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Abstract 
Introduction: Work-aggravated asthma is pre-existing or concomitant asthma 
whose symptoms are aggravated by the work environment. The aim of this 
study was to determine the prevalence of this pathology and its associated 
factors among bakery workers in Abidjan. Materials and Methods: This de-
scriptive and analytical cross-sectional study was conducted over a period of 
four (4) months from 18 December 2019 to 18 April 2020. Two question- 
naires were used, one on employees and the other on the indoor environment 
of bakeries. In addition, a spirometry test was performed on all bakery work-
ers. Statistical analysis was performed using stata 15.1 software. Results: A 
total of 599 bakery employees, including bakers (59.73%), sales assistants/ 
cashiers (23.52%), cleaners (6.34%) and administrative staff (10.18%), were 
investigated. The mean age was 30.8 ± 8 years, with a sex ratio (M/F) = 2.2. 
Asthma symptoms were found in 95 (15.86%) employees, of whom 74 (77.9%) 
had work-related asthma and 11 (14.9%) had asthma aggravated by work. 
The factors associated with work-aggravated asthma were personal or family 
history of allergy or atopy [ORa = 3.75; CI95%: 1.56 - 8.93; p = 0.003], expo-
sure to dust [ORa = 5.01; CI95%: 1.43 - 7.50; p = 0.011] and humidity level 
(60% - 70%) [ORa = 1.80; CI 95%: 0.99 - 3.28; p = 0.05]. Conclusion: 
Work-aggravated asthma is a reality in bakeries in Abidjan, with an estimated 
prevalence of 14.9%. Two of the three factors associated with this condition 
suggest a link with indoor air pollution. Combating air pollution in these 
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establishments must therefore be a priority for the relevant authorities, in or-
der to provide employees with a working environment that protects their health. 
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Bakeries, Abidjan, Ivory Coast 

 

1. Introduction 

Asthma is a common disease, affecting around 15% of adults of working age [1]. 
Asthma is considered “work-related” when there is a relationship between 
asthma symptoms and the workplace. Work-related asthma encompasses both 
occupational asthma, which is asthma induced by the work environment, and 
work-aggravated asthma, which is pre-existing or concomitant asthma whose 
symptoms are aggravated by the work environment [2] [3] [4]. Work-aggra- 
vated asthma can significantly disrupt working life and has personal, prescrib-
ing, quality of life, healthcare, financial and societal costs [5] [6] [7] [8]. In ad-
dition, this condition can arise as a result of exposure to a number of factors, 
including flour, which is the main raw material used to make bread in bakeries 
[9] [10]. 

Côte d’Ivoire has a large number of bakeries due to the high consumption of 
bread, which is a staple food. Over the last decade, however, the number of bak-
eries has risen sharply. There are currently more than 2000 bakeries throughout 
Côte d’Ivoire, over 1000 of which are located in the city of Abidjan [11]. The 
bakery sector is a dynamic one, employing twice as many people as the entire 
agri-food sector. From an economic point of view, this is a good thing, as it helps 
to reduce youth unemployment, which was estimated at 12.5% by the World 
Bank in 2015 [12]. However, there is a health problem. The exposure of large 
numbers of employees to the indoor environment of bakeries is likely to lead to 
respiratory diseases, including work-related asthma. Studies on this condition in 
general, and in Côte d’Ivoire in particular, focus on occupational asthma to the 
detriment of work-aggravated asthma, which appears to be the most common, 
given their respective prevalences of 16% and 21.5% [8]. 

The aim of this study was to determine the prevalence of work-aggravated 
asthma and the associated factors in bakeries in Abidjan, in order to prevent this 
condition in the long term among employees of these establishments. 

2. Materials and Methods 
2.1. Scope of the Study  

Abidjan, the economic capital of Côte d’Ivoire, covers an area of 2119 km² and 
comprises thirteen communes. Its population is estimated at 4,707,404 or 20.8% 
of the total Ivorian population, according to the latest General Census of Popu-
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lation and Housing [13]. Economically, the District of Abidjan is home to the 
country’s largest industrial zone, accounting for 60% of its Gross Domestic Prod-
uct. The boom in the bakery sector since 2015 has led to a rapid increase in the 
number of bakeries in the district, with a number of new brands. Because of the 
similarity between the bakeries, we randomly selected bakeries grouped together 
in eight districts, mostly in the working-class neighbourhoods of Abobo, Ad-
jamé, Koumassi, Marcory, Port-Bouet, Treichville and Yopougon, as well as the 
upmarket neighbourhoods of Cocody. 

2.2. Type of Study and Study Period  

This was a descriptive and analytical cross-sectional study conducted over a four- 
month period from 18 December 2019 to 18 April 2020. 

2.3. Study Population  

The study focused on bakery employees due, on the one hand, to the dynamism 
of this sector of activity in terms of job creation (top 10 job-creating industrial 
sectors) and, on the other hand, to the very young population (60% young peo-
ple aged 15 to 34) that they employ [12]. 

Our study is part of the Ecohealth Chair project on air pollution and non- 
communicable respiratory diseases in West Africa. It is part of a thesis on bak-
eries and workers in Abidjan. 

2.4. Sample Size of Bakery Workers to Be Investigated  

The sample size of bakery workers was calculated using Schwartz formula [14]. 

( )2

2

1Z p p
d

∗ −
 

Z: standard normal variance (at 5% type I error) (1.96); 
p: expected proportion in the population according to previous studies (15%) 

[15]; 
d: absolute error (0.03). 
Using the Schwartz formula, we obtained a sample size of 544 employees. 
For the purposes of the study, we added 55 (corresponding to 10% of 544) 

other employees to our sample size of 544 to avoid the risk of employees drop-
ping out or being lost to the surveys, which could affect the size of our final 
sample. Thus, for this survey, the sample size was 599 employees. 

Inclusion criteria 
The employees who participated in this study were all at least 18 years old (age 

of civil majority in Côte d’Ivoire).  
Employees who were present during the interviews and lung examinations 

and who had given their consent to the study. 
Non-inclusion criteria 
Employees who were absent or ill (unable to perform the spirometry test) dur-

ing the course of our study. 
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2.5. Data Collection  

“Two interviewers, all medical students, were recruited and given two days’ 
in-class training on the research protocol and the various data collection tools 
and media. This training enabled them to check their understanding of the re-
search procedures (recruitment, consent and follow-up). In addition, a pre-test 
of the data collection form was carried out in bakeries in Abobo and Adjamé, 
enabling the various shortcomings to be corrected. In addition, spirometry was 
carried out by a team consisting of a nurse and a doctor, both specialists in func-
tional exploration and both very experienced”. 

Data available in the literature were used to select the variables included in this 
analysis. The dependent variable was asthma aggravated by work, obtained from 
the question: “Do your symptoms get worse at work and better outside work?” 

The independent variables were socio-demographic and occupational charac-
teristics, and the physical and environmental characteristics of the bakeries. 

Data was collected in two phases. In the first phase, two questionnaires were 
used. The first questionnaire, from the Institut National de la Santé et de la Re-
cherche Médicale (INSRM), enabled us to collect information on the socio-demo- 
graphic characteristics of the employees (gender, qualifications, position in the 
bakery, number of hours worked per day, length of service, monthly salary and 
smoking status). The second questionnaire, derived from the American Thoracic 
Society (ATS) questionnaire, sought information on asthma symptoms (wheezing, 
dyspnoea, chest tightness and cough), the evolution of symptoms in the work-
place, a history of asthma, confirmation of the diagnosis of asthma by a doctor, the 
dates of the first and last asthma attacks, the frequency of asthma attacks over the 
last 12 months and factors likely to exacerbate asthma symptoms. 

The second phase involved respiratory function testing using a portable Win-
spiro Pro 6.5 MIR (Médical International Research) spirometer. 

Each employee’s personal data were entered in accordance with the manufac-
turer’s manual. The parameters measured were forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1), Tiffeneau index (FEV1/FVC) and peak 
expiratory flow (PEF). All spirometry tests were performed in the seated position 
and repeated 3 times for each person. For employees with abnormal lung function, 
the spirometry test was followed by a reversibility test after inhalation of Salbuta-
mol. The test was performed by a trained healthcare professional (nurse) in ac-
cordance with the guidelines of the American Thoracic Society (ATS) and the 
European Respiratory Society (ERS) [3]. The results were interpreted by an ex-
perienced physiologist in accordance with the ATS and ERS [16]. 

2.6. Operational Definitions  

Asthma symptoms: the symptoms considered in this study were the cardinal 
symptoms of asthma: dyspnoea, wheezing, chest tightness and cough [3]. 

Reversible obstructive pulmonary disease: it was defined by comparing the 
ratio of forced expiratory volume in one second (FEV1) and vital capacity (VC) 
to the lower limit of normal. Significant reversibility was diagnosed by an in-
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crease in FEV1 ≥ 12% and 200 ml in absolute value. The extrapolations that have 
been proposed derive from the African standards that were used to determine 
the theoretical values [3]. 

Asthma confirmed:  
 The diagnosis was made in a symptomatic worker with a reversible obstruc-
tive disorder [3]. 
 The asthma reported by the worker has been confirmed by a doctor or health- 
care staff.  

Probable occupational asthma: A worker who has:  
a) Reported never having had symptoms of asthma before starting to work in 

a bakery;  
b) Began to show symptoms of asthma during working hours;  
c) Symptoms improved during holidays or outside the workplace [4]. 
Asthma probably aggravated by work: A worker who reported: 
a) A history of asthma before starting work in a bakery;  
b) A worsening of symptoms during working hours in a bakery; 
c) An improvement in symptoms during holidays or away from the workplace 

[17]. 
Probable work-related asthma: a combination of occupational and work- 

aggravated asthma [17]. 
Probable work-related asthma in bakeries: A combination of work-related 

and non-work-related asthma. 

2.7. Data Processing 
Statistical Analysis 
Statistical analysis was performed using Stata version 15.1. Descriptive statistics 
were carried out for four groups of workers: i) bakers, ii) sales assistants, iii) 
cleaners and (iv) administrative staff. The first analysis consisted of finding the 
means and standard deviations. The Chi-2 test was used to compare frequencies 
between two independent variables. When the number of variables was less than 
5, the Fisher test was used. The one-factor Anova test was used.  

Multiple linear regression models were then used to assess any correlation 
between the dependent and independent variables, with p < 0.20 being consid-
ered statistically significant. 

Multiple linear regression models were required to show any relationship be-
tween work-aggravated asthma and socio-demographic characteristics of bakery 
workers, p < 0.05 was considered statistically significant. 

2.8. Ethical Considerations 

This study is part of the Ecosanté Chair’s major study, which included the pro-
tocols of the doctoral students in the Interuniversity Doctoral Programme sub-
mitted to and approved by the National Research Ethics Committee (CNER) 
under number 026-18/MSHP/CNER-kp. In addition, this study was submitted 
to and authorised by the office of the Fédération des Patrones de Boulangeries de 
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Côte d’Ivoire and the Centre Ivoirien Anti-Pollution (CIAPOL).  
At the measurement sites, the participants (bakery employees and bakery 

owners) were briefed on the content and various phases of the study. Emphasis 
was placed on confidentiality of identity and bakeries.  

3. Results  
3.1. Characteristics of Bakery Employees in 2020 

The investigations covered 599 bakery employees, with no exclusion of occupa-
tional categories. There were 353 bakers (59.73%), 139 sales assistants/cashiers 
(23.52%), 38 cleaners (6.34%) and 61 administrative staff (10.18%). 

The average age of the employees was 30.8 ± 8 years. The proportion of men 
(68.61%) was greater than that of women (31.39%) (p = 0.000), giving a sex ratio 
of 2.2. This trend was more marked in the bakers/pastry cooks occupational 
category, where the proportion of men was 92.35% compared with 7.65% for 
women (p = 0.000), i.e. a sex ratio of 12.07. On the other hand, in the salesper-
son occupation, women (9.09%) were more represented than men (7.91%) (p = 
0.000). The majority of workers (88.32%) had attended school. On the other 
hand, more than 85% of these workers had been trained on the job in the baker-
ies. Most of them were unemployed (25.21%) or pupils/students (21.49%) at the 
start of their professional careers in the bakeries. 

More than half of these workers (63%) had been in their jobs for less than 5 
years and most of them were non-smokers (76%). 

3.2. General Characteristics of the Bakeries Investigated 

Almost all the bakeries (82.50%) were single rooms (30%) or partially separate 
rooms (52.50%). The surface areas of the premises varied between 17.5 and 1445 
m2. Controlled mechanical ventilation (CMV) was available in six bakeries (15%). 
Almost all of the dough mixers (92%) had no airtight protection (without pro-
tection or fitted with grids). 

3.3. Diagnosis of Work-Aggravated Asthma and Estimation of Its  
Prevalence  

The main steps in the diagnosis of work-aggravated asthma or work-exacerbated 
asthma are summarised in Table 1. The prevalence of work-aggravated asthma is 
estimated at 14.9%. 

3.4. Results of Spirometry Performed on Bakery Employees in  
2020  

Lung function tests confirmed the diagnosis of asthma in only one of the 11 em-
ployees with work-aggravated asthma (Table 2). 

3.5. Characteristics of Bakery Workers with Work-Aggravated  
Asthma  

Women (81.82%) had more work-aggravated asthma than men (18.18%) p =  
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Table 1. Aggravated asthma in bakeries in Abidjan in 2020. 

 Staff (%) 
1. Reported asthma (RA) or history of asthma (HA) 
No 
Yes 

 
582 
17 

 
97.2 
2.8 

2. Reported asthma (RA) or history of asthma (HA) 
No 
Yes 

 
02 
15 

 
11.8 
88.2 

3. Asthma attack in the last 12 months 
No 
Yes 

 
02 
13 

 
13.3 
86.7 

4. Frequency of asthma attacks in the last 12 months 
≤12 
>12 

 
10 
03 

 
76.9 
23.1 

5. Worsening of symptoms at work and improvement outside 
work 
No 
Yes 

 
04 
11 

 
26.7 
73.3 

6. Asthma in bakeries (AB) 
No 
Yes 

 
504 
95 

 
84.14 
15.86 

 
Table 2. Asthma aggravated by work confirmed by spirometry in bakeries in Abidjan in 
2020. 

Spirometry results 
Asthma aggravated by work N (%) 

No Yes Total p 
Normal 475 (80.78) 7 (63.64) 482 (80.47) 

0.175 

Asthma 17 (2.89) 1 (9.09) 18 (3.01) 
Bronchial 

obstruction 
57 (9.69) 3 (27.27) 60 (10.02) 

Bronchial restriction 34 (5.78) 0 (00.00) 34 (5.68) 
Mixed syndrome 5 (0.85) 0 (00.00) 5 (0.83) 

Total 588 (98.16) 11 (1.84) 599 (100) 

Fisher test. 
 

0.001. In addition, the occupational categories that developed work-aggravated 
asthma were bakers (27.27%) and sales assistants (73.73%), p = 0.007 (Table 3). 

3.6. Factors Associated with Work-Aggravated Asthma in Bakery  
Workers 

Factors associated with work-aggravated asthma in bakery workers are presented 
in Table 4. Attécoubé Lagune residents with a family or personal history of atopy 
had a 3.75 fold risk of developing work-aggravated asthma. In addition, em-
ployees exposed to dust were 5.01 times more likely to develop work-aggravated 
asthma than those who were not. Employees exposed to humidity levels of be-
tween 60% and 70% were 1.80 times more likely to have work-aggravated asthma 
than those who were not. However, no link was found between work-aggravated 
asthma and smoking in our study. 
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Table 3. Description of work-aggravated asthma in bakery workers. 

 
Asthma aggravated by work N (%) 

No Yes Total p 
Gender 

0.001 
* 

Woman 179 (30.97) 9 (81.82) 188 (31.92) 

Men 409 (69.03) 2 (18.18) 411 (68.08) 

Age group (years) 

0.262 
** 

[18 - 35[ 447 (76.02) 11 (100) 458 (76.46) 

[35 - 45[ 109 (18.54) 0 (00.00) 109 (18.20) 

[45 - 64] 32 (5.44) 0 (00.00) 32 (5.34) 

Professional categories 

0.007 
** 

Administrative 62 (10.54) 0 (00.00) 62 (10.35) 

Bakers 354 (60.20) 3 (27.27) 357 (59.60) 

Tech surface 40 (6.80) 0 (00.00) 40 (6.68) 

Saleswomen 132 (22.45) 8 (73.73) 140 (23.37) 

Professional seniority (years) 

0.579 
** 

5 ≤ 372 (68.27) 9 (81.82) 381 (63.61) 

]5 - 15] 156 (26.53) 2 (18.18) 158 (26.38) 

≥15 60 (10.20) 0 (00.00) 60 (10.02) 

Professional qualifications 
0.669 

* 
No 502 (85.37) 9 (81.82) 511 (85.31) 

Yes 86 (14.63) 2 (18.18) 88 (14.69) 

*Chi2/**Fisher. 
 

Table 4. Factors associated with work-aggravated asthma among bakery workers. 

Asthma made worse 
by work 

OR p ORa IC95 p 

Dust      

No 1  1   

Yes 2.04 0.000 5.01 1.43 - 7.50 0.011 

Vapor/Gas      

No 1  1   

Yes 0.14 0.588 1.26 0.72 - 2.20 0.417 
Atopy or allergy      

No 1  1   
Yes 1.38 0.000 3.75 1.56 - 8.93 0.003 

Humidity in sales 
area 

     

< 60 1  1   
[60 - 70] 0.74 0.006 1.80 0.99 - 3.28 0.050 

> 70 0.30 0.504 1.08 0.39 - 2.94 0.879 
CO2 sales area      

≤1000 ppm 1  1   
>1000 ppm 0.46 0.196 1.72 0.80 -3.71 0.161 
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Continued  

Tobacco      
No 1  1   
Yes 2.4 0.009 4.02 0.50 - 13.74 0. 187 

Gender      
Female 1  1   
Male 0.09 0.003 1.4 0.75 - 2.56 0. 290 

4. Discussion 

The present study was conducted to determine the prevalence of work-aggra- 
vated asthma and the factors associated with it among employees of bakeries in 
Abidjan. A total of 599 bakery employees classified into 4 occupational categories 
were investigated. Unlike some studies that focused on specific groups [18] [19], 
our study included all employees. Symptoms suggestive of asthma (dyspnoea, 
wheezing, chest tightness and cough) were reported by 15.86% of the employees 
investigated, 14.9% of whom had asthma symptoms that worsened at work and 
improved outside work. In fact, this description of symptoms in these employees 
suggested occupational asthma [20]. Only seventeen (2.8%) of these employees 
had a history of asthma before starting to work in the bakeries. However, fifteen 
employees (88.2%) had physician-confirmed asthma, eleven of whom (73.3%) 
had reported worsening symptoms in the workplace, in accordance with the 
recommendations of the American Thoracic Society [20]. In these patients, the 
diagnosis of work-aggravated asthma was made, as in most epidemiological 
studies [20] [21]. The prevalence of work-aggravated asthma can be obtained 
from all asthmatics or from all asthmatics working in bakeries [20]. The preva-
lence of work-aggravated asthma in this study was 14.9%. In addition, several 
authors have established that the prevalence of work-aggravated asthma varied 
between 13% and 58%, with an average of 21.5% (8) [20] [22]. 

Our value of 14.9% is certainly within this range, but it is well below the aver-
age value of 21.5%.  

This finding could be justified by the fact that subjects with work-aggravated 
asthma are generally exposed to irritants such as paints, solvent or acid vapours 
and ammonia, and less often to sensitisers such as isocyanates or wheat flour 
[23]. In our study, employees were exposed to flour, which is more of a sensitiser 
than an irritant. This finding could also be justified by the definitions adopted in 
the various studies. In addition, we noted a predominance of women (81.82%) 
among the workers with work-aggravated asthma, and this difference was statis-
tically significant (p = 0.001). The two occupational categories affected by this 
condition were bakers and saleswomen (p = 0.007). However, female sales assis-
tants are the most affected. This finding could be explained by the fact that the 
sales sector is one of the occupations or sectors at risk of developing work-aggra- 
vated asthma [2]. In fact, according to the work of Tarlo SM (2016) on work- 
aggravated asthma, the three sectors that were highlighted as providers of work- 
aggravated asthma were the administrative sector, the healthcare sector and the 
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sales sector [2]. Goe SK et al. (2004) also reported in the USA that, according to 
occupation, cases of work-aggravated asthma were most often found among em-
ployees in technical, commercial and administrative support occupations [24]. It 
follows that the sales sector is one of the three sectors at risk of work-aggravated 
asthma. However, the bakery sales sector employs exclusively women, hence the 
predominance of women in our study. In addition, the particular architecture of 
bakeries could explain the high exposure of these women. In fact, almost all the 
bakeries (82.50%) consisted of a single room (30%) or partially separate rooms 
(52.50%). As a result, the flour dust circulated easily from the bread production 
area to the sales area, causing the women to inhale it continuously throughout 
the day. 

In terms of risk factors for work-aggravated asthma, investigations revealed a 
history of allergy or atopy [ORa = 3.75; 95% CI: 1.56 - 8.93; p = 0.003], exposure 
to dust and aerosols [ORa = 5.01; 95% CI: 1.43 - 7.50; p = 0.011] and humidity 
level (60% - 70%) [ORa = 1.80; 95% CI: 0.99 - 3.28; p = 0.05]. It should be noted 
that there are many differences in the risk factors associated with atopy. For 
some authors, atopy was not a risk factor for work-aggravated asthma [9] [25]. 
The type of definition adopted for the diagnosis of work-aggravated asthma may 
be at the root of this discrepancy. Epidemiological cases are based on the exis-
tence of pre-existing asthma, whereas clinical cases are based on objective crite-
ria using spirometry. Pre-existing asthma suggests an allergy. This is the case in 
our study, where the cases are epidemiological. This explains why atopy is a risk 
factor in our work, as it is in some authors [26] [27]. On the other hand, it is 
clearly established that dust is a risk factor for work-aggravated asthma. Tarlo et 
al. (2016) reported in Ontario that cases of work-aggravated asthma were associ-
ated with dusts and second-hand smoke (2). The same is true for Goe SK et al., 
who also revealed an association of work-aggravated asthma with mineral and 
inorganic dusts [23]. Employees exposed to dusts were 5.01 times more likely to 
develop work-aggravated asthma than those who were not [OR = 5.01; 95% CI: 
1.43 - 7.50; p = 0.011]. It is also clearly established that excess humidity encour-
ages the development of bacteria, fungi and moulds [28] [29] which can in turn 
produce spores, cell fragments and volatile organic compounds that will spread 
into the ambient air. Excessive humidity is observed when the level exceeds 60% 
[30]. This was the case in our study, where the humidity levels in the sales areas 
were between 60% and 70%. The consequence is that employees in the sales area 
have a 1.80 greater risk of developing work-aggravated asthma than other em-
ployees working outside this area [ORa = 1.80; 95% CI: 0.99 - 3.28; p = 0.05]. 

Furthermore, in our study, smoking was not associated with work-aggravated 
asthma, probably due to the low proportion of smokers or smokers among bak-
ery workers. Saarinen K et al. (2003) in Finland also found in their study that 
smoking did not affect the symptoms of work-aggravated asthma [31]. 

The limitations of the study were, on the one hand, that the Beta 2 mimetic 
test was not performed on all employees due to the refusal of certain employers 
and, on the other hand, that the bronchial provocation test was not routinely 
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available to refine the detection of cases of work-aggravated asthma.  

5. Conclusion 

Work-aggravated asthma is pre-existing or concomitant asthma whose symp-
toms are aggravated by the work environment. This respiratory condition is a 
reality in bakeries in Abidjan, with an estimated prevalence of 14.9%. Exposure 
to dust was the risk factor most strongly associated with this condition. This situa-
tion highlights the contribution of air pollution to the occurrence of work-aggra- 
vated asthma in bakeries in Abidjan. This work, which is the very first in the 
bakery sector in Côte d’Ivoire, is a wake-up call and paves the way for future re-
search aimed at improving the working environment and the well-being and 
health of workers. 
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