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Objectives: Although only three studies are available in Saudi Arabia concerning celiac disease (CD)
in Down Syndrome (DS), they showed considerable variation in the serological prevalence (4-15.5 %)
and in the prevalence of biopsy-proven CD (2-10.7%). Thus, we aim to use meta-analysis to examine
the prevalence of celiac disease (CD) in patients with down syndrome (DS) in Saudi Arabia (SA)
using meta-analysis for these three studies. Methods: We used the comprehensive systematic search
through database and journals followed by selection processes. For data analysis we used two
programs: 1-The statistical package for social science (IBM SPSS Inc). 2- The Comprehensive Meta-
analysis program (CMA). Results: The three related articles involved 226 (51-91) DS patients with
age range (0.5-18 years) covering children and adolescents. The CD positive patients showed
considerable variation (4-15.5%) for the serological prevalence and (2-10.7%) for the prevalence of
biopsy-proven CD. By Meta analysis the seroprevalence of CD (one serology at least) was 13.4% with
moderate heterogeneity (I>=46.519), while the prevalence of biopsy-proven CD 9.4% with moderate
heterogeneity (1°=29.229). Anti-tTG was used in all studies; as single in one study; with EMA and
AGA in one studies; with EMA and AGA and ARA in one study. Conclusion: People who have DS
in SA tend to develop CD at rates (9.4%) higher than the global prevalence (5.8%) and far above those
in the Saudi general population (1.4%). The prevalence is high enough to motivate screening CD in
DS children. There is a significant difference between the reported serologically- proven rates and the
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reported biopsy- proven rates (p = 0.002).
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INTRODUCTION

Down syndrome (DS), is a trisomy disorder, in which the
patient possesses part or all of an extra chromosome 21
(Patterson, 2009 and Hickey et al., 2012). The parents of the
affected individual are genetically normal (Hammer, 2010).
DS is one of the most common chromosome abnormalities in
humans (Dahl et al., 2013) with a rate of about one per 1,000
annual newborns (Weijerman and de Winter, 2010). The
association of DS with celiac disease (CD) and other immune-
related disorders is well-recognized (Goldacre et al., 2004).
Although the international prevalence of CD in DS varies
substantially among studies, a systematic review with meta-
analysis showed that 5.8 % of patients with DS have biopsy-
confirmed celiac disease (Du et al., 2017), a rate which is
considerably above the global rate (0.7%) of CD among
normal populations (Singh et al., 2018). Moreover, a study
performed in Tunisia, showed that more than 10% of the DS
patients have biopsy-proven CD (Zitouni et al., 2003). In the
Kingdom of Saudi Arabia, although only three studies (Saadah
et al., 2012; Mehaidib et al., 2011and Al Ruwaily et al., 2017)
discussed the prevalence of CD in DS (until week 3 of March
2018) (Safi, 2019; Safi and Safi, 2018), the reported CD
prevalence showed considerable variation from 4 to 15.5% for

the serological prevalence and from 2 to 10.7% for the
prevalence of biopsy proven CD. The aim of this study was to
examine the prevalence of CD in patients with DS in KSA
using meta-analysis for these three studies.

MATERIALS AND METHODS

Systematic search and study selection: We commenced this
study at King Abdulaziz University, Jeddah, Kingdom of
Saudi Arabia (KSA) in week 3 of March, 2018 as a
retrospective systematic review (Safi and Safi, 2018). We
conducted database and journal search using the following key
words: “celiac disease in Saudi Arabia”, “celiac disease in
Saudi children” and “prevalence of celiac disease in Saudi
Arabia”. Articles were obtained via PubMed (US National
Library of Medicine, with no specific period), Ovid, EBSCO
and scholar Google. Some other related articles were obtained
through the library of king Fahd research centre of King
Abdulaziz University, and directly from the editorial
department of the two local journals (Saudi Journal of Internal
Medicine and Journal of King Abdulaziz University Medical
Science). Duplication between articles was checked via their
titles, author(s) and year of publication. Study selection was
performed by two steps of selection. The first selection was for
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the inclusion of articles that are concerned with “celiac disease
in Saudi Arabia”, and their data were recorded using statistical
package for social science [IBM SPSS Inc], Version 20.
Chicago. The second selection was for the articles concerning
the Down syndrome (DS), the data of which were kept as a
separate SPSS file and were used in this study.

Statistical Analysis: Data analysis was performed by the
statistical package for social science (IBM SPSS Inc), Version
20, Chicago; and by the Comprehensive Meta-analysis
program (CMA), Version 3. Software program (Biostat, USA).
I squared (I*) was used to evaluate heterogeneity. I* values of
0%, <25%, 25% to 49% and >50% denoted no, low, moderate
and high heterogeneity, respectively (Singh et al., 2018). The
results were illustrated in tabulated form, diagrams and figures.
P < 0.05 was considered statistical significant in this study.

RESULTS

Selection and characterization of the pertinent studies
(Figure 1 and Table 1): The first selection revealed seventy-
four articles concerned with CD in KSA (Safi and Safi, 2018),
from which three articles (second selection) were obtained
concerning CD in DS individuals (Figure 1), These studies
were arranged chronologically according to the year of
publication; and their characterization is shown in Table 1 and
Figure 1.

Regions: The three studies which were arranges according to
the region of the study, covered two regions of KSA (Table 1):
the western region (Saadah et al, 2012) and Riyadh (AL
Mehaidib et al., 2011 and Al Ruwaily et al., 2017). The two
articles from Riyadh region were from the same center (King
Faisal Specialist Hospital and Research Center).

Age ranges and age groups: One study (poster) only provided
an abstract with no details of age ranges and age groups
(Mehaidib et al., 2011). The other two studies (AL Mehaidib et
al., 2011 and Al Ruwaily et al., 2017) covered a wide an age-
range from 0.5 to 18 years, and age groups of children and
adolescents.

Different cohorts and prevalence (rate %) for both
seropositivity and biopsy-proven conditions: The different
reported serologically-proven rates that were reported by the
three studies (Saadah et al., 2012; AL Mehaidib et al., 2011;
AlRuwaily ef al., 2017) and the reported biopsy-proven rates
are shown in Table 1 and Figure 1. Seropositivity and the
biopsy-proven positivity were both reported by the three
studies. The reported serologically-proven rates were 4%,
(Saadah et al ., 2012), 14.28% (AL Mehaidib ef al., 2011) and
15.5 % (Al Ruwalily et al., 2017). The reported biopsy-proven
rates were 2%, (Saadah et al ., 2012), 10.7% (AL Mehaidib et
al., 2011) and 12.38% (Al Ruwaily et al., 2017). There was a
significant difference between the reported serologically-
proven rates and the reported biopsy- proven rates (p = 0.002).
The pooled serologically-proven rates and the pooled biopsy-
proven rates were 9.8% and 8.4% respectively. Table 2
illustrates the cohorts’ ranges and rates for both seropositivity
and biopsy-proven positivity. The cohort-ranges were 51- 91
patients for both the seropositive and the biopsy-proven
conditions. While the seropositivity were 2-13 and the biopsy-
proven positivity were 1-9. Table 2 also illustrates a
comparison between Meta analysis and traditional statistical
analysis for rates of CD in DS population.

Female to male ratio: The ratio of the total females (47) over
the total males (16) was 3/1 (Table 1). Region wise (Table 1),
the western region showed the highest F/M ratio (12/4=3/1)
followed by Riyadh region (35/16 =2.2/1).

Duration span: Table 1 illustrates that the three included
studies (Saadah et a/ ., 2012; AL Mehaidib et al., 2011 and Al
Ruwaily et al., 2017) were published between 2011 and 2017,
covering the durations of 1/2007-8/2011 (Saadah et al ., 2012),
a retrospective period up to 2011 (AL Mehaidib et al., 2011)
and 2003-2013 (Al Ruwaily et al., 2017).

Pattern of serology and biopsy: As shown in Table 1, anti-
tTG was used in all studies; as single in one study (Saadah et
al .,2012) ; with EMA and AGA in two studies (AL Mehaidib
et al., 2011; AlRuwaily et al., 2017) and with EMA and AGA
And ARA in one study (AL Mehaidib et al, 2011). Biopsy
confirmation was used in the three studies (Saadah et al., 2012;
AL Mehaidib et al., 2011; AlRuwaily et al., 2017).

First selection

Second selection

Articles concerning CD in SA
N=74
(Safi and Safi., 2018)

Articles concerning prevalence of CD in DS
individuals
N=3

(Saadah etal, 2012; AL Mehaidib etal , 2011;AIRwaly et al., 2017)

Characterization
) 4 v

Articles concerning prevalence

Articles concerning seroprevalence of CD

in DS individuals of biopsy proven CD
N=3 in DS individuals
(Saadah etal, 2012; AL Mehaidib et al , 2011;AlRuwaily et al |, 2017} N=3

(Saadah etal., 2012; AL Mehaidib etal ., 2011;AIRuwaily et al ., 2017)

KSA - Kingdom of Saudi Arabia, DS — Down syndrome.

Figure 1 - PRISMA flow-diagram showing the selection process of
the pertinent studies. CD- celiac diseases,

Pattern of the reported positivity

M Seriesl M Series2 Series3

Serological rate

143 155
-y

Biopsy-proven rate

Cohort

Series 1. Saadah et al., 2012; Series 2. AlMehaidib et al., 2011; Series 3. Al
Ruwaily et al., 2017

Figure 2. Comparison between the retrieved studies. Cohort and
CD prevalence (Seropositivity rate[%] and biopsy- proven
rate[%]) of CD among Down Syndrome (DS) patients

Meta analysis: Meta analysis was performed using the
Comprehensive Meta-analysis program (CMA). Meta analysis
was performed for the three Studies
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Table 1. Characterization of the identified studies concerning CD among DS individuals in Saudi Arabia
Study Year Region Serology tTG* | Biopsy** | Female/Male Seropositive/ Biopsy-proven Refused Age ranges/years Period
Cohort positivity/ Cohort (without) (age groups)
(Rate%)# (Rate%)# endoscopy
Saadah Etalm, 2012 2012 (Western) tTG-IgA Yes Yes 12/4 2/51 (4%) 1/51 2%) Non 0.5-16.6 (children | January 2007 —
and adolescents) August 2011
AL Mehaidib et al., 2011 2011 (Riyadh) tTG, Ema, AGA, ARA | Yes Yes 24/8 13/91 (14.28%) 9/91= (9.8%) 22 None (poster) retrospectively
Al Ruwaily et al., 2017 2017 (Riyadh) tTG, EMA, AGA Yes Yes 11/8 13/84 (15.5 %) 9/84 (10.7%) |  .oeeiinnne 1-8(children  and | 2003-2013
adolescents)
Pooled 2011-2017 1/(Western) All All 47/16" 28/226 (12.38) 19/226 (8.4) 22 .5-16.6  (children | 2003-2013
2/(Riyadh) and adolescents)

# A significant difference between the reported serologically- proven rates and the reported biopsy- proven rates ( p = 0.002).

*Anti-tTG was used in all studies; as single in one study ; with EMA in two studies; with AGA in two studies; with ARA in one study.

** biopsy was used in all studies. * F/M =47/16=3/1. ** Two studies (AL Mehaidib et al ., 2011 and AlRuwaily et al ., 2017) in Riyadh region and one study (Saadah et al ., 2012) in the western region. tTG — tissue Transglutaminase,
AGA - antigliadin antibodies, EmA - endomysial antibodies, IgA- immunoglobulin, ARA - antireticulin antibodies.

Table 2. Rate of CD in DS population; comparison between Meta analysis and traditional statistical analysis

Serologically Biopsy -proven

Cohort (Range) Number of positive results (range) Rate% | Cohort (range) Number of positive results (range) | Rate%
Number of studies 3 3 |3 |3 3 3
Duration 2011-2017 2011-2017 2011-2017 2011-2017 2011-2017 2011-2017
Traditional statistical analysis 226 (51-91) 28 (2-13) 28/226 =12.38% | 226 (51-91) 19 (1-9) 19/226 =8.4%
Meta analysis* (51-91) (2-13) 13.4% (51-91) (1-9) 9.4%

*Meta analysis as in Table 4 and Table 6.

Table 3. Data for Meta analysis for seroprevalence of CD among SS in SA

Study name Event rate Sample size Event rate Logit event rate Standard Error
Saadah Ol et al. 2012 0.040 51 0.040 -3.178 0.715
Al Mehaidib et al. 2011 0.142 91 0.142 -1.799 0.300
Al Ruwaily F et al. 2017 0.155 84 0.155 -1.696 0.301
Table 4. Prevalence (by fixed and random models) with the heterogeneity of seropositive CD among SS in SA (by fixed and random models)
Model Number of studies Effect size and 95% internal Test of null (2-Tail)  Hetrogeneity Tau — squared
Point estimate | Lower limit | Upper limit | Z-value | P-value | Q-value | Df(Q) | P-value | I- Squared | Tau Squared | Standard Error | Variance | Tau
Fixed 3 0.134 0.094 0.188 -9. 141 0.000 3.740 2 0.154 46.519 0.127 0.283 0.080 0.356
Random | 3 0.124 0.072 0.204 -6. 421 0.000
todel Study name Statigtics for each study Ewent rate and 95 C| wheight [Fixed) “weight [Random]
Ewventrate | Lower limit | Upper limit = alue pialue -0.250 0125 0,000 0125 0250 Relative weight Relative weight
Saadah 0.1 etal. 2012 0.040 0010 0145 -4.447 0,000 —_— 3141 14.56 0
AL Mehaidib et al. 2011 0142 0,024 0.230 -5.989 0,000 s e — 45.11 Il 42,79
AR uwaily F etal. 2017 0155 0.092 0.243 5625 0,000 45.75 Il 42.65 I
Fized 0134 0.094 0188 -9 0.000 —
Random 0124 0.072 0.204 -6.421 0.000 s

Figure 3. Prevalence of seropositive CD among SS in SA (by fixed and random models) with statistics and relative weight for each study
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Meta Analysis

Maodel Stuidy name Statistics for each study Fvent rate and 95% Cl

Event Lower Upper
rate limt limit Z-Value p-Value
Saadah Ol etal. 2012 0.040 0010 0145 -4447 0000
AL Mehaidibetal 2011 0142 0084 0230 -54989 0000
AlRuwwaily F etal. 2017 01455 0092 0249 -5625  (0.000
Fixed 0134 0094 0188 -9141 (0000

025 013 0.00 0.13 0.25

Favours A Favours B

Figure 4. Forest plot for Prevalence of seropositive CD among SS in SA

Table 5. Data for Meta analysis for prevalence of seropositive CD in DS

Study name Eventrate  Samplesize Eventrate Logit event rate  Standard Error
Saadah et al.2012 0.020 51 0.020 -3.892 1.000
Al Mehaidib et al.20111 0.098 91 0.098 -2.220 0.353
Al Ruwaily et al. 20172 0.107 84 0.107 -2.122 0.353

Table 6. Prevalence (by fixed and random models) with the heterogeneity

Model Effect size and 95% internal Test of null (2-Tail) Hetrogeneity Tau — squared B
Number Point Lower Upper limit Z- P-value Q- Df(Q) P- 1- Squared Tau Standar Varianc Tau
of studies estimate limit value value value Squared d Error e
Fixed 3 0.094 0.960 0.142 -9. 395 0.000 2.826 2 0.243 29.229 0.067 0.305 0.063 0.296
Random 3 0.089 0.051 0.153 -7.478 | 0.000
:
Mooal iy nana Slatificn fof wach shay [verd pate s 3657 1 inigh [Fieae] et [fLandom)
Evertiohd | Lowsi bl | Uppdi el | ZVeke | p\iks {1 g 0m ain nx Fittred svmgihl Fislatret puiuci
Samdat stel 21T i S T AR N 1 b - g Wi |
- - i . r R ¥ T
Al Mzbesgib etal 2011 ey (i k! b O {0 t it i) |
) Rareaily etal. e i i[1H ikh L [0 i | Th | 55000
Fuund LA 1] AR L] ALY —
I yreon [ula 1} rati {153 1M (Nl 1} PR
I 4

Figure 5. Prevalence of biopsy-proven CD (by fixed and random models) with statistics and relative weight for each study

Meta Analysis

Model Study name Statistics for each study Event rate and 95% Cl

Event Lower Upper
rate limit limit Z-Value p-Value

Saadah 0.l etal. 2012 0.020 0003 0127 -3.891  0.000
AL Mehaidib etal 2011 0.098 0052 0178 -6295  0.000
AlRuwaily F etal. 2017 07 0087 0193 -6.011  0.000
Fixed 0.094 0080 0142 -9385 0000

020 010 0.00 0.10 0.20

Favours A Favours B

Figure 6. Forest plot for Prevalence of biopsy-proven CD among SS in SA




2045

International Journal of Current Research, Vol. 11, Issue, 03, pp. 2041-2046, March, 2019

(Saadah et al., 2012; AL Mehaidib ef al., 2011; AlRuwaily et
al., 2017) concerning the prevalence of serologically-proven
CD in DS and the prevalence of biopsy-proven CD in DS. The
Meta analysis (by fixed model) of seropositivity (one serology
at least) showed a prevalence of 13.4% (95% CI = 9.4-18.8)
with moderate heterogeneity (I°=46.519) (Tables 3 &4 and
Figures 3 and 4). While the prevalence of Biopsy-Proven CD
9.4% (95% CI = 9.6-14.2) with moderate heterogeneity
(I’=29.229) (Tables 5 and 6 and Figures 5 & 6).

DISCUSSION

The current study represents the first and only Meta-analysis
concerning prevalence of CD among DS in KSA. Following a
systematic search, only three articles were found in this respect
(Saadah et al., 2012; AL Mehaidib et al., 2011 and AlRuwaily
et al., 2017), that involved 226 (51,91 and 91) DS patients. The
studies included one study from the western region (Saadah et
al., 2012) and two studies from Riyadh region (AL Mehaidib
et al., 2011; Al Ruwaily et al., 2017). The studies were
published during the period 2011-2017 and covered different
durations [1/2007-8/2011 (Saadah et al., 2012), a retrospective
period up to 2011 (AL Mehaidib et al., 2011) and 2003-2013
(Al Ruwaily et al, 2017)]. Saadah et al., 2012 from the
western region described 51 children and adolescents (0.5-16.5
Years) between January 2007 and August 2011. Only two
patients (2/51=4%) were tTG+ve. Both of them underwent
biopsy-examination and only one had positive result (2%
Biopsy-confirmed CD). AL Mehaidib ez al. 2011 from Riyadh
(King Faisal Specialist Hospital and Research Center),
described in his poster the retrospective seropositivity of 91
Saudi DS children according to the following pattern
{45/91(49.45%) AGAG, 27/91(29.67%) AGAA, 6/91(6.59%)
ARA, 13/91(14.28 %) tTG, 6/91(6.59%) EMA}. Twenty three
patients (9.5%) had biopsies with 9.8% (9/91) biopsy-
confirmed CD. Al Ruwaily ef al., 2017 from the same center in
Riyadh, between 2003 and 2013, described the seropositivity
(84 children and adolescents (1-18 Years) as 44/84 (52.38%)
AGAG, 27/84 (32.14%) AGAA, 13/84(15.5%) tTG,
12/84(14.28%) EMA. Twenty two (of the positive tTg or
EMA) had biopsies with a rate of 10.7% (9/84) for the biopsy-
confirmed CD.

The seropositivity of the three studies showed a considerable
variation between the western region (4%) (Saadah et al.,
2012) and Riyadh region [14.28% (AL Mehaidib et al., 2011)
and 15.5% (AlRuwalily et al., 2017). In one study (Saadah et
al., 2012), all of the seropositive patients had endoscopies with
biopsies. In another study (AL Mehaidib et al., 2011) only 23
among 45 patients (who had positive serological marker(s))
had endoscopies with biopsies and 22 patients refused
(without) the endoscopy. In the third study (AlRuwaily et al.,
2017), biopsy was performed for 22 patients who tested
positive for EMA or tTG antibodies while 3 patients (without
biopsies) refused the endoscopy. The three studies were recent
(2011, 2012 and 2017) if compared with international studies
that go back to 1990 (Storm, 1990). In Al-Ruwailiy et al. 2017,
biopsy was performed in 22 patients who tensed positive for
EMA or tTG (13+12=25), indicating that 3 seropositive
patients refused/without endoscopy. On the other hand,
AlMehaidib ef al. 2011 mentioned that biopsy was done in 23
patients who had positive serological marker, without any
specification; while in the study of Saadah et al., 2012, all of
the seroppositive patients had endoscopies with biopsies. This
type of absence of uniformly performing biopsies in

seropositive DS patients, can be considered as one limitation of
the identified study, and consequently of the current Meta-
analysis. The second limitation is the limited number of the
involved studies (only 3) with limited number of the involved
DS patients (only 226). In the current Meta- analysis the
seroprevalence of CD (one serology at least) was 13.4% (95%
CI = 9.4-18.8) with moderate (I’=46.519), while the
prevalence of Biopsy-Proven CD 9.4% (95% CI = 6.0-14.2)
with moderate heterogeneity (I’=29.2). The latter result (9.4%)
is higher than the global Meta- analysis which revealed a
prevalence of 5.8 % (95 % CI = 4.7-7.2 %) for the biopsy-
confirmed CD in patients with DS (Du et al., 2017). Vice
versa, international studies found an increased incidence of DS
in CD compared to the general population (Marild et al., 2013
and Dias and Walker-Smith, 1990). In KSA, no literature was
observed concerning DS in CD. One article was published in
2002 (Qari, 2002) describing the clinical presentation of
sixteen adult CD (in the western region of KSA) with
osteomalacia, iron deficiency anemia, diarrhea, malabsorption
associated with growth failure and other autoimmune diseases
(Insulin-dependent diabetes mellitus, Hashimoto's
hypothyroidism and dermatitis herpetiformis), with no mention
of DS. Some pro-inflammatory cytokine (including alpha
tumor necrosis factor [0 TNF], beta interleukin-1 [IL-1B] and
interferon-gamma [IFN]) are present in increase levels in DS
patients (Broers et al., 2012; Carta et al.,2002 and Zaki et al.,
2017) and may contribute to the occurrence of CD in DS
patients (Du et al., 2017). In addition to the distribution
similarity of HLA genotypes (HLA-DQ2 and HLA-DQS8
haplotypes) in CD and DS patients compared to the general
population (Sollid and Lie, 2005).

Conclusion

We conclude a high prevalence of CD in DS individuals in
KSA; almost one CD in every ten DS patients, which is much
higher than CD in normal population in KSA (Safi, 2018) and
the global prevalence of CD in DS (Du et al., 2017); which is
in favor of CD screening in asymptomatic DS children (Hill e?
al., 2005) in DS children with CD-related symptoms (Bull,
2011). There is a significant difference between the reported
serologically- proven rates and the reported biopsy-proven
rates (p = 0.002).

Recommendation

e Only three studies are present concerning CD among
DS in KSA, with limited number of the involved DS
patients (only 226). Which cover only two regions,
Riyadh region and the western region, and representing
only one center in each of these two regions. Thus,
establishing studies in other regions of SA, and/or a
notional study to cover most regions of SA is
recommended.

e Study of influence of some cytokines, such as the pro-
inflamatory cytokine including alpha tumor necrosis
factor [aTNF], beta interleukin-1 [IL-1f]and interferon-
gamma [IFN]) that are present in increase levels in DS
patients (Carta ef al., 2002; Zaki et al., 2017 and Sollid
and Lie., 2005) and may contribute to the occurrence of
CD in DS patients (Du e et al., 2017).

e Study of the distribution similarity of HLA genotypes
(HLA-DQ2 and HLA-DQS haplotypes) in CD and DS
patients compared to the general population (Sollid and
Lie., 2005). Keeping in mind the existence of a recent
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interesting study in SA (Al-Hussaini ef al., 2018) which
reported one of the highest frequencies of CD-
predisposing HLA-DQ genotypes among healthy
general populations (52.7%) worldwide.

Ethical approval: The collected data were part of a
retrospective literature review and analysis, thus a written
ethical approval was not obtained before commencing the
study.

Disclosure: The current study was not funded or supported by
any drug company. This paper is unique and is not under
consideration by any other publication and has not been
published elsewhere.

Conflicts of Interest: The author declares that there is no
conflict of interest.
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