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Abstract
Over the last decade, the approach to clinical manage-
ment of blood glucose concentration (BGC) in critical 
care patients has dramatically changed. In this editorial, 
the risks related to hypo, hyperglycemia and high BGC 
variability, optimal BGC target range and BGC monitor-
ing devices for patients in the intensive care unit (ICU) 
will be discussed. Hypoglycemia has an increased risk 
of death, even after the occurrence of a single episode 
of mild hypoglycemia (BGC < 80 mg/dL), and it is also 
associated with an increase in the ICU length of stay, 
the major determinant of ICU costs. Hyperglycemia 
(with a threshold value of 180 mg/dL) is associated 
with an increased risk of death, longer length of stay 
and higher infective morbidity in ICU patients. In ICU 
patients, insulin infusion aimed at maintaining BGC 
within a 140-180 mg/dL target range (NICE-SUGAR 
protocol) is considered to be the state-of-the-art. Re-
cent evidence suggests that a lower BGC target range 
(129-145 mg/dL) is safe and associated with lower 
mortality. In trauma patients without traumatic brain 
injury, tight BGC (target < 110 mg/dL) might be associ-
ated with lower mortality. Safe BGC targeting and esti-
mation of optimal insulin dose titration should include 
an adequate nutrition protocol, the length of insulin 

infusion and the change in insulin sensitivity over time. 
Continuous glucose monitoring devices that provide ac-
curate measurement can contribute to minimizing the 
risk of hypoglycemia and improve insulin titration. In 
conclusion, in ICU patients, safe and effective glycemia 
management is based on accurate glycemia monitoring 
and achievement of the optimal BGC target range by 
using insulin titration, along with an adequate nutri-
tional protocol.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Over the last decade, the approach to clinical manage-
ment of  blood glucose concentration (BGC) in critical 
care patients has dramatically changed. Traditionally, 
BGC management in patients admitted to intensive care 
units (ICU) was mostly overlooked and “permissive” 
hyperglycemia was the standard of  care[1,2]. In 2001, Van 
den Berghe et al[3] published the results of  an innovative 
approach that tested a more aggressive management and 
proposed intensive insulin infusion therapy (IIT) targeted 
to tight BGC control (80-110 mg/dL). A few years later, 
it became clear that this approach carries the risk of  in-
creased frequency of  hypoglycemia[4-6]. Subsequently, the 
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NICE-SUGAR study has demonstrated that moderate 
BGC control (140-180 mg/dL) is associated with lower 
mortality and a lower risk of  hypoglycemia when com-
pared to tight BGC[7].

In this editorial, the risks related to hypo, hyperglyce-
mia and high BGC variability, optimal BGC target range 
and BGC monitoring devices for patients in ICU will be 
discussed.

RISKS RELATED TO HYPOGLYCEMIA
Hypoglycemia is related to an increased risk of  death, even 
after a single episode of  mild hypoglycemia occurs, and 
to an increase in ICU length of  stay (LOS) (Table 1). In 
an observational study of  4946 ICU patients treated with 
moderate BGC control (target BGC range 108-180 mg/
dL), at least 1 episode of  hypoglycemia (BGC < 81 mg/dL) 
in 1109 patients was recorded[8]. In this study group, pa-
tients that developed hypoglycemia were at higher risk for 
mortality compared to those who did not (death 36.6% vs 
19.7%, P < 0.05). It is important to underscore that even 
episodes of  mild hypoglycemia (BGC 72-81 mg/dL) 
were associated with higher hospital mortality: 25.9% vs 
19.7%, P < 0.05.

In a retrospective analysis of  prospectively collected 
data in 6240 patients admitted to ICU, focused on the 
association between hypoglycemia (defined as BGC < 
70 mg/dL) and LOS, these variables were consistently 
related, with dose-response and episode-based having a 
linear predictive value[9]. In patients without hypoglycemia 
compared to those with a single episode, ICU median 
interquartile LOS was 1.8 (1-0-3.3) vs 3.0 (1.5-6.7) d, P < 
0.0001. The relationship between hypoglycemia and LOS 
was independent of  the severity of  illness and survivor 
status. The authors concluded: “Successful avoidance of  
hypoglycemia has the potential to significantly decrease 
the cost of  care of  the critically ill”. The LOS is the 
predominant measure of  resource utilization in critical 
care patients. Various studies have provided evidence on 
costs savings related to preventing hyperglycemia because 
of  decreased LOS, infections, pharmacy, laboratory and 
imaging use[10]. Also, the prevention of  hypoglycemia can 
contribute to the reduction of  LOS and ICU costs.

RISKS RELATED TO HYPERGLYCEMIA
Hyperglycemia, with a threshold value of  180 mg/dL, 
relates to an increased risk of  death, LOS and morbid-
ity due to infection in ICU patients. In a retrospective 
chart review of  210 patients assigned to moderate BGC 
control (target range 80-140 mg/dL) or with an un-
controlled BGC regimen, patients assigned to the latter 
group treatment had a higher mortality (5% vs 18%, P 
< 0.01)[11,12]. Mean BGC values higher than 181 mg/dL 
were associated with an increased risk of  death: OR = 
1.3, 95% CI: 1.1-1.6; P = 0.01. The increased mortality 
related to hyperglycemia is confirmed by data on BGC at 
ICU admission in 5828 medical/surgical ICU patients[13]. 

In this study, cohort data were divided into quintiles of  
increasing mean BGC and the results demonstrated that 
mean BGC at ICU admission is related to mortality by a 
“U-shaped” curve, values < 120 mg/dL and > 162 mg/
dL were associated with increased risk of  death: OR 2.4 
(1.4-4.0) and 3.0 (1.8-5.1); P < 0.001.

A similar trend, with “U-shaped” relationship links 
mean glucose concentration during the first 24 h after 
surgery and the incidence of  postoperative infections, 
as reported in a retrospective analysis of  a sample of  55 
408 diabetic patients that underwent non cardiac proce-
dures[14]. In those patients with a mean 24 h serum glu-
cose 150 to 250 mg/dL, the incidence rate ratio was 1.22, 
95% CI: 1.04-1.43, P = 0.01. Of  interest, in this study 
group the values of  preoperative serum glucose concen-
tration and hemoglobin A1c were not associated with an 
increased risk of  postoperative infections, suggesting that 
was not the quality of  preoperative glycemia control that 
determined the increase in infection rate.

RISKS RELATED TO HIGH BGC 
VARIABILITY
High serum glucose variability and differences in com-
plexity of  the glycemic profile predicts increased risk of  
death in ICU patients.

Risk related to BGC variability as a predictor of  
mortality in an ICU population was initially presented by 
Krinsley and demonstrated how standard deviation (SD) 
within different ranges of  mean glycemia is associated 
with increased death rate[15]. However, SD is not the most 
appropriate statistical approach to measure the extent 
of  BGC variability[16]. In a retrospective analysis in 5728 
ICU patients, treated with a computerized-based sliding-
scale IIT targeted to BGC 72-126 mg/dL target range, 
the mean absolute glucose change (MAG) per patient per 
hour (that is a function of  BGC absolute changes and 
time spent in ICU) was associated with ICU death in the 
low and high ranges of  BGC: OR 4.1, 95% CI: 1.9-9.1; P 
< 0.001[17]. The MAG values were more tightly associated 
with mortality rate than SD of  median BGC; median SD 
was 32 mg/dL and median MAG was 11 mg/dL; thus 

Table 1  Risks related to hypo, hyper glycemia and high 
blood glucose target range variability

Take home message

Hypoglycemia is clinically relevant, increased mortality and LOS for 
BGC values < 80 mg/dL
The risk of hypoglycemic episodes is related to: BGC target range; in-
sulin infusion duration
Hyperglycemia is clinically relevant, increased mortality, increased 
LOS and higher incidence of postoperative infections for BGC values > 
181 mg/dL
High glycemia variability and high complexity of glycemic profile are 
associated with increased mortality rate

BGC: Blood glucose concentration; LOS: Length of stay.
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qualifying this approach to evaluate changes in glyce-
mia variability. Results from this study have also further 
demonstrated how hyperglycemia is harmful, since when 
high MAG was associated with high mean BGC (high-
est quartile), the highest mortality rate was recorded: 
OR 12.4, 95% CI: 3.2-47.9; P = 0.001. This evidence 
was confirmed in a prospective study in 48 ICU patients 
where a continuous measure of  subcutaneous interstitial 
fluid glucose levels were recorded every 5 min for 48 h[18]. 
In these patients, the complexity of  glycemic profile was 
evaluated by detrended fluctuation analysis (DFA) and re-
sulted in significantly lower values in survivors compared 
to non-survivors: 1.49 (CI: 1.44-1.53) vs 1.60, P = 0.015. 
Of  interest in this study, patients age, gender, simplified 
acute physiological score 3 and Acute Physiology and 
Chronic Health Evaluation Ⅱ scores, type of  feeding 
(oral, enteral or parenteral) and amount of  insulin infused 
were not associated with differences in DFA. 

According to this evidence, it is important to mini-
mize sudden changes in BGC and therefore to avoid 
insulin bolus injections, both intravenous and subcutane-
ous, and to prevent the infusion of  solutions containing 
high glucose concentration that are sometimes prescribed 
to correct iatrogenic induced hypoglycemia.

OPTIMAL BGC TARGET RANGE
Over time the optimal BGC target range has dramati-
cally changed[19]. Available evidence now suggests that a 
tailored BGC target range should be adopted in specific 
subgroups of  patients and might be corrected according 
to the nutrition protocol used and depending on the du-
ration of  insulin infusion. According to the NICE-SUG-
AR data results, as mentioned in the introduction section, 
there is no additional benefit from lowering BGC levels 
below a “moderate” target range (140-180 mg/dL); this 
range is associated with lower 90 d mortality compared to 
“tight” BGC (target range 80-110 mg/dL) and to a lower 
risk of  severe hypoglycemia.

This evidence was in part challenged by 2 retrospec-
tive reviews that analyzed data in trauma patients. In 
2008, patients survival rate before and after the imple-
mentation of  tight BGC control protocol (standard 
BGC target range 80-200 mg/dL vs tight BGC target 
range 80-110 mg/dL) resulted into a significant improve-
ment in those aged 41 to 50 years and 51 to 60 years: 
21/131 (18.3%) vs 20/226 (8.8%); P = 0.009 and 24/86 
(27.9%) vs 26/181 14.4%; P = 0.08[20]. Data from 1422 
trauma patients when retrospectively divided into 3 non-
overlapping, sequential treatment groups according to 
the protocol used for BGC control (relaxed: BGC target 
range <180 mg/dL; aggressive: BGC target range 80-120 
mg/dL; and moderate: BGC target range 80-140 mg/
dL), demonstrated that a “moderate” approach balanced 
maintenance of  normoglycemia, reduction in glucose 
variability and minimization of  hypoglycemic and hyper-
glycemic events, while maintaining equivalent outcomes 
when compared with a more aggressive strategy[21]. This 

study also confirmed that hyperglycemic events (BGC 
> 180 mg/dL) most strongly predicted mortality. The 
optimal BGC target range is not yet established and the 
authors of  this study commented: “Additional rigorous 
studies would be needed to identify the specific normo-
glycemic ranges and protocol adjustment and monitoring 
characteristics required to achieve target glucose level”. In 
a prospective nested cohort study in 523 medical/surgi-
cal ICU patients assigned to 1 out of  6 BGC target range 
group treatments (group1 BCG < 108 mg/dL; group 2 
BGC 108-114 mg/dL; group 3 BGC 115-128 mg/dL; 
group 4 BGC 129-145 mg/dL; groups 5 BGC 146-181 
mg/dL; group 6 BGC > 181 mg/dL), the 129-145 mg/
dL target range was associated with the lowest mortality 
rate[22]. The authors concluded that targeting BGC to < 
146 mg/dL (“advanced BGC target range: 129-145 mg/
dL) is associated with less risk of  inadvertent hypoglyce-
mia and represents an optimal BGC level in critically ill 
patients.

The target BGC level is not the only variable that af-
fects the relationship between insulin infusion, the risk of  
iatrogenic hypoglycemia and ICU outcome. Among the 
most relevant variables that contribute to determine the 
effects of  insulin infusion on BGC are: the nutritional 
protocol, duration of  insulin infusion and the changes in 
insulin sensitivity over time.

A systematic review and meta analysis of  the effects 
of  tight BGC control (80-110 mg/dL) in ICU patients 
showed that this approach does not reduce 28 d hospital 
mortality, incidence of  blood stream infections or re-
quirement for renal replacement therapy[23]. The authors 
also recorded that IIT may be harmful in patients re-
ceiving enteral nutrition; however, it appears to improve 
the outcome of  patients receiving the majority of  their 
carbohydrate load parenterally. The duration of  insulin 
infusion is a predictor of  severe hypoglycemia (BGC < 
40 mg/dL), as demonstrated in a retrospective analysis in 
1118 ICU surgical patients treated with tight BGC (target 
BGC 80-110 mg/dL)[24]. This study confirmed the in-
creased odds for death among patients even after a single 
episode of  hypoglycemia (26.9% vs 15.3%, P = 0.03) and 
showed how occurrence of  severe hypoglycemia does 
not reflect illness severity or demographic features but is 
related to the time of  insulin infusion. The relationship 
of  length of  insulin infusion can be possibly explained by 
the induced changes in insulin sensitivity.

According to available evidence, state-of-the-art BGC 
management in ICU patients should be addressed to 
maintain glycemia within 140-180 mg/dL target range 
(NICE-SUGAR). More recent evidence suggests that 
a lower target range 129-145 mg/dL is associated with 
the lowest mortality rate as compared to other treatment 
groups. In some subgroups of  patients, “dedicated” tar-
get ranges might have clinical benefits. In trauma patients 
without traumatic brain injury[25], “moderate” BGC man-
agement (BGC target range 80-140 mg/dL) or “tight” 
BGC management (BGC target range 80-110 mg/dL) 
in the 41-60 year age group is associated with reduced 

Bilotta F et al . Glycemia in ICU



July 15, 2012|Volume 3|Issue 7|WJD|www.wjgnet.com 133

mortality. Safe BGC targeting and estimation of  optimal 
insulin dose titration should include an adequate nutrition 
protocol, the length of  insulin infusion and the change in 
insulin sensitivity over time.

BGC MONITORING
Critical care control of  BGC necessitates frequent and 
accurate monitoring to avoid hypoglycemia and inad-
equate insulin titration[���26]. Traditionally, clinical glucose 
measurements are based on central laboratory devices 
and point of  care (POC) devices����������������������    . The POC devices, al-
though potentially attractive because of  ease of  handling 
and rapid results, are not suitable in ICU patients due 
to inaccuracy (differences in results exceeding 20% of  a 
reference value)[���26]. �������������������������������������     Besides issues related to POC device 
accuracy, it is important to recall that several clinical and 
laboratory variables, including inadequate cardiac output, 
arterial hypotension, hypoxia, hematocrit values, pH, as-
sociated therapies etc., can interfere with BGC measure-
ment accuracy[������26,27]. These issues have ����������������  driven the need 
for real time continuous glucose monitoring (CGM) de-
vices[28]. Recently, an intravascular CGM sensor has been 
tested in the preclinical setting with promising results[������29,30]. 
The CGM can possibly contribute, not only to minimiz-
ing the risk of  hypoglycemic events and to optimize 
insulin titration, but also to provide information on BGC 
variability and trends. These variables are possible predic-
tors of  outcome in ICU patients[31].

CONCLUSION
In critical care patients, hypo, hyper and high BGC vari-
ability are associated with an increased risk of  death. 
The relationship between mean BGC and mortality is 
described by a “U-shaped” curve, with lower and higher 
BGC values associated with higher death rate. Similarly, 
increased rates of  BGC variability and complexity of  gly-
cemic profiles relates to higher ICU mortality.

It is clinically relevant to underline that even mild hy-
poglycemia (BGC < 80 mg/dL) is associated with an in-
creased risk of  death; this value should therefore be con-
sidered the lower threshold for safe BGC management 
in ICU patients. The higher glycemia threshold is 180 
mg/dL; values that exceed this level are associated with 
increased morbidity and mortality. Preventing hypogly-
cemia and hyperglycemia can also effectively contribute 
to reduce LOS and ICU costs. As much attention that is 
spent to prevent hypo and hyper glycemia should be used 
to minimize changes in BGC variability. Therefore, bolus 
insulin injection, both intravenous and subcutaneous, and 
bolus infusion of  high glucose concentration solutions 
should be strictly avoided (Table 2).

State-of-the-art for glucose target range encompasses 
insulin infusions aimed at maintaining BGC within 
140-180 mg/dL range. Recent evidence suggests that 
lower BGC target range (129-145 mg/dL) is safe and ef-
fective in ICU patients. In trauma patients without trau-

matic brain injury, moderate BGC (target < 140 mg/dL) 
is associated with reduced mortality. 

Continuous glucose monitoring devices that provide 
accurate measurement can contribute to minimizing the 
risk of  hypoglycemia and improving insulin titration.

In conclusion, in ICU, a patient’s safe and effective gly-
cemia management is based on accurate glycemia moni-
toring, achieving optimal BGC target range and insulin 
titration, along with an adequate nutritional protocol.
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Abstract
AIM: To compare resistin mRNA expression in subcuta-
neous adipose tissue (SAT) and its correlation with in-
sulin resistance (IR) in postmenopausal obese women.

METHODS: A total of 68 postmenopausal women (non 
obese = 34 and obese = 34) were enrolled for the 
study. The women of the two groups were age matched 
(49-70 years). Fasting blood samples were collected 
at admission and abdominal SAT was obtained during 
surgery for gall bladder stones or hysterectomy. Physi-
cal parameters [age, height, weight, body mass index 
(BMI)] were measured. Biochemical (plasma insulin and 
plasma glucose) parameters were estimated by enzy-
matic methods. RNA was isolated by the Trizol method. 

SAT resistin mRNA expression was done by real time- 
reverse transcription polymerase chain reaction (RT-PCR) 
by using Quanti Tect SYBR Green RT-PCR master mix. 
Data was analyzed using independent Student’s t  test, 
correlation and simple linear regression analysis.

RESULTS: The mean weight (52.81 ± 8.04 kg vs  79.56 
± 9.91 kg; P < 0.001), BMI (20.23 ± 3.05 kg/m2 vs  
32.19 ± 4.86 kg/m2; P  < 0.001), insulin (8.47 ± 3.24 
μU/mL vs  14.67 ± 2.18 μU/mL; P  < 0.001), glucose 
(97.44 ± 11.31 mg/dL vs  109.67 ± 8.02 mg/dL; P  < 
0.001) and homeostasis model assessment index (2.01 
± 0.73 vs  3.96 ± 0.61; P < 0.001) were significantly 
higher in postmenopausal obese women compared to 
postmenopausal non obese women. The mean serum 
resistin level was also significantly higher in postmeno-
pausal obese women compared to postmenopausal non 
obese women (9.05 ± 5.15 vs  13.92 ± 6.32, P  < 0.001). 
Furthermore, the mean SAT resistin mRNA expression 
was also significantly (0.023 ± 0.008 vs  0.036 ± 0.009; 
P  < 0.001) higher and over expressed 1.62 fold (up-
regulated) in postmenopausal obese women compared 
to postmenopausal non obese women. In postmeno-
pausal obese women, the relative SAT resistin mRNA 
expression showed positive (direct) and significant 
correlation with BMI (r  = 0.78, P  < 0.001) and serum 
resistin (r  = 0.76, P  < 0.001). Furthermore, the SAT 
resistin mRNA expression in postmenopausal obese 
women also showed significant and direct association 
(r  = 0.45, P  < 0.01) with IR, while in postmenopausal 
non obese women it did not show any association (r  = 
-0.04, P > 0.05). 

CONCLUSION: Increased SAT resistin mRNA expres-
sion probably leads to inducing insulin resistance and 
thus may be associated with obesity-related disorders 
in postmenopausal obese women.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Obesity is one of  the most common metabolic disorders 
in developing countries and is characterized by a reduc-
tion in insulin sensitivity, both in animal models and in 
humans[1]. The incidence of  obesity worldwide has in-
creased drastically during recent decades. Consequently, 
obesity and associated disorders now constitute a serious 
threat to the current and future health of  the popula-
tion. The World Health Organization (WHO) estimates 
that more than 1 billion adults worldwide are overweight, 
300 million of  whom are clinically obese, defined as hav-
ing a body mass index �������������������������������      ���(BMI) �������������������������     ���equal to or greater than 30 
kg/m2[2]. Obesity is associated with an array of  additional 
health problems, including increased risk of  insulin re-
sistance, type 2 diabetes (T2D), fatty liver disease, ath-
erosclerosis, degenerative disorders including dementia, 
airway disease and some cancers[3]. The molecular mecha-
nisms involved in obesity-related insulin resistance are 
not yet well understood.

Postmenopausal obese women may be at increased 
risk for metabolic syndrome (MetS) because of  the in-
crease in total and central adiposity after menopause tran-
sition[4]. The emergence of  these risk factors may be a 
direct result of  ovarian failure or alternatively an indirect 
result of  metabolic consequences of  central fat redistri-
bution with estrogen deficiency[5]. Adipose tissue is an ac-
tive metabolic tissue that secretes multiple metabolically 
important proteins known as “adipokines” (leptin, adipo-
nectin, tumor necrosis factor (�����TNF��)�-α, interleukin (���IL�)-6 
and resistin etc.)[6,7]. These adipocyte derived products are 
presently subject to intensive research concerning their 
involvement in the regulation of  adipose tissue physiol-
ogy and in particular their potential implication in insulin 
resistance (IR), obesity and diabetes[8,9].

Plasma concentration of  resistin is elevated in obesity 
compared to a healthy person. In humans and rodents, 
plasma resistin concentrations are positively correlated 
with BMI[10]. It is well documented that accumulation of  
visceral fat is associated with a higher risk for develop-
ment of  obesity-related diseases such as T2D, cardio-
vascular disease, hypertension and hyperlipidemia[11,12]. 
However, the role of  subcutaneous adipose tissue ������(�����SAT��)� 
dysregulation could be a potential mechanism but its role 
in the pathogenesis of  MetS has been conflicting[13]. The 
SAT, which comprises approximately 80% of  adipose tis-
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sue and the major source of  fatty acids for the liver, has 
metabolically correlated to indices of  insulin resistance as 
well as to visceral adipose tissue (VAT)[14-17].

In addition to intra-abdominal fat, Salmenniemi et 
al[18] have shown that the amount of  SAT in subjects with 
MetS positively correlates with increasing MetS and nega-
tively correlates with circulating adiponectin levels. Carr 
et al[19] have also reported that SAT is significantly associ-
ated with MetS and increases with increasing number of  
MetS features, independent of  age and sex.

Several studies have shown that both VAT and SAT 
are associated with adverse cardio metabolic risk fac-
tors[20,21]. Regardless of  these observations and continuing 
debate regarding metabolic importance of  VAT and SAT, 
it appears that both contribute significantly to metabolic 
and cardiovascular risks. However, due to higher mass of  
SAT than VAT, it may affect metabolic factors more sig-
nificantly[22] and thus may have more clinical importance. 
Furthermore, subcutaneous adipocytes are larger than 
omental, have higher lipoprotein lipase������������������    �����������������  activity and are 
more lipolytic on an absolute basis, which reflect a higher 
fat storage capacity in this depot, especially in women[23].

Recently, a significant link between SAT and dyslip-
idemia in patients with T2D was reported[24]. Visceral 
and subcutaneous adipocytes have different capacities to 
produce hormones and enzymes with variation in mRNA 
expressions of  adipokines (resistin, adiponectin, TNF-α, 
IL-6 etc.) from various depots of  adipose tissue[25].

In an animal study, expression of  resistin in subcuta-
neous adipose tissue was controversial[26]. In humans, data 
on resistin is conflicting. Some authors have shown that 
it is elevated in individuals with obesity and diabetes[27-29], 
whereas others have shown that it is not elevated[30-32]. A 
recent study reported that human resistin induced insulin 
resistance and Metformin reversed the effect of  resistin in 
hepatocytes[33]. Taken together, these studies suggest that 
the depot-specific expression of  resistin at the mRNA 
level could be relevant to insulin sensitivity.

The literature regarding the SAT resistin expression 
in Asian populations, especially Indians, is lacking. Thus, 
with best our knowledge, the present study was undertak-
en with the objective to investigate SAT resistin mRNA 
expression in postmenopausal Indian women and its as-
sociation with insulin resistance.

MATERIALS AND METHODS
Subjects
A total of  68 postmenopausal (non obese = 34 and obese 
= 34) age matched (49-70 years) women were recruited at 
CSM Medical University, Lucknow, India who underwent 
elective abdominal surgery for gall bladder stones or hys-
terectomy. Respective abdominal SAT was obtained dur-
ing the surgery. During surgery, no specific standard diet 
and hormonal therapy were given to the patients, which 
ensured and ruled out the effect of  hormones or diet on 
fat deposition. All tissue samples were stored in RNAl-
atar (Sigma-Aldrich) for RNA extraction. The study was 
approved by the Institutional Ethics Committee. Subjects 
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were classified as obese according to BMI > 25 kg/m2, as 
per WHO’s guideline for Asians[34], and BMI < 25 kg/m2 
as non obese served as control. Informed consent was 
obtained from each patient.

Biochemical estimation
Blood samples were taken the morning after their admis-
sion to the hospital for surgery. Plasma insulin concentra-
tions were determined using immune radiometric assay� 
(immunotech). Plasma glucose concentrations were de-
termined by glucose oxidase-peroxidase method (Merck) 
using semi automated glucose analyzer (Microlab 300, 
Merck). Serum resistin level was measured by enzyme-
linked immunosorbent assay (Quantikine Human Resistin 
Version 16 190607 15, Biovendor). 

Calculation: Insulin resistance
Homeostasis model assessment (HOMA), an index of  
IR[35] based on plasma levels of  fasting glucose and insulin, 
has been widely applied for quantifying insulin resistance 
and β-cell function in an Asian population was evaluated 
as [HOMA-IR = fasting insulin (μU/mL) × fasting glu-
cose (mmol/L)/22.5].

RNA extraction
Total RNA was isolated using Tri-Reagent (Sigma Chemi-
cal Co., St. Louis, MO). RNA was measured spectropho-
tometrically at 260 and 280 nm, while RNA integrity was 
checked by visual inspection of  the two ribosomal RNAs 
18S and 28S on agarose gel.

Real-time polymerase chain reaction measurement of 
resistin mRNA
One-step reverse transcription polymerase chain reac-
tion ��������������������������������������������       ����(�������������������������������������������       ����RT-PCR�������������������������������������       ����)������������������������������������       ���� was carried out using Quanti Tect SYBR 
Green RT-PCR master mix kit (Qiagen). PCR amplifica-
tion was carried out in Light Cycler 480 (Roche, real time 
thermal cycler). Ninety-six well PCR plate using follow-
ing temperature profile of  50� ℃, 30 min, (Reverse tran-
scription) 95� ℃, 15 min, (initial denaturation) followed 
by 40 cycles of  94� ℃, 15 s, 59� ℃, 30 s and 72� ℃, 30 s for 
denaturation, annealing and extension steps respectively. 
Primer sequence of  human resistin was 5’-GCTGTTG-
GTGTCTAGCAAGAC-3’ (forward) 5’-CATCATCAT-
CATCATCTCCAG-3’ (reverse). The following primer 
sequence of  β-actin as internal control with following 
sequence was 5’-GTGGCATCCACGAAACTACCTT-3’ 
(forward) and 5’-GGACTCCTGATACTCCTGCTTG-3’ 
(reverse). The PCR primers were synthesized by Agile 
Life Science Technologies India. Expression of  glyceral-
dehyde-3-phosphate dehydrogenase or β-actin was used 
to normalize resistin expression values. There was no dif-
ference in glyceraldehyde-3-phosphate dehydrogenase or 
β-actin expression between adipocytes from non obese 
and obese subjects or between the omental and subcuta-
neous depots.

Statistical analysis
Data were expressed as mean ± SD. Anthropometric 
measurements and biochemical parameters and SAT re-
sistin mRNA expression of  the two independent groups 
were compared by Student’s t test. Correlation and simple 
linear regression analysis was done to assess associa-
tion of  resistin SAT mRNA expressions with BMI and 
HOMA index, considering BMI and HOMA index an in-
dependent variable and SAT resistin mRNA expression, 
the dependent variable. A two-sided (α = 2) conventional 
P < 0.05 was considered statistically significant.

RESULTS
Basic characteristics
The basic characteristics viz. physical (age, weight, height 
and BMI) and biochemical parameters (insulin, glucose 
and HOMA index) of  the two groups are summarized 
in Table 1. Table 1 shows that the mean weight, BMI, 
insulin, glucose and HOMA index were significantly (P < 
0.001) higher in the obese compared to non obese. How-
ever, the age and height were found to be similar (P > 

Table 1  Physical and biochemical parameters summary (mean 
± SD) of two groups (n  = 34) 

Variables Non obese Obese P  value

Age (yr) 54.94 ± 6.87 54.06 ± 6.71    0.594
Weight (kg) 52.81 ± 8.04 79.56 ± 9.91 <� ����� �����0.001
Height (cm) 161.76 ± 8.17 157.74 ± 9.09    0.059
BMI (kg/m2)   20.23 ± 3.05 32.19 ± 4.86 <� ����� �����0.001
Insulin (µU/mL)  8.47 ± 3.24 14.67 ± 2.18 <� ����� �����0.001
Glucose (mg/dL)  97.44 ± 11.31 109.67 ± 8.02 <� ����� �����0.001
HOMA  2.01 ± 0.73     3.96 ± 0.61 <� ����� �����0.001

BMI: Body mass index; HOMA: Homeostasis model assessment.

0.05) between the two groups, indicating the subjects of  
two groups were age matched.

Resistin mRNA expression in SAT
The SAT resistin mRNA expression of  non obese and 
obese is summarized graphically in Figure 1. Figure 1 
shows that the mean SAT resistin mRNA expression of  
obese was significantly higher compared to non obese 
(0.023 �������� ±�������  0.008 vs 0.036 ± 0.009, P < 0.001). The relative 
mean SAT resistin mRNA expression up regulated 1.62 
fold (56.1%) in the obese than non obese. Furthermore, 
mean serum resistin level were also significantly higher in 
obese compared to non obese (9.05 ± 5.15 vs 13.92 ± 6.32, 
P < 0.001) (Figure 2).

Correlations of resistin mRNA expression with BMI, 
serum resistin and insulin resistance
The association of  relative SAT resistin mRNA expres-
sion of  obese women with their respective BMI, serum 
resistin and insulin resistance (HOMA) are shown graphi-
cally in Figure 3. Figure 3 shows that the relative SAT 
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higher SAT resistin mRNA expression in the obese com-
pared to non obese. Our finding is in contrast with Ba-
ranova et al[39] who reported no difference in SAT resistin 
mRNA expression in the obese with and without insu-
lin resistance. However, a few reports show decreased 
mRNA and protein expression in isolated subcutaneous 
and omental adipocytes[40,41].

Findings of  resistin gene expression in humans are 
controversial. Some reports have shown mRNA or pro-
tein expression in human adipose tissue, while others 

resistin mRNA expression positively (directly) and signifi-
cantly correlated with BMI (r = 0.78, P < 0.001), HOMA (r 
= 0.45, P < 0.01) and serum resistin (r = 0.76, P < 0.001). 

DISCUSSION
The physiological functions of  resistin in humans have 
been mostly investigated at the levels of  DNA polymor-
phisms and plasma proteins[36,37]. However, only a few 
studies have tried to relate the resistin mRNA levels to 
some physiological functions, such as obesity, diabetes 
and insulin sensitivity[29,38]. Furthermore, most of  the 
mRNA studies consist of  small sample sizes with contro-
versial findings. Although the limitation of  sample size 
prevented these mRNA reports from more comprehen-
sive analyses compared with those studies using plasma 
resistin, the value of  these studies should not be over-
looked. 

The literature regarding SAT resistin mRNA expres-
sion in Asians, especially Indians, is lacking. With the best 
of  our knowledge, for the first time, the present study 
evaluates SAT resistin mRNA expression in postmeno-
pausal Indian women and its association with insulin 
resistance. In the present study, we found significantly 
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Figure 1  Relative subcutaneous adipose tissue resistin mRNA expres-
sions of two groups. aP < 0.001 vs non obese (by Student’s t test).
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Figure 2  Mean serum resistin levels (ng/mL) of two groups. aP < 0.001 vs 
non obese (by Student’s t test). 
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have reported the absence/poor mRNA expression in 
this tissue[42,43]. Our findings corroborate with a cohort 
study by Smith et al[37] who reported higher expression in 
obese women. Moreover, a recent report showed higher 
resistin mRNA expression of  both visceral and subcuta-
neous adipose tissues in obese than non obese women[25].

It was also shown that serum resistin had significant 
effects on insulin action, potentially linking obesity with 
IR[44]. Previous studies examined showed that serum re-
sistin concentrations are raised in high-fat-induced obese 
and obese mice models[45]. It is well documented that 
administration of  anti resistin antibody improves insulin 
action and glucose metabolism in mice with diet-induced 
obesity, suggesting a role for resistin in the development 
of  insulin resistance[45]. In addition, a recent study showed 
that administration of  recombinant resistin causes insu-
lin resistance in mice[46]. It is also well documented that 
resistin decreases insulin-stimulated glucose uptake in 
3T3-L1 adipocytes and the inhibitory effect is prevented 
by anti resistin antibody[45]. These findings strengthen the 
hypothesis that resistin may be a link between obesity and 
its associated risks.

In the present study, we also determined the level of  
serum resistin in obese and non obese postmenopausal 
women. Serum resistin was significantly higher in the 
obese than non obese. Our finding is in accordance with 
Degawan et al[29] who reported significantly higher resistin 
protein in the serum of  obese than non obese. However, 
several studies showed that serum resistin level do not 
correlate well with markers of  adiposity[8,���31�]. Savage et al[40] 
also reported no correlation between insulin resistance 
and resistin gene expression in whole abdominal adipose 
tissue. In contrast, we found positive and significant cor-
relation of  SAT resistin mRNA expression with BMI, 
HOMA and serum resistin levels in obese women. The 
finding is consistent with a recent finding which showed 
a strong correlation between serum resistin and resistin 
mRNA expression of  abdominal SAT in the obese[30]. 
However�� �����,� ����� Yang et al[38] reported that resistin was unde-
tectable in SAT and unrelated to insulin resistance. One 
study[29] reported higher SAT resistin expression in the 
obese and positive association with BMI but not related 
to insulin resistance. We hypothesized that the conflicting 
results regarding SAT resistin mRNA expression in hu-
mans may be due to race differences and environmental 
conditions.

In conclusion, we found higher and significant posi-
tive correlation of  SAT resistin mRNA expression with 
serum resistin, BMI and insulin resistance (HOMA 
index), suggesting its potential role in development of  
insulin resistance and thus associated with obesity-related 
disorders. The findings of  this study may have clinical 
implications but may be validated further on varied popu-
lations with large sample sizes.
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Research frontiers
Adipose tissue produces resistin which may play an influential role in energy 
homeostasis, triglyceride storage and mobilization of fat with increased 
adiposity, specifically central adiposity. Furthermore, it seems apparent that the 
pathogenesis of type �� �����������������������������������������������������      2������������������������������������������������������        diabetes mellitus is mediated through the concurrent 
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nervous system and β-cell function.
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Previous reports suggested that resistin secreted by visceral adipose tissue is 
responsible for development of obesity-related problems but we cannot ignore 
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cultured cells but lack fresh adipose tissue. Furthermore, the literature regarding 
SAT resistin mRNA expression in Asians, especially Indians, is lacking. Our 
results showed a direct association of SAT resistin mRNA expression with BMI, 
HOMA and serum resistin levels in postmenopausal obese women.
Applications
The study suggests that resistin secreted by adipose tissue may be responsible 
for insulin resistance. Selective manipulation of adipocyte hormones offers a 
dimension to treat insulin resistance.
Terminology
Resistin is a member of a class of cysteine-rich proteins collectively termed 
resistin-like molecules. Subcutaneous adipose tissue: Most of the remaining 
non visceral fat is found just below the skin in a region called the hypodermis.
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January 15-17, 2012
ICADIT 2012: International 
conference on Advances in Diabetes 
and Insulin Therapy
Zurich, Switzerland

January 29-February 3, 2012
Genetic and Molecular Basis 
of Obesity and Body Weight 
Regulation
Santa Fe, NM, United States

February 3, 2012
The Future of Obesity Treatment
London, United Kingdom

February 8-11, 2012
5th International Conference 
on Advanced Technologies and 
Treatments for Diabetes
Barcelona, Spain

February 9-10, 2012
EC Conference on Diabetes and 
Obesity Research - Save the Date
Brussels, Belgium

February 21, 2012
Association of Children's Diabetes 
Clinicians 6th Annual Meeting
Coventry, United Kingdom

February 23, 2012
Diabetes and kidney disease: 
advances and controversies
Birmingham, United Kingdom

March 1-3, 2012
International conference on 
Nutrition and Growth
Paris, France

March 7-9, 2012
Diabetes UK Annual Professional 
Conference 2012
Glasgow, United Kingdom

March 15 -16, 2012
Monogenic Disorders of 
Insulin Secretion: Congenital 
Hyperinsulinism and Neonatal 
Diabetes
Philadelphia, PA, United States

March 15 -17, 2012
2012 DF Con - Diabetic Foot Global 
Conference
Hollywood, CA, United States

March 19-22, 2012
Society for Endocrinology BES 2012
Harrogate, United Kingdom

March 22-25, 2012
2nd Latin America Congress on 
Controversies to Consensus in 
Diabetes, Obesity and Hypertension
Rio de Janeiro, Brazil

March 29-31, 2012
The 4th International Conference on 
Advances in Diabetes and Insulin 
Therapy
Riga, Latvia

March 29-April 1, 2012
New Frontiers in Diabetes 
Management
Ocho Rios, Jamaica

April 2-6, 2012
6th Annual Primary Care Spring 
Conference: Session 1
Palm Coast, FL, United States

April 4-7, 2012
39th Panhellenic Congress of 
Endocrinology and Metabolism
Athens, Greece

April 11-13, 2012
ICDM 2012: International 
Conference on Diabetes and 
Metabolism
Venice, Italy

April 11-13, 2012
ICDHLSP 2012: International 
Conference on Diabetes, 
Hypertension, Lipids and Stroke 
Prevention
Venice, Italy

April 16-17, 2012
Paediatric and Adolescent Diabetes
Birmingham, United Kingdom

April 22-25, 2012
9th International Podocyte 
Conference
Miami, FL, United States

May 9-12, 2012
19th European Congress on Obesity
Lyon, France

May 23-27, 2012
AACE 21st Annual Scientific 
and Clinical Congress - 
American Association of Clinical 
Endocrinologists
Philadelphia, PA, United States

May 24-27, 2012
27th Annual Clinical Conference on 
Diabetes
Bonita Springs, FL, United States

June 8-12, 2012
American Diabetes Association's 
72nd Scientific Sessions
Philadelphia, PA, United States

June 29-August 2, 2012
ESE Summer School on 
Endocrinology
Bregenz, Austria

August 1-4, 2012
AADE 39th Annual Meeting - 
American Association of Diabetes 
Educators
Indianapolis, IN, United States

September 13-16, 2012
EMBO-EMBL Symposium: Diabetes 
and Obesity
Heidelberg, Germany

October 1-5, 2012
48th European Association for the 
Study of Diabetes Annual Meeting
Berlin, Germany

November 7-9, 2012
40th Meeting of the British Society 
for Paediatric Endocrinology and 
Diabetes
Leeds, United Kingdom

November 8-11, 2012
The 4th World Congress on 
Controversies to Consensus in 
Diabetes, Obesity and Hypertension
Barcelona, Spain

December 4-6, 2012
1st American Diabetes Association 
Middle East Congress 
Dubai, United Arab Emirates
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GENERAL INFORMATION
World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 
1948-9358, DOI: 10.4239), is a monthly, open-access (OA), pe 
er-reviewed journal supported by an editorial board of  323 exp
erts in diabetes mellitus research from 38 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the 
propagation and communication of  scientific research results.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between 
scientists and the public. As we all know, the significance of  the 
publication of  scientific articles lies not only in disseminating 
and communicating innovative scientific achievements and aca
demic views, as well as promoting the application of  scientific 
achievements, but also in formally recognizing ���� ����������� ����the “priority” and 
“copyright” of  innovative achievements published, �����������  as well as 
evaluating research performance and academic levels. So, to realize 
these desired attributes of  WJD and create a well-recognized 
journal, the following four types of  personal benefits should be 
maximized. The maximization of  personal benefits refers to the 
pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members 
is to give a peer review of  an unpublished scientific article via 
online office system to evaluate its innovativeness, scientific and 
practical values and determine whether it should be published or 
not. During peer review, editorial board members can also obtain 
cutting-edge information in that field at first hand. As leaders in 
their field, they have priority to be invited to write articles and 
publish commentary articles. We will put peer reviewers’ names 
and affiliations along with the article they reviewed in the journal to 
acknowledge their contribution; (2) Maximization of  the benefits 
of  authors: Since WJD is an open-access journal, readers around 
the world can immediately download and read, free of  charge, high-
quality, peer-reviewed articles from WJD official website, thereby 
realizing the goals and significance of  the communication between 
authors and peers as well as public reading; (3) Maximization of  
the benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and cite 
the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to validate 
the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; 
and (4) Maximization of  the benefits of  employees: It is an 
iron law that a first-class journal is unable to exist without first-
class editors, and only first-class editors can create a first-class 
academic journal. We insist on strengthening our team cultivation 
and construction so that every employee, in an open, fair and 
transparent environment, could contribute their wisdom to edit 
and publish high-quality articles, thereby realizing the maximization 

of  the personal benefits of  editorial board members, authors and 
readers, and yielding the greatest social and economic benefits.

Aims and scope
The major task of  WJD is to report rapidly the most recent results 
in basic and clinical research on diabetes including: metabolic syn
drome, functions of  α, β, δ and PP cells of  the pancreatic islets, 
effect of  insulin and insulin resistance, pancreatic islet transplanta
tion, adipose cells and obesity, clinical trials, clinical diagnosis and 
treatment, rehabilitation, nursing and prevention. This covers epi
demiology, etiology, immunology, pathology, genetics, genomics, 
proteomics, pharmacology, pharmacokinetics, pharmacogenetics, 
diagnosis and therapeutics. Reports on new techniques for treating 
diabetes are also welcome.

Columns
The columns in the issues of  WJD will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Article: To report innovative and 
original findings in diabetes; (9) Brief  Article: To briefly report 
the novel and innovative findings in diabetes research; (10) Case 
Report: To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in WJD, 
or to introduce and comment on a controversial issue of  general 
interest; (12) Book Reviews: To introduce and comment on quality 
monographs of  diabetes mellitus; and (13) Guidelines: To introduce 
consensuses and guidelines reached by international and national 
academic authorities worldwide on basic research and clinical 
practice in diabetes mellitus.
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Editorial Department: Room 903, Building D, 
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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 from 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/1948-9358office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://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.
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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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Instructions to authors

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
Please revise your article according to the revision policies 
of  WJD. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted online 
(http://www.wjgnet.com/1948-9358office/). The author should 
send the copyright transfer letter, responses to the reviewers, 
English language Grade B certificate (for non-native speakers of  
English) and final manuscript checklist to wjd@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, Open-Access, 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 commer
cial and is otherwise in compliance with the license. Authors of  
accepted articles must pay a publication fee. The related standards 
are as follows. Publication fee: 1300 USD per article. Editorial, topic 
highlights, original articles, brief  articles, book reviews and letters to 
the editor are published free of  charge.
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