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Objective. There is increasing evidence of a strong genetic component in type 2 diabetes (T2DM) that may contribute to diabetes
complications. Given the high prevalence of diabetes with its associated complications in the Middle East, we sought to determine if
the genotype within a Middle East population may be contributory. Therefore, three genotype-based Qatari ancestral groups, Q1
Arab Bedouin, Q2 Asian/Persian, and Q3 sub-Saharan African, with a fourth admixed group were correlated with T2DM
prevalence and its complications to determine if they differed between the 4 Qatari ancestries, particularly for the SLMAP allele-
associated diabetic retinopathy. Methods. In this cross-sectional study, 398 Qatari subjects, 220 with and 178 without T2DM,
were genotyped by Affymetrix 500k SNP arrays. Ancestry was correlated with diabetes complications. Results. 398 subjects were
included, the mean age was 49.8 years, and 56.8% were male. The genotype-based ancestry and T2DM prevalence were as
follows: 164 (41.2%) with ancestry Q1, 60.4% with T2DM; 149 (37.4%) with ancestry Q2, 49.7% with T2DM; 31 (7.8%) with
ancestry Q3, 61.3% with T2DM; and 54 (13.6%) with “admixed” ancestry, 51.9% with T2DM. For patients with diabetes,
hypertension (p < 0:035) and retinopathy (p < 0:016) were greater in the Q3 ancestry. Conclusion. These data suggest that the
genotype may contribute to complication risk, as exemplified by the increase in hypertension and retinopathy in the Q3
ancestry, though the SLMAP allele was not implicated; however, diabetes prevalence did not differ between the four Qatari
ancestries.

1. Introduction

Type 2 diabetes (T2DM) is a complex disease with a hetero-
geneous genetic component that has not been fully deter-
mined, hindering attempts at personalized medicine [1].
Stratification of discrete diabetes subtypes has been shown
to predict disease trajectory, for example, the identification
of diabetic retinopathy in insulin-deficient patients [1], sug-
gesting that differing genotypes within a population may be
important in diabetes complication development and in dis-
ease progression. Diabetes is particularly prevalent in the
Middle East with approximately 20% of the population hav-

ing T2DM, a figure 2-3 times higher than the world average
[2]. As a consequence, the burden of diabetes complications
is increased, with 43% of dialysis patients having diabetic
nephropathy [3].

Next-generation exome sequencing has identified three
major genotype-based ancestry groups within the Qatari
population (Q1 Bedouin, Q2 Persian-South Asian, and Q3
African) and has identified variants within genes that have
effects on clinically significant Mendelian diseases [4–6]. Sev-
eral of these Mendelian variants were segregated only in one
Qatari ancestry group [5]. Studies have shown that the
T2DM risk alleles in a European population were similar to
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those found in the Q1 and Q2 ancestries, with a specific SNP
(rs4506565) being related to the admixed population, and it
was concluded that the European T2DM SNPs did not con-
tribute to the high prevalence of T2DM in Qatar [6, 7].
Others have looked specifically at the SLMAP gene in the
Qatari population and found that the SLMAP C>T polymor-
phism is associated, as an independent risk factor for retinop-
athy [8].

Recent data has suggested that there are extensive differ-
ences in the frequency of pharmacogenetic variants in the
Qatari population [9] leading to the hypothesis purported
here that differing genotypes may affect differing frequencies
of diabetes complications in this homogeneous population
[10] and perhaps that the prevalence of diabetes within the
genotypes may differ.

The aim of this study was to determine, in this Qatari
population where there are distinct genotypes together with
high prevalence of diabetes and its associated complications,
whether the genotype may be a contributory factor in the
development of diabetes complications.

2. Methods

2.1. Study Population. The recruitment strategy for the sub-
jects in this cross-sectional study has been described before
[6]. Briefly, all subjects were over the age of 30 and were min-
imum three-generation Qataris. Cases were excluded if any
of the following were present: history of type 1 diabetes,
maturity onset diabetes of the young (MODY), maternally
inherited diabetes and deafness syndrome (MIDD), a first-
degree relative with type 1 diabetes, or secondary diabetes
[6]. The diagnosis of type 2 diabetes was made according to
the WHO guidelines [11]; for inclusion in the type 2 diabetes
cohort, at least one of the following was required: fasting
plasma glucose > 7mmol/l, HbA1c > 6:5%, or a diagnostic
glucose tolerance test. Inclusion in the nondiabetic control
group required a normal glucose tolerance test. 398 subjects
who satisfied the Qatari ancestry criteria and with unambig-
uous assignment to a Qatari subpopulation were selected
from a group visiting the health clinics at Hamad Hospital,
Doha, Qatar, for a routine diabetes screening [5]. Nondia-
betic subjects were comprised of relatives accompanying
the type 2 diabetic (T2DM) subjects.

Exclusion criteria were a diagnosis of type 1 diabetes, ges-
tational diabetes, or diabetes secondary to steroid treatment.

Three genotype-based Qatari ancestral groups were iden-
tified: Q1 Arab Bedouin, Q2 Asian/Persian, and Q3 sub-
Saharan African, plus a fourth admixed group.

The study was approved by Weill Cornell IRB (IRB# 13-
00063), and all participants provided written informed con-
sent. The conduct of the trial was in accordance with ICH
GCP and the Declaration of Helsinki.

2.2. Study Design. Following an overnight fast, blood samples
were collected and weight and blood pressure were measured
at the baseline visit. The fasting venous blood was collected
into fluoride oxalate and serum gel tubes. Samples were sep-
arated by centrifugation at 2000g for 15 minutes at 4°C, and
the aliquots were stored at -80°C within 1 hour of collection.

Blood pressure was measured using an automated device
(NPB-3900; Nellcor Puritan Bennett, Pleasanton, CA) during
each study visit. Blood pressure measurements were per-
formed after the subjects had been seated quietly for at least
5 minutes and with the right arm supported at the heart level.
Three readings were taken, each at least 2 minutes apart, and
then, the average of the readings was obtained. Dyslipidemia
was defined as total cholesterol greater than 190mg/dl
(>4.9mmol/l) and/or fasting triglycerides > 150mg/dl
(>1.7mmol/l) untreated or if subjects were under treatment.

2.2.1. Microvascular Disease. Diabetic retinopathy was diag-
nosed by fundoscopy. Diabetic neuropathy (DN) was diag-
nosed based on the vibration perception threshold
(Neurothesiometer NU-1, Horwell, UK) of the great toe
being >25V [12].

Fasting plasma glucose (FPG) was measured using a Syn-
chron LX 20 analyzer (Beckman-Coulter) according to the
manufacturer’s recommended protocol. HbA1c was mea-
sured on a COBAS analyzer according to the manufacturer’s
recommended protocol (Roche Diagnostics).

2.3. Qatari Genetic Subpopulation Genotyping. DNA was
extracted from blood using the QIAamp DNA Blood Maxi
Kit (Qiagen Sciences Inc., Germantown, MD). The 398 sub-
jects were classified into the three genotype-based ancestries
described in the Qatari population [4, 8, 9] using a TaqMan
SNP Genotyping Assay (Life Technologies, Carlsbad, CA)
for a previously described panel of 48 ancestry informative
SNPs [4, 5, 8, 9]. The average genotype call rate was 96%
and was analyzed in STRUCTURE with K = 3. The Q1, Q2,
or Q3 population was assigned if the highest proportion
was >65%; otherwise, subjects were classed as “admixed.”
The SLMAP allele was noted specifically given its association
with retinopathy in the Qatari diabetic population.

2.4. Study Outcomes

2.4.1. Statistical Analyses. In a previous study, it was noted
that genetic variation among the Qatari population was
remarkably structured and that the Qatari can be largely
divided into three primary affinity groups based on a studied
population of 168 individuals [4]. As there are no studies on
the Qatari genotype and diabetes complications to allow a
formal power calculation, it was empirically determined that
the sample size for both the diabetes and control populations
needed to be not less than 168 individuals, and in this case,
220 were type 2 diabetes patients and 178 controls. Data
trends were visually and statistically evaluated for normality.
Nonparametric tests (Mann-Whitney U and Kruskal-Wallis
tests) were applied on the data that violated the assumptions
of normality when tested using the Kolmogorov-Smirnov
test. ANOVA was undertaken with post hoc analysis. The
Bonferroni correction was applied to account for multiple
testing. Simple logistic regression was conducted to assess
the risk factors for diabetic retinopathy and diabetic neurop-
athy. Odds ratios (OR) and their confidence intervals (CI)
were reported. Statistical analysis was performed using SPSS
for Windows, version 24.0. All values are given asmean ± SD
or as mean with 95% CI unless otherwise specified.
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3. Results

3.1. Baseline Characteristics. A total of 398 subjects were
genotyped (Table 1). Of the 398 subjects (mean age 49:8 ±
10:6 years; 226 males and 172 females), 220 had type 2 diabe-
tes and 178 did not. The BMI (mean 32:4 ± 4:0 versus 30:1
± 3:8, p < 0:001, respectively) and HbA1c (median (inter-
quartile range) 7.9 (11.2) versus 5.6 (4.6), p < 0:001, respec-
tively) were both higher in those with diabetes than in
controls.

The baseline demographic data for the cohort categorized
according to genotype-based ancestry showed that they did
not differ in age, BMI, HbA1c, glucose, or diabetes prevalence
(Table 1).

3.2. Diabetes and Diabetes-Related Complications in relation
to Qatari Genotype-Based Ancestry. In the 398 subjects, the
mean age was 49.8 years. 226 (56.8%) subjects were male,
and 172 (43.2%) were female. The distribution among ances-
tries was as follows: 164 (41.2%) with ancestry Q1, of whom
99 (60.4%) had T2DM; 149 (37.4%) with ancestry Q2, of
whom 74 (49.7%) had T2DM; 31 (7.8%) with ancestry Q3,
of whom 19 (61.3%) had T2DM; and 54 (13.6%) with
“admixed” ancestry, of whom 28 (51.9%) had T2DM
(Table 1). The prevalence of diabetes did not differ between
the genotype-based ancestries (Table 1).

Hypertension was greater in the Q3 ancestry (71%) com-
pared to Q1 (47%), Q2 (42.3%), or admixed (44.4%)
(p < 0:035). Diabetic retinopathy was greater in the Q3 ances-
try (35.5%) compared to Q1 (15.2%), Q2 (12.8%), or
admixed (20.4%) (p < 0:016). No difference was found for
dyslipidemia or neuropathy between the genotype-based
ancestries (Table 2). Odds ratios for the risk factors for type
2 diabetes complications are shown in Table 3. The odds
ratios indicate that both diabetic retinopathy and diabetic
neuropathy are associated with age, HbA1c, fasting glucose,
hypertension, and dyslipidemia but are not associated with
gender or BMI.

Given the association of diabetic retinopathy with the Q3
ancestry found here and the previously reported role of
SLMAP genetic variants in the susceptibility to diabetic reti-

nopathy in the Qatari population, we questioned whether the
Q3 ancestry might harbor an altered allele frequency that
could explain this association. We therefore determined the
allele frequency in the Q1, Q2, and Q3 ancestries but found
no differences in the allele frequency between these ancestral
groups (Table 4).

4. Discussion

Stratification of diabetes into multiple subtypes has shown
that diabetes complications differed across them [13] and
that there was a clustering of genetic associations. In accor-
dance with these observations, it can be seen that both reti-
nopathy and hypertension appeared to be linked to the Q3
sub-Saharan ancestry when compared with the Q1 Arab/Be-
douin, Q2 Persian/South Asian, and admixed ancestries.
Whilst this finding needs to be confirmed in a larger popula-
tion, it can be seen that the genetic risk score for retinopathy
based on the Q3 ancestry may be a potential step in develop-
ing personalized medicine in this population to screen for
and prevent an increased risk of diabetic retinopathy. Diabe-
tes did not associate with any specific genotype-based ances-
try, in accordance with the T2DM risk allele studies already
undertaken [6].

A different genetic profile to that of a Caucasian popula-
tion for obesity has been reported in this Middle Eastern pop-
ulation [14]; however, there were no differences in BMI
between the differing ancestries studied here. It is of interest
that an association of the PPARγ2 gene variant pro12Ala
polymorphism with hypertension has been identified in this
population, though there was no association with the Ala
allele and obesity [15]; again, it is not known how this relates
to the Q3 ancestry.

The prevalence of diabetes in Africa is reported to be
3.3%, with the sub-Saharan countries reported to be less than
5%, but there are 49 diverse sub-Saharan countries and it is
recognized that these countries have some of the highest rates
of undiagnosed diabetes [16]. By way of comparison, the
regional prevalence in Europe is 8.8% (7.0-12.0%) whilst that
of the Middle East is 9.6% (6.7-12.7%) [16]. In terms of dia-
betic retinopathy, diabetic eye disease was reported to be

Table 1: Baseline demographic data for the entire cohort of Qatari subjects (n = 398), categorized according to the genotype (Q1 Bedouin, Q2
Persian-South Asian, Q3 African, and admixed).

Q1 Q2 Q3 Admixed Significance

Gender, N (%)

Male 85 (51.8) 98 (65.8) 12 (38.7) 31 (57.4)

Female 79 (48.2) 51 (34.2) 19 (61.3) 23 (42.6)

Age (years), mean (SD) 49.54 (11.05) 49.72 (10.01) 51.80 (9.57) 49.63 (11.23) 0.744

BMI (kg/m2), mean (SD) 32.80 (6.37) 31.87 (5.61) 33.40 (7.62) 32.62 (6.24) 0.462

HbA1c (%), median (IQR) 7.1 (2.6) 6.6 (2.9) 7.7 (2.6) 6.7 (3.2) 0.503

Fasting glucose (mmol/l), median (IQR) 6.85 (4.03) 6.05 (3.98) 6.05 (4.40) 5.50 (3.70) 0.100

Diabetes, N (%)

No 65 (39.6) 75 (50.3) 12 (38.7) 26 (48.1) 0.228

Yes 99 (60.4) 74 (49.7) 19 (61.3) 28 (51.9) 0.112

BMI = body mass index; HbA1c = glycated hemoglobin; SD = standard deviation; IQR = interquartile range.
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12% in the African region (though this figure is not specific to
the sub-Saharan region); however, by comparison, the
reported figure was less than 18% reported for the Eastern
Mediterranean region [16]. More detailed and robust preva-

lence data is needed for those living in sub-Saharan countries
as regards diabetes-related eye disease.

Identification of an increase in diabetic retinopathy in the
Q3 ancestry may be seen as a future research avenue to

Table 2: The relationship of the Qatari genotypes (Q1 Bedouin, Q2 Persian-South Asian, and Q3 African) to diabetes and diabetes
complications (microvascular disease) and cardiovascular complications.

T2DM, N (%) Q1 (N = 164), 99 (60.4) Q2, (N = 149), 74 (49.7) Q3, (N = 31), 19 (61.3) Admixed (N = 54), 28 (51.9) p value

Gender, N (%)

Male 85 (51.8) 98 (65.8) 12 (38.7) 31 (57.4)
0.014

Female 79 (48.2) 51 (34.2) 19 (61.3) 23 (42.6)

Diabetes, N (%)

No 65 (39.6) 75 (50.3) 12 (38.7) 26 (48.1)
0.228

Yes 99 (60.4) 74 (49.7) 19 (61.3) 28 (51.9)

Hypertension, N (%)

No 87 (53.0) 86 (57.7) 9 (29.0) 30 (55.6)
0.035

Yes 77 (47.0) 63 (42.3) 22 (71.0) 24 (44.4)

Dyslipidemia, N (%)

No 70 (42.7) 66 (44.3) 13 (41.9) 25 (46.3)
0.964

Yes 94 (57.3) 83 (55.7) 18 (58.1) 29 (53.7)

Diab retinopathy, N (%)

No 139 (84.8) 130 (87.2) 20 (64.5) 43 (79.6)
0.016

Yes 25 (15.2) 19 (12.8) 11 (35.5) 11 (20.4)

Diab neuropathy, N (%)

No 148 (90.2) 134 (89.9) 26 (83.9) 49 (90.7)
0.724

Yes 16 (9.8) 15 (10.1) 5 (16.1) 5 (9.3)

Table 3: Odds ratio for the risk factors for type 2 diabetes complications.

Diabetic retinopathy Diabetic neuropathy
OR (95% CI) p value OR (95% CI) p value

Age 1.07 (1.04-1.09) <0.001 1.06 (1.03-1.09) <0.001
Gender-female 1.32 (0.83-2.12) 0.246 0.97 (0.55-1.72) 0.924

BMI (kg/m2) 1.04 (0.99-1.07) 0.057 1.00 (0.96-1.05) 0.867

HbA1c (%) 1.55 (1.36-1.77) <0.001 1.31 (1.14-1.50) <0.001
Fasting glucose (mmol/l) 1.14 (1.07-1.21) <0.001 1.15 (1.07-1.23) <0.001
Hypertension 4.00 (2.38-6.72) <0.001 4.80 (2.46-9.39) <0.001
Dyslipidemia 3.11 (1.82-5.32) <0.001 3.98 (1.95-8.13) <0.001

Table 4: The genetic variation of sarcolemma-associated protein (SLMAP; OMIM ID 602701) in the Q1, Q2, and Q3 ancestries of the Qatari
population.

Population Chromosome DbSNP Reference Alternate Alternate allele frequency Depth of coverage

Q1 3 rs17058639 C T 0.343 222150

Q1 3 rs1057719 A G 0.357 207986

Q1 3 rs1043045 T C 0.361 222911

Q2 3 rs17058639 C T 0.343 222150

Q2 3 rs1057719 A G 0.357 207986

Q2 3 rs1043045 T C 0.361 222911

Q3 3 rs17058639 C T 0.343 222150

Q3 3 rs1057719 A G 0.357 207986

Q3 3 rs1043045 T C 0.361 222911
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identify novel risk alleles for each of those conditions in the
drive towards personalized medicine. It has been noted, how-
ever, that the Qatari ancestry may differ to that seen in a Cau-
casian population [6, 14], with studies showing more than
30,000-year divergence between European and Qatari ances-
tries [17]; therefore, the relevance of any identified novel risk
alleles may be restricted to the Middle East. How large a con-
tribution the high level of consanguinity (which is known to
exist in the Qatari population) plays is unclear [18]. How-
ever, it has been reported that longer runs of homozygosity
are found in Qatar, reflecting substantial consanguinity [4]
and leading to an increased rate of deleterious variants [19].

Whilst heritability has been estimated to be as high as
27% for diabetic retinopathy (and 52% for the proliferative
form) [20, 21], efforts to unravel the genetics using candidate
genes, linkage, and GWAS have been unable to identify genes
that can be replicated across studies and across ethnic popu-
lations [22]. A 2015 literature review looking for associations
of gene variants and diabetic retinopathy encompassing
diverse ethnic populations found that, whilst a number of
the individual studies reviewed reported significant associa-
tions between various polymorphisms and diabetic retinopa-
thy, many of the results were conflicting and that no
conclusion regarding a clear association with any risk allele
could be drawn [23]. The role of SLMAP genetic variants in
the susceptibility to diabetes and diabetic retinopathy in the
Qatari population has been reported [8]. Despite our conjec-
ture that the association of diabetic retinopathy with the Q3
ancestry may be due to an altered SLMAP allele frequency,
no differences in allele frequency were found between the
Qatari ancestral groups; however, the retinopathy risk genes
in Q3 are not necessarily the same as those in Q1.

With respect to the increased hypertension risk in the Q3
ancestry, it is necessary to determine whether this may
require a differing pharmacotherapy approach to the Q1,
Q2, and admixed ancestries. However, it is well recognized
that the prevalence of hypertension in sub-Saharan popula-
tions can be as high as 38% [24].

Hypertension, whilst being a multifactorial disease, has a
relatively high heritability [25]. Despite this, a large number
of association studies have returned inconsistent results
[26], and even GWAS studies have been inconclusive [27,
28]. This is likely because genetic susceptibility to hyperten-
sion is polygenic and complex, influenced by environmental
factors as well as genes [29].

This study was limited by the small number of subjects
that were included, though the findings for the Q3 ancestry
were clear-cut. A larger sample with a replication data set
would likely have been definitive; however, it is clear from
this study that there are differences between the genotypes.
It should also be noted that the distribution of participants
in the three groups was skewed and as a consequence less
powerful nonparametric testing was undertaken that showed
differences between the genotypes; however, there were no
differences in dyslipidemia or neuropathy, and a larger study
would need to be performed to ensure that this was not a
false-negative result. A further issue to be considered is that
in GWAS studies genetically related individuals should be
avoided if the cohort is small because of the risk of bias, noted

previously in this population [4]; however, this would have
been taken into account in part by the fact that all of the
ancestral genotypes were recruited in the same way with their
family members. In addition, it has been shown that runs of
homozygosity in some individuals reflect substantial consan-
guinity. However, the variance in runs of homozygosity is
exceptionally high, and the degree of identity-by-descent
sharing generally appears to be lower than expected for a
population in which nearly half of marriages are between first
cousins [4].

In conclusion, genotype stratification in this Middle East-
ern population identified that the Q3 ancestry genotype aris-
ing from sub-Saharan Africa showed an increase in diabetic
retinopathy and hypertension. This may represent an avenue
for a personalized medicine approach in this population, dic-
tating increased screening or preventative measures.
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