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Abstract: The incidence of Type 1 Diabetes (T1D) in the Arab world, particularly, oil and gas rich
Gulf Cooperative Council (GCC) countries has more than doubled in the last twenty years. There-
fore, there is a dire need for careful systematic familial cohort studies, especially in high-risk popu-
lations. Several immunogenetic factors affect the pathogenesis of the disease. Genes in the human
leukocyte antigen (HLA) account for the major genetic susceptibility to the disease. The triggering
agents initiate disease onset by destruction of pancreatic 3-cells. The autoantibodies against glu-
tamic acid decarboxylase (GADA), insulinoma antigen-2 (IA-2A), insulin (IAA), and zinc trans-
porter-8 (ZnT-8A) comprise the most reliable biomarkers for T1D in both children and adults. Alt-
hough three of the GCC countries, namely Kuwait, Saudi Arabia and Qatar are among the top 10
countries with high incidence rate of T1D, no proper diagnostic and prediction tools were applied
in the region. Understanding the disease sequelae in a homogenous gene pool with high consan-
guinity in the GCC could help solve the challenges in understanding pathogenesis, as well as hasten
the prevention of T1D. Arab states must incorporate T1D predictive and intervention policies on a
war-footing basis to minimize the burden of this serious disease.

Keywords: Type 1 diabetes, human leukocyte antigen, Kuwait Type 1 Diabetes Study, Islet autoan-
tibodies, Insulin, prediction

Introduction

Type 1 diabetes [(T1D), MIM #222100] is a common endocrine metabolic disease af-
fecting children and adults across the world. It is a chronic immune-mediated disease that
is characterized by insulin deficiency due to pancreatic B-cell destruction leading to hy-
perglycemia and is often associated with serious acute and chronic complications(1-3).
As per the natural history of T1D, the initial non-symptomatic phase of the disease is trig-
gered upon genetically susceptible individuals. During this phase of the disease (3-cell au-
toimmunity and breakdown of B-cell-mass occurs as a result of biochemical reactions
which lead to production of autoantibodies such as IA2, IAA, GADA, ZnT8 which are
considered as current biomarkers for (3-cell autoimmunity (Figure 1). Symptomatic dis-
ease usually appears in childhood or adolescence, although the symptoms can also de-
velop much later in life(4). A recent study stated that the life expectancy of people with
T1D is still approximately 12 years less than in the general population with reduced qual-
ity of life(5). As the causes and risk factors associated with T1D remain not fully under-
stood, strategies for the cure and prevention developed until today have been unsuccess-
ful. Patients with T1D are depending on a life-long insulin injection treatment (6). Re-
cently, however, novel interventions approach to delay the symptomatic phase by repair
of insulin gene, and finding neoepitopes of HLA responsible for p-cell immunity and
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autoantibody therapy are being tested but so far have been successful only in animal only.
These efforts might prove to be useful in future.

The Gulf Cooperation Council, or GCC, is an intergovernmental organization made
up of six member nations. This organization is also known as the Cooperation Council for
the Arab States of the Gulf. This union is made up of almost all Arab states in the Gulf,
except for Iraq. The nations that make up the GCC are Bahrain, Kuwait, Oman, Qatar,
Saudi Arabia, and United Arab Emirates (UAE). Obesity in children, sedentary mode of
life, lack of vitamin D, have been proposed to be associated with the recent outbreak of
T1D in the GCC (7)(8). Although intensive glycemic control can reduce the incidence of
microvascular and macrovascular complications, most people with T1D still develop the
latter complications(9). The nations that are members of the GCC make up to 2.6 million
square Kilometers. The GCC territory house approximately four fifth of Arabian Penin-
sula, supports a population of over 54 million people, of whom 26% are aged 14 years or
under (10). The total GDP of GCC nations is USD3.464 trillion. The GCC have undergone
rapid economic growth and urbanization, associated with reduced infant mortality and
increasing life expectancy. Studies in the recent decade indicate a significant increase in
occurrence of T1D in Kuwait, Saudi Arabia and Qatar among the children and adults(11)
(10)(12). Compared with Europe and the USA the knowledge about characteristics of T1D
in Arabs is incomplete (13). In this review we discuss various aspects of T1D in the GCC
in comparison with global approaches based on the currently available published litera-
ture.

T1D continues to surge despite several therapeutic advances and its incidence con-
tinues to be highly variable among countries. In 2020, the incidence rate varied by over
500-fold, with approximately 60/100,000 in Finland (7,13) and 0.08/100,000 in Papua New
Guinea (13,14), Figure 2. It has been considered as a cold-area disease, in northern Europe
and America. However, this does not hold true since for instance Sardinia in the Mediter-
ranean has a very high incidence. Also, the incidence of T1D has shown a steep exponen-
tial growth in several Arab countries, especially oil-rich countries; the rate of T1D in Ku-
wait, Saudi Arabia and Qatar has experienced an over 100 % increase in the last 20 years
(10-12,15). There are no published data about T1D incidence in Bahrain, Oman and UAE.
Notably, all of GCC countries are among top 10 countries with high type 2 diabetes(11). If
we presume that T1D comprises 5-10 % of total diabetes, eventually, T1D rates in Bahrain,
Oman and UAE will not fall significantly from Kuwait, Saudi Arabia and Qatar. GCC
countries comprise less than 1% of the world population, however, they carry a big pro-
portion of the burden of this severe disease, Figure 2. In contrast, recent findings from
Finland, Australia and Ireland suggest that the increasing trends have been declining or
plateauing especially in children aged 4 years or under but not in older children (16,17).
The rates are higher in boys than girls in most high-incidence countries(18,19). Europe has
a good history of T1D registry systems in most countries developed since the late
1980s(20,21) . Much of data about understanding of T1D has been derived from European
and other western countries(20). In the Arab world, especially in the GCC region a good
infrastructure for well-planned T1D research exist, but it is not organized properly. There
are excellent scattered studies with lack of follow up or systematic efforts to maintain it.
(22-27) .

Recently, it has been reported that T1D incidence is growing fast in the Middle
East(8), and we have noted that the growth of T1D in the GCC has reached to an expo-
nential growth compared with the rest of the world in less than 20 years(11,12,15,28). Fig-
ure 2 illustrates the magnitude of the rate of T1D in Arab countries where data is available.
This alarming increase could be multifactorial. High GDP has caused drastic change of
lifestyle leading to obesity which is probably a risk factor for T1D. Other factors include
lack of proper diagnostic regimens for T1D, diagnostic tool to distinguish Adult-Onset
T1D (LADA) from T2D, systematic research, proper documentation and registry. In addi-
tion, consanguinity and endogamous marriages reported in the GCC countries are high,
23-64%(13,29)
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The genetic pool of the Arab populations in the GCC is relatively homogenous with
a few subgroups(13,29). Localizing genes and novel mutations in complex diseases have
proven to be successful in such populations(13). Hence, there is an urgent demand on data
from these unique GCC populations in order to fill gaps in international scientific under-
standing of the pathogenesis of T1D.

Genetic studies in diabetes

(13) Genes in the HLA region are explaining more than 50 % of the genetic suscepti-
bility in T1D. The HLA system (the major histocompatibility complex [MHC] in human)
located on chromosome 6 is an important part of the immune system. It encodes cell sur-
face molecules specialized to present antigenic peptides to the T-cell receptor (TCR) on T
cells. HLA molecules that present antigen are divided into 3 main classes:

e Class I HLA: is encoded by genes at HLA-A, HLA-B, and HLA-C loci. T cells that
express CD8 molecules react with class I HLA molecules. These lymphocytes often
have a cytotoxic function, requiring them to be capable of recognizing any infected
cell.

e  C(Class II HLA: are usually present on Langerhans [3-cells, thymic epithelium, and ac-
tivated T cells; most nucleated cells can be induced to express class I MHC molecules
by interferon (IFN)-gamma. Class II MHC molecules consist of 2 polypeptide a and
f. Both polypeptide chains are encoded by genes in the HLA-DP, -DQ, or -DR region
of chromosome 6. T cells reactive to class II molecules express CD4 and are often
helper cells.

e  Class III HLA: region of the genome encodes several molecules important in inflam-
mation; they include complement components C2, C4, and factor B; tumor necrosis
factor (TNF)-alpha; lymphotoxin; and three heat shock proteins.

Individual serologically defined antigens encoded by the class I and II gene loci in
the HLA system are given standard designations (eg, HLA-A1, -B5, -C1, -DR1). Alleles
defined by DNA sequencing are named to identify the gene, followed by an asterisk, num-
bers representing the allele group (often corresponding to the serologic antigen encoded
by that allele), a colon, and numbers representing the specific allele (eg, A*02:01,
DRB1*01:03, DQA1*01:02). Sometimes additional numbers are added after a colon to iden-
tify allelic variants that encode identical proteins, and after another colon, other numbers
are added to denote polymorphisms in introns or in 5' or 3' untranslated regions (eg,
A*02:101:01:02, DRB1*03:01:01:02). In Finland with the highest incidence of T1D the abso-
lute risk for T1D for DR4,DQ8 positive haplotypes A2,C4,B35,DR4; A3,C3,B62,DR4;
A24,C7,B39,DR4; A2,C3,B62,DR4, and A2,C1,B56,DR4 was 35, 130, 166, 196, and 218/100,000,
respectively. The absolute risks for DR3,DQ2 positive haplotypes A1,C7,B8DR3, and
A2,C7,B8,DR3 were 68 and 103/100,000, respectively. These results provide further evidence
about polymorphism at the DQ locus but also other genes of the haplotypes contribute to suscepti-
bility to T1D(2,30,31)

HLA class I and II molecules are the most immunogenic antigens that are well stud-
ied in T1D in Caucasians as well as Asians. The significance of associations in the HLA
region with T1D diabetes were published in the 1970s (32,33). HLA has been extensively
studied for the last 50 years.

There is a dearth of studies on HLA among Arab populations (13,34). Majority of
studies on HLA in T1D in Arab populations have been carried out either on selected peo-
ple and not well-specified populations and have concentrated on a few alleles rather than
haplotypes. For example, there is no well-defined Arab HLA haplotype profile yet (13,27).
This is a woeful news since HLA haplotypes are strongly associated with T1D, and un-
doubtedly any future intervention, modification of stages of the disease or cure will be
based on HLA.

Genes from the HLA region play multiple roles during immune response and they
are the first checkpoints in its activation. Genetic polymorphisms encoding different
amino acid residues in the peptide-binding pockets of HLA molecules are the main
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connection between HLA molecules and T1D. Moreover, the binding repertoire and af-
finity of peptides can be presented on T-cells (2,35). The strongest association with T1D is
located within the HLA class II region genes that encode highly polymorphic B-chains (HLA-
DRBI1, -DQA1 and -DQB1)(2). There are two main high-risk haplotypes “DR4-DQ8” (DR4-
DQA1*03:01-DQB1*03:02) and “DR3-DQ2” (DRB1*03:01-DQA1*05:01-DQB1%*02:01).
Around 90% of T1D patients carry DR4-DQ8 or DR3-DQ2 and roughly 30% patients carry the
combination of both of those haplotypes (DR4-DQ8/DR3-DQ2). This group confers the highest
risk of TID development (OR = 16) (2,36).

HLA class1alleles are also associated with T1D(37). In Finland with the highest incidence
of T1D the absolute risk for T1D for DR4,DQ8 positive haplotypes varied significantly
based on the class I gene loci. For instance, the incidence for A2,C4,B35DR4;
A3,C3,B62,DR4; A24,C7,B39,DR4; A2,C3,B62,DR4, and A2,C1,B56,DR4 was 35, 130, 166,
196, and 218/100,000(37), when the overall incidence in the country was approximately
40/100,000. The absolute risks for DR3, DQ2 positive haplotypes Al, C7, B8, DR3, and
A2,C7,B8,DR3 were 68 and 103/100,000, respectively. These results provide further evi-
dence that not only the polymorphism at the DQ locus but also other genes of the haplo-
types contribute to susceptibility to T1D; the entire HLA haplotype is the most important
factor for the genetic predisposition(2,36).The presence of the HLA-B*39 allele has been
shown to be connected with T1D diagnosis at young age(38). In addition, HLA-A*02 also
increases the likelihood of T1D development and is one of the most frequent class I alleles,
with frequency of > 60% in T1D patients (39). Table presents well known HLA haplotypes
and diabetic risk values in different populations.

Recently we have established a well-planned Arab population familial-based study
in Kuwait, Kuwaiti Autoimmune Diabetes Study (KADS)(13,40). We have carefully col-
lected 56 Arab families with at least a single affected member. In order to confirm previ-
ously reported HLA data in Arab population we have recently accomplished our 11 loci
HLA typing using the state of art technology of Next Genome Sequencing (NGS). We have
come to extraordinary findings which have been published/or are in process (25,41-43).
We have come across unique Arab specific haplotypes, novel association of DRBs and
DQBs in T1D. Having a homogenous rich gene pool, due to consanguinity and intermar-
riages among close relatives (13,29), the above results confer the uniqueness of Arab, es-
pecially familial based studies, in revealing certain unknown facts about the etiology of
the disease.

Genetic susceptibility: HLA in Arab population

Genetic susceptibility to T1D diabetes is determined by polymorphisms/ mutations
in human genes (4,36,44,45). More than 50 genes are known to influence the progression
of T1D(6). Different HLA genotype patterns result in diverse rates of T1D among popula-
tions(46) and have the greatest impact compared to any other susceptibility genes. The
associations of T1D with HLA class II have been shown to vary among different popula-
tions and ethnicities (Table 1) (47-50)For example, the high-risk HLA haplotypes in Cau-
casian populations, DRB1*03:01-DQB1*02:01 and DRB*04:01-DQB1*03:02, were found to
be low in Japan and Southeast Asia with a low T1D incidence; instead, the susceptibility
HLA haplotypes in Japanese and Korean populations were DRB1* 04:05-DQB1* 04:01 and
DRB1* 09:01-DQB1*03:03(48). In Arab populations (i.e., Bahrainis, Lebanese, and Tunisi-
ans) who are primarily Caucasian , DRB1*03:01-DQB1*02:01 was reported (49), Table 1. In
African Americans, the assessment of HLA risk differs significantly from that seen in other
populations; both the DRB1*07:01 and DRB1*03:03 were high-risk haplotypes when
DQA1%*03:01-DQB1*02:01 was included(50). Interestingly, in African Americans, the
DRB1*07:01-DQA1*02:01-DQB1*02:01g haplotype was not increased in European-derived
T1D cases but was increased in African-derived cases(50). These studies conducted in ho-
mogeneous ethnic groups and comparing HLA DR-DQ-DP haplotypes offers evidence to
link the risk of developing T1D(51). They also provide evidence that the distribution of
DP alleles varies depending on the ethnic group studied(52). Table 1 summarizes the
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classification of HLA-DR in different populations and their diabetes risk
level(2,38,44,46,47,52-62).

HLA genes are not transmitted randomly from parent to offspring, with solid linkage
disequilibrium between A, C, B, DR and DQ alleles, ie., haplotypes (2,34,37,41-
43,47,49,51,56,58,62-70). However, T1D susceptibility haplotypes exist in a limited num-
ber. For instance, in Finland which has the highest incidence of T1D globally, only 37 dif-
ferent HLA haplotypes have been identified among diabetic children who had either a
parent or sibling with T1D and another 18 haplotypes in children with first-degree relative
who did not have T1D when potentially different HLA haplotypes in the global popula-
tions can be billions(71).
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Table 1: Classification of HLA-DR alleles and their risk level

HLA- DQ:AI DOBI DRBI Susceptibility Populations

DR2 01:02 06:02 15:01 Low risk Almost all

DR2 01:02 05:02 16:01 Moderate Risk Caucasians

DR2 01:03 06:01 15:02 Neutral Caucasians, _Saudi
Arabia, Algeria
Caucasians, Koreans,

DR3 05:01 02:01 03:01 High Risk Bahraini
Kuwaiti
Egyptians

DR4 03:01 03:02 04:01 High Risk Caucasians

DR4 03:01 03:02 04:02 Moderate Risk Caucasians

DR4 03:01 03:02 04:03 Neutral Caucasians

DR4 03:01 03:02 04:04 Moderate Risk Caucasians
Caucasians

DR4 03:01 03:02 04:05 High Risk Saudi Arabia
Algerian

DR4 03:01 03:01 04:01 Neutral Caucasians

DR4 03:01 03:03 04:01 Neutral Caucasians

DR4* 04:05 03:03 04:01 High Risk Japanese, Koreans

DR7 02:01 03:03 07:01 Low Risk Caucasians

DR6 01:01 05:03 04:01 Low Risk Caucasians

DR8* 08:02 03:01 03:02 High Risk Japanese

DRY* 09:01 03:00 03:03 High Risk Japanese, Koreans

DRI3* 13:02 01:02 06504 High Risk Japanese

*They are only found on Asians and not in Caucasians

There are only a few HLA studies conducted in Arab countries that compare their
contribution to the rise of T1D globally, Table 2 [3,48-54]. Most available studies have not
used systematic HLA research standards. They have discussed HLA association ran-
domly on either allele based or haplotypes (38,46-54). Nevertheless, these studies have
taken the first steps to elucidate genetic risk factors in the Arab population(49,58,64,67,72).
The hallmark of HLA susceptibility is, however, to be considered from the haplotype
point of view (4,25,34,35,37,39,41-43,47-49,51-56,58,60,64,66-79). Hamza et al 2015 have
analyzed 23,333 articles, of which, only 30 were based on an Arab population (34). These
studies mainly discussed genetic susceptibility of T1D related to HLA-DR or DQ alleles
but not haplotype configurations. Hamzeh et al reported that Arab HLA indicate that 80
% of patients with T1D are carriers of DR3 or DR4, typical in Caucasoid populations (34).
In addition, HLA-DR3/DR4 which present the highest diabetes risk is reported in 13% -
75% patients with T1D(80).

Furthermore, it has been suggested that the presence of DR9 and low proportion of
DR4 haplotype is an important factor in the low rate T1D within the Japanese popula-
tion(2,63,78). In fact, the variation in HLA-DR locus in HLA haplotypes in heterogenetic
populations may in part explain the differences in T1D worldwide. However, this varia-
tion is not fully understood, since only limited comparisons of HLA haplotypes between
populations are available (56,81,82).

In fact, the same is true in some neighboring countries in the Middle East and North
African (MENA) region . For example, in Iran it was reported that HLA DRB1* 03:01/
DQA1* 05:01/DQB1* 02:01 are conferring a high risk of T1D(83). Sayad et al. reported that
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HLA DRB1*04:01, DQB1*03:02 alleles and DRB1*04:01- DQB1*03:02 haplotypes were sig-
nificantly more common in male than female TI1D patients and that DRB1*03:01,
DRB1*15:01, DQB1*06:01 alleles, DQB1*03:01/05:01 genotype, DRB1*03:01-DQB1*02:01
and DRB1*15:01-DQB1*06:01 haplotypes were significantly greater in the female than
male T1D patients. They also reported that the latter HLA haplotypes were significantly
associated with age at onset of T1D. A strong association in age of onset between members
of sib pairs was observed when the analysis was performed using contingency tables that
split sibs into three age-at-onset ranges(84). Data from Turkey confirms similar trends in
the distribution of T1ID HLA susceptibility alleles as seen in other Caucasoid popula-
tions(79).

The ICA is considered a composite of specific antiB-cell antibodies, several of which
have now been characterized at the molecular level (85) i.e. IAA, GAD, IA-2, and ZnT-8.

[-cell antibodies can be used to study the natural history of the preclinical phase of
T1D, identify individuals at high risk, and thus for instance select such individuals for
trials on immune intervention. The risk of developing clinical disease increases dramati-
cally with an increase in the number of antibodies; it increased to 70-90% in the presence
of two and three antibodies(85). There is a dearth amount of information about autoanti-
bodies in T1D in Arab populations (Table 2). Majority of the published studies have used
the case-control design and investigated the presence of only GADA and IA2 (58,86-89).
There are interesting studies correlating gene polymorphisms and the ICA, IA2 and
GADA to the susceptibility to T1D in the Kuwaiti population (58,89). These findings may
be confounded by variation in assay standardization and the number of auto antibodies
measured. The current incomplete understanding of autoantibody profiles of T1D in Arab
populations stresses the urgent need to study the nature of the massive increase of T1D in
Arabs. Characterization of Arab T1D according to autoantibody profiles and HLA typing
will be the base for all our future studies. No doubt any future intervention or cure will
be based on the latter characterization.

Table 2: Number of anti-islet autoantibody measured in different Arab population studies

IAA 1A2 GAD ZnT8
v v v v
v v v -
- v v -

Although TAA is more frequent in children, it has not been included in majority of studies.

Many studies have been performed identifying associations not only in genes consti-
tuting the HLA region but also outside this region (58). In order to study genetic risk in
T1D genome-wide association studies (GWAS) have revolutionized genetic studies in
search of genetic risk factors. GWAS enables to investigate a genome in search of causal
variants, variants that contribute to an onset of a disease but may not carry enough sus-
ceptibility for this disease in isolation(64). Analyses performed by The Welcome Trust
Case Control Consortium (WTCCC)(90) and Type 1 Diabetes Genetics Consortium have
revealed more than 50 genetic variants associated with T1D (91). However, none of the
non-HLA susceptibility loci were not even close to the risk associated with HLA.
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Other Candidate genes for T1D

Prior to GWAS only five loci were determined to be associated with T1D, HLA re-
gion, insulin (INS), cytotoxic T-lymphocyte-associated protein 4 (CTLA4), protein tyro-
sine phosphatases (PTPN22) and Interleukin 2 receptor alpha (IL2RA). Majority of the
genes identified by GWAS meta-analyses can act as modulators of an immune-related
process through both antigen presentation and other modifications of the immune func-
tion(91). A number of candidate genes involved in T1D are known as modulators of -cell
apoptosis, viral infection or islet inflammation. Some of the SNPs associated with a varia-
tion in susceptibility to T1D affect changes in gene expression (genetic variants in regula-
tory elements of genes can result in alteration of transcription and then gene expression).
In addition, most of the identified susceptibility genes are expressed both in immune-
competent cells and in pancreatic B-cells, which suggests a genetically modulated dia-
logue between these two components of T1D(91).

T1D Natural History

The natural history of T1D was hypothesized by late George Eisenbarth in 1986 (92);
as typical for complex diseases both environmental and genetic factors are contributing
for the disease development(93). The disease onset is triggered in genetically susceptible
individuals to factors that are thus far not known(94). Tremendous biochemical reactions
are encountered during initiation of -cell mass autoimmunity in the preclinical phase
until the actual onset of the disease manifestations (Figure 1). Different anti-islet autoan-
tibodies, IA2, IAA, GADA and ZnT8, glucose intolerance arising from further damage and
loss of B-cell function, and ultimately culminates with clinical signs and symptoms of di-
abetes (61,62,93-95). Identification of the latter stage(s) in early phase of preclinical of dis-
ease prior to destruction of substantial amounts of [3-cells by the immune system is criti-
cally important (2,13,30,96,97). Any manipulation at the preclinical stages of the disease a
delay of clinical phase and eventually cure might be possible. Insel and colleagues have
recognized three different phases of human T1D, which allows for interventions designed
to delay and, ultimately, prevent the onset of clinical symptoms. However, genetic sus-
ceptibility and triggering factors that were accounted for in these current phases were
based almost solely on American and European studies(96) .

Recently, Pozzili et al. have suggested “re-structuring the natural history of T1D"”(98)
based on recent two findings using a novel technique to analyze pancreatic tissue obtained
from 12 organ donors with T1D of varying disease durations, including some at onset,
and some tissue obtained from previously healthy organ donors. Imaging mass cytometry
was used, a recently developed technique that combines laser ablation with mass cytom-
etry, permitting simultaneous investigation of up to 50 biomarkers from tissue sections
stained with metal-labelled antibodies(99,100). With this technique it might be possible to
dissect islet cell morphology simultaneously with the characterization of infiltrating im-
mune cells as well as different [3-cell proteins. The authors reported that in some pancre-
atic tissue at the time of T1D onset, the proportion of (3-cells approaches that observed in
healthy pancreas, therefore indicating that at diagnosis there are still plenty of p-cells to
be potentially protected from destruction before disease progression. This finding was
already suggested long ago but now finds a definitive confirmation. By contrast, in pan-
creas from T1D donors with a longer disease duration (>8 years), no 3-cells were detected.

Taken together, these observations reinforce the concept of the large heterogeneity
of T1D that manifests not only clinically but also at the histopathological level. Another
important finding in these studies is the temporal correlation between [3-cell destruction
and immune cell infiltration in the islets (known as insulitis). In both papers, cytotoxic T
cells, helper T cells, B cells, monocytes and macrophages were all detected in pancreatic
islets and they appeared almost simultaneously with a change in -cell phenotype. This
finding might indicate that the initial event in T1D consists of insulitis to which (3-cells
react by losing surface expression of specific markers and losing the capacity for insulin
production. It can be hypothesized that 3-cells do change their phenotype (via loss of
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specific markers) as an attempt to escape from immune attack in a sort of ‘immunological
camouflage. As the disease progresses and {3-cells remain alive, the immune-mediated at-
tack persists. The modified (3-cell phenotype might allow escape from detection by im-
mune cells, which offers new possibilities for therapeutic intervention.

Discussion

The registration of T1D cases is inadequate in the GCC, although it could be easily
set up since all countries have national free health care systems and many healthcare prac-
titioners and researchers argue that incidence of the disease is rising sharply. The rising
incidence of T1D in the GCC is mainly due to improved childhood mortality, rapid life-
style changes, as well as “change in nutrition”, especially in the early years, changes in
breastfeeding practices, environmental pollutants and toxins, immune deficiency caused
by greater hygienic standards and low vitamin D levels, which are highly prevalent in the
region in spite of the sunshine.” In people with T1D in the GCC countries, the characteri-
zation and identification of the HLA haplotypes associated with the disease and the de-
termination of pancreatic islet autoantibodies as the present biomarkers for (3-cell destruc-
tion will make it possible to develop a scientifically sound prediction algorithm. Screening
among first-degree (and second-degree) relatives of people with T1D can help to identify
family members who are at risk of acquiring the disease and to improve early manage-
ment of the disease. On the other hand, we must recognize that the penetrance of genetic
predisposition is incomplete as shown by twin studies revealing that less than 50% of co-
twins of a twin with T1D will develop the disease (101). Thus, many people in the popu-
lation transmit the genetic predisposition without having T1D themselves; thus, there are
many “sporadic” cases of T1D. In addition to the lower risk of ketoacidosis at the preclin-
ical phase, there might be a value from earlier therapeutic interventions, when some
amount of functioning {3-cells still exist and to preserve them, while at the clinical phase
after diagnosis many [3-cells will be destroyed or damaged. The careful registration of T1D
cases, prediction and intervention are required in order to stop it from spiraling out of
control.

In the three GCC countries were published data are available, i.e. Kuwait, Saudi Ara-
bia, and Qatar T1D has shown an exponentially increasing incidence rates. There is pau-
city of reports on HLA as the major genetic susceptibility predictor and on anti-islet auto-
antibodies in the GCC countries. Novel concepts on the rate and degree of [-cell loss
throughout the natural history of T1D have been put forward to aid in understanding the
natural history of the disease. Descriptive research is needed to improve T1D manage-
ment and adjustment in young children and their caregivers, behavioral or educational
programs to the patients and their families. Targeted interventions for young children
with T1D and their caregivers are needed to reduce the risks for long-term T1D-related
complications and improve more immediate T1D management and quality of life. A sys-
tematic study among GCC Arab populations on HLA and anti-islet autoantibody profil-
ing is essential to add the currently missing piece in the jigsaw part of global T1D etiology.

Concluding Remarks

. T1D is growing in an alarming manner in the GCC,
¢ T1D genotypes and phenotypes are not well characterized in the GCC,

e  Guidelines and procedures for diagnosis of T1D (islet Autoantibody profiling and
HLA typing) are needed,

e  Misdiagnosis of LADA and T2D can happen,

e  Suitable infrastructure for scientifically sound systematic scientific research on T1D
is urgently needed,

e  Healthcare policy makers are invited to laydown proper policies and procedures to
encourage commissioning of GCC T1D consortium to utilize the above facilities and
generous available funds to establish proper GCC-T1D registry and research should
be established,
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e  Any tiny alteration genetically, biochemically or environmentally will have signifi-
cant impacts in the world understanding of T1D etiology.
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Figure 1: Natural History of T1D
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Ilustration of natural history of T1D, reproduced by permission with slight modification for clarity in response to “Re-struc-
turing Natural History of T1D” by Pozzili et al that after diagnosis still there is a small portion of 3-cell mass is left, initial
Natural History of T1D by Eisenbarth. Majority of biomarkers and islet autoantibodies develop after genetically susceptible

individuals were exposed to certain triggering agents until the actual diagnosis of T1D, Gray Zone.
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Figure 2: Incidence Rate (IR) of T1D globally in countries where the data was available
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Iustration of IR of T1D in different countries globally. The IR varies from 52.7 in Finland down to 0.8 in Papua New Guinea
with more than 60 folds increase.
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Figure 3: Illustration of IR of T1D in Arab Countries where data is available
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IR of T1D in Arab Countries varies significantly with 18-fold difference between Kuwait with 44.5 and Oman 2.5. The current
situation, especially among the GCC counties with similar socioeconomical condition is alrming.
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