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Abstract 

Background Silicosis remains a major occupational health challenge in India. This review systematically examines 
the prevalence, risk factors, regional differences, and diagnostic tools specific to India’s high-risk industries. Addition-
ally, it assesses policy gaps and offers insights from diverse clinical and qualitative studies, aiming to inform targeted 
public health interventions and support the development of effective occupational health policies.

Methods For this review, data were extracted for each study, including author, location, design, study aims, sample 
size and characteristics, participant age, duration of silica exposure, diagnostic criteria, and primary outcomes. As 
an add-on analysis included, a random-effects meta-analysis was used to estimate the pooled prevalence of silicosis 
and assess variability among studies. The review also included qualitative analyses on awareness, diagnostic tools (e.g., 
CC16 protein), and differences in prevalence across various occupational groups and regions within India.

Results The review initially identified 263 articles, narrowed down to 49 eligible studies on silicosis in India 
after exclusions and quality assessment. Among these, 11 prevalence studies (total sample size: 2072) showed 
an average silicosis rate of 31.39%. Specific studies reported high rates, including 52% among Rajasthan mine workers 
and 69.1% among Khambhat agate workers. Additionally, screening tools, like CC16 protein levels, showed promise 
for early diagnosis, while qualitative studies highlighted gaps in awareness and regulatory practices. Meta-analysis 
revealed a significant pooled prevalence (25.98%) and marked variability  (I2 = 98.86%), underscoring the need for tar-
geted interventions and worker protections.

Conclusions This review of current knowledge on silicosis in India finds silicosis highly prevalent among work-
ers in mining and stone industries, with gaps in regulatory enforcement and awareness. Biomarkers like CC16 offer 
the potential for early diagnosis, underscoring the need for preventive measures. Policy recommendations include 
stricter dust exposure limits, enhanced workers’ education, routine screening, and improved access to protective 
equipment and health monitoring to reduce the risk of silicosis and health disparities in vulnerable occupational 
groups.

Keywords Silicosis, Occupational hazard, Stone quarrying, Epidemiology, Review

Introduction
Silicosis is a progressive and irreversible occupational 
lung disease caused by inhaling crystalline silica dust. 
This condition, a type of pulmonary fibrosis, arises from 
breathing in tiny silica particles—a common mineral 
found in sand, quartz, and diverse rock formations. Sili-
cosis remains a global health concern, mainly in regions 
with heavy industrial and mining activities. Silica is 
widely used in various industries, including mining, 
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construction, and manufacturing. Workers in these sec-
tors are at a high risk of silica exposure, leading to sili-
cosis development over time. Silicosis is characterised 
by accumulated lung scar tissue, causing breathlessness, 
persistent cough, chest pain, and fatigue.

Rationale
In recent years, there has been a growing recognition of 
the global burden of silicosis [1]. In 2019, global records 
indicated 2.65 million reported cases of silicosis [2]. 
During that period, silicosis led to over 12.9 thousand 
fatalities worldwide, contributing to an estimated 0.65 
million disability-adjusted life years (DALYs). While the 
overall number of fatalities and DALYs related to sili-
cosis decreased between 1990 and 2019, there was an 
alarming increase in low- and middle-income countries 
[3]. Around 227 million workers are confronted with the 
threat of silicosis, notably within the unorganised sector 
and among migratory workers [4, 5].

With its vast industrial landscape and a large workforce 
engaged in occupations with potential silica exposure, 
India represents a significant hotspot for silicosis-related 
health issues. As of mid-2023, India is on track to become 
the world’s most populous country, surpassing all oth-
ers with a population exceeding 1.43 billion individuals. 
Additionally, it is consolidating its position as the third 
most sought-after manufacturing destination globally 
[6, 7]. Projections for 2025 indicate that India will house 
approximately 25% of the global working population 
(~ 0.8 billion), with about 92% engaged in the informal 
sector [8–11]. Most occupations in this informal sector 
expose workers to silica dust in India.

Globally, both silicosis and tuberculosis are targeted 
for elimination by 2030 [12–14]. Tuberculosis, referred 
to as the clinical complication of silicosis or silico-tuber-
culosis, continues to be a noteworthy public health issue 
in low and middle-income nations [15]. Mine work-
ers exposed to silica, whether or not they have silicosis, 
are at an increased risk of tuberculosis. Individuals with 
silicosis have a much higher likelihood (2.8 to 39 times) 
of developing tuberculosis compared to those who are 
healthy [16].

The debilitating impact of silicosis on respiratory health 
and its association with increased morbidity and mortal-
ity highlight the urgency of understanding its prevalence, 
associated factors, and clinical manifestations.

Objective
Despite a significant body of research on silicosis, com-
prehensive reviews focusing on India’s unique occupa-
tional settings, regulatory challenges, and workforce 
demographics are limited. This review aims to fill this 
gap by systematically examining the prevalence, risk 

factors, and regional disparities specific to India’s high-
risk industries. Additionally, it evaluates current diagnos-
tic tools and policy implications, providing insights for 
targeted interventions to protect India’s large informal 
workforce. This scoping review contributes to shaping 
effective occupational health policies by highlighting evi-
dence-based solutions. This review examines silicosis in 
India, highlighting regional prevalence variations, influ-
encing factors, and challenges in policy implementation. 
It also addresses innovative screening tools and diverse 
case studies, emphasising the multidisciplinary approach 
for improved occupational health outcomes.

Material and methods
We reviewed published studies by various authors to 
comprehensively evaluate and analyse existing research 
on silicosis in India. Our focus encompassed the exami-
nation of prevalence, associated factors, screening tools, 
qualitative insights, and diverse clinical presentations. 
Throughout this iterative review, we adhered to the 
guidelines outlined in the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
– Extension for Scoping Reviews [17]. The PRISMA 
checklist detailing the steps taken during this review is 
provided as a supplementary file in the annexure.

Eligibility criteria
Inclusion Criteria: i) Studies must involve a human pop-
ulation; ii) Studies must contain primary data related to 
silicosis; the case series and case studies were included if 
they present unique, first-hand observations of individual 
patient cases. iii) Original research articles or studies, 
including the qualitative research reporting primary data, 
are eligible; and iv) Studies conducted in India. Exclusion 
Criteria: i) Studies that do not involve a human popu-
lation ii) Studies that lack primary data on silicosis iii) 
Review articles and other non-original articles iv) Stud-
ies conducted outside India v) Studies that do not pro-
vide sufficient information on silicosis disease. These 
criteria were applied to select studies for inclusion in our 
review, ensuring the relevance and quality of the research 
considered.

Information sources and search strategy
We systematically searched three databases: Pub-
Med, Google Scholar, and Scopus. The search incorpo-
rated specific terms and keywords, including ’Silicosis,’ 
’pneumoconiosis,’ ’grinder’s asthma,’ ’grinder’s disease,’ 
’stonemason’s disease,’ and ’India.’ This review followed 
an open-frame design, without setting a specific time 
frame, to maximise the inclusion of pertinent studies in 
the analysis. In the case of the Google Scholar search, 
we restricted it to titles only. The keyword ’India’ was 
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systematically included in all combinations of the speci-
fied keywords during the search. The results were con-
fined to full articles published in English.

Selection process
The study selection process followed the principles out-
lined in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) – extension for 
scoping reviews guidelines. Firstly, duplicate studies 
across various databases were eliminated. Afterwards, 
articles were screened based on their titles and abstracts, 
removing irrelevant ones according to predefined inclu-
sion and exclusion criteria. Further, we assessed the full 
texts of the remaining articles using exclusion criteria 
and removed additional studies deemed irrelevant. Both 
authors independently selected the studies for inclusion. 
If there is any disagreement between two authors, a sen-
ior colleague of the authors (who is not qualified to be an 
author) acted as an arbiter to resolve these conflicts and 
ensure a consensus is reached.

Quality evaluation
We rigorously assessed the methodological quality of 
each included study using JBI’s critical appraisal check-
lists [18]. The appraisal of prevalence and its associated 
factors studies utilised the checklist designed for preva-
lence studies, while qualitative articles were assessed 
using the checklist for qualitative research. Screening 
tools evaluated the studies based on the checklist tai-
lored for diagnostic test accuracy studies. Additionally, 
case series and case study studies were appraised using 
the checklists designated for Case series and Case study, 
respectively.

Data collection process
After the selection process, data extraction was per-
formed, with two reviewers independently extracting key 
information such as author (year), study location, study 
design, the  aim of the study, sample size & characteris-
tics, age, duration of exposure, diagnostic criteria and 
outcomes. The data extraction is done using a PRISMA 
checklist. Any discrepancies were resolved through con-
sensus or consultation with a third reviewer.

Data synthesis
The selected papers were read thoroughly, and data 
were extracted and tabulated in detail. The subsequent 
meta-analysis and data synthesis were carried out using 
R version 4.3.1. The study employed random-effects 
modelling and a statistical method utilised in meta-
analysis to address inherent variability between stud-
ies. Studies reporting the prevalence of silicosis were 
included in the meta-analysis, and a forest plot was 

used to visually summarize the prevalence estimates 
from different studies.

A random-effects model was applied to account 
for variability in effect sizes across the studies. The 
between-study variance (τ2) was estimated to assess the 
degree of variation among the included studies. Het-
erogeneity was further examined using the  I2 statistic, 
which quantifies the percentage of variability due to 
heterogeneity rather than chance, and  H2, which pro-
vides an alternative representation of heterogeneity. 
The test for heterogeneity, measured by the Q statistic, 
was significant (p < 0.0001), indicating substantial varia-
bility in the effect sizes across the studies. The random-
effects model was selected to examine the prevalence 
of silicosis across eleven studies, reflecting the diversity 
and differences in study findings.

Results
Study selection
On initial searches from three databases, 263 articles 
were identified. Among them, 75 were found to be dupli-
cates and were subsequently removed. This left us with 
188 unique research articles for the first stage of screen-
ing, which involved assessing the abstracts. During this 
stage, 71 articles were excluded based on abstract con-
tent. The reasons for exclusion included 27 studies that 
did not involve a human population, 15 studies lacking 
primary data, 28 articles categorised as reviews or other 
non-original articles, and one study conducted outside 
India. After the initial abstract screening, 117 research 
articles proceeded to the second stage, which involved 
a comprehensive full-text review. During this stage, 59 
articles were excluded based on the content of their full 
texts. The reasons for exclusion at this stage included 17 
studies that did not involve a human population, six stud-
ies lacking primary data, six articles classified as reviews 
or other non-original articles, 22 studies lacking suffi-
cient information on silicosis disease, and eight studies 
whose full texts were unavailable.

Subsequently, 58 research articles were considered eli-
gible for inclusion after full-text screening. Following a 
rigorous quality assessment, nine papers were excluded; 
six were removed due to insufficient information on sili-
cosis [19–24], and three did not meet the quality JBI’s 
checklist criteria [25–27]. The result of the quality check-
list is shown in the annexure. In total, 49 articles were 
ultimately included in the review. These comprised 11 
articles on prevalence, six articles on associated factors, 
two qualitative studies, two on screening tools, 21 case 
studies, and 7 case series. The representation of the selec-
tion of the papers and their numbers at different steps are 
illustrated in the form of a PRISMA flow diagram (Fig. 1).
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Study characteristics
The data extraction is done using a PRISMA checklist. 
This checklist encompassed the following information: 
author (year), study location, study design, the aim of 
the study, sample size & characteristics, age, duration of 
exposure, diagnostic criteria and outcomes. The results 
of data extraction are shown in Table 1. This systematic 
approach ensured the comprehensive gathering of rel-
evant data points from the selected studies.

Results of the studies
Prevalence of silicosis and associated factors
The prevalence studies of this occupational lung disease 
were conducted across India. The combined sample size 
of 2072 individuals across these studies revealed a total 
of 650 cases of silicosis out of eleven prevalence articles. 
The overall percentage of silicosis prevalence across the 
studies is approximately 31.39%. In 1953, an investiga-
tion involving 329 miners in Bihar revealed nodular and 

conglomerate silicosis in 34.1% of cases, demonstrating 
a direct correlation with both dust exposure and work 
duration [28]. A study conducted in 1969 observed a 
28.3% occurrence of silicosis among 120 stone cutter 
workers, with a significant seven times increase in pul-
monary tuberculosis among those affected [30]. In the 
year 1984, a specific investigation on 60 stone cutters in 
Kashmir revealed a 20% prevalence of silicosis [32].

A cross-sectional study conducted in Gujarat involving 
134 ex-workers from quartz stone crushing units iden-
tified 24 cases of silicosis and 33 cases of silico-tuber-
culosis. This underscores persistent respiratory health 
risks associated with exposure to quartz stone dust [36]. 
Another study in the Godhra region of Gujarat focused 
on female workers engaged in quartz mill stone-grinding, 
revealing a high prevalence of silicosis among 85 workers. 
Chest radiograph findings indicated silicosis in 14% of 
cases, with 11.6% showing signs of silico tuberculosis and 
8.1% having tuberculosis. Abnormal pulmonary function 

Fig. 1 Flow chart depicting the selection process of articles included in the review
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was observed in approximately one-third of the workers, 
emphasising the need for preventive measures in stone-
grinding occupations [39]. A study on workers in quartz 
crushing units in the same region unveiled alarming sta-
tistics. Among 134 ex-workers, 17.9% received a diagno-
sis of silicosis, and 24.7% exhibited silico-tuberculosis, 
emphasising the occupational health risks associated 
with prolonged exposure [43]. A related study explored 
serum angiotensin-converting enzyme (ACE) activity in 
the same geographical region among 134 participants. 
Despite the absence of notable associations with demo-
graphic or exposure variables, heightened ACE levels 
were detected in a lone case of silicosis, underscoring 
the intricate nature of the disease [43]. It reflects the 
complex role of ACE as a biomarker for lung inflamma-
tion and fibrosis. Elevated ACE in some silicosis cases 
may indicate heightened immune and tissue remodelling 
responses tied to the renin-angiotensin system. However, 
individual variations, likely due to genetic and exposure 
factors, mean ACE isn’t elevated in all cases, underscor-
ing the multifaceted progression of silicosis. Addressing 
the prevalent issue of silicosis among agate workers in 
Khambhat, Gujarat, X-ray evaluations confirmed silicosis 
in 69.1% of clinically suspected cases. Workers with over 
ten years of silica exposure had significantly higher odds 
of silicosis, emphasising the urgent need for protective 
measures in this high-risk population [40].

A prospective study in eastern India provided further 
insights into diffuse parenchymal lung diseases (DPLD). 
This study diagnosed 92 DPLD patients with idiopathic 
pulmonary fibrosis (IPF) and connective tissue disease-
associated DPLD (CTD-DPLD) identified as prevalent 
causes [50]. In Rajasthan, particularly in Jodhpur, a cross-
sectional study in 2020 assessed the prevalence of silico-
sis among 174 participants working in mines for over ten 
years. The study reported a silicosis prevalence of 37.3%, 
with 7.4% exhibiting silico-tuberculosis, highlighting an 
elevated risk of silicosis, silicosis tuberculosis, and other 
respiratory diseases among workers in sandstone mines 
[67]. In the same state, a separate cross-sectional study 
in the Karauli and Dholpur districts investigated the 
prevalence of silicosis among 529 participants, revealing 
radiological evidence of silicosis in 52% of individuals, 
with 12.4% having concomitant pulmonary tuberculosis 
[72]. Other than the prevalence of silicosis, a 1977 cross-
sectional investigation in Mandsaur district, Madhya 
Pradesh, delved into the prevalence of silicosis among 
workers engaged in slate-pencil manufacturing. The 
study, encompassing 151 participants, revealed a direct 
correlation between the incidence and severity of silicosis 
and the duration of exposure to silica dust [31].

In a 1999 cross-sectional study in Jodhpur, Rajasthan, 
the focus shifted to assessing the relationship between 

various factors and Forced Vital Capacity (FVC) in sand-
stone quarry workers. The study, including 168 par-
ticipants, identified radiological opacities suggestive of 
silicosis, establishing a significant association between a 
deviation of 20% or more in Forced Vital Capacity and 
radiological opacities indicative of silicosis [34]. A study 
in 2007–2008 in Jodhpur, Rajasthan, examined the aware-
ness and practices related to silicosis among 376 sand-
stone quarry workers. Despite two-thirds of the workers 
being cognizant of the causes of silicosis, a significant 
proportion remained unaware of preventive measures. 
This study highlighted the need for heightened awareness 
among sandstone quarry workers [44].

A study conducted during 2010–2011 in Khambhat, 
Gujarat, explored the reasons behind the elevated preva-
lence of silicosis and factors influencing noncompliance 
with preventive methods among agate workers. The 
study included 82 agate workers, revealing disparities 
in awareness and preventive measure utilisation based 
on educational status [46]. A cross-sectional study con-
ducted in 2018 in the Jodhpur and Nagaur districts of 
Rajasthan aimed to assess the awareness of silicosis 
among 305 stone mine workers. The results indicated a 
limited awareness of silicosis, emphasising the need for 
targeted educational initiatives to address the alarming 
lack of awareness and reduce the risk of silica dust expo-
sure among stone mine workers in the region [62]. In 
Khambhat, Gujarat, a study evaluated the impact of dust 
control devices on 500 grinding machines in the agate 
industry [38].

Screening tools
In 2021, a rapid and affordable screening method was 
developed for early detection of silicosis using a lateral-
flow assay in Delhi. The assay provides a semi-quan-
titative estimation of club cell protein (CC16) levels, 
making it a viable tool for periodic screening of silica 
dust-exposed workers for early detection of silicosis [71]. 
Another study aimed to identify an early marker for sili-
cosis, utilising CC16 as a screening marker. The study 
developed a lateral-flow assay, offering high sensitivity 
and specificity and holding potential for early detection, 
preventing premature deaths, and controlling associ-
ated tuberculosis [66]. Thus, CC16 serves as a promis-
ing biomarker for silicosis, as decreased levels indicate 
lung damage from silica exposure, often before signifi-
cant symptoms or fibrosis develop. Its blood or broncho-
alveolar fluid measurement could aid early diagnosis, 
complementing current imaging and pulmonary func-
tion tests, which detect silicosis at more advanced stages. 
Unlike traditional methods, CC16 offers a non-invasive 
screening approach, helping identify silicosis risk in 
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exposed individuals, potentially improving outcomes 
through earlier intervention and disease monitoring.

Case series and case study
Several case series studies have significantly contributed 
to understanding silicosis and its multifaceted conse-
quences. A study conducted a clinical trial in Badarpur, 
New Delhi, evaluating the effects of daily prednisolone 
therapy on alveolitis parameters and lung function in 34 
male workers with chronic silicosis. This study reported 
a substantial improvement in lung function without seri-
ous side effects [33]. In Shakarpur, Khambhat, Gujarat, a 
case series observational study revealed a notable associ-
ation between low body mass index (BMI) in male work-
ers and mortality. This study emphasised tuberculosis 
(TB) and nutritional status as significant factors [45]. A 
longitudinal study at a medical college hospital explored 
the course of silicosis based on occupational exposure. 
This study indicated that jewellery polishing workers 
experienced more rapid and severe development of sili-
cosis than other occupations [56].

Bairwa et  al. [64] conducted a prospective review in 
Rajasthan to determine the prevalence of bilateral pneu-
mothorax in silicosis, emphasising patients presenting 
with simultaneous bilateral spontaneous pneumotho-
raxes. A cross-sectional case series study at a tertiary 
care hospital in Rajasthan reported on secondary spon-
taneous pneumothorax in critically ill patients with sili-
cosis. This study highlighted an increased incidence of 
secondary pneumothorax, with smoking identified as a 

major contributor [65]. A case series by Dixit et al. [75] 
investigated 56 silicosis patients, excluding tuberculosis, 
to assess diffusion capacity. The study revealed notable 
abnormalities in diffusion lung capacity correlated with 
radiological findings. Recent observational studies have 
assessed renal dysfunction and the diffusion capacity of 
the lung for carbon monoxide in silicosis patients. This 
study revealed significant associations with exposure 
duration to silica dust [75].

Results of prevalence data synthesis
The meta-analysis included eleven studies that reported 
the prevalence of silicosis. The forest plot (Fig.  2) dis-
plays the estimated prevalence for each study. Using a 
random-effects model, the overall prevalence of silico-
sis was estimated to be 0.2598, with a 95% confidence 
interval of  0.1361 to 0.3834. A study reported a very 
low prevalence (0.01) and yielded a very low and nega-
tive lower 95% CI of prevalence. The same is reflected in 
the scale of the forest plot. The analysis showed signifi-
cant heterogeneity among the studies. The  I2 statistic was 
98.86%, indicating that most of the study variability was 
due to factors other than random chance. The between-
study variance (τ2) was estimated at 0.0427, and the Q 
statistic for heterogeneity was significant (Q = 905.1388, 
p < 0.0001), confirming that substantial variability existed 
between the studies. This analysis highlights the wide-
spread prevalence of silicosis and the significant differ-
ences in prevalence estimates across the included studies.

Fig. 2 Forest plot showing the prevalence of silicosis in India
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In this review, we included case studies and case series 
to capture detailed, real-world insights and contextual 
information that may not be available in other study 
designs. These sources provide valuable perspectives on 
various clinical aspects of silicosis relevant to the scope 
of our review.

Early‑onset silicosis development
In 1968, a case study highlighted a 27-year-old mica mine 
worker in Andhra Pradesh. Despite brief employment, 
the person developed conglomerate silicosis, leading to 
massive fibrosis and respiratory failure over ten years 
[29].

Complications and coexisting conditions
Parakh et al. [37] discuss complications involving chronic 
necrotising pulmonary aspergillosis complicating silico-
sis. Fotedar et  al. [41] present a case report document-
ing bilateral spontaneous pneumothorax in accelerated 
silicosis. Ganguly [47] reports silicosis-induced diffuse 
parenchymal lung disease and systemic sclerosis in a 
stone mason worker. Verma et al. [49] discuss pulmonary 
tuberculoma with military tuberculosis and silicosis, 
while Khanna et al. [48] report silicosis with mixed con-
nective tissue disorder in a stone crusher.

Diagnostic challenges and unique cases
The study of Mishra et al. [51] explores lung biopsy find-
ings and pneumothorax development in a 33-year-old 
bore-well driller with chronic silicosis. Another study by 
Srivastava et  al. [52] focuses on a stone crusher worker 
with acute silicosis and bilateral pneumothorax, high-
lighting the rarity of this complication and the lack of 
protective measures.

Secondary exposure
Murlidhar [55] reported the first case of a child possi-
bly developing silicosis due to secondary exposure from 
sandstone mining in India.

Non‑occupational cases and pregnancy
A case series from Ladakh focuses on non-occupational 
anthracosilicosis/anthracofibrosis in homemakers [58]. 
In this case report, a 37-year-old pregnant woman with a 
history of silicosis presented at 42 weeks of gestation with 
breathlessness and oligohydramnios. She had previously 
worked in a glass and talc powder factory for 11  years, 
leading to her diagnosis of silicosis two years prior. Fol-
lowing an emergency cesarean section, she developed a 
burst abdomen on the third postoperative day, with gan-
grenous bowel loops protruding. Emergency laparotomy 
was performed, involving ileal resection and ileostomy. 
The patient was discharged on postoperative day 14 and 

remained under follow-up. This case underscores the 
importance of monitoring for potential complications in 
pregnant patients with silicosis, as pregnancy may exac-
erbate the disease’s progression. And a report of Siva-
balasubramaniam [57] presents the case of a 37-year-old 
pregnant woman with a history of silicosis presented at 
42  weeks of gestation with breathlessness and oligohy-
dramnios. She had previously worked in a glass and talc 
powder factory for 11 years, leading to her diagnosis of 
silicosis two years prior. Following an emergency cesar-
ean section, she developed a burst abdomen on the third 
postoperative day, with gangrenous bowel loops protrud-
ing. Emergency laparotomy was performed, involving 
ileal resection and ileostomy. The patient was discharged 
on postoperative day 14 and remained under follow-
up. This case underscores the importance of monitor-
ing for potential complications in pregnant patients 
with silicosis, as pregnancy may exacerbate the disease’s 
progression.

Rheumatological complications and long‑term effects
Chakrabarti & Pan [53] report a case of a 42-year-old 
male manual labourer presented with symptoms includ-
ing joint pain (arthralgia), Raynaud’s phenomenon, skin 
tightening, and reduced mouth opening (microstomia). 
He also exhibited signs of interstitial lung disease (ILD) 
and pulmonary arterial hypertension. Diagnostic evalu-
ations confirmed ILD with mediastinal lymphadenopa-
thy and pulmonary arterial hypertension with vascular 
reactivity. Serological markers for systemic sclerosis were 
strongly positive. The patient was treated with pred-
nisone, cyclophosphamide, and nifedipine, leading to 
moderate symptom improvement over six months.

Acute complications and uncommon manifestations
Dixit et  al. [54] depict acute silicosis complicating as 
spontaneous pneumomediastinum, bilateral pneumo-
thorax, and subcutaneous emphysema in a stone crusher 
worker. A case study by Bhattacharya et  al. examines a 
challenging instance of silicosis, specifically progressive 
massive fibrosis, emphasising the importance of radiol-
ogy-guided trucut biopsy as an accurate diagnosis [59]. 
Rai et  al. [60] highlight a unique case of silicotubercu-
losis, emphasising acute silicosis and respiratory failure 
coexisting with tuberculosis. The case report of Dixit 
et al. describes silicosis as middle lobe syndrome [69].

Associations and syndromes
Sharma et al. [63] studied the association of silicosis and 
systemic sclerosis (Erasmus syndrome) in a stone cutter. 
A case reported by Marwah et al. highlights silicosis with 
systemic sclerosis (Erasmus syndrome) in a cement fac-
tory worker [70].
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Cardiopulmonary complications
Sasi et al. document a case of chylothorax associated with 
silicosis in a cement worker [68]. A study by Chakraborty 
et al. discusses ventricular tachycardia linked to ventricu-
lar myocardial fibrosis in a patient with silica exposure 
[35].

Co‑occurrence
A case series reports Erasmus syndrome in five cases, 
demonstrating the co-occurrence of silicosis and sys-
temic sclerosis [76].

Qualitative research
A qualitative study conducted in 2017 examined the 
laws and policies surrounding silicosis in the context of 
sandstone mining in Rajasthan’s Karauli district. The 
study revealed a high prevalence of illegal mining, critical 
issues, and challenges in regulatory agencies and com-
pensation for silicosis victims [61]. Another qualitative 
study in Jodhpur, Rajasthan, evaluated policy implemen-
tation related to detecting, preventing, and controlling 
silicosis. The study exposed a significant lack of aware-
ness among stakeholders, hindrances in effective silicosis 
detection, and barriers preventing workers from access-
ing essential resources [73].

Discussion
The review on silicosis in India provided valuable infor-
mation on this occupational lung disease’s prevalence, 
associated factors, screening tools, qualitative aspects, 
and clinical presentations. This scoping review empha-
sised substantial variations in the prevalence of silicosis 
across different regions of India, with Gujarat, Rajasthan, 
and Madhya Pradesh reporting high rates. However, 
there is no single paper reporting the overall prevalence 
in India. Hence, this meta-analysis was performed to esti-
mate the pooled prevalence. Eleven studies with a total 
sample of 2072 reported the prevalence, and based on 
these data, the pooled prevalence was 25.98%. However, 
there is considerable heterogeneity among these stud-
ies. This heterogeneity may be attributed to the selection 
of participants from diverse industries, differences in 
exposure time, age, and different diagnostic criteria. It is 
imperative to mention that most of the prevalence stud-
ies (9 out of 11) were only from Gujarat and Rajasthan 
states. Thus, there is a gap in the estimation of the preva-
lence in different industries as well as from other Indian 
states. Studies, such as those conducted by Tiwari et al. 
[36] and Chaudhury et  al. [40], showed elevated preva-
lence among workers in quartz stone crushing units and 
agate industries, highlighting the necessity for targeted 
interventions in specific occupational settings. The cor-
relation between dust exposure, work duration, and 

silicosis prevalence was consistently observed in various 
studies, including investigations by Gupta et al. [30] and 
Nandi et al. [72]. These results underline the direct occu-
pational risk associated with prolonged exposure to silica 
dust and emphasise the need for strict safety measures 
and regulatory oversight in industries with high silica 
exposure. The National Human Rights Commission of 
India (NHRC) has directed state and union territory gov-
ernments to provide comprehensive information on the 
measures they have taken to prevent and eliminate the 
issue of silicosis [77].

The association between silicosis and tuberculosis, as 
highlighted in studies by Farazi [16] and Rajavel et  al. 
[67], presented the interconnectedness of respiratory 
health issues. This showed that special integrated health 
programs should be utilised to address both silicosis and 
tuberculosis among workers in mining and stone-related 
industries. The study by Bhagia et al. revealed that install-
ing these devices could reduce the prevalence of silicosis 
and tuberculosis, emphasising the need for collaboration 
to modernise the industry and safeguard nearby residents 
from dust exposure [38].

Qualitative studies conducted in Rajasthan, as dis-
cussed by Shamim et al. [61] and Chaturvedi et al. [73], 
shed light on the complex interplay of factors influencing 
the success of policy initiatives. Recognising the effective-
ness of the Rajasthan model, particularly the "Rajasthan 
Policy on Pneumoconiosis including Silicosis Detection, 
Prevention, Control and Rehabilitation – 2019," there is 
a pressing need for a national initiative. Several states, 
including Haryana, West Bengal, and Jharkhand, have 
devised their own silicosis relief and rehabilitation poli-
cies to confront the silicosis challenge [77]. As discussed 
in studies by Nandi et  al. [71] and Naha et  al. [66], the 
development of screening tools represents a crucial step 
toward the early detection of silicosis.

The diverse clinical presentations highlighted in case 
series and studies contribute to a nuanced understanding 
of silicosis. The association between silicosis and compli-
cations such as spontaneous pneumothorax, pulmonary 
tuberculoma, and systemic sclerosis (Erasmus syndrome) 
emphasises the need for a comprehensive approach to 
managing this complex disease. Studies by Chaudhury 
et al. [45], Dixit et al. [75], and Panchadhyayee et al. [56] 
provide valuable insights into the impact of silicosis on 
lung function, mortality, and unique clinical presenta-
tions. The stone-mining industry lacks proper preventive 
measures, posing risks to the respiratory health of work-
ers and the local community. Meanwhile, enforcement of 
existing protective legislation remains inadequate, high-
lighting the need for urgent improvements in regulations 
and enforcement to safeguard the well-being of those in 
stone-mining areas [55]. Health units addressing silicosis 
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have been established in districts prone to the condition. 
These units provide complimentary chest X-rays and pul-
monary function tests. Industries utilising silica undergo 
regular inspections, with non-governmental organi-
sations (NGOs) actively involved to ensure effective 
monitoring [77]. These diverse case studies collectively 
enhance our understanding of silicosis, stressing the sig-
nificance of early diagnosis, preventative measures, and 
tailored management strategies across different demo-
graphics and clinical presentations. These results con-
tribute to evidence guiding clinicians in diagnosing and 
managing silicosis-related complications. This review 
aims to provide a comprehensive analysis of existing 
research on silicosis, with a specific focus on India, where 
the burden of this disease is substantial.

Limitations of the evidence included in the review
Most studies are conducted in Gujarat and Rajasthan, 
which restricts their applicability to regions with differ-
ent environmental and occupational conditions affecting 
silicosis. Furthermore, most of the studies are cross-sec-
tional; these studies cannot establish causal links between 
silica exposure and silicosis.

Limitations of the review processes
The review might be influenced by publication bias. Fur-
ther, the search was conducted across three databases, 
which might have excluded relevant studies published in 
lesser-known or regional journals. The exclusion of stud-
ies is due to exclusion criteria and quality assessment. It’s 
important to note that this review did not include studies 
with lower scores. The results of the quality assessment 
are shown in the annexure. Another limitation is that 
we could not assess the risk of bias in studies estimating 
the prevalence of exposure to occupational risk by using 
tools like RoB-SPEO from the WHO/ILO Joint Estimates 
of the Work-related Burden of Disease and Injury.

Implications of the results for practice, policy, and future 
research
There is an urgent need for better screening tools for 
early silicosis detection in high-risk occupations. Reg-
ular screenings and interventions are essential for 
exposed workers. The high rates of silicosis necessitate 
stricter enforcement of occupational health regulations, 
improved workplace monitoring, and comprehensive 
healthcare services for affected workers. Future studies 
should focus on the longitudinal effects of silica exposure, 
develop accessible screening methods for low-resource 
settings, and examine regional differences to inform tai-
lored interventions.

Conclusion
This comprehensive review synthesises current knowl-
edge on silicosis in India, revealing geographic varia-
tions in prevalence, challenges in policy implementation, 
and diverse clinical manifestations. It highlights signifi-
cant occupational health risks, particularly for workers 
exposed to silica dust in industries like stone quarrying 
and mining. The analysis of 49 studies reveals an over-
all silicosis prevalence of 31.39%, with regions such as 
Gujarat and Rajasthan reporting alarmingly high rates. 
For instance, in Gujarat, 69.1% of workers in the agate 
industry were diagnosed with silicosis, underscoring the 
severe impact of prolonged exposure. Silicosis is often 
accompanied by other respiratory diseases like TB, with 
studies reporting a significant co-occurrence of silico-
tuberculosis, which further aggravates the health bur-
den on affected workers. The review also found limited 
awareness of preventive measures among workers, par-
ticularly in regions like Rajasthan and Gujarat, where 
the risk is highest. Moreover, while early detection tools 
like the lateral-flow assay for CC16 show promise, their 
implementation remains limited. The findings call for 
urgent interventions, including stricter enforcement of 
preventive measures, enhanced screening for early detec-
tion, and stronger national policies to protect vulnerable 
workers. Addressing these issues is critical to reducing 
the high burden of silicosis and associated diseases in 
India’s occupational sectors.
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