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Abstract

The heavy use of chemicals, pesticides, cosmetics and plastic packaging coin-
cides with a resurgence of cardiovascular disease, in particular hypertension,
which is affecting younger and younger populations. The aim of this study
was to analyze the cardiovascular risk factors in hypertensive farmers com-
pared with hypertensive non farmers. This was a prospective case-control
study that included 239 hypertensive farmers and non farmers aged 25 to 65
with blood pressure > 140 mmHg and 90 mmHg. Hypertensive farmers (101)
represented 42.25% of the population versus hypertensive non farmers (138)
57.74%. The median ages were 47 + 11.3 years for farmers and 51.45 + 9.77
years for non farmers. Biochemical analysisand screening for major cardi-
ovascular disease risk factors such as metabolic syndrome were performed.
Metabolic syndrome was defined according to the new definition of the In-
ternational Diabetes Federation. Our results revealed higher blood glucose
levels in farmers (47.77%) than in non farmers (27.20%) (p = 0.0132). Dysli-
pidemia was more frequent in non farmerswith high level of LDL cholesterol
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and total cholesterol. Farmers presented a high level of tryglycerides. The
prevalence of obesity was higher in non farmers 51 (36.96%) than farmers 18
(17.82%). The prevalence of metabolic syndrome was 106 (44.35%) in our
study population. There was not an important difference between farmers
(39.60%) and non farmers (47.82%). However, the variation of metabolic
syndrome according to age and sex showed a higher prevalence in young
male farmers aged 25 to 45 whereas non farmers presented an increasing
prevalence of metabolic syndrome according to age and the absence of meta-
bolic syndrome between age 25 and 35. Our results showed that the cardi-
ovascular risk appeared early in young farmers compared with non farmers
suggesting a possible role of pesticides in the onset of this risk.
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Chemicals, Farmers, Metabolic Syndrome, Hypertension

1. Introduction

The demographic surge generated by the technological revolution and globaliza-
tion in recent years throughout the world, and particularly in Africa, had a ma-
jor impact on certain sectors of activity, with agriculture and industrial
processing in the forefront [1]. To meet the population’s ever-increasing need
for food products and raw materials for industrial processing, the agricultural
sector in African countries is turning to modernization, a sine qua non condi-
tion for moving towards large-scale production [2]. In Benin, in December 2010,
with the aim of improving agricultural performance, ensuring food and nutri-
tional security, and promoting economic development, the government adopted
a strategic plan for agricultural revival [3], which is based, among other things,
on improving access to agricultural inputs to facilitate effective control of pests,
crop diseases and so on. Every year, large quantities of pesticides are regularly
used to increase crop yields [4] [5]. However, the uncontrolled use and dubious
origin of phytosanitary products have been denounced by several studies in Be-
nin [6] [7] [8]. The same observations have been made in the rice-growing low-
lands of the Dano commune in Burkina Faso [9]. According to [5], 85% of cot-
ton growers use higher doses of insecticides than those recommended. For these
authors, the low or virtually non-existent level of education of most growers is a
factor conducive to the emergence of poor phytosanitary practices. However, the
coincidence between the heavy use of pesticides, cosmetics and plastic packaging
and the resurgence of cardiovascular disease, in this case hypertension, raises
questions. In recent years, a growing number of scientific data has highlighted
the important role played by chemical pollution in the emergence of metabolic
diseases that can lead to hypertension and cardiovascular disease [10] [11] [12].
A number of research studies have already highlighted the harmful conse-
quences of the use of pesticides, chemical molecules derived from plasticizers

such as phthalates, dioxins and cosmetics on human health. These consequences
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include endocrine disruption, which can affect reproductive health and cause
metabolic diseases, cancers, etc [13] [14] [15] [16] [17]. In Benin, there are few
studies on the risk of exposure to pesticide residues on the health of agricultural
producers. Thus, with the aim of assessing the possible effect of chemical pollu-
tants on the etiological processes of hypertension and cardiovascular disease, we
initiated this project, which proposes a comparative analysis of the main risk
factors for cardiovascular disease in hypertensive agricultural patients who, in
addition to exposure to chemical pollutants in the general population, are ex-
posed to pesticides through occupational handling, and in hypertensive patients

who are not agricultural workers in the Zou region in central Benin.

2. Materials and Methods
2.1. Study Population

This study took place from November 2021 to April 2022 and from November
2022 to January 2023. It was a prospective case control study which included
hypertensive patients who were farmers or non-farmers and aged 25 years at
least and 65 years at most. They have given their informed consent and their
systolic and diastolic blood pressures at the time of recruitment were respective-
ly > 140 mmHg and 90 mmHg. We excluded hypertensive patients whose age
was less than 25 years or more than 65 years at the time of recruitment.
Non-farmer patients living near an agricultural production field, patients unable
to give informed consent as well as all patients who were alcoholics, smokers or
suffering from chronic illnesses (kidney failure, liver conditions) were also ex-
cluded.

Determination of sample size

According to Cochran formula and according to the adoption of a cost-bias
compromise, the size of our study population is estimated at 213 patients with a
risk level set at 6% [18].

Cochran’s formula:
N =t*xPx(1-P)/m’

(NV: The minimum sample size; £ The confidence level (95%); P estimated
prevalence (27.5%); nz the risk level set at 6%).

Blood sampling and data collection

Data collection and blood sampling were carried out in three peripheral health
centers (the health center of Dan, the health center of Djidja and the health cen-
ter of Godaix) and two reference centers (hospital of Zou and Collines (CHD/ZC);
Zonal Hospital Djidja-Abomey-Agbangnizoun (DAA)). An interview with the
patients was carried out and then the weight, the size and the blood pressure was
taken in all patients who gave their informed consent. The blood pressure was
taken using an OMRON M3 V3 brand automatic upper arm blood pressure
monitor recommended by WHO. All informations were collected on survey

sheets previously designed for this purpose. Finally, venous blood was collected
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from patients with blood pressure > 140 mmHg and 90 mmHg.

2.2. Individual Variables

2.2.1. Socio-Demographic Variables

The socio-demographic data collected were age, sex, profession, risk behaviors
linked to exposure to chemical pollutants such as: consumption of foods pre-
pared or packaged with non-biodegradable plastic bags, use of insecticides for

domestic use, professional use of pesticides.

2.2.2. Anthopometric Measures

Height and weight were measured in centimeters (cm) and kilograms (kg) re-
spectively using a height chart and a digital scale in shoeless patients. Body mass
index (BMI) in kg/m? was obtained by dividing weight by the square of height.
Patients with a BMI > 25 kg/m? and < 30 kg/m?* were overweight and those with
a BMI = 30 kg/m* were considered obese. The average blood pressure (BP) meas-
ured in millimeters of mercury (mmHg) in both arms in a seated position after 10
to 15 minutes (min) of rest was taken. It was considered high when the systolic
pressure (SBP) is 2140 mmHg and the diastolic pressure (DBP) = 90 mmHg [19].

2.3. Biochemical Parameters
2.3.1. Blood Glucose

Blood glucose was determined from plasma samples collected in fluoride tubes
and centrifuged at 3500 rpm for 10 minutes. The Elitech diagnostic kit REF
GPSL-5505 LOT: 22-0470 was used. Fasting blood glucose levels > 1.10 g/L or

>5.6 mmol/L are considered high.

2.3.2. Urea and Creatinine

Urea and creatinine levels were determined from serum samples of study popu-
lation collected in dry tubes and centrifuged at 3500 rpm for 10 minutes. Elitech
diagnostic kits REF URSL-5405 LOT: 22-0724 and REF CRCO-6600 LOT:
22-0821 were used. Uremia levels > 0.55 g/L or >7.5 mmol/L were considered
elevated. Creatinine levels in women > 11 mg/L and >13.56 mg/L in men are

considered abnormal.

2.3.3. Transaminases (ALAT, ASAT)

Serum Alanine Aminotransferase (ALAT) and Aspartate Aminotransferase
(ASAT) transaminase assays were performed using CYPRESS DIAGNOSTICS
brand kits REF HBEL020 LOT: GPT-00511A and REF HBEL010 LOT:
GOT-00531A. Enzyme activity of (ALAT) > 40 IU/L and (ASAT) > 37 IU/L are

considered abnormal.

2.3.4. Lipid Profile

Kinetic and calorimetric methods were used to screen for dyslipidemia in the
study population. Elitech diagnostic kits REF CHDL-5090 LOT: 22-06-35, REF
TGML-5515 LOT: 21-1068 and REF CHSL-5505 LOT: 21-0667 were used. Lipid
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profiles included total cholesterol (elevated if >2 g/L or >5.2 mmol/L); HDL-c
(elevated if >0.4 g/L or >1 mmol/L in men and >0.5 g/L or >1.3 mmol/L in wom-
en); triglycerides (elevated if >1.5 g/L or >1.7 mmol/L); LDL-c (elevated if >1.6 g/L
or >4.1 mmol/L). LDL cholesterol is calculated using the Friedewald formula [20].

2.4. Metabolic Syndrome (MS)

In addition to arterial hypertension, SM was decreed in the presence of at least
two (02) of the following components: fasting hyperglycemia (=1 g/L); hyper-
triglyceridemia (=1.50 g/L); hypo HDL-cholesterol (<0.4 g/L (men); <0.50 g/L
(women), waist circumference > 94 cm in men and >80 in women or obese sta-
tus for one (BMI > 30 kg/m?) in accordance with the new 2005 International
Diabetes Federation definition (IDF, 2005) taken up by [21].

2.5. Statistical Analysis

Study data were processed using Microsoft Excel software for organization of
raw data and tables. R studio software was used to test differences in the distri-
bution of biochemical parameters between farmersand non farmers. Graf Pad
Prism version 9.5 (733) was used for graphing. A probability value of less than
5% (p < 0.05) is considered statistically significant.

3. Results

A total of 239 cultivating and non-cultivating hypertensive patients were in-
cluded in this study.

3.1. Sociodemographic Characteristics and Distribution of the
Study Population

Aged between 25 and 65, the study population consisted of patients of both sex-
es. Female patients 121 (50.62%) were slightly higher than male patients 118
(49.37%). Farmers 101 represented (42.25%) of the population versus 138 or
(57.74%) non farmers. The median ages were 47 + 11.3 years for farmers and
51.45 * 9.77 years for non farmers. 86.13% of farmers had received no educa-
tion, compared with 39.85% of non farmers. Only 10.89% and 2.97% had at-
tained primary and secondary education respectively. High levels of education
(15.94%) were found among non farmers (Table 1).

Almost all of the patients included admitted to having the habit of consuming
foods prepared or packaged hot with non-biodegradable plastic bags as well as
the use of insecticides for household use (Table 2). Protective measures during
the use of pesticides in the field, such as the wearing of masks, were observed by

12.87% of farmers and the wearing gloves by 3.96% of farmers.

3.2. Variation of Biochemical Parameters

Analysis of biochemical parameters revealed significant differences between

farmers and non farmers.
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Farmers presented high blood sugar (1.23 g/L * 0.61) compared to non far-
mers (1.04 g/L £ 0.40). There was no difference in creatinine and urea levels in
farmers and non farmers (Table 3 and Figure 1). However farmers had signifi-
cantly higher levels of transaminasses (ALT 32.2 g/L + 20.7; AST 39.9 g/L + 18.4)
compared to non farmers (ALT 24.2 g/L + 8.96; AST 29.1 g/L * 12.7. Stratified
according to gender, ASAT levels were significantly higher (p < 0.05) in both

genders in farmers than in non farmers (Table 3 and Figure 2).

Table 1. Educational level of study population.

Education level

No Primary Secondary  University ~ Total
education level level level (%)
Farmers 86.13 10.89 2.97 0 100
Non farmers 39.85 19.56 24.64 15.94 100

Table 2. Risk behaviors related to exposure to chemical pollutants in farmers and non
farmers.

Patients Variables Frequency (%)

Recognition of the long-standing and/or recent
use of foods prepared and/or packaged with 100
non-biodegradable plastic bags

Farmers and
non farmers

Household insecticide use 99.16
Wearing a mask 12.87

Farmers
Wearing gloves 3.96

Table 3. Variation in biochemical parameters between farmers and non farmers.

Parameters Farmers Non farmers p-Value.
(Avg £ SD) (Avg £ SD) (ANOVA variance)
Blood glucose (g/L) 1.23 £ 0.61 1.04 + 0.40 0.003
Uremia (g/L) 0.29 £ 0.27 0.33 +£0.46 0.455
Creatininemia (mg/L) 11.5+7.31 11.7 £ 5.89 0.818
ALAT (UI/L) 32.2 +£20.7 24.2 + 8.96 <0.006
AST (UI/L) 39.9 +18.4 29.1 £ 12.7 0.0001
Total cholesterol (g/L) 1.61 + 0.42 1.78 +£ 0.48 0.006
HDL-cholesterol (g/L) 0.46 £0.16 0.45 £ 0.23 0.807
LDL-cholesterol (g/L) 0.93+0.4 1.21 £ 0.47 <0.001
Triglycerides (g/L) 1.15 + 0.55 0.91 + 0.43 <0.002
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Figure 1. Variation in blood sugar, uremia and creatininemia in the study population.

(a): Variation in blood glucose levels between farmers and non farmers: The mean blood
glucose level for farmers was 1.22 g/l versus 1.04 g/ for non farmers. (b): Uremia showed
a non significant variation (p = 0.93) with a mean of 0.29 g/l in farmer versus 0.33 g/l in
non farmers. (c): Variation in creatinine levels showed a non significant variation be-
tween farmers and non farmers. (d): Stratified by gender, there was a significant differ-
ence in distribution (p = 0.00079) in non farmers men, with a mean of 14.05 mg/I versus
12.07 mg/l in farmers. *p < 0.01; **p < 0.001 by ANOV A variance.
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Figure 2. Variation in transaminases in the study population. (a): Variation in amino-
transferase (ALAT) levels: farmers (32.43 IU/L) versus non farmers (23.99 IU/L). (b):
Stratified according to gender, men farmers and non farmers (31.32 IU/L); women far-
mers (35.29 IU/L) and women non farmers (22.29 IU/L) (p = 0.000016). (c): Variation in
Aspartate aminotransferase (ASAT) levels: farmers (40.45 IU/L) versus non farmers
(28.75 TU/L). (d): Stratified by gender, men farmers (39.90 IU/L) (p = 0.0002); men non
farmers (32.43 IU/L); women farmers (41.7 IU/L) (p = 0.00002); women non farmers
(26.74 TU/L). *p < 0.001; **p < 0.00001 by ANOVA variance.
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The mean of LDL cholesterol and total cholesterol levels were significantly
higher in non farmers than in farmers (p-value < 0.001). The mean of triglyce-
rides were significantly higher in farmers than in non farmers (Table 4 and Fig-
ure 3). Considering the prevalence of dyslipidemia in the population we ob-
served that more hypertensive non farmer patients had hypercholesterolemia
(29.62%) and hypo HDL-cholesterol (67%), than hypertensive farmer patients
(16.32%) and (39.79%) respectively (Table 4)

Overweight and obesity were respectively found in 24.75% and 17.82% of
farmers, compared with 36.49% and 37.22% of non farmers. Obesity was more
frequent in non farmers than in farmers, with a cumulative percentage (over-
weight + obesity) of 73.71% (Table 5)
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Figure 3. Variation in lipid parameters between farmers and non farmers. (a): Cholester-
ol levels showed a significant variation (p = 0.02) with a higher average in non farmers
(1.78 g/L) compared to farmers (1.61 g/L); (b): HDL cholesterol showed a highly signifi-
cant variation (p = 0.0009) with a higher average in farmers (0.46 g/L) compared to non
farmers (0.38 g/L); (c): LDL cholesterol was more preponderant in non farmers (1.21 g/L)
with a highly significant difference (p = 0.000) compared to farmers (0.93 g/L); (d): Trig-
lycerides showed a highly significant difference (p = 0.0002) with a higher average in far-
mers (1.16 g/L) compared with non farmers (0.91 g/L). *p < 0.01; **p < 0.001 by ANOVA.

Table 4. Prevalence of dyslipidemia in the study population.

Prevalence of dyslipidemia

Parameters
Farmers Non farmers
Hypercholesterolemia 16 (16.32%) 40 (29.62%)
Hypo HDL-cholesterol 39 (39.79%) 91 (67.40%)
High LDL-cholesterol 5 (5.10%) 26 (19.40%)
Hypertriglyceridemia 21 (21.64%) 14 (10.52%)
DOI: 10.4236/jbm.2023.1112027 369 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1112027

F. Sonounameto et al.

3.3. Variation in Metabolic Syndrome (MS)

According to the new 2005 International Diabetes Federation definition [22],
metabolic syndrome was determined in 106 patients (44.35%) of our study pop-
ulation. Among farmers, 40 (39.60%) had metabolic syndrome, compared with
66 (47.82%) among non farmers. Stratified by sex and age, farmers showed a
wide disparity in variation of metabolic syndrome with a higher prevalence in
male aged between 25 and 45. In contrast, non farmers showed increasing pre-
valence of metabolic syndrome with age. Men aged between 25 and 35 did not
present metabolic syndrome (Figure 4 and Figure 5).

Table 5. BMI distribution in farmers and non farmers.

Status Farmers Non farmers
Underweight 09 (8.91%) 0(0%)
Normal weight 49 (48.51%) 36 (26.08%)
Overweight 25 (24.75%) 51 (36.96%)
Obesity 18 (17.82%) 51 (36.96%)
Men data
157 m [25 - 35]
2 E [36 - 45]
@ [46 - 55]
2 [56 - 65]
)
o)
o
IS
=}
z

Farmers Non farmers
Age rang (ans)

Figure 4. Age-dependent variation in metabolic syndrome in hypertensive farmer and
non farmer men. Farmers: age [25 - 35] (3); age [36 - 45] (9); age [46 - 55] (7); age [56 -
65] (8); Non farmers: age [25 - 35] (0); age [36 - 45] (4); age [46 - 55] (6); age [56 - 65]
(11).

Women data

-
()]
1
=
iy

m [25 - 35]
@ [36 - 45]
[46 - 55]
[56 - 65]

-
o
1

a
1

Number of cases

Frers Non farmers
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Figure 5. Age-related variations in metabolic syndrome in hypertensive farmer and non
farmer women. Hypertensive farmer women: age [25 - 35] (1); age [36 - 45] (2); age [46 -
55] (5); age [56 - 65] (2); Hypertensive non farmer women: age [25 - 35] (3); age [36 - 45]
(7); age [46 - 55] (11); age [56 - 65] (14).
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4. Discussion

The aim of this study was to analyze the cardiovascular risk factors in hyperten-
sive farmers compared with hypertensive non farmer patients, with a view to as-
sess the effect of chemical pollutants on cardiovascular risk factors. Farmers, in
addition to exposure to pesticides in the general population, are exposed to pes-
ticides through occupational handling. Our objective was to evaluate the possible
effect of chemical pollutants on biochemical parameters in hypertensive farmer
patients. The median ages of our patients were 50.27 + 9.98 years in women and
49.01 £ 11.28 years in men. Among farmers, the mean age was 47 + 11.3 years,
compared with 51.45 + 9.77 years among non farmers. In a recent study con-
ducted in 2022 in Nigeria on a hypertensive population [23], the mean age was
56.2 + 13.6 years. Our results showed higher blood glucose levels in farmers
(47.77%) than in non farmers (27.20%) (p = 0.0132), in accordance with work
carried out on cotton farmers in the Borgou cotton basin in northern Benin [24].
These authors highlighted the high levels of exposure to organochlorine pesti-
cide residues and the risk of diabetes, particularly type 2 diabetes. Similarly, a
recent study of a rural population in Korea revealed an association between pes-
ticide use and the prevalence of diabetes [25]. Based on the results of the Na-
tional Health and Nutrition Survey conducted between 1999 and 2002, the au-
thors [26] highlighted a strong relationship between serum concentrations of
persistent organic pollutants and diabetes. Stratified by gender, blood glucose
levels did not differ significantly between farmers and non farmers, suggesting
that the possible effect of exposure to chemical pollutants on carbohydrate me-
tabolism is equally valid in men and women. Our results revealed the presence of
a higher prevalence of obese patients in non farmers than in farmers, and this is
justified by the fact that farmersmay have a higher rate of physical activity than
non farmers [27] [28] [29]. In our study, in addition to hypertension, hypergly-
cemia and hypertriglyceridemia represent the components of the metabolic syn-
drome in the farmers group. In contrast, dyslipidemias such as hyper-total-cho-
lesterolemia, hyper-LDL-cholesterolemia and insistent obesity (36.96% VS 17.82%)
(Table 5) were the contributing factors in the occurrence of metabolic syndrome
in non farmers. Hyper-triglyceridemia, on the other hand, was more frequent in
farmers than in non farmers. These results are in concordance with the authors
of [30] who published observations on the risk of dyslipidemia in relation to the
level of physical activity in Thai professionals and office workers. Metabolic
syndrome (MS) was just as prevalent (39.60%) in farmers as in non farmers
(47.82%). These values are much lower than those obtained respectively by the
authors [31] [32] in adult hypertensive patients in health facilities in Parakou
(Benin) and in a Spanish hypertensive population in whom metabolic syndrome
was found in proportions of 69.6% and 61.7% respectively with the IDF criteria.
However, our results are similar to those of authors [33] in Nigeria, who re-
ported a prevalence of 42.9% using IDF criteria. A similar prevalence of 35.3%
was found among type 2 diabetic patients in Dakar, Senegal [33]. On the other
hand, CISSE F. et al in Senegal [34] found lower prevalences (6.57%), with a
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predominance of women in a non-hypertensive population. In this study con-
ducted on an adult Senegalese population, CISSE F. et al, however, found hyper-
tension (86.2%) followed by obesity to be the main components of metabolic
syndrome. High blood pressure is therefore a major factor in the appearance of
cardiovascular disease. Our study reported not only the presence of a wide dis-
parity in the variation of metabolic syndrome in male farmers apparently more
exposed than non farmers, but also the presence of metabolic syndrome in
young farmers aged between 25 and 45. However non farmers presented in-
creasing prevalence of metabolic syndrome with age and absence of metabolic
syndrome between 25 and 35. Our results confirm the works of [35] which had
shown that advancing in age increases the risk of cardiovascular diseases. Con-
sidering the fact that young farmers are more exposed to chemical pollutants
through their work we suggest that the appearance of metabolic syndrome at
young age could have a link with pesticides. In addition, farmers had abnormal
transaminase levels compared with non farmers, suggesting liver damage in
farmers [36] [37]. Health problems linked to exposure to chemical pollutants
could be due to poor practices in their use. In our study population, only 12% of
farmers wore masks and 5% gloves when handling pesticides. These poor prac-
tices could be due to the slow level of education of farmers. In our study, 86.13%
of farmers received no instruction, compared with 39.85% of non farmers; only
10.89% and 2.97% had attained primary education (low) and lower secondary
education (medium) respectively. High levels of education were found among
15.94% of non farmers. These results are in line with the conclusions of the au-
thors [9] in a study on the health risks associated with pesticide use in Burkina

Faso.

5. Conclusion

The results of our study on the analysis of the main cardiovascular risk factors in
hypertensive farmers and non farmer’s patients of the Zou region in central Be-
nin, showed that in the group of hypertensive farmer patients there were more
diabetics, patients with liver dysfunction and young patients with metabolic
syndrome. In the group of non farmers there were more obese with dyslipidemia
and increasing metabolic syndrome according to age with absence of metabolic
syndrome at young age. These results suggest that the presence of cardiovascular
risk among young farmers could be due to exposure to pesticides while
age-dependent cardiovascular risk among non farmers could be linked to aging,
life style and diet.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Zambon, I., Cecchini, M., Egidi, G., Saporito, M.G. and Colantoni, A. (2019) Revo-

DOI: 10.4236/jbm.2023.1112027

372 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1112027

F. Sonounameto et al.

(2]

(5]

(8]

[10]

(11]

[12]

(13]

(14]

lution 4.0: Industry vs. Agriculture in a Future Development for SMEs. Processes, 7,
Article 36. https://doi.org/10.3390/pr7010036

FAO: Food and Agriculture Organization (2020) The State of Agricultural Com-
modity Markets (2020) Agricultural Markets and Sustainable Development: Global
Value Chains, Smallholders and Digital Innovations. Rome.

Ministry of Agriculture, Livestock and Fisheries (2021) Plan Stratégique de Déve-
loppement du Secteur Agricole (PSDSA) 2025 and Plan National d’Investissements
Agricoles et de Sécurité Alimentaire et Nutritionnelle PNIASAN 2017-2021. Republic of
Benin. https://ecowap.ecowas.int/media/ecowap/naip/files/BENIN SIM6akD.pdf
Adechian, A.S., Baco, M.N., Akponikpe, I., Toko, LI, Egah, J. and Affoukou, K.
(2015) Farmer Pesticide Management Practices on Maize and Cotton in the Benin

Cotton Basin. VertigO—La revue électronique en sciences de 'environnement 15.

Gouda, A.L, Toko, LI, Salami, S.D., Richert, M., Scippo, M.L., Kestemont, P. and
Schiffers, B. (2018) Phytosanitary Practices and Pesticide Exposure Levels of Cotton
Growers in Northern Benin. Cahiers Agricultures, 27, Article No. 65002.
https://doi.org/10.1051/cagri/2018038

Agbohessi, T.P., Toko, LI, Yabi, A.J., Dassoundo, C.F.J. and Kestemont, P. (2011)
Characterization of Chemical Pesticides Used in Cotton Production and Impacts on

Economic Indicators in the Commune of Banikoara in Northern Benin. International
Journal of Biological and Chemical Sciences, 5, 1828-1841.
https://doi.org/10.4314/ijbcs.v5i5.6

Ahouangninou, C., Fayomi, B.E. and Martin, T. (2011) Evaluation des risques
sanitaires et environnementaux des pratiques phytosanitaires des producteurs ma-
raichers dans la commune rurale de Tori-Bossito (Sud-Bénin). Cahiers Agricultures,
20, 216-222.

Agnandji, P., Ayi-Fanou, L., Cachon, B.F., Adjovi, I.S.M., Ouidoh, L.O.H., Sanni, A.
and Cazier, F. (2018) Influence of Pesticide on Biochemical and Hematological Pa-
rameters in Beninese Vegetable Farmers. Journal of Biology and Life Science, 9,
65-77. https://doi.org/10.5296/jbls.v9i1.12461

Compaoré, H., Ilboudo, S., BamaNati, A.D. and Balima Dama, M.M. (2019) Les
risques sanitaires liés a P'utilisation des pesticides dans les bas-fonds rizicoles de la
commune de dano, province de I'loba Burkina Faso. African Crop Science Journal,
27, 557-569. https://doi.org/10.4314/acs].v27i4.2

Azandjéme, C.S., Bouchard, M., Fayomi, B., Djrolo, F., Houinato, D. and Delisle, H.
(2013) Growing Burden of Diabetes in Sub-Saharan Africa: Contribution of Pesti-
cides. Current Diabetes Reviews, 9, 437-449.
https://doi.org/10.2174/15733998113099990078

Djekkoun, N., Lalau, J.D., Bach, V., Depeint, F. and Khorsi-Cauet H. (2021) Chron-
ic Oral Exposure to Pesticides and Their Consequences on Metabolic Regulation:
Role of the Microbiota. European Journal of Nutrition, 60, 4131-4149.
https://doi.org/10.1007/s00394-021-02548-6

Galvez-Ontiveros, Y., Paez, S., Monteagudo, C. and Rivas, A. (2020) Endocrine
Disruptors in Food: Impact on Gut Microbiota and Metabolic Diseases. Nutrients,
12, Article 1158. https://doi.org/10.3390/nul12041158

Nicolopoulou-Stamati, P., Hens, L. and Sasco, A.J. (2015) Cosmetics as Endocrine
Disruptors: Are They a Health Risk? Reviews in Endocrine and Metabolic Disorders,
16, 373-383. https://doi.org/10.1007/s11154-016-9329-4

Fujiyoshi, P.T., Michalek, J.E. and Matsumura, F. (2006) Molecular Epidemiologic
Evidence for Diabetogenic Effects of Dioxin Exposure in U.S. Air Force Veterans of

DOI: 10.4236/jbm.2023.1112027

373 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1112027
https://doi.org/10.3390/pr7010036
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwi4qICoktH-AhUAAAAAHQAAAAAQAw&url=https%3A%2F%2Fecowap.ecowas.int%2Fmedia%2Fecowap%2Fnaip%2Ffiles%2FBENIN_SlM6akD.pdf&psig=AOvVaw1LYlkafqLxZ7RszGYvUkPW&ust=1682928217953325
https://doi.org/10.1051/cagri/2018038
https://doi.org/10.4314/ijbcs.v5i5.6
https://doi.org/10.5296/jbls.v9i1.12461
https://doi.org/10.4314/acsj.v27i4.2
https://doi.org/10.2174/15733998113099990078
https://doi.org/10.1007/s00394-021-02548-6
https://doi.org/10.3390/nu12041158
https://doi.org/10.1007/s11154-016-9329-4

F. Sonounameto et al.

(15]

(16]

(17]

(18]

[19]

(20]

[21]

(22]

(23]

(24]

[25]

[26]

the Vietnam War. Environmental Health Perspectives, 114, 1677-1683.
https://doi.org/10.1289/ehp.9262

Chang, ].W., Liao, KW., Huang, C.Y., Huang, H.B., Chang, W.T., Jaakkola, J.].K,,
Hsu, C.C., Chen, P.C. and Huang, P.C. (2019) Phthalate Exposure Increased the
Risk of Early Renal Impairment in Taiwanese without Type 2 Diabetes Mellitus. /n-
ternational Journal of Hygiene and Environmental Health, 224, Article ID: 113414.
https://doi.org/10.1016/j.ijheh.2019.10.009

Matich, E.K,, Laryea, J.A., Seely, K.A,, Stahr, S., Su, L.J. and Hsu, P.C. (2021) Asso-
ciation between Pesticide Exposure and Colorectal Cancer Risk and Incidence: A
Systematic Review. Ecotoxicology and Environmental Safety, 219, Article ID:
112327. https://doi.org/10.1016/j.ecoenv.2021.112327

Sabarwal, A., Kumar, K. and Singh, R.P. (2018) Hazardous Effects of Chemical Pes-
ticides on Human Health-Cancer and Other Associated Disorders. Environmental
Toxicology and Pharmacology, 63, 103-114.
https://doi.org/10.1016/j.etap.2018.08.018

Chaokromthong, K. and Sintao, N. (2021) Sample Size Estimation Using Yamane
and Cochran and Krejcie and Morgan and Green Formulas and Cohen Statistical
Power Analysis by G* Power and Comparisions. Apheit International Journal, 10,
76-86.

Cheng, H.M., Chiang, C.E. and Chen, C.H. (2015) The Novelty of the 2015 Guide-
lines of the Taiwan Society of Cardiology and the Taiwan Hypertension Society for
the Management of Hypertension. Pulse, 3, 29-34.
https://doi.org/10.1159/000381299

Duvillard, L. (2011) Le point sur les différentes méthodes pour déterminer le
cholestérol-LDL: Methods for LDL-Cholesteroldetermination: An Update. Medicine
of Metabolic Diseases, 5, 420-423. https://doi.org/10.1016/S1957-2557(11)70277-2
Zimmet, P., Magliano, D., Matsuzawa, Y., Alberti, G. and Shaw, J. (2005) The Me-
tabolic Syndrome: A Global Public Health Problem and a New Definition. Journal
of Atherosclerosis and Thrombosis, 12, 295-300.

https://doi.org/10.5551/jat.12.295

Amadi, C.E., Mbakwem, A.C. and Duro, D.C. (2022) Prevalence, Patterns and Pre-
dictors of Metabolic Abnormalities in Nigerian Hypertensives with Hypertrigly-ceri-
demic Waist Phenotype: A Cross Sectional Study. PLOS Global Public Health, 2,
€0001203. https://doi.org/10.1371/journal.pgph.0001203

Azandjeme, C.S., Delisle, H., Fayomi, B., Ayotte, P., Djrolo, F., Houinato, D. and
Bouchard, M. (2014) High Serum Organochlorine Pesticide Concentrations in Di-
abetics of a Cotton Producing Area of the Benin Republic (West Africa). Environ-
ment International, 69, 1-8. https://doi.org/10.1016/j.envint.2014.04.002

Park, S., Kim, S.K., Kim, J.Y., Lee, K., Choi, J.R., Chang, S J., Koh, S.B., et al (2019)
Exposure to Pesticides and the Prevalence of Diabetes in a Rural Population in Ko-
rea. NeuroToxicology, 70, 12-18. https://doi.org/10.1016/j.neuro.2018.10.007

Lee, D.H,, Lee, LK., Song, K., Steffes, M., Toscano, W., Baker, B.A. and Jacobs Jr.,
D.R. (2006) A Strong Dose-Response Relation between Serum Concentrations of

Persistent Organic Pollutants and Diabetes: Results from the National Health and
Examination Survey 1999-2002. Diabetes Care, 29, 1638-1644.

https://doi.org/10.2337/dc06-0543

Buttar H.S., Li, T. and Ravi, N. (2005) Prevention of Cardiovascular Diseases: Role
of Exercise, Dietary Interventions, Obesity and Smoking Cessation. Experimental &
Clinical Cardiology, 10, 229-249.

DOI: 10.4236/jbm.2023.1112027

374 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1112027
https://doi.org/10.1289/ehp.9262
https://doi.org/10.1016/j.ijheh.2019.10.009
https://doi.org/10.1016/j.ecoenv.2021.112327
https://doi.org/10.1016/j.etap.2018.08.018
https://doi.org/10.1159/000381299
https://doi.org/10.1016/S1957-2557(11)70277-2
https://doi.org/10.5551/jat.12.295
https://doi.org/10.1371/journal.pgph.0001203
https://doi.org/10.1016/j.envint.2014.04.002
https://doi.org/10.1016/j.neuro.2018.10.007
https://doi.org/10.2337/dc06-0543

F. Sonounameto et al.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Hernandez, B., Gortmaker, S.L., Colditz, G.A., Peterson, K.E., Laird, N.M. and Par-
ra-Cabrera, S. (1999) Association of Obesity with Physical Activity, Television Pro-
grams and Other Forms of Video Viewing among Children in Mexico City. Inter-
national Journal of Obesity, 23, 845-854. https://doi.org/10.1038/s].ij0.0800962

Mendelson, M., Tamisier, R., Laplaud, D., Dias-Domingos, S., Baguet, J.P., Moreau,
L., Koltes, C., Chavez, L., de Lamberterie, G., Herengt, F., Levy, P., Flore, P. and
Pépin, J.L. (2014) Low Physical Activity Is a Determinant for Elevated Blood Pres-
sure in High Cardiovascular Risk Obstructive Sleep Apnea. Respiratory Care, 59,
1218-1227. https://doi.org/10.4187/respcare.02948

Dancy, C., Lohsoonthorn, V. and Williams, M.A. (2008) Risk of Dyslipidemia in
Relation to Level of Physical Activity among Thai Professional and Office Workers.
Southeast Asian Journal of Tropical Medicine and Public Health, 39, 932-941.

Assoumanou, M.G., Dovonou, A.C., Ngome, M.R. and Akpona, S.A. (2012) Preva-
lence of Metabolic Syndrome in Adult Hypertensive Subjects in the Health Facilities
of Parakou (Benin). International Journal of Biological and Chemical Sciences, 6,
1419-1427. https://doi.org/10.4314/ijbcs.v6i4.2

de la Sierra, A., Romero, R. and Bonet, J. (2006) [Prevalence and General Features
of the Metabolic Syndrome in the Spanish Hypertensive Population]. Medicina CIi-
nica, 126, 406-409. https://doi.org/10.1157/13086123

Akintunde, A.A., Ayodele, O.E., Akinwusi, P.O. and Opadijo, G.O. (2011) Metabol-
ic Syndrome: Comparison of Occurrence Using Three Definitions in Hypertensive
Patients. Clinical Medicine & Research, 9, 26-31.
https://doi.org/10.3121/cmr.2010.902

Diagne, N., Sow, M., Ndao, A.C,, Faye, A., Djiba, B., Dieng, M., Kane, B.S. and
Pouye, A. (2021) Profile of the Metabolic Syndrome in Type 2 Diabetes: Retrospec-
tive Study in an Internal Medicine Department in Dakar. RAFMI, 8, 43-49.

Cisse, F., Mehrez, A., Thiam, S., Lamkinsi, T., Ndiaye, A., Samba, A., Coly, N.F,,
Soumah, 1.Y., Diedhiou, F., Agossou, H.H.M., Diallo-Agne, F., Diatta, A. and Sall,
N.D. (2020) Etude de la prévalence du syndrome métabolique dans une population
adulte Sénégalaise. Revue Africaine et Malgache pour la Recherche Scientifiquel
Sciences de la Santé, 2, 1-7.

Tuomilehto, J. (2004) Impact of Age on Cardiovascular Risk: Implications for Car-
diovascular Disease Management. Atherosclerosis Supplements, 5, 9-17.
https://doi.org/10.1016/j.atherosclerosissup.2004.03.006

Azmi, M.A., Naqvi, S.N.H., Azmi, M.A. and Aslam, M. (2006) Effect of Pesticide
Residues on Health and Different Enzyme Levels in the Blood of Farm Workers
from Gadap (Rural Area) Karachi-Pakistan. Chemosphere, 64, 1739-1744.
https://doi.org/10.1016/j.chemosphere.2006.01.016

C)gﬁt, S., Kigiikoner, E. and Giiltekin, F. (2012) The Effects of Pesticides on Green-
house Workers and Their Produced Products. Toxicological & Environmental Che-
mistry, 94, 403-410. https://doi.org/10.1080/02772248.2011.642662

DOI: 10.4236/jbm.2023.1112027

375 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2023.1112027
https://doi.org/10.1038/sj.ijo.0800962
https://doi.org/10.4187/respcare.02948
https://doi.org/10.4314/ijbcs.v6i4.2
https://doi.org/10.1157/13086123
https://doi.org/10.3121/cmr.2010.902
https://doi.org/10.1016/j.atherosclerosissup.2004.03.006
https://doi.org/10.1016/j.chemosphere.2006.01.016
https://doi.org/10.1080/02772248.2011.642662

	Analysis of Cardiovascular Risk Factors in Hypertensive Farmers and Non-Farmers in the Zou Region of Central Benin
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Population
	2.2. Individual Variables
	2.2.1. Socio-Demographic Variables
	2.2.2. Anthopometric Measures

	2.3. Biochemical Parameters
	2.3.1. Blood Glucose
	2.3.2. Urea and Creatinine 
	2.3.3. Transaminases (ALAT, ASAT)
	2.3.4. Lipid Profile

	2.4. Metabolic Syndrome (MS)
	2.5. Statistical Analysis

	3. Results
	3.1. Sociodemographic Characteristics and Distribution of the Study Population
	3.2. Variation of Biochemical Parameters
	3.3. Variation in Metabolic Syndrome (MS)

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

