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UPSURGE OF DIABETES MELLITUS AMONG SAUDIS:
INTERACTION OF GENETICS, ENVIRONMENTAL
RISKS AND LACK OF NATIONALIZED GUIDELINES
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Department of Physiology, King Saud University, College of Medicine, Saudi Arabia

ABSTRACT

The escalating prevalence of Diabetes Mellitus (DM) in Saudi Arabia (SA) is devastating. SA is ranked the second
highest country in DM prevalence in the Middle East region and the seventh worldwide. Several factors in SA are
strongly correlated with increased blood glucose levels. These include the high ambient temperature, air pollution,
decreased walk ability, increased urbanization, consumption of fast-food diet and low vegetables and fruit intake.
In addition, the genetic factors, ethnic differences, metabolic risk factors such as obesity and hyperlipidemia
have been evidenced to impact the blood glucose levels in Saudis. Consequently, Saudi population or Arabic
societies in general might have different levels of Fasting Blood Glucose (FBG) and HbA1C compared to other
countries due to the clustering of genetics, ethnicity, hereditary diseases, comorbidities, environmental risk
factors, and the changed lifestyle. Unfortunately, lack of large community-sized studies that determine the normal
blood glucose levels in the Saudi population based on their genetic, social, and environmental background is
noticed. This review aimed to highlight the factors affecting the blood glucose levels in the Saudi population to
help the characterization of normal and abnormal levels of blood glucose in this society. The clear understanding
of the impact of the different factors on the blood glucose level in Saudis will aid the clinicians toward the proper
diagnosis of DM in Saudi patients. In conclusion: the normal and abnormal levels of blood glucose in the Saudi
people need to be assessed according to their ethnic, genetic, social, and environmental background. Specific
normative guidelines for FBG and HbA1c values in the Saudi population needs to be implemented and utilized
in generating a national guideline for DM diagnosis.
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INTRODUCTION

It is not an overstatement to say that Diabetes Mellitus
(DM) and its complications, are becoming the lead-
ing causes of death and disabilities internationally.
The Word Health Organization (WHO) predicts that
DM will be the seventh leading cause of mortality
worldwide in 2030."® The International Diabetic
Federation (IDF) declared that DM affects 537 million
persons globally, of which 73 million are in the Middle
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East and North Africa (MENA) countries and is ex-
pected to reach 135.7 million in 2045.2 Unfortunately,
the incidence of DM has increased tenfold in Saudi
Arabia (SA) in the last three decades, reaching 17.7
% of the adult population, and is expected to rise
to 24.5 % in 2035.%34 This placed SA in the seventh
position of the countries with the highest diabetes
prevalence worldwide and in the first position among
Middle Eastern countries.® The increased prevalence
of DM in SA is mostly among the young adult pop-
ulation,®*® whereas the prevalence of DM in elder
population is reported by the IDF to be the highest
in MENA at about 16.5% in comparison to 6.5% in
Africa.” Multiple socioeconomic and environmental
factors contribute to the high incidence of DM in
MENA, including urbanization, economic expansion,
decreased consumption of vegetables and fruits, and
sedentary lifestyles.® In addition to DM prevalence,
SA has a high prevalence of other chronic disorders
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and risk factors related to DM such as hypertension,
dyslipidemia, central obesity, and increased e-ciga-
rette smoking.>'"3

The mounting incidence and prevalence of DM in the
Saudi community imposes progressive increase in
the economic burden of the health care services. The
budget for the management of DM was estimated to
be 25 billion Riyals in 2014." This was expected to
rise to 43 billion if the prediabetic people proceeded
at the existing rate and become included in treatment
programs.' The inflated financial budget of DM
management programs is used up directly in the
diagnosis, treatment, training programs for health-
care professionals, research, and infrastructure for
conducting DM-related services. The indirect cost of
DM that is not calculated in the current budget results
from the interference of the disease state with the
productivity of the diabetic patients due to unemploy-
ment, absenteeism, disabilities and early mortality.
Furthermore, the social impact of the disease on the
diabetic patient and their caregiver family members
includes physical and psychological suffering.'®

The coming parts of this review will highlight the
immense need to update the prediction measures
and diagnosing criteria of DM in the Saudi people
and also determining precise cut-off points for nor-
mal and abnormal blood glucose levels and HbA1c
that are specifically tailored to the Saudi population
taking into consideration their particular genetic,
environmental, behavioral, and socio-economic
background.

Glycosylated hemoglobin (HbA1c) levels in the
Saudi patients:

The glycosylated hemoglobin (HbA1c) test is con-
sidered the gold standard biomarker, advocated
by WHO for diagnosing DM and monitoring the
response to the hypoglycemic treatment.’”'® The
HbA1c test has the advantage of being quantified
without the necessity of prefasting. In addition, its
levels give an idea about the glycemic control over
the past 12 weeks. This makes it the best blood
biomarker for the evaluation of the long-term gly-
cemic control in diabetic patients.'® Additionally,
HbA1c is a valuable indicator of blood lipid levels
in Type Il diabetes mellitus (Type |l DM) patients
where levels of 6-9% were associated with moderate
hyperlipidemia and levels of =9% were associated
with severe hyperlipidemia. These levels were ap-
plicable to both male and female patients.”™ HbA1C
levels correlate positively with vasculopathy in a
recent meta-analysis study conducted on Type |l
DM Saudi patients.?® Approximately, 10% increase in
HbA1c was associated with a fourfold increased risk
of diabetic ketoacidosis in Saudi patients.?"?2 Also,
elevated HbA1c is considered as an independent risk
factor for coronary heart disease and strokes in both
diabetic and non-diabetic patients.?® By contrast, the
reduction of HbA1c by 1% in diabetic patients was

evidenced to decrease microvascular complications
by 25%.2 A lack of proper adjustment of HbA1c levels
is associated with a several fold increase in the risk
of development of diabetic cardiovascular, renal, and
retinal complications.?>%”

The American Diabetes Association (ADA) and WHO
suggested a cut-off point of HbA1c = 6.5 % as an
alternate to fasting blood glucose (FBG) of = 7.0
mmol/L for the diagnosis of DM.282 However, this
diagnostic cut-off value of HbA1c and its pattern of
association with FBG is still a point of controversy
in different populations.®° A cross sectional study on
1491 Korean diabetic patients showed only 31.6%
who had FBG test alone (=7.0 mmol/l), 23.5% HbA1c
=6.5% test alone, while 44.9% who had both the
FBG and HbA1C met the criteria.3' A systemic review
evaluating seven different studies revealed HbA1c
levels between 5.6% and 6.5 were associated with
high risk of development of diabetes.? Nevertheless,
the normal level of HbA1c in the Saudi population
is not well-defined in the current literature. An early
study conducted in SA found similar HbA1c level of
Saudi diabetic patients to various population such as
Swedish, British, and Americans, but a recent ret-
rospective study conducted on 12,785 diabetic male
Saudi patients reported that HbA1c levels between
6.0% and 6.5% were observed in diabetic patients
with borderline Fasting Blood Glucose (FBG) levels
(between 7:0-8:0 mmol/l). The authors concluded
that an HbA1c cut-off point of 6.5% is associated
with a false negative prediction rate of 3.7% in Type Il
diabetic patients and recommended the use of both
HbA1c and FBG for better detection of prediabetic
patients in the Saudi population.®* Furthermore, a
comparative study performed in Zimbabwean Afri-
can subjects with Saudi and Western populations
had found ethnic differences in the value of HbA1c
suggesting careful assessment of individual pa-
tients.® Unfortunately, there is a lack of studies that
assess normal blood glucose levels in the Saudi
population, and the reference data imported from
other countries or suggested by international orga-
nizations sometimes does not accurately represent
Saudi patients. The nonexistence of a specific cut-
off point of HbA1c levels for the Saudi population
may lead to an inaccurate definition of abnormal
glucose plasma level in Type |l diabetic patients and
those with prediabetes and may also influence the
follow-up of the response of the diabetic patients to
the hypoglycemic treatments.

Genetics factors, Consanguinity, and lifestyle
impact in DM in Saudi Arabia:

The genetic and ethnic characteristics of the Saudi
population may participate in part to the intense
escalation of the prevalence of DM. Glucose absorp-
tion was reported to be more rapid in Saudi Arabian
subjects in comparison to native African people
from Zambia.®*® Metabolic disorders (X-syndrome or
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insulin resistance syndrome) as defined by the IFD
is clustering of abdominal obesity, hyperglycemia,
hypertension, and hypercholesterolemia.?” Metabolic
syndrome varies widely in prevalence between 10-
84% globally according to the patient’ s age, gender,
and race of the population.® Furthermore, the cut-off
points of the criteria defining metabolic disorders
may vary according to the ethnic distribution as re-
ported by Saudi Abnormal Glucose Metabolism and
Diabetes Impact Study (SAUDI-DM)."'3° For instance,
Al-rubean et al. concluded that the proposed waist
circumference cut-off values are a better index than
body mass index (BMI) and waist-hip ratio (WHR)
for screening and predicting high-risk people for
metabolic syndrome in SA.%°

The rate of consanguineous marriage is as high as
57.7% in SA.*' This is the highest rate in the world,
where 28.4 % is first cousin and 14.6% is distant rel-
atives’ marriage.*' This high level of consanguinity is
expected to have its influence on polygenic diseases
such as DM, especially Type II DM. In addition, it
might help to give more details on the genetics of
Type Il DM and may possibly unravel new subtypes
of maturity-onset diabetes in youth.*? A retrospective
study on 210 diabetes relative patients in the central
region of SA revealed an odds ratio of 6:2, suggest-
ing a direct relationship with diabetes.** However,
due to the small size of this study, the confirmation
of this assumption will require a larger epidemiolog-
ical studies.*® Additionally, changes in lifestyle and
eating habits in the last three decades contribute to
the extensive increase in the metabolic disorders
associated with glucose metabolism such as obesity
and hyperlipidemia. The increased consumption of
the high caloric fast-food diet, rich in fats and car-
bohydrates and poor in vegetables and fruits, and
tendency toward sedentary style of life have led to
high obesity prevalence. Increased body mass index,
obesity, and abnormal blood lipid levels are powerful
risk factors for diabetes.*

Air pollution and Type Il diabetes mellitus:

The impact of environmental factors on the risk of
Type Il DM is well-evidenced over the past decade.
The Air Quality Index provided by the Saudi National
Center of Meteorology reported that the major air
pollutants in SA include CO, NO2, O3, SO2, PM10,
and PM2.5.44+46

An association between environmental pollution and
elevated glucose plasma level has been observed in
several studies worldwide. Researchers noticed that
living in polluted cities or working in highly polluted
working environments such as oil refinery factories,
welding fumes, wood factories, and incense burning
shops was associated with a prevalence of predia-
betes or DM.#5! They linked several pollutants such
as 03, SO2, and PM2.5 to the disturbance of the
glucose metabolic pathways and hence to Type |l
DM. In addition, they found a correlation between the

disturbance of obesity indices and air pollutants.®?

Recently, we noticed a negative correlation between
green space environments and the prevalence of
DM and its mortality rates.5® One of the hypotheses
that has been proposed is that green space environ-
ments motivate people to participate in physical and
social activities which subsequently improve general
health.5+%¢ Even though the systems that control
glucose homeostasis may not be directly affected by
air pollution, one hypothesis that has been proposed
which links pollution to DM is the increase in oxidative
stress due to pollutant particles and hence dysfunc-
tion of macrophages and injury of the epithelial layers
of the pulmonary system. Consequently, this leads
to pulmonary inflammation, systemic inflammation,
and insulin resistance.%%8

Some researchers linked the exposure to PM2.5 and
NO, to oxidative stress, necrotic disruptions, de-
creased insulin signaling, insulin resistance, and
hence DM.*”*° However, extensive studies are of
great value to clarify the mechanism of the impact
of air pollution on metabolic disorders.

Climate change and blood glucose levels:

Climate change is characterized by noticeable shifts
in the weather patterns and the surrounding tem-
perature leading to obvious alterations to the living
environment. The human activities utilizing fossil
fuels since the industrial revolution in the 1800’s
constitute the leading cause of these climate chang-
es. The ecosystem in SA is specifically susceptible
to the consequences of climate change due to the
scarce sources of renewable water and the high
dependence on fossil fuel exports. The climate in SA
is semi-arid to arid desert weather that is hot in the
daytime and cold at night. Temperature levels range
from 35°C to 45°C throughout the country during the
summer months from June to August. Unfortunately,
annual rainfall levels have been decreasing severely
across most of the country year after year.5°5!

Global warming associated with elevated atmo-
spheric temperature is an emerging problem that
challenges living creatures worldwide and is ex-
pected to negatively influence human health.®6" SA
is experiencing hot atmospheric temperatures that
can reach up to 46°C outdoors in Riyadh City in the
summer months. Furthermore, SA shows a yearly
increase in the maximum ambient temperature by
0.8°C per decade in the period between 1978 and
2009 that is expected to rise to 1.6°C per decade
by 2044.%2 Climate differences have been reported
to affect HbA1c levels in literature.®®%¢ In the United
States of America, a positive correlation was found
between DM and the increase in ambient tempera-
ture.®® One of the reasons for high glucose level that
has been mentioned in the literature is the lack of
physical activities in the hot weather.5” Also, insulin
resistance was found to be negatively associated
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with exposure to bright sunlight.®® Alghamdi et al.
reported an increase in HbA1c by 0.007% for each
1°C rise in the atmospheric temperature in a cross
meta-analytic study on 168 thousand patients re-
cords in SA. The patients were at greater risk of
increased HbA1C levels to =7.0 mmol/l in the mod-
erate and high atmospheric months of the year in
comparison to the low temperature season. Several
reasons were suggested including physical inactivity,
vitamin D deficiency due to avoidance of exposure
to the sunlight in the hot weather, and dehydration.®®
In addition, changes in the thermogenic activity of
the brown adipose tissue (BAT) that functions in the
cold weather through glycogenolysis and increased
insulin sensitivity was suggested.” However, the
actual mechanism that links increased ambient
temperature and elevated blood glucose level needs
to be clarified by well-designed studies. Therefore,
some researchers suggested combination of multi-
ple tests in order to have a proper diagnosis of DM
instead of relying on HbA1c alone in Arab countries
which might give false negative results.™

Vitamin D deficiency and Type Il diabetes mellitus:

Vitamin D deficiency affects about one billion subjects
worldwide.” The impact of Vitamin D deficiency in
various body systems gained increased interest in
several diseases such as DM.” Insulin secretion by
the pancreatic beta cells and the sensitivity of insulin
receptors are equally considered to be calcium-de-
pendent processes that are directly influenced by
the role of vitamin D and its receptors on calcium
homeostasis.”™ Furthermore, Vitamin D plays an
important role as an anti-inflammatory and immuno-
modulatory factor which limits peripheral insulin resis-
tance.”®”” Low serum levels of 1,25-dihydroxyvitamin
D [1,25(0H)2D] [<50 nmol/L] are primarily common
in Type Il diabetic patients.” Multiple cross-sectional
studies revealed a negative correlation between vita-
min D concentration in the blood and HbA1c levels in
normal and diabetic adults.”®®* Longitudinal studies
also revealed that low vitamin D blood concentration
is a predictor for Type Il DM incidence.858¢

Despite the plenty of sunlight available in SA through-
out the year, the hot climate and the cultural factors
limit outdoor activities during the daytime. Therefore,
the risk of lower vitamin D levels is considerably
high in Saudi population. Recent studies reported
that around 95.4 % of the young school students (6-
19 years) and 89.1% of the older adults (20-62 years)
were found to have low vitamin D blood concen-
trations. 8 Other studies showed that decreased
vitamin D blood concentrations are correlated with
the increased incidence of Type Il DM among the
population in the southern, eastern, and western re-
gions of SA.8%° Further clarification to whether vitamin
D deficiency and insulin resistance are associated
causally, or whether they constitute two autonomous
features of diabetic patients is still needed.

CONCLUSION AND RECOMMENDATIONS

Different factors affect the plasma glucose and
HbA1c levels in the Saudi population, including
genetic factors, ambient temperature, air pollution,
social and environmental factors. The standards for
normal and abnormal glucose levels in SA need to
be assessed according to these facts. In addition,
specific normative diagnostic criteria need to be im-
plemented as a measure that could limit the alarming
increase in the prevalence of metabolic disorders,
especially Type Il DM.
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