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Introduction: Inadequate ventilation and improper use of personal protective
equipment are often observed in many occupational settings with a high risk
of dust and other fine particle exposure. Workers who are exposed to dust at
work may suffer from respiratory difficulties. Previous systematic reviews on
organic dust exposure and its association with respiratory health outcomes
did not provide a comprehensive assessment. Therefore, the objective of this
systematic review and meta-analysis was to summarize the reported effects of
organic dust exposure on lung function parameters among African industrial
workers.

Methods: A compressive literature search was conducted in PubMed, MEDLINE,
Google Scholar, Embase, the Web of Science, African Journals Online, and
ScienceDirect databases to identify relevant studies for the review. The
Newcastle—Ottawa Scale (NOS) was used to assess the quality of the included
studies. The lung function indices including forced vital capacity (FVC), forced
expiratory volume in the first second (FEV,), the FEV,/FVC ratio, and peak
expiratory flow rate (PEFR) were obtained from primary studies and analyzed
using STATA version 17. The /? test was used to assess the heterogeneity of
studies. We used a random-effects model to estimate the pooled standard
mean difference in lung function indices between organic dust-exposed and
non-exposed industrial workers. To analyze publication bias, funnel plots and
Egger’s test were applied.

Results: In this systematic review and meta-analysis, 32 studies involving 7,085
participants were included from 13,529 identified studies. The estimated mean
differences with 95% confidence intervals were as follows: —0.53 [-0.83 to
—0.36] L for FVC, —0.60 [-0.77 to —0.43] L for FEV,, —0.43 [-0.57, —0.29] L for
FEV,/FVC, and —0.69 [-0.88 to —0.50] L/min for PEFR.

Conclusion: This systematic review and meta-analysis revealed that the lung
function indices, such as FVC, FEV,, FEV,/FVC, and PEFR, were statistically
significantly lower among organic dust-exposed industrial workers compared
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to non-exposed industrial workers. Therefore, effective dust control measures
should be implemented to protect workers from exposure to organic dust.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42024527139.
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Introduction

Dust is defined as tiny dry particles in the air that are produced
during manufacturing or production processes, such as cutting,
drilling, grinding, or sawing (1). Dust generated in the workplace is
divided into two types: organic dust and inorganic dust. Inorganic
dust originates from non-living materials, such as stones, chemicals,
and metals, generated during various industrial manufacturing and
production processes. Workers are exposed to inorganic dust, such as
cement, coal, asbestos, metal, concrete, stone, and sand, due to poor
occupational health and safety practices (2-5). On the other hand,
organic dust originates from living materials and includes dust from
textiles, wood, poultry, leather, grain, and wheat, as well as spores
from fungi and bacteria produced by industries during manufacturing
or production processes (5, 6).

Dust-related adverse health effects are primarily determined by
particle size, with microscopic and ultra-fine particles capable of
penetrating deeply into the human respiratory system and causing
serious health problems (7-10). The most serious health consequences
of organic dust exposure among workers in work environments
include lung, throat, and nose cancers, as well as other lung diseases
known as chronic obstructive pulmonary disease (COPD), which
includes chronic bronchitis and emphysema (11-14).

Organic dust exposure in the workplace can be hazardous to the
respiratory health of industrial workers. Inhaling organic dust, such
as cotton dust, wood dust, flour dust, paper dust, grain dust, animal
confinement dust, or compost dust, can cause inflammatory responses
in the respiratory system and airway obstruction (15, 16). Several
studies have found that exposure to organic dust impairs lung function
and induces respiratory symptoms (17-20). Exposure to endotoxins
primarily causes respiratory consequences, such as reduced lung
function and an increased prevalence of chronic bronchitis and
asthma (21, 22).

Several studies have investigated the relationship between work-
related organic dust exposure and reduction in lung function
parameters across various industries, such as textiles (particularly
cotton), paper, wood working, agriculture, flour milling, and grain
processing, among industrial workers (23-27). According to research
findings, organic dust exposure causes a decline or reduction in lung
function parameters such as forced vital capacity (FVC), forced
expiratory volume in the first second (FEV)), and the ratio of the two
volumes (FEV,/FVC) among industrial workers exposed to dust in
occupational settings due to inadequate ventilation and improper use
of personal protective equipment (23, 25, 26, 28-42).

Several studies have been conducted in Africa to evaluate the
levels of lung function decline; however, the outcomes vary
significantly. Furthermore, the lack of a national occupational
respiratory disease recording and reporting system results in varying
estimates of respiratory disease prevalence and the inability to show
the magnitude of lung function reduction, further limiting
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prevention efforts in the industry. Given the disparities in findings
of previous studies and the lack of a national occupational
respiratory disease recording and reporting system, we conducted a
systematic review and meta-analysis to determine the overall impact
of organic dust exposure on lung function among African industrial
workers. This systematic review and meta-analysis aimed to help in
the development of appropriate occupational safety and health
policies and programs for implementing effective interventions.
Furthermore, the findings of this study will provide valuable
information to the Ministry of Health and the International Labour
Organization (ILO) in promoting the health and wellbeing of
industrial workers.

Review question

What are the overall estimates of lung function parameters—FVC
(liters), FEV1 (liters), FEV1/FVC ratio, and peak expiratory flow rate
(PEFR) (liters/min)—among African industrial workers exposed to
organic dust?

Materials and methods
Search strategy

This systematic review and meta-analysis protocol was registered
in the International Prospective Register of Systematic Reviews
(PROSPERO) and can be accessed at https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42024527139. The literature
search was carried out in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria
(43, 44).

We conducted a compressive literature search in various
international databases, including PubMed, MEDLINE, Embase, the
Web of Science, African Journals Online, and ScienceDirect, to obtain
relevant published primary studies for this systemic review and meta-
analysis. In addition, we searched gray literature and university
databases for unpublished studies to identify all relevant articles.

An extensive search of the databases was conducted using the
following keywords or MeSH terms: “lung” [MeSH Terms] OR
“pulmonary” [All Fields] AND “respiratory function tests” [MeSH
Terms] OR “lung function” [All Fields] AND “lung function reductions”
[All Fields] AND “organic agriculture” [MeSH Terms] OR “organic” [All
Fields] AND “dust” [MeSH Terms] OR “dust exposure OR “industry”
[All Fields] AND “occupational groups” [MeSH Terms] OR
“occupational” [All Fields] AND “groups” [All Fields] OR “workers” [All
Fields] OR “factories” [All Fields] OR “factory” [All Fields] AND
“Africa” [MeSH Terms]. The search aimed to collect published articles
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without restricting the study period. In this systematic review and meta-
analysis, we used advanced searching techniques that combined search
terms with Boolean operators such as “AND” and “OR” The search for
all articles was conducted from 10 September 2023 to 20 November 2023.

Eligibility criteria

Inclusion criteria

We formulated research questions and identified eligible primary
studies for this systematic review and meta-analysis using the
Population, Exposure, Comparator, and Outcome (PECO) criteria.
We included studies conducted among workers in organic dust-
generating industries in Africa, comparing them to workers in other
industries who were not exposed to organic dust. We considered studies
that investigated the outcomes of lung function indices such as FVC,
FEV1, FEV1/FVC, and PEF in both exposed and unexposed groups.
This systematic review and meta-analysis included observational studies
(cross-sectional, case—control, and cohort) conducted between 2002
and 2023. This analysis included only full-text articles written in English.

Exclusion criteria

We excluded studies with unclear data on the following lung
function parameters, such as FVC, FEV1, FEV1/FVC, and PEFR;
abstracts without full text; studies discussing inorganic or mixed dust
exposure; qualitative research; editorials, commentaries; books;
experimental studies; ecological studies; case reports; case series; review
articles; and conference proceedings. We also excluded studies that
required at least three e-mails to contact the principal investigators of the
primary study, as well as articles that could not be obtained in full text.

Quality assessment and data extraction

Duplicated records were removed from the combined database
search results using reference management software (EndNote X8).
The data were extracted using a standard data extraction format by
two independent reviewers (ZA and HEH). The data extraction
spreadsheet format was used, which included the following variables:
name of the first author, mean, standard deviation, type of industry,
date of publication, country where the study was conducted, and
sample size extracted from each study. The titles and abstracts were
reviewed, and any records that did not meet the inclusion criteria were
excluded from the systematic review and meta-analysis.

The quality of the selected studies was evaluated using the
Newcastle-Ottawa Scale (NOS), which has three domains: selection (a
maximum of four stars), comparability (a maximum of two stars), and
outcome (a maximum of three stars) (45). The quality of all included
studies was assessed independently by the authors. When the reviewers
disagreed, the issue was discussed, and a third reviewer was invited to
resolve any disagreements. In this systematic review and meta-analysis,
articles with quality scores ranging from 6 to 9 were included.

Statistical analysis

The retrieved data were analyzed using STATA 17.0. The P test
was used to assess the heterogeneity of the included studies. As there
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was heterogeneity across the included studies, we conducted a

random-effects meta-analysis using the DerSimonian-Laird
estimators to estimate the overall mean difference between the
exposed and unexposed groups, and the pooled findings were
displayed using forest plots. Publication bias was assessed visually
using funnel plots and objectively using Egger’s test, with a p-value less
than 0.05. Subgroup analysis was performed by study country and the
type of organic dust to which workers were exposed to reduce the
random changes between the primary studies’ inter-group estimates.
Moreover, we performed meta-regression to examine correlations

between the outcome variable and the selected predictors.

Results

We identified a total of 13,529 studies by performing electronic
searches in PubMed, MEDLINE, the Web of Science, African Journals
Online, Embase, and ScienceDirect, along with 57 studies identified
from other sources such as Google Scholar and university websites. Of
these, 12,404 duplicate articles were omitted; 473 studies were
excluded after reviewing titles/abstracts; and we could not retrieve 473
articles identified through database searches and 28 articles identified
from other sources, leading to their removal. Moreover, 29 articles
were excluded due to insufficient measurement, 28 articles were not
included due to insufficient data, and 36 articles were removed due to
poor quality. Furthermore, 22 articles and 4 articles from other
sources were excluded due to inadequate measurement and
insufficient data, respectively. Finally, this systematic review and meta-
analysis included 32 studies that met the eligibility criteria (Figure 1).

Characteristics of the included studies

This systematic review and meta-analysis included 32 primary
studies conducted in Africa and published between 2002 and 2023.
The majority of the included studies in this meta-analysis were
conducted in Nigeria (11 studies) and Ethiopia (10 studies). The
primary studies included a total of 7,085 participants, with 3,914 being
organic dust-exposed workers and 3,171 being non-exposed workers.

This systematic review and meta-analysis included primary
studies conducted in different work environments and comprised five
types of exposure: coffee dust (in 3 studies) (46-48), grain dust (in 3
studies) (42, 49, 50), flour dust (in 8 studies) (25, 28, 29, 36, 51-54),
wood dust (in 12 studies) (31, 35, 38-40, 55-61), and cotton dust (in
6 studies) (32, 62-66). The following lung function test parameters
were investigated in the included primary studies: FVC in 25 studies,
FEV, in 26 studies, FEV,/FVC in 24 studies, and PERF in 16 studies
(Table 1).

The mean difference in FVC between the exposed and unexposed
groups was measured in 25 studies, with 18 of them reporting a
significant reduction in FVC among the exposed group compared to
the non-exposed group. From the included primary studies, the mean
difference in FEV, between the exposed and non-exposed groups was
evaluated in 26 studies, and all of them reported a reduction in mean
FEV, among the exposed group compared to the non-exposed group,
with a significant decrease in FEV, in 17 studies.

The mean difference in FEV,/FVC was assessed in 24 primary
included studies, and the results revealed that 15 of these studies
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FIGURE 1
PRISMA flow diagram describes the selection of the studies for the meta-analysis of the lung function parameters among the organic dust-exposed
African industrial workers.

reported statistically significant reductions in the mean difference in
FEV,/FVC between exposed and non-exposed groups. Furthermore,
14 of the 16 primary studies that evaluated the mean difference in
PEFR between the exposed and non-exposed groups showed a
statistically significant reduction. We evaluated the quality of the
included studies using a modified version of the Newcastle-Ottawa
Scale, with the lowest and highest scores being six and nine stars,
respectively (Table 1).

We observed high heterogeneity among the included primary
studies in this systematic review and meta-analysis [Q=204.80,
I*=88.82%; p<0.001]. Therefore, we used a random-effects model to
estimate the pooled mean difference in FVC between the exposed and
non-exposed groups. The pooled estimate of the mean difference in
FVC was found to be —0.53 [95% CI: —0.83, —0.36, p <0.001], which
was significantly reduced in the exposed group compared to the
non-exposed group (Figure 2).
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The pooled estimate of the mean difference in FEV, using a
random-effects model revealed a significant reduction among the
exposed group compared to the non-exposed group, with a mean
difference of —0.60 [—0.77, —0.42, p<0.001] (Figure 3).

The pooled estimates of the mean difference in FEV,/FVC
using a random-effects model revealed a statistically significant
reduction in the exposed group compared to the non-exposed
group, with a mean difference of —0.43 [—0.57, —0.29, p<0.001]
(Figure 4).

We used a random-effects model in this systematic review and
meta-analysis as there was significant heterogeneity between included
primary studies [Q=184.08, I’=92.98%; p <0.001]. The result of the
analysis revealed that there was a significant reduction in the pooled
mean difference in PEFR of —0.69 [95% CI: —0.88, —0.49, p<0.001]
among the exposed group compared to the non-exposed group
(Figure 5).
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TABLE 1 Characteristics and lung function indices of the 32 primary studies included in the systematic review and meta-analysis to estimate the pooled mean difference among organic dust-exposed industrial
workers in Africa.

Author and Country Type of Study participants Lung function test parameters

publication organic .

year dust Exposed Unexposed FVC (Mean, L) FEV, (Mean, L) FEV./FVC (%) PEFR (mean, L/min)
Exposed Unexposed Exposed Unexposed Exposed Unexposed Exposed Unexposed

Abaya et al., Ethiopia Coffee dust 114 54 3.08 3.33 2.43 2.69 78 81 - - 8

2019

Abaya et al., Ethiopia Coffee dust 104 103 4.03 4.41 3.22 3.63 80 83 - - 7

2018

Abdulsalam Egypt Flour dust 101 101 - - - - 96.67 101.61 516.72 575.37 8

Saliu Tosho,

2015

A.J. Ugheoke Nigeria Wood dust 86 139 - - - - - - 524.93 577.01 7

etal, 2006

Nigisti Abraha, | Ethiopia Wood dust 50 50 3.96 4.65 3.77 4.29 - - - - 6

2014

Adeoye, et al., Nigeria Wood dust 50 50 - - - - - - 341.80 479.80 6

2014

Asgedom etal., | Ethiopia Wood dust 74 73 4.96 4.93 4.10 4.12 82.36 83.14 - - 8

2019

Demeke and Ethiopia Flour dust 54 54 4.25 5.30 3.46 4.50 81.93 83.40 5.43 7.87 8

Haile, 2018

Derso et al., Ethiopia Cotton dust 83 83 2.79 3.13 2.56 3.01 92.20 96.00 4.88 6.25 7

2021

Dunga JA, Nigeria Wood dust 200 200 3.45 3.89 2.79 2.84 71.76 82.10 522.93 552.0 9

etal, 2015

Ennin et al., Ghana Wood dust 104 104 3.46 3.63 2.58 2.90 73.12 79.13 305.43 392.30 9

2017

Fahim and Egypt Flour dust 43 64 3.80 4.40 3.40 3.60 87.10 91.20 - - 6

El-Prince, 2013

Fentie et al., Ethiopia Wood dust 70 70 3.19 3.70 2.70 3.24 85.08 86.86 523 6.01 7

2019

H.A. Egypt Flour dust 200 200 - - - - 66.1 76.40 - - 9

Mohammadien

etal, 2013

Hamed O. Egypt Cotton dust 80 90 - - - - 81.67 80.10 - - 6

Khalifa, 2003

Hinson et al., Benin Cotton dust 109 107 3.15 3.38 2.45 2.59 - - - - 8

2014

(Continued)
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TABLE 1 (Continued)

Author and Country

publication
year

Type of
organic
dust

Study participants

Exposed Unexposed

FVC (Mean, L)

Lung function test parameters
FEV; (Mean, L)

FEV./FVC (%)

Exposed Unexposed Exposed Unexposed Exposed Unexposed

PEFR (mean, L/min)

Exposed Unexposed

Kimanzi, 2022

Hinson et al., Benin Cotton dust 656 113 3.69 3.64 3.00 3.04 - - - -
2016

Ibekwe and Nigeria Flour dust 200 200 2.67 2.76 2.57 2.59 95.75 97.87 409.13 548.93
Okojie 2014

Ige and Nigeria Flour dust 100 100 3.69 4.50 3.10 3.50 70.30 78.10 - -
Awoyemi 2002

Jjadunola etal, = Nigeria Flour dust 75 109 4.1 5.40 3.30 4.70 86.00 90.5 478.00 725 0.00
2005

Jabur et al., Ethiopia ‘Wood dust 50 50 3.82 4.34 3.19 3.65 83.44 84.37 - -
2022

K.Iyogunetal, | Nigeria Grain Dust 72 72 - - 1.60 2.10 - - 186.70 269.50
2019

Kanko et al., Ethiopia Cotton dust 51 51 2.811 3.70 2.73 3.60 96.63 97.10 5.99 6.90
2017

Lagiso et al., Ethiopia Flour dust 48 48 2.78 3.19 3.46 3.91 74.10 79.87 - -
2020

Mwelange Tanzania Cotton dust 164 161 3.43 422 2.50 3.30 82.49 97.84 - -
etal, 2019

Obem Okwari, Nigeria Wood dust 221 200 3.2 3.90 2.6 32 76.53 82.80 385.50 586.70
2005

Omigie et al., Nigeria ‘Wood dust 180 60 3.82 2.32 2.32 4.01 - - 1.68 3.25
2023

Omole oj etal.,, | Nigeria Wood dust 102 102 2.73 3.14 2.47 3.10 - - - -
2018

Sakwari et al., Tanzania Coffee dust 133 106 3.88 3.84 3.25 3.28 84.10 85.70 - -
2013

Tobin et al., Nigeria Wood dust 115 156 3.60 3.79 3.07 3.30 77.64 79.48 404.11 457.40
2015

Ulanga et al,, Tanzania Grain dust 144 20 3.94 3.43 2.80 2.92 74.67 84.07 448.31 468.00
2021

Virginia Kenya Grain dust 81 81 - - - - 95.42 113.72 - -

NOQS, Newcastle-Ottawa Quality Score.
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TABLE 2 Subgroup analysis of the lung function indices—FVC, FEV,, FEV,/FVC, and PEFR—among organic dust-exposed industrial workers in Africa.

Variables Category Included studies Pooled mean difference p-value

FvC

Type of organic dust Coffee dust 3 —0.31 [-0.71, 0.09] 0.131
Cotton dust 5 —0.54 [—0.93, —0.15] 0.006*
Flour dust 6 —0.68 [—1.05, —0.32] 0.000*
Grain dust 1 0.37 [—0.10, 0.84] 0.120
Wood dust 10 —0.57 [-0.83, —0.31] 0.000*

FEV,

Type of organic dust Coffee dust 3 —0.40 [-0.77, —0.03] 0.032*
Cotton dust 5 —0.73 [-1.27, —0.18] 0.009*
Flour dust 6 —0.56 [—0.89, —0.22] 0.001*
Grain dust 2 —0.59 [-1.37,0.18] 0.134
Wood dust 10 —0.61 [—0.88, —0.35] 0.000*

FEV./FVC

Type of organic dust Coffee dust 3 —0.38 [-0.55, —0.21] 0.000%
Cotton dust 4 —0.11 [-0.37, 0.15] 0.411
Flour dust 8 —0.54 [—0.80, —0.29] 0.000%*
Grain dust 2 —0.97 [-1.51, —0.43] 0.000*
Wood dust 7 —0.36 [-0.56, —0.16] 0.001*

PEFR

Type of organic dust Cotton dust 2 —0.64 [—0.92, —0.35] 0.000%*
Flour dust 4 —0.85 [—1.31, —0.39] 0.000*
Grain dust 2 —0.55 [—1.25, 0.15] 0.124
Wood dust 8 —0.65 [—0.93, —0.37] 0.000*

FvC

Study country Benin 2 —0.12 [-0.46, 0.23] 0.508
Egypt 1 —0.93 [-1.33, —0.52] 0.000*
Ethiopia 10 —0.66 [—0.88, —0.44] 0.000*
Ghana 1 —0.22 [—0.49, 0.05] 0.109
Nigeria 8 —0.58 [—0.88, —0.28] 0.000*
Tanzania 3 —0.18 [—0.96, 0.60] 0.650

FEV,

Study country Benin 2 —0.11 [-0.27, 0.05] 0.163
Egypt 1 —0.31 [—0.70, 0.07] 0.114
Ethiopia 10 —0.72 [-0.92, —0.51] 0.000*
Ghana 1 —0.48 [-0.76, —0.21] 0.001*
Nigeria 9 —0.61 [-0.90, —0.31] 0.000*
Tanzania 3 —0.61 [—1.57,0.35] 0.214

FEV,/FVC

Study country Egypt 4 —0.37 [-0.74, —0.01] 0.046*
Ethiopia 9 —0.33 [—-0.44, —0.21] 0.000%
Kenya 1 —1.22 [-1.56, —0.89] 0.000*
Nigeria 6 —0.55 [—0.90, —0.19] 0.003*
Tanzania 3 —0.31 [—0.64, 0.02] 0.065
Ghana 1 —0.37 [-0.64, 0.09] 0.009%

(Continued)
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TABLE 2 (Continued)

10.3389/fpubh.2024.1424315

Variables Category Included studies Pooled mean difference p-value
PEFR
Study country Egypt —0.17 [~0.45, 0.10] 0.220
Ethiopia ~0.67 [—0.89, —044] 0.000%
Ghana ~0.69 [0.97, —0.42] 0.000%
Nigeria —0.79 [-1.07, =0.52] 0.000%*
Tanzania —0.17 [~0.64, 0.29] 0.465
*Statistically significant variation.
Hedges's g Weight
Study with 95% CI (%)
Abaya et al. 2019 -0.44[-0.77, -0.12] 3.94
Abaya et al., 2018 -0.57[-0.85, -0.30] 4.12
Abraha 2014 —— -0.75[-1.15, -0.35] 3.66
Asgedom et al. 2019 0.08 [-0.24, 0.40] 3.96
Demeke and Haile, 2018 —a— -1.26 [-1.67, -0.85] 3.63
Derso et al. 2021 -0.59[-0.90, -0.28] 4.01
Dunga JA, et al, 2015 —— -0.84[-1.04, -0.63] 4.35
Ennin et al, 2017 -0.22[-0.49, 0.05] 4.14
Fahim and El-Prince, 2013 —— -0.93[-1.33, -0.52] 3.65
Fentie et al., 2020 —— -0.81[-1.15, -0.46] 3.89
Hinson et al. 2014 -0.30[-0.57, -0.04] 4.16
Hinson et al. 2016 0.05[-0.15, 0.25] 4.36
Ibekwe and Okojie 2014 -0.11[-0.30, 0.09] 4.37
Ige and Awoyemi, 2002 —o— -1.01[-1.30, -0.72] 4.07
ljadunola et al. 2005 -0.27 [-0.54, 0.00] 4.14
Jabur et al. 2022 —— -0.78[-1.19, -0.38] 3.65
Kanko et al. 2017 —a— -0.99[-1.40, -0.58] 3.63
Lagiso et al., 2020 — -0.64[-1.05, -0.24] 3.64
Mwelange et al. 2020 —— -0.94[-1.17, -0.71] 4.28
Obem Okwari, 2005 -0.17 [-0.36, 0.02] 4.39
Omigie et al, 2023 —a— -1.28[-1.59, -0.96] 4.00
Omole et al. 2018 —— -0.74[-1.02, -0.46] 4.10
Sakwari et al. 2013 0.08[-0.18, 0.33] 4.20
Tobin et al. 2015 -0.27[-0.51, -0.03] 4.24
Ulanga et al. 2021 —&—— 0.37[-0.10, 0.84] 3.40
Overall -0.53[-0.69, -0.36]

Heterogeneity: 7° = 0.15, I° = 88.28%, H’ = 8.53
Test of 6, = 6;: Q(24) = 204.80, p = 0.00
Testof © = 0:z=-6.21, p = 0.00

Random-effects DerSimonian—Laird model

FIGURE 2

Estimates of the point and pooled mean difference in FVC for exposed and non-exposed industrial workers in Africa.
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Hedges's g Weight
Study with 95% CI (%)
Abaya et al. 2019 -0.51[-0.84, -0.18] 3.80
Abaya et al., 2018 -0.66 [ -0.94, -0.38] 3.95
Abraha 2014 -0.56 [-0.95, -0.16] 3.58
Asgedom et al. 2019 —i— -0.07[-0.39, 0.26] 3.82
Demeke and Haile, 2018 —a— -1.30[-1.71, -0.89] 3.53
Derso et al. 2021 —— -0.84[-1.16, -0.52] 3.84
Dunga JA, et al, 2015 — -0.08[-0.27, 0.12] 4.16
Ennin et al, 2017 —— -0.48[-0.76, -0.21] 3.96
Fahim and El-Prince, 2013 —— -0.31[-0.70, 0.07] 3.62
Fentie et al., 2020 —— -0.92[-1.26, -0.57] 3.75
Hinson et al. 2014 —— -0.21[-0.48, 0.06] 3.98
Hinson et al. 2016 -0.06 [-0.26, 0.14] 4.15
Ibekwe and Okojie 2014 I -0.03[-0.23, 0.17] 4.16
Ige and Awoyemi, 2002 -0.57[-0.85, -0.29] 3.94
liadunola et al. 2005 I -0.59[-0.87, -0.31] 3.96
Jabur et al. 2022 —a— -0.79[-1.19, -0.38] 3.56
K. lyogun et al.,2019 —— -0.98[-1.32, -0.63] 3.76
Kanko et al. 2017 —— -0.99[-1.39, -0.58] 3.55
Lagiso et al., 2020 —— -0.66 [ -1.07, -0.25] 3.55
Mwelange et al. 2020 —— -1.56 [-1.81, -1.32] 4.03
Obem Okwari, 2005 il -0.41[-0.61, -0.22] 4.17
Omigie et al, 2023 —a— -1.21[-1.52, -0.90] 3.86
Omole et al. 2018 —— -1.27[-1.57, -0.97] 3.89
Sakwari et al. 2013 —— -0.05[-0.31, 0.20] 4.02
Tobin et al. 2015 - -0.44[-0.68, -0.20] 4.05
Ulanga et al. 2021 L -0.18[-0.65, 0.28] 3.35
Overall > 2 -0.60[-0.77, -0.42]
Heterogeneity: 7 = 0.18, I” = 89.74%, H’ = 9.74
Test of 6, = 6;: Q(25) = 243.61, p = 0.00
Test of 6 =0:z=-6.67, p = 0.00
2 1 0 :
Random-effects DerSimonian—Laird model
FIGURE 3
Estimates of the point and pooled mean difference in FEV, among exposed and non-exposed industrial workers in Africa.

Subgroup analyses

Subgroup analyses were performed based on the type of organic
dust to which the workers were exposed and the countries in which
the studies were conducted. In a subgroup analysis of 25 studies,
workers exposed to flour dust [-0.68, 95% CI: —1.05, —0.32,
p<0.000], cotton dust [—0.54, 95% CI: —0.93, —0.15, p <0.006], and
wood dust [-0.57, 95% CI: —0.83, —0.31, p <0.000] had significantly
lower FVC than non-exposed workers. According to the subgroup

Frontiers in Public Health

analysis by country, there was a statistically significant reduction in
FVC among the workers exposed to organic dust compared to those
who were not exposed in the studies conducted in Egypt [-0.93, 95%
CIL: —1.33, —0.52, p <0.000], Ethiopia [-0.66, 95% CI: 0.88, —0.44,
p<0.000], and Nigeria [—0.58, 95% CI: —0.88, —0.28, p <0.000].

A subgroup analysis of the lung function parameter of FEV1
by type of organic dust showed that the workers exposed to dust
had significantly lower FEV1 than non-exposed workers for coffee
dust [-0.40, 95% CI:-0.77, —0.03, p <0.032], cotton dust [—0.73,
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Hedges's g Weight
Study with 95% ClI (%)
Abaya et al. 2019 -0.43[-0.75, -0.10] 4.06
Abaya et al., 2018 -0.37[-0.69, -0.04] 4.06
Abdulsalam Saliu Tosho, 2015 -0.37[-0.64, -0.09] 4.32
Demeke and Haile, 2018 = -0.12[-0.49, 0.26] 3.79
Asgedom et al. 2019 —— -0.50[-0.82, -0.17] 4.06
Derso et al. 2021 —a— -0.48[-0.79, -0.18] 4.16
Dunga JA, et al, 2015 —a— -0.86 [ -1.06, -0.65] 4.68
Ennin et al, 2017 —— -0.37[-0.64, -0.09] 4.34
Fahim and EI-Prince, 2013 —— -0.57[-0.96, -0.18] 3.70
Fentie et al., 2020 i -0.16[-0.49, 0.17] 4.04
H.A. Mohammadien et al., 2013 —— -0.69[-0.89, -0.49] 4.70
Hamed O. Khalifa, 2003 ——®— 0.15[-0.15, 0.45] 4.20
Ibekwe and Okojie 2014 —— -0.09[-0.29, 0.10] 4.72
Ige and Awoyemi, 2002 —a— -1.14[-1.44, -0.84] 4.21
ljadunola et al. 2005 —a— -0.85[-1.13, -0.56] 4.29
Kanko et al. 2017 = -0.06 [ -0.45, 0.32] 3.73
Jabur et al. 2022 L -0.18 [-0.57, 0.21] 3.7
Lagiso et al., 2020 —a— -0.53[-0.94, -0.13] 3.63
Mwelange et al. 2020 —B— -0.05[-0.26, 0.17] 4.62
Obem Okwari, 2005 —— -0.20[-0.39, -0.00] 4.74
Sakwari et al. 2013 —— -0.36 [ -0.61, -0.10] 4.43
Tobin et al. 2015 —— -0.19[-0.43, 0.05] 4.51
Ulanga et al. 2021 —a—— -0.67[-1.14, -0.20] 3.28
Virginia Kimanzi, 2022 —a— -1.22[-1.56, -0.89] 4.01
Overall <P -0.43[-0.57, -0.29]
Heterogeneity: 1° = 0.10, I’ = 82.94%, H’ = 5.86
Test of 6, = 6;: Q(23) = 134.85, p = 0.00
Testof 6 =0:z=-5.95, p=0.00
-1I.5 I1 -|5 0 ;5
Random-effects DerSimonian—Laird model
FIGURE 4
Point and pooled estimates of the mean difference in FEV./FVC among exposed and non-exposed industrial workers in Africa.

95% CI: —1.27, —0.18, p <0.009], flour dust [—0.56, 95% CI: —0.89,
—0.22, p<0.001], and wood dust [-0.61, 95% CI: —0.88, —0.35,
p<0.000]. In addition, a subgroup analysis of FEV1 by country
revealed that in the studies conducted in Ethiopia, Nigeria, and
Ghana, the mean difference in FEV1 was statistically significantly
lower among organic dust-exposed workers than among
non-exposed workers.

A subgroup analysis of 24 included studies revealed that, except for
cotton dust, FEV1/FVC was statistically significantly reduced among the
workers exposed to different types of dust, with grain dust showing the
highest mean difference. In every country where the studies were

Frontiers in Public Health

conducted, except for Tanzania, the FEV,/FVC ratio was statistically
significantly lower among workers exposed to dust compared to
non-exposed workers. A subgroup analysis of the lung function
parameter PEFR by type of organic dust revealed a statistically significant
reduction in the workers exposed to wood dust [—0.65, 95% CI: —0.93,
—0.37, p<0.000], cotton dust [—0.64, 95% CI: —0.92, —0.35, p<0.000],
and flour dust [—0.85, 95% CI: —1.31, —0.39, p <0.000] compared to the
non-exposed workers. Furthermore, a subgroup analysis by country
revealed that the studies conducted in Ethiopia, Ghana, and Nigeria
showed a statistically significant reduction in PEFR among organic dust-
exposed workers compared to non-exposed workers (Table 2).
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Hedges's g Weight
Study with 95% Cl (%)
A. J. Ugheoke et al, 2006 —a— -0.24[-0.50, 0.03] 6.50
Abdulsalam Saliu Tosho, 2015 —a— -0.17[-0.45, 0.10] 6.47
Adeoye, et al,2014 = -0.33[-0.72, 0.06] 5.73
Demeke and Haile, 2018 —— -0.98-1.37, -0.58] 5.70
Derso et al. 2021 —a— -0.76 [ -1.07, -0.45] 6.23
Dunga JA, et al, 2015 —— -0.34[-0.53, -0.14] 6.89
Ennin et al, 2017 —a— -0.69[-0.97, -042] 6.44
Fentie et al., 2020 | -0.48[-0.81, -0.14] 6.10
Ibekwe and Okojie 2014 —a— -1.02[-1.23, -0.81] 6.84
ljadunola et al. 2005 —— -1.23[-1.52, -0.93] 6.35
K. lyogun et al.,2019 —a— -0.89[-1.23, -0.55] 6.06
Kanko et al. 2017 ——— -0.47[-0.86, -0.08] 5.74
Obem Okwari, 2005 —a— -1.26[-1.47, -1.05] 6.83
Omigie et al, 2023 —a— -1.20[-1.51, -0.89] 6.25
Tobin et al. 2015 —— -0.61[-0.86, -0.37] 6.64
Ulanga et al. 2021 —&—— -0.17[-0.64, 0.29] 5.24
Overall N -0.68 [ -0.88, -0.49]
Heterogeneity: 1° = 0.14, I’ = 86.73%, H’ = 7.53
Test of 8; = 6;: Q(15) = 113.02, p = 0.00
Testof 6 =0:z=-6.80, p=0.00
-1I.5 I1 -.|5 0 :5
Random-effects DerSimonian—Laird model
FIGURE 5
Point and pooled estimates of the mean difference in PEFR between the exposed and non-exposed industrial workers in Africa.

Publication bias

The publication bias was assessed subjectively using funnel plots,
and the findings revealed a slightly asymmetrical distribution of
studies, indicating the presence of publication bias (Figure 6). However,
the findings of Egger’s test showed that there was no statistically
significant publication bias for all lung function tests (Table 3).

Meta-regression

Meta-regression was used to determine the association between
lung function in African industrial workers and several variables, such
as the type of organic dust they were exposed, the country where the
study was conducted, and the year in which it was published. The
findings revealed that there was no statistically significant association
between the outcome variables and predictors (Table 4).
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Discussion

Organic dust exposure in the workplace can be hazardous to the
respiratory health of industrial workers. Inhaling organic dust, such
as cotton dust, wood dust, flour dust, paper dust, grain dust, animal
confinement dust, or compost dust, can lead to inflammatory
responses in the respiratory system and airway obstruction among
workers in dusty environments (15, 16). The objective of this
systematic review and meta-analysis was to determine the pooled
mean difference in lung function indices among African industrial
workers exposed to organic dust. Accordingly, the pooled mean
differences in FVC, FEV,, FEV,/FVC ratio, and PEFR between organic
dust-exposed industrial workers and non-exposed industrial workers
were found to be 0.53L, 0.60L, 0.47, and 0.69 L/min lower, respectively.

In this systematic review and meta-analysis, the pooled mean
difference in FVC, FEV,, FEV,/FVC ratio, and PEFR was statistically
significantly reduced among the organic dust-exposed workers
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FIGURE 6
Funnel plots with 95% confidence intervals show the pooled mean difference in FVC, FEV,, FEV,/FVC, and PEFR among industrial workers in Africa.

compared to non-exposed workers. According to the findings, FVC
statistically significantly reduced among organic dust-exposed
workers compared to non-exposed workers. The findings of this
systematic review and meta-analysis is consistent with the outcomes
of studies on coffee dust-exposed workers in Ethiopia and Tanzania

Frontiers in Public Health

(67), as well as in India (68-70), Pakistan (71), and Iran (72).
Furthermore, the current findings are consistent with a systematic
review and meta-analysis conducted in Ethiopia among workers
exposed to organic and inorganic dust in the workplace (73). However,
the findings of this study were inconsistent with another systematic
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TABLE 3 Results of publication bias in lung function tests among African
industrial workers.

Lung Number of Publication bias (Egger’s
function studies test)

st B-coefficient p-value
FVC 25 -3.19 0.135
FEV, 26 -3.76 0.078
FEV,/FVC 24 —0.70 0.724
PEFR 16 2.49 0333

review and meta-analysis conducted in industrialized countries,
which found no statistically significant relationship between organic
dust exposure and FVC (19), as well as studies conducted in
Macedonia (74) and India (75). The variations could be attributed to
differences in study design, duration of exposure, personal protective
use, sample size, and workplace dust concentration.

The pooled mean estimate of FEV, was statistically significantly
lower among organic dust-exposed workers compared to non-exposed
workers. This finding is consistent with the findings of a systematic
review and meta-analysis conducted in industrialized countries (19),
as well as research conducted in Ethiopia and Tanzania (67), India
(68-70), Pakistan (71), and Iran (76). Furthermore, it is also consistent
with a systematic review and meta-analysis conducted in Ethiopia
among workers exposed to both organic and inorganic dust (73).
However, a study conducted in Iran contradicted this systematic
review and meta-analysis (72).

A study conducted on coffee dust-exposed workers revealed that
the ratio of FEV,/FVC was not statistically significantly lower among
dust-exposed workers compared to non-exposed workers (67).
However, it was statistically significantly lower among organic dust-
exposed workers compared to non-exposed workers in this study,
which is consistent with studies conducted in India (70), Iran (76),
Macedonia (74), and Greece (77). The disparity could be explained by
differences in sample size, duration of exposure, dust levels in working
environments, a lack of dust control measures, inadequate ventilation,
smoking status of exposed workers, and a lack of work environment
modification measures.

Furthermore, the current systematic review and meta-analysis
found that PEFR in organic dust-exposed workers was statistically
significantly lower than in the non-exposed workers. This finding is
consistent with a systematic review and meta-analysis of Ethiopian
workers exposed to both organic and inorganic dust at work (73).
Furthermore, the current study’s findings agree with the results of
previous studies conducted in India (68-70, 72, 75), Iran (72), and
Pakistan (78). Possible explanations for the reduction in the lung
function parameters among the organic dust-exposed industrial
workers include the exposure to various dust particles in the workplace
due to a lack and improper use of personal protective equipment, a
lack of dust control measures, and a lack of improved ventilation,
which leads to increased dust accumulation in the respiratory system
due to prolonged exposure to organic dust in work environments.

The subgroup analysis revealed that exposure to organic dust,
including cotton, coffee, grain, flour, and wood dusts, produced
inconsistent results in terms of the association between exposure to
organic dust and changes in lung function indices. In subgroup
analysis, exposure to wood and flour dust was most consistently
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TABLE 4 Results of meta-regression of lung function tests among African
industrial workers.

[95%
conf.
intervall

Variables Lung B-coefficient p-

value

function
indices

Study country | FVC 0.084 0.070 [-0.007-
0.175]
FEV1 0.044 0.345 [—0.048-
0.136]
FEV1/FVC —0.015 0.792 [-0.129-
0.099]
PEFR 0.094 0.212 [-0.054—
0.242]
Year of FvC —0.012 0.480 [—0.045-
publication 0.021]
FEV1 —0.029 0.060 [-0.059-
0.001]
FEV1/FVC 0.004 0.742 [-0.021-
0.030]
PEFR 0.011 0.523 [-0.023-
0.046]
Type of FVC 0.052 0.214 [-0.061-
organic dust 0.173]
FEV1 0.012 0.839 [-0.104-
0.128]
FEV1/FVC —0.037 0.526 [-0.157-
0.082]
PEFR 0.011 0.910 [-0.176-
0.198]

associated with all lung function indices; however, not all exposure to
wood and flour dust in primary studies showed a statistically
significant association. Furthermore, another meta-analysis revealed
that exposure to grain dust was the most consistently associated with
all lung function indices (4). However, it is difficult to determine
whether any particular type of exposure was more evidently associated
with a reduction in lung function. Differences in sample size, duration
of exposure, work environment, study design, and study settings could
all contribute to the observed difference.

Limitations of the study

The following limitations should be considered when interpreting
the findings of this systematic review and meta-analysis. The first
limitation is that the included studies vary significantly, which could
be due to differences in exposure level, duration of exposure, use of
personal protective equipment, and neglect of confounders and
demographic differences in the primary studies. To address this
heterogeneity, we used a random-effects model. The second limitation
is that the studies included in this systematic review and meta-analysis
were cross-sectional, limiting the ability to draw causal inferences
about the long-term effects of organic dust exposure on lung function.

The third limitation is that the included studies were only
published in English; similar studies conducted in other languages
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were excluded. The fourth limitation is that the studies included in this
systematic review and meta-analysis were conducted in only six
African countries; therefore, they did not sufficiently represent the rest
of Africa. Finally, some studies had small sample sizes, which may
have an effect on the pooled estimate of lung function indices.

Conclusion

The findings of this systematic review and meta-analysis revealed
that exposure to organic dust contributes to the reduction in lung
function parameters—FVC, FEV1, FEV1/FVC, and PEFR—among
workers in African industries that produce organic dust.

Recommendations

o Implementing dust control measures and evaluating the
effectiveness of different dust control interventions, such as
improved ventilation, personal protective equipment use, and
work environment modifications, are critical for reducing dust
exposure and improving respiratory health outcomes.

o Further research is necessary to determine which types of organic
dust are more harmful or have specific health effects in order to
prioritize interventions and regulatory measures.

Sensitive techniques, such as impulse oscillometry and high-
resolution computed tomography (HRCT), can be employed to
detect early small airway dysfunction and provide a
comprehensive picture of the respiratory impact of dust exposure.
« Furthermore, longitudinal studies could evaluate long-term
health outcomes for workers exposed to different types of
organic dust.
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