenesis of  
nephropathy[16]. The possible mechanisms involved in 
smoking-induced oxidative stress mediated renal damage 
in diabetes have been depicted in Figure 1.

PARTICIPATION OF SMOKING 
MEDIATED HYPERLIPIDEMIA IN 
DEVELOPMENT OF DIABETIC 
NEPHROPATHY
It is very difficult to understand smoking-mediated 
lipid wiggles because nicotine has intricate mechanisms; 
however, serial analysis may explore its role in the de-
velopment of  dyslipidemia in diabetes. Smoking has 
numerous atrocious effects, which initially pertain to the 
pathogenesis of  microvascular and subsequently renal 
complications. Cigarette smoking is positively associated 
with higher serum concentrations of  TGs and LDL and 
lower serum concentrations of  HDL[13]. In fact, nicotine 
causes an impairment of  LPL and increases plasma lipid 
concentration[11]. Elegant studies show that nicotine-me-
diated hyperlipidemia is considered to be an underlying 
mechanism involved in the nicotine-induced endothelial 
dysfunction[6,7]. Especially, nicotine plays a key role in 
induction of  VED by decreasing the generation and bio-
availability of  NO and downregulating the expression of  
eNOS[7,34,59]. Nicotine is also noted to induce glomerulo-
sclererosis and provokes reno-vascular pathogenesis[12]. 
Thus, smoking endorses dyslipidemia and worsens the 
severity of  nephropathy in diabetes. After pondering 
over the above discussion, it can be said that the deleteri-
ous effect of  cigarette smoking, such as renal damage, is 

through dyslipidemia. Taken together, through direct or 
indirect multiple mechanisms, smoking in diabetes has 
been regarded as a major risk factor in the induction and 
progression of  oxidative stress and dyslipidemia medi-
ated renal damage (Figure 2).

COMRADESHIP BETWEEN SMOKING 
AND DIABETIC NEPHROPATHY: 
EXACERBATION OF NEPHROPATHY?
Various epidemiological studies have explored potential 
mechanisms that could be responsible for smoking-
mediated progression diabetes nephropathy. The main 
clinical associations that frequently precede diabetic ne-
phropathy are hypertension and poor glycemic control. 
A recent gender-specific, dose-response relationships 
study demonstrated that smoking is a significant risk 
factor for future kidney failure[61]. Clinical hallmarks of  
diabetic nephropathy include a progressive increase in 
urinary albumin excretion and a decline in glomerular fil-
tration rate. Diabetes and smoking concurrently activated 
cellular pathways uncompromisingly and participate in 
step wise progression of  nephropathy[21,57]. The frequent 
microalbuminuria is more commonly noted in diabetic 
smokers than non smokers with nephropathy[4,60]. Simi-
larly, the rate of  loss of  measured creatinine clearance 
was noted to be higher in smokers compared to non-
smoking diabetic patients[61]. Intriguingly, smoking also 
increases the risk of  subjects to develop type Ⅱ diabe-
tes, possibly because it increases insulin resistance[62]. 
Furthermore, a growing body of  evidence compared 
non-diabetic smokers and non-smokers and found that 
smokers were more insulin resistant and hyperinsulin-
emic[63]. Furthermore, smoking impaired insulin action, 
mainly due to a lowering of  peripheral glucose uptake[64]; 

thus, smoking is a key risk factor for the subject to de-
velop type Ⅱ diabetes and secondary complications. 
Preclinical studies further support the fact that smoking 
accelerates diabetic nephropathy. It is worth mention-
ing that administration of  nicotine develops glomerular 
hypertrophy and mesangial expansion and increases high 
glucose mediated ROS generation through activation of  
NADPH oxidase and aggravates nephropathy in diabetic 
mice[3]. In addition, exposure to tobacco smoke in db/db 
mice significantly increases urinary albumin excretion, 
mesangial expansion and extracellular matrix deposition 
and worsens diabetic nephropathy[65].

Despite this, various endogenous molecules may be 
associated with smoking and could partially contribute 
to the pathogenesis of  microvascular complications in 
diabetes, which are yet poorly understood. Importantly, 
it has been noted that smoking increases serum concen-
tration of  Ang-Ⅱ and TGF-β1 in diabetic patients[8]. 
Along with this, it has been noted that cessation of  
smoking downregulates TGF-β1 when compared with 
diabetic non-smokers[66]. Prominently, cigarette smoking 
enhances the accumulation of  AGEs, which crosslink 

↑SREBP

Smoking

↑PKC↑TGF-β eNOS downregulation

↑NADPH oxidase
↓Generation and 
bioavailability of NO

VED

Diabetic nephropathy

↑Oxidative stress

Figure 1  Possible mechanism involved in smoking-induced oxidative 
stress. TGF-β: Transforming growth factor β; PKC: Protein kinase C; eNOS: 
Endothelial nitric oxide synthase; NO: Nitric oxide; SREBP: Sterol regulating 
element binding protein; VED: Vascular endothelial dysfunction. 
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with collagen to promote vascular complications[67] and 
also increases production of  TGF-β in aortic endothelial 
cells[48], indicating the strong relationship between smok-
ing, AGEs and TGF-β in the pathogenesis of  vascular 
complications. As described above, accumulation of  
AGEs by diabetes and smoking is directly proportional 
to expression of  TGF-β, which is finally involved in 
reno-vascular complications. Taken together, available 
evidence indicates that accumulation of  AGEs, either 
by diabetes or by smoking, promotes an appalling role 
for TGF-β in the progression of  nephropathy. Further-
more, crucial involvement of  Rho-kinase provides a suit-
able target system to understand the basic pathways of  
smoking-mediated reno-vascular disease. It is interesting 
to note that treatment with fasudil, a Rho-kinase inhibi-

tor, significantly prevented the smoking-induced impair-
ment in endothelium-dependent vasodilation[68], which 
suggests the detrimental involvement of  Rho-kinase in 
nicotine-induced endothelial dysfunction. The broad 
utility of  these approaches is to target these endogenous 
molecules to attenuate smoking-mediated reno-vascular 
damage. The availability of  this comprehensive data al-
lows accelerating development of  active compounds 
and strategies for intervention at various stages in the 
development of  diabetic nephropathy. Thus, smoking 
mediated insulin resistance, frequent microalbuminuria, 
messangial expansion and glomerular hypertrophy indi-
cate the detrimental effects of  smoking in development 
and progression of  diabetic nephropathy (Figure 3).

Therefore, from the above critical discussion and 

Smoking

Impairment 
in LPL activity

↑LDL, VLDL ↓HDL ↑OX-LDL ↑SREBP ↑Free fatty acid

Dyslipidemia

eNOS downregulation

↓Generation and bioavailability of NO

VED

Diabetic nephropathy

Figure 2  Possible mechanisms involved in smoking-induced dyslipidemia. eNOS: Endothelial nitric oxide synthase; NO: Nitric oxide; SREBP: Sterol regulating 
element binding protein; VED: Vascular endothelial dysfunction; LDL: Low density lipoprotein; VLDL: Very low density lipoprotein; HDL: High density lipoprotein; LPL: 
Lipoprotein lipase.

Figure 3  Various endogenous modulators contribute to renal complications. AGEs: Advance glycation end products; ROS: Reactive oxygen species; GLUT: 
Glucose transporters; PKC: Protein kinase C; NADPH oxidase: Nicotinamide adenine dinucleotide phosphate-oxidase.
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pondering over accumulating evidence, it may be un-
derstood that oxidative stress and hyperlipidemia are 
key players in the pathogenesis of  diabetic nephropathy. 
Furthermore, smoking provokes oxidative stress and 
dyslipidemia upregulates TGF-β in diabetes, which wors-
ens the severity of  nephropathy. Simultaneously, Ang-Ⅱ, 
AGEs and Rho/Rho-kinase upregulate TGF-β, which 
plays a pathogenic role in the induction of  renal hyper-
trophy and progression of  diabetic nephropathy. Thus, 
it may be concluded that chronic cigarette smoking may 
exacerbate diabetic nephropathy.

PHARMACOLOGICAL INTERVENTIONS 
TO TREAT DIABETIC SMOKERS WITH 
NEPHROPATHY
Over several decades, there have been extensive inves-
tigations concerning the development of  novel target 
sites and thus numerous agents have been explored for 
therapeutic potential in treating diabetic nephropathy. 
Smoking is an additional factor directly involved in the 
progression of  nephropathy. Thus, diabetic smokers 
are more complicated to treat than non smokers. Yet, a 
promising and effective therapy has not been deduced 
for these complicated diseases. Hyperglycemia and ciga-
rette smoking mainly arouses oxidative stress and hyper-
lipidemia. Hence, strict glycemic control and smoking 
secession remains the cornerstone of  the current stan-
dard therapeutic approaches and may help to ameliorate 
vascular complications. 

The drugs currently used to treat diabetic nephropa-
thy mainly target the hypertensive component, such 
as drugs that interrupt the renin-angiotensin system, 
angiotensin-converting enzyme (ACE) inhibitors and 
Ang-Ⅱ receptor antagonists, and are currently consid-
ered first-line treatments for diabetic nephropathy. In 
particular, the use of  a different class of  drugs, such as 
ACE inhibitors captopril, lisinopril, fosinopril, benaza-
pril and quinapril, and AT-Ⅰ receptor blockers, such as 
losartan, olmesartan and irbesartan, have been observed 
in numerous experimental and clinical studies to have 
therapeutic potential in the treatment of  diabetic ne-
phropathy[69-77]. Captopril was the first drug approved by 
Food and Drug Administration in the nineties for the 
treatment of  diabetic nephropathy[48].

Cigarette smoking is major fuel for the generation of  
oxidative stress. As mentioned in the preceding section, 
NADHP oxidase is a master enzyme involved in ROS 
formation. Therefore, a superior approach to ameliorate 
oxidative stress is to inhibit the culprit enzyme NADHP 
oxidase. This contention is further supported by the fact 
that apocynin restores renal function by decreasing the 
expression of  collagen-1, mesangial expansion and albu-
minuria diabetic rats[78,79]. The evidence presented above 
provides a strong rationale for the use of  pharmacologi-
cal inhibitors of  NADPH oxidase to combat oxidative 
stress and its associated vascular pathologies. The cur-

rent research interest is to treat diabetic nephropathy by 
use of  a fibrates class of  interventions, such as fenofi-
brate, bezafibrate and gemfibrozil, well-known hypolip-
idemic agents[80-82]. Recently, in our laboratory we have 
shown that treatment with fenofibrate and concurrent 
administration of  benfotiamine, a transketolase activa-
tor, prevented the development of  diabetic nephropathy. 
This renoprotective effect of  fenofibrate was associated 
with its actions on reducing the circulating lipids and 
oxidative stress[5]. Furthermore, fenofibrate was shown 
to ameliorate nicotine-induced endothelial dysfunc-
tion by reducing hyperlipidemia and oxidative stress in 
rats[7]. Thus, the available evidence says that the use of  
fenofibrate attenuates diabetes and nicotine-mediated 
hyperlipidemia and oxidative stress and ameliorates en-
dothelial dysfunction and nephropathy. Therefore, use 
of  fenofibrate is the most logical pharmacological inter-
vention to treat smoking mediated progression of  dia-
betic nephropathy, like killing two birds with one stone. 
From the above discussion, it may be concluded that 
fibrate really preserves kidney function in diabetes. On 
other hand, cyclohexenonic long-chain fatty alcohol (N-
hexacosanol) was noted to reduce significantly TGF-β 
and concentrations of  PKC, which ameliorate the dia-
betic-induced tubulointerstitial pathological changes[83]. 
Furthermore, N-hexacosanol was also noted to reduce 
diabetes-mediated alteration in eNOS, which attenuates 
glomerulosclerosis[84].

 Taken together, these studies suggest that these 
drugs may provide supportive therapeutic advance-
ment for treating diabetic smokers with nephropathy. 
However, further studies are needed to illuminate their 
therapeutic potential in treating diabetic smokers with 
vascular pathogenesis.

CONCLUSION
Smoking is ubiquitous in patients with diabetes mellitus. 
Smoking and hyperglycemia increase oxidative stress and 
lipid accumulation, which upregulates TGF-β, accumu-
lates AGEs, decreases nitric oxide production, which 
leads to thickening of  glomerular basement membrane 
and mesangial expansion, with progression in glomerulo-
sclerosis and interstitial fibrosis, and results in nephropa-
thy. It is emerging from above that smoking is a hitherto 
major fuel to aggravate diabetic nephropathy.
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Abstract
Diabetes mellitus rightly regarded as a silent-epidemic 
is continually on the rise and estimated to have a global 
prevalence of 6.4 % as of 2010. Diabetes during preg-
nancy is a well known risk factor for congenital anoma-
lies in various organ systems that contribute to neona-
tal mortality, including cardiovascular, gastrointestinal, 
genitourinary and neurological systems, among which 
the neural tube defects are frequently reported. Over 
the last two to three decades, several groups around 
the world have focussed on identifying the molecular 
cues and cellular changes resulting in altered gene 
expression and the morphological defects and in dia-
betic pregnancy. In recent years, the focus has gradu-
ally shifted to looking at pre-programmed changes 
and activation of epigenetic mechanisms that cause 
altered gene expression. While several theories such 
as oxidative stress, hypoxia, and apoptosis triggered 
due to hyperglycemic conditions have been proposed 
and proven for being the cause for these defects, the 
exact mechanism or the link between how high glucose 
can alter gene expression/transcriptome and activate 
epigenetic mechanisms is largely unknown. Although 
preconceptual control of diabetes, (i.e., managing glu-

cose levels during pregnancy), and in utero therapies 
has been proposed as an effective solution for man-
aging diabetes during pregnancy, the impact that a 
fluctuating glycemic index can have on foetal develop-
ment has not been evaluated in detail. A tight glycemic 
control started before pregnancy has shown to reduce 
the incidence of congenital abnormalities in diabetic 
mothers. On the other hand, a tight glycemic control 
after organogenesis and embryogenesis have begun 
may prove insufficient to prevent or reverse the onset 
of congenital defects. The importance of determining 
the extent to which glycemic levels in diabetic mothers 
should be regulated is critical as foetal hypoglycemia 
has also been shown to be teratogenic. Finally, the ma-
jor question remaining is if this whole issue is negligible 
and not worthy of investigation as the efficient man-
agement of diabetes during pregnancy is well in place 
in many countries.
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EPIDEMIOLOGY
The global incidence of  diabetes mellitus is constantly 
on the rise and is estimated to be 6.4% as of  2010[1]. 
According to the World Health Organization statistics 
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2012 report, diabetes is prevalent in one in ten adults. 
The incidence of  diabetes in pregnancy however, varies 
with the geographical and ethnic background of  women. 
About 3%-5 % of  pregnancies are reported to be com-
plicated by diabetes mellitus which is the leading cause 
for mortality and morbidity[2,3].

Diabetes during pregnancy is of  serious concern as it 
causes spontaneous abortions, still birth, foetal macroso-
mia, and congenital malformations[4-7]. Our understand-
ing and management of  diabetes over the years have re-
duced the risk for spontaneous abortion and still birth in 
maternal diabetics. However, even in recent years diabe-
tes during pregnancy has been considered to have a tera-
togenic effect causing foetal anomalies[7-11]. Although all 
of  the foetal tissues are susceptible to glucose induced 
anomalies, the developing heart and brain have shown 
maximum defects[12] and these defects are the most fre-
quently reported birth defects in humans and mouse 
models of  diabetic pregnancy[9,13-15], indicating that these 
tissues are more sensitive to glucose toxicity. 

Indeed, initial studies have shown that the type of  
malformation varied with the maternal glucose concen-
tration[6,16] and achieving a particular glucose threshold 
may be beneficial in reducing or eliminating the risk 
for a particular malformation. While a tight glycemic 
control started before pregnancy has shown to reduce 
the risk for congenital anomalies[5,10,17,18], the same after 
organogenesis (first 8 wk of  pregnancy) has taken place 
may prove insufficient to reverse the damages already 
caused. While majority of  the pregnancies are diagnosed 
only after 7-8 wk of  conception, in a mother with un-
diagnosed and pre-existing diabetes, organogenesis in 
the fetus is definitely impaired and is irreversible. Neural 
tube defects (NTDs), the second most common birth 
defect caused by maternal diabetes has been long studied 
and characterised. In this review, we summarize some of  
the major findings of  the past and present and propose 
future directions for research to alleviate NTDs.

MORPHOLOGICAL AND MOLECULAR 
CHARACTERISATION OF NTDS
Maternal diabetes has been shown to cause severe pat-
terning defects in the brain of  developing embryos. We 
have reported maternal diabetes-induced malformations 
in several parts of  the brain including the forebrain (tel-
encephalon), spinal neural tube, choroid plexus (CP) and 
ventricles in mouse embryos[19,20]. The impaired develop-
ment of  CP by maternal diabetes results in decreased 
production of  cerebro-spinal fluid which is proposed 
to cause defective patterning and shaping of  the brain 
during development in diabetic pregnancy[21-24]. In addi-
tion, the neural tissue with defective patterning showed 
altered expression of  several signalling molecules and 
transcription factors such as Shh, Nkx2.1, bafilomycin-1, 
transforming growth factor-β and Pax3 which are critical 
in forebrain patterning and neural tube closure[25-28].

Recently, high throughput gene expression profiling 

using cDNA microarray revealed the altered expression 
of  several genes in the cranial neural tubes of  embryos 
from diabetic pregnancy[20,28-30]. Higher numbers of  genes 
involved in metabolism and cellular process were found 
to be altered by maternal diabetes[20]. Microarray analysis 
on whole embryos from diabetic pregnancy has also re-
vealed the altered expression of  several genes involved 
in critical developmental pathways that could contribute 
to maternal diabetes-induced birth defects including 
genes known to cause NTDs[29]. These descriptive re-
ports suggest that brain development is impaired due to 
the altered expression of  developmental control genes 
caused by maternal diabetes-induced glucotoxicity.

CHARACTERISATION OF METABOLIC 
PATHWAYS IN NTDS
In recent years, the research on maternal diabetes- in-
duced congenital malformations in fetus has moved on 
from morphological characterisation to identifying the 
etiology of  birth defects. It has been widely shown that 
maternal diabetes induces hypoxia, oxidative stress and 
other metabolic disturbances in the embryo[31] and these 
changes alter several signalling pathways and molecules 
which have been proposed to be the major causative fac-
tors for the diabetes-induced malformations leading to 
embryopathy. For example, the oxidative stress caused by 
hyperglycemia has been shown to disrupt the expression 
of  genes such as Pax3 that is involved in neural tube for-
mation which explains in part that hyperglycemia-induced 
oxidative stress alters gene expression leading to NTD[32]. 

Hyperglycemia-induced birth defects are attributed 
to the excessive production of  reactive oxygen species 
(ROS) which has been shown to cause oxidative stress 
and subsequently increase the risk for fetal malforma-
tions[33,34]. Administration of  antioxidants such as vita-
min E and overexpression of  ROS scavenging enzymes 
such as superoxide dismutase have been shown to pre-
vent or reduce the risk for diabetic malformations in 
several animal studies although the exact mechanism is 
unknown[35-40].

Development and patterning of  normal brain de-
pend on proliferation and differentiation of  neural stem 
cells (NSCs) which are self  renewing multipotent cells 
giving rise to neuronal and non-neuronal cells (glial cells 
such as astrocytes and oligodendrocytes) in the central 
nervous system. We have shown that NSCs are extreme-
ly sensitive to glucotoxicity, which alters the expression 
of  genes involved in proliferation and lineage specifica-
tion of  NSCs[41]. Apoptosis in the neuroepithelium is the 
hallmark of  maternal diabetes-induced NTDs and the 
balance between cell proliferation and cell death that is 
altered by hyperglycemia may contribute to the malfor-
mations seen in the developing neural tube. We have also 
shown that high glucose induces ROS production and 
intracellular oxidative stress in NSCs by increasing glu-
cose reduction via the polyol pathway. These changes ap-
peared to be mediated by aldose reductase (AR), the rate 
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limiting enzyme in the polyol pathway, since its expres-
sion was found to be increased in NSCs exposed to Hg 
in vitro and inhibition of  AR using fidarestat, reversed the 
changes induced by Hg[42]. Overall, these studies indicate 
that the development of  strategy to prevent oxidative 
stress during fetal development may alleviate the risk of  
congenital anomalies in embryos.

UNRAVELLING EPIGENETIC 
MECHANISMS CONTRIBUTING TO NTDS
It has been reported that maternal nutrition and meta-
bolic disturbances during fetal development can alter 
epigenetic mechanisms such as histone modifications 
and DNA methylation in fetus, and such epigenetic 
changes may have long lasting effects on the offspring 
postnatally[43-46]. Study on pregnant mice fed with diets 
low in choline/methionine have resulted in decreased 
methylation in genes that control brain development[47,48], 
and altered memory and long-term potentiation[49,50] in-
dicating that the developing embryo is influenced by ma-
ternal diet. In addition, diabetic rodents supplemented 
with folate (a methyl donor) prevented NTDs in the 
embryos[51,52] that define the role of  maternal nutrition 
on fetal outcome.

It has been widely shown that diabetic complica-
tions are associated with epigenetic modifications. In 
recent years, several reports have shown that the onset 
of  diabetes in adults is caused by DNA methylation at 
specific gene promoters or chromosomal regions[53-56] 
signifying epigenetic basis for onset of  diabetes in adults. 
High glucose has also shown to cause persistent altera-
tions in gene expression through histone modifications 
(by acetylation or methylation of  lysine residues) during 
transient exposure of  human aortic endothelial cells[57] 
and chronic exposure of  human monocytic cell line[58] to 
high glucose. 

Further, excess glucose has been shown to increase 
histone acetylation in mammalian cells[59] while excess 
dietary methyl donors increase DNA/histone methyla-
tion in offspring[60] providing evidence for the relation-
ship between maternal hyperglycemia (or diet) and fetal 
epigenome. Recently, glucose responsive microRNAs 
such as miR-26a, miR107 and miR-16 that show in-
creased expression in high glucose conditions have been 
identified[61] suggesting that epigenetic mechanisms 
could be activated by hyperglycemia. Further, epigenetic 
factors have been shown to regulate gene expression 
of  developmental control genes and fate specification 
of  NSCs[62,63]. It is possible that high glucose modifies 
epigenetic mechanisms which subsequently alter expres-
sion of  genes involved in cell fate specification of  NSCs 
thereby resulting in NTDs. Further investigation of  
epigenetics will be useful to understand the relationship 
between maternal diet and the fetal epigenome. It will be 
intriguing to know how high glucose/hyperglycemia ac-
tivates epigenetic mechanisms that alter gene expression 
in the fetus resulting in birth defects. 

CONCLUSION
Diabetes during pregnancy is a well known teratogen 
that causes congenital anomalies. Over the last 2-3 de-
cades, the focus on this field of  research has shifted 
from morphological and molecular characterisation of  
the etiology of  maternal diabetes-induced malformation 
to understanding the mechanisms behind how mater-
nal diabetes alters fetal development. While epigenetic 
mechanisms have been proposed to modify the expres-
sion of  critical genes involved in development, the exact 
mechanism behind this still remains largely unidentified. 
It will be interesting to elucidate how epigenetic mecha-
nisms such as DNA methylation, chromatin/histone 
modifications and microRNAs are activated in embry-
onic tissue by maternal diabetes. Identifying specific 
histone/DNA modifying enzymes involved in response 
to glucose prove as significant therapeutic targets, since 
epigenetic changes are reversible. Modulating fetal epi-
genetic programming in such metabolic syndromes may 
prove valuable to improve fetal outcomes or prevent on-
set of  diabetes in offspring of  diabetic mothers.
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Abstract
AIM: To investigate the effect of lifestyle interventions 
in the non-pharmacological management of type 2 dia-
betes via  a mechanistic approach.

METHODS: A randomized controlled trial was carried 
out on 60 type 2 diabetic male and female volunteers 
that fulfilled the inclusion criteria, with their proper 
consent and permission of the International Electro-
technical Commission for 1 year. 30 patients were in-
cluded in the test group and 30 patients in the control 
group. Demographic details, anthropometrical status, 
physical activity, food habits and blood glucose lipid 
profile of the volunteers were recorded at baseline, the 
test group was directed for lifestyle intervention and 
final blood glucose lipid data were collected at the end 
of one year of patient follow-up.

RESULTS: After 1 year, the test group who had a 
lifestyle intervention was found to show a significant 
improvement in blood glucose lipid profile. The fasting 
plasma glucose level (FPG), postprandial plasma glu-
cose level (PPG), glycosylated hemoglobin (HbA1c) and 
body mass index (BMI) values of the test group were 
reduced significantly, up to 145 ± 2.52, 174 ± 2.59, 6.3 
± 0.32 and 25 ± 0.41 respectively at the end of the 
study period, in comparison to the control group where 

FPG, PPG, HbA1c and BMI values were 193 ± 3.36, 
249 ± 4.24, 7.2 ± 0.42 and 26 ± 0.65 respectively. 
Improvement in the total cholesterol (TC), triglyceride 
(TG), high-density lipoproteins (HDL) and low-density 
lipoproteins (LDL) values of the test group was also 
remarkable in comparison to the control group. The 
TC, TG, HDL and LDL values of the test group were 
reduced significantly, up to 149 ± 3.32, 124 ± 2.16, 58 
± 0.62 and 118 ± 2.31, respectively. 

CONCLUSION: The significant improvement in the 
blood glucose lipid profile of the test group after 1 year 
signifies the value of non-pharmacological manage-
ment of type 2 diabetes via  lifestyle intervention strat-
egies.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Diabetes is fast becoming the epidemic of  the 21st 
century, with type 2 diabetes the most prevalent form. 
The International Diabetes Federation has estimated the 
number of  diabetics in India to be 40.9 million, which is 
projected to be 60.9 million by 2025[1,2]. The epidemiol-
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ogy of  diabetes being very vast, the financial expendi-
tures involved in the treatment of  this disease, delayed 
diagnosis until micro and macrovascular complications 
arise, life-threatening complications like end stage re-
nal disease, limb amputations, retinopathy leading to 
blindness and failure of  the current therapies to restore 
normoglycemia, necessitates the adoption of  preventive 
strategies in controlling type 2 diabetes[3-6]. In affluent 
societies, the disease is seen mostly in the age group of  
55-74 years[7,8]. The results of  several clinical trials have 
documented that therapeutic life style changes (TLC), an 
effective lifestyle therapy, helps to control the risk fac-
tors associated with type 2diabetes. It is an established 
fact that obesity, “westernized dietary pattern”, sedentary 
lifestyle, smoking habits, alcoholism etc. are significant 
lifestyle risk factors associated with type 2 diabetes. Sleep 
deprivation, anxiety and depression are other contribut-
ing factors[9-13]. Type 2 diabetes in high risk individuals 
can be controlled by proper lifestyle modifications, like 
an increase in physical activities, dietary modifications, 
control of  obesity etc. However, non-modifiable risk 
factors in type 2 diabetes, like genetic inheritance, prior 
gestational diabetes and glucose intolerance, cannot be 
controlled by lifestyle modifications. The lifestyle inter-
ventions mostly aim at increasing physical activities (2.5-4 
h/wk) like brisk walking, jogging, some aerobic and 
stretching exercises, weight reduction to control obesity, 
dietary modifications like increased intake of  non-starch 
polysaccharides, whole grains, dietary fibers, vegetables, 
fruits, oily fish and poultry products for polyunsaturated 
fatty acids and absolutely no or a very low intake of  
saturated and trans fats, refined cereals, sugar, red meat, 
high calorie foods like French fries, sweetened beverages 
etc., cessation of  smoking and abstinence from alcohol 
intake[14-20]. Reduction of  anxiety and stress is another 
intervention parameter. Proper patient counseling is of  
vital importance in this matter. TLC is a comprehensive 
lifestyle approach that includes specific dietary recom-
mendations, weight management and increased physical 
activity[21-24]. The TLC diet plan aims to provide a proper 
balance of  carbohydrates, proteins, fats and other nutri-
ents at a 2000 calories level. TLC recommends engaging 
in at least 30 min of  moderate intensity physical activ-
ity; however, involvement in moderate to high intensity 
physical activity most days of  the week should not ex-
ceed the calorie intake requirements. Results of  random-
ized control trials after proper patient counseling have 
shown that changes in diet and increase in physical activ-
ity resulted in improvement in the blood glucose lipid 
profile of  the individuals under trial. Hence, a therapeu-
tic lifestyle change is a protective measure against Type 2 
diabetes[22-24]. 

An in-depth insight into the mechanistic details of  
lifestyle risk factors and type 2 diabetes have shown that 
visceral obesity and a sedentary lifestyle has a deleterious 
effect on glucose homeostasis and a significant role in 
insulin resistance, either due to its high metabolic activ-
ity or being anatomically located just next to hepatic 

portal circulation which allows free entry of  fatty acids 
from visceral fat to liver, leading to elevation in hepatic 
triglyceride (TG) synthesis which decreases liver insulin 
sensitivity, leading to increased hepatic glucose produc-
tion[16,21,25-29]. Adipocytes in the visceral fat release a num-
ber of  cytokines called adipokines, like the adiponectins, 
tumor necrosis factors (TNFs) and interleukin-6 (IL-6), 
which modify insulin signaling and development of  insu-
lin resistance, leading to type 2 diabetes. Obesity is found 
to be associated with endothelial dysfunction and im-
paired muscle microcirculation which can impair whole 
body insulin sensitivity by hindering the entry of  insulin 
and glucose into skeletal muscle and decreasing their 
availability to muscle cells[16,30-34]. Diet has direct effects 
on insulin sensitivity. The ‘Western diet’ contributes to 
type 2 diabetes, whereas a diet rich in omega fatty acids, 
low glycemic index foods and exclusive breast feeding 
are regarded as protective against type 2 diabetes[16,35,36].

Inverse associations have been found between physi-
cal activity and the reduced risk of  type 2 diabetes; regu-
lar physical activity decreases visceral and body fat and 
resistance exercises increase skeletal muscle mass, increas-
ing muscle glucose uptake. Regular exercises increase 
the glycogen synthase (GS) content of  the muscle which 
accelerates non-oxidative glucose disposal as glycogen 
and activates the glucose transporter subtype 4 (GLUT4) 
that facilitates the passive diffusion of  circulating glu-
cose down its concentration gradient into muscle cells 
since muscle glucose transport is closely associated with 
the GLUT4 content of  the cells. Exercise potentiates 
insulin signaling by up-regulating the expression and ac-
tivity of  proteins involved in insulin signal transduction, 
improves the oxidative capacity of  the skeletal muscles, 
decreases the free fatty acid concentration in the circula-
tion, auto phosphorylation and increased expression of  
downstream signaling components of  insulin[16,37-43].

Pro-inflammatory cytokines and C-reactive proteins 
play a significant role in the pathogenesis of  insulin 
resistance and type 2 diabetes. Regular physical activity 
triggers the release of  a number of  anti-inflammatory 
cytokines, like the IL-6, IL-1 receptor antagonist, soluble 
TNF-α receptor and IL-10, and is thought to play a 
mechanistic role offering protection against TNF-α in-
duced insulin resistance [16,31,32]. 

MATERIALS AND METHODS
A randomized controlled study was carried out over a 
period of  one year in the medicine department of  three 
different hospitals in West Midnapore district of  Bengal. 
Both male and female patient volunteers aged over 40 
years with reported type 2 diabetes were selected for the 
study with their proper written consent and permission 
from the Institutional Ethical Committee. As per 
inclusion criteria, newly diagnosed and known cases of  
type 2 diabetics with glycated hemoglobin in the range 
of  6.8%-10% were selected for the study. However, 
pregnant ladies, those with uncontrolled complications, 
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glycated hemoglobin above 10%, those subjected to a 
prior lifestyle intervention in the last year or those who 
planned to start insulin therapy during the intervention 
period were excluded from the study, as per the 
exclusion criteria. Out of  the total of  72 patients willing 
to participate in the study, 12 patients were discontinued 
from the study as per exclusion criteria and 60 patients 
participated. 

Study procedure
Individuals who met the inclusion criteria were enrolled 
for the study after giving their proper consent. These 
patients were divided into the test and control groups, 
with 30 patients in each group. Demographical details 
of  the patient, like age, socio-economic status, family 
history, past and present medication history, anthropo-
metrical details, dietary pattern through structured food 
frequency questionnaire, mental status relating to anxi-
ety/depression, records of  their daily physical activity 
and information on smoking habits or alcohol intake, 
were collected and recorded on the form (for both test 
and control patients). During each visit, the patient’s ran-
dom capillary blood glucose level was measured by using 
a standard glucometer. Patients in the test group received 
counseling and patient information leaflets but not the 
control group[21,44-47].

The test group patients, who received proper coun
seling, were advised to avoid a sedentary lifestyle, in-
crease physical activity, like brisk walking, jogging, aero-
bic and stretching exercises, reduce anxiety and mental 
tension and find some spare time for light recreation. 
Details of  their food habits were recorded from the 
structured food frequency questionnaire and they were 
advised to modify their dietary pattern by avoiding high 
calorie foods, sugar-containing items, red meat, saturated 
and trans fats and consume more whole grain foods, 
green vegetables, fruits, polyunsaturated fats, poultry 
products etc. Initially, glycosylated hemoglobin (HbA1c), 
fasting plasma glucose (FPG), postprandial plasma glu-
cose (PPG), total cholesterol (TC), serum TG, high-den-
sity lipoproteins (HDL), low-density lipoproteins (LDL) 
and body mass index (BMI) were measured at baseline 
and at the end of  the study. The FPG, postprandial plas-
ma glucose, blood pressure and lipid profile were noted 
at each follow-up. Then, blood HbA1c, FPG, PPG, TC, 
TG, HDL, LDL level and BMI were measured in the test 
group as well as control group after the one year follow 
up. Data on patients’ blood glucose lipid profile were 
statistically analysed [46,48-52].

Statistical analysis
Statistical analyses was carried out using SPSS version, 
the descriptive results were expressed as mean ± SD 
values and inter group differences were explored by 
t-test for independent samples. Model testing was done 
by partial least square (PLS) since it is a non-parametric 
method that makes no restrictive assumptions about the 
distribution of  data and is ideally suited for a smaller 

sample size since, due to its partial nature, only one part 
of  the model can be estimated at a time. For PLS analy-
ses, list wise deletion of  missing data was implemented 
and participants with all data points for all variables in 
the model included. mean ± SD values were tested for 
significance; baselines scores between tests and con-
trols were compared and no significant differences were 
found[53-57].

RESULTS
Out of  a total of  60 patients who participated in the 
study, 71.66% were male and 28.33% were female. The 
patients were divided into control and test groups with 
thirty patients in each group. Predominance of  type 2 
diabetes was noticed among patients aged over 50 years 
(74.99%), in contrast to those aged under 50 years (25%). 
Demographic details of  patients have shown that the 
onset of  diabetes is more frequent among patients about 
10 years (73.33%) senior in age than those about 10 
years (26.66%) younger. The results are demonstrated in 
Table 1.

At baseline, patients were interviewed to obtain their 
medical and medication history and the details were 
noted in a data collection form. All baseline parameters 
were also recorded and are given in Table 2.

The effect of  counseling on FPG, PPG, HbA1c and 
BMI at the end of  the study period on the control and 
test group showed that FPG, PPG, HbA1c and BMI val-
ues of  the control group (without counseling) were 193 
± 3.36, 249 ± 4.24, 7.2 ± 0.42 and 26 ± 0.65 respective-
ly. The FPG, PPG, HbA1c and BMI values of  the test 
group (received counselling) were reduced significantly, 
up to 145 ± 2.52, 174 ± 2.59, 6.3 ± 0.32 and 25 ± 0.41 
respectively at the end of  the study period.

In order to study the effect of  lifestyle modifications 
on the control and test group, at the end of  the study 
(one year), the test group who received proper patient 
counseling showed significant improvements in TC, TG, 
HDL and LDL values. The TC, TG, HDL and LDL val-
ues of  the control group without counseling were 167 ± 
3.96, 152 ± 4.36, 49 ± 0.96 and 136 ± 3.55 respectively. 
In contrast, the TC, TG, HDL and LDL values of  the 
test group were reduced significantly, up to 149 ± 3.32, 
124 ± 2.16, 58 ± 0.62 and 118 ± 2.31 respectively at the 
end of  one year of  the study period.

DISCUSSION
Management of  type 2 diabetes is mostly done by pre-
scribing oral hypoglycemic drugs and other pharmaco-
logical regimens, but the results of  several randomized 
controlled trials (RCTs) have shown that type 2 diabetes 
can be controlled in a non-pharmacological manner, like 
proper lifestyle interventions. Patient counseling plays a 
crucial role in this regard, making them aware about the 
modifiable lifestyle risk factors (obesity, physical inactiv-
ity, adoption of  sedentary lifestyle and unhealthy dietary 
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pattern) strongly correlated with type 2 diabetes. BMI of  
30 kg/m2 exponentially increases the risk of  type 2 dia-
betes among women by 3-fold and the risk increases to 
about 20 times when the BMI value is above 35 kg/m2; 
for men the risk increases about 40 times with a BMI 
value above 35 kg/m2[13,14,16,44]. Visceral obesity, physical 
inactivity, sedentary lifestyle, unhealthy dietary patterns 
like a high glycemic load in diet, low intake of  dietary 
fibers and unsaturated fats, high intake of  saturated fats, 
junk foods, French fries, sweetened beverages and smok-
ing habits have deleterious effects on glucose homeo-
stasis and greatly increases the risk of  type 2 diabetes; 
however, intake of  coffee and moderate consumption 
of  alcohol are found to be protective[43,55-57]. From the 
mechanistic point of  view, due to the high deposition 
of  visceral fat (obesity), the adipocytes of  these depos-
ited fats release a number of  circulating cytokines called 
adipokines that can cause insulin resistance in skeletal 
muscle. Moreover, high levels of  circulating fatty acids 
can decrease muscle glucose uptake and increase fatty 
acid uptake; such imbalances in fatty acids and glucose 
uptake will cause an accumulation of  intramyocellular 
lipid metabolites, thereby disrupting the insulin signaling 
cascade[16]. Obesity is found to be associated with endo-
thelial dysfunction and impaired muscle microcircula-
tion, which can impair whole body insulin sensitivity by 
hindering the entry of  insulin and glucose into skeletal 
muscle and decreasing their availability to muscle cells. 
Chronic exposure to glucose and fatty acids causes beta 
cell apoptosis which is a triggering factor for the transi-
tion from an obese, insulin resistant state to full blown 
type 2 diabetes[16]. Therapeutic lifestyle changes or TLC, 
a comprehensive lifestyle approach, as recommended by 
different health associations like the American Diabe-
tes Association, American Heart Association and The 
Obesity Society to combat the risk factors associated 
with type 2 diabetes, stresses specific dietary recom-
mendations, weight management and increased physical 
activity[16]. TLC dietary recommendations emphasize re-
ducing total fat intake below 25%-35% of  total calories, 
saturated fat < 7% of  total calories, polyunsaturated fat 
intake should be increased to 10% of  total calories, total 
reduction in trans fat consumption, daily dietary fiber 
intake about 20-30 g per day, intake of  complex carbo-

hydrates, especially whole grain, fruits and vegetables, 
should be around 50%-60% of  the total calories, protein 
intake should be around 15%-20% of  the total calories, 
cholesterol intake should be reduced to less than < 200 
mg/d and salt intake < 2300 mg/d[43,54-58]. Plant sterols, 
soluble fibers and fatty oily fish should be incorporated 
in the diet, the corresponding amounts being 2 g/d for 
plant sterols, soluble fibers around 5-10 g/d and an ar-
rangement to consume oily fish at least once a week. The 
aim of  a TLC diet plan is to provide a proper balance 
of  carbohydrates, proteins, fats and other nutrients at 
a level of  2000 calories. Inverse associations have been 
found between physical activity and the reduced risk of  
type 2 diabetes; regular physical activity decreases vis-
ceral and body fat, resistance exercises increase skeletal 
muscle mass, increasing muscle glucose uptake. Skeletal 
muscle is the major site for insulin mediated glucose 
disposal and its capability for glucose uptake and utiliza-
tion is greatly impaired in type 2 diabetics[16,57]. Regular 
exercises increase the GS content of  the muscle which 
accelerates non-oxidative glucose disposal as glycogen 
and activates GLUT4, potentiates insulin signaling by 
up-regulating the expression and activity of  proteins 
involved in insulin signal transduction and improves 
the oxidative capacity of  the skeletal muscles which can 
prevent lipid mediated insulin resistance; with exercise 
induced improvement in lipid oxidation, there will be 
improvement in fatty acid turnover that will prevent ac-
cumulation of  fatty acid metabolites in the muscle with 
an enhancement in insulin sensitivity. Exercise decreases 
the free fatty acid concentration in the circulation and 
helps to improve liver insulin sensitivity. Regular physical 
activity counteracts with the micro vascular dysfunctions 
in type 2 diabetics, dilates muscle capillaries via increased 
formation of  nitric oxide and at the same time improves 
the ability of  insulin to increase muscle capillary perfu-
sion[16,58-63]. TLC recommends engaging in at least 30 
minutes of  moderate intensity physical activity, above 
usual activity at work or home on most days of  the week 
and greater health benefits can be obtained by engaging 
in physical activity of  more vigorous intensity or longer 
duration; however, involvement in moderate to high 
intensity physical activity most days of  the week should 

Sl.No. Variables n  (%)

1 Sex
   Male 43 (71.66)
   Female 17 (28.33)

2 Age (yr)
   40-50     15 (25)
   50-60 28 (46.66)
   > 60 17 (28.33)

3 Onset of diabetes (yr)
   1-10 16 (26.66)
   10-20 20 (33.33)
   > 20     24 (40)

Table 1  Demographic details of patients

Sl.No. Parameter Baseline reading of 
enrolled patient

1 FPG (mg/dL) 223 ± 9.23
2 PPG (mg/dL) 295 ± 12.3
3 HbA1c (%)  8.3 ± 0.58
4 Total cholesterol (mg/dL) 186 ± 8.62
5 Serum triglyceride (mg/dL)   180 ± 10.36
6 HDL (mg/dL)   38 ± 2.12
7 LDL (mg/dL) 122 ± 7.58
8 BMI   27 ± 0.92

Table 2  Baseline blood glucose lipid of the enrolled patients

FPG: Plasma glucose level; PPG: Postprandial plasma glucose level; 
HbA1c: Glycosylated hemoglobin; HDL: High-density lipoprotein; LDL: 
Low-density lipoprotein; BMI: Body mass index.
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not exceed the calorie intake requirements. For sustained 
weight loss in adulthood, TLC recommends 60-90 min-
utes of  daily moderate intensity physical activity while 
not exceeding calorie intake requirements[64-68].

In this present one year study, blood glucose lipid 
profile values, BMI and HbA1c values of  the enrolled 
patients were recorded before and after counseling. The 
BMI baseline value was 27 ± 0.92; for the control group 
it was 26 ± 0.65 but in the test group it was 25 ± 0.41, 
showing a significant reduction in BMI after one year. 
There were also significant reductions in FPG and PPG 
found in the test group due to their positive impact of  
regular diet control and exercise. The cholesterol value 
was significantly reduced in the test group from 167 ± 
3.96 to 149 ± 3.32 after one year. Reduced TG value was 
significant due to diet control for the test group after 
one year. The HDL values increased significantly in the 
test group. The value of  LDL was significantly reduced 
in the test group compared to the control group. In the 
present study, the baseline value of  HbA1c was 8.3 ± 0.58 
and it reduced significantly in the test group to 6.3 ± 0.32, 
compared to the control group which was 7.2 ± 0.42 at 
the end of  one year. Thus, significant reductions in the 
HbA1c level were observed in the test group in contrast 
to the control group at the end of  one year as a positive 
impact of  lifestyle interventions. From the results of  
this RCT carried out in West Bengal, it can be concluded 
that type 2 diabetes can be effectively controlled in a 
non-pharmacological manner through proper lifestyle 
interventions like obesity control, dietary modifications 
and increased physical activities. However, proper patient 
motivation for lifestyle interventions remains a challeng-
ing issue in this trial.

In conclusion, diabetes is a chronic endocrinologi-
cal disorder with serious long term complications, like 
diabetic foot ulcers necessitating limb amputations, 
retinopathy leading to blindness, nephropathy leading 
to end stage renal disease, neuropathy etc., and hence 
requires an amalgamation of  pharmacological and non-
pharmacological measures for effective case manage-
ment strategy to have an enhanced glycemic control. 
The pharmacological approach recommends the use of  
oral hypoglycemics or insulin therapy but each has one 
or more side effects/adverse reactions on prolonged use. 
A successful non-pharmacological approach in diabetes 
management is proper lifestyle modifications in order to 
counteract the modifiable risk factors of  type 2 diabetes. 
The majority of  type 2 diabetics are overweight, do not 
undertake the recommended levels of  physical activity 
and do not pursue dietary guidelines for proper dietary 
intake of  fats, fruits and vegetables or avoidance of  high 
calorie junk foods. Hence, proper patient motivation is 
needed to encourage them in regular physical activity 
and to adopt TLC recommended dietary habits. This 
study provides confirmation that proper patient counsel-
ing regarding type 2 diabetes, complications and success-
ful lifestyle interventions for patients can be successfully 
implemented in developing nations where diabetes is an 

important factor in morbidity and mortality. Thus apart 
from pharmacological approaches recommending use 
of  several synthetic oral hypoglycemic as well as herbal 
remedies, a non-pharmacological approach via lifestyle 
interventions can be successfully implemented for prop-
er management of  type 2 diabetes.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should be 
described when they are used to verify the results; (2) Whether the 
statistical techniques are suitable or correct; (3) Only homogeneous 
data can be averaged. Standard deviations are preferred to standard 
errors. Give the number of  observations and subjects (n). Losses 
in observations, such as drop-outs from the study should be re
ported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewersassess any 
potential bias, WJD requires authors of  all papers to declare any 
competing commercial,  personal, political, intellectual, or religious 
interests in relation to the submitted work. Referees are also asked 
to indicate any potential conflict they might have reviewing a 
particular paper. Before submitting, authors are suggested to read 
“Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals: Ethical Considerations in the Conduct and Reporting of  
Research: Conflicts of  Interest” from International Committee of  
Medical Journal Editors (ICMJE), which is available at: http://www.
icmje.org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member for 
[names of  organizations], and has received research funding from 
[names of  organization]. [Name of  individual] is an employee of  
[name of  organization]. [Name of  individual] owns stocks and shares 
in [name of  organization]. [Name of  individual] owns patent [patent 
identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform to Good 
Clinical Practice (for example, US Food and Drug Administration 
Good Clinical Practice in FDA-Regulated Clinical Trials; UK 
Medicines Research Council Guidelines for Good Clinical Practice 
in Clinical Trials) and/or the World Medical Association Declaration 
of  Helsinki. Generally, we suggest authors follow the lead inves
tigator’s national standard. If  doubt exists whether the research 
was conducted in accordance with the above standards, the authors 
must explain the rationale for their approach and demonstrate 
that the institutional review body explicitly approved the doubtful 
aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must be 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without 
explicit consents from the involved patients. If  experimental animals 
were used, the materials and methods (experimental procedures) 
section must clearly indicate that appropriate measures were taken to 
minimize pain or discomfort, and details of  animal care should be 
provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Abs
tract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International Com
mittee of  Medical Journal Editors to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, 
to our knowledge, is http://www. clinicaltrials.gov sponsored by 
the United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/esps/. Authors are highly 
recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/1948-9358/g_info_ 
20100107165233.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem to 
wjd@wjgnet.com, or by telephone: +86-10-85381892. If  you submit 
your manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Auth
ors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One 
author may be represented from two institutions, for example, Ge
orge Sgourakis, Department of  General, Visceral, and Transplan
tation Surgery, Essen 45122, Germany; George Sgourakis, 2nd 
Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJD, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 

Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Uni
versity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no less than 140 words); 
RESULTS (no less than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communi
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107165233.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet .com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be  
used rather than magnification factors, with the length of  the bar  
defined in the legend rather than on the bar itself. File names should  
identify the figure and panel. Avoid layering type directly over  
shaded or textured areas. Please use uniform legends for the  
same subjects. For example: Figure 1 Pathological changes in 
atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; 
G: …etc. It is our principle to publish high resolution-figures for the 
printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. 
Detailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
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Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con
tributions to the manuscript and who endorse the data and conclu
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number 
(in black), start page, and end page [PMID: 11819634   DOI: 
10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyp

ertension, insulin, and proinsulin in participants with impaired  
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 
12411462   PMCID:2516377   DOI:10.1161/01.HYP.00000 
35706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.
ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.109
7/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary sys

tem. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd 

ed. Wieczorek RR, editor. White Plains (NY): March of  Dimes 
Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's compu

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. 
Genetic programming. EuroGP 2002: Proceedings of  the 5th 
European Conference on Genetic Programming; 2002 Apr 
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assig

nee. Flexible endoscopic grasping and cutting device and  
positioning tool assembly. United States patent US 200201 
03498. 2002 Aug 1
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-9358/
g_info_20100107145507.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-9358/g_info_20100316 
080002.htm

Frontier: http://www.wjgnet.com/1948-9358/g_info_20100316 
091946.htm

Topic highlight: http://www.wjgnet.com/1948-9358/g_info_ 
20100316080004.htm

Observation: http://www.wjgnet.com/1948-9358/g_info_ 
20100107142558.htm

Guidelines for basic research: http://www.wjgnet.com/1948-9358/
g_info_20100316092358.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948- 
9358/g_info_20100316092508.htm

Review: http://www.wjgnet.com/1948-9358/g_info_2010 
0107142809.htm

Original articles: http://www.wjgnet.com/1948-9358/g_info_ 
20100107143306.htm

Brief  articles: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093137.htm

Case report: http://www.wjgnet.com/1948-9358/g_info_2010010 
7143856.htm

Letters to the editor: http://www.wjgnet.com/1948-9358/
g_info_20100107144156.htm

Book reviews: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093525.htm

Guidelines: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093551.htm

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER 
ACCEPTED
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. 
The revised version, along with the signed copyright transfer 
agreement, responses to the reviewers, and English language 
Grade B certificate (for non-native speakers of  English), should 
be submitted to the online system via the link contained in the 
e-mail sent by the editor. If  you have any questions about the 
revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-9358/g_info_20100107144846.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/1948-9358/
g_info_20100107170340.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJD will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released 
rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The 
title for news items should be less than 90 characters; the summary 
should be less than 75 words; and main body less than 500 words. 
Science news items should be lawful, ethical, and strictly based on 
your original content with an attractive title and interesting pictures.

Publication fee
WJD is an international, peer-reviewed, OA, online journal. 
Articles published by this journal are distributed under the 
terms of  the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and reproduction in any 
medium, provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with the license. 
Authors of  accepted articles must pay a publication fee. Publication 
fee: 600 USD per article. Editorial, topic highlights, book reviews 
and letters to the editor are published free of  charge.
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