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INTRODUCTION
The construction industry is one of the main sources of jobs worldwide 
and has paramount importance for the global economy. However, it is 
also one of the most dangerous activities. According to international 
Labour organization (ILO), about 108,000 workers die every year in 
construction sits across the world, corresponding to 30% of all fatal 
work accidents[1,2]. Environmental and pollution has always been a 
major cause of morbidity and mortality. The incidence of the 
occupational disease is constantly increasing throughout the world, 
especially in developing countries due to the lack of proper quality 
control documentation and the practical approach towards this 
mammoth problem[3].Cement dust contains various mental oxides 
including calcium oxide, silicon oxide, aluminium trioxide, ferric 
oxide, magnesium oxide, sand and other impurities[4]. In various parts 
of the world , a large number of workers are exposed to silica[5-7]. 
Respiratory illness with high prevalence and varying degrees of 
airway obstruction about Portland cement exposure have been 
reported by earlier investigators[8,9]. The situation of construction 
workers exposed to cement dust at construction site is about similar to 
the workers of cement industries. The construction workers are 
characterized by direct and indirect contact with cement dust and 
several studies reported significant pulmonary function impairment 
among construction workers. Among construction workers, the 
amount and length of exposure to a wide variety of contaminants 
causes clinical manifestations which might be classified as acute or 
chronic. Acute manifestations usually include upper airway 
obstruction, cough, wheezing and dyspnea. The pathophysiology of 
chronic exposure, in turn, might lead to chronic obstructive pulmonary 
disease (COPD), pneumonia, lung fibrosis and cancer, among others 
[10]. Some studies have investigated the changes in the pulmonary 
function of silica (component of cement dust) exposed workers. For 
instance, significant reduction in forced expiratory volume in the first 
second (FEV1), forced vital capacity (FVC) and the mean reduction in 
forced expiratory volume in the first second/forced vital capacity 
(FEV1/FVC) has been reported in silica-exposed workers [11-13]. The 
study evaluates lung function in construction workers exposed to 
cement dust, highlighting that the severity of effects is determined by 
the intensity, frequency, and duration of exposure. Progression of the 
disease can lead to ventilatory disorders. Monitoring pulmonary 
function parameters is essential for assessing disease prognosis, and 

implementing occupational exposure limits (OEL) is crucial for 
worker protection to reduce respiratory disease incidence.

This study investigates the effects of cement dust exposure on lung 
function in construction workers, specifically focusing on restrictive 
lung disease. The aims include evaluating spirometric parameters, 
such as FEV1 and FVC, as well as the FEV1/FVC ratio. The objectives 
further involve analyzing whether the observed changes in lung 
function are indicative of restrictive or obstructive lung disease.

Methods
The cross-sectional study conducted at the Department of Physiology, 
King George's Medical University (KGMU), Lucknow, aimed to 
assess health hazards associated with cement dust exposure among 
construction workers. It received ethical clearance from the 
Institutional Ethics Committee of KGMU (Ref. No. 21th PGTSC-
IIA/P10, dated 28.10.2023) and took place over one year. Inclusion 
criteria encompassed male and female construction workers aged 18 to 
60 years exposed to cement dust, while exclusion criteria involved 
individuals younger than 18 or older than 60, smokers, and those with 
chronic respiratory illnesses. A total of 150 participants were divided 
into three groups: 50 exposed to cement dust for less than 5 years, 50 
exposed for more than 5 years, and 50 unexposed (control group). 
Recruitment occurred at construction sites in Lucknow, including 
cement shops and building construction areas, where discussions 
about health risks and benefits of lung function tests were conducted. 
After providing detailed explanations regarding the tests, written 
consent was obtained from reliable participants, and their medical 
histories were meticulously recorded following the established 
criteria. Those participants were allowed for test that full fill the 
inclusion and exclusion criteria as well as no sign and symptoms of 
respiratory illness like dyspnea, cough cold and fever. Anthropometric 
parameter (Weight, Height, BMI) were recorded. Lung function test 
had been performed by Computerized Spirometry (NDD 
Medizintechnik AG Easy on PC spirometer CH-8005). Proper 
instruction and demonstration of method of spirometry was given to all 
Participants. The spirometer was calibrated according to the 
manufacturer's instruction every day before starting test. The 
spirometry was done in standing position. Participants were worn a 
nose clip. The correct mouthpiece was selected that was fitted 
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comfortably and formed a tight seal around the participant's mouth. 
The participants were instructed to take a maximal inspiration, filling 
their lungs completely. Immediately after maximal inspiration, 
participants were instructed to exhale forcefully and completely 
through the mouthpiece. Same test was repeated thrice in similar 
pattern with a rest period of 05 minutes between each test. Best of the 
three reading were taken finally.

Statistical Analysis
Data will be entered into Microsoft Excel and analyzed using SPSS 
version 24.0. Continuous variables, such as lung function parameters 
(FEV₁, FVC, FEV₁/FVC ratio), will be expressed as mean ± standard 
deviation, while categorical variables (age groups, smoking status) 
will be presented as frequencies and percentages. Comparisons 
between exposed workers and reference populations will be made 
using independent t-tests or Mann–Whitney U tests for continuous 
data, and chi-square tests for categorical data. A p-value <0.05 will be 
considered statistically significant.

RESULTS
Total population of 150 individuals, evenly split into three groups, all 
were male (100%) across the three study groups, with no female 
participants included. Group 1 consisted of 50 construction workers 
who had been exposed to cement dust for under 5 years, representing 
33.33% of the total study population. Group 2 included another 50 
workers with over 5 years of cement dust exposure, also comprising 
33.33% of the participants. The last group, Group 3, functioned as the 
control group and consisted of 50 individuals with no prior exposure to 
cement dust, making up the remaining 33.33% of the participants. 
(Table 1)

The mean ages of the study groups differed significantly, with Group 1 
at 34.02 ± 4.08 years, Group 2 at 39.72 ± 6.67 years, and Group 3 at 
37.06 ± 7.01 years (F-value = 10.00, p < 0.001). Additionally, mean 
height was significantly different among the groups (p = 0.014), with 
Group 2 being the tallest (166.38 ± 2.10 cm) compared to Group 1 
(165.76 ± 2.68 cm) and Group 3 (164.84 ± 2.96 cm). In contrast, weight 
and BMI did not show statistically significant differences (p = 0.834 
and p = 0.260), indicating they were comparable among all groups and 
unlikely to confound lung function assessment. (Table 2)

The study revealed that Group 1, with less than 5 years of exposure to 
cement dust, had a mean chest expansion of 4.43 ± 0.39 cm, 
comparable to Group 3 (non-exposed), which had a mean of 4.40 ± 
0.44 cm. In contrast, Group 2, with more than 5 years of exposure, 
showed a significantly lower chest expansion of 4.06 ± 0.30 cm. The 
statistical analysis indicated a significant difference among the groups 
(F = 14.56, p < 0.001), suggesting that prolonged exposure to cement 
dust may lead to decreased chest mobility and potential respiratory 
issues.(Table 3)

Group comparison analyzed mean FEV₁ and FVC values among 
participants exposed to cement dust. Group 2 (over 5 years exposure) 
had the lowest mean FEV₁ (2.58 ± 0.18 L) and FVC (3.32 ± 0.19 L), 
indicating significant lung function compromise. Group 1 (less than 5 
years exposure) showed slightly better values (FEV₁: 2.78 ± 0.10 L; 
FVC: 3.61 ± 0.17 L), while Group 3 (non-exposed) recorded the 
highest (FEV₁: 2.85 ± 0.20 L; FVC: 3.69 ± 0.23 L). Significant 
differences were observed in FEV₁ (F = 35.57, p < 0.001) and FVC (F = 
46.54, p < 0.001) across groups. The FEV₁/FVC ratio was consistent 
across groups (Group 1: 0.77 ± 0.04; Group 2: 0.78 ± 0.04; Group 3: 
0.77 ± 0.04) with no significant obstructive pattern. Additionally, the 
FEV₁/FVC percentage was also similar across groups, indicating no 
significant ventilatory defect (Group 1: 77.38 ± 4.31; Group 2: 77.72 ± 
4.13; Group 3: 77.28 ± 3.90). This suggests that the percentage ratio of 
FEV₁ to FVC remains relatively unchanged regardless of cement dust 
exposure, further indicating an absence of significant obstructive 
ventilatory defect in the study population. (Table 4)

The post-hoc analysis of FEV₁ values revealed a significant reduction 
in Group 2 (over 5 years exposure) compared to Group 1 (under 5 years 
exposure) and Group 3 (non-exposed), with mean differences of 0.20 L 
and 0.27 L, respectively (p < 0.001). Group 1 and Group 3 showed no 
significant difference (p = 0.124), indicating minimal impact from 
short-term exposure. For Forced Vital Capacity (FVC), significant 
differences were noted between Group 1 and Group 2 (mean difference 
= 0.28 L, p < 0.001), and between Group 2 and Group 3 (mean 
difference = -0.37 L, p < 0.001), indicating declines with prolonged 

exposure to cement dust. Group 1 and Group 3 did not differ 
significantly (p = 0.087). Analysis of the FEV₁/FVC ratio showed no 
significant variations among groups (p-values ranging from 0.879 to 
0.999). Similarly, the FEV₁/FVC percentage showed minimal 
differences across groups (p-values between 0.857 and 0.993), 
suggesting that cement dust exposure does not significantly alter this 
metric or indicate obstructive ventilatory impairment.(Table 5)

DISCUSSION
In our study, the mean age of participants showed a statistically 
significant difference across the exposure groups. Group 1 (exposed 
for 5 years exposure) had a mean age of 39.72 ± 6.67 years (p < 0.001), 
and the control group (Group 3) had a mean age of 37.06 ± 7.01 years. 
This difference is relevant, as age can independently affect pulmonary 
function due to physiological changes in lung elasticity and 
compliance over time. The study found no statisticlly significant age 
difference between the control group and the exposure groups. A 
similar age distribution was reported in the study by Sumana et al., 
where the mean age of construction workers was 36 ± 8.6 years and 
that of controls was 39.4 ± 12.9 years.[12] In the study by Sivakumar et 
al., most participants were in the age group of 18–30 years, followed by 
31– 40 years, indicating that cement work commonly attracts younger 
individuals.[13] Dewangan et al. reported that participants ≥40 years 
were more likely to develop pulmonary dysfunction.[14] Our study 
found that workers who were exposed for a long time had a notable 
drop in FEV1 (Group 2: 2.58 ± 0.18 L) compared to Group 1 (2.78 ± 
0.10 L) and the control group (2.85 ± 0.20 L). The decrease was 
statistically significant (p < 0.001), and this suggests a correlation 
between exposure duration and compromised pulmonary function. 
Dewangan et al. and Meo et al. reported similar findings, where FEV1 
was markedly reduced in individuals exposed to cement dust, 
especially after 10 years of exposure.[14,15] Krishna et al. also 
observed a significant reduction in FEV1 values in exposed warehouse 
workers.[16] The studies by Sivakumar et al. and Alnawaiseh et al. 
reaffirmed these results, showing that FEV1 decreased progressively 
with increased exposure.[13,17] These data confirm the detrimental 
effect of cement dust on expiratory function, primarily through 
inflammatory and fibrotic changes in lung tissues.

In the present study, the FVC was lowest in Group 2 (3.32 ± 0.19 L), 
indicating reduced lung capacity due to long-term cement dust 
exposure. Group 1 had a mean FVC of 3.61 ± 0.17 L, and the control 
group had 3.69 ± 0.23 L. The difference was statistically significant (p 
< 0.001). This reduction points to a restrictive type of lung impairment. 
Supporting this, Krishna et al. and Zeleke et al. found that FVC values 
were significantly reduced in exposed groups.[10,16] Dewangan et al. 
also observed that FVC values decreased significantly with more than 
10 years of exposure.[14] Shanshal et al. found that restriction was the 
most common spirometric abnormality in cement-exposed 
workers.[18] These findings affirm that prolonged cement dust 
exposure compromises lung volumes, leading to a restrictive 
ventilatory defect. Our study showed no significant difference in the 
FEV1/FVC ratio among the groups. Group 1 and Group 3 both had a 
mean ratio of 0.77 ± 0.04, while Group 2 had 0.78 ± 0.04 (p = 0.868). 
This evidence suggests that although both FEV1 and FVC declined in 
exposed groups, their proportional relationship remained stable, 
indicating a restrictive rather than obstructive pattern. Sumana et al. 
similarly reported no significant difference in the FEV1/FVC ratio 
among construction workers and controls.[12] Sivakumar et al. noted 
that this ratio could sometimes be misleading, especially when both 
FEV1 and FVC decrease simultaneously.[13] Meo et al. and Krishna et 
al. (2019) observed that the ratios were normal or slightly higher in 
groups exposed to cement dust, supporting our conclusion that cement 
dust mainly leads to restrictive lung disease rather than causing 
significant obstruction.[15,16] In our study, the percentage values of 
FEV1/FVC in our study—Group 1: 77.38 ± 4.31%, Group 2: 77.72 ± 
4.13%, Group 3: 77.28 ± 3.90%—showed no significant variation (p = 
0.857). This aligns with our finding of preserved FEV1/FVC ratios 
across groups. The lack of significant change in FEV1/FVC% 
indicates that the cement dust exposure may not result in an obstructive 
ventilatory pattern. Sumana et al. similarly reported that while the 
FEV1/FVC ratio was slightly higher in cases compared to controls, it 
was not statistically significant.[12] These results show that the main 
change in lung function from cement dust exposure is restrictive, and 
the FEV1/FVC% stays the same until the disease gets worse or mixed 
patterns appear. In our study, the impact of exposure duration was 
significant, with Group 2 (>5 years) showing markedly worse 
outcomes than Group 1 (<5 years). This conclusion is consistent with 
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several previous studies. Alnawaiseh et al. found that each additional 
year of exposure was significantly associated with decreased FVC and 
FEV1.[17] Meo et al. showed that workers exposed for over 10 years 
had significantly reduced lung function.[16] Dewangan et al. 
demonstrated that more than 10 years of service in dusty sections 
increased the risk of abnormal PFTs.[14] Krishna et al. also confirmed 
that individuals with more than 15 years of exposure had a higher risk 
of restrictive impairment.[16] These studies reinforce the progressive 
nature of cement dust-induced pulmonary damage and underscore the 
importance of early diagnosis and preventive interventions. Our study 
is limited by several factors: it only included male participants, which 
affects the generalizability to female construction workers; the sample 
size may not represent variations in lung function across different 
regions; it relied on spirometry, which does not capture long-term 
respiratory issues; confounding factors such as smoking history were 
not deeply analyzed; and its cross-sectional nature restricts causality 
conclusions regarding cement dust exposure and lung function 
decline. Recommendations include mandatory lung function testing, 
provision of PPE, workplace engineering controls for dust exposure, 
smoking cessation initiatives, and health education on occupational 
hazards.

CONCLUSION
Our findings confirm that prolonged exposure to cement dust is 
associated with a significant reduction in pulmonary function 
parameters, predominantly showing a restrictive pattern. Age, 
exposure duration, and chest expansion were found to be critical 
factors influencing lung function. Although FEV1 and FVC were 
reduced in long-term exposed workers, the FEV1/FVC ratio remained 
unaffected, indicating the absence of obstructive patterns. These 
findings emphasize the need for regular spirometry, strict enforcement 
of occupational safety regulations, and health education among 
construction workers to mitigate the adverse respiratory effects of 
cement dust exposure.

Table 1: Distribution of Study Participants Based on Cement Dust 
Exposure Duration

Table 2: Comparison of Mean Age, Physical Characteristics 
among the Study Groups

Table 3: Comparison of Chest Expansion Among the Study 
Groups

Table 4.  Comparison of FEV₁ (Forced Expiratory Volume in 1 
Second), FVC (Forced Vital Capacity), FEV1 /FVC and 
FEV1/FVC % Ratio Among Study Groups

Table 5. Post-Hoc Comparison of FEV₁,FVC, FEV₁/FVC and 
FEV1/FVC % Ratio Between Study Groups
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n %
Group 1 Exposure duration less than 5 years 50 33.33
Group 2 Exposure duration more than 5 years 50 33.33
Group 3 Non exposure 50 33.33

Group 1
(n=50)

Group 2
(n=50)

Group 3
(n=50)

F p-Value

Mean ±SD Mean ±SD Mean ±SD
Age(year) 34.02 4.08 39.72 6.67 37.06 7.01 10.00 <0.001
Hight(CM) 165.76 2.68 166.38 2.10 164.84 2.96 4.43 0.014
Weight(kg) 61.27 4.26 60.83 3.28 61.05 3.41 0.18 0.834
BMI kg/m2 22.32 1.39 22.05 1.23 22.46 1.12 1.36 0.260

Group 1 Group 2 Group 3 F p-
ValueMean ±SD Mean ±SD Mean ±SD

Chest 
expansion (CM)

4.43 0.39 4.06 0.30 4.40 0.44 14.56 <0.00
1*

Group 1 Group 2 Group 3 F p-
ValueMean ±SD Mean ±SD Mean ±SD

FEV1(Ltr) 2.78 0.10 2.58 0.18 2.85 0.20 35.57 <0.001*
FVC (Ltr) 3.61 0.17 3.32 0.19 3.69 0.23 46.54 <0.001*
FEV1/FVC 0.77 0.04 0.78 0.04 0.77 0.04 0.14 0.868
FEV1/FVC % 77.38 4.31 77.72 4.13 77.28 3.90 0.15 0.857

Mean Difference p-Value
FEV1(Ltr) Group 1 Group 2 0.20 <0.001

Group 3 -0.07 0.124
Group 2 Group 3 -0.27 <0.001

FVC (Ltr) Group 1 Group 2 0.28 <0.001
Group 3 -0.08 0.087

Group 2 Group 3 -0.37 <0.001

FEV1/FVC Group 1 Group 2 0.00 0.901
Group 3 0.00 0.999

Group 2 Group 3 0.00 0.879
FEV1/FVC % Group 1 Group 2 -0.34 0.911

Group 3 0.10 0.993
Group 2 Group 3 0.44 0.857
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