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Abstract 

Background  Prediabetes increases the risk of diabetes mellitus and complications. The current study was planned 
to assess the prevalence and risk factors of prediabetes in Eastern Mediterranean Region countries.

Methods  The PRISMA reporting guidelines were followed when reporting this study. Five electronic databases: 
PubMed, Embase, Scopus, CINAHL, and Web of Science, were searched to identify relevant studies. We included 
observational studies that used either the American Diabetes Association or World Health Organization prediabetes 
criteria as definitions for adult populations in any of the Eastern Mediterranean Region countries. We identified 13,851 
references, of which 41 were included for data extraction. The Quality Assessment Tool for Cross-Sectional Studies 
and the Newcastle–Ottawa Scale for other studies were used to assess the quality of the included studies.

Results  The overall prevalence of prediabetes ranged from 2.2% to 47.9%; Age, gender, obesity, and high blood pres-
sure were the most reported risk factors in the EMR. Factors like low education, smoking, family history of diabetes, 
and physical inactivity were associated with prediabetes in some populations.

Conclusion  The region was found to have a high prevalence of prediabetes, ranking it among regions with the most 
significant frequency. Modifiable factors such as obesity, hypertension, and inactivity, in addition to age and gender, 
are among the region’s most frequently identified risk factors for prediabetes.
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Introduction
Prediabetes, defined as blood glucose levels above nor-
mal but below the threshold for diabetes, is associated 
with an increased risk of type 2 diabetes (T2DM) [1]. 
Moreover, it is an independent cardiovascular risk factor 
that elevates the likelihood of developing diabetes-related 
complications, including neuropathy, nephropathy, 
stroke, and all-cause mortality [2, 3].

Currently, there is no universally accepted defini-
tion of prediabetes [4]. According to the World Health 
Organization (WHO), prediabetes is diagnosed when 
blood glucose levels meet the criteria for both impaired 
fasting glucose (IFG), which is between 110 and 125 
mg/dL, and impaired glucose tolerance (IGT), which 
is between 140 and 200 mg/dL [1]. The American 
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Diabetes Association (ADA), on the other hand, defines 
IGT using the same range (140–200 mg/dL) but sets a 
lower threshold for IFG (100–125 mg/dL). Additionally, 
the ADA includes hemoglobin A1c (HbA1c) levels as a 
criterion, with an HbA1c range of 5.7% to 6.4% classi-
fied as prediabetes [5].

The increasing prevalence of prediabetes parallels the 
rise in its main risk factors, which are similar to those for 
T2DM: higher Body Mass Index (BMI), advanced age, 
gender, family history, lack of physical activity, and smok-
ing [6].

The Eastern Mediterranean Region (EMR) comprises 
22 countries with a combined population exceeding 700 
million as of 2020, from Morocco in the west to Pakistan 
and Afghanistan in the east. These countries exhibit vary-
ing economic, environmental, political, and healthcare 
systems, with many facing challenges regarding access to 
primary healthcare and quality medical services [7]. Like 
other regions, the EMR faces a growing burden of non-
communicable diseases. In 2012, the EMR’s death rate 
from non-communicable diseases exceeded the global 
average and is expected to peak by 2030 [8]. Over the past 
30 years, significant social and economic transformations 
have reshaped many countries within the region. While 
Gulf states have experienced rapid economic growth and 
urbanization, others have seen a slowdown due to politi-
cal upheavals [9]. These changes have contributed sig-
nificantly to the rise in prediabetes risk factors. Physical 
inactivity, overweight/obesity, unhealthy diets, tobacco 
use, hypertension, and diabetes are widespread across the 
EMR [10, 11], with some countries experiencing particu-
larly alarming levels [12].

The primary goals of prediabetes management are 
to normalize glucose levels and to prevent or delay the 
onset of diabetes and its associated complications [13]. 
However, data on the prevalence and key risk factors of 
prediabetes in the region are limited. A 2018 system-
atic review and meta-analysis of studies from the EMR, 
which employed various diagnostic methods, reported a 
pooled prediabetes prevalence of 12.8% [14]. Since then, 
14 additional studies have been published, including one 
reporting the highest recorded prevalence of prediabetes. 
However, this review did not examine prediabetes risk 
factors in detail. Therefore, this systematic review aims 
to describe the prevalence of prediabetes and its risk fac-
tors among the adult population in EMR countries. We 
believe that the findings will provide valuable insights for 
regional health policymakers and healthcare providers, 
helping them implement necessary measures to reduce 
and control prediabetes and prevent the progression to 
diabetes and its associated complications, as well as offer-
ing guidance for future research.

Materials and methods
This systematic review aimed to assess the prevalence of 
prediabetes and its associated risk factors in the EMR. 
The review protocol was registered with PROSPERO in 
October 2022 (registration number CRD42022364039). 
The study was conducted and reported following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [15].

Data source and searches
The search protocol of this systematic review was exe-
cuted in PubMed, Scopus, CINAHIL, the Web of Sci-
ence, and Embase databases covering any period. The 
search strategy used variants and combinations of 
search terms related to (prevalence OR epidemiology 
OR Proportion OR Rate) AND (Prediabetes OR pre-
diabetes Mellitus OR Prediabetic state OR Pre-diabetic 
State OR Pre-diabetic States OR Pre-Diabetes OR pre‐
diabetic OR dysglycemia OR pathoglycemia OR inter-
mediate hyperglycaemia OR Borderline diabetes OR 
borderline glycaemic state OR glucose tolerance test 
OR glucose intolerance OR Insulin resistance OR glu-
cose abnormalities OR Impaired glucose tolerance OR 
Impaired fasting glucose OR impaired fasting tolerance 
OR impaired glucose regulation OR hyperglycaemia 
OR Glycosylated haemoglobin OR “haemoglobin A1c”) 
AND (United Arab Emirates OR Bahrain OR Oman OR 
Kuwait OR Qatar OR Saudi Arabia OR Yemen OR Jor-
dan OR Palestine OR West Bank OR Gaza OR Lebanon 
OR Syria OR Syrian Arab republic OR Egypt OR Libya 
OR Tunisia OR Morocco OR Sudan OR Somalia OR 
Djibouti OR Afghanistan OR Iran OR Islamic republic 
of Iran OR Iraq OR Pakistan).

The retrieved studies were exported, and dupli-
cate articles were removed. Two independent review-
ers screened the titles and abstracts according to 
predefined inclusion and exclusion criteria. The studies 
included met the following criteria: (1) observational 
studies such as cross-sectional, cohort, and case–con-
trol designs; (2) studies utilizing ADA or WHO criteria 
for prediabetes based on HbA1c, fasting blood sugar, or 
impaired glucose tolerance (IGT) definitions; (3) stud-
ies focusing on adult populations (18 years and older); 
(4) research conducted in any of the 22 countries within 
the EMR; (5) studies published in English; (6) hospital-
based, population-based, or clinic-based studies; and 
(7) any publication period. We excluded randomized 
controlled trials, systematic reviews, qualitative and 
modelling studies, case reports, case series, narrative 
reviews, conference abstracts lacking complete infor-
mation, editorials, commentaries, letters to the editor, 
and author replies.
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Data management
Throughout the study, we employed a systematic 
approach to manage the data, utilizing several tools to 
ensure accuracy and transparency. Initially, we imported 
the results from our database searches into EndNote 
X7.2.1, where duplicates were removed. The remaining 
records, including citations and full-text articles, were 
transferred to Covidence, where a secondary duplication 
check was performed.

Articles deemed irrelevant were excluded based on 
predefined inclusion and exclusion criteria, which two 
independent reviewers consistently applied. Any disa-
greements were resolved through discussion or, when 
necessary, by consulting a third reviewer. For articles 
excluded from the final analysis due to lack of access 
to the full text, all efforts to contact the authors, search 
alternative databases, and request interlibrary loans were 
carefully documented to obtain them.

Quality assessment
Two reviewers independently evaluated the methodo-
logical quality of each included study using the Quality 
Assessment Tool for Cross-Sectional Studies [16]. Any 
disagreements regarding the quality assessment were 
resolved through consultation with a third reviewer. 
The assessment tool evaluated factors such as the rep-
resentativeness of the sample, sample size and selection 
technique, non-response bias, and the validity of the 
measurement instruments. The total score ranged from 
0 to 9, with studies scoring 0–3 points classified as having 
a low risk of bias, 4–6 points as moderate risk, and 7–9 
points as having a high risk of bias. The overall quality of 
the study was categorized as high, moderate, or low. The 
quality of the case–control studies was evaluated using 
the Newcastle–Ottawa Scale for quality assessment [17]. 
Seven of the 48 studies reviewed were excluded due to 
a high risk of bias, leaving 41 studies for data extraction 
(Table 1).

Data extraction
A data extraction form was developed to gather the nec-
essary information for data synthesis. Before its imple-
mentation, pilot tests were conducted. Three different 
reviewers extracted the data twice, independently, with 
a fourth reviewer double-checking the data and resolv-
ing any disagreements. The following information was 
extracted: first author, year of publication, year of inves-
tigation, study design, country where the study was 
conducted, mean or median age of participants, total 
sample size, study population, percentage of female par-
ticipants, and the prediabetes diagnostic criteria used the 
study (ADA, WHO, or both). Additionally, risk factors 

evaluated in each article were extracted, including mari-
tal status, education, employment, residency, physical 
activity, smoking, alcohol use, hypertension, BMI, waist 
circumference (WC), polycystic ovary syndrome (PCOS), 
parity, pregnancy loss, ethnicity, coffee consumption, 
consanguinity, hypertriglyceridemia, and family history. 
Any significant associations between these variables and 
prediabetes diagnosis were also recorded.

Data summary and reporting
The extracted data were analyzed to identify variations 
in how prevalence and incidence rates were reported and 
the types of studies conducted. Where feasible, efforts 
were made to minimize these variations. The results are 
presented in two separate tables: one for cross-sectional 
studies and the other for case–control and cohort stud-
ies. Descriptive statistics were used to summarize the 
data where applicable. Risk factors and their significance 
are outlined in a separate table.

Results
The PRISMA diagram showing the flow of articles’ 
selection through the study is presented in Fig.  1. Our 
initial electronic search identified 13,851 potentially rel-
evant articles. After removing duplicates (n = 2,126), 
we screened the titles and abstracts of 11,725 articles, 
excluding 11,581 as irrelevant. We then assessed the full 
texts of the remaining 144 potentially relevant studies 
against our inclusion and exclusion criteria. Following 
this detailed review, 96 additional articles were excluded 
for the following reasons: using prediabetes criteria other 
than ADA or WHO guidelines or employing different 
screening tools (n = 63), reporting irrelevant outcomes 
(n = 22), and studying different populations (n = 11). Ulti-
mately, 48 studies were deemed eligible for quality assess-
ment, with seven excluded due to a high risk of bias. As 
shown in Fig.  1 and Table  1, the remaining 41 studies 
were categorized as having either a low risk of bias (29 
studies) or a moderate risk of bias (12 studies).

Characteristics of the moderate and high‑quality reviews
Data on the prevalence of prediabetes in EMR countries, 
based on cross-sectional studies, and the characteristics 
and findings of other study designs, such as case–con-
trol and cohort studies, are summarized in Table 2. The 
41 articles originate from eleven countries (Pakistan, 
Lebanon, Yemen, Kuwait, Oman, Saudi Arabia, Iran, 
United Arab Emirates, Syria, Qatar, and Jordan) (Fig. 2), 
with publication dates ranging from 2004 in Yemen to 
2022 in Iran and Syria. Sample sizes in the articles varied 
from 186 to 163,770 participants. The review identified 
28 cross-sectional studies, six cohort studies, and seven 
case–control studies (Table 2).
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In this systematic review, we observed significant vari-
ation in the prevalence of prediabetes across community-
based studies. For instance, the highest prevalence was 
reported in Kuwait at 47.9%, while Yemen had the lowest 
at 2.2%. Additionally, the average age of the study popula-
tions varied widely, from a low of 32 years in Saudi Ara-
bia to a high of 56.9 years in Iran. Among the 41 studies 
reviewed, 30 employed the ADA definition of prediabe-
tes, 10 used the WHO definition, and three applied both 
definitions.

Most of the studies included in this review were com-
munity-based. Three of them were conducted in Saudi 
Arabia: one reported a prevalence of 18.8% among 
women, another reported 27.9% among men, and the 
third reported 15.1% among workers in the cement 
industry. Additionally, a study of university staff in Leba-
non found a prevalence of 18.8%, while a study in Qatar 
reported a prevalence of 10.6% among women with 
PCOS.

Prediabetes risk factors
Table  3 illustrates that the studies reviewed on predia-
betes prevalence did not evaluate a consistent set of risk 
factors. Each study examined a distinct combination of 
factors. While many studies concentrated on common 
risk factors such as sex, age, BMI, WC, blood pressure, 
and smoking—factors frequently linked with prediabe-
tes—others focused on more specific factors including 
dietary habits, genetic predisposition, multiparity, and 
medical conditions like PCOS.

Sex
Twenty-four studies investigated the relationship 
between sex and the prevalence of prediabetes. Ten of 
these studies identified a statistically significant associa-
tion, with most concluding that being male is a risk factor 
for prediabetes. However, two studies reported a higher 
prevalence among females. Five studies did not address 

Fig. 1  Flowchart of search and screening results
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this association, as their samples were exclusively male or 
female.

Age
The relationship between age and prediabetes was 
explored in 28 studies, with 25 of them finding a statisti-
cally significant association. There was variability in the 
age group with the highest prevalence, but most studies 
reported a notable increase in risk among young adults 
(aged 50 years or younger) across various countries.

Hypertension
Eighteen studies explored the relationship between 
hypertension and prediabetes. Fourteen of these studies 
identified hypertension as a significant risk factor for pre-
diabetes, with two specifically highlighting high diastolic 
pressure as the key risk factor. Conversely, four studies 
found no significant association between hypertension 
and prediabetes.

Obesity and physical activity
The link between obesity and prediabetes was assessed 
using BMI and WC. Twenty-six studies investigated the 
relationship between BMI and prediabetes, with 22 find-
ing a statistically significant association. Notably, one 
study indicated that BMI is a significant risk factor spe-
cifically among females. Additionally, 18 studies evalu-
ated the connection between WC and prediabetes, with 

14 reporting statistically significant findings. Moreover, 
six studies identified low physical activity as a significant 
risk factor for prediabetes. In one case–control study, 
prediabetes prevalence was notably lower among cricket 
players.

Smoking
Thirteen studies investigated the relationship between 
smoking and prediabetes, yielding mixed results. Five 
studies identified a significant relationship between 
smoking and prediabetes, while three studies found a 
higher prevalence of prediabetes among non-smokers. 
Two studies determined smoking to be a significant 
risk factor, with one specifically noting it as a risk factor 
among women. Conversely, eight studies found no signif-
icant association between smoking and prediabetes.

Residency, marital status, and family history
Seven studies examined the effect of residency on the 
risk of prediabetes. Four studies indicated that liv-
ing in an urban area increases the risk of prediabetes, 
while three studies suggested that living in a rural area 
is associated with higher risk. Additionally, one study 
reported that rural residency poses a significant risk for 
men aged 40–49, whereas urban residency is a risk fac-
tor for women aged 30–39. Regarding marital status, 
seven studies found that being married is associated with 
a higher likelihood of prediabetes, and another seven 

Fig. 2  Eastern Mediterranean countries with studies on the prevalence of prediabetes
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studies reported that having a family history of prediabe-
tes increases the risk.

Others
Thirteen studies identified low educational level as a 
significant risk factor for prediabetes, and eight studies 
found an association with hypertriglyceridemia. Addi-
tionally, high parity, unhealthy or pro-inflammatory 
diets, PCOS, not drinking coffee, a history of gestational 
diabetes, and working in cement manufacturing were 
also associated with an increased risk of prediabetes.

Discussion
The 41 studies reviewed revealed a wide range of predia-
betes prevalence, ranging from 2.2% to 47.9%, depending 
on the population, period, and sample size. This contrasts 
with the reported prevalence of 15.4% in North America 
and the Caribbean, and 3% in South-East Asia in 2017 [6]. 
The highest prevalence was observed in Kuwait in 2021, 
at 47.9% [52], with the studied population having an aver-
age age of 43 years. Obesity and being over the age of 55 
were identified as significant risk factors for prediabetes 
in this population. The lowest prevalence was recorded 
in Yemen in 2004 [26], where males, obesity, hyperten-
sion, and dyslipidemia were identified as risk factors for 
prediabetes. These findings suggest an increasing trend in 
prediabetes prevalence over time, in line with the Inter-
national Diabetes Federation’s projection that the num-
ber of people with impaired glucose tolerance (IGT) will 
reach 80.5 million by 2045 [59]. This trend is also con-
sistent with a previous systematic review in EMR, which 
highlighted variation in prediabetes prevalence across 
countries and over time [14]. These results underscore 
the importance of early detection and intervention, 
as elevated glucose levels can go undetected for years. 
Addressing the economic, environmental, and political 
challenges in the region, along with improving healthcare 
services—especially primary healthcare—could help mit-
igate this issue and its associated risk factors.

Prediabetes prevalence also varied within differ-
ent regions of the same country. For instance, in Iran, 
prevalence ranged from 7.8% in Ilam Province to 34.7% 
among Zoroastrians in Yazd Province. Such disparities 
may be attributed to variations in risk factors across 
geographical areas, social behaviors, nutritional con-
ditions, or differences in study methodologies. Simi-
larly, significant differences in results were observed in 
the Gulf region, known for its rapid economic growth 
due to oil reserves, urbanization, and improved living 
conditions [60]. Factors such as the presence of inter-
national fast-food chains, easy access to cars, increased 
consumption of processed foods, and a more sedentary 
lifestyle all contribute to prediabetes risk [61]. In our 

review, the highest prevalence rates were recorded in 
Kuwait (47.9%), Oman (35%), and Saudi Arabia (27.6%, 
18.4%, and 15.1%), while the lowest rates were found in 
the United Arab Emirates (11.4% and 6.5%) and Qatar 
(13.8%).

Over half of the research on prediabetes in the region 
comes from Iran, Pakistan, and Saudi Arabia. A study 
on the geographic distribution of biomedical and health 
research in the EMR found that five countries—Iran, 
Egypt, Pakistan, Tunisia, and Saudi Arabia—accounted 
for 80% of all published research in the region [62]. Nota-
bly, no publications were included from Afghanistan, 
Djibouti, Sudan, Somalia, Tunisia, Morocco, Mauritania, 
Egypt, Iraq, Libya, or Palestine. Some of these studies 
were excluded based on exclusion criteria, while others 
may not have been published due to regional instability, 
lack of freedom, limited funding, brain drain, or the chal-
lenges of publishing locally relevant research [63].

Age is a key factor in prediabetes prevalence, with the 
risk increasing significantly in younger adults (aged 45 
or younger) across most countries, and peaking in the 
50–60 age group. For example, in Iran, prediabetes preva-
lence was highest among individuals aged 60–70, while in 
Kuwait, it decreased significantly among this age group. 
The aging process affects energy homeostasis, carbohy-
drate metabolism, insulin release, and insulin resistance 
[61]. However, individual differences in genetics, lifestyle, 
and overall health mean that aging affects populations 
differently [61], which may explain the lack of significant 
correlations in some studies.

The EMR has some of the highest obesity rates in the 
world, a trend that has coincided with decreasing physical 
activity and increasing body weight due to modernization 
and technological advancements [64]. Unsurprisingly, 
prediabetes prevalence correlates with high rates of obe-
sity, hypertriglyceridemia, and sedentary lifestyles. These 
risk factors for diabetes are well-documented in the lit-
erature. Consequently, prediabetes should not be viewed 
in isolation; rather, its risk factors, which significantly 
influence its onset and prognosis, should be monitored. 
High blood pressure, prediabetes, and their coexistence 
are major risk factors for cardiovascular disease (CVD). 
Globally, 1 in 10 people have both prehypertension and 
prediabetes. In our review, more than half of the studies 
identified hypertension as a risk factor for prediabetes 
[65–67]. This aligns with the well-established hypothesis 
that hyperinsulinemia and insulin resistance contribute 
significantly to hypertension in individuals with obesity 
and metabolic syndrome [68, 69]. These findings could 
help healthcare workers (HCWs) identify individuals at 
high risk of developing both high blood pressure and pre-
diabetes, thus reducing their risk of type 2 diabetes and 
CVD.
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Our data also suggest that a family history of diabetes, 
particularly in first-degree relatives, is strongly associ-
ated with prediabetes development, likely due to genetic 
factors and shared lifestyle habits. Furthermore, educa-
tional attainment can influence health behaviors, with 
lower levels of education often associated with poorer 
health outcomes. Many studies indicated that individu-
als with lower education levels were less likely to adopt 
healthy lifestyles, possibly due to poor compliance with 
appropriate diets and exercise routines [70]. Finally, while 
smoking is a well-known risk factor for chronic non-
communicable diseases, its relationship with prediabetes 
remains debated. Some researchers found smoking to be 
a risk factor for prediabetes, while others reported a neg-
ative association [71], consistent with our findings.

Generally, urban populations exhibit more risk fac-
tors for prediabetes than rural populations, likely due to 
differences in lifestyle and nutritional habits. Prediabe-
tes prevalence is often higher in urban areas. Regarding 
the relationship between marital status and prediabetes, 
most studies in our review found a significant associa-
tion, indicating that being married increases the likeli-
hood of developing prediabetes.

Our review of prediabetes in the EMR highlighted the 
most commonly reported risk factors, many of which 
are modifiable and could be prevented or delayed. This 
offers an opportunity to target public health interven-
tions toward these factors and provides a guide for future 
research. Additionally, there is an urgent need to promote 
healthy diets and physical activity in the region. However, 
this study has several limitations. First, the review may be 
subject to language publication bias, as it was limited to 
English-language publications. Second, we only included 
studies that used the WHO and ADA criteria for venous 
blood glucose, excluding those that may have used cap-
illary blood. Finally, the findings are based on research 
from only half of the region’s countries, with most data 
coming from Iran, Saudi Arabia, and Pakistan. No data 
were available from Bahrain, Palestine, Egypt, Libya, 
Tunisia, Morocco, Sudan, Somalia, Djibouti, Afghanistan, 
or Iraq, so caution is necessary when generalizing the 
findings to the entire region.

Conclusions
The prevalence of prediabetes varies across countries 
in the EMR region, reaching over 40% in some nations, 
making it one of the regions with the highest rates of 
prediabetes. Commonly reported risk factors for pre-
diabetes in the EMR include age, gender, BMI, WC, and 
high blood pressure, with studies often identifying males 
and individuals aged 30 to 50 as being at higher risk. 
Additional factors associated with prediabetes include 

physical inactivity, low educational attainment, dyslipi-
demia, and family history.

To reduce the prevalence of prediabetes, we recom-
mend raising awareness about the condition, its compli-
cations, and its risk factors among HCWs in the region. 
This will help ensure that screening and appropriate man-
agement of at-risk individuals are taken seriously. The 
risk factors identified in this study are similar to those for 
diabetes, suggesting that addressing these factors would 
benefit both conditions. Prevention and control efforts 
should prioritize the most common risk factors, such as 
high blood pressure and obesity, in the region.

Many countries in the EMR lack adequate data and 
research on the burden of prediabetes. Therefore, we 
encourage these nations to study the issue and its risk 
factors as a critical first step in planning for prediabetes 
prevention and control.
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