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Abstract

Introduction: Global cardiovascular risk (CVR) reflects the probability of de-
veloping a cardiovascular event within a specified period, usually 10 years.
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Workers in industrial settings are exposed to multiple occupational and be-
havioural risk factors that may increase their cardiovascular risk. The objective
of the study was to assess cardiovascular risk and identify associated factors
among permanent workers in cotton-ginning factories in Benin. Methods: A
cross-sectional analytical study was conducted in 2019 among permanent
workers aged 40 years and older employed in cotton-ginning factories in Be-
nin. Data were collected using a standardized digital questionnaire, physical
examination, and biological testing. The absolute 10-year cardiovascular risk
was assessed using the WHO/ISH AFR-D risk prediction charts and the Fram-
ingham cardiovascular risk model. A Framingham-based risk difference was
also calculated as the difference between each worker’s estimated cardiovas-
cular risk and the corresponding ideal cardiovascular risk. Bivariate analyses
were performed using R software. Results: A total of 170 workers were in-
cluded. According to the WHO/ISH risk prediction charts, 6 workers (3.5%)
had a 10-year cardiovascular risk > 10%. Using the Framingham model, 14
workers (8.2%) had an estimated 10-year cardiovascular risk > 10%, while 29
workers (17.1%) had a Framingham-based risk difference > 5%. No statisti-
cally significant association was found between the investigated sociodemo-
graphic, occupational, behavioural, or biological factors and a Framingham-
based risk difference > 5%. Conclusion: Cardiovascular risk assessment among
permanent workers in cotton-ginning factories in Benin showed differences
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according to the assessment method used. Although no investigated factor
was significantly associated with a Framingham-based risk difference > 5%,
these findings support the importance of regular occupational health sur-
veillance, cardiovascular risk screening, and preventive interventions in this

workforce.
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1. Introduction

Cardiovascular diseases (CVDs) are a major public health concern, particularly in
developing countries where the epidemiological transition is accompanied by an
increasing prevalence of cardiovascular risk factors. According to the World
Health Organization (WHO), the workplace directly influences the physical, men-
tal, economic, and social well-being of workers, as well as the health of their fam-
ilies, communities, and society as a whole [1].

Long considered a feature of developed countries, industrialization is rapidly
expanding in sub-Saharan Africa. In Benin, the agro-textile industry is one of the
pillars of the national economy. Between 2017 and 2018, the cotton sector con-
tributed approximately 12% - 13% of Benin’s Gross Domestic Product (GDP).
This rapidly growing sector exposes workers to physical, chemical, and psychoso-
cial conditions that may contribute to the development of cardiovascular diseases.

Cardiovascular diseases are the leading cause of death among non-communi-
cable diseases (NCDs), accounting for an estimated 17.9 million deaths annually
worldwide [2] [3]. The occupational setting is not exempt from this burden. To
improve the prevention of CVDs in the workplace, it is essential to focus on the
prediction of global cardiovascular risk (CVR). Global CVR is defined as the prob-
ability of developing a symptomatic cardiovascular disease within a specified pe-
riod, usually 10 years [4] [5]. Global CVR prediction, therefore, targets individuals
without clinically manifest cardiovascular disease, for whom the identification and
management of risk factors may prevent, reduce, or delay the onset of cardiovas-
cular disease [5]. Depending on the context, several tools can be used to assess
global cardiovascular risk [6]-[8].

In Benin, studies on global CVR prediction have been conducted in the general
population, vulnerable groups, and workers in the tertiary sector, but very few
have focused on industrial workers. However, previous studies have reported as-
sociations between global CVR and occupational factors [9]-[11] such as noise
exposure [12] [13], shift work atypical working hours [10] [14] [15], and occupa-
tional stress [16] [17], all of which are common exposures in the agro-textile in-

dustry. Therefore, this study aimed to determine the prevalence of global CVR and
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its associated factors among workers in Benin’s agro-textile industry in 2019, thereby

addressing an important gap in the existing literature.

2. Patients and Methods
2.1. Study Design and Period

A cross-sectional study with prospective data collection was conducted from Jan-
uary 31 to April 11, 2019.

2.2. Study Setting

The study was carried out in 15 agro-textile factories. The factories were organized
into two sectors: production and administration. Production workers were mainly
exposed to cotton dust, noise, prolonged standing, shift work, and night work.
Administrative workers were primarily exposed to prolonged sitting and work-
related pressure. Each factory had a functional occupational health unit and an
Occupational Health and Safety Committee.

2.3. Study Population

The study population consisted of permanent workers aged 40 years and above,
with at least one year of job seniority, who were present at the workplace during
the 2019 annual medical examination campaign. Workers with clinically con-

firmed cardiovascular disease at the time of the study were excluded.

2.4. Sampling

An exhaustive recruitment of all eligible permanent workers was performed in

each factory.

2.5. Study Variables

Cardiovascular Risk Assessment: Cardiovascular risk was assessed using two com-
plementary approaches: the WHO/ISH cardiovascular risk prediction charts for
the AFR-D epidemiological subregion and the Framingham risk model.

2.6. Assessment Using the WHO/ISH Risk Prediction Charts

The absolute 10-year cardiovascular risk was assessed using the WHO/ISH cardi-
ovascular risk prediction charts developed for WHO epidemiological subregions.
The present study used the chart corresponding to the AFR-D subregion, to which
Benin belonged, in its version incorporating total cholesterol measurement [18].

This chart estimates the 10-year risk of a fatal or non-fatal cardiovascular event
among individuals without clinically established cardiovascular disease. Risk esti-
mation is based on age, sex, systolic blood pressure, smoking status, diabetes sta-
tus, and total cholesterol level.

The absolute 10-year cardiovascular risk was classified into five categories: low
(<10%), moderate (10% to <20%), high (20% to <30%), very high (30% to <40%),
and extremely high (=40%).
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2.7. Assessment Using the Framingham Risk Model

The Framingham model was used as a complementary approach to the WHO/ISH
risk prediction charts. The general cardiovascular risk prediction model devel-
oped by D’Agostino et al [19] was applied using the Excel-based calculator pro-
vided by the Framingham Heart Study. No population-specific recalibration was
performed for the present study.

The absolute 10-year cardiovascular risk was estimated using age, sex, total cho-
lesterol, HDL cholesterol, systolic blood pressure, antihypertensive treatment sta-
tus, and smoking status. The absolute 10-year risk was classified as low (<10%),
moderate (10% to <20%), or high (=220%).

The calculator also provided, for each worker, an ideal risk estimate corre-
sponding to the expected risk for an individual of the same age and sex with opti-
mal levels of the modifiable cardiovascular risk factors included in the model.

The risk difference (RD) was defined as the difference between the worker’s

estimated cardiovascular risk and the corresponding ideal cardiovascular risk:

RD = estimated cardiovascular risk — ideal cardiovascular risk.

In the present study, RD was categorized as <5% or >5%. The 5% threshold was
used for the analysis of risk difference, without considering an RD > 5% as equiv-
alent to a high absolute cardiovascular risk. The Framingham-estimated absolute
10-year cardiovascular risk and the risk difference were therefore analyzed and
reported as two distinct measures.

Because the Framingham model was developed in a population different from
the Beninese population and has not been specifically validated or recalibrated for
Beninese workers, its estimates were interpreted with caution. The model was there-
fore used as a complementary approach to the WHO/ISH AFR-D risk prediction
charts.

Sociodemographic variables included marital status and educational level.

Behavioral variables included alcohol consumption and level of physical ac-
tivity, defined and assessed according to the WHO STEPS surveillance manual
[20].

Occupational variables included job position, shift work, job tenure, duration
of employment in the cotton industry, exposure to noise, exposure to chemical
agents, and psychosocial and organizational work factors. Occupational exposure
to noise and chemical agents was classified according to job characteristics and
the tasks routinely performed. These classifications were based on job-level infor-
mation; individual quantitative measures of exposure duration or intensity were
not used in the present analysis. Psychosocial and organizational work factors
were psychological demand (low/high); decision latitude (low/high), defined ac-
cording to the Karasek model [21]; social support (low/high), and reward at work
(low/high), defined according to the Siegrist model [22]. Detailed information on
psychosocial factors among permanent and temporary agro-textile workers has

been published elsewhere [23].
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3. Data Collection

Data collection was conducted in five stages:

First, face-to-face interviews were conducted using a smartphone-based digital
questionnaire implemented through KoBoCollect software. The questionnaire
was adapted from the WHO STEPwise instruments for non-communicable dis-
ease surveillance. Data were recorded electronically using tablets equipped with
the KoBoCollect application.

Second, participants underwent a physical examination performed by occupa-
tional physicians, following anthropometric measurements conducted by trained
nurses. Weight, height, and waist circumference were measured using calibrated
mechanical scales (SECA model 761), portable stadiometers, and flexible measur-
ing tapes, respectively.

Blood pressure was measured using an automated electronic sphygmomanom-
eter (SPENGLER®) with an appropriately sized cuff. Measurements were taken
with participants seated after at least 15 minutes of rest. The cuff was placed on
the bare left arm, with the arm supported on a table and the palm facing upward.
Three consecutive measurements were obtained at three-minute intervals, and the
mean of the last two readings was used for analysis.

Third, fasting blood samples were collected after a minimum fasting period of
12 hours. Venous blood samples were drawn by a laboratory technician at the
workplace into plain and ethylenediaminetetraacetic acid (EDTA) tubes.

Fourth, biochemical analyses were performed in the clinic, which is routinely
responsible for employee health monitoring. All laboratory measurements were
standardized according to the laboratory’s routine procedures and validated by
the supervising clinical biologist.

Finally, the WHO/ISH cardiovascular risk prediction charts for the AFR-D sub-
region [18] and the D’Agostino ef al’s Framingham cardiovascular risk model

[19] were used to estimate cardiovascular risk.

3.1. Statistical Analysis

Data were analyzed using R software version 4.0.4. Qualitative variables were de-
scribed using frequencies, percentages, and corresponding 95% confidence inter-
vals. Quantitative variables were summarized using means and standard devia-
tions. The normality of continuous variables was assessed using the Shapiro-Wilk
test.

Bivariate analyses were performed to explore associations between workers’
characteristics and a Framingham-based risk difference > 5%. Group comparisons
were conducted using Pearson’s chi-square test when expected cell counts were
sufficient and Fisher’s exact test when appropriate. Crude odds ratios (ORs) and
their 95% confidence intervals (95% Cls) were calculated as measures of associa-
tion. Statistical significance was set at p < 0.05.

3.2. Ethical Considerations

Ethical approval was obtained from the Ethics Committee of the University of
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Parakou (Approval No. 0194/CLERB-UP/P/SP/R/SA). Administrative authoriza-
tion was obtained from the participating company (Authorization No. 529/2019/-
DG/DAF/DAFA/CSRH). Written informed consent was obtained from each par-
ticipant prior to enrolment. All data were collected and processed in accordance
with confidentiality requirements and the principles of respect for fundamental

human rights.

4. Results
4.1. Sociodemographic Characteristics of Workers
Of the 259 permanent workers employed in the participating agro-textile factories,

223 participated in the occupational health screening. Among them, 170 workers

aged > 40 years were included in the cardiovascular risk assessment (Figure 1).

Permanent workers employed
in the participating cotton-ginning factories
(n=259)

Not included in the study (n=36)
* No informed consent

> . Incomplete questionnaire

* Incomplete health assessment

(Exact numbers for each reason were not available)

A 4

Participated in the occupational
health screening

(n =223)
Excluded from cardiovascular
»| risk ment (n = 53)
* Aged <40 years
v

Included in the cardiovascular
risk assessment
Aged > 40 years
(n=170)

Figure 1. Flow diagram of permanent workers from agro-textile factories in-
cluded in the cardiovascular risk assessment.

Of the 170 workers included in the cardiovascular risk assessment, 159 (93.53%)
were men and 11 (6.47%) were women, yielding a male-to-female ratio of 14.45.

The median age was 52 years (interquartile range [IQR]: 51 - 55 years). Partic-
ipants were aged 40 - 49 years (29.41%), 50 - 59 years (68.24%), or 260 years
(2.35%).

Regarding ethnicity, 86 workers (50.59%) belonged to the Fon and related eth-
nic groups.

Regarding marital status, 2 workers (1.18%) were single, 164 (96.47%) were liv-

ing with a partner, and 4 (2.35%) were divorced.
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Educational attainment was distributed as follows: primary education or less,
11 (6.47%); secondary education, 117 (68.82%); and higher education, 42 (24.71%).

Occupational, Behavioral, and Biological Characteristics of Workers

Among the workers, 126 (74.12%) had more than 10 years of occupational sen-
iority, 117 (68.82%) were exposed to occupational noise, and 63 (37.06%) experi-
enced occupational stress.

Twenty-four workers (14.12%) were tobacco users, 155 (91.18%) reported in-
sufficient fruit and vegetable consumption, and 122 (71.76%) had no occupational
physical activity.

Among the participants, 41 (24.12%) reported a previous diagnosis of hyperten-
sion. The biological and clinical characteristics were as follows: hypertension, 35
(20.59%); elevated systolic blood pressure, 35 (20.59%); diabetes mellitus, 16 (9.41%);
hypercholesterolemia, 10 (5.88%); and overweight/obesity, 105 (61.76%). Table 1

presents the occupational, behavioral, and biological characteristics of the workers.

Table 1. Occupational, behavioural, and biological characteristics of permanent workers in agro-textile factories in Benin, 2019 (n

= 170).

Occupational Characteristics

Behavioural Characteristics

Biological Characteristics

n (%) n (%) n (%)
Work Sector Alcohol Consumption Known Hypertension
Production 90 (52.94) Yes 24 (14.12) Yes 41 (24.12)
Administration 80 (47.06) No 146 (85.88) No 129 (75.88)
Length of Employment (years) Smoking Status Elevated Systolic Blood Pressure
1-9 44 (25.88) Non-smoker 146 (85.88) Yes 35 (20.59)
10-19 46 (27.06) Current smoker 6 (3.53) No 135 (79.41)
20 -29 74 (43.53) Former smoker 10 (5.88)
>30 6 (3.53) Passive smoker 8 (4.70)
Shift Work Fruit and Vegetable Intake Diabetes
Yes 40 (23.53) Adequate 15 (8.82) Yes 16 (9.41)
No 130 (76.47) Inadequate 155 (91.18) No 154 (90.59)

Noise Exposure

Physical Activity at Work

Elevated Total Cholesterol

Yes 117 (68.82) High 35 (20.59) Yes 10 (5.88)
No 53 (31.18) Moderate 13 (7.65) No 160 (94.12)
Light 122 (71.76)
Chemical Exposure Body Mass Index (BMI)
Yes 44 (25.88) Underweight 3(1.76)
No 126 (74.12) Normal weight 62 (36.47)
Occupational Stress (Karasek) Overweight 71 (41.76)
Yes 63 (37.06) Obesity 34 (20.00)
No 107 (62.94)
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4.2. Cardiovascular Risk Assessment among Workers

According to the WHO/ISH cardiovascular risk prediction charts, 6 workers (3.53%)
had an absolute 10-year cardiovascular risk > 10%. Using the Framingham cardi-
ovascular risk model, 14 workers (8.24%) had an absolute 10-year cardiovascular
risk = 10%. In addition, 29 workers (17.06%) had a Framingham-based risk dif-
ference > 5%. Table 2 presents the distribution of workers according to WHO/ISH
and Framingham 10-year cardiovascular risk categories and Framingham-based

risk difference.

Table 2. Distribution of permanent workers in agro-textile factories in Benin according to
WHO/ISH 10-year cardiovascular risk, Framingham 10-year cardiovascular risk, and Fram-
ingham-based risk difference, 2019 (n = 170).

n %
WHO/ISH 10-Year Cardiovascular Risk
Low (<10%) 164 96.47
Moderate (10% - <20%) 2 1.18
High (20% - <30%) 2 1.18
Very high (30% - <40%) 2 1.18
Framingham 10-Year Cardiovascular Risk
Low (<10%) 156 91.76
Moderate (10% - 20%) 14 8.24
Framingham-Based Risk Difference
<5% 141 82.94
>5% 29 17.06

4.3. Factors Associated with Cardiovascular Risk

No statistically significant association was found between sociodemographic, oc-
cupational, behavioral, or biological characteristics and a Framingham-based risk
difference > 5%.

However, the prevalence of a Framingham-based risk difference > 5% was
higher among workers experiencing occupational stress than among those who
did not (22.20% vs. 14.00%), although the difference was not statistically signifi-
cant (Table 3).

Table 3. Factors associated with a Framingham-based risk difference > 5% among permanent workers in agro-textile factories in

Benin: bivariate analysis, 2019 (n = 170).

Variable Diermees o 9 oRGmcy PV
Ethnicity 0.249
Other ethnic groups 11/84 (13.1) 1
Fon and related ethnic groups 18/86 (20.9) 1.76 (0.78 - 4.09)
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Continued
Marital status 1.000
Living alone 1/6 (16.7) 1
Living with a partner 28/164 (17.1) 1.03 (0.16 - 9.15)
Educational level 0.645
<Secondary education 23/128 (18.0) 1.31 (0.50 - 3.48)
Higher education 6/42 (14.3) 1
Work sector 0.449
Administration 16/80 (20.0) 1
Production 13/90 (14.4) 0.68 (0.30 - 1.51)
Length of employment in the company 1.000
<10 years 8/44 (18.2) 1
>10 years 21/126 (16.7) 0.90 (0.38 - 2.32)
Job tenure 0.122
<10 years 12/47 (25.5) 1
>10 years 17/123 (13.8) 0.47 (0.20 - 1.09)
Shift work 0.420
Yes 9/40 (22.5) 1.60 (0.64 - 3.78)
No 20/130 (15.4) 1
Noise exposure 0.128
Yes 16/117 (13.7) 0.49 (0.21 - 1.11)
No 13/53 (24.5) 1
Chemical exposure 0.163
Yes 11/44 (25.0) 2.00 (0.84 - 4.62)
No 18/126 (14.3) 1
Occupational stress 0.245
Yes 14/63 (22.2) 1.75 (0.78 - 3.94)
No 15/107 (14.0) 1
Harmful alcohol consumption 1.000
Yes 4/24 (16.7) 0.97 (0.26 - 2.83)
No 25/146 (17.1) 1
Fruit and vegetable consumption 1.000
Adequate 2/15 (13.3) 1
Inadequate 27/155 (17.4) 1.37 (0.35 - 9.09)
Physical activity 0.755
Adequate 5/19 (26.3) 1
Inadequate 24/151 (15.9) 0.53 (0.17 - 1.79)
BMI category 0.636
Underweight 0/3 (0.0) -

Normal weight

Overweight/obesity

12/62 (19.4)
17/105 (16.2)

1
0.80 (0.36 - 1.86)
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5. Discussion

This study assessed cardiovascular risk and its associated factors among perma-
nent workers in agro-textile factories in Benin. According to the WHO/ISH car-
diovascular risk prediction charts, 6 workers (3.53%) had an absolute 10-year car-
diovascular risk > 10%. Using the Framingham cardiovascular risk model, 14 work-
ers (8.24%) had an absolute 10-year cardiovascular risk > 10%, while 29 workers
(17.06%) had a Framingham-based risk difference > 5%. No statistically signifi-
cant association was observed between the investigated sociodemographic, occu-
pational, behavioral, or biological factors and a Framingham-based risk differ-
ence > 5%.

Comparison of our findings with those reported in the literature should be in-
terpreted with caution because of differences in study populations, occupational
settings, and cardiovascular risk assessment methods. In Spain, Chaparro et al
reported a prevalence of high cardiovascular risk of 5.59% among workers using
the SCORE risk assessment tool [24]. Similarly, Vandersmissen ef a/ reported a
prevalence of 7% among Belgian workers undergoing occupational health surveil-
lance [25], while Strauss ef al. reported a prevalence of 10.7% among German mil-
itary officers in 2020 [26]. Differences in cardiovascular risk assessment methods,
study populations, and occupational environments may partly explain the varia-
tion in cardiovascular risk estimates across studies.

In Algeria, Behlouli ef al reported no cases of high cardiovascular risk among
workers in 2017 [27]. Differences between their findings and ours may be related
to differences in the cardiovascular risk assessment methods and study popula-
tions, particularly as their study included only men. Similarly, Chebab et al re-
ported a prevalence of high cardiovascular risk of 13% among workers employed
in an oil-sludge company in southern Algeria [28].

Higher prevalence estimates have been reported elsewhere. In Brazil, Bernhard
et al. and Cezar-Vaz et al. reported prevalences of 22.3% [29] and 28.9% [30], re-
spectively, among rural workers. These differences may reflect variations in car-
diovascular risk assessment methods, occupational settings, working conditions,
and population characteristics.

In the present study, none of the factors investigated was significantly associ-
ated with a Framingham-based risk difference > 5%. Nevertheless, several occu-
pational factors have been identified as potential determinants of cardiovascular
risk in previous studies. In particular, the association between occupational noise
exposure and cardiovascular risk has been documented in several occupational
settings. Studies conducted in Italy, as well as a meta-analysis from China, re-
ported that workers exposed to occupational noise had an increased risk of cardi-
ovascular disease and related outcomes, including hypertension and electrocardi-
ographic abnormalities [31]-[33].

Evidence also suggests a dose-response relationship between prolonged occu-
pational noise exposure and cardiovascular disease. Chronic exposure to noise

may activate neuroendocrine stress pathways, resulting in elevated blood pressure
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and an increased risk of cardiovascular disease.

Although job tenure was not associated with a Framingham-based risk differ-
ence > 5% in the present study, associations involving job tenure, job position,
and occupational category have been reported in previous studies [27] [34]. Such
relationships may reflect differences in occupational exposures across job catego-
ries and the cumulative effects of long-term exposure to occupational hazards.

In contrast to our findings, shift and night work have been identified as im-
portant determinants of cardiovascular risk in several occupational settings. Farha
et al. reported an association between shift work and high cardiovascular risk
among Jordanian workers [35]. Similarly, evidence from systematic reviews and
meta-analyses supports a positive relationship between shift work and cardiovas-
cular disease, with the risk increasing with longer durations of exposure [36].

This association may be explained by the disruption of circadian rhythms, which
has been linked to neuroendocrine dysregulation, psychosocial stress, adverse di-
etary behaviors, and metabolic disturbances. These alterations may contribute to
the development of obesity, hypertension, hyperglycemia, and dyslipidemia, thereby
increasing cardiovascular risk [37].

No significant association was observed between occupational stress and a
Framingham-based risk difference > 5% in the present study. However, previous
studies have suggested that occupational stress, particularly job strain and long
working hours, may increase the risk of cardiovascular disease [38] [39]. The ab-
sence of a statistically significant association in our study may be related to the
characteristics of the study population, the relatively small sample size, or differ-
ences in the assessment of occupational stress and cardiovascular risk.

Similarly, although alcohol consumption has been associated with cardiovascu-
lar risk and mortality in previous studies [40]-[42], no significant association was
observed between alcohol consumption and a Framingham-based risk differ-
ence > 5% in our study.

This study provides valuable insights into cardiovascular risk among perma-
nent workers in agro-textile factories in Benin. Its main strengths include the re-
cruitment of permanent workers across the participating factories and the incor-
poration of occupational factors into the analysis. However, the cross-sectional
design precludes causal inference, and the limited number of workers with a
Framingham-based risk difference > 5% may have reduced the statistical power
to detect significant associations. Furthermore, occupational exposures were clas-
sified primarily based on job characteristics and routinely performed tasks, rather
than on individual quantitative measures of exposure intensity. Further prospec-
tive studies involving larger populations and more detailed occupational exposure
assessment are warranted to better identify the determinants of cardiovascular

risk in this occupational setting.

6. Conclusion

This study provides one of the first assessments of cardiovascular risk among per-
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manent workers in agro-textile factories in Benin. Cardiovascular risk estimates
varied according to the assessment method used. Although no investigated factor
was significantly associated with a Framingham-based risk difference > 5%, the
findings highlight the importance of regular occupational health surveillance, car-
diovascular risk screening, and preventive interventions in this workforce. Fur-
ther studies involving larger populations are needed to better identify the deter-

minants of cardiovascular risk in this occupational setting.
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