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Abstract
Background: The Sydney system offers a standard biopsy protocol for detection and follow-up of gastric preneoplastic lesions such 
as intestinal metaplasia (IM). The highest frequency of cardia-type gastric adenocarcinoma (GA) in Iran has been documented in 
the north-western part of the country. This study aims to investigate the effect of the addition of mucosal biopsies of gastric cardia 
to the standard Sydney protocol on the rate of detection of IM in the asymptomatic residents of this high-risk region for proximal 
gastric cancer.
Methods: A retrospective new analysis was performed on the previous data obtained in cross-sectional endoscopic screening in 
2000 as well as a biopsy study of 508 asymptomatic volunteer residents in Meshkinshahr district, Ardabil province. The screening 
study was conducted in a group of residents aged 40 years and older who did not have any previous GI or hemodynamic problems. 
Results: Intestinal metaplasia at the Sydney protocol sampling sites was detected in 107 samples belonging to 76 of the 508 
(14.99%) volunteers. Twenty-one patients had IM at the cardia. Of these, five patients had IM-cardia (IM only at the cardia). 
Therefore, adding a cardia biopsy to the set of biopsies diagnosed five more IM cases which were not diagnosed on the standard 
Sydney protocol (P = 0.062).
Conclusion: The addition of a biopsy from the cardia to the Sydney protocol biopsy set does not seem to improve the frequency 
of detection of IM in the residents of this high-risk geographic area for proximal gastric carcinoma.
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Introduction
Gastric adenocarcinoma (GA) is the fifth most frequent 
cancer and the third leading cause of cancer-related death 
worldwide, and the leading cause of cancer-related death 
in Iran.1,2 It may arise either from the cardia (CGA) or from 
the more distal parts – the non‐cardia adenocarcinomas 
(NCGA).2-5 According to recent epidemiological data, 
CGA is more prevalent in industrialized nations,6,7 while 
NCGA is seen more often in developing countries.7 
While intestinal metaplasia (IM) is considered to be 
the precursor tissue for GC in both anatomic sites, the 
carcinogenetic mechanisms and possible etiologies 
differ, with Helicobacter pylori being the main culprit 
in NCGA.8-14 The Sydney System, first introduced in 
1990, offers a comprehensive protocol biopsy plan from 
standard locations of gastric mucosa and a visual scale to 
ensure more accurate and reproducible documentation 
of various histological findings.15 In 2001, it was revised 
by adding one sample from the incisura angularis to 

the previous four-biopsy set to increase the yield of H. 
pylori infection diagnosis.16,17 Further studies, however, 
showed that IM or other precancerous lesions could be 
underdiagnosed in some patients; even after the addition 
of the incisura angularis biopsy to the standard four-
biopsy sample, some of the precancerous lesions located 
elsewhere in the stomach could naturally be missed.11,17

The recommendations of the Sydney protocol in 
conducting upper gastrointestinal (GI) endoscopy and 
biopsy are proven to be effective and efficient in the 
detection of IM and other precancerous lesions in the 
gastric mucosa.10,18

National surveillance studies conducted by the Iranian 
Ministry of Health and provincial cancer registry data show 
that GA is the most fatal cancer in Iran, especially in the 
Ardabil province.12,14 According to the available studies, 
CGA is more prevalent in north and north-western Iran, 
including the Ardabil province.14,18 To characterize the 
precancerous lesions among asymptomatic individuals, 
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an endoscopic study was performed on volunteers in the 
region two decades ago.18 The investigators had taken 
protocol biopsies from the cardia, incisura, lesser and 
greater curves of the body and antrum in addition to any 
suspicious lesion.10,13,19,20 

With this background and the knowledge of the high 
incidence of CGA in the Ardabil province, we used the 
available pathology data from the Ardabil study to see if 
taking a cardia biopsy may add to the IM detection rate in 
healthy volunteers.21,22

Materials and Methods
Study Design and Participants
Study Population
We used the histopathology data obtained from slides of 
the aforementioned study in Meshkinshahr, Ardabil.18 
Briefly, in that study, 1,105 households were canvassed, 
and residents aged 40 years and older without upper GI 
symptoms were invited to participate. Those consenting 
volunteers without a history of significant benign or 
malignant upper GI disease, recent gastric surgery, 
coagulopathy (INR > 1.5 or platelet count < 150 × 103), 
and hemodynamic instability underwent upper 
gastrointestinal endoscopy and protocol biopsies were 
taken from cardia, incisura, and lesser and greater curves 
of the antrum and body. Figure 1 demonstrates the map 
of gastric biopsy sites. 

Of the 508 individuals enrolled in the Meshkinshahr 
study, 409 had a complete set of gastric biopsies (including 
the cardia). In 15 individuals, 7 biopsy samples were 
taken; the additional biopsy was taken due to observation 
of a suspicious mass.

All the biopsies were fixed in 10% buffered formalin, 
processed, embedded in paraffin blocks, sectioned, and 
stained by hematoxylin-eosin (H&E) Giemsa methods 
following standard procedures. Two pathologists 
specializing in GI pathology reviewed the gastric biopsy 
slides, each going through 50% of the slides. They 

reviewed the first 20 slide sets in joint sessions to become 
acquainted with and establish a preliminary agreement 
on the histological criteria and definitions presented in 
the Sydney system. Then, they recorded the histological 
changes, including pattern and degree of inflammation, 
presence of H. pylori, IM, and mucosal atrophy according 
to the criteria and visual scales provided in the Sydney 
protocol. Both pathologists reviewed a randomly chosen 
sample of 10% of the slides for the purpose of accuracy and 
reproducibility assurance. All problems and borderline 
cases were also reviewed by both pathologists, and 
discrepancies were resolved in joint sessions. Numerical 
values were assigned to the type and degree of histological 
findings. If IM was present on any of the antral, corpus, or 
incisura biopsies in a given case, that case was diagnosed 
as having IM. Then, the cardia biopsy readings were 
assessed, and the number of cases with IM was recorded. 
The cases with IM at the cardia but not on biopsies from 
other parts of the stomach were designated as IM-cardia. 

Statistical Analysis
McNemar’s test was used to compare percentage of 
positive results detected by each protocol. Besides, we 
used kappa (κ) coefficient as an interobserver agreement 
that points to the degree of agreement beyond what would 
be expected by chance alone and typically ranges from -1 
to + 1, where a greater value indicates better reliability 
such that, for example, a kappa of 0.80 to 1.00 indicates 
excellent agreement.23 P values < 0.05 reflected statistically 
significant agreement. STATA, version 16 for Windows 
(StataCorp. 2019. Stata Statistical Software: Release 16. 
College Station, TX: StataCorp LP) was used for the 
statistical analysis.

Results
Three thousand and eighty gastric biopsy samples were 
obtained from 508 participants. A complete set of six-
biopsy samples was obtained from the six regions as 
shown in Figure 1 and slides were prepared for evaluation. 
An extra biopsy was obtained from 32 participants due 
to observation of a suspicious gastric lesion during upper 
endoscopy. General histopathological findings are shown 
in Table 1. Of the 508 participants, 7 participants had no 
significant histopathological changes in any of the biopsy 
sites. In the remaining 500 participants, 76 participants 
had IM on at least one site (excluding cardia), with antrum 
being the most common site for IM (38 participants, 
35.5%) (Table 2). Naturally, there are overlaps in the 
detection of various pathological changes in any slide set 
belonging to a participant. Dysplasia was detected in one 
and adenocarcinoma in another participant (each 0.02%) 
(Table 3). 

Comparing the set of Sydney protocol biopsies 
with cardia biopsies in terms of IM diagnosis was not 
statistically significant, although considered significant at 
the 0.10 level of significance (P = 0.063)

Table 4 illustrates the consistency in the detection 

Figure 1. Biopsy Mapping. Biopsy Sites: 1: Antrim: Prepyloric, 2 cm of 
Pylorus, 2: Distal antrum, Lesser Curvature, 3: Mid antrum, Greater 
Curvature, 4: Mid Body(corpus), Lesser Curvature, 5: Mid corpus, Greater 
Curvature, 6: Cardia: Just below the Z line. In the presence of any gross 
masses, a biopsy was taken to investigate further.
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of disease based on the two different protocols. The 
McNemar’s test P values and the estimated kappa 
coefficient, the P value of the kappa tests and the limits 
of the 95% confidence interval for the Kappa coefficients 
are presented for each biopsy area in this table. The results 
of both tests were consistent and confirmed each other. 
The findings disclosed that the interobserver agreement 
between the two protocols were excellent for all five areas 
such that for three of them, including glandular dysplasia, 
adenocarcinoma, and dysplasia or cancer, agreement was 
complete. The findings also showed that the addition of 
cardia biopsies (the study protocol) did not significantly 
increase the detection rate of IM in comparison with the 
standard Sydney protocol biopsies alone [McNemar’s test 
P = 0.0625, kappa = 97.09 (P < 0.0001)].

Discussion
We studied the significance of adding a cardia biopsy to 
the Sydney protocol for gastric biopsies using the available 
samples of 508 asymptomatic people from Meshkinshahr, 
a high incidence area for GA (both CGC and NCGC). Our 

Table 1. Frequency of Histopathological Changes 

Histological Changes No. (%)

Normal (all samples) 7 (1.38)

Active chronic gastritis 216 (42.69)

Chronic gastritis 497 (97.83)

Atrophy 33 (6.50)

Intestinal Metaplasia 76 (14.99)

Reactive atypia 214 (42.21)

Dysplasia 1 (0.20)

Adenocarcinoma 1 (0.20)

Table 2. Prevalence of Distribution of Helicobacter pylori Based on Biopsy Site

Biopsy Region No. (%)

Antrum: Prepyloric, 2 cm of pylorus 336 (67.20)

Antrum: Distal antrum, lesser curvature 338 (67.33)

Antrum: Mid antrum, greater curvature 305 (61.12)

Body: Mid body, lesser curvature 288 (57.95)

Body: Mid body, greater curvature 261 (51.99)

Cardia: Just below the Z line 245 (49.80)

Table 3. Frequency of Histopathological Changes Based on Biopsy Site

Biopsy Site, No. (%) H. pylori IM Glandular Dysplasia Adenocarcinoma Dysplasia or Adenocarcinoma

1 336 (67.20) 38 (7.50) 0 0 0

2 338 (67.33) 43 (8.48) 0 1 (0.20) 1 (0.20)

3 305 (61.12) 33 (6.51) 0 0 0

4 288 (57.95) 33 (6.51) 1 (0.20) 0 1 (0.20)

5 261 (51.99) 14 (2.76) 0 0 0

6 245 (49.80) 21 (4.14) 0 0 0

1 or 2 374 (73.77) 67 (13.21) 0 1 (0.20) 1 (0.20)

1 or 2 or 3 388 (76.53) 86 (16.96) 0 1 (0.20) 1 (0.20)

4 or 5 327 (64.50) 42 (8.28) 1 (0.20) 0 1 (0.20)

IM, intestinal metaplasia.
1, antrum in 2 cm distance from the pyloric canal; 2, Antrum Lesser Curvature; 3, Antrum Greater Curvature; 4, Corpus Lesser curvature; 5, Corpus Greater 
Curvature; 6, cardia just below the Z line; IM, Intestinal Metaplasia.

Table 4. Comparison of Consistency in Detecting Histopathological Changes by Sydney Protocol vs. Study Protocol Regarding Cardia Biopsy

Sydney Biopsy plus Additional Cardia Biopsy McNemar’s Test P 
Value

Cohen's Kappa
(P Value)Negative Positive Total

Sydney biopsy 
alone

HP

Negative 99 (19.49%) 2 (0.39%) 101 (19.88%)

0.50
98.75

(< 0.0001)
Positive 0 (0.00%) 407 (80.12%) 407 (80.12%)

Total 99 (19.49%) 408 (80.51%) 508 (100%)

IM

Negative 396 (77.95%) 5 (0.98%) 401 (78.94%)

0.0625
97.09

(< 0.0001)
Positive 0 (0.00%) 107 (21.06%) 107 (21.06%)

Total 396 (77.95%) 112 (22.05%) 508 (100%)

Glandular 
dysplasia

Negative 507 (99.8%) 0 (0.00%) 507 (99.8%)

1.000
100

(< 0.0001)
Positive 0 (0.00%) 1 (0.2%) 1 (0.2%)

Total 507 (99.8%) 1 (0.2%) 508 (100%)

Adeno
carcinoma

Negative 507 (99.8%) 0 (0.00%) 507 (99.8%)

1.000
100

(< 0.0001)
Positive 0 (0.00%) 1 (0.2%) 1 (0.2%)

Total 507 (99.8%) 1 (0.2%) 508 (100%)

Dysplasia or 
cancer

Positive 506 (99.61%) 0 (0.00%) 506 (99.61%)

1.000
100

(< 0.0001)
Negative 0 (0.00%) 2 (0.39%) 2 (0.39%)

Total 506 (99.61%) 2 (0.39%) 508 (100%)

HP, Helicobacter pylori; IM, intestinal metaplasia.
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data shows that adding the cardia biopsy is able to detect 
4.27% more IM than the Sydney protocol (P = 0.062). 
Although the difference was not statically significant, 
there was a trend toward significance. 

Gastric cardia is a poorly defined area measuring 
5–15mm below the gastro-esophageal junction.24 
Obtaining biopsies exactly from this area may be a difficult 
task because of the esophagus and stomach’s peristaltic 
movements and the fact that the gastro-esophageal 
junction (GEJ) is also seen differently by different 
endoscopists. The triggering factors and significance 
of IM at the cardia are also not well established. Some 
believe it is a consequence of gastro-esophageal reflux 
disease (GERD), others relate it to H. pylori and some 
to both.24 Current data relate it to GERD in Western 
countries and to H. pylori in the East and South Asian 
countries.25 GERD is increasing in Iran and although H. 
pylori infection has decreased significantly, it is still much 
more common than the West.26 A previous study from 
Iran looking at the GEJ of dyspeptic patients referred for 
Esophagogastroduodenoscopy (EGD) to a tertiary care GI 
unit, reported 5% prevalence of IM and 48% prevalence 
of H. pylori at the site.26 Western reports indicate the 
prevalence of IM at the GEJ at 5–18% with less than a 
third harboring H. pylori.27

The clinical behavior of IM at the cardia may be different 
from that of the adjacent lower esophagus or the more 
distal parts of the stomach. However, it has been clearly 
shown that IM at this site has the potential of progression 
to adenocarcinoma, albeit at a lower rate than the two 
other mentioned sites.28 

To conclude, our data show that adding a cardia biopsy 
to those proposed by the Sydney system may detect IM 
not found on other biopsies, but the difference was not 
statistically significant. Considering the borderline P 
value of 0.063, it could be assumed that if we had studied 
a larger number of individuals, this figure might have 
attained statistical significance. As IM at the cardia is 
prevalent and may be present without IM at other sites, 
further studies with a larger number of cases are warranted 
to better delineate the issue. 

Acknowledgment
All authors contributed solely as volunteers. We are indebted 
grateful to Dr. Reza Malekzadeh, the director of DDRC, and Dr. 
Abbas Yazdanbod for their vulnerable and dedicated works, on the 
national study project on Cardia Type Gastric Cancer in the North-
west of Iran Ardabil province. Also, the residents of the Ardabil and 
Meshkinshahr districts for their contribution to this study. 

Authors’ Contributions
GS: Conceptualization, investigation, methodology, validation, 
writing – review & editing. BSA: Conceptualization, formal analysis, 
methodology, validation, writing – review & editing. MS and 
SNM: Conceptualization, formal analysis, methodology, software, 
validation, writing – review & editing. MHD: Conceptualization, 
data curation, formal analysis, investigation, methodology, project 
administration, resources, validation, visualization, writing – 
original draft, writing – review & editing. HS: Conceptualization, 
pathologic analysis, validation, writing – review & editing. AK: 

Conceptualization, Formal analysis, Investigation, Methodology, 
Validation, Writing – review & editing. SMRC: Conceptualization, 
Methodology, Writing – review & editing. ARS: Conceptualization, 
data curation, formal analysis, investigation, methodology, project 
administration, resources, validation, visualization, writing – 
original draft, writing – review & editing. 

Conflict of Interest Disclosures 
The authors declare that they have no Conflict of interest.

Ethical Statement
The study protocols were approved by the ethics committee of the 
Digestive Disease Research Institute (DDRC), Tehran University of 
Medical Sciences.

References
1. Thrift AP, El-Serag HB. Burden of gastric cancer. Clin 

Gastroenterol Hepatol. 2020;18(3):534-42. doi: 10.1016/j.
cgh.2019.07.045.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 cancers in 
185 countries. CA Cancer J Clin. 2018;68(6):394-424. doi: 
10.3322/caac.21492.

3. Bakhti SZ, Latifi-Navid S, Zahri S, Yazdanbod A. Inverse 
association of Helicobacter pylori cagPAI genotypes with risk 
of cardia and non-cardia gastric adenocarcinoma. Cancer 
Med. 2019;8(10):4928-37. doi: 10.1002/cam4.2390.

4. Catalano V, Labianca R, Beretta GD, Gatta G, de Braud F, 
Van Cutsem E. Gastric cancer. Crit Rev Oncol Hematol. 
2009;71(2):127-64. doi: 10.1016/j.critrevonc.2009.01.004.

5. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year 
2000. The global picture. Eur J Cancer. 2001;37 Suppl 8:S4-
66. doi: 10.1016/s0959-8049(01)00267-2.

6. Lyons K, Le LC, Pham YT, Borron C, Park JY, Tran CTD, et al. 
Gastric cancer: epidemiology, biology, and prevention: a mini 
review. Eur J Cancer Prev. 2019;28(5):397-412. doi: 10.1097/
cej.0000000000000480.

7. Crew KD, Neugut AI. Epidemiology of gastric cancer. World 
J Gastroenterol. 2006;12(3):354-62. doi: 10.3748/wjg.v12.
i3.354.

8. Malekzadeh R, Derakhshan MH, Malekzadeh Z. Gastric 
cancer in Iran: epidemiology and risk factors. Arch Iran Med. 
2009;12(6):576-83.

9. Derakhshan MH, Yazdanbod A, Sadjadi AR, Shokoohi B, 
McColl KE, Malekzadeh R. High incidence of adenocarcinoma 
arising from the right side of the gastric cardia in NW Iran. 
Gut. 2004;53(9):1262-6. doi: 10.1136/gut.2003.035857.

10. Genta RM, Gürer IE, Graham DY, Krishnan B, Segura AM, 
Gutierrez O, et al. Adherence of Helicobacter pylori to areas 
of incomplete intestinal metaplasia in the gastric mucosa. 
Gastroenterology. 1996;111(5):1206-11. doi: 10.1053/
gast.1996.v111.pm8898634.

11. Guarner J, Herrera-Goepfert R, Mohar A, Smith C, Schofield 
A, Halperin D, et al. Diagnostic yield of gastric biopsy 
specimens when screening for preneoplastic lesions. Hum 
Pathol. 2003;34(1):28-31. doi: 10.1053/hupa.2003.3.

12. Sadjadi A, Malekzadeh R, Derakhshan MH, Sepehr A, Nouraie 
M, Sotoudeh M, et al. Cancer occurrence in Ardabil: results 
of a population-based cancer registry from Iran. Int J Cancer. 
2003;107(1):113-8. doi: 10.1002/ijc.11359.

13. Varbanova M, Wex T, Jechorek D, Röhl FW, Langner C, 
Selgrad M, et al. Impact of the angulus biopsy for the detection 
of gastric preneoplastic conditions and gastric cancer risk 
assessment. J Clin Pathol. 2016;69(1):19-25. doi: 10.1136/
jclinpath-2015-202858.

14. Yazdanbod A, Arshi S, Derakhshan MH, Sadjadi AR, 
Malekzadeh R. Gastric cardia cancer; the most common type 

https://doi.org/10.1016/j.cgh.2019.07.045
https://doi.org/10.1016/j.cgh.2019.07.045
https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/cam4.2390
https://doi.org/10.1016/j.critrevonc.2009.01.004
https://doi.org/10.1016/s0959-8049(01)00267-2
https://doi.org/10.1097/cej.0000000000000480
https://doi.org/10.1097/cej.0000000000000480
https://doi.org/10.3748/wjg.v12.i3.354
https://doi.org/10.3748/wjg.v12.i3.354
https://doi.org/10.1136/gut.2003.035857
https://doi.org/10.1053/gast.1996.v111.pm8898634
https://doi.org/10.1053/gast.1996.v111.pm8898634
https://doi.org/10.1053/hupa.2003.3
https://doi.org/10.1002/ijc.11359
https://doi.org/10.1136/jclinpath-2015-202858
https://doi.org/10.1136/jclinpath-2015-202858


 Arch Iran Med, Volume 25, Issue 6, June 2022398

Soltani et al 

of upper gastrointestinal cancer in Ardabil, Iran: an endoscopy 
clinic experience. Arch Iran Med. 2001;4(2):76-9.

15. Price AB. The Sydney System: histological division. J 
Gastroenterol Hepatol. 1991;6(3):209-22. doi: 10.1111/
j.1440-1746.1991.tb01468.x.

16. Sipponen P, Price AB. The Sydney System for classification of 
gastritis 20 years ago. J Gastroenterol Hepatol. 2011;26 Suppl 
1:31-4. doi: 10.1111/j.1440-1746.2010.06536.x.

17. El-Zimaity HM, Graham DY. Evaluation of gastric mucosal 
biopsy site and number for identification of Helicobacter 
pylori or intestinal metaplasia: role of the Sydney System. Hum 
Pathol. 1999;30(1):72-7. doi: 10.1016/s0046-8177(99)90303-
9.

18. Malekzadeh R, Sotoudeh M, Derakhshan MH, Mikaeli 
J, Yazdanbod A, Merat S, et al. Prevalence of gastric 
precancerous lesions in Ardabil, a high incidence province for 
gastric adenocarcinoma in the northwest of Iran. J Clin Pathol. 
2004;57(1):37-42. doi: 10.1136/jcp.57.1.37.

19. Kim YI, Kook MC, Cho SJ, Lee JY, Kim CG, Joo J, et al. Effect of 
biopsy site on detection of gastric cancer high-risk groups by 
OLGA and OLGIM stages. Helicobacter. 2017;22(6):e12442. 
doi: 10.1111/hel.12442.

20. Correa P, Piazuelo MB, Wilson KT. Pathology of gastric 
intestinal metaplasia: clinical implications. Am J Gastroenterol. 
2010;105(3):493-8. doi: 10.1038/ajg.2009.728.

21. den Hoed CM, Holster IL, Capelle LG, de Vries AC, den 
Hartog B, Ter Borg F, et al. Follow-up of premalignant lesions 

in patients at risk for progression to gastric cancer. Endoscopy. 
2013;45(4):249-56. doi: 10.1055/s-0032-1326379.

22. Mastracci L, Bruno S, Spaggiari P, Ceppa P, Fiocca R. The 
impact of biopsy number and site on the accuracy of intestinal 
metaplasia detection in the stomach A morphometric study 
based on virtual biopsies. Dig Liver Dis. 2008;40(8):632-40. 
doi: 10.1016/j.dld.2008.02.027.

23. Landis JR, Koch GG. The measurement of observer agreement 
for categorical data. Biometrics. 1977;33(1):159-74.

24. Yakirevich E, Resnick MB. Pathology of gastric cancer 
and its precursor lesions. Gastroenterol Clin North Am. 
2013;42(2):261-84. doi: 10.1016/j.gtc.2013.01.004.

25. Wijetunge S, Ma Y, DeMeester S, Hagen J, DeMeester T, 
Chandrasoma P. Association of adenocarcinomas of the distal 
esophagus, “gastroesophageal junction,” and “gastric cardia” 
with gastric pathology. Am J Surg Pathol. 2010;34(10):1521-7. 
doi: 10.1097/PAS.0b013e3181eff133.

26. Nasseri-Moghaddam S, Malekzadeh R, Sotoudeh M, Tavangar 
M, Azimi K, Sohrabpour AA, et al. Lower esophagus in dyspeptic 
Iranian patients: a prospective study. J Gastroenterol Hepatol. 
2003;18(3):315-21. doi: 10.1046/j.1440-1746.2003.02969.x.

27. Spechler SJ. The role of gastric carditis in metaplasia and 
neoplasia at the gastroesophageal junction. Gastroenterology. 
1999;117(1):218-28. doi: 10.1016/s0016-5085(99)70571-8.

28. Morales TG, Sampliner RE, Bhattacharyya A. Intestinal 
metaplasia of the gastric cardia. Am J Gastroenterol. 
1997;92(3):414-8.

 2022 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.1111/j.1440-1746.1991.tb01468.x
https://doi.org/10.1111/j.1440-1746.1991.tb01468.x
https://doi.org/10.1111/j.1440-1746.2010.06536.x
https://doi.org/10.1016/s0046-8177(99)90303-9
https://doi.org/10.1016/s0046-8177(99)90303-9
https://doi.org/10.1136/jcp.57.1.37
https://doi.org/10.1111/hel.12442
https://doi.org/10.1038/ajg.2009.728
https://doi.org/10.1055/s-0032-1326379
https://doi.org/10.1016/j.dld.2008.02.027
https://doi.org/10.1016/j.gtc.2013.01.004
https://doi.org/10.1097/PAS.0b013e3181eff133
https://doi.org/10.1046/j.1440-1746.2003.02969.x
https://doi.org/10.1016/s0016-5085(99)70571-8
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

