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Abstract
Diabetes is a major lifestyle disorder, the prevalence of 
which is increasing globally. Asian countries contribute 
to more than 60% of the world’s diabetic population 
as the prevalence of diabetes is increasing in these 
countries. Socio-economic growth and industrializa-
tion are rapidly occurring in many of these countries. 
The urban-rural divide in prevalence is narrowing as 
urbanization is spreading widely, adversely affecting 
the lifestyle of populations. Asians have a strong ethnic 
and genetic predisposition for diabetes and have lower 
thresholds for the environmental risk factors. As a re-
sult, they develop diabetes at a younger age and at a 
lower body mass index and waist circumference when 
compared with the Western population. The adverse ef-
fect of physical inactivity and fatty food are manifested 
as the increasing rate of overweightness and obesity, 
even among children. The health care budgets for the 
disease management are meager and the health care 
outcome is far from the optimum. As a result, com-
plications of diabetes are common and the economic 
burden is very high, especially among the poor strata 
of the society. National endeavors are urgently needed 

for early diagnosis, effective management and for pri-
mary prevention of diabetes. This editorial aims to high-
light the rising trend in prevalence of diabetes in Asia, 
its causative factors and the urgent need to implement 
national strategies for primary prevention of type 2 dia-
betes.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The prevalence of  diabetes, constituted chiefly by type 
2 diabetes (T2D), is a global public health threat. The 
prevalence among adults aged 20-70 years is expected to 
rise from 285 million in 2010 to 438 million by the year 
2030[��1�]. While T2D poses a huge economic burden to all 
nations, developing countries bear the highest burden 
since more than 80% of  cases occur in these countries. 
Prevalence estimates of  diabetes and impaired glucose tol-
erance (IGT) are high for all Asian countries and are ex-
pected to increase further in the next two decades[1]. The 
present trend indicates that more than 60% of  the world’
s diabetic population will be in Asia. This editorial aims to 
highlight the rising trend in prevalence of  diabetes in Asia, 
its causative factors and the urgent need to implement na-
tional strategies for primary prevention of  T2D.
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CHANGE IN PREVALENCE OF T2D IN 
SOUTH ASIA
Table��������������������������������������������������          �������������������������������������������������        1 shows the changing trends in the prevalence of  
diabetes in South Asian countries[2-31]. In the past two 
decades, the prevalence in urban areas has increased re-
markably in most countries, the increase being phenom-
enal in Nepal[16-18] and China[4-6]. The national prevalence 
has increased by two fold or more within a decade in 
many countries[6,8,22,29,31]. Rural prevalence has increased 
considerably in India[9], Nepal[18] and China[6].�����������   ���������� India and 
China have large rural populations and hence the in-
creased prevalence of  diabetes in rural areas has contrib-
uted to the overall national increase in the prevalence of  
diabetes in these countries.

The recent improvements seen in health status of  
people of  Singapore in the National Health Survey 
are commendable[23]. In the past 50 years, the country 
achieved rapid economic progress and underwent an epi-
demiological transition from a high prevalence of  infec-

tious diseases to a high prevalence of  lifestyle-associated 
chronic non communicable diseases such as diabetes, 
hypertension (HTN) and cardiovascular risk factors. In 
1991, Singapore’s Review Committee on National Health 
Policies reviewed the country’s health care services and 
endorsed policies focusing on health promotion and 
disease prevention and control of  health risk factors, 
including overweightness and obesity. A series of  health 
promotion measures were initiated in 1992 under the Na-
tional Healthy Lifestyle Program, focusing on not smok-
ing, being physically active, eating right and managing 
stress to combat major chronic disease and their risk fac-
tors. Health education and disease prevention campaigns 
made significant achievements in the health status of  the 
people.

With the national initiatives taken to improve the 
health status of  the people, a decrease was seen for the 
first time in the prevalence of  diabetes (from 9% in 1998 
to 8.2% in 2004)[23]. A remarkable reduction was seen in 
other cardiovascular risk factors, such as hypertension, 
dyslipidemia and smoking.�������������������������������     ������������������������������   Physical activity levels have 

Ramachandran A et al . Diabetes in Asian countries

June 15, 2012|Volume 3|Issue 6|WJD|www.wjgnet.com 111

Table 1  Prevalence and incidence of type 2 diabetes in South Asia

Country Year Diagnosis method Criteria Prevalence (%) Fold increase (%)

National Urban Rural National Urban Rural

Bangladesh[2,3] 1997 FPG/OGTT WHO 1985     4.5
2005 FPG/OGTT WHO 1999     8.1   2.3 1.8 (8 yr)

China
   Mainland[4-6] 1994 FPG/OGTT WHO 1985 2.5

2001 FPG/OGTT WHO 1985 6.1     6.9   5.6 2.4 (7 yr)
2008 OGTT WHO 1999 9.4   11.4   8.2   3.8 (13 yr) 1.7 (6 yr) 1.5 (6 yr)

   Hong Kong[7,8] 1990 OGTT WHO 1985 4.5
1996 FPG/OGTT ADA 1997/WHO 1998 9.8 2.2 (6 yr)

   Taiwan[28,29] 1987 FPG/OGTT WHO 1985 4.4 2.2 (8 yr)
1996 OGTT WHO 1985 9.2

India[9,10] 1989 FPG/WHO WHO 1985     8.2   2.4   2.3 (16 yr)   3.8 (16 yr)
2006 OGTT WHO 1999   18.6   9.2

Indonesia[11,12] 1981 OGTT WHO 1980     1.6
1995     5.7   3.5 (13 yr)

South Korea[13] 1997 OGTT ADA 1997   6.9
2003 OGTT ADA 1997 11.7 1.7 (6 yr)

Malaysia[14,15] 1982 NA     2.1
2006 FPG WHO 1985 11   5.2 (24 yr)

Nepal[16-18] 1990 FPG ADA 1997       1.41   0.3
1999 FPG ADA 1997   14.6   2.5 6.81 (17 yr)   8.3 (11 yr)
2007 NA NA       9.51

Pakistan[19] 2006 OGTT WHO 1985   10.6   7.7
Philippines[20] 1982 OGTT ≥ 11.0 mmol/L     3.3

2002 OGTT WHO 1999     4.9   1.5 (19 yr)
Singapore[21-23] 1985 OGTT WHO 1985 4.7

1998 FPG/OGTT WHO 1985 9
2004 FPG/OGTT WHO 1985 8.2   1.9 (19 yr)

Sri Lanka[24,25] 1994 OGTT WHO 1985  5
2005 FPG/OGTT ADA 1997 10.3

Thailand[26,27] 2000 FPG ≥ 7 mmol/L 6.7
2004 FPG WHO 1985 9.6 1.4 (4 yr)

Taiwan[28,29] 1987 FPG/OGTT WHO 1985 4.4 2.2 (8 yr)
1996 OGTT WHO 1985 9.2

Vietnam[30,31] 1990 FPG ADA 1.4
2001 OGTT WHO 1985 3.8   2.7 (11 yr)

1Sub urban area, numbers in brackets show the period in which the increase has occurred.�����������������������������������������������������������         OGTT: ����������������������������������������������������      Oral glucose tolerance test�������������������������   ; ADA: ������������������ American ���������D��������iabetes 
A������������������������������������    ��������������������������������������������������������       ssociation; WHO: World ������������� ��������������������������������������������������������       Health Organization; FPG: �������������������������������������������     Fasting plasma glucose���������������������   ; NA: ��������������� Not������������  available. 



shown improvement, although much needs to be done to 
tackle the problem of  rising overweightness and obesity.

FACTORS CONTRIBUTING TO THE RAPID 
INCREASE IN PREVALENCE OF DIABETES 
IN ASIA
Urbanization and socioeconomic transition
The escalating prevalence of  diabetes seen in the last 
two to three decades can be attributed mostly to the 
change in lifestyle as a result of  rapid socioeconomic 
growth. The rise in prevalence, therefore, is a result of  
environmental and behavioral changes and cannot be 
attributed to altered gene frequencies since the increase 
has occurred within a few decades. It is estimated that 
the substantial increase in urbanization will occur in most 
Asian countries, although the rates are variable among 
these countries[32]. The highest rates of  urbanization (50%) 
have been in Singapore, Korea, Malaysia, Philippines 
and Indonesia. China, Pakistan, India and Thailand have 
intermediate rates (30%) and Bangladesh and Sri Lanka 
have slow rates of  urbanization.�����������������������     ����������������������   The increase in urban 
population and aging are the main determinants of  the 
global rise in prevalence of  diabetes. Urbanization and 
internal rural to urban migration result in several adverse 
impacts; physical activity decreases, diet habits shift to-
wards high-energy foods and body mass index (BMI) and 
upper body adiposity increase considerably.

Socio-economic progress, occurring even in the rural 
areas of  countries such as India and China����������  ,���������   have ad-
versely affected the proportion of  people affected with 
lifestyle disorders such as obesity, diabetes, HTN and 
cardiovascular diseases (CVD). As shown in the recent 
studies in India[10] and China[6,33], considerable changes 
have occurred in the living pattern of  the rural popula-
tion, leading to an increase in total prevalence of  over-
weightness and diabetes in these countries. In 1980, less 
than 1% of  Chinese adults had diabetes and in 2008, the 
prevalence had increased to nearly 10%[6].

The temporal change in the prevalence of  diabetes 
and IGT in rural India over the period of  1989-2006����  is 
shown in �������� Figure��  �1[10]. Similar trends have been described 
for Thailand, Malaysia, Bangladesh and Pakistan[34]

. A 
large pool of  prediabetic subjects exists even in the 
rural region, as shown by the high prevalence of  IGT.� 
Recent studies in India showed that the conversion rate 
of  IGT to diabetes is high, probably on account of  the 
influence of  lifestyle transitions[10,35]

. It was noted that 
the prevalence of  IGT decreased from 7.2% in 2003 to 
5.5% in 2006, with a concomitant increase in the preva-
lence of  diabetes. In another rural region in India, the 
crude prevalence of  diabetes was 13.2% and prevalence 
of  IGT was 15.9% in 2006[36]

. Several other reports also 
show the rising trend in the prevalence of  diabetes in 
rural regions[37����,38�]

.

The natural history of  prediabetes is unclear. A review 
of  data from 79 cross sectional studies in South Asian 
populations showed that diabetes prevalence was rising, 
whereas IGT prevalence was stable[���39�]. Possible explana-
tions for this apparent discrepancy are a rapid conversion 
of  IGT to diabetes produced by lifestyle transition or a 
cohort effect, with improving maternal and infant nutri-
tion in reduced IGT and with a fall in diabetes to follow. 
More prospective studies are needed to address these hy-
potheses.

LOW THRESHOLDS FOR CONVENTIONAL 
RISK FACTORS
Age
Asian populations develop diabetes at a younger age than 
Western populations[���39�]. However, racial variations within 
Asia are evident in the age specific prevalence of  diabe-
tes. In the Asian Indian population, prevalence of  diabe-
tes peaks at 60-69 years of  age, whereas in the Chinese 
population it peaks at 79-89 years. Indians also have a 
higher prevalence of  IGT at a younger age than the Chi-
nese population. The findings from Pakistan[19] and Sri 
Lanka[25] are similar to the results from India[10]. The eth-
nic differences in the prevalence of  diabetes and impaired 
glucose regulation may not be completely explained by 
the living environment and geographical locations, sug-
gesting a major role for genetic factors as well[4��0�]. It may 
also be related to an��������������������������������������       �������������������������������������     interplay of  higher rates of  central 
obesity, insulin resistance, genetic predisposition and/
or influence of  adverse intrauterine influences present 
among the Asian Indian population.

Diabetes in the youth
As the prevalence of  diabetes increases, the proportion 
of  young people with diabetes also increases. The rapidly 
increasing prevalence of  T2D in the youth is highlighted 
by studies in the Asian populations in native lands and 
in migrant countries. China showed an 88% increase in 
prevalence in 35-44 years age group within a period of  6 
years[���41�]. In southern India, the prevalence of  diabetes in 
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persons under 44 years has increased from 25% of  the 
total prevalence in 2000 to 36% in 2006[10]. Asian people 
with young onset of  diabetes have substantial pheno-
typic heterogeneity, many with a positive family history, 
impaired beta cell function, no islet cell autoantibodies 
and with clustering of  cardio metabolic disorders[������42����,���43�]. 
The major cause for the increasing prevalence of  T2D 
in Asian children is the increasing rate of  obesity and 
decreasing rate of  physical activity, leading to insulin re-
sistance[���44�]. Most of  the Asian countries are largely rural; 
hence a sudden change in the lifestyle of  the rural people 
would increase the number of  people affected by meta-
bolic disorders.

The rising trend seen in the prevalence of  gestational 
diabetes among Asian women and the increased risk for 
future diabetes in them may also contribute to the esca-
lating prevalence of  diabetes in young people[���45�].

Anthropometric characteristics
Although the prevalence of  obesity and being overweight 
are relatively lower in Asia compared with Western popu-
lations, the recent socioeconomic transition in Asia is 
resulting in a parallel increase in its prevalence. Among 
Asians, diabetes occurs at lower BMI levels than in West-
ern populations and small increments in weight triggers 
glucose intolerance in susceptible subjects[���������40�������,������46����,���47�]. Analysis 
of  the National Health Interview survey���������������    ��������������  in the U������n�����i����ted 
States�����������������������������������������������         from 1997 to 2008 showed that Asian Americans 
had a significantly higher rate for diabetes than the whites 
throughout the study period[���48�]. There was a significant 
upward trend in both groups for diabetes and BMI. 
However, Asian Americans, especially Asian Indians, had 
higher odds of  developing diabetes, despite having a sig-
nificantly lower BMI than the white population.

Several studies in Asian populations, particularly in 
Asian Indians, have highlighted the “metabolically obese” 
phenotype among normal weight individuals[������46����-���53�]. This 
phenotype, characterized by greater abdominal obesity de-
spite a normal BMI, less muscle mass, higher percentage 
of  body fat and increased propensity for insulin resistance 
compared with the Western population, renders higher 
susceptibility for diabetes in Asian populations[������49����-���52�]. 

The association of  BMI and diabetes is modified by 
ethnicity[���40�]. Ethnicity is associated with several factors, 
such as genetic constitution, lifestyle, living environment 
and anthropometric characteristics. Body composition 
related to fat distribution is a stronger determinant of  the 
metabolic milieu than BMI. The ����������������������� d���������������������� iabetes ��������������e�������������pidemiology, 
c��������������������������������������������������������      ollaborative analysis ����������������������������������    o���������������������������������    f  �������������������������������   d������������������������������   iabetes criteria in Europe/in 
Asia study group noted that the overall effect of  age on 
the prevalence of  diabetes differed considerably between 
the ethnic groups, even in the subjects with the same 
BMI[���40�]. Asian populations are prone to have more intra 
abdominal fat accumulation and low muscle mass. Asian 
Indians, in particular, have the above abnormalities which 
account for the high prevalence of  insulin resistance 
and diabetes at low levels of  BMI. A study by our group 
showed that the risk of  diabetes increases progressively 

from a��������   ������� BMI of  ≥ 23 kg/m2 among Indians[���54�]. BMI in ≥ 
of  23 kg/m2 is also considered overweight for most Asian 
populations[���55�].

Smoking and alcohol use
The risk of  diabetes is shown to be higher by 45% in 
smokers than among non smokers[���56�]. Smoking increases 
the risk of  central obesity and insulin resistance[���57�] and 
nicotine exposure has several other deleterious effects. 
Asian countries such as China and India continue to pro-
duce and consume tobacco products and hence face a 
huge public health problem.

The increasing use of  alcohol in Asian countries, 
especially among the middle class and rural population, 
also increases the risk for diabetes and other metabolic 
diseases. 

Genetic susceptibility
Prevalence of  T2D is high among Asian populations, 
particularly so in Asian Indians, by virtue of  a high ge-
netic susceptibility and enhanced interaction with envi-
ronmental triggers. Exposure to a high fat diet and lower 
levels of  physical activity are the common factors which 
trigger the gene-environmental interaction.

Both the thrifty genotype and thrifty phenotype hy-
potheses appear to have etiological roles in development 
of  diabetes in Asian populations. While the thrifty geno-
type hypothesis points to a mismatch between the ances-
tral genes and modern environment, the thrifty phenotype 
hypothesis postulates a mismatch between intrauterine 
and adult life environments[���58�]. The selective presence of�  
“thrifty genotypes”has been considered to be advanta-
geous in certain populations during evolutionary selection 
by repeated famine and feast cycles. However, these genes 
have rendered them highly predisposed to obesity and 
diabetes during the modern of  era of  continuous feast-
ing[���59�]. The “thrift phenotype” hypothesis postulates that 
intrauterine malnutrition leads to metabolic and structural 
changes in the beta cells that are beneficial for early sur-
vival, but increases the risk of  ����������������������   T2D�������������������    and other chronic 
disorders in adulthood[6��0�]. Rapid weight gain occurring in 
childhood due to a nutritionally rich environment enhanc-
es the risk of  these adult diseases. A recent collaborative 
study of  prospective data from large numbers of  indi-
viduals in 5 low and middle income countries, including 
India, showed that lower birth weight is a risk factor for 
glucose intolerance[���61�]. Higher than expected weight gain 
between 48 mo and adolescent/adult is also a risk factor 
for glucose intolerance.

The combination of  gestational diabetes, in utero nu-
tritional imbalance, childhood obesity and over nutrition 
in adulthood will continue to fuel the epidemic in Asian 
countries undergoing rapid nutritional transitions[���58�]. 

DIABETIC COMPLICATIONS
Asian diabetic patients have a high risk of  developing 
long term diabetic complications because they develop 
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the disease earlier.��������������������������������������      �������������������������������������    The association between vascular com-
plications and poor glycemic control is well known[������62����,���63�]. 
The health care outcome among diabetic patients in 
many Asian countries is far from optimum.

Diabetes is associated with debilitating micro and 
macro vascular complications. As Asian populations de-
velop diabetes at a young age, they live long enough to 
develop the complications too, resulting in high rates of  
morbidity and early mortality[1]. The risk of  CVD increas-
es by 3-4 fold in a diabetic person. More than 75% of  all 
mortality among diabetic persons occurs from cardio-
vascular disease[���64�]. The UK Prospective Diabetes Study 
(UKPDS) showed that every 1% increase in HbA1c 
was associated with 12% increase in heart failure[���64�]. In 
diabetic subjects, several stronger risk factors other than 
the classic risk factors exist, such as elevated small, dense 
low-density lipoprotein (LDL) cholesterol or oxidized 
LDL, which confer a higher risk in diabetic than in non-
diabetic individuals with elevated LDL. The process of  
atherogenesis in diabetes is complex and consists of  
interrelated multiple factors. The chronic hyperglycemia 
activates the mechanisms related to atherogenesis. The 
cardiovascular pathology is related to a combination of  
both micro and macrovascular dysfunction[���64�]. The epi-
demiology of  diabetes intervention and complications 
study[���65�] in type�����������������������������������       ����������������������������������     1 diabetes and the extended UKPDS 
study[���66�] have shown definite cardiovascular benefit with 
lowering of  blood glucose levels. 

Few population based data on prevalence of  diabetic 
complications are available from developing countries. 
However, it is been estimated that nearly 30% of  type 
2 diabetic patients in Asian countries have retinopathy. 
The prevalence of  diabetic end stage renal disease is also 
higher than among the white populations. The preva-
lence of  neuropathy and foot complications are also high 
among the Asian patients[������46����,���47�]. 

COST OF DIABETES
The young age at onset not only increases the health 
care burden of  treating large numbers of  people with 
diabetes, but also increases the morbidity and premature 
mortality due to diabetic complications. The rate of  com-
plications increases proportionally with the duration of  
diabetes.

The cost of  diabetes care is high and increasing 
worldwide. The economic burden is very high, especially 
in developing countries, and more so in the lower eco-
nomic groups, who spend 25%-34% of  their income on 
diabetes care[������67����,���68�]. The cost of  care increases substantially 
when complications occur or when admission to hospital, 
surgery or insulin treatment is needed.

Studies from developed western countries and devel-
oping countries in Asia have shown similar results with 
respect to the quality of  diabetes care and the glycemic 
outcome among the diabetic population[������67����,���69�]. Less than 
30% of  the patients achieve the desired glycemic goals[���69�].

PRIMARY PREVENTION
In most Asian countries, the medical challenge posed by 
the burden of  diabetes is huge. It is unmatched by the 
budget allocations for health care. Primary prevention 
is important to reduce the burden of  diabetes faced by 
patients, families and society at large. Several prospective 
randomized clinical trials have shown that primary pre-
vention of  T2D is possible by lifestyle intervention or by 
the use of  pharmacological agents such as metformin[���70�]. 
The Chinese Da-Qing study[���71�] and the Indian Diabetes 
Prevention Program�s[���72�] have shown the benefits of  life-
style modification focused on improved physical activity 
and healthy diet habits to prevent or at��������������������     �������������������   least delay the on-
set of  diabetes in high risk subjects. Lifestyle intervention 
can have a sustained 43% reduction in the incidence of  
diabetes over a 20 year period[���73�].

Prevention of  obesity and diabetes will be cost effec-
tive as it will prevent not only the development of  diabe-
tes but can also prevent the occurrence of  complications.

The serious epidemic nature of  diabetes ha������� s������  been 
recognized by the United Nations and it recommends 
member countries to develop national policies to combat 
the disease. In several Asian countries, governments have 
initiated national programs for the prevention and con-
trol of  non-communicable diseases[���74�]. The health care 
programs implemented by Singapore have been effective 
and fruitful[23].

CONCLUSION
The health care and societal burden of  diabetes is alarm-
ing in many Asian countries, particularly in China and In-
dia. In addition to the rising number of  people with the 
disease and its complications, the younger age at which 
the disease develops and the escalating occurrence of  
T2D� ��������������������������������������������������       � in children and adolescents are of  significant con-
cern. Rapid rates of  urbanization, modernization, readily 
available fast foods and sedentary habits have altered the 
lifestyle of  the population, more so among the youth. 
The health consequences are devastating in Asian popula-
tions due to a strong genetic predisposition to metabolic 
diseases like diabetes and CVD. Current lifestyle param-
eters perhaps accelerate the clinical expression of  the 
disease at a very young age itself.

Primary prevention of  diabetes is possible by modify-
ing risk factors such as obesity and insulin resistance[������70����-���74�]. 
National programs promoting healthy lifestyle among the 
population, starting from a young age, should be given 
priority in the health care agenda. 
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Abstract
AIM: To assess the effect of sitagliptin therapy on sea-
sonal fluctuation of glycemic control in Japanese type 2 
diabetic patients.

METHODS: Participating patients (age: 29-80 years) 
had been treated with conventional oral antidiabetic 
agents and/or diet and exercise therapy for over 6 mo. 
From December 2009, 35 patients were additionally 
prescribed oral sitagliptin starting from 50 mg once 
daily, while 19 patients taking α-glucosidase inhibitors 
were switched to sitagliptin. Twenty-four patients who 
refused sitagliptin formed the control group. Changes of 
mean monthly hemoglobin A1c (HbA1c) during the “winter 
holiday season” were compared between groups using 
Student’s t -test (2008-2009 vs  2009-2010). Statisti-
cal significance was accepted at P  < ������ �������������0.05. Multivariate 
analysis was performed to assess whether sitagliptin 
use was associated with deterioration or improvement 

of glycemic control.

RESULTS: Both add-on sitagliptin and switching from 
α-glucosidase inhibitors to sitagliptin prevented the 
seasonal deterioration of glycemic control and tended 
to improve HbA1c. Multivariate analysis revealed that 
both adding and switching to sitagliptin were negatively 
correlated with deterioration of glycemic control. In 44 
patients who continued sitagliptin therapy for another 
year, elevation of HbA1c was suppressed without ad-
verse effects.

CONCLUSION: Sitagliptin is a suitable oral agent for 
preventing deterioration of glycemic control during the 
winter holiday season.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
In Japan, glycemic control typically deteriorates during 
the New Year winter holiday season[1-3], since diabetic 
patients (like other Japanese) celebrate with a high calo-
rie diet and alcohol. In 2009, the dipeptidyl peptidase-4 
(DPP-4) inhibitor sitagliptin was approved as the first 
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incretin enhancer for use in Japan[4-11]. Although it has 
been suggested that seasonal fluctuations of  hemoglobin 
A1c (HbA1c) are noted in patients with type 2 diabetes, 
no reports have been published concerning the efficacy 
of  antidiabetic agents for such fluctuations. Because the 
hypoglycemic effect of  sitagliptin (a DPP-4 inhibitor) 
becomes stronger with an increase of  the blood glucose 
level, it has the potential to inhibit seasonal HbA1c fluc-
tuations[12-14]. To evaluate the effect of  sitagliptin on sea-
sonal fluctuation of  glycemic control, we studied patients 
with relatively good blood glycemic control over 2 years 
while on treatment with conventional oral antidiabetic 
agents and/or diet and exercise.

MATERIALS AND METHODS
Patients with type 2 diabetes aged 29-80 years were en-
rolled. Type 2 diabetes was diagnosed from clinical cri-
teria according to the Japan Diabetes Society guidelines. 
They were all patients periodically attending our hospital. 
They were prescribed adequate diet/exercise therapy by 
specialists and nutritionists and received other appropri-
ate treatment depending on their condition. There were 
no differences of  baseline treatment between the sita-
gliptin and control groups. Exclusion criteria were type 
1 diabetes, treatment with insulin or steroids, and poor 
glycemic control (HbA1c ≥ ����������������������������   10%). Each patient provided 
informed consent for monthly blood tests and the study 
was approved by the ethics committee of  our institution. 
Patients receiving DPP-4 inhibitors or glucagon-like pep-
tide-1 receptor agonists were also excluded.

Sitagliptin was released in December 2009 as the 
first DPP-4 inhibitor to be approved in Japan. Because 
this clinical study was started simultaneously with its re-
lease, patients who had already received DPP-4 inhibitor 
therapy were not enrolled. There is a rule in Japan that 
patients receiving a new drug should be examined every 
2 wk for 1 year after release of  the drug, so subjects were 
assigned to the sitagliptin and control groups solely based 
on whether they could attend hospital at fortnightly in-
tervals or not. Because basal treatment was identical and 
there were no differences of  other baseline characteristics 
between the two groups, the subjects were considered to 
be comparable. Laboratory data from 2008-2009 before 
the start of  this study were used for baseline values. From 
December 2009, 35 patients were additionally prescribed 
oral sitagliptin starting from 50 mg once daily (add-on 
group), while 19 patients taking α-glucosidase inhibitors 
were switched to sitagliptin (switching group). Twenty-
four patients who refused sitagliptin formed the control 
group. Throughout the 2 year observation period, the 
doses of  oral diabetic agents other than sitagliptin were 
not changed. To test baseline characteristics, analysis 
of  variance was employed for age, disease duration and 
body mass index, while the χ 2 test was performed for 
sex and use of  sulfonylureas. Changes of  mean monthly 
HbA1c during the “winter holiday season” were com-
pared between groups using Student’s t-test (2008-2009 

vs 2009-2010) and statistical significance was accepted at 
P� < ������ ����������������������������������������������     0.05. Multivariate analysis was performed to assess 
whether sitagliptin use was associated with deterioration 
or improvement of  glycemic control.

RESULTS
There were no significant differences of  baseline char-
acteristics among the three groups (Table 1). When this 
study was started, the 54 subjects had already been treat-
ed for at least 1 year at our hospital and had a good rela-
tionship with their physicians. There were no differences 
of  patient education between the sitagliptin group attend-
ing hospital every 2 wk and the control group attend-
ing every 4 wk because compliance with diet/exercise 
therapy was adequate in both groups. Since the subjects 
were assigned to the treated and control groups solely 
based on their ability to attend the hospital, there was no 
bias of  baseline characteristics between the two groups, 
making it appropriate to compare the two groups in this 
study. From December 2008 to February 2009, the mean 
change of  HbA1c was + 0.19% (6.51%� �� ������ �� ������±�������  ������0.13% vs 6.72%� 
±����� ��� �������0.14%, P� <����������������������������������������         ���������������������������������������       0.001) in the add-on group and + 0.23% 
(6.40%� �� ������ �� ������±�������  ������0.13% vs 6.63%� �� ������� �� �������±����� ��� �������0.16%, P� =� ��������������   ��������������  0.002) in the 
control group (Figure 1). Thus, both groups showed an 
increase while on conventional antidiabetic therapy. From 
December 2009 to February 2010, the mean change of  
HbA1c was -0.08% (6.60%� �� ������ �� ������±�������  ������0.14% vs 6.52%� �� ������� �� �������±����� ��� �������0.15%, P� 
=� �������������������������������������������        �� ������ �������������������������������������������        �� ������0.19) in the add-on group and 0.22% (6.33%� �� ������ �� ������±�������  ������0.12% 
vs 6.55%� �� ������� �� �������±����� ��� �������0.14%, P� =� ���������������������������������      ���������������������������������     0.005) in the control group. Sea-
sonal deterioration of  HbA1c was prevented in the add-
on group (0.19% vs -0.08%). In the switching group, the 
mean change of  HbA1c from December 2008 to Febru-
ary 2009 was 0.33% (6.55%� �� ���������������   �� ������� �� ���������������   �� �������±����������������    �� ������� ���������������   �� �������0.23% to 6.88%� �� ������� �� �������±����� ��� �������0.25%, 
P� <��������������������������������������������������         �������������������������������������������������       0.001), while the mean change from December 2009 
to February 2010 was 0.13% (6.48%� �� ���������������   �� ���������������  ±����������������    ���������������  0.19% to 6.61%� 
±����� ��� �������0.18%, P� =� ����������������������������������     ����������������������������������    0.013). Thus, deterioration of  HbA1c was 
less marked (0.33% vs 0.13%). There were no changes of  
body weight in any group.

Multivariate analysis showed that both adding sita-
gliptin and switching to sitagliptin were negatively cor-
related with deterioration of  glycemic control (defined 
as an increase of  HbA1c by >� ���������������������������    ���������������������������   0.1%) after adjustment for 
age, gender, duration of  antidiabetic therapy and body 
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Table 1  Baseline characteristics

Add-on group 
(n  = 35)

Switching group 
(n  = 19)

Control group 
(n  = 24)

P  value

Age (yr) 64.66 ± 10.63 55.84 ± 12.96 63.04 ± 8.85 0.171
Gender
   Male 28 15 18 0.897
   Female   7   4   6
Disease 
duration (yr)

11.98 ± 9.66 10.00 ± 11.22 8.31 ± 8.25 0.797

Body mass 
index (kg/m2)

24.28 ± 3.49 23.94 ± 3.69 25.20 ± 3.27 0.536

Using 
sulfonylureas

16 12 13 0.463



mass index ������������  ������ ������� ��� ����������������� [�����������  ������ ������� ��� ����������������� odds ratio ������ ������� ��� ����������������� (����� ������� ��� ����������������� OR��� ������� ��� ����������������� )�� ������� ��� ����������������� : 0.07, 95% confidence inter-
val ������ ��������������� (����� ��������������� CI��� ��������������� )�� ��������������� : 0.02-0.31, and P� =� ����������������������������   �� ����������������������������   ��0.007 for adding sitagliptin; 
OR: 0.20, 95%��� �� ���������������  ���� ��������������� CI: 0.04-0.94, and P� =� ��������������������   ��������������������  0.041 for switching 
to sitagliptin��� ���������������������������������������������    ]�� ���������������������������������������������    . Sitagliptin treatment was also significantly 
correlated with a decrease of  HbA1c by >� �������� �� ������ �������� �� ������0.1% (OR: 9.85, 
95%��� �� ���������������  ���� ��������������� CI: 2.75-35.1, and P� <�����������������   �� ���� ������ ����������������  �� ���� ������0.001 for adding; OR: 4.71, 
95%��� �� ���������������  ���� ��������������� CI: 1.11-19.8, and P� =� ����������������������   ����������������������  0.034 for switching). 

We also followed 44 patients who continued to re-
ceive sitagliptin for another year without any changes in 
dosages of  concomitant drugs for another year (Figure 
2). As occurred during the first year of  sitagliptin treat-
ment, elevation of  HbA1c in February was suppressed in 
the second year. No adverse events or changes of  weight 
were observed.

DISCUSSION
In Japanese patients, the effect of  overeating around New 
Year is usually reflected by elevation of  monthly HbA1c 
values between December and February. Although we 
focused on type 2 diabetic patients with good glycemic 
control for 2 years, HbA1c levels still increased signifi-

cantly during the winter holiday season, suggesting that 
conventional oral antidiabetic therapy cannot prevent 
seasonal deterioration of  glycemic control. However, the 
present study showed that add-on therapy with sitagliptin 
prevented seasonal deterioration of  glycemic control and 
tended to improve HbA1c despite the increased calorie 
intake and decrease of  physical activity during the New 
Year holiday period.

In 44 patients who continued sitagliptin therapy for an 
additional year, elevation of  HbA1c was also suppressed 
in the second year, demonstrating �����������������������  the��������������������   characteristics of  
incretin therapy, which exerts a stronger hypoglycemic 
effect when blood glucose levels are high. Our results 
suggest that sitagliptin, which has been reported to sup-
press diurnal variation of  blood glucose levels, may also 
suppress seasonal variation and is a suitable oral agent 
for preventing deterioration of  glycemic control during 
the winter holiday season in Japanese patients with type 2 
diabetes.

Although this was a relatively small study, the results 
are considered to be reliable because: ������������������    (�����������������    1) all of  the pa-
tients who visited our hospital during a one month period 
(December) were enrolled, except for those who met the 
exclusion criteria�� �����������������������������������������      ;������������������������������������������        and �������������������������������������     (������������������������������������     2) patients assigned to the control 
group were selected solely on the basis that they could 
not attend the hospital fortnightly and all participating 
patients received similar basal treatment (including diet).

According to Takao et al[15] who investigated glycemic 
control over 10 years in Japanese type 2 diabetic patients, 
there was a correlation between the change of  blood glu-
cose and progression of  diabetic retinopathy. In addition, 
Wadén et al[16] reported that HbA1c variability could not 
only predict incident microalbuminuria and progression 
of  renal disease, but also cardiovascular events in type 
1 diabetes patients. Bouchi et al[17] recently reported that 
there is a relationship between blood glucose changes 
and cardiovascular events in Japanese patients with type 2 
diabetes. Thus, the importance of  good glycemic control 
has continued to attract attention. There is a possibility 
that cardiovascular events can be prevented by regulat-
ing blood glucose excursion. Because previous reports 
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Figure 2  Changes of mean hemoglobin A1c in 44 patients during one year 
before and after initiation of sitagliptin therapy. ���������  ���������  �� ����Data are the mean ± SE.� 
HbA1c: ����������� �Hemoglobin A1c. 
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concerning cardiovascular events in Japanese type 2 dia-
betic patients have not clarified this issue, whether blood 
glucose excursion is related to cardiovascular events 
remains to be determined[18]. HbA1c elevation during the 
winter holiday season was also attenuated by switching 
from α-glucosidase inhibitors to sitagliptin (HbA1c in-
creased by 0.33% before switching vs 0.13% after switch-
ing). This 0.2% difference of  HbA1c over 2 mo between 
α-glucosidase inhibitor therapy and sitagliptin is clinically 
important.

It is too early to draw definite conclusions from our 
study without placebo control. Further investigations are 
needed to confirm whether better glycemic control by 
using sitagliptin with or without other oral hypoglycemic 
agents can improve pre-existing atheroma and thus pre-
vent major cardiovascular events[19-26].
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Abstract
AIM: To examine the possible association between 
gastrointestinal symptoms and anxiety and depression 
in type 2 diabetes mellitus (T2DM).

METHODS: The study was a matched case-control 
study based on a face to face interview with designed 
diagnostic screening questionnaires for gastrointestinal 
(GI) symptoms and T2DM, Patient Health Question-
naire (PHQ-9) for depression and General Anxiety Dis-
orders (GAD-7) for anxiety. The questionnaire consisted 
of questions about symptoms and signs of anxiety and 

BRIEF ARTICLE

123 June 15, 2012|Volume 3|Issue 6|WJD|www.wjgnet.com

Online Submissions: http://www.wjgnet.com/1948-9358office
wjd@wjgnet.com
doi:10.4239/wjd.v3.i6.123

World J Diabetes  2012 June 15; 3(6): 123-129
ISSN 1948-9358 (online) 

© 2012 Baishideng. All rights reserved.

depression disorders. Also, socio-demographic char-
acteristics, life style habits and the family history of 
patients were collected.�������������������������      ����� It����������������������     ����� was carried out from June 
2010 to May 2011 among Qatari and other Arab nation-
als over 20 years of age at Primary Health Care Centers 
of the Supreme Council of Health, Qatar���������������  , ������������� includ������� ing����  pa-
tients with diabetes mellitus and healthy subjects over 
20 years of age.

RESULTS: In the studied sample, most of the studied 
T2DM patients with GI symptoms (39.3%) and healthy 
subjects (33.3%) were in the age group 45-54 years (P� 
<� ���������������  �������������  ����������������������   ���������������  �������������  ����������������������  0.001). The prevalence of severe depression (9.5% 
vs  4.4%��,� P  �����������������������    �����<� ���������������������   ����� ���������������������   �����0.001) and anxiety (26.3% vs  13.7%��,� 
P  ���������������������������������������������������       <� �������������������������������������������������       �������������������������������������������������      0.001) was significantly higher in T2DM patients 
with GI symptoms than in general population. Obesity 
(35.7% vs  31.2%) and being overweight (47.9% vs 
42.8%) were significantly higher in T2DM patients with 
GI symptoms than in healthy subjects (P  �� ��������=���������  ��������0.001). 
Mental health severity score was higher in T2DM pa-
tients with GI symptoms than in healthy subjects; de-
pression (8.2� �� ���� �� ����±�����  ����3.7 vs  6.0� �� ����������������������    �� ���� �� ����������������������    �� ����±��� ��������������������    �� ���� ����������������������    �� ����3.6) and anxiety (7.6� �� ���� �� ����±�����  ����3.3 
vs  6.0� �� ����������  �����������������  ��� ��������������  �� ����������  �����������������  ��� �������������� ±� ����������  �����������������  ��� ��������������  ����������  �����������������  ��� �������������� 3.7). The most significant GI symptom which 
was considerably different from controls was early sa-
tiety �����������������   �� ������[odds ratio (���� �� ������OR�� �� ������) �� ������=�������  ������10.8��,� P  �� ������� ������������� =������ �� �������������  ������� ������������� 0.009�� ������������� ]��������������   in depressed 
T2DM patients and loose/watery stools (OR� �� ������ �� ������=�������  ������2.79��,� P  ��=� 
0.029) for severe anxiety. Anxiety was observed more 
than depression in T2DM patients with GI symptoms.

CONCLUSION: Gastrointestinal symptoms were signif-
icantly associated with depression and anxiety in T2DM 
patients, especially anxiety disorders. 

© 2012 Baishideng. All rights reserved.

Key words: Gastrointestinal����������������������������    ;���������������������������     ��������������������������   Type 2 diabetes ����������mellitus��;� 
Distress����������������������������   ;���������������������������    Depression����������������  ;���������������   Anxiety������� ;������  Qatar

Peer reviewer���s��: Dr. Patti L Darbishire, Department of Pharmacy 
Practice, Purdue University, 575 Stadium Mall Drive, Heine 
Pharmacy 304A, West Lafayette, ������ �������������������  IN ����������������������  47907, United States��; 



Bener A et al . Psychological distress in DM patients with GI symptoms

124 June 15, 2012|Volume 3|Issue 6|WJD|www.wjgnet.com

Dr. Michael Kluge, Department of Psychiatry, University of 
Leipzig, Semmelweisstrasse 10, Leipzig 04103, Germany

Bener� ��� �������� ��� ��������� ������ �������� ���� �������� A�� �������� ��� ��������� ������ �������� ���� ��������, Ghuloum� ��� ��������� ������ �������� ���� �������� S�� ��������� ������ �������� ���� ��������,� ��������� ������ �������� ���� �������� ��������� ������ �������� ���� ��������Al-Hamaq� ������ �������� ���� �������� A����� �������� ���� ��������OAA, Dafeeah� ���� �������� EE. ��������Associa�
tion between psychological distress and gastrointestinal symp�
toms in diabetes mellitus. World J Diabetes 2012; 3(6): 123-129  
Available from: URL: http://www.wjgnet.com/1948-9358/full/
v3/i6/123.htm  DOI: http://dx.doi.org/10.4239/wjd.v3.i6.123

INTRODUCTION
Gastrointestinal (GI)� �������������  ������� ����������� �������������  ������� �����������diseases are common worldwide.� 
Although ���� ������������  ����� ����������������������   GI�� ������������  ����� ����������������������    symptoms are very common in the general 
population, recent studies reported that ��� �����������GI� ����������� complaints 
are commonly reported by diabetic patients, when com-
pared with non-diabetic controls[1]. ��� ������������� ����GI� ������������� ���� disturbances com-
monly include symptoms of  stomach pain, heart burn, 
diarrhea, constipation, nausea and vomiting.� ����� �����Koch et al[2] 
indicated that complications involving the ������ ���� �����GI���� ���� ����� tract occur 
frequently and represent a major cause of  morbidity in 
diabetes mellitus�� ����� �������������  ����������������   ������ �������������  ����������������  (DM). Although ���� ����������������  GI�� ����������������   symptoms are not 
life threatening, the majority of  those affected will cause 
significant burden to the health care system as well as re-
duced quality of  life[3].������  ���������  ����� ����������� ����� ���������  ����� �����������A study in Germany documented 
that GI symptoms were more frequent in patients with 
DM compared with controls[4]. Previous studies by Bener 
et al[5���,��6] stated that DM is becoming increasingly com-
mon because of  the epidemic of  obesity and sedentary 
lifestyles in the Qatar. A more recent study[7] revealed 
that the prevalence rate of  ��� �������������������������    GI� �������������������������     disorders is high in the 
general community and there is a significant association 
with psychological disorders. But, no study has yet been 
conducted in Qatar to determine the prevalence of  GI 
symptoms among the diabetic population. It is important 
to investigate the prevalence of  GI symptoms in the dia-
betic population because GI symptoms affect quality of  
life adversely and represent a substantial cause of  mor-
bidity in patients with diabetes. 

In general, GI symptoms are influenced by psycho-
logical factors such as depression and anxiety. Talley 
et al[8] indicated that diabetic patients with anxiety and 
depression had a two fold higher prevalence of  GI symp-
toms. Moreover, a case-control study[9] in Qatar of  the 
prevalence of  psychological distress in diabetic patients 
showed that depression and anxiety were severe in dia-
betes, which is two fold higher than in non-diabetics. 
The three studies revealing the high prevalence of  GI 
symptoms in general community and its association with 
psychological disorders and the severity of  depression 
and anxiety in diabetics initiated the authors to examine 
whether these GI symptoms are more frequent in dia-
betic patients and to assess the association of  GI symp-
toms with the psychological disorders.��� �����������������   �������������������  Investigation of  a 
possible association between psychological distress and 
GI symptoms in diabetics has been extremely limited. 
The combination of  psychological disorders and diabetes 
is common and especially harmful because it has a strong 

impact on psychosocial as well as medical outcomes in 
patients with diabetes[10]. Also, the gastrointestinal distur-
bances in diabetes may result from psychiatric morbidity.

In the Middle East region, we have found no studies 
examining the prevalence of  GI symptoms and its associa-
tion with psychological disorders in the diabetic popula-
tion. This is the first study in Qatar investigating the preva-
lence of  GI symptoms among the �������  ��������� ���������type 2 ��������� ���������diabetes mellitus 
(������ �������������  ��������������   �������������� ������T2DM�� �������������  ��������������   �������������� ������)� �������������  ��������������   �������������� ������ patients, as well as their psychosocial impact.

MATERIALS AND METHODS
This is a matched case-control study performed at the 
primary health care centers. The survey was conducted 
among the population residing in the Qatar from June 
2010 to May 2011. Primary health care centers are fre-
quented by all levels of  the general population as a gateway 
to specialized care. The study was approved by the Hamad 
General Hospital, Hamad Medical Corporation. All hu-
man studies have been approved by the Research Ethics 
Committee and performed in accordance with the ethical 
standards laid down in the 1964 Declaration of  Helsinki. 

T2DM is a major chronic disease with high morbidity 
and mortality in Qatar[9-11] and it is considered to be on 
the verge of  an emerging diabetes epidemic. The power 
calculation was actually based on a reported prevalence 
rate of  T2DM of  16.7%[��6�], allowing an error of  5%, 
level of  significance (type-1 error) of  1% and with 95% 
confidence limits. It was computed that 453 cases and 
453 controls as a sample size were needed to achieve the 
objective of  our study. Of  the 22 primary health care 
centers available, we selected 12 health centers at random. 
Of  these, 9 were located in urban and three in semi-urban 
areas of  Qatar. Finally, subjects were selected systemati-
cally 1-in-2 using a systematic sampling procedure. Each 
participant was provided with brief  information about 
the study and was assured of  strict confidentiality. The 
study excluded patients who were under 20 and over 65 
years, patients with any cognitive or physical impairment 
and who refused to give consent to take part in the study.

Selection of T2DM subjects
The diagnosis of  diabetes mellitus and impaired glucose 
tolerance was based on the criteria by the American 
Diabetes Association[12]. Subjects reporting a history of  
DM and currently taking oral medications for diabetes 
were considered to have DM. DM was defined accord-
ing to the World Health Organization Expert Committee 
group[13], i.e. fasting venous blood glucose concentration 
≥ 7.0� ������� �����������   ������������� �������������   ������� �����������   ������������� �������������  mmol/L and/or 2���  ������������� �������������   �� ������������� �������������  h post-glucose meter and an 
oral glucose tolerance test (OGTT) venous blood glucose 
concentration ≥ 11.1 mmol/L. In all subjects, fasting 
blood glucose determined by OGTT was conducted only 
if  blood sugar was <� �� �������� �������������������   ���� �� �������� �������������������   ����7� �������� �������������������   ���� �������� �������������������   ����mmol/L. For the OGTT, subjects 
were requested to drink, within the space of  5 min, 75 g 
anhydrous glucose dissolved in 250 mL water. Samples 
were processed within 30 min of  collection and the 
above laboratory tests were measured. A total number of  
625 T2DM patients aged over 20 years were selected sys-
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tematically 1-in-2 using a systematic sampling procedure 
of  the Primary Health Care (PHC) centers and 453 cases 
agreed to participate in the study, with a response rate of  
72.5%.

Selection of controls
Control subjects aged over 20 years were identified from 
the community as healthy if  their venous blood glucose 
values were < 6.1 mmol/L and if  they had never taken 
any diabetic medication. This group involved a random 
sample of  646 healthy subjects who visited the PHC cen-
ters for any reason other than acute or chronic disease. 
Of  the 646 healthy subjects approached, 453 controls 
responded to our questionnaire, with a response rate of  
70.1%. The healthy subjects were selected in a way to 
match the age and the gender of  cases to give a good 
representative sample of  the studied population. 

The data were collected through validated self-admin-
istered questionnaires with the help of  qualified nurses. 
The questionnaire had three sections. The first part in-
cluded socio-demographic details, medical and family his-
tory, and dietary habits of  patients. The second part in-
cluded the most prevalent GI symptoms in primary care, 
like esophageal symptoms, upper dysmotility symptoms, 
constipation and diarrhea.

Depression was assessed with the eight-item de-
pression module of  the Patient Health Questionnaire 
(PHQ-9)[14]. Patients were asked to answer the questions 
by grading them from 0 to 3; with 0 for “not at all”, 1 for 
“several days”, 2 for “more than half  of  days” and 3 for 
“nearly every day”. Anxiety was assessed with the Gener-
al Anxiety Disorders (GAD-7)[15]. Patients were asked to 
answer the questions by grading them from 0 to 3; with 
0 for “not at all”, 1 for “several days”, 2 for “more than 
half  the days”, and 3 for “nearly every day”. PHQ-9 ≥
15 represent severe symptoms of  depression and GAD� 
≥ ����� ���������� ������ �������������������   �����������11 represent severe symptoms of  anxiety disorders. 
We used cut-off  scores of  ≥ 15 on PHQ-9 and cut-off  
score of  ≥ ������  ������ �������������������������   �������11 on GAD-7 because this threshold reflects 
severe levels of  depression and anxiety. Content validity, 
face validity and reliability of  the questionnaire were test-
ed using 100 children. These tests demonstrated a high 
level of  validity and high degree of  repeatability (kappa = 
0.86). 

Student-t test was used to ascertain the significance 
of  differences between mean values of  two continu-
ous variables and confirmed by non-parametric Mann-
Whitney test. χ 2 and Fisher’s exact test were performed to 
test for differences in proportions of  categorical variables 
between two or more groups. Stepwise logistic regression 
analysis was used to predict potential confounders and 
order the importance of  risk factors (determinant) for dia-
betic factors associated with GI symptoms. The level P ��<� 
0.05 was considered as the cut-off  value for significance.

RESULTS
Table 1 shows the socio-demographic characteristics 
of  the studied T2DM patients with GI symptoms and 

healthy subjects. Most of  the studied T2DM patients 
with GI symptoms (39.3%) and healthy subjects (33.3%) 
were in the age group 45���� ������� -��� ������� 54 years (P �������� �� ���� ������<� �������� ���� ������ �������� ���� ������0.001). The preva-
lence of  severe depression (9.5% vs 4.4%�, P ��������� <� ������� �������0.001) 
and anxiety (26.3% vs 13.7%��,� P �� �������������������������  <��������������������������    �������������������������  0.001) was significantly 
higher in T2DM patients with gastrointestinal symptoms 
compared to healthy subjects. Mental health severity 
score was higher in T2DM patients with GI symptoms 
than in healthy subjects; depression (8.2� �� ���� �� ����±�����  ����3.7 vs 6.0� �� ��±� 
3.6) and anxiety (7.6� �� ���� �� ����±�����  ����3.3 vs 6.0� �� ������������������������    �� ������������������������   ±� ������������������������    ������������������������   3.7). A significant dif-
ference was observed in the age group between T2DM 
with GI symptoms and non-diabetic subjects (P �������� ��<� �������� ��������0.001). 
Most of  the studied subjects were married (83.9%), with 
secondary education (32.7%) and sedentary/professional 
jobs���������  ��������(30.4%).

Table 2 shows the lifestyle habits and family his-
tory of  studied T2DM patients with GI symptoms and 
healthy subjects. Obesity (35.7% vs 31.2%) and being 
overweight (47.9% vs 42.8%) were significantly higher in 
T2DM patients with GI symptoms compared to healthy 
subjects (P �������� �� ��������� ������������������  �����=������� �� ��������� ������������������  ����� �������� ��������� ������������������  �����0.001). Compared with healthy subjects, 
physical activity was significantly less frequent in T2DM 
patients with GI symptoms (64.9% vs 43.9%��,� P ��������� <� ������� �������0.001) 
and smoking was also higher in T2DM patients (30% vs 
13.9 %, P �������� ��=������� �� ��������0.001). 

Table 3 presents the comparison of  gastrointestinal 
symptoms between studied T2DM patients with GI 
symptoms and healthy subjects with severe anxiety and 
depression. The depression and anxiety were more preva-
lent in T2DM patients with most of  the GI symptoms 
compared to healthy subjects. Compared to healthy sub-
jects, the diabetic patients were more depressed with a 
significant difference with anal blockage (46.5% vs 20%��,� P 
=��������������������������    �������������������������  0.050), heartburn (41.9% vs 15%��,� P ������ ����������   ��=����� ����������   �� ��������������   ��0.046), <� ���� �� ���� ��3 bow-
els/wk (51.2% vs 20%��, P ����������  �� ���� �������������� =���������  �� ���� ��������������  �������� �� ���� �������������� 0.028), >�����  ��������������  ���� �������������� 3 bowels/d (48.8% 
vs 20%��,� P �������������������������������    =������������������������������     �����������������������������   0.050), early satiety (41.9% vs 5%��, P ��������� =��������  �������0.003) 
and fecal incontinence (37.2% vs 5%��, P �������� �� ����=������� �� ���� �������� ����0.007). The 
diabetic patients were significantly more anxious with GI 
symptoms of  anal blockage (53.3% vs 35.5%��,� P ������ ����=����� ���� ��������0.026), 
heartburn (34.6% vs 17.7%;� P ���������������  ��������=��������������  �������� ������������� ��������0.019), loose/watery 
stools (26.2% vs 11.3%��,� P �������������   ����������������� =������������   �����������������  �����������  ����������������� 0.021) and postprandial ill-
ness (26.2% vs 12.9%��,� P ��������� =��������  �������0.042).

Table 4 shows the extracted odd ratios and confi-
dence intervals of  GI symptoms on anxiety and depres-
sion with diabetic patients vs healthy subjects. The dia-
betic patients with severe anxiety were significantly more 
different from the healthy subjects in loose/watery stools 
(OR���������   �������� =�������  ������2.79��,� P ��������������������������������     =�������������������������������      ������������������������������    0.029), heartburn (OR���������   �������� =�������  ������2.45��,� P ���������� =���������  ��������0.022), 
postprandial fullness (OR���������   �������� =�������  ������2.39��,� P =�����������������   ��� ����������������  ���0.042), anal block-
age (OR��������   ������� =������  �����2.07 P ������ �������  ����������������������   =����� �������  ����������������������    �����������  ����������������������   0.026) and dysphasia (OR���������   �������� =�������  ������1.98; P 
<� �������� ����������� ��������� ���������� ��������� ����������  �������� ����������� ��������� ���������� ��������� ���������� 0.001).��� ��������� ��������� ���������� ��������� ����������  ����������� ��������� ���������� ��������� ���������� Similarly, diabetic depressed patients were also 
significantly different from non-diabetic subjects in early 
satiety (OR���������   �������� =�������  ������10.8; P ������������  ������ ��������������� =�����������  ������ ���������������  ���������� ������ ��������������� 0.009), fecal incontinence (OR 
=8.89; P ��������������������������������     =�������������������������������      ������������������������������    0.024), heartburn (OR���������   �������� =�������  ������5.04; P ������ ��������  =����� ��������   ������������  0.036), <� �� ��3 
bowels/wk (OR���������   �������� =�������  ������4.54; P ����������  �� ���� �������������  =���������  �� ���� �������������   �������� �� ���� �������������  0.038), > 3 bowels/d (OR���  ��=� 
4.14; P ���������������������    ������������������   =��������������������    ������������������    �������������������   ������������������   0.043) and anal blockage (OR���������   �������� =�������  ������3.77; P �������� =�������  ������0.05).

Figure 1 reveals the distribution of  severe levels of  
depression and anxiety in diabetic patients with GI symp-
toms. The prevalence of  anxiety was observed more in 
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diabetic patients with GI symptoms; upper dysmotility 
(24.7% vs 10.7%�, P ����������  �������������������� <� �������� ��������������������  �������� �������������������� 0.001), constipation (24.7% vs 9.3%��,� 

P �������������   ���������������� <� �����������  ����������������  �����������  ���������������� 0.001) and diarrhea (21.7% vs 10.8%��,� P ���������� <� �������� ��������0.001), 
while depression was higher in esophageal symptoms 
(20.5% vs 18.1%).

DISCUSSION
Gastrointestinal symptoms are reportedly common in 
diabetic patients and symptoms are also frequent in in-
dividuals without DM. Therefore, this study determined 
whether these GI symptoms are more frequent in the 
diabetic population of  Qatar and also assessed the asso-
ciation between GI disorders and psychological distress. 
The potential association between GI symptoms and psy-
chological distress in diabetes has not been studied in this 
region. It is important to assess the effect of  GI symp-
toms on the psychological profile for individual symp-
toms in diabetic patients because the co-occurrences of  
psychological disorders and gastrointestinal symptoms 

Table 1  Socio-demographic characteristics of the diabetic subjects with gastrointestinal symptoms and controls n  (%)

Variables Total 
n = 906

Diabetic with GI
n =� ��� ���453

Healthy
subjects
n  = 453

P value

Age (mean ± SD) 46.9 ± 10.3 49.0 ± 9.9 44.8 ± 10.2 < 0.001
Age group (yr)
    < 35 121 (13.4) 37 (8.2) 84 (18.5)

< 0.001
    35-44 225 (24.8) 101 (22.3) 124 (27.4)
    45-54 329 (36.3) 178 (39.3) 151 (33.3)
  ≥ 55 231 (25.5) 137 (30.2) 94 (20.8)
Gender
    Male 544 (60.0) 278 (61.4) 266 (58.7)

0.456    Female 362 (40.0) 175 (38.6) 187 (41.3)
Nationality
    Qatari 423 (46.7) 200 (44.2) 223 (49.2)

0.143    Non-Qatari 483 (53.3) 253 (55.8) 230 (50.8)
Marital status 
    Single 146 (16.1) 62 (13.7) 84 (18.5)

0.058    Married 760 (83.9) 391 (86.3) 369 (81.5)
Educational level
    Illiterate 56 (6.2) 32 (7.1) 24 (5.3)

0.329
    Primary 114 (12.6) 63 (13.9) 51 (11.3)
    Intermediate 182 (20.1) 96 (21.2) 86 (19.0)
    Secondary 296 (32.7) 139 (30.7) 157 (34.7)
    University 258 (28.5) 123 (27.2) 135 (29.8)
Occupation 
    Not working/housewife 275 (30.4) 132 (29.1) 143 (31.6)

0.564
    Sedentary/professional 275 (30.4) 138 (30.5) 137 (30.2)
    Clerk/manual 187 (20.6) 90 (19.9) 97 (21.4)
    Businessman 106 (11.7) 56 (12.4) 50 (11.0)
    Army/police/security 63 (7.0) 37 (8.2) 26 (5.7)
Household income1

    < 5000 71 (7.8) 38 (8.4) 33 (7.3)

0.227
    5000 – 9999 303 (33.4) 147 (32.5) 156 (34.4)
    10 000 – 15 000 328 (36.2) 176 (38.9) 152 (33.6)
    > 15 000 204 (22.6) 92 (20.3) 112 (24.7)
Mental health severity
    PHQ-9 depression (0–24)
    mean ± SD (95% CI)

7.1 ± 3.8 8.2 ± 3.7 6.0 ± 3.7 < 0.001
(7.9-8.6) (5.7-6.4)

    GAD-7 anxiety (0-21) 6.8 ± 3.6 7.6 ± 3.3 6.0 ± 3.7 < 0.001
    mean ± SD (95% CI) (7.3-7.9) (5.7-6.4)
Comorbidity
    Severe depression (PHQ≥ 15) 59 (6.5) 43 (9.5) 20 (4.4) < 0.001
    Severe anxiety (GAD7≥ 11) 169 (18.6) 107 (23.6) 62 (13.7) < 0.001
Frequency of GI symptoms 389 (42.9) 264 (58.3) 217 (47.9) 0.002
(at least two or more symptoms)

1$ 1 US Dollars = 3.65 Qatar Riyals; GI: Gastrointestinal; PHQ: Patient health questionnaire; GAD: General anxiety disorders.

Figure 1  Distribution of severe levels of depression and anxiety in dia-
betic patients with gastrointestinal symptoms (n = 453).
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contribute to a high medical utilization in primary health 
care settings. Co-morbidity seems to play an essential role 
in increasing symptoms. The study detected higher levels 
of  gastrointestinal symptoms in the diabetic population 
with depression and anxiety compared to the general 
population. However, patients with diabetes are almost 
twice as likely to suffer from anxiety and depression than 
the general population[16].

In the study sample, the prevalence of  severe depres-
sion (9.5% vs 4.4%��,� P �����������������������    �����<� ���������������������   ����� ���������������������   �����0.001) and anxiety (26.3% vs 
13.7%) was significantly higher in diabetic patients than 
in the healthy population. Koloski et al[17] reported that 
psychological distress is linked to having persistent GI 
symptoms and frequently seeking health care. More than 
half  of  the diabetic patients (58.3%) evaluated reported 
at least two or more troublesome GI symptoms, which 
is very close to the figure reported in a study by Talley et 
al[18] (40%), with a significant difference with the healthy 
subjects. An increased prevalence of  GI symptoms in 
patients with diabetes was reported in the study sample 
which is in agreement with previous studies[1,19]. In a 
Chinese diabetic population[20], it was found that 70% of  
them had GI symptoms which was much higher than in 
their non-diabetic controls. The difference in GI symp-
toms prevalence among studies depends on the specific 
diabetic population. The majority of  the diabetic patients 

(39.3%) with gastrointestinal symptoms were observed in 
the age group 45���� �������-��� �������54 years. 

In our diabetic population, patients were more de-
pressed with the GI symptoms of  anal blockage (46.5% 
vs 20�����������������������  .0���������������������  %), heartburn (41.9% vs 12.5%), <� ���� �������� ���� ��������3 bowels/wk 
(51.2% vs 18.8%), >�����  ��������������  ���� �������������� 3 bowels/d (48.8% vs 20������������ .0���������� %), early 
satiety (41.9% vs 5%) and fecal incontinence (37.2% vs 
5%) compared to healthy subjects. In a study by Kolaski 
et al[17], it was found that increased levels of  psychologi-
cal distress were associated with persistent GI symptoms, 
in particular abdominal pain, constipation and bloating, 
which is similar to our study results. De Kort et al[21] indi-
cated that GI symptoms were considerably higher in the 
diabetic population with 17.9% for diarrhea, 16.1% for 
constipation, 19.6% for bloating and 12.5% for early sati-
ety.�� ������ �������Bytzer et al[19] showed an increased prevalence of  diar-
rhea or constipation (15.6%), bloating (12.3%) and early 
satiety (54%) in diabetic patients. Even the odd ratios 
revealed that early satiety (OR������������   ������ ����������� �����������  ������ �����������=����������  ������ ����������� ��������� ������ �����������10.8), fecal incontinence 
(OR���������������������������������������         ������������  ��������������������������������������        ������������ =�������������������������������������        ������������  ������������������������������������       ������������ 8.89), heartburn (OR����������������     ������������  ���������������    ������������ =��������������    ������������  �������������   ������������ 5.04), <� ���� ������������  ���� ������������ 3 bowels/wk (OR� 
=��������  �� ���� �������������������������������      ������ ������� �� ���� �������������������������������      ������4.54), >�����  �������������������������������      ������ ���� �������������������������������      ������3 bowels/d (OR���������������������     ������ ��������������������    ������=�������������������    ������ ������������������   ������4.14) and anal blockage 
(OR���������   ������������ ������� �������������  ��������� ��� ��������  ������������ ������� �������������  ��������� ���=�������  ������������ ������� �������������  ��������� ��� ������ ������������ ������� �������������  ��������� ���3.77) were significantly different in diabetic de-
pressed patients from healthy subjects. These data show 
that gastrointestinal symptoms were more closely related 
to psychiatric disturbances. On the other hand, it is also 
possible that unpleasant GI symptoms lead to increased 
anxiety and depression. 

Even so, the studied diabetic patients were significant-
ly more anxious with the GI symptoms of  anal blockage 
(53.3% vs 35.5%), heartburn (34.6% vs 17.7%), loose/
watery stools (26.2% vs 11.3%) and postprandial illness 
(26.2% vs 12.9%) and they were significantly different 
from their counterparts. It is documented that psycho-
logical vulnerability is associated with a poorer outcome 
for people with chronic GI symptoms[22]. In studied dia-
betic patients with severe anxiety, odd ratios revealed that 
loose/watery stools (OR����������������������������������        ���������������������������������      =��������������������������������       �������������������������������     2.79), heart burn (OR����������   ��������� =��������  �������2.45), 
postprandial fullness (OR������������������    ������������   �����������������   ������������  =����������������   ������������   ���������������  ������������  2.39), anal blockage (OR���  ��=� 
2.07) and dysphasia (OR����������   ���������� ������� ���������  ���������� �������=��������  ���������� ������� ������� ���������� �������1.98) symptoms remained 
significantly different from healthy subjects. Odd ratios 
reported in a study revealed that suffering diabetes was 
associated with suffering a mental disorder[23]. Gastroin-
testinal symptoms negatively affect health related quality 
of  life in diabetes and clinicians should consider psycho-
logical factors in the treatment of  GI symptoms. 

The study findings show that psychological distress 
may be one important underlying component of  the 
condition and should be considered by physicians in their 
treatment of  patients. One study suggests that physicians 
could usefully explore the fear and anxiety of  patients 
about their symptoms to reduce subsequent health care 
seeking[24]. In our diabetic population, psychological fac-
tors seem to affect GI symptoms to a large extent and 
should be taken into account when considering treatment 
of  these symptoms. The current high prevalence of  type 
2 diabetes is likely to result in a heavy burden of  diabetes 
complications; this will pose a significant challenge to 
individuals, communities and health care systems during 
the coming decades. 

Table 2  Lifestyle habits and family history of diabetic 
patients with gastrointestinal symptoms and healthy subjects (n  
= 906) n  (%)

Variables Diabetic 
with GI
n� =� ��� ���453

Healthy
subjects
n� = 453

P value

BMI (kg/m2)
Normal (< 25)   74 (16.3) 118 (26.0)
Overweight (25-30) 217 (47.9) 194 (42.8)    0.001
Obese (> 30) 162 (35.7) 141 (31.2)
Physical activity
    Yes1 159 (35.1) 254 (56.1)

< 0.001    No 294 (64.9) 199 (43.9)
Smoking (Cigarette/sheesha)
    Yes 136 (30.0)   63 (13.9)

   0.001    No 317 (70.0) 390 (86.1)
Dietary habits2

    Type of food
        Arabic 408 (90.1) 402 (88.7)    0.590
        Indian/Pakistani   59 (13.0)   87 (19.2)    0.014
        Western   24 (5.3)   34 (7.5)    0.222
    Type of oil
        Vegetable oil 302 (66.7) 299 (66.0)    0.833
        Olive oil 248 (54.7) 181 (40.0) < 0.001
        Animal fat/butter 104 (23.0)   92 (20.3)    0.334
    Pattern of daily food
        Vegetable 327 (72.2) 242 (53.4) < 0.001
        Fruit 221 (48.8) 144 (31.8) < 0.001
        Red meat 206 (45.5) 256 (56.5)    0.001
        Chicken 240 (53.0) 157 (34.7) < 0.001
        Fish 189 (41.7) 113 (24.9) < 0.001
      Type of drink
        Arabic coffee 342 (75.5) 337 (74.4)    0.759
        Turkish coffee   55 (12.1)   49 (10.8)    0.602
        Nescafe 170 (37.5)   54 (11.9) < 0.001
        Juice 100 (22.1)   78 (17.2)    0.079
        Tea 361 (79.7) 367 (81.0)    0.676

1At least 30 min walking per day. 2Multiple option. BMI: Body mass index; 
GI: Gastrointestinal.
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The study findings revealed that all GI symptoms 
occur frequently in diabetic patients compared with 
community controls.�����������   �����������  �������������  ����������  �����������  ������������� Also, GI symptoms in diabetes are 
strongly linked to depression and anxiety. The study has 
observed a significantly increased prevalence of  the GI 
symptoms like anal blockage, heartburn, <� ���� �������� ���� ��������3 bowel/wk, 
<� ���� �������������  ������ ��������������  ���������� ���� ���� �������������  ������ ��������������  ���������� ����3��� �������������  ������ ��������������  ���������� ���� ���������������  ������ ��������������  ���������� ����bowels/d and fecal incontinence in depressed dia-
betic patients compared to healthy subjects. Anxiety, 
loose/watery stools, heartburn, postprandial fullness, anal 
blockage and dysphasia were significantly different from 
controls. Further studies are recommended to clarify the 
potential causal relationship between GI symptoms and 
psychological factors in diabetes.
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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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ISSN
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Editor-in-chief
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Wake Forest University School of  Medicine, Medical Center Blvd., 
Winston-Salem, NC 27157, United States

Lu Qi, MD, PhD, Assistant Professor, Department of  Nutrition, 
Harvard School of  Public Health, 665 Huntington Ave., Boston, 
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Editorial office
World Journal of  Diabetes
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjd@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-85381892
Fax: +86-10-85381893

Indexed and abstracted in
PubMed Central, PubMed, Digital Object Identifier, and Directory 
of  Open Access Journals

Published by
Baishideng Publishing Group Co., Limited

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.

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
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 
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