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The study aims to identify the impact of modifiable risk factors on the onset of
prediabetes in an apparently healthy adult population from the Doukkala region of Morocco,
and to propose effective prevention strategies based on a better understanding of the key risk
factors of the prediabetic stage and their interactions. A cross-sectional study was conducted
on a sample of 366 apparently healthy volunteers from Doukkala. Participants were divided
into two groups: normoglycemic (NG: N=319) and prediabetic (PDT: N=47). The analyzed
risk factors included three categories: Anthropometric, sociodemographic and lifestyle factors.
Data were collected using a standardized questionnaire during 3 years (from January 2018 to
December 2021). Chi-square comparisons between normoglycemic and prediabetic groups
revealed that for anthropometric factors: age, general obesity and abdominal obesity were
independently associated with prediabetes in the overall sample, and also respectively across
women and across men. The association of these factors to PDT, revealed that the risks were
multiplied respectively, by 5.42 (p<0.001) for age in the total sample, by 6.47 (p=0.001) in
women and by 4.17 (p=0.018) in men. For the two obesity indices (BMI and AO), the overweight
BMTI’s class was the class that showed the highest risk to develop PDT, both in total sample
(OR: 3.89, p<0.001) and by sex (OR: 3.48, p=0.013) in women and (OR: 4.51, p=0.013) in men.
When considering abdominal obesity, the OR’s values indicated highest significative risk to
PDT development both in total sample (OR: 2.61, p=0.004) and by sex (OR: 2.56, p=0.049) in
women and (OR: 3.17, p=0.036) in men. Regarding hypertension, it showed also a significative
OR'’s value in the total sample (OR: 3.12, p=0.001), but this total sample risk can be attributed
only to women (OR: 3.20, p=0.005) and not to men. For dyslipidemia, the only parameter that
showed a significative association risk to PDT was hypoHDLemia, being women the own sex
to present a significative OR (p=0.024). Sociodemographic parameters revealed significant
differences between the PDT and NG groups, only for educational level and marital status,
while the lifestyle risk factors do not show any association with PDT. Nevertheless, comparisons
between sexes showed some significant differences for tobacco and stress. Our findings highlight
that age and weight are the main anthropometric risk factors for the development of prediabetes
in the general population. Hypertension and hypoHDLemia were the main biochemical risk
factors associated with prediabetes particularly in women. These characteristics seems to be
shaped by differences between women and men in stress and smoking lifestyles, and by the
patterns of educational levels and marital status for sociodemographic factors. Other results
underline gender disparities that should also be considered in recommendations aiming to
prevent prediabetes or delay its progression to T2D.
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Prediabetes (PDT) represents a major
health concern worldwide. Global estimates suggest
that up to 10% of the population is affected,' with a
prevalence of 10.4% and approximately 2.2 million
individuals affected in Morocco.? It is a transitional
pathological state characterized by dysglycemia,
defined as concentration of fasting glucose higher
than the threshold value (1.1 g/L) but remaining
below the threshold of type 2 diabetes (T2D) (1.26
g/L).? It’s prevalence is increasing worldwide,
because of the aging and obesity characterizing all
populations, often resulting from an unbalanced
diet characterized by excessive consumption
of calories, carbohydrates, and saturated fats,*
and a sedentary lifestyle marked by insufficient
physical activity.>! Sociodemographic risk factors,
depending of population origin, may play a key
role in the variation of PDT prevalence and its
progression to complications like DT2, CVD, ....%
;

PDT is a potentially reversible phase
that may be averted through timely preventive
measures.®® Progression to T2D typically
occurs within five years or more, with estimated
conversion rates ranging from 15% to 30%.'°
Mainly obese individuals are the most affected, and
are generally affected by lipid imbalances, such as
hypertriglyceridemia and/or hypoHDLemia and/
or hypercholesterolemia. These dyslipidemias do
not only increase the risk of insulin resistance, a
primary driver of progression to T2D,'"'? but also
exacerbate the risk of cardiovascular diseases."

For almost 50% of diabetic cases, the

diagnosis is only made when obvious symptoms
are present, and in almost half (25%) of cases, the
stage of complications have already been reached.
These can be of various natures, such as acute
metabolic disorders, cardiovascular pathologies
or degenerative lesions of target organs.' It is
therefore evident that preventing prediabetes could
prevent the onset of TD2 and the development of
complications in certain populations. The main
objectives of our study are the follows:
* Characterization of modifiable risk factors
associated with the development of prediabetes
and analysis of their interactions. This will be
achieved through a comparative analysis, within
the apparently healthy general population of the
Doukkala region (Morocco), between two groups
of normoglycemic and prediabetic individuals.
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« Identification of evidence-based tools for healthcare
professionals, enabling the implementation of
effective primary prevention strategies adapted
to the cultural, sociodemographic, and economic
context of the study population.

MATERIALS AND METHODS

Study Protocol

A cross-sectional, descriptive study, was
conducted over three years from 2018 to 2021,
using a random method to select participants. An
authorization was ensured from the Ministry of
Health, and the corresponding approval granted
by the Ethics Committee of the Directorate of
Epidemiology and Disease Control (reference
number 919 DELM/24). All sampling procedures
were carried out in accordance with the Declaration
of Helsinki, and all volunteers signed written
informed consent after receiving full explanations
about the purely scientific objectives of the study.

Sampling was conducted during active
diabetes screening campaigns organized by
associations (mobile caravans), or by screenings
performed by the Ministry of Health and Social
Protection on the general population and on
students from the Faculty of Science at Chouaib
Doukkali University (El Jadida, Morocco). The
sample size (n) was calculated using the standard
formula for proportions in a large population:

Sample size (n) = [z x p (1-p)] / e*N

Where,

n: represents the required sample size;

N: the population size of the Doukkala region,
estimated to 1.36 million inhabitants (HCP, 2024);
z: z-score (=1.96 for 95% confidence);

p: the estimated proportion (=0.5 if we consider that
the prevalence of prediabetics in our population is
unknown); and e: margin of error (=5%).

Based on these variables, the minimum
sample size required to ensure the representativeness
of the results was estimated at 384 individuals.

The inclusion criteria were, being
originated from the Doukkala region (Morocco),
at least 18 years old, reporting no apparent
pathology and to voluntarily sign the informed
consent. The validity and repeatability of the used
questionnaire were evaluated by three experts in
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the field, who assessed the relevance, clarity, and
comprehensiveness of the questions. Repeatability
was tested using a test-retest evaluation on a
subsample of participants, indicating good to
excellent stability of responses over time. The
data from each volunteer were reported on the
questionnaire during face-to-face interviews,
the collected data concerned anthropometric,
sociodemographic and lifestyle factors. Finally
venous blood samples were taken by qualified
personnel from the Ministry of Health for different
analyses.
Data Collection

All determinations followed World Health
Organization (WHO) recommendations.
Anthropometric risk factors

Age was the first question asked. For
General Obesity (GO), weight (kg) and height
(m) were measured using accurate material, and
Body Mass Index (BMI) was calculated using
the standard formula (weight[kg]/height[m]?).
For Abdominal Obesity (40), we used waist
circumference (WC) in centimeters using for
measures a non-elastic tape placed midway
between the lowest rib and the iliac crest. Elevated
WC was defined >90 cm for women and >100 cm
for men. Finally, blood pressure was measured
in mmHg using an electronic device (OMRON
M2) after a 10-minute rest in seated position:
Hypertension (HTA) was considered when Systolic
blood pressure: SBPe”140 mmHg and/or Diastolic
blood pressure: DBPe”90 mmHg.'4'5
Biochemical parameters
Glycemic profile

Using a standard common glucometer,
fasting blood glucose (FBG) concentration was
measured. Individuals were classed into one of
the four classes of glycemia: Hypoglycemic: when
FBG <0.70, Normoglycemic: 0.70 ¢” FBG<1.10,
Prediabetic: 1.10 ¢” FBG < 1.26 and Diabetic: FBG
e” 1.26.
Lipidic profile

Measures were performed using standard
enzymatic spectrophotometry. Thresholds were the
standards values settled by WHO and NCEP-ATP
III (National Cholesterol Education Program Adult
Treatment Panel). An individual was considered
as affected by hypercholesterolemia when Total
Cholesterol (TC)>2 g/L, by hypertriglyceridemia
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when Plasma triglycerides (TG)e”1.50 g/L and
by hypo-HDLemia when HDL-Cholesterol
(HDL-C)<0.40 g/L for men and <0.50 g/L for
women.
Sociodemographic parameters

Five parameters were considered: place of
residence (urban or rural), educational level (three
levels were considered: illiterate, middle if middle
school or high school, and university), marital
status (three status: married, single and divorce
or widow(er)), profession (with and without) and
finally the family history of diabetes.
Lifestyle

The Smoking status: participants were
classified as smokers, if they reported current or
past active smoking; as passive smokers, if they
were currently exposed to tobacco smoke; and as
non-smokers if they reported no such comportment
or exposure.
* Stress was defined in patients as self-reported
feelings of worry or mental tension caused by
difficult circumstances at work or in family, like
a state of illness, lack of time, financial concerns,
or others.
* Insufficient physical activity was defined as
engaging in less than 150 minutes of physical
activity per week.'s"”
* Sedentary behavior was defined as the total time
spent sitting or lying down while awake each day.
This included time spent during leisure activities
(screen time, reading), at work, and when using a
private or public means of transport.'®
Statistical Analysis

All variables were transformed to
Categorical types; they were presented as
frequencies or percentages. Comparisons between
prediabetic and normoglycemic groups, and
between sexes were performed using chi-square
tests (+2). This test was used to assess the association
between the categorical variables under study.
Binary logistic regression analyses were applied
to demonstrate the existence of an association
or not, by determining significance of the odds
ratios (ORs) with 95% confidence intervals (Cls)
obtained. The resulting p-values were used in the
interpretation of the statistical significance of the
associations, the settled significance threshold was
5%. All statistical analyses were performed using
SPSS software (version 26).
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RESULTS

Our initial sampling on the general
population yielded data from 383 individuals.
Analysis of fasting blood glucose (FBG)
measurements revealed that not all participants
between the control sample exhibited
normoglycemia. The distribution of participants
across the four recognized glycemic classes was as
follows: 1.57% (n=6) were hypoglycemic (FBG <

8

Number of individuals

g

[0.70-1.10
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0.70 g/L); 83.29% (n=319) were normoglycemic
(FBG: [0.70-1.10 g/L[); 12.27% (n=47) were
prediabetic (FBG: [1.10-1.26 g/L]); and 2.87%
(n=29) were hyperglycemic, suggesting the
existence of individuals with undiagnosed diabetes
(FBG > 1.26 g/L) (figurel). These findings
highlight the need for vigilance regarding glucose
homeostasis in this population and underscore the
importance of studies aimed at identifying risk
factors associated with deviations from normal
glycemic levels.

>1.26
Glycemic groups

[1.10-1.26(

Fig. 1. Distribution of controls according to glycemic groups

150

Number of individuals

100

Women

Glycemic groups

(0,70 - 1,09] Normoglycemic
[ [1.10 - 1,26) prediabetic

men

Fig. 2. Distribution of individuals according to Normoglycemic and Prediabetic by sex
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Given that the prediabetic stage is
considered potentially reversible, we chose to focus
our analysis on comparing the prediabetic (PDT)
group with the normoglycemic (NG) group, which
are also the two most represented categories among
our control sample, to determine their distinct
characteristics and deviations. The final study total
sample consisted of 366 participants, comprising
both NG and PDT individuals: 319 normoglycemic
individuals (NG = 87.16%) [190 women and
129 men] and 47 prediabetic individuals (PDT =
12.84%) [31 women and 16 men] (figure 2).
Comparisons
Anthropometric and Biochemical risk factors

Comparisons between prediabetic
(PDT) and normoglycemic (NG) individuals
(table: 1) revealed that within the total sample,
PDT individuals exhibited generally significantly
higher proportions of pathological and risky
phenotype(s) concerning several modifiable
risk factors compared to normoglycemic (NG)
individuals.

In the overall sample, Chi square
comparisons between PDT and NG groups
revealed, as expected, significant differences by
age (+*=25.88,p <0.001), The age classes 30-44
years and 45-59 years were more prevalent among
the PDT group (36.2% and 42.6%, respectively)
compared to the NG group (26.3% and 17.6%,
respectively). Stratified by sex, these age classes
were significantly overrepresented among PDT
women [(N=31) at 35.5% and 45.2%, respectively],
than among NG women [(N=190) at 31.1% and
18.4%, respectively], exhibiting a statistically
significant difference (p=0.001). Among men, the
same classes showed the highest and equivalent
proportions within the PDT group [(N=16) at
37.5% for both], whereas for NG men subgroup
they exhibited the lowest frequencies [(N=129)
at 16.3% and 19.4%, respectively; (p= 0.016)].
These findings demonstrate that advancing age
as a non-modifiable risk factor, predisposes the
population to a higher risk of prediabetes among
women, particularly in the [45-59 years] age class;
this could be attributable to hormonal changes
associated with menopause and metabolic shifts.
In contrast, the risk of prediabetes in men appears
less influenced by age compared to women and may
be more strongly correlated with other factors such
as lifestyle or genetic predispositions.

MOTRANE et al., Biomed. & Pharmacol. J, Vol. 18(2), 1482-1498 (2025)

Regarding obesity, we considered the
two commonly measured parameters: BMI for
general obesity (GO) and waist circumference for
abdominal obesity (AO). In the total sample, the
prevalence of unbalanced BMI was significantly
higher in the PDT group (72.3%) compared to the
NG group (44.2%) (=2 =13.02, p < 0.001), when
considering only two BMI categories. In the case of
three BMI categories, the most prevalent category
of unbalanced BMI was the overweight category
in the PDT group (42.6%) versus 22.1% in the NG
group. This last had the normal weight as the most
prevalent category (55.8%) (overall +2=14.22,p <
0.001). Abdominal obesity (AO) was significantly
more prevalent in the PDT group (68.1%) compared
to the NG group (44.1%) (+2=28.78,p=0.003). As
for the prevalence of hypertension (HTA), it was
also significantly higher in the PDT group (40.4%)
compared to the NG group (17.9%) (2 = 12.66,
p <0.001). No statistically significant differences
were found between the two groups with respect
to lipid profiles.

Within each gender, the comparison of
modifiable risk factors between PDT and NG
groups in women shows significantly higher
prevalence of these factors in the PDT group.
Specifically, the prevalence of obesity when
considering two categories was significantly
higher in PDT group (77.4%) compared to NG
group (53.4%) (+*= 6.24, p= 0.012). Likewise,
when considering three categories, overweight and
obesity were significantly more prevalent in PDT
group, respectively (41.9%) and (35.5%), than in
NG group, respectively (24.9%) and (28.6%); +*=
6.82 (p<0.033). For the second measured parameter
(WC) estimating abdominal obesity, the prevalence
of AO was also higher in the PDT group (80.6%)
than in the NG group (61.9%) (+*= 4.08, p=
0.043). Hypertension (HTA) was also significantly
prevalent in PDT women (41.9%) compared to
NG women (18.4%) (+*= 8.66, p= 0.003). The
parameters above had all shown significant chi-
square values in the overall sample, but when
considering dyslipidemia that had not shown any
significant difference, an exception appears only
for low-HDLemia in women, which presented
a statistically significant difference between the
PDT and NG groups. This peculiar pattern seems
to be a characteristic of women from the Doukkala
region, hence the pathological hypo-HDLemia
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was more prevalent in NG women (60.8%) than
in PDT women (37.9%), and consequently the
normal-HDLemia was more present in PDT women
(62.1%) than in NG women (39.2%), (+?=5.31,p
=0.021).

Within men, the comparisons between
PDT and NG groups, revealed significant
differences only concerning obesity parameters,
and no one for the other anthropometric and
biochemical risk factors (HTA, total cholesterol,
HDL-cholesterol and triglycerides). Hence, a
significant predominance of overweight and
obesity was detected among PDT men compared to
NG men, respectively 43.8% and 18.8 versus 18%
and 12.5% (p<0.05). These results were confirmed
by AO ones, that showed more prevalent values in
PDT men (43.8%) than in NG men (19.7%) (2 =
4.73, p=0.030).

Comparisons between women and men
within the total sample (PDT+NG groups) (table 2),
revealed significative differences (p=0.000) only
for obesity parameters analyzed, and hence women
appear to be more predisposed to developing the
risk factor related with weight disorder while
still in the normoglycemic (NG) stage. Indeed,
within the NG group comparisons indicated that
morbid values for general obesity (GO) and for
Abdominal obesity (AO), are significatively
prevalent in women than in men (p=0.000, for
BMI 2 classes, BMI 3 classes and for AO). Within
PDT group, comparisons between sexes indicated
that GO parameters does show any sex difference,
and in this case only the AO parameter showed
significant difference (p=0.010), because of the
predominance of AO phenotype across women
than across men. Table 2, indicated that there was
no difference between sexes concerning HTA
in the three comparisons (total sample, NG and
PDT, groups). Finally, the comparisons between
sexes concerning dyslipidemia parameters (table
2) revealed that only hypo-HDLemia risk factor
showed a significative difference exclusively in the
PDT group (p=0.026), being men who presented
the highest prevalence of hypo-HDLemia and
women the highest of normal HDL-C.
Sociodemographic factors

In this section we considered five
sociodemographic parameters, namely residence,
education level, marital status, occupation and family
history with diabetes, in order to determine which
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ones would have an effect on the above repartition
into prediabetic (PDT) and normoglycemic (NG)
groups. The sociodemographic characteristics
within the overall sample and within each gender
subgroup, are summarized in Table 3.

In the overall sample, Chi square
comparisons between PDT and NG groups revealed
significant differences in educational level (=2 =
15.56,p <0.001), and in marital status (2 =15.17,
p < 0.001). The others sociodemographic factors
(residence, profession and the history of diabetes
in the family), did not show significant differences
between the two glycemic groups.

Different proportions of the educational
levels considered, were observed between PDT
and NG groups. The illiteracy rate was higher
in the PDT group (42.6%) than in the NG group
(30.1%). The most represented classes were the
secondary education (46.8%) in the PDT group
and the university education (40.2%) in the NG
group. These results suggest that illiteracy may
be a contributing factor to prediabetes in the PDT
group, potentially due to limited health literacy,
reduced access to health information, and a lack of
awareness regarding risky behaviors. Conversely
individuals with university education appear to
be less vulnerable, possibly due to a greater to
understand and manage modifiable risk factors,
such as diet, physical activity and stress. The lower
proportion of university-educated individuals in
the PDT group (10.6% compared to 40.2% in NG
group) suggests that higher education may offer
a protective effect by facilitating the adoption of
healthier lifestyles.

Comparing the proportions of education
level classes, between PDT and NG groups within
each gender, women showed a significant difference
(p=0.012). Hence, illiteracy was the more prevalent
class among PDT women (51.6%) compared to
NG women (36.7%), followed in the same way by
the secondary education, which was higher in the
PDT women (38.7%) than in NG women (26.6%).
Conversely, it was the NG women who exhibited a
significantly higher proportion of university-level
education (36.7%) than PDT women (9.7%). In
contrast, the significant difference observed in men
(p=10.033), was basically due to higher prevalence
of university education in NG men (45.3%) than
in PDT men (12.5%), and to higher proportion
of secondary level (62.5%) and illiteracy (25%)
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among PDT men than among NG men (34.4%)
and (20.3%) respectively.

Regarding marital status, a higher
proportion of married individuals was found in
the PDT group (74.5%) compared to the NG
group (53%) (p <0.001), although they were both
high. This discrepancy may be associated with
social and environmental factors within marital
contexts, such as shared dietary habits or decreased
physical activity, potentially increasing metabolic
risks. Conversely, single individuals were more
prevalent in the NG group (42.9%) compared
to the PDT group (14.9%). This suggests that
single individuals may have greater autonomy
in managing healthy lifestyle behaviors, and
thus a lower exposure to prediabetes risk factors.
Divorced individuals also exhibited different rates,
with a higher percentage in the PDT group (10.6%)
compared to the NG group (4.1%). Divorce
may represent a potential vulnerability factor
due to its associated psychosocial and economic
repercussions, contributing to the development of
prediabetes. In the PDT group, the prevalence of
married men and women remained the status most
represented (81.3% and 71% respectively), while
single’s status represented only 16.1% of women
and 12.5% of men, and the divorced/widow(er)
status 12.9% of women and 6.3% of men. Among
NG group, married was also the most common
status (54.7% in women and also in men 50.4%);
single NG men (48.8%) were more frequent than
single NG women (38.9%). These differences in
marital status between PDT and NG individuals,
would explain the potential impact that can have
the psycho-socio-familial context on the onset of
prediabetes.

The other socioeconomic risk factors
considered (place of residence, professional
occupation, and family history of T2D) in the
present study (table 3), did not show any significant
difference between PDT and NG.

When comparisons are performed between
genders, significant differences were observed
for three sociodemographic factors (educational
levels, marital status and profession), within the
total sample and only within the normoglycemic
group (NG) (table 4), this last group seems to
be responsible of the differences observed at
the total sample, due to its large size. are due to
that observed in the normoglycemic group. For

MOTRANE et al., Biomed. & Pharmacol. J, Vol. 18(2), 1482-1498 (2025)

educational levels in the total sample +*= 13.006
(p=0.001), women showed higher proportions of
illiteracy (38.81%) while men showed the higher
rates of middle and university levels (37.50% and
41.67%); in the normoglycemic group, similar
results are observed. For Marital status, the total
sample showed a +*=8.112 (p=0.017), men showed
higher proportions of single (44.83%) while
women showed the higher rate of divorced and/
or widowers (7.24%); the same tendency between
sexes was detected in the normoglycemic group.
Concerning profession, the comparisons revelated
significant differences between women and men,
within the total sample (+2=6.493 (p=0.011)) and
within NG sample (+2=6.245 (0.012)), due to the
fact that men with and without profession have
values around 50% both in the total and in the NG
samples, while the rates of women without are
higher (around 63% in the two cases) than women
with profession.

Lifestyle factors

In this case, the considered risk factors:
smoking, stress, physical activity and sedentary
lifestyle, does not show any significative difference
between the PDT and the NG blood sugar groups,
both within the total sample and within each
gender. This indicates that these factors have no
direct relationship with the glycemic profile of the
Doukkala population (table 5).

Conversely, when the comparisons are
performed between the two sexes within the total
sample and within each blood sugar group (PDT
and NQ) (table 6), we founded highly significant
differences only for smoking and stress factors but
not for physical activity and sedentary lifestyle.
Indeed, the comparisons within the total sample
highlighted a +*= 15.770 (p=0.000) for tobacco,
and a +*= 14.927 (p=0.000) for stress; within the
NG group, +2=15.305 (p=0.000) for tobacco, and
+2=11.632 (p=0.000) for stress; for the tobacco
factor, the differences observed are essentially due
to ever-increasing prevalence of smokers among
men and ever-higher prevalence of passive smokers
and non-smokers among women. Concerning
stress, it is always women who show the highest
prevalence. Finally, within PDT group, prediabetics
do not show any significant difference between the
2 sexes.

Association study
The binomial regression performed
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demonstrated a significant association between
several risk factors and the development of
prediabetes (table 7). Specifically, age (p < 0.001),
general obesity (GO): overweight (p <0.001) and
obesity (p= 0.015), abdominal obesity (AO) (p=
0.004), and hypertension (HTA) (p=0.001), in the
total sample.

The binary regression confirmed that
age is the most significant aggravating factor
for the development of prediabetes in the total
population studied, with a risk multiplied by
5.424 (95% CI: 2.457-11.973). When the risk of
developing prediabetes due to increasing age is
estimated within each sex, it appears to be higher
in women (OR = 6.472, 95% CI: 2.18-19.208, p =
0.001) than in men (OR =4.167, 95% CI: 1.275-
13.620, p = 0.018). Conversely the two BMI
classes (overweight and obesity) compared to
normal weight, showed that the risk associated with
overweight, reached an odds ratio of 3.89 (95%
CI: [1.836-8.244], p<0.001) in the total sample,
being this time slightly higher among men (OR
=4.514, 95% CI: [1.383-14.734], p=0.013) than
in women (OR = 3.477, 95% CI: [1.299-9.309],
p=0.013); the obesity class compared to normal
weight, showed a significative risk multiplicated
by 2.723 (95% CI: [1.219-6.085], p=0.015) only in
the total sample but not within each sex. For AO,
the odds ratio of developing prediabetes in the total
sample was estimated to be 2.614 times (95% CI:
[1.362-5.018], p=0.004); and once again, the risk
of developing PDT in men [OR=3.173 (95% CI:
[1.077-9.347], p=0.036)] was slightly higher than
its in women [OR=2.564 (95% CI: [1.0036.552],
p=0.049)].

Regarding HTA, a risk multiplication of
3.119 (95% CI: [1.63-5.97], p=0.001) of becoming
PDT was observed regardless of sex. However,
within each sex, only women presented a significant
risk of becoming hypertensive (OR=3.198, 95% CI:
[1.434-7.134], p=0.005) compared to men that were
not at risk (p = 0.059).

Concerning dyslipidemia parameters,
hypo-HDLemia (one of the most predisposing
risk factors to metabolic disorders) was the only
parameter to represent a risk factor exclusively
in NG women, in whom the prevalence is higher
than in PTD controls (OR=0.394, 95% CI: [0.175-
0.885], p=0.024). This finding suggests that hypo-
HDLemia, while showing a ‘protective’ odds ratio,
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is more prevalent in normoglycemic women than
prediabetic women, indicating it might be an early
marker or predisposing factor for prediabetes in this
specific female population.

Finally, when considering the association
of lifestyle risk factors with the development
of prediabetes (table 7), no factor between the
considered (Tobacco, stress, physical activity
and sedentary) showed an association with the
predisposition of developing prediabetes.

DISCUSSION

Our study investigated key modifiable risk
factors associated with the onset and progression
of prediabetes (PDT), namely age, hypertension
(HTA) general obesity (GO), and abdominal
obesity (AO). Our findings demonstrated significant
correlations between age and specific risk factors.
Concerning the vulnerability in relation to age,
especially classes spanning [30-44] and [45-59]
years were the most affected by PDT, particularly
among women. These findings are in accordance
with a meta-analysis carried out by the American
Diabetes Association (ADA), demonstrating the
increase of prediabetes incidence and prevalence
with age, and that vulnerability in women may be
attributable to hormonal, biological, and behavioral
factors.'”? Age after 30 and especially classes
[30-44] and [45-59] represent critical periods
where screening and prevention should increase
in order to protect against prediabetes.'” Age is
often associated with increased insulin resistance
and poor fat distribution.?’ Furthermore, other
studies indicate that the increased prevalence of
AO and GO in women during this age period often
coincides with menopause, leading to selective
accumulation of abdominal adipose tissue.”!

Age is then considered as one of the major
predictive risk factors for prediabetes, particularly
among women, who exhibit stronger associations
of PDT with GO, AO, HTA and hypoHDLemia (the
only dyslipidemia encountered in Doukkala’s PDT
women). In contrast, among men risk factors are
limited to GO and specifically AO, who exhibit the
strongest associations. The significant contribution
of excess weight with advancing age specially
from early 40s to late 50s, on the development of
metabolic disorders (T2D, HTA, and cardiovascular
diseases) is consistent with prior reports.?



1495

Concerning HTA, its significant association with
metabolic disturbances was demonstrated by its
high prevalence in the total sample mainly among
PDT women; this suggests a predisposition to
prediabetes (PDT) in hypertensive individuals.
Our results were similar to those reported by
Whelton and Williams® in adults suffering heart
diseases. The predominance of prediabetes among
women contrasts with some recent investigations
suggesting a slight predominance of HTA in men,
with a marginally increased risk for prediabetes
development depending on geographic regions,
culture and dietary habits.*

In men, a predominance of the recognized
risk factors (GO and AO) in the PDT group
compared to the NG group, was observed; these
results are in line with findings reported by
Blither.” Abdominal obesity shows also significant
associations with prediabetes in both genders.
Nevertheless, a notable difference of distribution
profiles was observed between the 2 sexes: in
women the prevalence of AO was found to be
predominant in both NG and PDT; whereas in
men, normal AOs predominate the anormal AOs
in NG group, and also slightly in the PDT group.
The AO risk factor is associated with heightened
insulin resistance,? fact that coincides with findings
suggesting that AO elevates the risk of developing
pre-diabetes in older individuals,” and others that
suggests its increased implication with age in
the development of chronic diseases (CVD and
T2D), explained by muscle mass loss and poor
distribution of visceral fat.?®

The prevalence of AO among PDT women
in the study is more than double the rate reported
by Neeland et al.”” However, the value obtained
in our sample from Morocco remains lower than
that documented in Algeria and Tunisia.?*° These
differences can be attributable to dissimilarities
in dietary patterns or culinary traditions and also
to potential socio-economic factors. Our results
indicated also, that regarding the sociodemographic
characteristics analyzed, marital status (married)
and education level (illiterate) were associated with
the onset of prediabetes; these results are in line
with other studies carried out on other populations
worldwide *!*? for educational level, and with those
for marital status.*

Concerning lifestyle, only two factors:
tobacco and stress, showed differences in opposite
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ways among the two genders. These factors have
been implicated in the onset of prediabetes by
different studies.’**> For tobacco smoke, the
differences observed are essentially due to ever-
increasing prevalence of smokers among men and
ever-higher prevalence of passive smokers and
non-smokers among women; and for stress, the
difference is due to women who showed the highest
prevalence.

The binomial regression shows a
statistically significant association of hypertension
(HTA) to pre-diabetes (PDT) only in women, the
odds ratio indicated that the risk is multiplied
by 3.198 (OR = 3.198, p = 0.005), while in men
the association was not significant (p = 0.059).
A statistically significant association was found
between HTA and AO, with p-values of 0.003 and
0.000, respectively in women and men (results
not shown). Other studies have shown that the
increasing distribution of abdominal fat is a
predictor of HTA, aside from the presence of general
obesity.>* AO contributes to the development of
HTA through several mechanisms, including the
induction of insulin resistance, the overproduction
of vasoconstrictive hormones, and inflammatory
markers.’” This link between AO and HTA can
be explained by the secretion of angiotensinogen
by adipose cells of postmenopausal women,*
particularly in the abdominal area.*

It is well-established that increasing age
is associated with an elevated risk of HTA. Some
of the age-related changes that can lead to HTA
are those affecting arteries, such as the progressive
reduction in their elasticity or their increased
stiffness.*

Concerning the dyslipidemias considered,
the only factor which showed an association with
prediabetes was hypoHDLemia. Without having
an effect on the total sample, only women showed
a significant association, being the NG women
who have the highest prevalence compared to
PDT women (p=0.021). This finding is consistent
with several prior studies.*'*? Conversely, others
researches have reported normal HDL levels
in prediabetic individuals, highlighting the
variability in lipid parameters between populations,
which suggests the need of personalized and
individualized management of these factors.*

In contrast to our results, several studies
have found a significant association between
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increasing prevalences of hypertriglyceridemia
and hypoHDLemia primarily affects women with
PDT, and that HypoHDLemia in PDT’s women,
can contribute alongside other lifestyle-related
factors to the development of cardiovascular
diseases.*'*> However, our result on the other
modifiable risk factors for prediabetes, such as
hypercholesterolemia, physical activity, sedentary
behavior, and smoking, did not show significant
associations in the overall sample or within either
gender (p > 0.05).

CONCLUSION

Our study on the Moroccan population
from Doukkala region, demonstrated that age and
other modifiable risk factors are significantly and
independently associated with pre-diabetes, with
notable variations by sex and in the overall sample.
Indeed, the analysis of these risk factors between
the two glycemic groups (PDT and NG) revealed
that PDT individuals, regardless of sex, exhibited
highly significant differences in age, and the
prevalences of hypertension (HTA), general obesity
(GO), and abdominal obesity (AO). Sex-stratified
analysis indicated that PDT men displayed higher
prevalences of GO and AO than NG men, with
higher associated risks (as measured by Odds
Ratios) than in women PDT. In addition to GO and
AO risk factors, women showed higher associated
risks for age, HTA and hypoHDLemia. This last
dyslipidemia was surprisingly significantly more
prevalent in NG women, and could be considered
as a potential early indicator for obesity and
prediabetes predisposition in women.

These findings implies that if we act in
time, by adopting effective and efficient preventive
strategies in a sex-specific manner, particularly in
individuals aged 35 and over, at least during the
prediabetic phase which can last up to 5 years or
more, we can avoid T2D in general and particularly
unrecognized T2D. In the same time, we can then
prevent its worsening through the appearance
of complications such as metabolic disorders,
cardiovascular pathologies, or degenerative lesions
of target organs, or other complications.
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