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ABSTRACT

البطني  الداء  لانتشار  )ميتا(  التلوي  التحليل  لإجراء  الأهداف: 
العربية  المملكة  في  للخطر  المعرضين  الأفراد  بين   )CD )سيلياك 
السعودية )KSA(، ومقارنة مع التحليل التلوي السابق بين السكان 

العاديين.

الطريقة: بعد البحث في قواعد البيانات والمجلات، تم تحليل البيانات 
 IBM SPSS Inc برنامج  باستخدام  الصلة  ذات  المقالات  كل  من 

.)CMA( واستخدام برنامج التحليل التلوي الشامل

تغطي  التي  الصلة  ذات  المقالات  من   16 على  العثور  تم  النتائج: 
مرض السكري من النوع 1، حالة قصر القامة )SS(، ومتلازمة داون 
المصلي  الإيجابي   CD انتشار  كان  عام(   1-50( الأعمار   .)DS(
%15.6 مع عدم تجانس عالية )I2=80.353(، في حين كان انتشار 
 .)I2=73.359( المثبت بالخزعة %10.6 مع عدم تجانس عالية  CD
للخطر  المعرضين  السكان  عدد  في   CD انتشار  أخرى  مقالة  ذكرت 
بالخزعة على  المؤكد   CD CD المصلي و  للـ    6.9% %18.4 و   كـ   
التوالي. أضداد tTg استخدمت في 12 دراسة. والأربعة بدونها تم 
من  ودراسة  )دراسة(   AGAِمعARAو EMA)دراستين(  إستخدام 

غير تفصيل.

والمصلي   )10.6%( بالخزعة  المثبت   CD انتشار  كان  الخاتمة: 
السكان  في  سابقا  ذكرنا  التي  تلك  من  أعلى  كلاهما   )15.6%(
إلى  الإناث  نسبة  كانت  التوالي(.  على   2.7% و   1.4%( العاديين 
السكان  كلا  في  نفسها  هي   CD مرضى  من   )1.9/1( الذكور 
العاديين والمعرضين للخطر في المملكة العربية السعودية. انتشار داء 
سيلياك في كل من الداء السكري وقصيري القامة ومتلازمة داون في 
منها يستحق تحليلا عن طريق تحليل  لكل  منفصل  المملكة بشكل 

تلوي )ميتا( .

Objectives: To perform a meta-analysis for celiac diseases 
(CD) among at-risk populations in Kingdom of Saudi 
Arabia (KSA), as well as a comparison with our previously 
reported meta-analysis in the normal population.

Methods: In March 2018, at King Abdulaziz 
University,  Jeddah, KSA we commenced a retrospective 
comprehensive database and journal search for 
CD among at-risk populations in SA. Data from 
each of the relevant articles were analyzed using the 

Systematic Review

Statistical Package for Social Science Version 20 
(Armonk, NY: IBM Corp.). and the comprehensive 
meta-analysis program (CMA). The collected data were 
part of a retrospective literature review and analysis. 
Thus, a written ethical approval was not obtained before 
commencing the study.

Results: Sixteen articles were found covering type-1 
diabetes mellitus (DM), short stature (SS), and down 
syndrome (DS). Ages 1-50 years. The prevalence of 
seropositive-CD was 15.6% with high heterogeneity 
(I2=80.353), while prevalence of biopsy-proven CD 
was 10.6% with high heterogeneity (I2=73.359). 
Another article reported the CD prevalence in the at-
risk population as 18.4% for the seroprevalence and  
6.9% for the biopsy-proven CD. Anti-transglutaminase 
(anti-tTG) was used in 12 studies; in the remaining 4 
studies (EMA in 2, ARA with AGA in one and no details 
given in one study).

Conclusion: Both the prevalence of biopsy-proven CD 
(10.6%) and seroprevalence (15.6%) were higher than 
those we previously reported in the normal population 
(1.4% and 2.7%). The female-to-male ratio (1.9/1) 
of CD patients was the same in normal and at-risk 
populations in SA. Meta-analysis for prevalence of CD 
in DM, SS, and DS separately in SA is recommended.
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Celiac disease (CD) is not uncommon in the 
Kingdom of Saudi Arabia (KSA), with prevalences 

(in normal populations) of biopsy-proven CD of 
1.4% and seroprevalence of 2.7%.1 People at risk for 
CD include both genders, of any age or race, having 
a biological relative with CD, having HLA-DQ2 and 
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HLA-DQ8 genes, having some autoimmune diseases 
or having  CD-associated symptoms.2 The global 
prevalence of CD among at-risk groups is 5% to 10%, 
which include Down and Turner syndromes, type 1 
diabetes, and autoimmune thyroid disease.3 In USA, 
the prevalence of CD was found to be 2.6% in second-
degree relatives and 4.5% in first-degree relatives, with 
a similar profile in Europe.4 Short stature (SS) has 
also been identified among the at-risk group for CD. 
Globally, CD in SS ranges from 0.05-59.1% depending 
on the region of the study.5,6 In KSA, one article 
reported the prevalence of CD in the at-risk population 
as 6.9% for the biopsy-proven CD and 18.4%  for the 
seroprevalence.7 The inclusion criteria in that study 
included chronic diarrhea, abdominal pain or/and 
T1DM, thyroid disease, failure to thrive (FTT), SS, 
anemia, and associated neurological diseases; for which 
the celiac profile was routinely requested. Additionally, 
16 articles8-23 were found to be concerned specifically 
with certain at-risk status: T1DM,8-15 SS16-20 and Down 
syndrome.21-23 The aim of this study is to perform 
a meta-analysis for CD among at-risk populations 
in  KSA, as well as a comparison with our previously 
reported meta-analysis in the normal population.

Methods. Strategy for systematic search and study 
selection. We retrospectively conducted our systematic 
review study at King Abdulaziz University, Jeddah, 
KSA from week 3 of March 2018. A comprehensive 
database and journal search was used according to the 
following keywords: “celiac disease in Saudi Arabia”, 
“celiac disease in Saudi children” and “prevalence of 
celiac disease in Saudi Arabia”, followed by a selection 
process (inclusion/exclusion for the pertinent studies), 
which was described in detailed in our previous 
systematic review.24 The pooled studies were retrieved 
via PubMed (US National Library of Medicine, with 
no specific period), Ovid, EBSCO, and Scholar 
Google. Few additional related articles were obtained 
through the library of King Fahd Research Centre, King 
Abdulaziz University, and directly from the editorial 
department of the 2 local journals: Saudi  Journal of 
Internal Medicine and Journal of King Abdulaziz 
University Medical Science. Checking for duplication 
was carried out between articles via their titles, author(s) 
and year of publication. Then, 2 selection processes 
were followed: after matching for duplication, articles 
that were concerned with CD in KSA were selected 
(first selection), and their data were recorded using 
the Statistical Package for Social Science Version 20 
(Armonk, NY: IBM Corp.). Articles that are concerned 
with the at-risk group (T1DM), Down syndrome (DS) 
and short stature (SS)] were further selected (second 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.

Figure 1 -	PRISMA flow-diagram showing the selection process of the pertinent studies. CD- celiac diseases, 
KSA - Kingdom of Saudi Arabia, T1DM - type 1 diabetes mellitus, SS - short stature, DS - Down 
syndrome
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selection) and kept as a separate SPSS file that was used 
in this study.

Statistical analysis. Data was performed by 
SPSS (Armonk, NY: IBM Corp.); and by the 
Comprehensive Meta-analysis program (CMA) 
(Biostat, USA, Version 3). I squared (I2) was used to 
evaluate heterogeneity. I squared values of 0% denotes 
no heterogeneity, 25% denotes low heterogeneity, 
25%-49% denotes moderate heterogeneity and >50% 
denotes high heterogeneity.25  The results were illustrated 
in tabulated form, diagrams, and figures.

Results. Selection and characterization of the 
pertinent studies (Figure 1 & Table 1). Seventy-four 
articles were retrieved (following the matching for 

duplication and the first selection process) that were 
concerned with CD in KSA, from which we obtained 
16 articles (second selection) concerning CD in at-risk 
individuals (Figure 1), that are arranged according to the 
type of the disorder. The data from these studies were 
recorded using the SPSS Version 20. Characterization of 
these studies is shown in Table 1. These studies covered 
a wide range of ages (1-50 years) and different age 
groups (Table 1): children and adolescents (10 articles); 
children and adolescents and adults (4 articles); children 
(one article); no mention (one article). These studies 
covered 3 regions in KSA (Table 1): Riyadh (8 articles), 
the western region (6 articles) and Southern region (2 
articles). Table 1 also illustrates the different cohorts and 
prevalence for both seropositivity and biopsy-proven 
conditions.

Table 1 - Characterization of the identified studies on prevalence of celiac disease (CD) in Saudi Arabia.

Study Year Region Age ranges/years 
(age groups)

Serology 
as reported

Biopsy-proven 
as reported

Refused 
(without) 
endoscopy

n
Cohort

n
Positive 
n  (%)

Cohort
n

Positive 
n   (%)

Al-Ashwal et al8 2003 Riyadh 2-33 (children, 
adolescents & adults)

123 10     (8.1) 123 6   (4.9) 4

Saadah et al9 2004 Western 1-18 
(children & adolescents) 

110 23   (21.0) 110 11 (10.0) 9

Al-Hussaini et al10 2012 Riyadh 8 months - 15.5 years 
(children & adolescents )

106 19   (17.9) 106 12 (11.3) 1

Saadah et al11 2012 Western 1.1-18 
(children & adolescents) 

430 91   (21.2) 430 48 (11.2) 8

Al-Agha et al12 2015 Western 1-18 
(children & adolescents )

228 45   (19.7) 228 45 (19.7)

Alshareef et al13 2016 Western 12-50 (children, 
adolescents & adults)

218 16     (7.3) 218 10   (4.6) 4

Al-Hakami14 2016 Southern
(Aseer)

1-21 (children, 
adolescents & adults)

202 21   (10.4)

Alghamdi et al15 2018 Southern
(Al-Baha)

2-23(children, 
adolescents & adults)

268 19     (7.1)

Al-Jurayyan et al16 2012 Riyadh 2.5-14 
(children & adolescents) 

110 3   (2.5)

Al-Ruhaily et al17 2009 Riyadh 12-21 
(children & adolescents) 

104 4     (3.8) 104 4   (4.0)

Assiri18 2010 Riyadh 4.5-12 (children) 91 15   (16.5) 91 10 (10.9)
Saadah et al19 2004 Western 1.37-17.6 

(children & adolescents)
63 15   (24.0) 63 6   (9.5) 3

Al-Jurayyan et al20 2013 Riyadh 2.5-14 
(children & adolescents) 

110 5   (4.5)

Saadah et al21 2012 Western 0.5-16.6 
(children & adolescents)

51 2   (4.0)* 51 1   (2.0) none

AL Mehaidib et al22 2011 Riyadh None (poster) 91 13 (14.3)* 91 9   (9.8) 22
AlRuwaily et al23 2017 Riyadh 1-18 

(children & adolescents
84 13 (15.5)* 84 9 (10.7)

Total 2169
 (51-430)

306   (14.1) 1919
 (51-430)

179 (9.3) 51

*tTG - anti-tissue transglutaminase 
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Table 2 describes the total cohorts, the total number 
of positivity and rates for both seropositivity and 
biopsy-proven positivity. The seropositivity total cohort 
was 2169 (range: 51-430), with a total positivity of 306 
and positivity rate of 14.1% (Table 2), while the biopsy-
proven total cohort was 1919 (range was 51-430), 
with a total positivity of 179 and positivity rate of 
9.3%. Table 2 shows higher rates by meta-analysis 
(Tables 3 & 4) for both seropositivity (15.6%) and 
biopsy-proven positivity (10.6%).

Meta-analysis. Meta-analysis was performed using the 
Comprehensive Meta-analysis program (CMA). Meta 
analysis was performed for the 14 articles concerning  
seroprevalence of CD in at risk individuals [articles 
8-15,17-19,21-23], and for the 14 articles concerning 
prevalence of biopsy-proven CD in at-risk individuals 
[articles 8-13,16-23]. The meta-analysis of seropositivity 
prevalence (Tables 3 &  5; and Figure 2 & 3) showed that 
CD prevalence (by fixed model) for serologically-proven 

CD (one serology at least) was 15.6% (95% CI = 14-17.3) 
with high heterogeneity (I2 = 80.353). While meta-
analysis for prevalence of biopsy-proven positivity (for 
14 articles, by fixed model) (Tables 4 & 6, Figures 4 & 5) 
was 10.6% (95% CI=9.5-12.5) with high heterogeneity 
(I2 = 73.459).

Other studies concerning autoimmune diseases versus 
CD in KSA. Five articles26-30 concerning autoimmune 
diseases were not included in the at-risk group of this 
study. This included two animal studies, two studies of 
one case each and one study of 42 children (24 females; 
age range between 5-15 years) with juvenile rheumatoid 
arthritis (JRA). In the latter study, the seroprevalence 
of CD was 42.8% (18/42), while the prevalence of 
biopsy-proven CD was 2.3% (1/42).

Female to male ratio. Gender information was found 
in 10 articles (Table 7). The ratio of the total female 
(120) over the total male (58) was 2/1 (Tables 7 & 8). 
Regarding the regions, the western region showed the 

Table 2 - Rate of celiac disease in at-risk population; a comparison between the results of the traditional statistical analysis and meta-analysis.

Variables Serologically Biopsy-proven
Total 

cohort (range)
Number of 

positive results
Rate
(%)

Cohort Number of positive 
results

Rate
(%)

Number of studies 14 14 14 14 14 14
Duration 2003-2018 2003-2018 2003-2018 2003-2017 2003-2017 2003-2017
Traditional statistical 
analysis

2169 (51-430) 306 (2-91) 306/2169 (14.1) 1919 (51-430) 179 (1-48) 179/1919 (9.3)

Meta analysis* 2169 (51-430) 306 (2-91) (15.6) 1919 (51-430) 179 (1-48) (10.6)
*meta-analysis as in Table 3 & Table 4

Table 3 - Seropositivity prevalence (by fixed and random models) with the heterogeneity between studies.

Model Number of 
studies

Effect size and 95% 
internal

Test of null 
(2-tail)

Heterogeneity Tau2

Point 
estimate

Lower 
limit

Upper 
limit

Z-value P-value Q-value Df 
(Q)

P-value I2 Tau2 Standard 
error

Variance Tau

Fixed 14 0.156 0.140 0.173 -26.952 0.000 66.167 13 0.000 80.353 0.241 0.140 0.020 0.591
Random 14 0.131 0.101 0.169 -12.358 0.000

Table 4 - Prevalence of biopsy-proven positivity (by fixed and random models) with the heterogeneity between studies.

Model Number of 
studies

Effect size and 
95% internal

Test of null 
(2-tail)

Heterogeneity Tau2

Point 
estimate

Lower 
limit

Upper 
limit

Z-value P-value Q-value Df 
(Q)

P-value I2 Tau2 Standard 
error

Variance Tau

Fixed 14 0.106 0.092 0.122 -26.734 0.000 84.981 13 0.000 73.459 0.269 0.176 0.031 0.519
Random 14 0.081 0.059 0.111 -13.999 0.000
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Table 5 - Data for meta-analysis of the seropositivity prevalence.

Study name Event rate Sample size Event rate Logit event rate Standard error
Al-Ashwal et al 20038 0.081 123 0.081 -2.429 0.330
Saadah et al 20049 0.210 110 0.210 -1.325 0.234
Al-Hussaini et al 201210 0.179 106 0.179 -1.523 0.253
Saadah et al 201211   0.212 430 0.212 -1.313 0.118
Al-Agha et al 201512 0.197 228 0.197 -1.405 0.167
Alshareef et al 201613 0.073 218 0.073 -2.541 0.260
Al-Hakami 201614 0.104 202 0.104 -2.154 0.230
Alghamdi et al 201815 0.071 268 0.071 -2.571 0.238
Al-Ruhaily & Malabu 200917 0.040 104 0.040 -3.178 0.500
Assiri 201018 0.165 91 0.165 -1.621 0.282
Saadah et al 200419 0.240 63 0.240 -1.153 0.295
Saadah et al 201221 0.040 51 0.040 -3.178 0.715
AL Mehaidib et al 201122 0.142 91 0.142 -1.799 0.300
AlRuwaily et al 201723 0.155 84 0.155 -1.696 0.301

Figure 2 - Seropositivity prevalence (by fixed and random models) with statistics and relative weight for each study.

Figure 3 - Forest plot of the meta-analysis of the seropositivity prevalence.
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Figure 4 - Prevalence of biopsy-proven celiac diseases (by fixed and random models) with statistics and relative weight for each study.

Figure 5 - Forest plot of the meta-analysis for prevalence of biopsy-proven celiac diseases.

Table 6 - Data for meta-analysis of the biopsy-proven positivity.

Study name Event
rate

Sample
size

Event
rate

Logit 
event 
rate

Standard 
error

Al-Ashwal et al 20038 0.049 123 0.049 -2.966 0.418
Saadah et al 20049 0.100 110 0.100 -2.197 0.318
Al-Hussaini et al 201210 0.113 106 0.113 -2.060 0.307
Saadah et al 201211 0.112 430 0.112 -2.070 0.153
Al-Agha et al 201512 0.197 228 0.197 -1.405 0.167
Alshareef et al 201613 0.046 218 0.046 -3.541 0.323
Al-Jurayyan et al 201216 0.025 110 0.025 -3.032 0.611
Al-Ruhaily & Malabu 200917 0.040 104 0.040 -3.664 0.500
Assiri 201018 0.109   91 0.109 -2.178 0.336
Saadah et al 200419 0.095   63 0.095 -2.101 0.430
Al-Jurayyan et al 201320 0.045 110 0.045 -3.254 0.460
Saadah et al 201221 0.020   51 0.020 -3.892 1.000
AL Mehaidib et al 201122 0.098   91 0.098 -2.220 0.353
AlRuwaily et al 201723 0.107   84 0.107 -2.122 0.353
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Table 7 - Pattern of serology and biopsy in the identified studies on prevalence of at-risk individuals for celiac disease (CD) in Saudi Arabia.

Study Year Serology tTG* Biopsy** Female‡ Male‡ Age range (years) Period
Al-Ashwal et al8 2003 AGA, ARA No Yes 2 8 2 - 33 1995-1996 
Saadah et al9 2004 tTG, AGA Yes Yes NS NS 1 - 18 Retrospectively
Al-Hussaini et al10 2012 tTG-IgA, 

EmA-IgA
Yes Yes 11 1 8 months to

15.5 years
Prospective; 2008-2010

Saadah et al11 2012 tTG-IgA Yes Yes NS NS 1.1 - 18 Retrospective hospital record-based 
study of all children and adolescents 

with T1DM who were screened for CD
Al-Agha et al12 2015 tTG-IgA Yes Yes NS NS 1 - 18 January 2013 - January 2014
Alshareef et al13 2016 tTG Yes Yes 12 4 12 - 50 January 2008 - June 2009
Al-Hakami14 2016 tTG, EmA Yes No 24 8 1 - 21 March 2013 - June 2014
Alghamdi et al15 2018 tTG Yes No 11 8 2 - 23 Retrospective record base
Al-Jurayyan et al16 2012 Celiac 

screening 
? Yes 2 8 2.5 - 14 January 1990 - December 2009

Al-Ruhaily et al17 2009 EmA No Yes NS NS 12 - 21 January 1997 - December 2006
Assiri18 2010 tTG-IgA, 

EmA-IgA
Yes Yes 11 1 4.5 - 12 August 2002 - December 2008

Saadah et al19 2004 tTG, AGA Yes Yes NS NS 1.37 - 17.6 Retrospectively
Al-Jurayyan et al20 2013 EMA No Yes NS NS 2.5 - 14 January 1990 - December 2009
Saadah et al21 2012 tTG-IgA Yes Yes 12 4 0.5 - 16.6 January 2007 - August 2011
AL Mehaidib et al22 2011 tTG, Ema, 

AGA, ARA
Yes Yes 24 8 None (poster) Retrospectively

AlRuwaily et al23 2017 tTG, EMA, 
AGA

Yes Yes 11 8 1 - 18 Retrospectively

Total 120‡ 58‡

*tTG was used in 12/16 studies, anti-tTG alone in 5 studies, with EmA in 3, with AGA in one, with EmA and AGA in 2, with EmA and AGA and ARA 
in one. **biopsy was used in 14/16 studies, ‡F/M =120/58=2/1, tTG - transglutaminase, AGA - antigliadin antibodies, EmA - endomysial antibodies, IgA 

- immunoglobulin, ARA - antireticulin antibodies, T1DM - type 1 diabetes mellitus, CD - celiac diseases,  

Table 8 - Conditions of the celiac disease at-risk studies and their 
distribution according to regions in Saudi Arabia.

Region Condition Reference Number of 
studies

Female/Male

Riyadh T1DM
SS
DS

8,10
16-18,20

22,23

  2
  4
  2

61/34=1.8/1

Western T1DM
SS
DS

9,11-13
19
21

  4
  1
  1

24/8=3/1

Southern T1DM 14,15   2 35/16=2.1/1
Total 16 120/58=2/1

T1DM - type 1 diabetes mellitus, SS - short stature, 
DS - Down syndrome. 

region showed the highest for T1DM studies (4 out of 
8 studies) followed by Riyadh and the southern region 
(2 studies each).

Prevalence of CD in different at-risk conditions 
(T1DM, DS, SS) in KSA. The reported biopsy-proven 
prevalence showed considerable range variations 
among studies of the 3 conditions: 7.6-19.7% for 
DM, 2-10.7% for DS, and 2.5-10.9% for SS (Table 9). 

highest F/M ratio (24/8 = 3/1) followed by the southern 
region (35/16 = 2.1/1) and Riyadh (61/34 = 1.8/1) 
(Table 8).

Duration span. The included 16 studies were 
published between 2004 and 2018, covering a long 
period from 1990 until 2014, with 5 retrospective 
studies without year limitation.9-11,19,22 

The pattern of serology and biopsy. In the 16 included 
studies, anti-tTG was used in 12 studies (anti-tTG alone 
in 5 studies; with EMA in 3; with AGA in one; with 
EMA and AGA in 2; with EMA and AGA and ARA 
in one), and biopsy was used in 14 studies. Without 
anti-tTG: EMA was used in 2 studies: ARA with AGA 
(one study) and one study without details (Table 7).

Conditions of the CD at-risk studies and their 
distribution according to regions in KSA. The 16 studies 
are related to 3 regions (Riyadh, western and southern). 
Riyadh showed the highest at-risk studies (8 studies) 
followed by the western region (6 studies) and southern 
region (2 studies) (Table 8). Riyadh had the most studies 
for SS and DS (4 out of 5 studies for SS and 2 out of 
3 for DS), followed by the western region (one out of 
5 for SS and one out of 3 for DS), while the western 
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Table 9 - Rate of celiac disease in different at-risk populations (total at-risk, type1 diabetes mellitus (DM1), short stature(SS) and Down syndrome (DS).

Serologically Biopsy -proven
At risk DM1 SS DS At risk DM1 SS DS

Number of studies 14 8 3 3 14 6 5 3
Duration 2003-2018 2003-2018 2004-2010 2004-2010 2011-2017 2003-2016 2004-2013 2011-2017
Cohort 2169 1685 258 226 1919 1215 478 226
positive 306 244 34 28 179 132 28 19
Rate% 306/2169

=14.1%
244/1685
=14.4%

34/258
=13.17%

28/226
=12.38%

179/1919
=9.3 %

132/1215
=10.8%

28/478
=5.85%

19/226
=8.4%

However, the calculated biopsy-proven prevalence of 
CD was highest in DM (10.8 [132/1215]), followed by 
DS (8.4% [19/226]) and lowest in SS (5.85 [28/478]).

Discussion. Celiac disease is more common in 
at-risk people, such as having a biological relative 
with CD, having HLA-DQ2 and HLA-DQ8 genes, 
having CD symptoms or having some autoimmune 
diseases.2 For genetic-based CD, there is an increased 
risk (3-6%) for developing CD among those with a 
relative having CD2. Likewise, having HLA-DQ2 and 
HLA-DQ8 haplotypes is associated with increased risk 
for developing CD, while their absence excludes the 
possibility of CD31.  Globally, approximately 95% of 
people with CD have the HLA-DQ2 gene, and most of 
the remaining 5% have the HLA-DQ8 gene.2 However, 
it is reported that HLA-DQ2 and HLA-DQ8 were 
present in 98.6% of patients with CD, and in 40% of the 
global general population who were without a diagnosis 
of CD.32 However, HLA-DQ in KSA has been recently 
reported to be one of the highest frequencies (52.7%) 
among healthy general populations worldwide.33 

Having the HLA-DQ gene indicates that the person 
is at risk for developing CD, but does not indicate a 
definite  CD; thus, a positive HLA-DQ test should be 
followed by CD profile tests (blood and histology) for 
the determination of presence or absence of CD.34 

Screening of CD is becoming increasingly common 
in first-degree relatives and patients with T1DM.35,36 
The presence of an autoimmune disease (such as 
CD) increases the likelihood of developing other 
autoimmune diseases, such as T1DM,37,38 autoimmune 
thyroid disease,39,40 autoimmune hepatitis41 and  DS;42 
thus, these conditions, in addition to first-degree 
relatives, are usually termed as high-prevalence or at-risk 
groups, in which screening of CD (in contrast to the 
general population) is considered to have a favourable 
cost-benefit ratio.43 The current study represents the 
first and only meta-analysis concerning the prevalence 
of CD in at-risk individuals in KSA. This meta-analysis 

included more than 2000 at-risk individuals from 
16 studies in KSA. The 16 articles were covering the 
at-risk population (T1DM, SS and DSe). Two articles 
of them were without endoscopy results, and the other 
2 only showed the biopsy-confirmed results. Thus, both 
seroprevalence CD and prevalence of biopsy-confirmed 
CD were calculated in 14 articles each. By meta-
analysis, the prevalence of biopsy-proven CD (10.6%) 
and seroprevalence (15.6%) were both high, with high 
heterogeneity (I2 = 73.459 and I2 = 80.353); while with a 
traditional statistics approach by SPSS analysis, 14.1% 
had seropositivity and 9.3% had biopsy-proven CD. 
Meta-analysis allows a more objective appraisal than 
the traditional statistical analysis, since it takes into 
account the relative weight of each involved study and, 
thus, provides a more precise estimate, in addition to 
the heterogeneity between the results of individual 
studies.44 The global prevalence of CD among at-risk 
groups (Down and Turner syndromes, type 1 diabetes, 
and autoimmune thyroid disease) have been reported to 
range from 5% to 10%.3 In KSA, one article reported 
the prevalence in the at-risk population as 18.4% and 
6.9% for the seroprevalence and biopsy-proven CD 
respectively.7

Other articles 26-30 were found concerning 
autoimmune diseases. These articles include two animal 
studies, in addition to one case study (2 articles). One 
study addressed 42 children (24 females; age ranged 
between 5–15 years) with juvenile rheumatoid arthritis 
(JRA). The latter study showed a considerable difference 
between seroprevalence of CD (42.8%) and the 
prevalence of biopsy-proven CD (2.3%) and was not 
involved in the current meta-analysis. In comparison 
with the CD prevalence in normal populations in KSA,1 
both the prevalence of biopsy-proven CD (10.6%) and 
seroprevalence (15.6%) were higher than that in the 
normal population (1.4% and 2.7%). Similar to the 
normal population1 the total number of the CD females 
among the at-risk population was twice as much as 
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the CD males (1.9/1). The reported prevalence in the 
current study showed that biopsy-proven prevalence of 
CD was highest in DM (10.8 [132/1215]), followed by 
DS (8.4% [19/226]) and lowest in  SS (5.85 [28/478]); 
this is in contrast to the report of Costa Gomes et 
al42 from Brazil that biopsy-proven CD prevalence 
in DS is almost three-times higher than that in DM 
[DM1=5/111 (4.5%), DS=10/77 (13.0%)]. 

One limitation is the absence of uniform 
performance of small intestine biopsies in seropositive 
patients, as (in seven studies) 51 out of 134 seropositive 
patients (38%) refused endoscopy; another limitation is 
the lack of gender ratio in some studies.   

In conclusion, concerning CD in at-risk individuals 
in KSA, both the prevalence of biopsy-proven CD 
(10.6%) and seroprevalence (15.6%) were high, with 
high heterogeneity (I2 = 73.459 and I2 =90.353) between 
studies; and both are higher than those in the normal 
population (1.4% and 2.7%). The female-to-male ratio 
(1.9/1) of CD patients was the same in the normal and 
at-risk populations in KSA.
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