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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%
Cl: 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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spirometry, allergic disorders
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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 a = 0.05, B = 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
inone 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% CIl), 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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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% Cl: 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

Independeant variables 85% Confidence Interval far
E Sig. ExplB] ExpiB)
Lower Bound | Upper Bound
Chronic cough
Intercept 0.299 ABa
Age inyears 0.01% 642 1.01% 52 1.023
Esposure to cemeant -0.235 735 790 .202 3.086
Smoking habit 1.352 .ag2 3.863 988 15.108
Chranic phlegm praduction
Intercept 1.239 256
Age inyears 004 883 1.004 Jag62 1.059
Ezposure to cemeant -1.594 027 203 0449 234
smoking habit 2.178 001 8.827 2,325 33.509
Shortness of breath an exertion
Intercept 069 942
Age inyears -.004 .851 996 9449 1.044
E<posure to cemeant 654 .1849 1.981 T14 £.493
Smoking habit 1.430 006 4.179 1.493 11.663
Doctordiagnosed Bronchial asthma
Intercept 715 695
Age inyears 038 A6 1.039 939 1.150
E<posure to cemeant 1.265 032 6454 T35 CR.G2T
Smokinghabit .ao3 .993 1.003 73 L.204
Doctordiagnosed Hay fever
Intercept -.063 L9465
Age inyears 035 124 1.035 924 1.0849
Exposure to cement -.5g4g 273 .BEE 193 1.5491
Smokinghabit 885 120 2.423 795 7.389
Coctordiagnosed eczema
Intercept 3.199 022
Age inyears -05& 110 A48 .Ba3 1.013
Esposure to cement S5FT 500 1.781 .332 9.540
Smoking habit 1.261 021 64249 1.327 31.136
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Table 2 shows comparison of forced spirometric tests (pre and post bronchodilators) between cement
exposed workers and non-exposed subjects

LET Stangard p-value
Exposure [Mean Deviation t-test

Fre-FyC not exposed 3.5528 JE210 -.52 582
exposed 3.6484 95744

Fre- FEY1 not exposed 3.0010 52858 -1.322 .1849
expasad 3.1&20 B7943

Fre- FEY1% not exposed 79.8100 8.229819 -.3a0 705
exposad 20.4042 7.39206

Fre- FEFR not exposed £.a01a 1.891745 .11z8 a07
exposead L2594 1.60628

Fre- FEF25-7 5% nat exposed 2.8383 99034 -695 488
exposed 3.1220 A0s09

Fre- FEF7 5% not exposed 1.351%8 52925 -2.194 031
exposed 1.7270 1.29860

Fre- FEFS 0% not exposed 37826 20514 J2E8R Ja8
expasad 3.7388 L0992

Fre- FEF25% not exposed 4.8972 2.1041%9 - 315 T4
exposad L.1190 1.74936

Fost-Fui not exposed 3.6110 LBHEED -401 6E9
exposed 36794 JOBE93

Fast-FEV] nat exposed 3.1122 45482 -.858 343
exposed 3.2220 8246

Fost-FEV1% not exposed 21.7400 7.984149 -633 528
exposed g2.7000 716639

Fost-FEFR not exposed 6.9138 1.850649 428 70
expasad 67564 182766

Fost-FEF25-7 5% not exposed 37226 106328 BE4 B1E
exposed 3.5968 24849

Fost-FEF7 5% not exposed 1.521%8 62640 -1.411 161
exposed 1.8474 1.1741%8

Fost-FEFE0% not exposed 4.2742 .BR3E9 1.751 083
exposed 3.8632 A1le6

Fost-FEF25% not exposed L.EFER 208943 588 L3
exposed C.3442 1.82341
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Table 3: Comparison of forced spirometric tests (pre and post bronchodilators) between smoking and non-
smoking subjects

Smaking hahit Mean Stdd, Deviation t-test p-value
Fre-Fdi Moansmoker 3.5914 B4207 =188 851
Smoker 36296 94172 - 07 860
Fre- FEV1 nonsmaoker 3.0905 61486 L2652 794
Smoker 3.0529 61054 263 794
Fre- FEV1%: nonsmaker 20,7975 7.82851 1.590 115
Smoker Fr.az2osg 7.39500 1l.e3g .09
Fre- FEFE nonsmaker L.EF26 1.87642 - 075 9349
Smoker L.a042 1.359849 -.090 929
Fre- FEF25-7 5% nonsmoker 3.1014 Ae6RRD 854 .3895
Smuoker 2.9117 .88851 883 AFT
Fre- FEF7 &% nansmoker 1.58E7 l.0001& 285 JTE
smokar 1.5179 1.06289 276 784
Fre- FEFE 0% nonsmaoker 3.8217 26740 1.276 .205
smoker 3.5671 80138 1.330 181
Fre- FEF25% nonsmaker £.1120 1.96836 L2 .5g2
smoker 48683 1.81250 LETE el
Fost-Pdo nonsmaoker 3.6495 81803 0g4a .329
smokar 36317 6136 B 935
Fost-FEV1 nonsmaoker 3.1:891 6EEA0 610 543
smokar 3.0975 559061 544 523
Fost-FEV1% nansmoker 22,6447 7.27132 a9 320
smoker 20.8750 2.44520 924 362
Fost-PEFR nonsmaker 6.2451 1.82048 097 923
smoker 6.8033 1.90570 .0ag 925
Fost-FEF25-7 5% nonsmaker 36647 JAe099 093 926
smoker 36438 AT ARG Qa2 927
Fost-FEFF 5% nonsmaoker 1.7176 JA0E8RE 057 = 1
smokar 1.7050 1.07584 052 959
Fost-FEFS 0% nonsmaoker 4.1822 88087 1.264 .2049
smokar 3.9175 R EFR 1.223 .229
Fost-FEF2E% nonsmaoker L4229 1.9241%5 261 .7a5
smoker L.3592 1.295E%8 26T 791

Table 4: Correlation/regression relationship between lung function tests and age, height, weight, smoking
habit, and exposure to cement dust

120

Independeant Lung function indices
variahles FVEC FEV1 FEV1% PEFR FEF25-75 FEF?E FEFEO FEFZE
Constant 3.287 3.5038 Ly.c04 4.5890 4.254 3.266 L.110 L.1s2
Age fyears -.003 -.00n% - 1507 001 -.aov -.0oF -.0oF -.0os
Height {Cm) .0on -.0o3 180 003 -.0o7 -0a7 -.aov -.001l
W eight 004 ng -.034 005 o0z -0 a0z ng
Smokinghabit 024 -057 -3.455" 035 -202 -.134 - 236 -271
E<posure to 106 164 837 -.no9 132 L3583 =037 J15E
cament dust

WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 18 ISSUE 8 AUGUST 2020




ORIGINAL CLINICAL RESEARCH

Table 5: Correlation/regression relationship between lung function tests and age, height, weight, smoking

habit, duration of employment in cement industry

Independant Lung function indices
variables FviLC FEV1 FEV 1% PEFR FEFZ5-75 FEF75 FEF5Q FEF25
Constant 3.5139 3.823 L9463 | 4.895 4.497 4.016 5.0449 L.462
Curation of -.0o7F 012 033 -.013 016 021 -.0og 010

employmeant

Age fyears -.003 -.007 -155* 003 -.010 -.011 - 005 -.00%
Height {Cm) .aon -.0o05 174 003 -.0a7F -.009 -.oov -0z
Weight 003 003 -.035 004 ooz -.0aF 003 004
Smokinghabit 054 - 044 -3.370 [1]=1= - 206 =103 - 224 -.262

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).

Arecent 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
functionindices 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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