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ABSTRACT 

Background: Indoor air pollution released by the combustion of smoky coal in recycled unaired results in elevated lung cancer 

mortality. Methodology: This is a case-control study that investigated 300 Saudi civilians who were selected from Hail city. Household 

smoke-exposed (Shabbah) individuals (N=250) were ascertained as cases and non-exposed (N=50) were ascertained as controls. 

Sputum specimen was obtained from each participant and assessed cytologically. Results: Metaplasia was identified in 

38/250(15.2%) of the cases and 5/50(10%) of the controls. The risk of lung epithelium metaplasia associated with exposure to 

Shabbah smoke, the odds ratio (OR), and 95% confidence interval (95%CI) was 1.6132 (0.6016 to 4.3257), P = 0.3420, z statistic = 

0.950. Acute inflammatory cell infiltration was identified in 30/250(12%) of the cases and 9/50(18%) of the controls. Chronic 

inflammatory cell infiltration was identified in 51/250(20.4%) of the cases and 5/50(10%) of the controls. The risk of lung epithelium 

chronic inflammation associated with exposure to Shabbah smoke, OR (95%CI) was 2.3065 (0.8710 to 6.1078), P = 0.0925, z statistic 

= 1.682. Conclusion: Exposure to Shabbah smoke affects the lung epithelial tissue leading to squamous metaplasia and chronic 

inflammatory cells infiltrate. Chronic inflammatory cells infiltrate significantly increase with the increase of duration of exposure to 

Shabbah smoke. 

 

Keywords: air pollution, Smoke, cytology, lung epithelium, Saudi Arabia 

 

 

1. INTRODUCTION 

Lung cancer is one of the most frequent cancer-related causes of death worldwide (Corrales et al., 2020). Although many risk factors 

have been identified, tobacco smoke and environmental air pollution are the most common implicated factors (Li et al., 2017). 

Indoor air pollution released by the combustion of smoky coal in recycled unaired lowest point results in elevated lung cancer 

deaths (Liu et al., 2020). The risk of lung cancer associated with air pollution usually assessed with the tobacco smoking status. The 

risk of air pollution may be underestimated if the status of tobacco smoke is unknown. However, several studies in this context 

missed considered latency, duration of exposure, or considering of known carcinogens. Thus assessing the air pollution risk without 

considering the linkages of these factors remaining the exact cause of lung cancer uncertain (Lipfert and Wyzga, 2019). Regardless 

of the well-defined lung cancer risk factors, prolonged exposure to household air pollution resulting from solid fuel is associated 

with an elevated risk of subsequent development of lung neoplastic changes (Raspanti et al., 2016). 

According to the Saudi cancer registry, lung cancer represented 3.9% out of the total cancers registry in 2014, standing as the 4th 

most males’ cancer and 17th most females’ cancer (Jazieh et al., 2019). 

In Saudi Arabia, particularly in cold areas such as the Hail area, people are accustomed to what is known as Shabbah, which is 

exposure to heavy wood smoke in a closed people gathering sitting place. We hypothesized that this smoke exposure may induce 

lung epithelial atypical changes. Therefore, the present study aiming at evaluating the effect of Shabbah Smoke on the lung 

epithelial tissue. 

 

2. MATERIALS AND METHODS 

This is a case-control study investigated 300 Saudi civilians who were selected from Hail city (northern Saudi Arabia) by simple 

random method regardless of their demographical characteristics. All study subjects were males living in the city of Ha’il, Northern 

Saudi Arabia. Household smoke-exposed (Shabbah) individuals (N=250) were ascertained as cases and non-exposed (N=50) were 

ascertained as controls. Sputum specimen was obtained from each participant (employing all necessary safety precautions and 

sample adequacy measures), during the period from October 2019 to January 2020. Cytological materials were carefully selected 

from the colored sputum contents and then were evenly smeared on a cleaned frosted-end glass-slide. Each smear was immediately 

fixed in 95% ethyl alcohol for 15 minutes. The smears were then transferred to the histopathology laboratory at the College of 

Medicine, University of Ha’il, Saudi Arabia for staining and diagnosis. All smears were stained using Papanicolaou (PaP.) method 

adopting procedure described by Ahmed and Rezgalla (2010). 

 

Ethical consent 

Each participant was asked to sign a written ethical consent before the taking of the biological specimen. The protocol for the study 

was also approved by the Ethical Committee at the College of Medicine, University of Ha’il. Ethical Approval Number: HREC 

00121/CM-UOH.04/20. 
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3. RESULTS 

About 300 Saudi volunteers were assessed in this study, their ages ranging from 21 to 63 years with a mean age of 34 years. Out of 

the 300 participants, 250/300(83.3%) were cases (exposed group) and 50/300 (16.7%) were controls (non-exposed group). The 

majority of the participants were aged 26-30 years followed by age ranges ≤25 years, representing 92/300(3.7%) and 65/300(21.7%), 

in that order. Most of the cases were aged 26-30 years followed by 36-45, and 31-35 years, representing 78/250(31.2%), 

49/250(19.6%), and 46/250(18.4%), respectively, (see Table 1, Fig 1). 

 

Table 1. Distribution of Cases and controls by age 

Age group Cases Controls Total 

≤25 years 34 31 65 

26-30 78 14 92 

31-35 46 4 50 

36-45 49 1 50 

46+ 43 0 43 

Total 250 50 300 

 

 

 

Figure 1. Description of age within the entire Case and Control groups 

 

 

Table 2. Distribution of Cases and controls by cytological findings 

Category Variable Cases Controls Total 

Metaplasia     

 Yes 38 5 43 

 No 212 45 257 

 Total 250 50 300 

Acute inflammation     

 Yes 30 9 39 

 No 220 41 261 

 Total 250 50 300 

Chronic inflammation     

 Yes 51 5 56 

 No 199 45 244 

 Total 250 50 300 
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Metaplasia was identified in 38/250(15.2%) of the cases and 5/50(10%) of the controls. The risk of lung epithelium metaplasia 

associated with exposure to Shabbah smoke, the odds ratio (OR), and 95% confidence interval (95%CI) was 1.6132 (0.6016 to 

4.3257), P = 0.3420, z statistic = 0.950 (see image 1). 

Acute inflammatory cell infiltration was identified in 30/250(12%) of the cases and 9/50(18%) of the controls. Chronic 

inflammatory cell infiltration was identified in 51/250(20.4%) of the cases and 5/50(10%) of the controls. The risk of lung epithelium 

chronic inflammation associated with exposure to Shabbah smoke, OR (95%CI) was 2.3065 (0.8710 to 6.1078), P = 0.0925, z statistic 

=1.682, as indicated in Table 2, Fig 2, image 2. 

 

 

Figure 2. Cases and controls by cytological findings 

 

 

Image 1. Pap. Staining X200. Sputum smear showing Shabbah smoking associated metaplasia. 
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Image 2. Pap. Staining X200. Sputum smear showing Shabbah smoking associated dense chronic inflammatory cells infiltrate 

 

For the relationship between metaplasia and duration of exposure to Shabbah smoke, most cases of metaplasia were seen in 

duration 10-14 years, followed by 5-9 years constituting 15/43(35%), and 11/43(26%), respectively. Most of the cases of acute 

inflammation were seen in duration ≤4 years followed by 5-9 years, representing 19/39(49%), and 11/39(28%), respectively. 

Most of the cases of chronic inflammation were seen in duration 10-14 years followed by 15+ years, representing 22/56(39%), 

and 14/56(25%), respectively. Chronic inflammatory cells infiltrate was significantly increase with the increase of duration of 

exposure to Shabbah smoke, this was found to be statistically significant (P <0.05), as indicated in Table 3, Fig 3. 

 

Table 3. Distribution of duration of exposure to Shabbah smoke by cytological findings 

Category Variable ≤4 years 5-9 10-14 15+ Total 

Metaplasia       

 Yes 10 11 15 7 43 

 No 125 72 26 34 257 

 Total 135 83 41 41 300 

Acute inflammation       

 Yes 19 11 5 4 39 

 No 116 72 36 37 261 

 Total 135 83 41 41 300 

Chronic inflammation     

 Yes 10 10 22 14 56 

 No 125 73 19 27 244 

 Total 135 83 41 41 300 
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Figure 3. Duration of exposure to Shabbah smoke by cytological findings 

 

 

 

 

Figure 4. Study subjects by age and cytological findings 

 

Table 4, Fig 4, summarized the distribution of study subjects by age and cytological findings. Most of the cases of metaplasia 

were seen in the age range 26-30 years followed by 46+ and 31-35 years constituting 14/43(33%), 12/43(28%), and 7/43(16%), in 

that order. Most of the cases of Acute inflammation were seen in the age range 26-30 years followed by 46+ and 36-45 years 

constituting 15/39(38%), 8/39(21%), and 7/39(18%), in that order. Most of the cases of Chronic inflammation were seen in the age 

range 36-45 years followed by 46+ and 26-30 years constituting 15/56(27%), 13/56(23%), and 11/56(20%), in that order. 
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Table 4. Distribution of study subjects by age and cytological findings 

Category Variable ≤25 years 26-30 31-35 36-45 46+ Total 

Metaplasia        

 Yes 4 14 7 6 12 43 

 No 61 78 43 44 31 257 

 Total 65 92 50 50 43 300 

Acute inflammation        

 Yes 5 15 4 7 8 39 

 No 60 77 46 43 35 261 

 Total 65 92 50 50 43 300 

Chronic inflammation       

 Yes 7 11 10 15 13 56 

 No 58 81 40 35 30 244 

 Total 65 92 50 50 43 300 

 

4. DISCUSSION 

Ha'il Region in the northern part of Saudi Arabia characterized by its being elevated and dry-cool during the winter season. This lets 

most civilians accustomed to long sitting around sold fuel fire (Shabbah) producing heavy smoke. Therefore, the present study 

aimed to assess the lung cytological changes (if any) associated with exposure to this type of household smoke. Shabbah may differ 

from other forms of household smoke, it is not for cooking, but it is for worming and smoking smell. To the best of our knowledge, 

this is the first report in this context from Saudi Arabia. 

In the present study, though the risk of squamous metaplasia was insignificant, it showed an elevated relative risk of 1.6132 

(0.6016 to 4.3257). It was reported that exposure respiratory epithelial cells to smoke results in the development of squamous 

metaplasia (Du et al., 2017), which indicates the ongoing carcinogenesis process (Rigden et al., 2016). Exposure respiratory 

epithelium to smoke, especially cigarette smoking renders these cells to undertake intense transformations including squamous 

metaplasia, mucus-producing, hyperplasia, altered cell differentiation with lessened linked barrier integrity relevant to cancerous 

change (Zuo et al., 2017). 

Acute inflammatory cells infiltrate was more frequent among controls compared to cases ratio, whereas, the risk of chronic 

inflammatory cells infiltrate was relatively elevated among cases compared to control, OR (95%CI) was 2.3065 (0.8710 to 6.1078), P = 

0.0925. Available literature showing that smoking is responsible for several respiratory inflammatory diseases such as obstructive 

pulmonary disease, as it is a major immunosuppressive factor (Bhat et al., 2018). Low-grade chronic inflammation was reported to be 

associated with smoking (Del Pinto and Ferri, 2018). 

Smoking-related inequity between oxidants and antioxidants results in numerous events including oxidative stress, raised 

mucosal inflammation, and production of numerous inflammatory mediators. These inflammatory events were found to influence 

lung epithelial cells leading to raised cellular permeability and improved recruitment of inflammatory cells particularly macrophages, 

neutrophils, and lymphocytes (Strzelak et al., 2018). 

Regarding the duration of the exposure to Shabbah smoke, squamous metaplasia and acute inflammatory cells infiltrate didn't 

show and statistically considerable association, hence, chronic inflammatory cells infiltrate has shown a statistically significant 

correlation (P-value <0.05). Studies showed that exposure to smoke disturbs the levels of inflammatory cytokines, mainly IL-6 and IL-

4 resulting in continuous inflammatory process weighted by duration and intensity of smoking exposure (Lykhatskyi et al., 2018). 

Concerning the age, the findings of the present study showing a proportional increase of squamous metaplasia with the increase 

of age. However, it was well-established that the cancerous processes increase with the increase with age (Mazieres et al., 2019). 

Although the present study has reported for the first time Shabbah as a health issue requiring further research, it has the 

limitation of its being only assessing the risk of exposure to Shabbah smoke by cytological methods.  

 

5. CONCLUSION 

Exposure to Shabbah smoke affects the lung epithelial tissue leading to squamous metaplasia and chronic inflammatory cells 

infiltrate. Chronic inflammatory cells infiltrate significantly increase with the increase of duration of exposure to Shabbah smoke. 

Further studies are needed in this context to explore different health consequences related to exposure to Shabbah smoke. 
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