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Abstract
Background: Smoking and exposure to workplace 
environmental pollutants could be associated with 
adverse effects on respiratory health and occur-
rence of allergic disorders.

Objectives: To explore the early effects of exposure 
to cement dust in the workplace and smoking, on 
the occurrence of respiratory and allergic disorders 
in young adults.

Design: It is a cross-sectional study, where a con-
venient non-probability sample was selected.

Setting: The sstudy was conducted in a cement 
manufacturing factory at the North of Jeddah city 
and at a medical college.

Sample size: One hundred subjects were studied 
(50 workers exposed to cement dust, and 50 sub-
jects, not exposed to any noxious substances).

Method:  Each subject was asked to fill out a person-
al questionnaire (to collect socio-demographic, and 
health data), an occupational questionnaire, and the 
MRC questionnaire on respiratory symptoms and 
smoking habit, and ISAAC core questionnaire on 
asthma and allergy.  Anthropometric measurements 
and forced spirometry (before and after administra-
tion of the bronchodilator), were conducted on each 

 

 
subject.  Multi-nominal Logistic regression and mul-
tiple linear regression were used. Odds ratio (OR) 
and 95% confidence intervals (95% CI) were cal-
culated. The level of significance for the study was 
0.05.

Results: Smoking was significantly associated with 
chronic cough (OR=3.68; 95% CI: 0.99, 15.11 and p 
< 0.05), chronic phlegm production (OR=8.83; 95% 
CI: 2.33, 33.51, and p < 0.001), shortness of breath 
on exertion (OR=4.18; 95% CI: 1.49, 11.66, and p < 
0.006), and eczema (OR=6.43; 95% CI: 1.33, 31.14, 
and p < 0.021). After allowing for age, height, weight 
and cement dust exposure, smoking subjects had 
significantly lower FEV1% compared to nonsmok-
ers (Beta= -3.45%, p < 0.05). Cement dust exposure 
was not significantly associated with ill health.

Conclusions: Early effects of smoking are increased 
chronic respiratory symptoms and occurrence of ec-
zema. FEV1% is the early affected lung function in-
dex in smokers, denoting airflow limitation. Cement 
exposure under the current environmental factory 
conditions seems to be safe.  
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Introduction

Environmental pollution is a determinant of increased 
respiratory symptoms and impaired lung function [1-
6].  It has been shown to be associated with occurrence 
and worsening of several respiratory disorders, such as 
bronchial asthma, and chronic obstructive pulmonary 
disease (COPD) [2-3]. Tobacco smoke is recognized 
as the most important risk factor for the development 
and the progression of COPD. Although tobacco smoke 
and combustion-related air pollution emit a range of 
pollutants in common, the role of ambient air pollution on 
the underlying chronic disease processes that ultimately 
lead to COPD are not well investigated. [7-9]. The cement 
industry provides building material for land-based and 
off-shore installations. Cement is typically produced by 
heating a homogenous blend of limestone and clay, which 
is then adjusted to a suitable content of calcium, silicon, 
aluminum and iron, in a kiln. During its heating to 1,450°C, 
clinker is formed, which contains calcium silicates, calcium 
aluminates and calcium ferrites. Clinker is subsequently 
ground with gypsum and other additives, resulting in a fine 
particulate powder called cement. In contact with water, 
clinker partly dissolves and forms an aqueous slurry of 
high alkalinity, giving clinker and cement strong irritant 
properties [1]. Cement production workers are exposed to 
airborne particles of raw materials, clinker, additives and to 
the final cement product, and their work has been linked to 
changes in lung function and airway symptoms [11]. Early 
studies on adverse respiratory effects of cement dust 
exposure include both non-positive studies and studies 
connecting cement production work with chronic airway 
inflammation and reduction of dynamic lung volumes [12, 
13]. Other studies indicate a reduced forced vital capacity 
(FVC) or forced expiratory volume in 1 s (FEV1) [14–18], 
and a higher prevalence of chronic respiratory symptoms 
[16–19], and chronic obstructive pulmonary disease 
(COPD) [2], in cement production workers. Several other 
studies of lung function in cement production workers 
were non-positive [19, 21–23]. The literature is conflicting 
and conclusions about exposure–response relationships 
or safe levels of exposure cannot be drawn [11]. Thus 
the aim of the present study was to explore the impact of 
smoking, and exposure to cement dust on the occurrence 
of respiratory symptoms and allergic disorders; and to 
study its early effects on the forced flow-volume curve 
indices.

Methods

A cross sectional study was undertaken during January to 
April, 2020, in a cement factory at North of Jeddah and at 
a medical college at South of Jeddah, KSA.

The total number of studied subjects was 100; 50% male 
workers from a cement factory in North of Jeddah, and 
50% male subjects not exposed to any noxious materials 
that can affect the chest or the skin. The total number of 
cases and controls was more than the necessary minimum 
number needed for this study (74 subjects, as assessed 

by G*power software [24], for α = 0.05, β = 0.95, effect 
size is 0.3, and 2-tail-t-test). 

Data was collected on each subject, after we obtained 
written consent to participate in the study. Data were 
collected through: 1-Interview questionnaire which 
provided information on personal and socio-demographic 
characteristics of the subject; 2- Occupational questionnaire 
which provided information on nature of exposure, 
duration of employment in years, duration of exposure per 
day, and use of personal protective equipment; 3- MRC 
questionnaire on respiratory symptoms and smoking 
habit which is a standardized questionnaire that provides 
information on chronic respiratory symptoms and smoking 
habit [25-26]; 4-ISAAC core questionnaire on asthma and 
allergy which was used to diagnose bronchial asthma, 
allergic rhinitis and atopic eczema [27]; 5- Anthropometric 
measurements: weight and height of the subject, were 
measured using standard techniques and equipment [28]; 
6- Lung function testing according to the standardization 
of procedure and maneuver cited by the ATS [28] Forced 
spirometry was measured where indices from flow volume 
curve and time volume curve were obtained, namely:

FVC = forced vital capacity; FEV1 = forced expiratory volume 
in one second; FEV1% = (FEV1 / FVC) * 100; PEFR = Peak 
expiratory flow rate; FEF25 – 75%= Flow rate between 
25% and 75% of the FVC; FEF75% = Forced expiratory 
flow at 75% of FVC expired; FEF50% = Forced expiratory 
flow at 50% of FVC expired; FEF25% = Forced expiratory 
flow at 25% of FVC expired. Lung function was assessed 
before and 10 minutes after administration of Salbutamol 
(Ventolin) inhalation.  Data analysis and statistical tests: 
Data was analyzed using the Statistical Package for Social 
Sciences (IBM SPSS, version 22, Armonk, NY: IBM Corp.).  
Multi-nominal logistic regression method was used where 
respiratory symptoms and allergic disorders were used 
as the dependent dichotomous variables; other variables 
were used as independent variables, where Odds ratios, 
95% confidence interval (95% CI), and p values were 
calculated. Linear Multiple Regression Analysis was used 
to study continuous variables that could significantly predict 
lung function indices. The significance of the differences 
was calculated at 95% CI; P < 0.05 was considered as 
statistically significant.

Ethical considerations
Ethical clearance was obtained from the institutional review 
board (IRB) of the College of Ibn Sina (IEC Ref No: H-09-
12092019). Permission was obtained from the director and 
foremen  of the factory. Informed consent was obtained 
from the subjects, after providing information about the 
purpose of the study. In order to keep confidentiality of 
any information provided by study participants, the data 
collection procedure was anonymous.
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Results

The mean age of the exposed group was 34.24 years 
(7.88), while mean age of non-exposed group was 
37.08 years (13.16). This difference was not statistically 
significant (t = -1.31, and    p < 0.19). Mean duration of 
exposure to cement dust among cement exposed groups 
was 7.38 years (5.02). Among the whole subjects, 24% 
were smokers and mean duration of smoking was 13.12 
years (10.25), while 76% were non-smokers. Chronic 
cough was encountered among 10% of the whole subjects, 
while chronic phlegm production was encountered among 
14%, and shortness of breath on exertion was found in 
23% of the subjects. Bronchial asthma was encountered 
among 7% of the subjects, and hay fever in 19%; while 
eczema was found in 8% of the subjects. 

Table 1 reveals the multi-nominal logistic regression for 
respiratory symptoms and allergic disorders, in relation to 
age, exposure to cement dust and smoking habit. Chronic 
cough was 4 times more likely to be encountered among 
smoking subjects compared to non-smokers (OR=3.68; 
95% CI: 0.99, 15.11’ and p < 0.05). Neither advancing age 
nor exposure to cement dust were significantly associated 
with occurrence of chronic cough.

Chronic phlegm production, was about 9 times more likely 
to occur in smoking subjects compared to those who do 
not smoke (OR=8.83; 95% CI: 2.33, 33.51, and p < 0.001). 
Cement exposed workers were less likely  to suffer from 
chronic phlegm production compared to the non-exposed 
subjects (OR=0.20; 95%CI: 0.05, 0.83; p value < 0.027).
Shortness of breath on exertion, was about 4 times more 
likely to occur among smoking subjects compared to those 
who do not smoke (OR=4.18; 95% CI: 1.49, 11.66, and p 
< 0.006). 

Eczema, was about 6 times more likely to occur among 
smoking subjects compared to those who do not smoke 
(OR=6.43; 95% CI: 1.33, 31.14, and p < 0.021).  Neither 
bronchial asthma nor hay fever, were significantly 
associated with smoking habit or with exposure to cement 
dust    (p >0.05).

Table 2 shows the comparison of mean values of 
forced spirometric tests (pre and post bronchodilator 
administration) between cement exposed workers and 
non-exposed subjects. The mean values of forced flow 
volume curve indices and time-volume curve indices were 
similar for both cement exposed workers and non-exposed 
subjects except for Pre-FEF75%, where mean value was 
higher in the cement exposed workers (1.78 L/S (0.81)) 
compared to non-exposed subjects (1.35L/S (0.53) where 
t = -2.19 and p < 0.03.

Table 3 reveals the comparison of mean values of 
forced spirometric tests (pre and post bronchodilator 
administration) between smokers and non-smoking 
subjects. The mean values of Forced flow volume curve 
indices and time-volume curve indices were similar in both 
smokers and nonsmokers (p>0.05).

Table 4 shows correlation/regression relationship 
between lung function tests and age, height, weight, 
smoking habit, and exposure to cement dust. It was found 
that after allowing for confounding factors such as age, 
height weight and smoking habit the mean values of the 
cement exposed workers and non-exposed subjects were 
similar, and no significant difference was found (p > 0.05). 
After allowing for age, height, weight and cement dust 
exposure, smoking subjects had significantly lower FEV1% 
compared to nonsmokers (Beta= -3.45%, p < 0.05). Other 
lung function indices were not significantly different for 
smokers compared to non-smokers (p> 0.05).

Duration of exposure to cement dust was, also, not 
associated with significant changes in the lung function 
indices (Table 5).
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Table 1: Multi-nominal Logistic regression between health conditions and age, smoking habit and exposure to 
cement dust
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Table 2 shows comparison of forced spirometric tests (pre and post bronchodilators) between cement 
exposed workers and non-exposed subjects
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Table 3: Comparison of forced spirometric tests (pre and post bronchodilators) between smoking and non-
smoking subjects

Table 4: Correlation/regression relationship between lung function tests and age, height, weight, smoking 
habit, and exposure to cement dust
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Table 5: Correlation/regression relationship between lung function tests and age, height, weight, smoking 
habit, duration of employment in cement industry

Discussion

Chronic obstructive pulmonary diseases, characterized 
by long-term poorly irreversible airway limitation and 
persistent respiratory symptoms, are a common and 
preventable disease [29]. According to the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) guidelines,  
there are three criteria to diagnose the disease: 1- a post-
bronchodilator FEV1% of less than 70%, 2- symptoms 
of respiratory system as shortness of breath on exertion, 
chronic cough, production of sputum or wheezing, and 
3- significant exposure to noxious environmental stimuli 
such as smoking or chemical environmental hazards 
[30]. Therefore in the present study, as the main objective 
was to assess the impact of smoking and environmental 
pollution, particularly exposure to cement dust, on the 
respiratory system, lung function was assessed before and 
after administration of bronchodilator. MRC questionnaire 
was used and occupational questionnaire was asked of 
each subject. As this study was interested in evaluating 
the early effects of smoking and exposure to noxious 
materials on the lung and occurrence of allergic disorders, 
the studied subjects were relatively of young age where 
the mean age of the exposed group was 34.24 years 
(7.88), while the mean age of the non-exposed group was 
37.08 years (13.16). The mean duration of exposure to 
cement dust and smoking were relatively low (7.38 years, 
and 13.12 years respectively).

A recent study, conducted by Kotaki et al in 2019, revealed 
that in addition to the impact of smoking, the elderly who 
were chronically exposed to air pollution had exacerbated 
respiratory symptoms and impaired respiratory function 
[31]. Similar findings were reported by other studies [32, 
33]. In the present study most of the studied subjects 
were relatively young, and only 2 subjects, who were 
nonsmokers and not exposed to cement dust, fulfilled the 
criteria of COPD. However, in line with previous studies 
(31-33), smoking was significantly associated with 
chronic cough (OR=3.68; 95% CI: 0.99, 15.11), chronic 
phlegm production (OR=8.83; 95% CI: 2.33, 33.51), and 
shortness of breath on exertion (OR=4.18; 95% CI: 1.49, 
11.66). These findings from the present study, support 
the incrimination of smoking in the genesis of chronic 
inflammatory diseases of the lung airways and COPD. 
Several studies have assessed the association between 
smoking exposure and allergic diseases. In each of the 

allergic conditions, results were conflicting and alternated 
between the harmful effects of smoking, [34, 35, 36] 
and protection [37–39], while some studies could not 
find evidence of any effect [40–42]. In the present study 
smoking was only significantly associated with occurrence 
of eczema (OR=6.43; 95% CI: 1.33, 31.14, and p < 
0.021). In the present study exposure to cement dust in 
the studied factory was not significantly associated with 
increased occurrence of chronic respiratory symptoms or 
allergic disorders. This is contradictory to the results of 
some studies [43-46]. This could be due to the relatively 
young age of the exposed workers or due to the control 
measures applied in this factory compared to work place 
exposures in other studied factories. Forced spirometric 
indices, also, in the present study were, similar in cement 
exposed workers and non-exposed subjects. Some lung 
function indices were better in the cement exposed workers 
e.g. FEF75% which reflects airflow in the small airways, 
compared to the employee in the medical college, and this 
seems to be due to the exercise effect of working as a 
blue collar worker in a factory compared to the sedentary 
life style adopted by the control subjects.

As for smokers, the early lung function index affected was 
FEV1% (Beta = -3.45%, p < 0.03) which was decreased 
in the smokers compared to non-smokers, which denotes 
the beginning of airflow limitation at this relatively young 
age, and before development of COPD. 

Conclusions

Early effects of smoking are increased chronic respiratory 
manifestations and reduced FEV1%, which indicated 
obstructive impairment. Cement exposure under the 
current environmental factory conditions seems to be safe. 
Smoking cessation programs should be implemented 
among workers in industries, and to the population in the 
community to combat the major risk of COPD.  

Strengths and limitations of this study 
In this study flow volume curve indices which are sensitive 
to early changes in the small airways were used, in addition 
to time volume curve indices which, mainly, measure late 
effect on large airways. Lung function was measured 
before and after administration of bronchodilator to 
categorize subjects with COPD whose post bronchodilator 
FEV1% were less than 70%, to meet GOLD criteria. 
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ISAAC questionnaire used in this study has been validated 
worldwide. Multifactorial statistical tests were, also, 
employed to allow for the confounders during assessing 
the different associations. However, among the limitations 
of this study were that the questionnaire data depended 
on the recall of the subjects. It was also based on workers 
from only one factory; thus we can’t exclude self-selection 
bias.
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