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Abstract
Type 2 diabetes (T2D) is a silent disease that progresses sometimes for years before diagnosis. Several methods of screening of diabetes have been suggested. Screening those at high risk periodically may be the most cost effective. Our primary
objective is to evaluate the usefulness of a simple questionnaire in evaluating undiagnosed subjects at risk, in order to determine the prevalence of pre-diabetes (PD) and T2D in high risk patients.
A group of 200 Lebanese subjects were randomly selected from different areas of Bekaa, aged 18 to 65 years, not diagnosed
with pre-PD or T2D. A questionnaire was used to assess gender, history of gestational diabetes, family history of diabetes,
presence of hypertension, level of physical activity and anthropometry. Participants who had a total score greater than or
equal to five were selected for laboratory tests for diabetes.
The prevalence of PD and T2D was 8.5% and 26% respectively. 34.5% in total. A significant positive correlation was
found between diabetes risk factors and the risk of developing the disease. Indicators were age (p<0.001), history of gestational diabetes (p = 0.004), family history of diabetes (p<0.001), presence of hypertension (p< 0.001), physical inactivity
(p<0.001) and overweight/obesity state (p=0.001).
In Conclusion, using a simple practical tool consisting of a questionnaire is highly effective in uncovering undiagnosed T2D
and PD. Early detection of PD and T2D is associated with tremendous health benefits including prevention of the irreversible diabetic complications and their dreaded quality-of-life altering effects.
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Introduction
Type 2 diabetes is a state of hyperglycemia due to dysfunction of
the pancreatic beta cells. It is a chronic silent disease that progresses over years. According to the International Diabetes Federation,
the prevalence of diabetes is increasing worldwide. Metabolic deregulation associated with T2D causes a series of complications
including micro- and macro-angiopathic anomalies [1-4].
No specific data and statistics are available in Lebanon, to estimate the prevalence of T2D and PD in rural areas such as Bekaa.
Therefore, we undertook the mission of conducting this cross
sectional study of 200 individuals aged 18 to 65, randomly selected from different regions of the Bekaa.

The objectives of our study were to determine the prevalence
of T2D and PD in high-risk patients, not known diabetics, and
correlate the incidence with the known risk factors and their effects on developing T2D and PD. The risk factors studied were
age, hypertension, obesity, family history of diabetes, history of
gestational diabetes, and sedentary lifestyle [5-7].

Material and Methods
A cross-sectional study was conducted to determine the prevalence of PD and T2D in high-risk patients in the Bekaa region.
The design of the study was approved by the Ethics Committee of the Department of Human Nutrition and Dietetics of the
Faculty of Agricultural and Food Sciences - The Holy Spirit University, Lebanon.
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A group of 200 Lebanese individuals were randomly selected for
the study. Individuals aged 18 to 65 were selected from different
areas of Bekaa. A diabetes risk test, in the form of a questionnaire, was conducted including age, gender, history of gestational
diabetes, family history of diabetes, presence of hypertension,
level of physical activity and anthropometry. Participants with a
total score greater than or equal to five were selected for laboratory tests to establish the diagnosis of diabetes or pre-diabetes.
Subjects were excluded if they had known PD or T2D, or if they
were Women with gestational diabetes at the time of the study.

Results
The characteristics of the study population are summarized in
Table 1. Ninety five were aged below 40 years of age, 37 participants were 40-49 years old, 45 participants were between 50 and
59 years of age and 23 participants were 60 years or older. Among
the 12 areas of Bekaa, the distribution of our subjects was as follows: Zahlé: 23 participants, Rayak: 48, Ksarnaba: 1, Aliel Nahri:
27, Chtaura: 5, Ablah: 21, Baalbek: 19, Ferzol: 13, Ain Kfarzabad:
12, Riit: 13, Sariine: 15 and Chmestar: 3 participants. The participants were randomly selected out of those who came to RayakHospital, so the number of participants was not the same in all
the regions but they were chosen randomly, nevertheless. Of the
total population studied (N = 200), 77 (39%) of the participants
were at high risk of developing diabetes and 123 (61%) were not.
The use of the questionnaire made it possible to detect individuals at high risk of a simple approach. Of the participants at risk
using the diabetes risk test score (n = 77), 69 (89.5%) subjects
were actually diagnosed to have PD or T2D. Of the subjects satisfying the high risk profile, seventeen participants were diagnosed
with PD, 52 were diabetic and 8 had neither (Figures 1 and 2).

Participants were considered to have PD if they had a glycated
hemoglobin (HbA1C) level between 5.7 and 6.4% and/or a fasting blood glucose level between 100 and 125 mg/dL. While those
diagnosed with T2D, had to have HbA1c ≥ 6.5% and/or fasting
blood glucose ≥126 mg/dL. The weight and height were measured by a dietician, using a digital scale and a height scale respectively.

Statistical Analysis
Data capture and statistical analysis were performed using the
Statistical Package for Social Science (SPSS) version 20.0. The
confidence interval (CI) was set at 95% and a value of p <0.05
was considered significant. Continuous quantitative variables were
described as mean and standard deviation and qualitative variables
as numbers and percentages. A bi-variate analysis was conducted.
The Chi-square test (χ2) was used to study the relationship between qualitative variables. This test was replaced by Fisher's exact
test if in one of the boxes of the table; expected numbers were
less than five. Student's t-test was used to compare two means.
The medians between three groups were compared using the
Kruskal-Wallis test because the condition of normality was not
satisfied.

Among the study population (N = 200) and according to the
ADA criteria, the prevalence of undiagnosed diabetes was 26%,
and that of PD was 8.5% (Table 1).
Of 17 PD patients, 8 (47%) had an HbA1C value of 5.7 to 6%,
and 9 (53%) had a value greater than 6. For diabetics (n = 52),
12 (23%) had HbA1c less than 7%, 33 (63.4%) had a HbA1C
between 7% and 10%, while 7 (13.6%) had a HbA1C greater than
10 %.( Figure 3).
The mean age of the participants diagnosed at risk of developing
diabetes was 51.3 years ± 9.4 while those to be at risk was 34.1

Figure 1. Prevalence of PD and T2D Among Subjects Meeting the any Risk Factor.
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Figure 2. Prevalence of PD and T2D Among Subjects Meeting the High Risk Profile.
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Table 1. Study population charectiristics.
Characteristics
Age, (SD) in years
Gender, N(%)
women
men
History of gestational diabetes among women N(%)
Family history of diabetes, N(%)
History of hypertension N(%)
Physical activity, N(%)
BMI, Average (SD) in Kg/m2
Score, average (SD)

Participants (N=200)
40.7 (14.3)
100 (50%)
100 (50%)
6 (6%)
112 (56%)
57 (28.5%)
71 (35.5%)
26.5 (4.7)
3.9 (2.2)

SD : Standard Deviation
Figure 3. Variability of HbA1C among patients with PD or T2D.
35
30
25
20
15
10
5
0

5.7-6

PD

>6

± 12.8 years. This statistical difference was very highly significant
between the two groups (p <0.001) corresponding to the role of
age as a risk factor for the disease. Looking at the gender of the
participants (N = 200), 63 (51.2%) were women and 60 (48.8%)
were men. Gender did not have an impact on developing diabetes.
The difference in the incidence of PD and T2D between the two
genders was not statistically significant (p = 0.66).
Among women in our cohort, 6 (7.8%) had a history of gestational diabetes and were diagnosed later on with diabetes. In contrast, among women without that risk (n = 123), according to
the questionnaire, none developed diabetes. This difference was
statistically significant (p = 0.004). Using a Chi-square test (χ2), we
studied the influence of family history of diabetes on the risk of
developing the disease. Of the subjects who did not have a risk
of developing diabetes, 47 (38.2%) had a family history of the disease. As for the subjects who had that risk, 65 (84.4%) reported a
family history of diabetes. This factor correlated significantly with
the increased incidence of T2D development (p<0.001).
A proportional and very highly significant relationship was found
between the presence of hypertension and the risk of having
T2D (p<0.001). Of those at risk (n = 77), 46 (59.7%) hypertensive participants were diagnosed with PD or T2D. Only 11 (8.9%)
of those with no hypertension had T2D. Tables 2 and 3 list the
characteristics differentiating the subjects with risk factors and
those with T2D.

6-7%

7-10%
T2D

>10%

Persons at a lower risk of diabetes (n = 123), 63 (51.2%) were active, while 60 (48.8%) were sedentary. In contrast, only 8 (10.4%)
of those at risk (n = 77) were physically active while 69 (89.6%)
were sedentary. Statistical analyzes have shown a very highly positive relationship between regular sport and the absence of PD
and T2D (p <0.001).
Participants who met the risk for T2D had an average BMI of
29.7 Kg/m2 ± 5.0 (Table 4) corresponding to overweight or obesity status. In contrast, the risk-free subjects were more likely to
be normal-weight (BMI around 24.5 Kg/m2). These results were
of highly significant (p = 0.001).

Discussion
Our finding are in agreement with those of other studies, proving
the effectiveness of the questionnaire as a means of screening
populations and assessing the risk of developing PD and T2D
[8-10]. According to Rowan et al., a direct correlation was found
between increased risk and increased HbA1c values leading to
the diagnosis of PD and T2D. This was demonstrated in our
study where most of the subjects screened at risk had an elevated
HbA1c value leading to the diagnosis of PD or T2D [11]. Wu et
al., found an incidence of 50% of undiagnosed T2D similar to
our study [12].
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Table 2. Comparison between the subjects with risk factors compared to those without.

Age, Average (SD) in years
Gender
Females
Males
Women with gestational diabetes
Family history of diabetes
History of hypertension
Physical activity
BMI, Average(SD) in Kg/m2

Subjects with no risk factors (n=123)
34.1 (12.8)

Subjects at risk (n=77)
51.3 (9.4)

P value
<0.001

63 (51.2%)
60 (48.8%)
0 (0%)
47 (38.2%)
11 (8.9%)
63 (51.2%)
24.5 (3.1)

37 (48.1%)
40 (51.9%)
6 (7.8%)
65 (84.4%)
46 (59.7%)
8 (10.4%)
29.7 (5.0)

0.66
0.004
<0.001
<0.001
<0.001
0.001

SD : Standard deviation
Table 3. Comparaison of the 3 groups at risk.

Gender
Females
Males
Age (median)
Family history of Diabetes
History of Hypertension
Physical Activity
BMI (median)

T2D (n=52)

PD (n=17)

Normals (n=8)

P Value

23 (44.2%)
29 (55.8%)
56.0 (50.0-59.7)
43 (82.7%)
38 (73.1%)
3 (5.8%)
30.0 (25.96-30.8)

11 (64.7%)
6 (35.3%)
48.0 (41.5-57.5)
15 (88.2%)
6 (35.3%)
4 (23.5%)
29.7 (25.6-30.5)

3 (37.5%)
5 (62.5)
38.5 (32.2-51.0)
7 (84.4%)
2 (25%)
1 (12.5%)
29.9 (25.2-30.6)

0.33
0.002
0.88
0.002
0.09
0.71

Table 4. Characteristics of subjects with T2D.
Characteristics
Average Age
Gender
Females
Males
History of Gestational Diabetes
Family History of diabetes
History of Hypertention
Physical activity
Average Glucose
HbA1c, Average (SD)
Average BMI, (SD) in Kg/m2
In our study, the results obtained were similar to those presented
by many others. The increased risk of developing diabetes increased with age, obesity, hypertension and physical inactivity,
family history of diabetes and history of gestational diabetes [13,
14]. The equal risk among the genders has been reported by Çevik et al.. In contrast, Leahy et al., found that diabetes was more
common among men than women, while pre-diabetes was similar
for both sexes [15, 16]. His results were also in concert with our
findings that participants who adopted a sedentary lifestyle had a
high risk of diabetes compared to those who engaged in regular
physical activity.

Subjects at risk of T2D (n=77)
51.3
37 (48.1%)
40 (51.9%)
6 (16%)
65 (84.4%)
46 (59.7%)
8 (10.4%)
153 (61)
7.5 (1.8)
29.7 (5.0)
Our results on gestational diabetes as a risk factor are similar to a
study by Chaudhry et al., which showed that women with a history of diabetes during pregnancy were at greater risk of developing
T2D. According to Capula et al., this finding could be explained
by the fact that gestational diabetes may represent an early stage
in the natural history of T2D where pregnancy is a para-physiological condition of acquired insulin resistance. In addition, the
pancreatic β-cell defect that characterizes gestational diabetes is
chronic and not acquired during pregnancy and therefore this may
explain the high risk of diabetes in women who have a history of
gestational diabetes [17, 18]. Similar to the studies reported in the
literature, we found that parental history of diabetes was posi-
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tively associated with the incidence of T2D [8-10, 19].
According to the literature, and similar to our findings, hypertension was strongly associated with pre-diabetes and T2D [13, 20].
Our results were consistent with many other studies that analyzed
the influence of physical activity on PD and T2D. For example,
the study by Costanian et al., showed that lack of physical activity
is an important factor in the development of T2D [15, 20, 21].
The association between weight and the risk of developing T2D
was also reported in the literature. BMI was positively associated
with the likelihood of diabetes and the prevalence of T2D was
significantly increased with increasing BMI [20, 21].

[6].

[7].

[8].

[9].

Conclusion
This cross sectional study looks into the prevalence of PD and
T2D in high-risk, undiagnosed patients. PD and T2D were very
common among our subjects. Older age, personal history of gestational diabetes, family history of diabetes, the presence of hypertension, lack of physical activity and being overweight, were
the factors that increased the risk of the disease significantly.
Our epidemiological study was the first conducted in Lebanon
to assess the prevalence of PD and T2D in a rural population,
using a questionnaire as a screening tool. It provided important
data that the health authorities and physicians can use to reveal
undiagnosed individuals who need medical attention.
However, limitations such as the disinterest and refusal of some
people to participate in such assessments, as well as the bias of the
questionnaire may be impediments to screen and discover everyone with undiagnosed T2D and PD.
Since the prevalence of diabetes is currently very high, it is advisable to apply this questionnaire at a broader or even national
level: schools, social institutions and various businesses. This will
contribute to the early discovery of diabetes in high-risk individuals and as a result to reduce the tremendous medical and financial
burden of the disease and its complications.

[10].

[11].

[12].

[13].

[14].

[15].
[16].

[17].
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