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Abstract: Background: Chronic exposure to biofuel smoke is a major risk factor 

for respiratory impairment in developing countries, yet its impact on ventilatory 

function and the role of exposure duration remain understudied in Northeast 

Nigeria. Objective: The study aimed to evaluate ventilatory function parameters 

and the effect of exposure duration on lung function among commercial food 

vendors exposed to biofuel smoke in Maiduguri, Nigeria, compared to controls. 

Methods: A cross-sectional study was conducted involving 182 food vendors 

using biofuels and 185 age-, sex-, and height-matched controls. Spirometry 

measured peak expiratory flow (PEF), forced expiratory volume in 1 second 

(FEV1), forced vital capacity (FVC), and FEV1/FVC ratio. Ventilatory defects 

(obstructive/restrictive) were defined using Global Lung Function Initiative 

Lower Limit of Normal criteria (LLN). Exposure duration was assessed via 

questionnaire. Groups were compared using t-tests and chi-square tests, with 

Pearson’s correlation for exposure duration and lung function, at p<0.05. 

Results: Vendors exhibited significantly lower PEF (5.95 ± 1.17 vs. 6.49 ± 1.12 

L/s, p<0.001), FEV1 (2.39 ± 0.49 vs. 2.65 ± 0.49 L, p<0.001), FVC (3.10 ± 0.49 

vs. 3.39 ± 0.54 L, p<0.001), and FEV1/FVC (76.72 ± 5.44% vs. 78.30 ± 4.26%, 

p=0.002) than controls. Obstructive defects were observed in 8.2% of vendors 

vs. 4.3% of controls (p=0.13); restrictive defects in 1.6% vs. 0.5% (p=0.34). 

Exposure duration negatively correlated with FEV1/FVC (r=-0.23, p=0.002). 

Conclusion: Biofuel smoke exposure impairs ventilatory function, with longer 

exposure exacerbating airflow limitation, highlighting the need for occupational 

health interventions in Nigeria.  

Keywords: Biofuel Smoke, Ventilatory Function, Spirometry, Exposure 

Duration, Food Vendors, Maiduguri, Nigeria. 
Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Chronic exposure to biomass smoke, generated 

from the combustion of solid fuels such as wood and 

charcoal, is a leading environmental health risk in low- 

and middle-income countries, contributing significantly 

to respiratory morbidity and mortality [1, 2] . Globally, 

approximately 3 billion people rely on biomass fuels for 

cooking and heating, resulting in household air pollution 

that the World Health Organization (WHO) estimates 

causes over 3.8 million premature deaths annually, 

primarily from respiratory and cardiovascular diseases 

[1]. In sub-Saharan Africa, where biomass fuels are a 

primary energy source for over 70% of households, the 

burden is particularly pronounced, with chronic 

obstructive pulmonary disease (COPD) and other 

respiratory conditions increasingly linked to prolonged 

smoke exposure [3, 4]. The combustion of biofuels 

produces a complex mixture of pollutants, including 

particulate matter (PM2.5, PM10), carbon monoxide 

(CO), nitrogen dioxide (NO2), and volatile organic 

compounds (VOCs),[5] which deposit in the lungs, 

triggering inflammatory responses mediated by 

cytokines such as IL-1β, IL-6, and TNF-α [6-9]. These 

https://www.easpublisher.com/
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inflammatory processes can lead to airway remodeling, 

emphysema, and reduced ventilatory function, 

manifesting as declines in peak expiratory flow (PEF), 

forced expiratory volume in 1 second (FEV1), forced 

vital capacity (FVC), and FEV1/FVC ratio [8, 9]. In 

Nigeria, biomass fuel use is widespread, particularly 

among occupational groups such as commercial food 

vendors, who rely on open-fire cooking with wood or 

charcoal for extended periods daily [10]. 

 

Previous studies in Nigeria have documented 

reduced lung function among biomass-exposed 

populations, such as fish smokers and charcoal workers. 

For instance, Umoh et al., reported significant reductions 

in FEV1 and FVC among fish smokers in the Niger Delta 

compared to controls (p<0.001) [13,11], while Nathan et 

al., found similar declines in food grillers (FEV1: 2.8 ± 

0.5 L vs. 3.2 ± 0.5 L, p<0.001) [12]. Several other 

comparable studies in Nigeria have also demonstrated 

significant decline in lung function among persons 

chronically exposed to biomass smoke [13-16]. 

 

The duration of exposure to biomass smoke is a 

critical determinant of respiratory health, with longer 

exposure periods associated with progressive lung 

function decline and increased risk of ventilatory defects. 

Studies globally, such as Balcan et al., in Turkey, have 

demonstrated dose-response relationships between years 

of biomass exposure and reductions in FEV1 and 

FEV1/FVC (r=-0.62 to -0.81, p<0.001) [17]. In Nigeria, 

limited research has explored this relationship among 

occupational groups. Umoh et al., noted stronger 

negative correlations between exposure duration and 

lung function in fish smokers [11]. Similar findings were 

also observed in Nigeria by Oloyede et al., [13]. 

 

All the Nigerian studies quoted above were 

carried out in the Southern part of the Country. The only 

comparable study done in Northern Nigeria was by 

Adewole et al., in Katsina State, Northwestern Nigeria, 

in which they observed the FEV1 to be significantly 

lower among meat grillers exposed to biomass smoke 

(2.62L) compared to the controls (3.09L) [18]. 

 

Despite the global and regional evidence 

linking biomass smoke to respiratory impairment, the 

specific impact on commercial food vendors in 

Northeastern Nigeria remains underexplored. This gap is 

significant, given the occupational prevalence of biofuel 

use and the potential for environmental factors to 

exacerbate health risks in this region. This study aims to 

evaluate ventilatory function parameters (PEF, FEV1, 

FVC, FEV1/FVC) and characterize ventilatory defect 

patterns (obstructive and restrictive) among commercial 

food vendors exposed to biofuel smoke compared to 

controls, and to assess the relationship between exposure 

duration and lung function impairment, using the Global 

Lung Initiative (GLI) Lower Limit of Normal (LLN) 

criteria. By addressing these objectives, the study seeks 

to inform occupational health interventions to mitigate 

respiratory risks in this vulnerable population. 

 

MATERIALS AND METHODS 
Study Design and Setting: This community-

based cross-sectional study with a comparative design 

was conducted in Maiduguri, Borno State, Northeast 

Nigeria (11°51'N, 13°5'E), a city in the Sahel region with 

a subtropical steppe climate (average temperature: 

27.4°C; rainy season: June–September). The study 

compared commercial food vendors exposed to biomass 

fuels (firewood/charcoal) with age-, sex-, and height-

matched controls. 

 

Study Population: The study population 

included food vendors in Maiduguri who fry, roast, or 

smoke local delicacies (e.g., bean cakes, fish, suya, yam) 

using biomass fuels in open or partially enclosed 

settings. Controls were Maiduguri residents without 

occupational exposure to biomass smoke or other 

respiratory hazards 

 

Inclusion Criteria (Vendors): 

• Aged >18 years, consenting to participate. 

• Primarily using biomass fuels (wood/charcoal) 

for cooking. 

• Worked as a food vendor for ≥1 year, ≥5 days 

per week. 

• No prior diagnosis of chronic respiratory 

conditions (e.g., asthma, COPD). 

 

Inclusion Criteria (Controls): 

• Aged >18 years, consenting to participate. 

• No history of work as food vendors or exposure 

to biomass smoke/dust/fumes. 

• No prior diagnosis of chronic respiratory 

conditions. 

• Resident in Maiduguri. 

 

Exclusion Criteria (Both Groups): 

• Aged <18 years or refusal to consent. 

• Diagnosed chronic respiratory diseases (e.g., 

asthma, COPD, tuberculosis). 

• Use of medications affecting lung function 

(e.g., steroids, methotrexate). 

• Non-residents of Maiduguri (vendors); chest 

wall abnormalities (controls). 

• Known contraindications for spirometry 

 

Sample Size Determination 

This study was done as part of a general study 

to assess the prevalence of respiratory symptoms and 

ventilatory function among vendors exposed to biofuels. 

 

The sample size was calculated using Fisher’s formula:  

n = z2pq/d2 

where ( n ) = sample size, z = 1.96 (95% confidence 

level), p = 0.867 (prevalence of respiratory symptoms 

from Akani et al.,),[19] q = 1 - p = 0.133, and d = 0.05 
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(margin of error). This yielded: (1.96)2(0.867)(1-

0.867)/(0.05)2 = 177 

 

With 10% attrition, the sample size was 

rounded to 195 vendors and 195 controls making a total 

of 390 across both arms of the study. 

 

Multi stage sampling was used to recruit 195 

consenting vendors and an equal number of age, sex, 

height and weight matched consenting controls from the 

15 wards of Maiduguri. Questionnaires were 

administered to capture their sociodemographic 

characteristics and duration of exposure, followed by 

anthropometric measurements. A separate time was 

arranged for spirometry. However, twenty three (23) 

participants declined spirometric examination. This 

study therefore assesses the lung function of 367 

consenting participants (182 vendors and 185 controls) 

across the 2 arms of the study. 

 

Data Collection 

Spirometry: 

Ventilatory function was assessed using a 

portable battery-powered SP 100 spirometer 

(manufactured by Contec® Medical Systems Co., Ltd, 

China) following American Thoracic Society 

(ERS/ATS) guidelines.[20] Parameters measured 

included peak expiratory flow (PEF), forced expiratory 

volume in 1 second (FEV1), forced vital capacity (FVC), 

and FEV1/FVC ratio. Spirometry was performed 

between 8:00 AM and 2:00 PM to minimize diurnal 

variation. Obstructive ventilatory defects were defined as 

FEV1/FVC < LLN, and restrictive defects as FVC < LLN 

with FEV1/FVC ≥ LLN [21]. 

 

Exposure Duration: 

Duration of biofuel smoke exposure was 

assessed using a structured, interviewer-administered 

questionnaire. Vendors were asked about the number of 

years engaged in commercial food vending with biofuel 

use, hours worked per day, days per week, and months 

per year. Exposure duration was calculated as the total 

years of occupational exposure, verified through follow-

up questions to minimize recall bias. 

 

Anthropometric Measurements: 

Height (cm) and weight (kg) were measured 

using a standard meter rule and a calibrated weighing 

scale, respectively, with participants barefoot and in light 

clothing based on WHO guidelines [22]. Measurements 

were taken twice, and the average was recorded to ensure 

accuracy. 
 

Quality Control: 

The spirometer was calibrated daily, and all 

measurements adhered to ATS acceptability and 

reproducibility criteria (e.g., no cough, early termination, 

or leaks; ≤150 mL variation between the best two FVC 

and FEV1 values). Questionnaires were pre-tested on 20 

participants (not included in the final sample) to ensure 

clarity and reliability. Research assistants were trained to 

standardize data collection, and all the spirometry was 

performed and interpreted by the principal researcher. 

 

Statistical Analysis 

Continuous variables (PEF, FEV1, FVC, 

FEV1/FVC, exposure duration) were summarized as 

means ± standard deviations (SD) or medians 

(interquartile range, IQR) if non-normally distributed, 

and compared between vendors and controls using 

independent t-tests or Mann-Whitney U tests. 

Categorical variables (ventilatory defect patterns: 

normal, obstructive, restrictive) were analyzed using chi-

square tests. Pearson’s correlation coefficient (r) was 

used to assess the relationship between exposure 

duration and ventilatory function parameters among 

vendors. Statistical significance was set at p<0.05. All 

analyses were performed using SPSS version 25 (IBM 

Corporation, Armonk, NY, USA) 

 

Ethical Considerations 

The study was approved by the Borno State 

Government Ethics Committee. Written informed 

consent was obtained from all participants after 

explaining the study’s purpose, procedures, risks, and 

benefits in English or local languages (Hausa, Kanuri). 

Confidentiality was maintained by assigning unique 

identifiers to participants, and data were stored securely 

on password-protected devices. 

 

RESULTS 
Table 1 and Figure 1 show a summary of the 

sociodemographic characteristics of the participants. The 

means and standard deviation of the ages of the subjects 

and controls were 37.13±10.60 years and 36.51±10.13 

years, respectively, with a mean difference of 0.62 year. 

The p value was 0.310, indicating no statistically 

significant differences between the two mean ages. The 

most common age group for both the subjects and 

controls was the 35-44 years group. There was no 

significant difference in the age distribution (p=0.357). 

 

Table 1: Sociodemographic characteristics 

Variable 

 

 Vendors 

N (%) 

Controls 

N (%) 

Total X2 P Value 

Age (years) 

 

(Mean ±SD) 37.13±10.6 36.51±10.13   0.310 

Mean difference 0.62 0.62 

Age group  

18-24 20 (11.1) 22 (11.9) 44 (11.8) 5.488 0.357 
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25-34 52 (28.6) 62 (33.5) 115 (30.8) 

35-44 61 (33.5) 68 (36.8) 129 (34.9) 

45-54 41 (22.5) 26 (14.1) 67 (18.2) 

55-64 5 (2.6) 5 (2.6) 10 (3.1) 

>65 3 (1.7) 2 (1.1) 5 (1.3) 

Total 182 (100.0) 185 (100.0) 367 (100.0) 

Marital status  

Female Married 37 (39.8) 53 (58.9)  37.06 <0.001 

Divorced 31 (33.3) 4 (4.4) 

Single 23 (24.7) 28 (31.1) 

Widow 2 (2.2) 5 (5.6) 

Total 93 (100.0) 90 (100.0) 

Male Married 66 (74.2) 52 (54.7)  8.41 <0.016 

Divorced 2 (2.2) 1 (1.1) 

Single 21 (23.6) 42 (44.2) 

Total 89 (100.0) 95 (100.0) 

Education  

Female Primary 14 (15.1) 1 (1.1)   <0.001 

Secondary 26 (27.9) 41 (45.6) 

Tertiary 9 (9.7) 48 (53.3) 

Quranic 44 (47.3) 0 (0) 

Total 93 (100) 90 (100) 

Male Primary 30 (33.7) 40 (42.1)   0.387 

Secondary 30 (33.7) 26 (27.4) 

Tertiary 11 (12.4) 8 (8.4) 

Quranic 18 (20.2) 21 (22.1) 

Total 89 (100) 95 (100) 

 

 
Figure 1: Ethnicity of participants 

 

Table 2 shows a comparative analysis of the anthropometric measurements between the vendors and the controls. 
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Table 2: Anthropometric measurements of participants 

Weight (Kg) 

Group Mean ± SD Mean difference P value 

Vendor (n=182) 62.31±11.91 0.63 0.571 

Control (n=185) 61.68±10.06   

Height (m) 

Group Mean ± SD Mean difference P value 

Vendor (n=182) 1.64±0.09 -0.04 <0.001 

Control (n=185) 1.68±0.08   

BMI (Kg/m2) 

Group Mean ± SD Mean difference P value 

Vendor (n=182) 23.27±3.91 1.52 0.022 

Control (n=185) 21.74±3.06   

 

Table 3 presents a comparative analysis of 

ventilatory function parameters between the subjects and 

the controls. The table reveals a consistent pattern of 

lower respiratory function in the subject group compared 

to the control group across all measured parameters. 

 

Table 3: Absolute values of ventilatory function parameters 

Ventilatory Function Group (Mean ± SD) P-value Mean diff CI of mean diff 

Vendor(N=182) Control (N=185)    

PEF (1/s) 5.95 ± 1.170 6.49 ± 1.12 <0.001 -0.54 -0.79 to -0.31 

FEV1 (1) 2.36 ± 0.48 2.65 ± 0.42 <0.001 -0.27 -0.36 to -0.17 

FVC (1) 3.10 ± 0.49 3.39 ± 0.54 <0.001 -0.29 -0.40 to -0.17 

FEV1/FVC (%) 76.72 ± 5.44 78.30 ± 4.26 0.002 -1.57 -2.58 to -0.57 

 

Table 4 shows patterns of ventilatory defects 

across both arms of the study. The subjects showed a 

higher prevalence of both obstructive and restrictive 

ventilatory defects compared to the control group. The 

percentage of obstructive patterns is nearly twice as high 

in vendors (8.2%) as in controls (4.3%). Similarly, 

restrictive patterns are more common in subjects (1.6%) 

than in controls (0.5%). While there are observable 

differences in the distribution of ventilatory patterns 

between vendors and controls, these differences do not 

reach statistical significance (p=0.171). 

 

Table 4: Comparison of patterns of ventilatory defect between vendors and controls 

 Vendor  

n (%) 

Control 

n (%) 

P-value 

Normal  164 (90.1) 176 (95.1) 0.171 

Obstructive  15 (8.2) 8 (4.3) 0.13 

Restrictive  3 (1.6) 1 (0.5) 0.34 

Mixed  0 (0.0) 0 (0.0)  

Total  182 (100.0) 185 (100.0)  

 

Relationship Between Duration of Exposure to 

Biofuels and Ventilatory Function 

Table 5 presents an analysis of the relationship 

between the duration of exposure to biofuel smoke and 

various ventilatory function parameters among a group 

of 182 vendors. The result shows only FEV1/FVC ratio 

shows a statistically significant negative correlation with 

the exposure duration (r=-0.230, p=0.002). 
 

Table 5: Relationship between Duration of Exposure to Biofuel Smoke and Ventilatory Functions among Vendors 

Ventilatory Functions (N=182) Correlation* P-value 

PEF -0.105 0.157 

FEV1 -0.064 0.389 

FVC 0.013 0.861 

FEV1/FVC -0.230** 0.002 

*, Pearson Correlationsss 

**, Correlation is significant at the 0.01 level (2-tailed) 
 

DISCUSSION 
The majority of the participants were between 

25-44 years of age, accounting for 65.7% of the total 

population of study. The mean age of the vendors was 

37.18±10.7 years, compared to the controls of 

36.42±10.11 years which showed no statistically 

significant differences (p=0.303). Vendors averaged 
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1.64m in height, while controls averaged 1.68m, yielding 

a 0.04m (4cm) overall mean difference which falls 

within the 5cm matching criterion. 

 

Ventilatory Function 

The results of this study provide compelling 

evidence of significant differences in ventilatory 

function between street vendors and control subjects, 

with vendors consistently demonstrating poorer lung 

function across multiple parameters. This is consistent 

with findings from similar studies, such as the work by 

Ofori et al., [23]. Nathan et al., [12], and Ibhazehiebo et 

al., [24], all in Nigeria. Similar findings were also 

recorded in Ethiopia [25]. Mexico [26], and Turkey [17]. 

 

The vendors consistently demonstrated 

statistically significant lower values of PEF, FEV1, FVC, 

and FEV1/FVC ratio. Vendors had a mean PEF of 5.95 

L/s (± 1.170) compared to 6.49 L/s (± 1.12) in controls, 

a mean FEV1 of 2.39 L (± 0.49) versus 2.65 L (± 0.49) in 

controls, and a mean FVC of 3.10 L (± 0.49) compared 

to 3.39 L (± 0.54) in controls. The mean FEV1/FVC ratio 

was lower in vendors at 76.72% (± 5.44) compared to 

78.30% (± 4.26) in controls. These differences were 

highly significant for PEF, FEV1, and FVC (p < 0.001), 

and significant for the FEV1/FVC ratio (p = 0.002). 

 

The finding in the mean value of PEF is similar 

to findings observed by Dienye et al., [27], in a similar 

study in Nigeria. They recorded a significantly lower 

mean PEF value of 5.35l/s (±0.98) among women who 

smoke fish in a rural setting in South-South Nigeria, 

compared to controls.[27] Ofori et al., in the Niger Delta 

region of Nigeria also compared the PEF values in a 

cross-sectional study involving 321 non-smoking 

women and categorised them into biomass fuel users, 

kerosene users and LPG users. Biomass users had 

significantly lower mean PEF values (5.88±1.74), 

compared to kerosene users (6.27±1.17) and LPG 

(6.56±1.56) (p=0.005) [23]. A comparable study 

conducted in South-South Nigeria by Nathan et al. 

yielded results that align closely with the findings in this 

study. Their research focused on food grillers exposed to 

biofuels and examined their spirometry indices. The 

mean lung function values for food-grillers compared to 

fruit sellers were: FEV1=2.8±0.5L vs 3.2±0.5, 

FVC=3.6±0.6L vs 3.9±0.8, FEV1/FVC=78.5±4.9 vs 85.3 

±5.3; PEF=5.7± 1.2L/s vs 6.9 ±2.9 (p=<0.001). Just as in 

this study, they revealed a consistent pattern of 

significantly diminished lung function across all 

measured parameters [12]. 

 

The findings in this study also aligns with a 

study conducted by Obaseki et al., in Ile Ife, Southern 

Nigeria which found that women who firewood for 

cooking demonstrated notably lower values of PEF, 

FEV1, FVC and FEV1/FVC ratio (p<0.001) compared to 

those using LPG [15]. Umoh et al., also demonstrated 

similar results in a cross-sectional study assessing the 

relationship between lung function and indoor air 

pollution among rural women in the Niger Delta region 

of Nigeria. They demonstrated a significant reduction in 

both the absolute values of the measured ventilatory 

parameters as well as the percentages of their predicted 

values, all having p values of <0.001 [11]. 

 

However, the results from the study by 

Adewole et al., in slightly deferred from this study in that 

not all lung function parameters were reduced in the 

subjects in comparison to the controls. Only FEV1 

(2.50±0.55 versus 3.02±0.51, p=0.007) and FVC 

(2.7±0.7 versus 3.16±0.51, p=0.004) were significantly 

reduced [18]. 

 

The results of this study show some differences 

when compared to research conducted in Ethiopia. The 

Ethiopian study focused on women using biofuels for 

cooking and found significant differences in only two 

lung function parameters when compared to controls. 

Specifically, they observed statistically significant 

differences in FVC and FEV1, with p-values of 0.03 and 

0.017 respectively [25]. This contrasts with our findings, 

which demonstrated significant differences across a 

broader range of lung function parameters. 

 

While the majority of research has shown a 

decline in lung function parameters among individuals 

exposed to biofuels, the findings are not entirely uniform 

across all studies. Some investigations have failed to 

detect statistically significant differences in these 

parameters when comparing exposed individuals to 

control groups [28]. Even more intriguingly, a small 

number of studies have reported an unexpected increase 

in certain lung function parameters among those exposed 

to biofuels compared to their unexposed counterparts. 

For instance, in a cross sectional study with a 

comparative design conducted in Sapele, Southern 

Nigeria Obiebi et al., demonstrated higher values of s 

FEV1/FVC ratio and PEF among charcoal workers with 

mean differences of 5.68 (3.59–8.82)% and 0.31 (-23.70 

to 24.43) L/min, respectively; but the mean difference 

was significant only for the FEV1 /FVC ratio [29]. 

 

These varied outcomes highlight the 

complexity of the relationship between biofuel exposure 

and respiratory function, suggesting that other factors 

such as individual susceptibility may play important 

roles in determining the ultimate impact on lung health. 

Again, it may be difficult to determine the actual 

exposure of the participants in these studies to biofuels. 

 

This study identified two distinct patterns of 

ventilatory defects among participants: obstructive and 

restrictive. No mixed patterns (combining both 

obstructive and restrictive characteristics) were 

observed. While the vendor group showed a higher 

prevalence of ventilatory defects compared to the control 

group, the difference did not reach statistical 

significance. Specifically, 15 (8.2%) vendors exhibited 

obstructive defects, in contrast to 8 (4.3%) for the 
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controls. Restrictive defects were observed in 3 vendors 

(1.6%) and of 1 control (0.5%). Despite these apparent 

differences, statistical analysis yielded a p-value of 0.13 

and 0.34, for the obstructive and restrictive defects, 

respectively. Although the differences in obstructive and 

restrictive defects between vendors and controls were not 

statistically significant, they may be clinically 

significant. The near-doubling of obstructive defects 

among vendors and the threefold higher prevalence of 

restrictive defects may indicate a potential occupational 

exposure risks. The number of vendors who recorded 

normal ratio was 164 (90.1%) compared to 176 (95%) in 

the control group (p=0.171). 

 

This finding is similar to those of Obaseki et al., 

in a cross-sectional study comparing respiratory 

symptoms and lung function between fire wood, kerosine 

and LPG users. They found 17.1% of fire wood users to 

have an obstructive pattern of ventilatory defect, 

compared to none among LPG users. 11.4% of fire wood 

users had a restrictive defect, compared to 4.7% in LPG 

users. Both were not statistically significant, as was the 

finding in this study. However, while this study used 

LLN of the ratio of FEV1/FVC to define normal, 

obstructive and restrictive defects, they used the absolute 

value of the ratio instead [30]. 

 

Similar findings were also observed in a 

Cameroonian study examining respiratory symptoms 

and lung function between solid fuel users and non- solid 

fuel users. It found the prevalence of airway obstruction 

to be 1.6% in the wood users compared to 0% in the 

controls, but without any statistically significant 

difference (p=0.21). However, the same study recorded 

a significant increase in prevalence of restrictive defect 

in wood users (9%) compared to controls (3%) with a p 

value of 0.004 [31]. Much higher prevalences for 

obstructive (21.6%) and restrictive (17.6%) were 

observed by Balcan et al., [17], among 424 women 

exposed to biomass in a small province in Eastern 

Turkey. 

 

The observed variations in reported prevalence 

rates of ventilatory defects across studies may be 

partially explained by the differing diagnostic criteria 

employed - the use of the lower limit of normal (LLN) 

versus the fixed FEV1/FVC ratio (<0.7). For instance, 

the reported substantially higher prevalences of airway 

obstruction compared to this study by Obaseki and 

Balcan, may be partly attributed to their utilization of the 

fixed ratio method, which is known to potentially 

overestimate obstruction. 

 

The FEV1/FVC ratio demonstrated a weak 

negative correlation (-0.230) with exposure duration 

(p=0.002). The correlations for most parameters are 

negative, suggesting a trend towards decreased lung 

function with increased exposure duration, although 

most of these correlations were not statistically 

significant. 

The negative correlations were more obvious in 

a study by Umoh et al., in a cross-sectional study in 

among rural women in Southern Nigeria, examining the 

relationship between lung function and in-door air 

pollution from biofuels. The study found significant 

negative correlation between the absolute values of PEF, 

FEV1, FVC and FEV1/FVC ratio (all p values of <0.001) 

[11].  

 

A more negative correlation was established in 

an Indian study assessing the impact of biomass smoke 

from traditional on lung function in adult women in rural 

setting involving 310 women. They recorded a 

significant negative correlation between the duration of 

exposure and the percentages of the predicted values of 

FEV1, FVC and FEV1/FVC (all p=<0.001) [32]. Similar 

findings were also reported in a Brazilian study [33]. 

 

In contrast to the finding in this study, another 

cross-sectional study done in Mexico to assess the effect 

of biomass on respiratory symptoms and lung function, 

Regelado et al., concluded that increase in the duration 

of exposure to biomass was not associated with a decline 

in lung function in their study [26]. 

 

The observed variations in the correlation 

between duration of exposure and ventilatory function 

may be as a result of the different sample sizes in the 

studies and the possibility of recall bias. 

 

CONCLUSION 
This study demonstrates that chronic exposure 

to biofuel smoke significantly impairs ventilatory 

function among commercial food vendors in Maiduguri, 

Northeast Nigeria, as evidenced by reduced PEF, FEV1, 

FVC, and FEV1/FVC ratios. The difference in 

prevalence of ventilatory defects between the vendors 

and controls may suggest a potential occupational 

exposure risk. A negative correlation between exposure 

duration and FEV1/FVC suggests that prolonged 

exposure exacerbates airflow limitation. These findings 

underscore the need for targeted occupational health 

interventions, including improved ventilation, 

alternative fuel adoption, and regular respiratory health 

screenings, to mitigate the respiratory risks faced by this 

vulnerable population in Nigeria. 

 

REFERENCES 
1. M. Assuring and G. Platform, “2 nd Consultation 

Meeting on the Global Platform on Air Quality and 

Health WHO Geneva, 18 - 20 August 2015,” no. 

August, pp. 1–41, 2015. 

2. S. S. Salvi and P. J. Barnes, “Chronic obstructive 

pulmonary disease in non-smokers,” The Lancet, 

vol. 374, no. 9691, pp. 733–743, Aug. 2009, doi: 

10.1016/S0140-6736(09)61303-9. 

3. J. Y. T. Po, J. M. FitzGerald, and C. Carlsten, 

“Respiratory disease associated with solid biomass 

fuel exposure in rural women and children: 



 

Abdullahi O. Amali et al, East African Scholars J Med Surg; Vol-7, Iss-8 (Aug, 2025): 204-212 

© East African Scholars Publisher, Kenya   211 

 

Systematic review and meta-analysis,” Thorax, vol. 

66, no. 3, pp. 232–239, Mar. 2011, doi: 

10.1136/thx.2010.147884. 

4. B. I. Awokola et al., “Chronic obstructive 

pulmonary disease in sub-Saharan Africa,” The 

International Journal of Tuberculosis and Lung 

Disease, vol. 26, no. 3, pp. 232–242, Mar. 2022, doi: 

10.5588/ijtld.21.0394. 

5. L. P. Naeher et al., “Woodsmoke health effects: A 

review,” Jan. 01, 2007. doi: 

10.1080/08958370600985875. 

6. S. F. Van Eeden, A. Yeung, K. Quinlam, and J. C. 

Hogg, “Systemic response to ambient particulate 

matter: Relevance to chronic obstructive pulmonary 

disease,” in Proceedings of the American Thoracic 

Society, 2005, pp. 61–67. doi: 10.1513/pats.200406-

035MS. 

7. X. Y. Li, P. S. Gilmour, K. Donaldson, W. MacNee, 

and X. Y. Li W MacNee, “Free radical activity and 

pro-inflammatory effects of particulate air pollution 

(PM10) in vivo and in vitro,” Thorax, vol. 51, pp. 

1216–1222, 1996, doi: 10.1136/thx.51.12.1216. 

8. J. C. Hogg et al., “The Nature of Small-Airway 

Obstruction in Chronic Obstructive Pulmonary 

Disease,” New England Journal of Medicine, vol. 

350, no. 26, pp. 2645–2653, Jun. 2004, doi: 

10.1056/NEJMoa032158. 

9. J. C. Hogg, “Pathophysiology of airflow limitation 

in chronic obstructive pulmonary disease,” The 

Lancet, vol. 364, no. 9435, pp. 709–721, Aug. 2004, 

doi: 10.1016/S0140-6736(04)16900-6. 

10. National Bureau of Statistics, “Nigeria Living 

Standards Survey 2018-2019.” 

11. V. Umoh and E. Peters, “The relationship between 

lung function and indoor air pollution among rural 

women in the Niger Delta region of Nigeria,” Lung 

India, vol. 31, no. 2, p. 110, 2014, doi: 

10.4103/0970-2113.129815. 

12. O. E. Nathan, J. Johnbull, E. A. Emmanuel, I. O. 

Peter, and E. E. Gregory, “Spirometric Indices of 

Charcoal Smoke Exposed Food Grillers in Yenagoa 

South-South, Nigeria,” Clinical Medicine And 

Health Research Journal, vol. 2, no. 5, pp. 226–233, 

Sep. 2022, doi: 10.18535/cmhrj.v2i5.91. 

13. P. Oloyede, U. E. Ekrikpo, and E. E. Ekanem, “Lung 

Function Indices of Children Exposed to Wood 

Smoke in a Fishing Port in South-South Nigeria,” J 

Trop Pediatr, vol. 59, no. 5, pp. 399–402, Oct. 2013, 

doi: 10.1093/tropej/fmt033. 

14. J. D. Thacher, A. Emmelin, A. J. K. Madaki, and T. 

D. Thacher, “Biomass fuel use and the risk of 

asthma in Nigerian children,” Respir Med, vol. 107, 

no. 12, pp. 1845–1851, Dec. 2013, doi: 

10.1016/j.rmed.2013.09.009. 

15. D. O. Obaseki et al., “Domestic solid fuel 

combustion in an adult population in Nigeria: A 

cross sectional analysis of association with 

respiratory symptoms, quality of life and lung 

function,” Respir Med, vol. 130, pp. 61–68, Sep. 

2017, doi: 10.1016/j.rmed.2017.07.014. 

16. E. J. Peters, R. A. Esin, K. K. Immananagha, S. 

Siziya, and E. E. Osim, “Lung function status of 

some Nigerian men and women chronically exposed 

to fish drying using burning firewood,” Central 

African Journal of Medicine, vol. 45, no. 5, May 

1999, doi: 10.4314/cajm.v45i5.8467. 

17. B. BALCAN, S. AKAN, A. ÖZSANCAK 

UĞURLU, and B. CEYHAN, “Altered pulmonary 

functions due to biomass smoke in a rural population 

of Turkish women: a descriptive study,” Tuberk 

Toraks, vol. 66, no. 2, pp. 122–129, Jun. 2018, doi: 

10.5578/tt.54027. 

18. A. Oo, D. Oo, N. Kc, A. To, and E. Ge, “Respiratory 

Symptoms and Lung Function Patterns in Workers 

Exposed to Wood Smoke and Cooking Oil Fumes 

(Mai Suya) in Nigeria,” vol. 3, no. 1, pp. 3–7, 2013, 

doi: 10.4103/2141-9248.109475. 

19. B. Akani, P. O. Dienye, I. B. Okokon, and P. Dienye, 

“Respiratory symptoms amongst females in a 

fishing settlement in the Niger Delta, Nigeria,” 

2011, doi: 10.4102/phcfm.v3i1.152. 

20. L. Graham et al., “Standardization of spirometry 

2019 update an official American Thoracic Society 

and European Respiratory Society technical 

statement,” Oct. 15, 2019, American Thoracic 

Society. doi: 10.1164/rccm.201908-1590ST. 

21. S. Stanojevic et al., “ERS/ATS technical standard 

on interpretive strategies for routine lung function 

tests,” European Respiratory Journal, vol. 60, no. 1, 

Jul. 2022, doi: 10.1183/13993003.01499-2021. 

22. “Section 5: Collecting Step 2 data: Physical 

Measurements Overview.” 

23. S. N. Ofori and O. Maduka, “Association between 

choice of cooking fuel and peak expiratory flow rate 

among rural women in the Niger Delta, Nigeria,” 

AAS Open Res, vol. 2, p. 13, Mar. 2019, doi: 

10.12688/aasopenres.12937.1. 

24. K. Ibhazehiebo, U. Dimkpa, K. O. Uche, and V. I. 

Iyawe, “Peak expiratory flow rate and respiratory 

symptoms following chronic domestic wood smoke 

exposure in women in Edo, Nigeria,” African 

Journal of Biomedical Research, vol. 10, no. 1, Dec. 

2009, doi: 10.4314/ajbr.v10i1.48920. 

25. M. Tamire et al., “Respiratory symptoms and lung 

function among Ethiopian women in relation to 

household fuel use,” Int J Environ Res Public 

Health, vol. 17, no. 1, Jan. 2020, doi: 

10.3390/IJERPH17010041/IJERPH_17_00041_PD

F.PDF. 

26. J. Regalado et al., “The Effect of Biomass Burning 

on Respiratory Symptoms and Lung Function in 

Rural Mexican Women,” 

https://doi.org/10.1164/rccm.200503-479OC, vol. 

174, no. 8, pp. 901–905, Dec. 2012, doi: 

10.1164/RCCM.200503-479OC. 

27. P. Dienye, A. Akani, and I. Okokon, “Respiratory 

effects of biomass fuel combustion on rural fish 

smokers in a Nigerian fishing settlement: A case 

control study,” Afr Health Sci, vol. 16, no. 2, pp. 

516–523, Jun. 2016, doi: 10.4314/ahs.v16i2.20. 



 

Abdullahi O. Amali et al, East African Scholars J Med Surg; Vol-7, Iss-8 (Aug, 2025): 204-212 

© East African Scholars Publisher, Kenya   212 

 

28. Obaseki, B. Adeniyi, G. Erhabor, and B. Adefuye, 

“Biomass exposure and its association with 

respiratory symptoms, quality of life, and lung 

function: A population study in Ife, Nigeria,” 

European Respiratory Society (ERS), Sep. 2016, p. 

PA4296. doi: 10.1183/13993003.congress-

2016.pa4296. 

29. P. Obiebi and P. G. Oyibo, “A cross-sectional 

analysis of respiratory ill-health among charcoal 

workers and its implications for strengthening 

occupational health services in southern Nigeria,” 

BMJ Open, vol. 9, no. 1, Jan. 2019, doi: 

10.1136/bmjopen-2018-022361. 

30. Obaseki, I. Obioh, A. Akor, G. Erhabor, L. 

Ibhafidon, and I. Irabor, “Respiratory symptoms, 

lung function and particulate matter pollution in 

residential indoor environment in Ile-Ife, Nigeria,” 

Nigerian Medical Journal, vol. 55, no. 1, p. 48, 

2014, doi: 10.4103/0300-1652.128164. 

31. B. H. M. Ngahane et al., “Effects of cooking fuel 

smoke on respiratory symptoms and lung function in 

semi-rural women in Cameroon,” Int J Occup 

Environ Health, vol. 21, no. 1, pp. 61–65, 2015, doi: 

10.1179/2049396714Y.0000000090. 

32. U. Pathak, R. Kumar, T. M. Suri, J. C. Suri, N. C. 

Gupta, and S. Pathak, “Impact of biomass fuel 

exposure from traditional stoves on lung functions 

in adult women of a rural Indian village.,” Lung 

India, vol. 36, no. 5, pp. 376–383, 2019, doi: 

10.4103/lungindia.lungindia_477_18. 

33. L. F. F. da Silva, S. R. D. M. Saldiva, P. H. N. 

Saldiva, and M. Dolhnikoff, “Impaired lung 

function in individuals chronically exposed to 

biomass combustion,” Environ Res, vol. 112, pp. 

111–117, Jan. 2012, doi: 

10.1016/j.envres.2011.10.012. 

 

Cite This Article: Abdullahi O. Amali, Umar Loskurima, Jamila Audu Idrisa, Hadiza Umar Muktar, Ahmed Hammangabdo, 

AbdulFattah Hassan Alhaji, Musa Dungus Musa, Adamu Abba, Mustapha Lawan, Mustapha Muhammad, Zakiyyah Zakariyya , Ijuptil 

Chiroma, Bukar Bakki (2025). Impact of Biofuel Smoke on Ventilatory Function among Food Vendors Exposed to Biomass in 

Maiduguri, Northeast Nigeria. East African Scholars J Med Surg, 7(8), 204-212. 


