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ABSTRACT

والعوامل  الوبائية  العوامل  استكشاف  حاولنا  الاستعراض  هذا  في 
جمعنا  بالمملكة.  خاص  اهتمام  إبداء  مع  كرون  داء  على  المؤثرة 
بحثا في  وأجرينا  السعودية  العربية  المملكة  من  المنشورة  البيانات 
المحتملة  والأسباب  الخطورة  وعوامل  وبائيات  حول   Medline
لتزايد هذا الداء. هناك ازدياد في انتشار هذا الداء في جميع أنحاء 
المناطق  في  انتشاره  ازدياد  إلى  تشير  واضحة  أدلة  وجود  مع  العالم 
التي شهدت معدلات منخفضة من ذي قبل مثل آسيا بما في ذلك 
المملكة حيث ارتفع معدل انتشاره إلى 5 أضعاف على مدى العقود 
العالمية.  المراجع  في  ذكر  لما  مماثلة  النتائج  وكانت  الماضية.  الثلاثة 
الغذائي  والنظام  التدخين  ذلك  في  بما  البيئية  العوامل  أن  ويفترض 
هناك  أن  نرى  كرون.  داء  انتشار  حدوث  في  دور  له  الحياة  ونمط 
على  للتعرف  النطاق  واسعة  ميدانية  وبائية  لدراسات  ماسة  حاجة 
دور العوامل الوراثية والبيئية وتنشيط دور مركز تسجيل حالات داء 
كرون. ونتوقع أن تغيير النظام الغذائي ونمط الحياة، فضلًا عن انتشار 
التدخين بين الأجيال الشابة لها دور هام في ارتفاع معدل انتشار هذا 

الداء في المملكة وسائر بلاد العالم. 
We attempted, through systematic review to explore 
the epidemiology and risk factors of Crohn’s disease 
(CD) with special attention to the Kingdom of 
Saudi Arabia (KSA). We selected articles that 
contained population-based, epidemiological, and 
clinical character studies of CD. We collected data 
concerned with the prevalence, demographic features, 
and the possible etiology of CD that might explain 
its emergence in KSA. The prevalence of CD in 
Western countries ranged between 11-43/100,000 
with flawless evidence of CD prevalence emerging in 
previously low incidence areas like Asia. Prevalence in 
KSA has markedly increased over the last 3 decades. 
Combined ileal and colonic involvement was the 
most frequently affected site. Diet, smoking, drugs, 
and westernization of life are assumed to contribute 
to the pathogenesis. There is convincing evidence of 
CD emerging in Asia, including KSA. Westernization 
of lifestyle and smoking is probably the major 
contributing factors. Genetic studies are warranted. 

Saudi Med J 2013; Vol. 34 (11): 1105-1113

Review Article

From the Department of Medicine, College of Medicine, King Saud 
University, Riyadh, Kingdom of Saudi Arabia. 

Address correspondence and reprint request to: Prof. Ibrahim A. 
Al-Mofleh, Department of Medicine, College of Medicine, PO Box 
2925 (59), King Saud University, Riyadh 11461, Kingdom of 
Saudi Arabia. Tel. +966 (11) 4679167. Fax. +966 (11) 4671217. 
E-mail: ialmofleh@ksu.edu.sa / medicine_im@outlook.com

www.smj.org.sa     Saudi Med J 2013; Vol. 34 (11)

Inflammatory bowel disease (IBD) has previously 
been regarded as a disease of Western communities. 

A number of studies have shown a high IBD incidence 
and prevalence in the United States of America (USA), 
United Kingdom (UK), and Northern Europe.1,2 On 
the contrary, IBD has been considered uncommon in 
Asian populations.3,4 However, a rising incidence and 
prevalence have recently been observed with a strong 
epidemiological evidence suggesting westernization 
of lifestyle, changing eating habits, and smoking as 
possible explanation for the emergence of IBD in 
such communities. For instance, young Asians born 
in UK  are at a significantly higher risk of developing 
IBD than indigenous Europeans. Also, first-generation 
Indian immigrants to the UK have had a higher 
chance of developing IBD than those living in India.5,6 
Several recent studies from various parts of the world 
have exposed an increasing incidence of Crohn’s 
disease (CD). Crohn’s disease is a chronic, transmural, 
granulomatous, patchy inflammatory bowel disease 
with a relapsing course associated with local and 
systemic complications. It may affect any part of the 
gastrointestinal tract; however, ileocecal region, terminal 
ileum, and the colon are the most frequently affected 
sites. Cohn’s disease occurs in 3 various clinical types in 
form of inflammatory, stricturing, and penetrating type. 
Although genetic, environmental, and immunological 
mechanisms have been postulated, the etiology and 
exact pathogenesis remain unknown.

In the Middle Eastern Arab countries, the disease 
is yet not well-documented. Limited studies have 
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described single-center rates of disease that tends to be 
imprecise in providing true population rates. Hence, 
population-based studies that capture all health system 
contacts are more likely to reflect the true disease burden 
as opposed to studies conducted from hospitals. This 
review is partially aimed to explore the epidemiology 
of CD in the Kingdom of Saudi Arabia (KSA), and 
tried to elaborate on possible causes of CD’s increasing 
trend in KSA. The drastic change in the diet and life 
style, as well as the increasing smoking among younger 
Saudi generation may partially be responsible for the 
increasing trend of CD in KSA. 

Epidemiology. It is estimated that CD’s lifetime 
prevalence in Caucasian population is 0.5-1%.7 It is 
highest in America, North Europe, and UK, where it 
ranges from 100-200 per 100,000.8,9 Individuals living 
at the Northern Hemisphere are more at risk to develop 
the disease. A north-south gradient of 11.5-8.0/100,000 
has been reported by Shivanada et al.10 Recently, 
various studies have shown an increasing incidence of 
CD in several European countries including Iceland,11 
France,12 Croatia,13 Denmark,14 and Greece.15 Studies 
from France and across Europe have shown also a 
north-south gradient.10,16 In contrast, in Italy and Spain, 
there has been a rather homogenous incidence through 
the investigated localities.17,18 Also, in the USA there has 
been an approximately 30% increase in the prevalence 
of CD in Minnesota since 1991.19 Furthermore, the 
prevalence of CD in 9 million Americans from 33 states 
has been 43/100,000 in individuals below the age of 20 
years, and 201/100,000 in adults with a north-south 
gradient.20 However, despite of the significantly 
increasing rate for hospitalization of patients with CD, 
bowel resection has remained constant.21 Recently, CD 
has also been reported from New Zealand,22 Ethiopia,23 
and various Asian countries including Kuwait,24,25 
Lebanon,26 Iran,27,28 India,29,30 Japan,31 Singapore,32 
and China.4 The most reliable data among the Asian 
countries comes from Japan and Korea. In Korea, the 
mean annual incidence rates of CD have increased 
significantly from 0.05 per 100,000 in 1986 to 1990, 
and to 1.34/100,000 in 2001 to 2005. The adjusted 
prevalence rates in 2005 was 11.24/100,000.33 In Japan, 
the cumulative number of CD has risen 3 times since 
early 1990.34

Crohn’s disease in KSA. Three decades ago, 
apparently KSA is free from IBD. Kirsner and Shorter35 
in 1982 have claimed that IBD is either rare or even 
not existing in KSA. However, in the same year, 
Mokhtar and Khan36 have reported from Jeddah the 
first 2 cases of CD in KSA. Three years later, another 3 
cases seen between 1979 and 1985 have been reported 

from Riyadh.37 A further 7 cases have also been seen in 
Riyadh over a period of 6 years.38 Subsequently, more 
reports with a larger number of patients have started to 
appear more in the literature.39-47 Most cases have been 
encountered in the last 15 years.42,46,47 These reports 
are summarized in Table 1. Ninety-five percent of the 
patients were Saudi nationals with a median age of 25.5 
years. Males and females were almost equally affected  
with a ratio of 1:1.3. 

Incidence. Various studies have shown a worldwide 
increasing incidence of CD in the US and several 
European, as well as African and Asian communities
.10,16,19,20,23,33,34 In KSA, publications started to appear in 
1982 and onwards showing also an increasing incidence. 
In the 1980’s the incidence has been 0.32/100,000, and 
has increased 5-folds in the 1990’s to 1.66/100,000.42 
Currently the incidence calculated from the available 
studies in KSA was 1.91/100,000, which is probably 
underestimated due to under-reporting. This thought 
was supported by the higher prevalence in Riyadh 
(6.72/100,000), where most publications have 
originated. A more recent study has shown a drastic 
increase in CD with steady ulcerative colitis.47 To obtain 
an exact incidence and prevalence rates, a database 
registry is essential.

Clinical presentation. From the available data from 
KSA studies, abdominal pain (86%), diarrhea (69%), 
and weight loss (58%) were the most frequent presenting 
symptoms (Table 2). Weight loss in the pediatric and 
adolescent age, as well as in adults was similar to what 
has been reported by Cuffari and Darbari48 in the 
pediatric age group. Perianal disease (5%), arthralgia 
(5%), pallor (5%) and finger clubbing (2%) were also 
encountered, where other extraintestinal manifestation, 
such as erythema nodosum, jaundice, and sclerosing 
cholangitis were less frequent (1% each). Oral ulceration 
has been the primary presentation in 2 children from 
South India.30 A high extra-intestinal manifestation 
rate of approximately 40% of the patients has been 
reported from Iran,27,28 compared to a median value 
of 23% obtained from KSA reports. In the pediatric 
and adolescence age, extraintestinal manifestation in 
the range of 25-30% has been reported.49 From the 2 
studies we have previously reported from King Khaled 
University Hospital (KKUH) in Riyadh,42,46 10% of 
the patients had a family history, which was similar 
to those reported from Iran and Copenhagen,14,27 and 
higher than that reported from Greece.15 The patient’s 
median age of 25.5 years reported from KSA was lower 
than that reported from Iran and Denmark.14,27 Both 
genders were almost equally affected with a male to 
female ratio of 1:1.3, which concurred with the Italian 
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and Iranian findings.17,28 Variable results with a female 
preponderance (1:1.69) have been reported from 
Greece.15 The duration of symptoms was 36 in Saudis 
compared with 8.3 months in Danish patients. This 
could be due to diminished awareness and patient’s 
education on CD in KSA, as it was until recently not 
documented compared to Denmark, where the disease 
is known for several decades with high incidence. 
Probably, for the same reason, the symptoms duration 
in Iranian series has been rather closer to our findings.27

Locations and phenotype. In comparison with 
Western results, there has been a variation in the site 
distribution according to Montreal Classification.50 
The ileum (L1) was affected in 22.8%, colon (L2)  
in 17.8%, ileum (L3)  and colon in 55%, and upper 
gastrointestinal tract (GIT [L4]) in 3.8% (Table 3). 
While in this analysis, combined ileal and colonic 
involvement was the most frequent site (Figure 1), the 
colon has been more frequently affected in Western 
studies.11,14,15 In contrast, Hyams data are rather closer 
to our results.51 The behavior of the disease in KSA 

has been reported from 2 studies. We have previously 
found non stricturing-non penetrating type as the most 
frequently encountered type in 62%, while stricturing 
and penetrating types have been equally represented.46 
Similar findings have been reported from Greece and 
Hong Kong.15,52

What are the risk factors for developing CD? In a 
genetically susceptible host it is assumed that CD develops 
as a result of an interaction between environmental, 
microbial, and immunological factors. The gut is 
attacked by the immune system as a cross reaction 
against intestinal microbe antigens.53  Susceptibility to 
develop CD constitutes a combination of environmental 
and genetic factors.54 Among the genetic factors, 
nucleotide-binding oligomerization domain 2 (NOD2) 
encoded by caspase-recruitment domain 15 (CARD15) 
is considered as an important factor in the pathogenesis 
of CD. The NOD2 is involved in the innate immune 
response. It is a cytoplasmic protein, which acts as a 
sensor of muramyl dipeptide (MDP), derived from 
peptidoglycan (PGN), a constitute of bacterial wall.55,56 

Table 1 -  The frequency of Crohn’s disease in the Kingdom of Saudi Arabia.

 Author  Date 
reported  Institution   n  Median age  Male to female 

ratio
Mokhtar and Khan36 1982  KAUH, Jeddah      2  --  --
Mohamed et al37  1987  AFH, Riyadh      3  --  --
Hossain et al38  1990  KKUH, Riyadh       7*  32.4  1.3:1
Toonisi39  1993  KAUH, Jeddah     17†        10  1:1.4
Al-Gindan et al40  1996  KFUH, Al Khobar    12        23          1.4:1
Isbister and Hubler41  1998  KFSHRC, Riyadh    28  --  --
Al-Ghamdi et al42  2004  KKUH, Riyadh    77  25.3    1:1.33
Al Salamah43  2005  KSMC, Riyadh    28        34  1:2.1
Contractor et al44  2005 KFSH, Al Qassim    15  --              1:2
El Mouzan45  2006  KKUH, Riyadh     16†  --  --
Azzam et al46  2007  KKUH, Riyadh    42  26.5    1:1.38
Al Mofarreh and Al Mofleh47  2013  Dr. Al Mofarreh Polyclinic, 

Riyadh
 455        27              2:1

 Total  695  25.5  1:1.3
*no. of patients also included in reference #7, †pediatric, KAUH - King Abdulaziz University Hospital, AFH - Armed Forces 

Hospital, KKUH -  King Khalid University Hospital, KFUH - King Fahad University Hospital, KFSHRC - King Faisal Specialist 
Hospital & Research Centre, KSMC - King Saud Medical City, KFSH - King Fahad Specialist Hospital

Table 2 -  Clinical features of Crohn’s disease in Saudi Arabia.

Reference Toonisi39 Al-Gindan
et al40 1996

Al-Ghamdi
et al42 2004

Al Salamah43

2006
Contractor
et al44 2006

Azzam
et al46 2007

Al-Mofarreh
et al47 2013

Average 
(%)

Abdominal pain 88 100 87 46 93 97 91 (86)
Diarrhea 70   58 78 43 73 93 66 (69)
Weight loss 50   83 53 -- 60 50 51 (58)
Hematochezia 35     8 25 7 60 50 45 (38)
Fever 40   42 26 -- -- -- 6 (29)
Perianal disease 23   25 -- 7 33 9 25 (19)
Extraintestinal 
manifestations

28   25 -- -- -- 10 29 (23)

Surgery 59   17 12 36 47 -- -- (34)
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It is secreted via recognition of MDP and it protects 
the mucosa against bacterial invasion.57 The role of 
NOD2/CARD15 genetic mutation is recognized as an 
important risk factor. Recently it has been reported that 
NOD2/CARD15 is rather a component of a complex 
risk factor constituting other genetic and environmental 
factors essential for the development and progress of 
the disease. The NOD2/CARD15 gene mutation is 
associated with younger age at the diagnosis in addition 
to an increased risk of ileal involvement, ileocecal 
resection, and reoperation. Therefore, its role as a 
predictor of relapse and its application in the preventive 
strategies has been suggested.58  As a susceptibility gene, 
CARD15 acts also a disease-modifier gene in patients 
with CD.59 Beside NOD2/CARD15, smoking, family 
history, and Jewish ethnicity is an independent risk 
factors for the development of the disease.60 The same 
findings have also been observed by another group of 
investigators.61 A univariate analysis has shown that 
some variables, significantly associated with CD include 
Jewish ethnicity, first degree relative with IBD, having 
ever smoked, or lived long with a smoker. The analysis 
may also support the hygiene hypothesis, where CD 

patients are less likely to have lived in a farm, drunk 
unpasteurized milk, and used well water.62 Also, 
investigators from King’s College, London School of 
Medicine in UK has reported smoking, family history, 
and CARD15 mutation as risk factors for CD.63 
Similar association was found in a recent study from 
KSA showing that the 3 major CARD15/NOD2 
variant alleles, and the CD14 -159C/T polymorphism 
are associated with CD susceptibility in the Saudi 
population.64 In contrast, a lacking association between 
NOD2/CARD15 and CD have been observed in 
different communities. For instance, Economou et al15 
has not found any change in the prevalence of CARD15 
during their study period, which indicates an absence of 
genetic background, and therefore, they have suggested 
that the increasing incidence of CD is neither related to 
genetic nor to environmental factors. Similar findings 
with negative association between CD and genetic 
polymorphism of NOD2/CARD15, NOD 1/CARD4 
and intercellular adhesion molecule 1 (ICAM-1) have 
also been reported from Tunisia, Turkey, and Japan.65-67 
Recent reports have suggested genetic variation in 
the gene encoding tumor necrosis factor superfamily, 
member 15 (TNFSF 15) genes in Japanese with IBD.68 
This indicates different genetic variations in different 
ethnic groups.

Crohn’s disease develops as a result of an abnormal 
immune response of the bowel mucosa, triggered 
by environmental factors in individuals with gene 
variations.69 Patients with CD may suffer of several 
neutrophils function defects with impairment of 
migration, recruitment, phagocytic function, and 
superoxide generation.70-73 In addition to the immune 
system dysfunction, the development, and progression 
of CD are also affected by oxidative stress.74 Oxidative 
stress is believed to play an essential role in the 
pathogenesis of CD as an etiological and/or a triggering 
factor. The increased  activity of superoxide dismutase 
(SOD) and glutathione peroxidase (GPx)  during 
disease activity, becomes normal during remission.75 
We have also found a significantly decreased SOD 

Table 3 -  Anatomical distribution of Crohn’s disease in Saudi Arabia according to Montreal Classification.

Site Al-Gindan
et al40

Al-Ghamdi
et al42

Contractor
et al44

Azzam
et al46

Al-Mofarreh
et al47

Total

Ileal (L1)   25   16   20    24   29 22.8
Colonic (L2)     8     6   27    31   17 17.8
Ileo-cecal (L3)   67   78    53   40   40 55.6
Upper GIT (L4)     0     0     0      5   14   3.8
Total 100 100 100 100 100 100

GIT - gastrointestinal tract

Figure 1 - Anatomical distribution of Crohn’s disease according to 
Montreal classification. A comparison of the current data with 
the Western data. L1 - ileum, L2 - colon, L3 - Ileocecal, L4 - 
upper gastrointestinal tract
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plasma antioxidant activity in CD patients compared 
to the control group, which supports the hypothesis of 
enhanced oxidative stress and diminished antioxidant 
defense in CD.76 

Furthermore, several blood cells have also been 
incriminated in the pathogenesis of CD. For instance, 
infiltration of neutrophils that occurs in response 
to chemokines, plays an important role in the 
pathogenesis.77 Infiltration of polymorphonuclear cells 
(PMN) and mononuclear cells have been considered as 
the major pathological feature of IBD.78,79  Persistent 
neutrophils infiltration is partially responsible for tissue 
damage.79 In addition, noxious substances produced by 
neutrophils, including reactive oxygen species (ROS), 
tumor necrosis factor alpha (TNF-α), interleukin-1 
(IL-1) and proteases, also actively contribute to tissue 
injury.80 Serum levels of growth-related oncogene 
(GRO-alpha) have been significantly higher in IBD 
(CD and UC) patients than in the healthy individuals, 
and could be important in enhancing the inflammatory 
process.81 Besides neutrophils, other blood cells, such as 
platelets activating factor (PAF) and phorbol myristate 
acetate (PMA)-stimulated eosinophils are potentially 
primed and activated in CD.82 Furthermore, the 
presence of activated mast cells found in the mucosa 
and muscularis propria in patients with CD suggests 
their role in the transmural inflammatory response, 
possibly in tissue remodeling.83

What are the possible explanations for the recently 
increasing incidence? Smoking, diet, drugs, and other 
environmental factors are assumed to contribute to 
the pathogenesis of CD in genetically susceptible 
individuals. Smoking and appendectomy has been 
non-debatable risk factors among unselected Danish 
population.84 The association between smoking and 
CD is well established, while patients who continue 
to smoke, are at more risk to run a severe course and 
to have more complications, ex-smokers usually run a 
similar course to non-smokers.85  Smoking, antibiotics, 
nonsteroidal anti-inflammatory drugs (NSAID) and 
enteric infections affect the composition of the gut 
microbiome, which is a key factor in IBD pathogenesis, 
or disrupts the intestinal barrier.86 The role of dietary 
risk factors has been investigated by several authors. 
In a case-control study from Sweden, consumption of 
fast food and sucrose has been associated with CD.87 
Another case-control study from Netherlands has found 
a correlation between nutritional factors with special 
emphasis on cola drinks, chewing gum, and chocolate 
consumption, and CD.88 Similarly in a multicenter 
case-control study from Japan, sugars, sweeteners, 

sweets, fats, and oils have been considered as dietary risk 
factors.89 Furthermore, CD has been correlated with 
dietary fat, animal fat, n-6 polyunsaturated fatty acids, 
animal protein, milk protein, and ratio of 6 to n-3 fatty 
acids, less correlated with intake of total protein, not 
correlated with fish protein, and inversely correlated with 
intake of vegetable protein. The multivariate analysis 
has shown that increased intake of animal protein was 
the strongest independent factor.31 Alzoghaibi et al90 
have reported a significantly increased IL-8 secretion 
from smooth muscle cells isolated from CD stricture in 
patients exposed to linoleic acid. The increased secretion 
of IL-8 has been blocked by antioxidants. These data 
suggest that the increased IL-8 secretion could play an 
important role in the inflammatory process by recruiting 
neutrophils to the stricture. Olive oil, low fat diet, and 
medium-chain triglycerides have been useful in CD.91 

In a nationwide case-control study from Italy, the 
highest proportion of CD in females has been associated 
with lack of breastfeeding. In the same study in women, 
oral contraceptives have accounted for 11% of CD.92 
Additionally a co-twin control study from Sweden-
Denmark has correlated CD with smoking, recurrent 
gastrointestinal infections, and hospitalization for 
gastrointestinal infections.93 In familial CD in Belgium, 
appendicitis during adolescence, lack of oats, rye, and 
bran, unpasteurized cheese, and drinking well water 
has been considered as environmental risk factors.94 
Refrigeration has also been considered by a group of 
French investigators as a potential risk factor for CD. 
The cold chain hypothesis has suggested the importance 
of some bacteria species, identified in CD lesions, such 
as Yersinia and Listeria in addition to a defective host 
recognition of pathogenic bacteria components and 
excessive host response in the pathogenesis of CD.69

Vitamin D deficiency has been reported to be 
common especially in patients with longstanding CD 
and therefore, screening and appropriate supplement 
has to be considered in patient’s management.95 The 
risk of CD development, hospitalization and surgery, 
which increases with low vitamin D level, decreases with 
normalization.96 In the Arabian countries data reporting 
the effect of different genetics or environmental factors 
contributing to the pathogenesis of IBD are scanty. A 
national data registry is initiated and is expected to help 
in understanding the epidemiology and genetics of this 
disease entity.

Recent advances. Recent studies have provided 
more information regarding the immunopathogenesis 
of CD. The CD is a predominantly T helper cells 
1 and 17 (Th1 and Th17) process. Several factors 
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including luminal antigens, cells of the innate and 
adaptive immune system and their secreted mediators, 
as well as the intestinal epithelial cells are implicated 
in the pathogenesis of CD. The intestinal mucosal 
permeability is also altered in CD by IBD5 gene organic 
cation transporter (OCTN) and guanylate kinase discs 
large homolog 5 (Dlg5). This may induce an increased 
bacterial adherence and inadequate exposure of the 
mucosal immune system to bacterial products leading 
to the inflammatory process.97

Mucosal innate immune response has a pivotal role 
in early development of CD. The CD is associated 
with a general impairment of the innate immune 
response and a decreased production of IL-8 and IL-1β 
cytokines.98 Intestinal macrophages are also involved 
via IL-23/INF-gamma axis.99 Mucosal immune system 
aberrant response represents a critical initiating step of 
the inflammatory process in CD.100 Recently, a number 
of susceptibility regions on several chromosomes have 
been identified and renamed as 9 IBD locus. Studying 
single-nucleotide polymorphisms (SNPs) in molecules 
involved in bacterial recognition seems to be essential 
to define genetic backgrounds at risk of IBD. The 
NOD1/CARD4, Chemokine ligand 20 (CCL20), 
IL-11, and IL-18 are novel genes that potentially may 
lead to the identification of therapeutic agents for the 
patients with IBD.101 A recent growing interest has 
been demonstrated concerning the role of autophagy in 
innate immunity and pathogenesis of CD. Interaction 
of the potent autophagic inducer NOD2 and the 
autophagic regulator ATG16L1 seems to be essential 
for intracellular bacterial recognition initiation of 
the autophagic process and clearance of intracellular 
pathogens. In contrast, mutant NOD2 and ATG 16 L1 
is associated with a defective induction of autophagy and 
clearance, which employs autophagy as an important 
factor in the pathogenesis of CD.102-105

Recently, INF-gamma has been detected in a 
proportion of patients with fistulizing CD.  This suggests 
an influential role of INF-gamma polymorphism in 
CD.106 Other factors involved in the protection from 
CD include the recently discovered susceptibility 
IL23R allele.107

In conclusion, there is a worldwide increase of 
CD incidence. Recent studies from KSA have also 
documented the presence and the increasing incidence 
of the disease. The role of genetic and environmental risk 
factors is obvious. Smoking and dietary factors among 
others documented in Western communities is most 
likely the responsible factors for the rapidly increasing 
rate in KSA. National data registry is mandatory to study 

the incidence, prevalence, risk factors management, and 
the natural course of CD in KSA. This was recently 
started in our institution at the King Khalid University 
Hospital, Riyadh, KSA.

References
  
   1. Loftus EV Jr, Silverstein MD, Sandborn WJ, Tremaine WJ, 

Harmsen WS, Zinsmeister AR. Crohn’s disease Ian Olmsted 
County, Minnesota 1940-1993: incidence, prevalence, and 
survival. Gastroenterology 1998; 114: 1161-1168.

   2. Russel MG, Dorant E, Volovics A, Brummer RJ, Pop P, Muris 
JW, et al. High incidence of inflammatory bowel disease in 
The Netherlands: results of a prospective study. The South 
Limburg IBD Study Group. Dis Colon Rectum 1998; 41: 
33-40.

   3. Tan CC, Kang JY, Guan R, Yap I, Tay HH. Inflammatory 
bowel disease: an uncommon problem in Singapore. J 
Gastroenterol Hepatol 1992; 7: 360-362.

   4. Sung JJ, Hsu RK, Chan FK, Liew CT, Lau JW, Li AK. Crohn’s 
disease in the Chinese population. An experience from Hong 
Kong. Dis Colon Rectum 1994; 37: 1307-1309.

   5. Probert CS, Jayanthi V, Pinder D, Wicks AC, Mayberry JF. 
Epidemiological study of ulcerative proctocolitis in Indian 
migrants and the indigenous population of Leicestershire. Gut 
1992; 33: 687-693.

   6. Jayanthi V, Probert CS, Pinder D, Wicks AC, Mayberry JF. 
Epidemiology of Crohn’s disease in Indian immigrants and 
the indigenous population in Leicestershire. Q J Med 1992; 
82: 125-138.

   7. Lashner BA. Epidemiology of inflammatory bowel disease. 
Gastroenterol Clin North Am 1995; 24: 467-474.

   8. Loftus EV Jr. Clinical epidemiology of inflammatory bowel 
disease: incidence, prevalence and environmental influences. 
Gastroenterology 2004; 126: 1504-1517.

   9. Bernstein CN, Blanchard JF, Rawsthorne P, Wajda A. 
Epidemiology of Crohn’s disease and ulcerative colitis in a 
central Canadian province: a population-based study. Am J 
Epidemiology 1999; 149: 926-924.

  10. Shivananda S, Lennard-Jones J, Logan R, Fear N, Price A, 
Carpenter L, et al. Incidence of inflammatory bowel disease 
across Europe: is there a difference between north and south? 
Results of the European Collaborative Study on Inflammatory 
Bowel Disease (EC-IBD). Gut 1996; 39: 690-697.

  11. Björnsson S, Jóhannsson JH. Inflammatory bowel disease in 
Iceland, 1990-1994: a prospective nationwide, epidemiological 
study. Eur J Gastroenterol Hepatol 2000; 12: 31-38.

  12. Moliniė F, Gower-Rousseau C, Yzet T, Merle V, Grandbastien 
B, Marti R, et al. Opposite evolution in incidence of Crohn’s 
disease and ulcerative colitis in Northern France (1988-1999). 
Gut 2004; 53: 483-488.

  13. Sincić BM, Vucelić B, Persić M, Brncić N, Erzen DJ, 
Radaković B, et al. Incidence of inflammatory bowel disease 
in Primorsko-goranska County, Croatia, 2000-2004: A 
prospective population-based study. Scand J Gastroenterol 
2006; 41: 437-444.

  14. Vind I, Riis L, Jess T, Knudsen E, Pedersen N, Elkjaer M, 
et al. Increasing incidence of inflammatory bowel disease 
and decreasing surgery rates in Copenhagen city and county, 
2003-2005: a population-based study from the Danish Crohn 
colitis database. Am J Gastroenterol 2006; 101: 1274-1282.

http://dx.doi.org/10.1016/S0016-5085(98)70421-4 
http://dx.doi.org/10.1016/S0016-5085(98)70421-4 
http://dx.doi.org/10.1016/S0016-5085(98)70421-4 
http://dx.doi.org/10.1016/S0016-5085(98)70421-4 
http://dx.doi.org/10.1007/BF02236893 
http://dx.doi.org/10.1007/BF02236893 
http://dx.doi.org/10.1007/BF02236893 
http://dx.doi.org/10.1007/BF02236893 
http://dx.doi.org/10.1007/BF02236893 
http://dx.doi.org/10.1111/j.1440-1746.1992.tb00997.x 
http://dx.doi.org/10.1111/j.1440-1746.1992.tb00997.x 
http://dx.doi.org/10.1111/j.1440-1746.1992.tb00997.x 
http://dx.doi.org/10.1007/BF02257802 
http://dx.doi.org/10.1007/BF02257802 
http://dx.doi.org/10.1007/BF02257802 
http://dx.doi.org/10.1136/gut.33.5.687 
http://dx.doi.org/10.1136/gut.33.5.687 
http://dx.doi.org/10.1136/gut.33.5.687 
http://dx.doi.org/10.1136/gut.33.5.687 
http://qjmed.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=1620813
http://qjmed.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=1620813
http://qjmed.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=1620813
http://qjmed.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=1620813
http://www.ncbi.nlm.nih.gov/pubmed/?term=8809231	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=8809231	 
http://dx.doi.org/10.1053/j.gastro.2004.01.063
http://dx.doi.org/10.1053/j.gastro.2004.01.063
http://dx.doi.org/10.1053/j.gastro.2004.01.063
http://dx.doi.org/10.1093/oxfordjournals.aje.a009735 
http://dx.doi.org/10.1093/oxfordjournals.aje.a009735 
http://dx.doi.org/10.1093/oxfordjournals.aje.a009735 
http://dx.doi.org/10.1093/oxfordjournals.aje.a009735 
http://dx.doi.org/10.1136/gut.39.5.690 
http://dx.doi.org/10.1136/gut.39.5.690 
http://dx.doi.org/10.1136/gut.39.5.690 
http://dx.doi.org/10.1136/gut.39.5.690 
http://dx.doi.org/10.1136/gut.39.5.690 
http://dx.doi.org/10.1097/00042737-200012010-00007 
http://dx.doi.org/10.1097/00042737-200012010-00007 
http://dx.doi.org/10.1097/00042737-200012010-00007 
http://dx.doi.org/10.1136/gut.2003.025346 
http://dx.doi.org/10.1136/gut.2003.025346 
http://dx.doi.org/10.1136/gut.2003.025346 
http://dx.doi.org/10.1136/gut.2003.025346 
http://dx.doi.org/10.1080/00365520500320094 
http://dx.doi.org/10.1080/00365520500320094 
http://dx.doi.org/10.1080/00365520500320094 
http://dx.doi.org/10.1080/00365520500320094 
http://dx.doi.org/10.1080/00365520500320094 
http://dx.doi.org/10.1111/j.1572-0241.2006.00552.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00552.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00552.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00552.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00552.x 


1111www.smj.org.sa     Saudi Med J 2013; Vol. 34 (11)

Crohn’s disease in KSA ... Al-Mofleh & Azzam

  15. Economou M, Filis G, Tsianou Z, Alamanos J, Kogevinas 
A, Masalas K, et al. Crohn’s disease incidence evolution in 
North-western Greece is not associated with alteration of 
NOD2/CARD 15 variants. World J Gastroenterol 2007; 13: 
5116-5120.

  16. Nerich V, Monnet E, Etienne A, Louafi S, Ramée C, Rican S, 
et al. Geographical variations of inflammatory bowel disease 
in France: a study based on national health insurance data. 
Inflamm Bowel Dis 2006; 12: 218-226.

  17. Tragnone A, Corrao G, Miglio F, Caprilli R, Lanfranchi 
GA. Incidence of inflammatory bowel disease in Italy: a 
nationwide population-based study. Gruppo Italiano per lo 
Studio del Colon e del Reetto (GISC). Int J Epidemiol 1996; 
25: 1044-1052.

  18. Brullet E, Bonfill X, Urrútia G, Ruiz Ochoa V, Cueto M, 
Clofent J, et al. [Epidemiological study on the incidence 
of inflammatory bowel disease in 4 Spanish areas. Spanish 
Group on the Epidemiological Study of Inflammatory Bowel 
Disease]. Med Clin (Barc) 1998; 110: 651-656. Spanish 

  19. Loftus CG, Loftus EV, Harmsen WS, Zinsmeister AR, 
Tremaine WJ, Melton LJ 3rd, et al. Update on the incidence 
and prevalence of Crohn’s disease and ulcerative colitis in 
Olmsted County, Minnesota, 1940-2000. Inflamm Bowel Dis 
2007; 13: 254-261.

  20. Kappelman MD, Rifas-Shiman SL, Kleinman K, Ollendorf 
D, Bousvaros A, Grand RJ, et al. The prevalence and 
geographic distribution of Crohn’s disease and ulcerative 
colitis in the United States. Clin Gastroenterol Hepatol 2007; 
5: 1424-1429.

  21. Bewtra M, Su C, Lewis JD. Trends in hospitalization rates 
for inflammatory bowel disease in the United States. Clin 
Gastroenterol Hepatol 2007; 5: 597-601.

  22. Gearry RB, Richardson A, Frampton CM, Collett JA, Burt 
MJ, Chapman BA, et al. High incidence of Crohn’s disease in 
Canterbury, New Zealand: results of an epidemiologic study. 
Inflamm Bowel Dis 2006; 12: 936-943.

  23. Mengesha B, Johnson O, Taye M, Gemetchu T. Crohn’s 
disease: report of seven cases from Ethiopia. East Afr Med J 
1997; 47: 397-399. 

  24. Al-Nakib B, Radhakrishnan S, Jacob GS, Al-Liddawi H, 
Al-Ruwaih A. Inflammatory bowel disease in Kuwait. Am J 
Gastroenterol 1984; 79: 191-194. 

  25. Kalaoui M, Radhakrishnan S, Al Shamali M, Hasan F, 
al-Nakib B. Findings of colonoscopy in children: experience 
from Kuwait. J Trop Pediatr 1998; 44: 371-375.

  26. Abdul-Baki H, Elhajj I, EL-Zahabi LM, Azar C, Aoun E, 
Zantout H, et al. Clinical epidemiology of inflammatory 
bowel disease in Lebanon. Inflamm Bowel Dis 2007; 13: 
475-480.

  27. Malekzadeh R, Varshosaz J, Merat S, Hadidchi S, Mirmajlesi 
SH, Vahedi H, et al. Crohn’s disease: a review of 140 cases 
from Iran. Iran Journal of Medical Science 2000; 25: 138-143.

  28. Aghazadeh R, Zali MR, Bahari A, Amin K, Ghahgaie F, 
Firouzi F. Inflammatory bowel disease in Iran: a review of 448 
cases. Arch Iranian Med 2004; 7: 210-216. 

  29. Pai CG, Khandige GK. Is Crohn’s disease rare in India? Indian 
J Gastroenterol 2000; 19: 17-20.

  30. Sathiyasekaran M, Shivabalan S. Crohn’s disease. Indian J 
Pediatr 2006; 73: 723-729.

  31. Shoda R, Matsueda K, Yamato S, Umeda N. Epidemiologic 
analysis of Crohn disease in Japan: increased dietary intake of 
n-6 polyunsaturated fatty acids and animal protein relates to 
the increased incidence of Crohn disease in Japan. Am J Clin 
Nutr 1996; 63: 741-745.

  32. Law NM, Lim CC, Chong R, Ng HS. Crohn’s disease in the 
Singapore Chinese population. J Clin Gastroenterol 1998; 26: 
27-29.

  33. Yang SK, Yun S, Kim JH, Park JY, Kim HY, Kim YH, et al. 
Epidemiology of inflammatory bowel disease in the Songpa-
Kangdong district, Seoul, Korea, 1986-2005: a KASID study. 
Inflamm Bowel Dis 2008; 14: 542-549.

  34. Yao T, Matsui T, Hiwatashi N. Crohn’s disease in Japan: 
diagnostic criteria and epidemiology. Dis Colon Rectum 2000; 
43(Suppl 10): S85-S93.

  35. Kirsner JB, Shorter RG. Recent development in non-specific 
inflammatory bowel disease. N Engl J Med 1982; 306: 
837-848.

  36. Mokhtar A, Khan M. ATA. Crohn’s disease in Saudi Arabia. 
Saudi Med J 1982; 3: 270-274. 

  37. Mohamed AE, Al-Karawi MA, Hanid MA, Yasawy I. Lower 
gastrointestinal tract pathology in Saudis: results of endoscopic 
biopsy findings in 1600 patients. Ann Saudi Med 1987; 7: 
306-311. 

  38. Hossain J, Al-Mofleh IA, Laajam MA, Al-Rashed RS, 
Al-Faleh FZ. Crohn’s disease in Arabs. Ann Saudi Med 1991; 
11: 40-46.

 39. Toonisi TS. Crohn’s disease in Saudi Arabia. Indian Pediatr 
1993; 30: 1101-114.

  40. Al-Gindan YM, Satti MB, Al-Qourain AA, Al-Hamdan A. 
Crohn’s disease in Saudi Arabia: A clinicopathological study 
of 12 cases. Saudi J Gastroenterol 1996; 2: 150-155. 

  41. Isbister WH, Hubler M. Inflammatory bowel disease in Saudi 
Arabia: presentation and initial management. J Gastroenterol 
Hepatol 1998; 13: 1119-1124.

  42. Al-Ghamdi AS, Al-Mofleh IA, Al-Rashed RS, Al-Amri SM, 
Aljebreen AM, El-Badawi R. Epidemiology and outcome 
of Crohn’s disease in a teaching hospital in Riyadh. World J 
Gastroenterology 2004; 10: 1341-1344.

  43. Al Salamah SM. Surgery for small bowel Crohn’s disease: 
experience of a tertiary referral hospital. Saudi J Gastroenterol 
2005; 11: 85-92.

  44. Contractor QQ, Contractor TQ, Imran ul Haque, El Mahdi 
EE. Crohn’s disease among Saudis in Al Gassim Region. Saudi 
J Gastroenterol 2005; 11: 157-163.

  45. El Mouzan MI, Abdullah AM, Al Habbal MT. Epidemiology 
of juvenile-onset inflammatory bowel disease in central Saudi 
Arabia. J Trop Pediatr 2006; 52: 69-71.

  46. Azzam NA, Al-Jebreen AM, Abdo AA, Al-Sawat KA, 
Al-Mofleh IA, Al-Rashed RS, et al. Emerge in Crohn’s disease 
incidence in Saudi Arabia: tertiary care centre experience. The 
9th GI and Liver Disease Conference. Abha, KSA. 7-10 May 
2007.

  47. Al-Mofarreh MA, Al-Mofleh IA. Emerging inflammatory 
bowel disease in Saudi outpatients: A report of 693 cases. 
Saudi J Gastroenterol 2013; 19: 16-22.

  48. Cuffari C, Darbari A. Inflammatory bowel disease in the 
pediatric and adolescent patients. Gastroenterol Clin North 
Am 2002; 31: 275-291.

  49. Baldassono RN, Piccoli DA. Inflammatory bowel disease in 
pediatric and adolescent patients. Gastroenterol Clin North 
Am 1999; 28: 445-455.

  50. Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The 
Montreal classification of inflammatory bowel disease: 
controversies, consensus, and implications. Gut 2006; 55: 
749-753.

http://www.wjgnet.com/1007-9327/full/v13/i38/5116.htm	 
http://www.wjgnet.com/1007-9327/full/v13/i38/5116.htm	 
http://www.wjgnet.com/1007-9327/full/v13/i38/5116.htm	 
http://www.wjgnet.com/1007-9327/full/v13/i38/5116.htm	 
http://www.wjgnet.com/1007-9327/full/v13/i38/5116.htm	 
http://dx.doi.org/10.1097/01.MIB.0000206540.38834.8c 
http://dx.doi.org/10.1097/01.MIB.0000206540.38834.8c 
http://dx.doi.org/10.1097/01.MIB.0000206540.38834.8c 
http://dx.doi.org/10.1097/01.MIB.0000206540.38834.8c 
http://dx.doi.org/10.1093/ije/25.5.1044 
http://dx.doi.org/10.1093/ije/25.5.1044 
http://dx.doi.org/10.1093/ije/25.5.1044 
http://dx.doi.org/10.1093/ije/25.5.1044 
http://dx.doi.org/10.1093/ije/25.5.1044 
http://www.ncbi.nlm.nih.gov/pubmed/?term=9656209 	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=9656209 	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=9656209 	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=9656209 	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=9656209 	 
http://dx.doi.org/10.1002/ibd.20029 
http://dx.doi.org/10.1002/ibd.20029 
http://dx.doi.org/10.1002/ibd.20029 
http://dx.doi.org/10.1002/ibd.20029 
http://dx.doi.org/10.1002/ibd.20029 
http://dx.doi.org/10.1016/j.cgh.2007.07.012 
http://dx.doi.org/10.1016/j.cgh.2007.07.012 
http://dx.doi.org/10.1016/j.cgh.2007.07.012 
http://dx.doi.org/10.1016/j.cgh.2007.07.012 
http://dx.doi.org/10.1016/j.cgh.2007.07.012 
http://dx.doi.org/10.1016/j.cgh.2007.01.015 
http://dx.doi.org/10.1016/j.cgh.2007.01.015 
http://dx.doi.org/10.1016/j.cgh.2007.01.015 
http://dx.doi.org/10.1097/01.mib.0000231572.88806.b9 
http://dx.doi.org/10.1097/01.mib.0000231572.88806.b9 
http://dx.doi.org/10.1097/01.mib.0000231572.88806.b9 
http://dx.doi.org/10.1097/01.mib.0000231572.88806.b9 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9487406 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9487406 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9487406 
http://www.ncbi.nlm.nih.gov/pubmed/?term=6702804	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=6702804	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=6702804	 
http://dx.doi.org/10.1093/tropej/44.6.371 
http://dx.doi.org/10.1093/tropej/44.6.371 
http://dx.doi.org/10.1093/tropej/44.6.371 
http://dx.doi.org/10.1002/ibd.20022 
http://dx.doi.org/10.1002/ibd.20022 
http://dx.doi.org/10.1002/ibd.20022 
http://dx.doi.org/10.1002/ibd.20022 
http://www.sid.ir/En/VEWSSID/J_pdf/85120000410.pdf
http://www.sid.ir/En/VEWSSID/J_pdf/85120000410.pdf
http://www.sid.ir/En/VEWSSID/J_pdf/85120000410.pdf
 http://dx.doi.org/10.1111/j.1440-1746.2005.03905.x 
 http://dx.doi.org/10.1111/j.1440-1746.2005.03905.x 
 http://dx.doi.org/10.1111/j.1440-1746.2005.03905.x 
http://www.ncbi.nlm.nih.gov/pubmed/?term=10659482	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=10659482	 
http://dx.doi.org/10.1007/BF02898453 
http://dx.doi.org/10.1007/BF02898453 
http://ajcn.nutrition.org/content/63/5/741.long 
http://ajcn.nutrition.org/content/63/5/741.long 
http://ajcn.nutrition.org/content/63/5/741.long 
http://ajcn.nutrition.org/content/63/5/741.long 
http://ajcn.nutrition.org/content/63/5/741.long 
http://dx.doi.org/10.1097/00004836-199801000-00008
http://dx.doi.org/10.1097/00004836-199801000-00008
http://dx.doi.org/10.1097/00004836-199801000-00008
http://dx.doi.org/10.1002/ibd.20310 
http://dx.doi.org/10.1002/ibd.20310 
http://dx.doi.org/10.1002/ibd.20310 
http://dx.doi.org/10.1002/ibd.20310 
http://dx.doi.org/10.1007/BF02237231
http://dx.doi.org/10.1007/BF02237231
http://dx.doi.org/10.1007/BF02237231
http://dx.doi.org/10.1056/NEJM198204083061404 
http://dx.doi.org/10.1056/NEJM198204083061404 
http://dx.doi.org/10.1056/NEJM198204083061404 
http://www.ncbi.nlm.nih.gov/pubmed/?term=17588053	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=17588053	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=17588053	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=8125595	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=8125595	 
http://www.saudijgastro.com/article.asp?issn=1319-3767;year=1996;volume=2;issue=3;spage=150;epage=155;aulast=Al-Gindan
http://www.saudijgastro.com/article.asp?issn=1319-3767;year=1996;volume=2;issue=3;spage=150;epage=155;aulast=Al-Gindan
http://www.saudijgastro.com/article.asp?issn=1319-3767;year=1996;volume=2;issue=3;spage=150;epage=155;aulast=Al-Gindan
http://dx.doi.org/10.1111/j.1440-1746.1998.tb00587.x 
http://dx.doi.org/10.1111/j.1440-1746.1998.tb00587.x 
http://dx.doi.org/10.1111/j.1440-1746.1998.tb00587.x 
http://www.ncbi.nlm.nih.gov/pubmed/?term=15112355	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=15112355	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=15112355	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=15112355	 
http://dx.doi.org/10.4103/1319-3767.33324 
http://dx.doi.org/10.4103/1319-3767.33324 
http://dx.doi.org/10.4103/1319-3767.33324 
http://dx.doi.org/10.4103/1319-3767.33319 
http://dx.doi.org/10.4103/1319-3767.33319 
http://dx.doi.org/10.4103/1319-3767.33319 
http://dx.doi.org/10.1093/tropej/fmi039 
http://dx.doi.org/10.1093/tropej/fmi039 
http://dx.doi.org/10.1093/tropej/fmi039 
http://dx.doi.org/10.4103/1319-3767.105915 
http://dx.doi.org/10.4103/1319-3767.105915 
http://dx.doi.org/10.4103/1319-3767.105915 
http://dx.doi.org/10.1016/S0889-8553(01)00017-6
http://dx.doi.org/10.1016/S0889-8553(01)00017-6
http://dx.doi.org/10.1016/S0889-8553(01)00017-6
http://dx.doi.org/10.1016/S0889-8553(05)70064-9 
http://dx.doi.org/10.1016/S0889-8553(05)70064-9 
http://dx.doi.org/10.1016/S0889-8553(05)70064-9 
http://dx.doi.org/10.1136/gut.2005.082909 
http://dx.doi.org/10.1136/gut.2005.082909 
http://dx.doi.org/10.1136/gut.2005.082909 
http://dx.doi.org/10.1136/gut.2005.082909 


1112

Crohn’s disease in KSA ... Al-Mofleh & Azzam

Saudi Med J 2013; Vol. 34 (11)     www.smj.org.sa

  51. Hyams JS. Crohn’s disease. In: Wyllie R, Hyams JS, 
editors. Pediatric Gastrointestinal Disease: Pathophysiology, 
Diagnosis, Management. Philadelphia (PA): WB Saunders;  
1999. p. 401-418.

  52. Lok KH, Hung HG, Ng CH, Li KK, Li KF, Szeto ML. The 
epidemiology and clinical characteristics of Crohn’s disease 
in the Hong Kong Chinese population: experiences from a 
regional hospital. Hong Kong Med J 2007; 13: 436-441.

  53. Michail S, Bultron G, Depaolo RW. Genetic variants associated 
with Crohn’s disease. Appl Clin Genet 2013; 6:25-32.

  54. Gibson PR, Shepherd SJ. Personal view: food for thought-
western lifestyle and susceptibility to Crohn’s disease. The 
FODMAP hypothesis. Aliment Pharmacol Ther 2005; 21: 
1399-1409.

  55. Strober W, Murray PJ, Kitani A, Watnabe T. Signalling 
pathways and molecular interactions of NOD1 and NOD2. 
Nat Rev Immunol 2006; 6: 9-20.

  56. Inohara N, Ogura Y, Fontalba A, Gutierrez O, Pons F, Crespo 
J, et al. Host recognition of bacterial muramyl dipeptide 
mediated through NOD2. Implication for Crohn’s disease. J 
Biol Chem 2003; 278: 5509-5512.

  57. Wehkamp J, Harder J, Weichenthal M, Schwab M, Schaffeler 
E, Schlee M, et al. NOD2 (CARD15) mutations in Crohn’s 
disease are associated with diminished mucosal alpha-
defensins expression. Gut 2004; 53: 1658-1664.

  58. Büning C, Genschel J, Bühner S, Krüger S, Kling K, Dignass 
A. Mutations in the NOD2/CARD 15 gene in Crohn’s disease 
are associated with ileocecal resection and are risk factors for 
reoperation. Aliment Pharmacol Ther 2004; 19: 1073-1078.

  59. Tsianos EV, Katsanos KH, Tsianos VE. Role of genetics in 
the diagnosis and prognosis of Crohn’s disease. World J 
Gastroenterol 2012; 18:105-18.

  60. Hugot JP, Zaccaria I, Cavanaugh J, Yang H, Séverine Vermeire 
S, Lappalainen M, et al. for the IBD International Genetic 
Consortium. Prevalence of CARD 15/NOD2 mutation in 
Caucasian healthy people. Am J Gastroenterol 2007; 107: 
1259-1267.

  61. Brant SR, Wang MH, Rawsthorne P, Sargent M, Datta 
LW, Nouvet F, et al. A population-based case-control study 
of CARD15 and other risk factors in Crohn’s disease and 
ulcerative colitis. Am J Gastroenterol 2007; 102: 313-323.

  62. Bernstein CN, Rawsthorne P, Cheang M, Blanchard JF. A 
population-based case control study of potential risk factors 
for IBD. Am J Gastroenterol 2006; 101: 993-1002.

  63. Lewis CM, Whitwell SC, Forbes A, Sanderson J, Mathew 
CG, Marteau TM. Estimating risks of common complex 
diseases across genetic and environmental factors: the example 
of Crohn’s disease. J Med Genet 2007; 44: 689-694.

  64. Azzam NA, Nounou H, Alharbi O, Aljebreen A, Shalaby M. 
CARD15/NOD2, CD14, and Toll-like 4 Receptor Gene 
Polymorphisms in Saudi Patients with Crohn’s Disease. Int J 
Mol Sci 2012; 13: 4268-80.

  65. Zouiten-Mekki L, Zaouali H, Boubaker J, Karoui S, Fekih 
M, Matri S, et al. CARD15/NOD2 in a Tunisian population 
with Crohn’s disease. Dig Dis Sci 2005; 50: 130-135.

  66. Ozen SC, Dagli U, Kiliç MY, Törüner M, Celik Y, Ozkan M, 
et al. NOD2/CARD15, NOD1/CARD4 and ICAM-1 gene 
polymorphisms in Turkish patients with inflammatory bowel 
disease. J Gastroenterol 2006; 41: 304-310.

  67. Inoue N, Tamura K, Kinouchi Y, Fukuda Y, Takahashi S, 
Ogura Y, et al. Lack of common NOD2 variants in Japanese 
patients with crohn’s disease. Gastroenterology 2002; 123: 
86-91.

  68. Picornell Y, Mei L, Taylor K, Yang H, Targan SR, Rotter JI . 
TNFS F15 is an ethnic-specific IBd gene. Inflamm Bowel Dis 
2007; 13: 1333-1338.

  69. Hugot JP, Alberti C, Berrebi D, Bingen E, Cezard JP. Crohn’s 
disease: the cold chain hypothesis. Lancet 2003; 362: 
2012-2015.

  70. Segal AW, Loewi G. Neutrophil dysfunction in Crohn’s 
disease. Lancet 1976; 2: 219-221.

  71. Elmgreen J. Complement and function of neutrophils in 
chronic inflammatory bowel disease. Dan Med Bull 1986, 33: 
222-228. 

  72. Wandall JH. Function of exudative neutrophilic granulocytes 
in patients with Crohn’s disease or ulcerative colitis. Scand J 
Gatroenterol 1985; 20: 1151-1156.

  73. Curran FT, Allan RN, Keighley MR. Superoxide production 
by Crohn’s disease neutrophils. Gut 1991; 32: 399-402.

  74. Colón AL, Madrigal JL, Menchén LA, Moro MA, Lizasoain 
I, Lorenzo P, et al. Stress increases susceptibility to oxidative/
nitrosative mucosal damage in an experimental model of 
colitis in rats. Dig Dis Sci 2004; 49: 1713-1721.

  75. Iborra M, Moret I, Rausell F, Bastida G, Aguas M, Cerrillo 
E, et al. Role of oxidative stress and antioxidant enzymes in 
Crohn’s disease. Biochem Soc Trans 2011; 39: 1102-1106.

  76. Alzoghaibi MA, Al-Mofleh IA, Al-Jebreen AM. Antioxidant 
activities for superoxide dismutase in patients with Crohn’s 
disease. J Basic Clin Physiol Pharmacol 2013; 10: 1-4.

  77. Luster AD. Chemokines-chemotactic cytokines that mediate 
inflammation. N Engl J Med 1998; 338: 436-445.

  78. Ina K, Kusugami K, Yamaguchi T, Imada A, Hosokawa 
T, Ohsuga M, et al. Mucosal interleukin-8 is involved in 
neutrophil migration and binding to extracellular matrix in 
inflammatory bowel disease. Am J Gastroenterol 1997; 92: 
2342-2346. 

  79. Al Zoghaibi MA. Neutrophil expression and infiltration into 
Crohn’s intestine. Saudi J Gastroenterol 2005; 11: 63-72.

  80. Rogler G, Andus T. Cytokines in inflammatory bowel disease. 
World J Surg 1998; 22: 832-839.

  81. Al Zoghaibi MA, Al-Mofleh IA, Al-Jebreen AM. Neutrophil 
chemokines GCP-2 and GRO-alpha in patients with 
inflammatory bowel disease. J Dig Dis 2008; 9: 144-148.

  82. Coppi LC, Thomazzi SM, Ayrizono MD, Coy CS, Fagundes 
JJ, Goes JR, et al. Comparative study of eosinophil chemotaxis, 
adhesion and degranulation in vitro in ulcerative colitis and 
Crohn’s disease. Inflamm Bowel Dis 2007; 13: 211-218.

  83. Oshitani N, Kamata N, Inagawa M, Yamagami H, Watanabe 
K, Fujiwara Y, et al. Significance of activated mast cells in 
submucosa and muscularis propria of patients with Crohn’s 
disease detected by a novel antimast cell surface molecule 
antibody. Aliment Pharmacol Ther 2006; 24 Suppl 4: 1-7.

  84. Hansen TS, Jess T, Vind I, Elkjaer M, Nielsen MF, Gamborg 
M, Munkholm P. Environmental factors in inflammatory 
bowel disease: a case-control study based on a Danish 
inception cohort. J Crohns Colitis 2011; 5: 577-584.

  85. Lakatos PL, Szamosi T, Lakatos L. Smoking in inflammatory 
bowel diseases: good, bad or ugly? World J Gastroenterol 
2007; 13: 6134-6139.

  86. Ananthakrishnan AN. Environmental risk factors for 
inflammatory bowel disease. Gastroenterol Hepatol (N Y) 
2013; 9: 367-374. 

  87. Persson PG, Ahlbom A, Hellers G. Diet and inflammatory 
bowel disease: a case-control study. Epidemiology 1992; 3: 
47-52.

http://www.hkmj.org/abstracts/v13n6/436.htm
http://www.hkmj.org/abstracts/v13n6/436.htm
http://www.hkmj.org/abstracts/v13n6/436.htm
http://www.hkmj.org/abstracts/v13n6/436.htm
http://dx.doi.org/10.2147/TACG.S33966
http://dx.doi.org/10.2147/TACG.S33966
http://dx.doi.org/10.1111/j.1365-2036.2005.02506.x 
http://dx.doi.org/10.1111/j.1365-2036.2005.02506.x 
http://dx.doi.org/10.1111/j.1365-2036.2005.02506.x 
http://dx.doi.org/10.1111/j.1365-2036.2005.02506.x 
http://dx.doi.org/10.1038/nri1747 
http://dx.doi.org/10.1038/nri1747 
http://dx.doi.org/10.1038/nri1747 
http://dx.doi.org/10.1074/jbc.C200673200 
http://dx.doi.org/10.1074/jbc.C200673200 
http://dx.doi.org/10.1074/jbc.C200673200 
http://dx.doi.org/10.1074/jbc.C200673200 
http://dx.doi.org/10.1136/gut.2003.032805 
http://dx.doi.org/10.1136/gut.2003.032805 
http://dx.doi.org/10.1136/gut.2003.032805 
http://dx.doi.org/10.1136/gut.2003.032805 
http://dx.doi.org/10.1111/j.1365-2036.2004.01967.x 
http://dx.doi.org/10.1111/j.1365-2036.2004.01967.x 
http://dx.doi.org/10.1111/j.1365-2036.2004.01967.x 
http://dx.doi.org/10.1111/j.1365-2036.2004.01967.x 
http://dx.doi.org/10.3748/wjg.v18.i2.105 
http://dx.doi.org/10.3748/wjg.v18.i2.105 
http://dx.doi.org/10.3748/wjg.v18.i2.105 
http://dx.doi.org/10.1111/j.1572-0241.2007.01149.x 
http://dx.doi.org/10.1111/j.1572-0241.2007.01149.x 
http://dx.doi.org/10.1111/j.1572-0241.2007.01149.x 
http://dx.doi.org/10.1111/j.1572-0241.2007.01149.x 
http://dx.doi.org/10.1111/j.1572-0241.2007.01149.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00926.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00926.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00926.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00926.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00381.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00381.x 
http://dx.doi.org/10.1111/j.1572-0241.2006.00381.x 
http://dx.doi.org/10.1136/jmg.2007.051672 
http://dx.doi.org/10.1136/jmg.2007.051672 
http://dx.doi.org/10.1136/jmg.2007.051672 
http://dx.doi.org/10.1136/jmg.2007.051672 
http://dx.doi.org/10.3390/ijms13044268 
http://dx.doi.org/10.3390/ijms13044268 
http://dx.doi.org/10.3390/ijms13044268 
http://dx.doi.org/10.3390/ijms13044268 
http://dx.doi.org/10.1007/s10620-005-1290-0 
http://dx.doi.org/10.1007/s10620-005-1290-0 
http://dx.doi.org/10.1007/s10620-005-1290-0 
http://dx.doi.org/10.1007/s00535-005-1780-z 
http://dx.doi.org/10.1007/s00535-005-1780-z 
http://dx.doi.org/10.1007/s00535-005-1780-z 
http://dx.doi.org/10.1007/s00535-005-1780-z 
http://dx.doi.org/10.1053/gast.2002.34155 
http://dx.doi.org/10.1053/gast.2002.34155 
http://dx.doi.org/10.1053/gast.2002.34155 
http://dx.doi.org/10.1053/gast.2002.34155 
http://dx.doi.org/10.1002/ibd.20223 
http://dx.doi.org/10.1002/ibd.20223 
http://dx.doi.org/10.1002/ibd.20223 
http://dx.doi.org/10.1016/S0140-6736(03)15024-6 
http://dx.doi.org/10.1016/S0140-6736(03)15024-6 
http://dx.doi.org/10.1016/S0140-6736(03)15024-6 
http://dx.doi.org/10.1016/S0140-6736(76)91024-2 
http://dx.doi.org/10.1016/S0140-6736(76)91024-2 
http://www.ncbi.nlm.nih.gov/pubmed/?term=3536336
http://www.ncbi.nlm.nih.gov/pubmed/?term=3536336
http://www.ncbi.nlm.nih.gov/pubmed/?term=3536336
http://dx.doi.org/10.3109/00365528509088887 
http://dx.doi.org/10.3109/00365528509088887 
http://dx.doi.org/10.3109/00365528509088887 
http://dx.doi.org/10.1136/gut.32.4.399 
http://dx.doi.org/10.1136/gut.32.4.399 
http://dx.doi.org/10.1023/B:DDAS.0000043391.64073.e4 
http://dx.doi.org/10.1023/B:DDAS.0000043391.64073.e4 
http://dx.doi.org/10.1023/B:DDAS.0000043391.64073.e4 
http://dx.doi.org/10.1023/B:DDAS.0000043391.64073.e4 
http://dx.doi.org/10.1042/BST0391102 
http://dx.doi.org/10.1042/BST0391102 
http://dx.doi.org/10.1042/BST0391102 
http://dx.doi.org/10.1515/jbcpp-2013-0042 
http://dx.doi.org/10.1515/jbcpp-2013-0042 
http://dx.doi.org/10.1515/jbcpp-2013-0042 
http://dx.doi.org/10.1056/NEJM199802123380706
http://dx.doi.org/10.1056/NEJM199802123380706
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9260803 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9260803 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9260803 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9260803 
 http://www.ncbi.nlm.nih.gov/pubmed/?term=9260803 
http://dx.doi.org/10.4103/1319-3767.33322    
http://dx.doi.org/10.4103/1319-3767.33322    
http://dx.doi.org/10.1007/s002689900401 
http://dx.doi.org/10.1007/s002689900401 
http://dx.doi.org/10.1111/j.1751-2980.2008.00336.x 
http://dx.doi.org/10.1111/j.1751-2980.2008.00336.x 
http://dx.doi.org/10.1111/j.1751-2980.2008.00336.x 
http://dx.doi.org/10.1002/ibd.20018 
http://dx.doi.org/10.1002/ibd.20018 
http://dx.doi.org/10.1002/ibd.20018 
http://dx.doi.org/10.1002/ibd.20018 
http://dx.doi.org/10.1111/j.1365-2036.2006.00019.x 
http://dx.doi.org/10.1111/j.1365-2036.2006.00019.x 
http://dx.doi.org/10.1111/j.1365-2036.2006.00019.x 
http://dx.doi.org/10.1111/j.1365-2036.2006.00019.x 
http://dx.doi.org/10.1111/j.1365-2036.2006.00019.x 
http://dx.doi.org/10.1016/j.crohns.2011.05.010 
http://dx.doi.org/10.1016/j.crohns.2011.05.010 
http://dx.doi.org/10.1016/j.crohns.2011.05.010 
http://dx.doi.org/10.1016/j.crohns.2011.05.010 
http://dx.doi.org/10.3748/wjg.13.6134 
http://dx.doi.org/10.3748/wjg.13.6134 
http://dx.doi.org/10.3748/wjg.13.6134 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736793/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736793/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736793/
http://dx.doi.org/10.1097/00001648-199201000-00009 
http://dx.doi.org/10.1097/00001648-199201000-00009 
http://dx.doi.org/10.1097/00001648-199201000-00009 


1113www.smj.org.sa     Saudi Med J 2013; Vol. 34 (11)

Crohn’s disease in KSA ... Al-Mofleh & Azzam

  88. Russel MG, Engels LG, Muris JW, Limonard CB, Volovics 
A, Brummer RJ, et al. Modern life in the epidemiology of 
inflammatory bowel disease: a case-control study with special 
emphasis on nutritional factors. Eur J Gastroentertol Hepatol 
1998; 10: 243-249.

  89. Sakamoto N, Kono S, Wakai K, Fukuda Y, Satomi M, 
Shimoyama T, et al. Dietary risk factors in inflammatory 
bowel disease: a multicenter case-control study in Japan. 
Inflamm Bowel Dis 2005; 11: 154-163.

  90. Alzoghaibi MA, Walsh SW, Willey A, Yager DR, Fowler 
AA 3rd, Graham MF. Linoleic acid induces interleukin-8 
production by Crohn’s human intestinal smooth muscle cell 
via arachidonic acid metabolites. Am J Physiol Gastrointest 
Liver Physiol 2004; 286: G528-G537.

  91. Cabré E, Domènech E. Impact of environmental and dietary 
factors on the course of inflammatory bowel disease. World J 
Gastroenterol 2012; 18: 3814-3822.

  92. Corrao G, Tragnone A, Caprilli R, Trallori G, Papi C, Andreoli 
A, et al. Risk of inflammatory bowel disease attributable to 
smoking, oral contraception and breastfeeding in Italy: a 
nationwide case-control study. Cooperative investigators of 
the Italian Group for the Study of the Colon and Rectum 
(GISC). Int J Epidemiol 1998; 27: 397-404.

  93. Halfvarson J, Jess T, Magnuson A, Montgomery SM, Orholm 
M, Tysk C, et al. Environmental factors in inflammatory 
bowel disease: a co-twin control study of Swedish-Danish 
twin population. Inflamm Bowel Dis 2006; 12: 925-933.

  94. Van Kruiningen HJ, Joossens M, Vermeire S, Joossens S, 
Debeugny S, Gower-Rousseau C, et al. Environmental factors 
in familial Crohn’s disease in Belgium. Inflamm Bowel Dis 
2005; 11: 360-365.

  95. Suibhne TN, Cox G, Healy M, O’Morain C, O’Sullivan 
M. Vitamin D deficiency in Crohn’s disease: prevalence, risk 
factors and supplement use in an outpatient setting. J Crohns 
Colitis 2012; 6: 182-188.

  96. Ananthakrishnan AN, Cagan A, Gainer VS, Cai T, Cheng SC, 
Savova G, et al. Normalization of plasma 25-hydroxy vitamin 
D is associated with reduced risk of surgery in Crohn’s disease.
Inflamm Bowel Dis 2013; 19: 1921-1927.

  97. Shish DQ, Targan SR. Immunopathogenesis of inflammatory 
bowel disease. World J Gastroenterol 2008; 14: 390-400.

  98. Marks DJ, Harbord MW, MacAllister R, Rahman FZ, Young 
J, Al-Lazikani B, et al. Defective acute inflammation in 
Crohn’s disease: a clinical investigation. Lancet 2006; 367: 
668-678.

  99. Kamada N, Hisamatsu T, Okamoto S, Chinen H, Kobayashi 
T, Sato T, et al. Unique CD14 intestinal macrophages 
contribute to the pathogenesis of Crohn disease via IL-23/
INF-gamma axis. J Clin Invest 2008; 118: 2269-2280.

100. Yamamoto-Furusho JK, Barnich N, Xavier R, Hisamatsu T, 
Podolsky DK. Centaurin beta1 down-regulates nucleotide-
binding oligomerization domain1- and 2-dependent NF- 
kappaB activation. J Biol Chem 2006; 281: 360-370.

101. Rodriguez-Bores L, Fonseca GC, Villeda MA, Yamamoto-
Furusho JK. Novel genetic markers in inflammatory bowel 
disease. World J Gastroenterol 2007; 13: 5560-5570.

102. Lapis K. [Barrier- and autophagic functions of the intestinal 
epithelia: role of disturbances in the pathogenesis of 
Crohn’sdisease]. Orv Hetil 2010; 151: 1645-1655.

103. Galluzzi L, Kepp O, Zitvogel L, Kroemer G. Bacterial 
invasion: linking autophagy and innate immunity. Curr Biol 
2010; 20: R106-108.

104. Hruz P, Eckmann L. Innate immune defence: NOD2 and 
autophagy in the pathogenesis of Crohn’s disease. Swiss Med 
Wkly 2010; 140: w13135.

105. Fritz T, Niederreiter L, Adolph T, Blumberg RS, Kaser A. 
Crohn’s disease: NOD2, autophagy and ER stress converge. 
Gut 2011; 60: 1580-1588.

106. Cantor MJ, Nickerson P, Bernstein CN. The role of cytokine 
gene polymorphisms in determining disease susceptibility and 
phenotype in inflammatory bowel disease. Am J Gastroenterol 
2005; 100: 1134-1142.

107. Baumgart DC. What is new in inflammatory bowel disease in 
2008? World J Gastroenterol 2008; 14: 329-330.

Related Articles

Al Asmi MM, Faqeehi HY, Alshahrani DA, Al-Hussaini AA. A case of pediatric 
gastrointestinal basidiobolomycosis mimicking Crohn’s disease. A review of pediatric 
literature. Saudi Med J  2013; 34: 1068-1072.
   
Al-Beladi FI, Al-Fawaz MA, Al-Solami EA, Al-Solami RA.  Possible central nervous 
system vasculitis as an early presentation of Crohn’s disease. A challenge in diagnosis and 
management. Saudi Med J  2012; 33: 1025-1027.

http://dx.doi.org/10.1097/00042737-199803000-00010 
http://dx.doi.org/10.1097/00042737-199803000-00010 
http://dx.doi.org/10.1097/00042737-199803000-00010 
http://dx.doi.org/10.1097/00042737-199803000-00010 
http://dx.doi.org/10.1097/00042737-199803000-00010 
http://dx.doi.org/10.1097/00054725-200502000-00009 
http://dx.doi.org/10.1097/00054725-200502000-00009 
http://dx.doi.org/10.1097/00054725-200502000-00009 
http://dx.doi.org/10.1097/00054725-200502000-00009 
http://dx.doi.org/10.1152/ajpgi.00189.2003 
http://dx.doi.org/10.1152/ajpgi.00189.2003 
http://dx.doi.org/10.1152/ajpgi.00189.2003 
http://dx.doi.org/10.1152/ajpgi.00189.2003 
http://dx.doi.org/10.1152/ajpgi.00189.2003 
http://dx.doi.org/10.3748/wjg.v18.i29.3814 
http://dx.doi.org/10.3748/wjg.v18.i29.3814 
http://dx.doi.org/10.3748/wjg.v18.i29.3814 
http://dx.doi.org/10.1093/ije/27.3.397 
http://dx.doi.org/10.1093/ije/27.3.397 
http://dx.doi.org/10.1093/ije/27.3.397 
http://dx.doi.org/10.1093/ije/27.3.397 
http://dx.doi.org/10.1093/ije/27.3.397 
http://dx.doi.org/10.1093/ije/27.3.397 
http://dx.doi.org/10.1097/01.mib.0000228998.29466.ac 
http://dx.doi.org/10.1097/01.mib.0000228998.29466.ac 
http://dx.doi.org/10.1097/01.mib.0000228998.29466.ac 
http://dx.doi.org/10.1097/01.mib.0000228998.29466.ac 
http://dx.doi.org/10.1097/01.MIB.0000158536.31557.90 
http://dx.doi.org/10.1097/01.MIB.0000158536.31557.90 
http://dx.doi.org/10.1097/01.MIB.0000158536.31557.90 
http://dx.doi.org/10.1097/01.MIB.0000158536.31557.90 
http://dx.doi.org/10.1016/j.crohns.2011.08.002 
http://dx.doi.org/10.1016/j.crohns.2011.08.002 
http://dx.doi.org/10.1016/j.crohns.2011.08.002 
http://dx.doi.org/10.1016/j.crohns.2011.08.002 
http://dx.doi.org/10.1097/MIB.0b013e3182902ad9.
http://dx.doi.org/10.1097/MIB.0b013e3182902ad9.
http://dx.doi.org/10.1097/MIB.0b013e3182902ad9.
http://dx.doi.org/10.1097/MIB.0b013e3182902ad9.
http://dx.doi.org/10.3748/wjg.14.390 
http://dx.doi.org/10.3748/wjg.14.390 
http://dx.doi.org/10.1016/S0140-6736(06)68265-2 
http://dx.doi.org/10.1016/S0140-6736(06)68265-2 
http://dx.doi.org/10.1016/S0140-6736(06)68265-2 
http://dx.doi.org/10.1016/S0140-6736(06)68265-2 
http://dx.doi.org/10.1172/JCI34610	 
http://dx.doi.org/10.1172/JCI34610	 
http://dx.doi.org/10.1172/JCI34610	 
http://dx.doi.org/10.1172/JCI34610	 
http://dx.doi.org/10.1074/jbc.M602383200 
http://dx.doi.org/10.1074/jbc.M602383200 
http://dx.doi.org/10.1074/jbc.M602383200 
http://dx.doi.org/10.1074/jbc.M602383200 
http://www.wjgnet.com/1007-9327/full/v13/i42/5560.htm	 
http://www.wjgnet.com/1007-9327/full/v13/i42/5560.htm	 
http://www.wjgnet.com/1007-9327/full/v13/i42/5560.htm	 
http://dx.doi.org/10.1556/OH.2010.28942 
http://dx.doi.org/10.1556/OH.2010.28942 
http://dx.doi.org/10.1556/OH.2010.28942 
http://dx.doi.org/10.1016/j.cub.2009.12.016 
http://dx.doi.org/10.1016/j.cub.2009.12.016 
http://dx.doi.org/10.1016/j.cub.2009.12.016 
http://www.ncbi.nlm.nih.gov/pubmed/?term=21213148	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=21213148	 
http://www.ncbi.nlm.nih.gov/pubmed/?term=21213148	 
http://dx.doi.org/10.1136/gut.2009.206466 
http://dx.doi.org/10.1136/gut.2009.206466 
http://dx.doi.org/10.1136/gut.2009.206466 
http://dx.doi.org/10.1111/j.1572-0241.2005.40979.x 
http://dx.doi.org/10.1111/j.1572-0241.2005.40979.x 
http://dx.doi.org/10.1111/j.1572-0241.2005.40979.x 
http://dx.doi.org/10.1111/j.1572-0241.2005.40979.x 
http://dx.doi.org/10.3748/wjg.14.329 
http://dx.doi.org/10.3748/wjg.14.329 



