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ABSTRACT   

AN EVALUATION OF MORTALITY RATES AND THEIR DETERMINANTS IN A COHORT 

OF FORMER ASBESTOS MINERS IN SOUTH AFRICA 

Background: There is a well-established causal link between occupational asbestos exposure and lung 

diseases such as pneumoconiosis and mesothelioma. Higher mortality rates in former asbestos miners 

compared to the general population are thus anticipated. However, no local, large-scale studies have been 

conducted to evaluate the all-cause mortality experience in this subpopulation. We investigated all-cause 

mortality among a cohort of former South African asbestos miners captured on the Asbestos and 

Kgalagadi Relief Trusts’ Inyosi database.   

Methods: All-cause standard mortality ratios (SMRs) and crude mortality rates (CMRs) were calculated 

for 11 343 ex-miners. Mortality predictors were modelled using Cox regression analysis and mortality 

trends were assessed by examining annual all-cause CMRs and SMRs over the 20-year study period. 

Results: The cohort's all-cause mortality exceeded that of the general population by 4% (SMR=1.04; 95% 

CI: 1.01-1.07). Radiological abnormalities based on ILO profusion category were strong predictors of 

mortality with adjusted hazard ratios (aHRs) ranging from 1.13 (95% CI: 1.05-1.23) to 2.34 (95% CI: 

1.52-3.58). Other significant predictors were a BMI less than 18.5 kg/m
2
 (aHR=1.46; 95% CI: 1.35-1.58), 

history of previous smoking (aHR=1.43; 95% CI: 1.35-1.53), costophrenic angle obliteration (aHR=1.27; 

95% CI: 1.14-1.41), and reduced forced expiratory volume in one second and forced vital capacity 

(aHR=1.60; 95% CI:1.41-1.81 and aHR=1.26: 95% CI: 1.12-1.42, respectively, for z-scores less than        

-3.0). The SMR decreased with time.  

Conclusion: Interpretation of mortality in this cohort was limited by incomplete data, preventing firm 

conclusions. However, radiologic and spirometric measures emerged as significant predictors of 

mortality, potentially enabling risk stratification and guiding targeted interventions. Such interventions 

include early management of respiratory complications and smoking cessation, which could mitigate 

mortality risk. 

Keywords: asbestos-related disease, mortality rates, asbestos miners, predictors, risk factors, 

determinants 
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ABSTRACT  

AN EVALUATION OF MORTALITY RATES AND THEIR DETERMINANTS IN A COHORT 

OF FORMER ASBESTOS MINERS IN SOUTH AFRICA 

Background: There is a well-established causal link between occupational asbestos exposure and lung 

diseases such as pneumoconiosis and mesothelioma. Higher mortality rates in former asbestos miners 

compared to the general population are thus anticipated. However, no local, large-scale studies have been 

conducted to evaluate the all-cause mortality experience in this subpopulation. We investigated all-cause 

mortality among a cohort of former South African asbestos miners captured on the Asbestos and 

Kgalagadi Relief Trusts’ Inyosi database.   

Methods: All-cause standard mortality ratios (SMRs) and crude mortality rates (CMRs) were calculated 

for 11 343 ex-miners. Mortality predictors were modelled using Cox regression analysis and mortality 

trends were assessed by examining annual all-cause CMRs and SMRs over the 20-year study period. 

Results: The cohort's all-cause mortality exceeded that of the general population by 4% (SMR=1.04; 95% 

CI: 1.01-1.07). Radiological abnormalities based on ILO profusion category were strong predictors of 

mortality with adjusted hazard ratios (aHRs) ranging from 1.13 (95% CI: 1.05-1.23) to 2.34 (95% CI: 

1.52-3.58). Other significant predictors were a BMI less than 18.5 kg/m
2
 (aHR=1.46; 95% CI: 1.35-1.58), 

history of previous smoking (aHR=1.43; 95% CI: 1.35-1.53), costophrenic angle obliteration (aHR=1.27; 

95% CI: 1.14-1.41), and reduced forced expiratory volume in one second and forced vital capacity 

(aHR=1.60; 95% CI: 1.41-1.81 and aHR=1.26: 95% CI: 1.12-1.42, respectively, for z-scores less than         

-3.0). The SMR decreased with time.  

Conclusion: Interpretation of mortality in this cohort was limited by incomplete data, preventing firm 

conclusions. However, radiologic and spirometric measures emerged as significant predictors of 

mortality, potentially enabling risk stratification and guiding targeted interventions. Such interventions 

include early management of respiratory complications and smoking cessation, which could mitigate 

mortality risk. 

Keywords: asbestos-related disease, mortality rates, asbestos miners, predictors, risk factors, 

determinants 
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1. INTRODUCTION  

Historically, South Africa has contributed significantly to the global asbestos market, producing 

approximately 97% of crocidolite, 100% of amosite, and holding the position as the fifth-largest producer 

of chrysotile asbestos.
1 

Peak production occurred in the late 1970s.
1
 However, mounting scientific 

evidence has conclusively demonstrated the severe health risks associated with asbestos exposure, most 

notably its carcinogenic potential. This compelling evidence ultimately led to the official prohibition of 

new asbestos mining, production, and utilisation in South Africa on 28 March 2008.
2
 This ban did not 

include pre-existing asbestos-containing materials such as those used in roof repair and replacement. 

Consequently, the potential for occupational and, moreover, environmental exposure to asbestos has 

persisted.
3 

The causal link between asbestos exposure and a range of pulmonary and non-pulmonary diseases 

including asbestosis, pleural disease, lung cancer, mesothelioma and cancers of the larynx and ovary is 

well established, while the evidence linking asbestos exposure to gastrointestinal cancers is less 

conclusive.
4-17 

Higher morbidity and mortality rates are thus anticipated in former asbestos miners relative 

to the general population. Several international studies have documented higher all-cause and cause-

specific standardised mortality ratios (SMRs) among asbestos-exposed workers, including miners.
4-17

 

Early studies by Musk et al (2008) reported a statistically significantly increased SMR for 

pneumoconiosis (SMR=15.5), lung cancer (SMR=1.52), respiratory diseases (SMR=1.58) and ill-defined 

diseases (SMR=2.00)
6
; while Wang et al (2013) reported a statistically significant increased SMR for all-

cause mortality (SMR=1.46), parenchymal asbestosis (SMR=9.62), lung cancer (SMR=1.52) and 

pulmonary-related cardiac disease (SMR=2.70).
11

 More recently, in an updated Italian cohort study 

examining mortality amongst chrysotile-exposed miners, Ferrante et al (2020) reported a significantly 

increased SMR for all-cause mortality (SMR=1.28; 95% CI: 1.17-1.40), parenchymal asbestosis 

(SMR=375.06; 95% CI: 262.68-519.23) and mesothelioma (SMR=4.30; 95% CI: 1.58-9.37).
4
 Similarly, 

an Italian study by Pira et al (2017) reported an increased SMR for all-cause mortality (SMR=1.35; 95% 

CI: 1.25-1.45) and mesothelioma (SMR=5.54; 95% CI: 2.22-11.4) in asbestos-exposed miners.
5
 In 

contrast, research from South Africa, a nation with a thriving asbestos mining industry throughout the 

1970s, has produced limited data regarding the overall mortality pattern in exposed worker cohorts. The 

true burden of asbestos-related morbidity and mortality in this population thus remains largely 

unquantified.  

Furthermore, local and international studies have consistently shown that asbestos-related disease 

(pulmonary and systemic) remains underdiagnosed, untreated and uncompensated.
18-20

 This suggests that 
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medical surveillance programmes and compensation systems may be suboptimal in capturing the true 

burden of asbestos-related disease. Ongoing medical surveillance in former asbestos miners remains 

pertinent given the long latency period for asbestos-related diseases and the lack of a clearly defined 

threshold for exposure intensity and duration. Studies have suggested that former asbestos miners endure 

chronic health and financial burdens, denying them any share in the wealth their labour generated.
20

 

In recognition of the enduring health risks associated with mining exposures, South African legislation in 

the form of the Occupational Diseases and Mine Works Act (ODMWA) entitles former miners to a post-

employment biennial benefit medical examination (BME) at an accredited medical facility or medical 

practice.
21 

The BME is aimed at identifying compensable occupational lung disease in miners who have 

worked on South African mines and who have not reached maximum workers’ compensation. ODMWA 

does not allow for ongoing medical surveillance once maximum compensation is reached. Those at future 

risk of developing mesothelioma, for example, will therefore not undergo further mandatory surveillance 

once maximum compensation has been reached. Notably, environmental exposure to asbestos resulting in 

disease is not addressed in the statute and therefore, not compensable. 

The Asbestos Relief and Kgalagadi Relief Trusts (the “Trusts”) were established in March 2003 and 

February 2006, respectively, to mitigate the financial and socioeconomic burden suffered by former 

asbestos miners. This followed litigation against asbestos mining companies by former asbestos-exposed 

miners and communities. The Trusts provide a comprehensive suite of services encompassing both 

financial recompense for qualifying asbestos-related disease and palliative care interventions. Funded by 

asbestos mining companies that previously operated in South Africa, the Trusts aimed to compensate 

claimants previously employed at qualifying mines for asbestos-related disease, based primarily on the 

severity of radiological and spirometry findings, and to improve the quality of life of affected 

individuals.
22 

A comprehensive database with claimants’ health assessment and compensation data was 

maintained by the Trusts, namely the Inyosi database. It was used primarily for administrative purposes, 

but also provided an opportunity to study the mortality experience of this large cohort of asbestos-

exposed miners.  

Most Trust claimants resided in the Northern Cape, Mpumalanga, and Limpopo provinces of South 

Africa, which were historically the centres of commercial crocidolite, chrysotile, and amosite asbestos 

mining, respectively.
23

 Data released by the Trusts in 2006 indicated that most claimants (70,6%) were 

from the Northern Cape.
23

 A 1995 survey provides valuable sociodemographic context to the areas where 

miners lived and worked, revealing persistent socioeconomic challenges in the Northern Cape, such as 

low education levels (only 21% of adults had completed secondary schooling) and high unemployment 
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(27%).
24

 Socioeconomic disparities were particularly evident among Black households, where 38% had 

low annual incomes, only 27% had access to drinking water, and 85% relied on public healthcare 

facilities.
24

 Post-1994, the Northern Cape showed no immediate, notable socio‑economic advancement, 

despite demographic transition at the national level.
25

 

This study, conducted on a cohort of former asbestos miners captured on the Asbestos Relief and 

Kgalagadi Trusts’ database, has three aims: (a) to quantify the all-cause standardised mortality rate 

(SMR); (b) to identify the demographic, occupational and clinical predictors of mortality in this cohort; 

and (c) to outline mortality trends over the study period. The data generated has the potential to better 

quantify the mortality experience of this cohort, evaluate the burden of asbestos-related disease, provide 

motivation for the rational design of medical surveillance programmes and facilitate access to adequate 

compensation.  

 

2. METHODS  

Written informed consent was obtained from study participants on entering the Asbestos Relief and 

Kgalagadi Trusts’ Inyosi database, which included consent to the use of the data for future research. This 

study was based on anonymised secondary data obtained from the Inyosi database and was approved by 

the academic institution’s Human Research Ethics Committee (HREC Ref: 625/2024). 

2.1. Study Design, Data Source and Study Population 

A retrospective cohort mortality study was conducted on former asbestos miners captured as potential 

claimants on the Trusts’ Inyosi database. The electronic database, estimated to represent potential 

claimants from approximately 85% of South African asbestos mines,
26 

was primarily established for 

compensation purposes and spanned two decades from its inception in 2003 until present. The last 

asbestos mine in South Africa closed in 2002. Participant uptake of the Trusts’ benefits and entry onto the 

database was higher in the earlier years of the study, particularly 2004 to 2009, with numbers declining 

significantly thereafter (Figure S1: Supplementary information). Individuals were eligible for the Trusts’ 

benefits and admission onto the database based on a demonstrated history of occupational asbestos 

exposure while employed at a qualifying mining operation. Following admission, all participants had a 

baseline medical assessment including a physical examination, chest radiograph (CXR) and spirogram. 

The clinical data, mainly the radiological and spirometric findings, were used to categorise asbestos-

related pulmonary disease in participants. This in turn, informed the eligibility for compensation. This 
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study was conducted on 11 343 participants captured on the Inyosi database between 1 January 2004 and 

21 March 2023. 

2.2. Measurement Tools and Quality Control 

2.2.1 The Asbestos and Kgalagadi Relief Trust Medical Evaluation Form 

A standardised medical evaluation form (Appendix 2) was used by Trust-employed clinicians to record 

participant data. Demographic data included age and biological sex; the medical history included previous 

illnesses and comorbidities; and the occupational data included the type of exposure, duration of asbestos 

exposure, the nature of work performed and the mine location. Occupational data were verified using 

occupational records, where available.  

2.2.2 The Specialist Occupational Medicine Panel Data Collection Form 

A Specialist Occupational Medicine Panel (SOMP) panel was responsible for classifying asbestos-related 

disease (ARD) in participants using a composite system of clinical, radiological, spirometric and 

histological findings. Diagnostic criteria for ARD categories 1-4 are outlined in Table I. SOMP members, 

primarily radiologists and experienced occupational medicine clinicians trained in the International 

Labour Organization's (ILO) Classification of Radiographs of Pneumoconioses,
27

 utilised a standardised 

form (Appendix 3) to summarise clinical examination findings and document radiological and spirometry 

data for each participant.  

CXRs were interpreted in accordance with the ILO Classification and with the knowledge of the 

participant’s medical, occupational, and cigarette-smoking history. Radiological classification was 

established through consensus between the radiologist and occupational medicine clinician at a joint 

sitting, with the radiologist's interpretation prioritised. Where classification was borderline, or where 

panellists were unsure of the presence of asbestosis, a different SOMP panel was enlisted to classify the 

CXR. In such cases, the report of the SOMP panel making the higher classification was used. Where a 

difference of opinion persisted, a specially convened six-member SOMP panel reviewed the CXR to 

make a final determination.  

Spirometry was conducted on participants in accordance with current European Thoracic Society/ 

American Thoracic Society (ERS/ATS) guidelines.
28,29

 Lung function abnormalities identified in 

participants were classified based on spirometry reference values established by the European Community 

of Coal and Steel (ECSC), without correcting for race.
30

 Each participant was then assigned
 
an asbestos-

related (ARD) classification based on radiological and spirometry data, which served as the basis for 
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determining eligibility for compensation. In cases where parenchymal asbestosis or pleural disease 

coexisted with malignancy, the more severe asbestos-related disease, i.e. malignancy, determined the 

ARD grade. Grading was guided by specific criteria utilised by the Trusts, as outlined in Table I. The 

quality of CXRs and spirograms was assessed prior to reading and interpretation (Table SI: 

Supplementary information). 

This study utilised Global Lung Function Initiative (GLI) reference equations to generate standardised 

FEV1-, FVC- and the FEV1/FVC ratio z-scores for each participant. Raw FEV1 and FVC values captured 

on the SOMP forms, in conjunction with individual participant data (age, sex, height) and the GLI "other 

ethnic category", were used for the calculation.
31 

An online ERS GLI calculator facilitated these 

calculations.
32 

A z-score threshold of -1.64 was applied to dichotomise raw FEV1 and FVC values into 

normal and low categories. Low FEV1- and FVC z-scores were subcategorised further using GLI z-scores 

as outlined in Table I. FEV₁ and FVC z-scores were independently evaluated as risk factors for mortality. 

Table I provides a concise overview of key variables, encompassing ILO profusion and spirometry 

classification, in addition to quality control measures implemented to ensure data integrity. A more 

comprehensive presentation of these details is available in the supplementary information (Table SI: 

Supplementary information).  

2.3 Vital Status Assessment and Sample Size  

The data of all individuals captured on the Inyosi database during the study period were analysed, 

following the application of exclusion criteria. Vital status data, including the date of death of deceased 

cohort participants, were obtained by the Trust for operational purposes on 21 March 2023 through a 

linkage process facilitated by Xpert Decision Systems (XDS). XDS is an independent third-party linkage 

specialist able to access the South African Department of Home Affairs (DHA) database and provide vital 

status data for a given South African identity (ID) number. The South African ID numbers of all 16 127 

claimants on the Inyosi database were submitted via XDS to the DHA on 21 March 2023. Due to the 

historical inaccuracy of cause-of-death recording and the cost implications of such a search, cause-of-

death information was not requested.
33

 Following the removal of non-occupationally exposed participants 

and those with invalid or non-matching ID numbers, an anonymised record of the linked database 

consisting of 12 344 participants was obtained from the Trusts. The study sample was further reduced 

following the removal of participants who died before the commencement of the defined study period 

(n=124) and duplicate entries (n=877). A total of 11 343 study participants were included in the final 

analysis, with full spirometry data for analysis and interpretation available for 10 563 participants. 
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3. STATISTICAL ANALYSIS  

All statistical analyses were performed using STATA version 18.0.
34 

Descriptive statistics were used to 

summarise the distribution of predictor variables across vital status groups (deceased or alive). Ninety-

five percent confidence intervals (CIs) were calculated, and statistically significant differences in the 

distribution of categorical variables, by vital status, were assessed using Chi-squared tests and were 

reported using p-values.  

A comparative analysis of mortality ratios between the study population and the general South African 

population was conducted using SMRs. The SMRs were computed by dividing the observed number of 

deaths by the number of deaths expected in the general South African population matched for age, sex, 

and calendar year. Racial ascription was not recorded on the database and was thus excluded from the 

standardisation calculation. Actuaries calculated the expected mortality for the general South African 

population using the Thembisa Model Version 4.7 with COVID-19 pandemic adjustments based on data 

from the South African Medical Research Council.
35,36

 

Additional mortality measures described in this study include annual crude mortality rates (CMRs) and 

adjusted hazard ratios. To provide an overview of mortality risks in the study population, CMRs were 

calculated by dividing the number of observed deaths by the person-years contributed overall and for each 

year in the time series or stratum of the predictor of interest i.e., CMRs were calculated as incidence 

densities. 

A Cox Proportional Regression Model was employed to identify demographic, occupational, and clinical 

predictors of mortality while adjusting for all covariates. Survival time was calculated as the total number 

of days (converted to years) from the date of entry into the study and either the date of death or the 

censoring date (21 March 2023) for surviving participants. Adjusted Hazard Ratios (aHRs) with 95% 

confidence intervals were reported. The validity of the model and the proportionality assumption were 

assessed statistically and graphically using Schoenfeld residuals. Kaplan-Meier plots were used to 

illustrate graphically the differences in survival probability between study participants with and without  

low FEV1- or FVC z-scores. A log-rank test was used to assess if differences between the strata were 

significant. While CMRs and cumulative incidences provide a general understanding of the overall 

burden of mortality, more robust adjusted hazard ratios modelled in the Cox Regression identified 

predictors and time-sensitive changes in the mortality rates of the study population while adjusting for 

covariates.  
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Mortality trends were established by computing the CMR and SMR for each year of the study, which 

were used to elucidate temporal variations in mortality risk. A linear regression was modelled to 

determine the average change in crude mortality rates per annum. 

To explore a synergistic effect between cigarette smoking and asbestos exposure on the hazard of 

mortality, an interaction term was modelled between smoking status and ILO profusion category. An 

increased hazard of mortality was observed in smokers with more severe radiological evidence of 

parenchymal asbestosis (ILO profusion categories 2 and 3) relative to non-smokers with no radiological 

evidence of parenchymal asbestosis. However, none reached statistical significance (Table SIII: 

Supplementary information). Small numbers in the strata suggest that the study may have lacked 

statistical power to detect significant differences.  

 

4. RESULTS  

4.1 Demographic, Occupational and Clinical Characteristics and Crude Mortality Rates  

The characteristics of the 11 343 study participants stratified by vital status are presented in Table II, 

along with crude mortality rates. The median age at entry onto the cohort was 53.1 years (IQR: 47.01; 

61.97), most participants were male (82.8%) and non-smokers (68.4%). The type of asbestos exposure 

was unspecified in 33.1% of participants. Crocidolite exposure was most prevalent (43.1%), with 20.6% 

of participants exposed to chrysotile asbestos and 2.5% exposed to amosite asbestos. Most workers were 

employed aboveground only (75.8%).  The majority also had less than five years of exposure duration 

(67.4%), with only 0.7% exposed for a period exceeding 15 years.  While 20.8% had radiographic 

opacities characteristic of asbestosis, only 1.7% of the overall group were classified into more severe ILO 

profusion categories 2 and 3. An abnormal (“low”) FEV1 z-score was present in 37.0% and FVC z-score 

in 37.8% of the cohort, respectively. Furthermore, 63.1% of participants did not meet the Trust criteria for 

ARD, while 29.0% presented with ARD 1. ARD categories 2 to 4 exhibited significantly lower 

prevalence, with observed rates of 3.3% for ARD 2, 0.4% for ARD 3, and 2.3% for ARD 4. The quality 

assessment of radiological data indicated that approximately 92.1% of CXRs were readable, with 7.5% 

not having a quality classification documented. Similarly, 86.7% of spirograms were interpretable, with 

12.6% not having a quality classification documented. 
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During the 20-year follow-up period, a total of 136 548.92 person-years had been accrued and 45.0% 

(n=5 106) of the cohort had died, resulting in an overall CMR of 37.4 per 1 000 person-years. Notably, a 

significant proportion of deaths (43.7%) occurred before the age of 55 years. 

Excluding an outlier of 69.1 per 1000 person-years in 2021 (coinciding with the COVID-19 pandemic), 

on visual inspection, CMRs exhibited a slight upward trend between 2004 and 2023 (Table SII and Figure 

S2: Supplementary information). With the same exclusion, linear regression analysis revealed an average 

annual increase in the CMR of 0.6 per 1000 person-years (Figure S3: Supplementary information). 

4.2 Demographic, Occupational and Clinical Predictors of Mortality 

Cox regression analysis identified several predictors of mortality (Table III). Demographic factors 

associated with an increased hazard of death included age, male sex, and a history of cigarette smoking.  

Among occupational factors, exclusive aboveground employment was strongly associated with an 

increased hazard of death, as was underweight status among clinical factors. 

Radiological predictors of mortality included ILO profusion category (overall aHR=1.43; 95% CI: 1.36; 

1.51, p-trend= 0.000) and costophrenic angle obliteration. Relative to participants with normal lung 

function, impaired lung function, operationalised here as reduced FEV1- or FVC z-scores, significantly 

and independently predicted mortality. Kaplan-Meier survival curves (Figure 1) graphically demonstrate 

the significant difference in survival probabilities in participants with and without a reduced FEV1- or 

FVC z-score, confirmed by a significant log-rank test across strata in both categories (p=0.000). The 

relationship between reduced lung function and the hazard of mortality demonstrated a threshold effect at 

moderately low levels for FEV1 z-scores and severely low levels for FVC z-scores. Below that, there was 

a questionable difference from normal. Notably, a reduced FEV1 z-score emerged as a stronger prognostic 

indicator compared to a reduced FVC z-score. 

As expected, a significant association was observed between ARD classification as per SOMP and the 

hazard of death. An elevated hazard of mortality was observed in participants with radiological evidence 

of either parenchymal asbestosis or asbestos-related pleural disease and impaired lung function relative to 

those with normal radiological and spirometry findings (aHR=1.14; 95%CI: 1.04-1.25 for ARD 1). 

Individuals with malignancy, specifically asbestos-related lung cancer (ARD 3) and mesothelioma (ARD 

4), exhibited significantly elevated aHRs relative to those with no ARD (aHR=3.85; 95% CI: 2.47-6.01 

for ARD 3 and aHR=6.35; 95% CI: 5.42-7.45 for ARD 4).  
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4.3 Model Diagnostics 

Deviations from the proportional hazards assumption were observed for BMI (overweight and obese), 

diffuse pleural thickening, and FEV1 z-score, with only the latter significantly predicting mortality. To 

account for these violations, an extended Cox model was employed, incorporating these covariates as 

time-varying variables (Table SIV: Supplementary information).  While the hazard ratios for these time-

varying covariates changed over time, the adjusted hazard ratios for the primary predictors remained 

consistent with those obtained from the original Cox model.  This concordance suggested that the non-

proportionality of the covariates did not influence the estimates of the primary associations significantly.  

Thus, the original Cox model remained valid for assessing the association between the primary predictors 

and the mortality outcome.  Regarding the FEV1 z-score, although it violated the proportional hazards 

assumption, its effect in the original model can still be interpreted, but with the caveat that its influence on 

the outcome may vary over time. 

4.4 Standardised Mortality Ratios and Trends 

 

Table IV presents SMRs for the study cohort relative to the general South African population by calendar 

year, adjusted for age and sex. Due to the absence of recorded racial data, racial stratification was not 

incorporated into the SMR calculation. The overall (all-year) mortality rate within the cohort was 4% 

higher than that of the general population (SMR=1.04; 95% CI: 1.01-1.07). A significantly elevated 

mortality rate was observed among females (SMR=1.17; 95% CI: 1.09-1.25) compared to equivalent 

strata in the general population. In contrast, no significant excess mortality was detected among males 

(SMR=1.02; 95% CI: 0.99-1.05). 

 

Stratification by five-year age-groups revealed elevated SMRs in two non-adjacent strata: 50-54.9 years 

and 60-64.9 years. SMR by calendar year (Table IV and Figure 2) showed a rise from 0.85 in 2004 to a 

peak of 1.29 in 2010, followed by a slow decline to 1.09 in 2018.  The period 2019-2023, which 

coincided with the COVID-19 pandemic, is characterised by sharp fluctuation. Barring a small spike 

(1.06) observed at the height of the pandemic in 2021, a steady decline in the SMR was observed with no 

excess mortality recorded from 2019 onwards. 
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5. DISCUSSION  

In summary, this cohort study of former South African asbestos miners revealed a marginal overall excess   

in mortality compared to the general population. However, temporal analysis revealed a significant 

increase in mortality before the age of 55 years, and notable disparities between sexes. ILO profusion 

category and ARD grade emerged as the strongest predictors of mortality risk, while demographic and 

spirometric factors also demonstrated prognostic value. The large majority (> 90%) of participants 

presented with no detectable or mild parenchymal asbestosis (ILO profusion category 0 and 1), while 

63.1% presented with no ARD as per SOMP classification (normal radiological and spirometry findings). 

As expected, those diagnosed with malignancy (ARD 3 and 4) had a strongly elevated mortality risk. 

Over the 20-year study period, SMRs initially rose, plateaued between 2011 and 2018, and subsequently 

declined. 

Did the cohort demonstrate excess mortality (elevated SMR)?  

An overall excess mortality of 4% within this cohort of asbestos miners was observed relative to the 

general South African population. This was notably lower than studies conducted on chrysotile-exposed 

miners in Italy (SMR=1.28) and China (SMR=1.46).
3,10

 While factors such as the presence of 

comorbidities and differences in the intensity and duration of exposure could account for these 

differences, a potential explanation for this lower-than-expected excess mortality within this cohort lies in 

survivorship bias. Considering the peak of the asbestos industry in South Africa in the 1970s and the 

latency period of asbestos-related diseases, it is plausible that a portion of this cohort died prior to the 

establishment of the cohort in 2003 and the study's commencement in 2004. Individuals who survived 

longer without developing fatal asbestos-related diseases were more likely to be included in the study, 

potentially contributing to attenuation in the observed mortality. An evaluation of employment data is 

required to estimate the proportion of miners who might have died before cohort inception.   

In addition, the relatively short employment duration experienced by a substantial proportion of miners 

within this study cohort (less than five years in 67.4% of the cohort) may have contributed to the 

attenuated mortality risk. The possibility exists that many workers with longer employment duration may 

have died before entry onto the database. Notably, employment duration data were unavailable in 23.6% 

of the cohort, which could have included miners with longer employment duration. Inaccurate 

employment records and broken service are potential factors that may have contributed to this finding.  

Another factor to consider is the potential influence of the cohort's baseline health status. A healthier 

cohort with lower pre-existing morbidity might exhibit lower overall mortality rates, regardless of 
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asbestos exposure. However, as comprehensive comorbidity data were not systematically collected for the 

study population, this hypothesis remains speculative. Finally, potential inconsistencies in mortality data 

reporting and categorisation within the database could have inadvertently underestimated mortality rates. 

The denominator in the SMR calculation, i.e., expected mortality rate for the general South African 

population, warrants consideration when interpreting the SMRs in this mining cohort. Although 

adjustments for sex and age were made, critical factors such as socioeconomic status (SES), racial 

ascription, geographic location and the background prevalence of disease were not accounted for in the 

analysis. Higher expected background mortality rates would be anticipated in lower socioeconomic strata 

and in certain geographic locations associated with higher background prevalence of disease.
37

 Dilution of 

the comparison population by the inclusion of higher SES strata could therefore result in overestimation 

of the SMR for this cohort. In addition, the absence of reliable provincial mortality data prevented its use 

as the reference population in the calculation of SMRs. While provincial data may also have contained 

some bias, it would likely have offered a more representative and context-specific comparison than 

national data, potentially resulting in more accurate SMR estimates. 

This study demonstrated a significant mortality burden, with 43.7% of deaths occurring before the age of 

55 years. Notably, 23.97% of deaths occurred within the sixth decade of life. Stratification by five-year 

age groups revealed significantly elevated SMRs within the 50-64.9-year age strata. This finding concurs 

with observations from comparable international studies examining asbestos-exposed populations.
38-40

 

Notably, Markowitz et al. (2013), in their study of chrysotile-exposed North American insulators, 

reported similar findings with 50% of the cohort reaching the age of 65 years, and one-third of deaths 

occurring during their sixth decade.
39

 

In contrast to findings reported in existing literature, this study revealed a significant sex-specific 

disparity in SMRs relative to the general population.. The absence of significant excess mortality among 

male asbestos miners within this cohort deviated from the elevated mortality rates reported in other 

asbestos-exposed male populations.
13,38

 This discrepancy may be attributable to survivorship bias.   

While no significant excess mortality was observed among males relative to the general population, a 

significantly elevated excess mortality of 17% was evident among females. This disparity may in part be 

attributed to the significantly higher proportion of female employment in aboveground settings within this 

cohort (96.3% in females compared to 71.5% in males). Aboveground settings were typically associated 

with job tasks involving more intense asbestos exposure.
23

 For example, women were often engaged in 

cobbing, which entailed the breaking down of asbestos rock into ore by hand.
20

 Additional domestic 

exposure when laundering asbestos-contaminated clothes may also have contributed to greater exposures. 
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Notably, most female cases of mesothelioma (48/49), lung cancer (5/5), non-malignant ARD 1 (355/376), 

and ARD 2 (37/42) in this cohort occurred in aboveground workers, suggesting higher cumulative fibre 

exposure in these settings (Table SVI: Supplementary information). Furthermore, a substantial proportion 

of females in aboveground settings were either directly exposed to crocidolite asbestos (34.7%) or had 

unspecified exposure histories (54.9%), the latter potentially including crocidolite exposure (Table SVII: 

Supplementary Information). Overall, these findings highlight the importance of gendered exposure 

pathways in asbestos-related disease research and suggest that higher aboveground crocidolite asbestos 

exposure was a key driver of asbestos-related mortality amongst females relative to the general 

population. However, the influence of other unexamined factors on mortality risk (e.g., comorbidities) 

cannot be disregarded.  

What time trends in excess mortality were identified? 

While the overall excess mortality for the entire observation period was only marginally elevated at 4%, a 

temporal analysis of SMRs revealed varying trends with distinct periods of excess mortality. Specifically, 

the cohort of former miners exhibited an initial period of increasing mortality from 2004 to 2010. This 

was followed by a period of relative stability in excess mortality between 2011 and 2018. Barring a 

discrete, COVID-19-related elevation in 2021, a downward trend in SMRs was evident from 2019 

onwards. 

Based on the industry's zenith in the 1970s and the characteristic latency between asbestos exposure and 

the manifestation of related diseases, the observed pattern is consistent with the characteristic latency 

period for asbestos-related diseases (ARD). The pattern, which entailed a gradual increase in excess 

mortality ratios, culminating in a plateau approximately four decades after peak exposure followed by a 

subsequent decline, aligns temporally with the latency period. The subsequent decrease in SMRs from 

2019 onward may suggest a potential attenuation of the long-term health sequelae associated with 

historical asbestos exposure within this specific cohort of former miners. 

Which predictors of mortality were identified? 

A key aspect of this study was the identification of mortality predictors. Consistent with prior research, 

significant demographic risk factors included age (specifically exceeding 55 years), male sex, and a 

positive smoking history.
10-12, 41-46

 Occupational factors demonstrated a more limited predictive capacity, 

with only the nature of mine work (aboveground vs underground) exhibiting a significant association with 

mortality outcomes. Clinical predictors of mortality included the ILO profusion category, which 
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demonstrated the strongest association. Other significant clinical predictors included underweight status, 

lung function and the ARD category as assigned by the SOMP.  

While research has demonstrated strong links between occupational factors such as cumulative exposure, 

exposure duration, fibre type and dimensions, and asbestos-related mortality,
9,47-60

 this study identified 

employment exclusively aboveground relative to underground as the only statistically significant 

occupational predictor. As noted earlier, aboveground work was generally associated with higher 

intensities of airborne asbestos fibre exposure.
20,23

 For example, milling and bagging of asbestos were 

aboveground asbestos mining tasks associated with high fibre exposures of up to 57 fibres/ml in the 

Northern Cape during the 1960s.
23 

By contrast, underground mining in South Africa often occurred in wet 

conditions, which suppressed the aerosolisation and subsequent inhalation of asbestos fibres, potentially 

mitigating disease  risk.   

Unexpectedly, there was no exposure-response association between time in employment and mortality in 

this cohort. While miners employed for over 15 years demonstrated an increased mortality risk, this was 

not statistically significant. Several factors may have contributed to this unanticipated finding. Firstly, 

significant limitations in exposure assessment were apparent. The high proportion of participants with 

less than five years of employment (67.4%), coupled with a substantial amount of missing data (23.8%) 

for time in employment, creates the potential for substantial misclassification. Furthermore, the practice 

of short-term employment in the mining industry, combined with the reliance on subjective reporting of 

exposure by participants and difficulties in obtaining complete occupational histories, further complicates 

accurate exposure assessment. Misclassified time in employment is therefore likely to have obscured the 

true dose-response relationship between occupational asbestos exposure and mortality.  

Secondly, in the absence of data on asbestos fibre exposures, cumulative exposure was not measurable. 

High-intensity exposure within short periods could result in substantial cumulative asbestos burden even 

in those with shorter employment durations. Moreover, para-occupational and environmental exposures, 

because of residential proximity to mining operations, could have resulted in a significant underestimation 

of asbestos exposure. Thirdly, the healthy worker effect may have played a role. Individuals with pre-

existing health conditions may be less likely to be hired for or retain employment in physically 

demanding mining jobs. If these individuals were predominantly employed for short periods, they could 

contribute to the higher mortality observed in the less than five-year exposure group. Finally, the small 

number of participants in the more than 15-year exposure group (0.7%) may have limited the study's 

power to detect a statistically significant difference in mortality in this subgroup. 
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In addition, this study found no statistically significant association between the type of asbestos fibre 

exposure and mortality risk.  However, the asbestos exposure type was unspecified for 33.1% of the 

cohort. More importantly, increased mortality was observed within this subgroup (aHR=1.21; 95% CI: 

1.10-1.32). Based on data released by the Trusts in 2006, most claimants (70.6%) were employed on 

crocidolite mines in the Northern Cape.
23 

It is thus plausible that within the unspecified category, a 

significant proportion of workers were exposed to more hazardous crocidolite fibre types, accounting for 

the higher mortality observed. The absence of exposure data for many participants is likely due to non-

standardised capture of data.  

Analysis of the relationship between type of fibre exposure and ARD category revealed that 45.9% of 

participants diagnosed with asbestos-related lung cancer and mesothelioma (ARD 3 and ARD 4) were 

crocidolite-exposed, 22.2% were chrysotile-exposed and 0.7% amosite-exposed. The possibility exists 

that amongst the 31.3% of participants with unspecified exposure, a significant proportion of participants 

were exposed to crocidolite, given the Trusts’ reports of higher prevalence of crocidolite exposure 

amongst claimants.
23

 This observation is consistent with existing research suggesting a greater 

carcinogenic potential associated with crocidolite fibres.
51

 Hodgson et al. (2000) demonstrated a 

differential mesothelioma risk across chrysotile, amosite, and crocidolite fibres in an approximate ratio of 

1:100:500 and differential lung cancer risk between chrysotile and amphibole fibres of 1:10 to 1:50.
51

 

This study demonstrated a significant association between underweight status and increased mortality. 

Several potential mechanisms may underlie this observation. Underweight may be associated with 

reduced physiological reserves and compromised immune function, potentially exacerbating disease 

progression and increasing mortality risk.
61

 Notably, underweight status is a known risk factor for 

tuberculosis, which is highly prevalent in South Africa and may independently have contributed to 

increased mortality in this population.
62

 

The strong predictive ability of CXR findings on mortality outcomes in this asbestos-exposed mining 

cohort was established. The presence of radiological opacities as per ILO profusion classification and 

costophrenic angle obliteration were found to be significant predictors of mortality, with ILO profusion 

category 3 demonstrating the strongest association. These findings not only affirm the ILO classification 

system's validity in risk stratification but also emphasise the useful role of ILO-standardised CXR 

interpretation for surveillance.  The findings are consistent with prior research, which focused on the 

description of radiological manifestations associated with ARD
 63,64

 and studies which reported ILO 

profusion category as a strong predictor of mortality in asbestos-exposed cohorts.
39, 65
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Despite representing a small proportion of the cohort (1.74%), elevated mortality rates were observed for 

ILO profusion categories 2 and 3
 
in a grade-responsive manner. This suggests the potential for rapid 

disease progression and/or the development of severe complications, impacting disease burden and 

highlighting the increased healthcare needs of these high-risk individuals. Although less pronounced, the 

mortality risk associated with ILO profusion category 1 was still appreciable (aHR=1.13). This possibly 

reflects the known limitation of CXRs in estimating parenchymal asbestosis due to suboptimal sensitivity. 

Asbestosis has been shown to be present even with normal radiographic findings.
66,67 

Both diffuse pleural thickening and costophrenic angle obliteration demonstrated an increased hazard of 

death, although the former did not reach statistical significance. Diffuse pleural thickening, defined by the 

ILO Classification as visceral pleural thickening exceeding 3mm in width in the presence of and in 

continuity with costophrenic angle obliteration,
29 

is a marker of more significant asbestos-related injury.
68

 

It is associated with restrictive lung impairment and an elevated risk of developing more severe asbestos-

related disease.
68

 In this cohort, 66.8% of participants exhibiting diffuse pleural thickening had low FVC 

z-scores, with 58.2% demonstrating moderately to severely reduced FVC z-scores (i.e., below -2.0). This 

impaired lung function likely contributed to the observed increased mortality risk within this subgroup 

(Figure 3). Furthermore, diffuse pleural thickening was observed in 7.2% of mesothelioma cases within 

this cohort.  

Costophrenic angle obliteration without concurrent diffuse pleural thickening was present in 7.2% of the 

study population. Costophrenic angle obliteration in asbestos-exposed workers is often associated with 

pleural fibrosis or pleural effusions, which may be benign or malignant.
68,69

 Approximately 56.7% of the 

cohort with costophrenic angle obliteration had an abnormally low FVC z-score, and of these, 47.9% 

demonstrated a moderately to severely reduced FVC z-score (i.e., below -2.0). The abnormal lung 

function may have contributed to the increased hazard of death observed in this subset (Figure 4). In 

addition, 7.2% of participants classified as having asbestos-related cancer or mesothelioma (ARD 3 or 

ARD 4) exhibited costophrenic angle obliteration, suggesting the possibility of malignant effusions, 

which could further contribute to the predicted increased mortality risk. 

Impaired lung function, operationalised as low FEV1 and FVC z-scores, significantly and independently 

predicted mortality, with FEV1 z-score demonstrating a stronger prognostic ability. A threshold effect was 

demonstrated at moderately low levels for FEV1 and severely low for FVC z-scores. Prior research has 

established dose-responsive associations between impaired pulmonary function and increased mortality 

risk.
70,71
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In addition, a negative correlation between increasing ILO profusion category and FEV1- or FVC z-scores 

was observed (Table SV and Figure S4: Supplementary information). Miller et al. (2013) reported similar 

findings.
72

 Given the correlation between radiological severity and lung function impairment, medical 

surveillance should include CXR and spirometry to enable early identification of abnormal lung function.  

A statistically significant association between ARD category severity as per SOMP classification and the 

hazard of death was observed. As anticipated, an elevated hazard of mortality was observed in 

participants with parenchymal asbestosis and/or asbestos-related pleural disease and impaired lung 

function. In addition, asbestos-related lung cancer and mesothelioma (ARD 3 and ARD 4, respectively) 

were associated with sharply increased mortality hazards. These observations appear to validate the 

Trusts’ ARD classification system. However, the Trusts’ use of ECSC reference values to determine the 

difference between ARD categories 1 and 2 warrants consideration. ECSC reference values are primarily 

derived from Caucasian populations and may not account for differences in ethnicity, occupational 

exposures,
23

 environmental and occupational factors prevalent in African populations.
30

 Furthermore,  

participants’ lung function was assessed using the ECSC reference values without applying the 

“correction factors” that were recommended by the South African Thoracic Society guidelines at the 

time.
73

 The omission of these correction factors may have influenced the categorisation of individuals into 

ARD categories 1 and 2. As a result, the use of ECSC reference values in this cohort could have led to 

misclassification of lung function status and inaccurate evaluation of respiratory impairment caused by 

occupational lung disease, potentially affecting eligibility for compensation. In response to such concerns, 

the ERS/ATS has since recommended the use of the GLI reference equations, employed in this study, as a 

more appropriate standard for lung function assessment.
74

 It is important to note, however, that the GLI 

reference equations were not yet available in 2004, when the first cases were evaluated.  

Study limitations  

This retrospective cohort study, utilising secondary data, is subject to several limitations that may affect 

the validity and generalisability of its findings. The historical fragmentation and inaccuracy of the South 

African death registration system raises concerns about the completeness of death reporting.
33

 While 

significant improvements have been made, the possibility of missed deaths and consequent 

underestimation of mortality rates cannot be disregarded.
33

 Furthermore, the absence of cause-of-death 

and morbidity data prevents attribution of mortality to specific asbestos-related diseases within this 

cohort. 

The interpretation of mortality trends was constrained by variations in participants’ entry times into the 

study and the differing circumstances surrounding their inclusion. A key methodological challenge 
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involved determining an appropriate start date for survival time. Due to the lack of accurate and complete 

records on participants’ employment start dates, researchers opted to use the date of entry onto the study 

database, which was reliably documented for all participants. However, this date may not accurately 

represent the point at which individuals became at risk for the outcome of interest (i.e., mortality), 

potentially introducing bias into survival estimates. In addition, researchers calculated CMRs as rates, i.e. 

observed deaths per person-years for each calendar period, rather than using a clearly defined population 

at risk. This approach accounts for varying entry times and follow-up durations. However, it may obscure 

the actual timing and composition of risk, potentially leading to biased estimates. Without a well-defined 

denominator population, mortality rates can be either diluted or inflated due to differences in follow-up 

time and the potential for survivor bias. This also limits the accuracy of comparisons across calendar 

periods. 

Although quality control measures were employed by the Trusts where possible (Table I), the potential 

for information bias resulting from transcription and measurement errors of predictor variables still exists. 

For example, the SOMP evaluators' knowledge of participant history during CXR interpretation could 

have introduced assessment bias in the reading of the CXR and ARD classification. Furthermore, no 

accurate quantitative data on the exposure intensity and hence cumulative dose of exposure were 

available. While the duration of exposure is often considered a key predictor of adverse asbestos-related 

health outcomes, the absence of precise data on intensity makes misclassification likely. Survival bias 

may exist as older miners with potentially higher early-life exposures may have died before the database's 

inception in 2003, resulting in the underestimation of the overall mortality rate. The study's focus on 

predominantly crocidolite-exposed South African miners necessitates caution when extrapolating findings 

to asbestos mining populations in neighbouring countries where chrysotile asbestos was mined, notably 

Eswatini and Zimbabwe.  

 

6. CONCLUSION  

This study presents novel insights into the long-term mortality experience of former South African 

asbestos miners, a historically marginalised and underrepresented occupational group.
75

 By focusing on 

overall mortality trends and associated clinical predictors, it contributes to a better understanding of the 

enduring health consequences of asbestos exposure in the post-employment phase. The findings must be 

understood within the broader context of systemic inequality, where inadequate workplace protections 

and persistent disparities in healthcare access, particularly in historically disadvantaged provinces, have 

compounded health risks for this population.
75
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Post-employment medical surveillance of asbestos-exposed workers remains essential but poses 

significant challenges due to limited resources, wide geographic dispersion, poor awareness of risk, and 

restricted access to appropriate healthcare services. Addressing these barriers requires a multipronged 

approach that includes targeted allocation of resources, enhanced diagnostic capacity, increased 

awareness, improved accessibility, and incentives for case finding. Training healthcare providers to better 

support this population is also critical to delivering effective surveillance and care. 

Although curative treatment for asbestos-related diseases remains limited, there is clear potential to 

improve health-related quality of life through supportive care. Preventive and clinical strategies such as 

timely management of respiratory complications, targeted vaccination programmes (e.g., pneumococcal, 

influenza, COVID-19), and smoking cessation support could help preserve lung function and attenuate 

the progression of asbestos-related complications. These approaches are particularly important given the 

challenges of modifying the progression of underlying pathologies associated with asbestos exposure. 

While this study did not directly assess the role of compensation systems or social security structures, the 

broader context highlights the importance of ensuring equitable access to such support. Initiatives aimed 

at improving awareness of statutory rights, simplifying claims processes, providing administrative 

assistance, increasing compensation awards to align with inflation, and facilitating access to social 

security provisions may help mitigate some of the long-term socioeconomic and health consequences 

experienced by former miners. These areas warrant further empirical investigation. 

Collectively, these efforts have the potential to inform more targeted clinical interventions and evidence-

based policies, ultimately contributing to the reduction or postponement of preventable mortality and the 

improvement of long-term health outcomes for this historically disadvantaged workforce affected by 

occupational asbestos exposure in South Africa.  

Future research should aim to 1) develop and validate a clinical risk stratification tool using demographic, 

radiological, and spirometric markers to support early identification of high-risk individuals; 2) 

investigate the role of co-morbidities such as tuberculosis in shaping mortality outcomes within this 

exposed population and 3) explore longitudinal trajectories of lung function and radiological progression 

to better understand disease evolution and inform customised intervention strategies. 
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Table I: Operationalisation of variables and quality control measures employed 

Predictor variable Variable definition Quality control measures 

Cigarette Smoking History 

 

Never:      Never smoked/smoked < 1 pack year.  

Previous: Smoked > 1 pack year but stopped  

Current:  Still smoking at present. 

 

Body Mass Index (kg/m
2
) 

    

 

BMI was calculated as weight/height
2 
(kg/m

2
) and categorised as:  

Underweight: < 18.5 kg/m
2
 

Normal:          = 18.5 to 24.9 kg/m
2
 

Overweight:   = 25 to 29.9 kg/m
2
 

Obese:             ≥ 30 kg/m
2 

Weight and height measurements were performed in 

standardised manner. 

 

 

Radiological data 

ILO Profusion categories 

    

 

Radiological data were reported in a standardised manner by a radiologist 

and occupational medicine specialist trained in reading radiographs in 

accordance with the International Labour Organisation (ILO) 

International Classification of Radiographs of Pneumoconioses.
26 

 

ILO Profusion Categories: 

Category 0:   0/-; 0/0/; 0/1 

Category 1:   1/0; 1/1; 1/2 

Category 2:   2/1; 2/2; 2/3 

Category 3:   3/2; 3/3; 3/+ 

Category 1-3 were considered abnormal  

Trained radiologists and medical practitioners with 

experience and expertise in occupational medicine were 

members of a Specialist Occupational Medicine Panel 

(SOMP) who captured clinical data. The radiographs were 

read with full knowledge of the patient’s medical, 

occupational, or cigarette-smoking history.   The 

classification of radiological data was done by consensus 

between the radiologist and the occupational medicine 

practitioner, with a tendency for the radiologist’s reading 

to prevail. Where classification was difficult or borderline, 

or where there was disagreement between the radiologist 

and occupational medicine specialist, a different SOMP 

panel was enlisted to classify the CXR.  In such cases, the 

report of the SOMP panel making the higher classification 

was used. 

Spirometry Classification 

FEV1 Normal 

FEV1 Low 

 

 

 

 

FVC Normal 

FVC Low  

 

 

 

 

FEV1 Normal: FEV1 z-score ≥ -1.64  

     FEV1 Low:  FEV1 z-score < -1.64 

              Mild:  FEV1 z-score: < -1.64 but > -2.0 

      Moderate:  FEV1 z-score: ≤ -2.0 but > -3.0 

           Severe:  FEV1 z-score: ≤ -3.0 

 

FVC Normal: FVC z-score ≥ -1.64  

      FVC Low: FVC z-score < -1.64 

              Mild: FVC z-score: < -1.64 but > -2.0 

     Moderate:  FVC z-score: ≤ -2.0 but > -3.0 

          Severe:  FVC z-score: ≤ -3.0 

Global Lung Function Initiative (GLI) reference equations 

were used to generate FEV1, FVC and FEV1/FVC z-scores 

for each participant using their age, sex, height and raw 

FEV1 and FVC values. The GLI-other ethnic category was 

used. A z-score cut-off ≥ -1.64 was used to dichotomise 

the FEV1 and FVC raw values into normal and low 

categories.  The GLI z-scores were additionally used to 

further subcategorise FEV1 and FVC as outlined. 

MANUSCRIPT TABLES AND FIGURES 
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Predictor variable Variable definition Quality control measures 

Asbestos-Related Disease 

(ARD) Category 

No ARD 

ARD 1 

ARD 2 

ARD 3 

ARD 4  

ARD not determined yet 

 

The Trusts used a composite classification system to categorise asbestos-

related disease (ARD) in claimants. Both the radiological findings as per 

ILO classification and the spirometry results using the European 

Community for Steel and Coal (ECSC) reference values were used to 

categorise the claimants as follows:
27

 

 

No ARD: Spirometry:   FEV1 and FVC ≥ 80% 

                                       FEV1/FVC ratio ≥ 75% 

                Radiological: No evidence of asbestosis/asbestos-related   

                                       changes  

 

ARD 1: Asbestos-related pleural thickening/asbestosis with mild to    

              moderate lung function impairment  

              Spirometry:    FEV1 and FVC ≥ 52% but < 80% 

                                     FEV1/FVC ratio ≥ 55% but < 75% 

              Radiological: ILO reading consistent with asbestosis/asbestos-    

                                    related changes  

 

ARD 2:  Asbestos-related pleural thickening/asbestosis with severe lung  

               function impairment  

               Spirometry:   FEV1 and FVC < 52% 

                                     FEV1/FVC ratio < 55% 

               Radiological: ILO reading consistent with asbestosis/asbestos-    

                                     related changes  

 

ARD 3: Asbestos-related Lung cancer  

              Based on histological evidence 

 

ARD 4: Mesothelioma  

              Based on histological evidence 

 

For ARD 3 and 4, where histological evidence was not available, 

radiological diagnosis was made by a radiologist.  Where asbestosis or 

pleural disease coexisted with malignancy, the higher ARD grade was 

used. 
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Table II: Demographic, occupational and clinical characteristics of Asbestos and Kgalagadi Relief Trust claimants with crude  

                mortality rates for period 2004 to 2023 

Characteristic Total 

 
Alive 

 
Deceased 

 
p-value Crude Mortality Rate 

(/1000 person-years) 

Overall 11 343 6 237 (55.0%) 5 106 (45.0%) - 37.4 

 

Age on Entry to Cohort (years) 
        

        *
 < 35  

    35 – 44.9                                                                     

    45 - 54.9 

    55 – 64.9 

       ≥ 65 

     57 (0.5%) 

1 852 (16.3%) 

4 393 (38.7%) 

  3 015 (26.6%) 

  2 026 (17.9%) 

 

 

 43 (0.4%) 

1 279 (11.4%) 

2 739 (24.2%) 

1 449 (12.8%) 

717 (6.3%) 

 

    

  14 (0.1%) 

  563 (5.0%) 

  1 654 (14.6%) 

 1 566 (13.8%) 

 1 309 (11.5%) 

 

 

0.000 

 

 

16.3 

21.3 

28.3 

47.0 

72.3 

Biological Sex 
  *

Female 

   Male 

 

1 955 (17.2%) 

9 388 (82.8%) 

 

1 133 (10.0%) 

   5 104 (45.0%) 

 

822 (7.3%) 

4 284 (37.8%) 

 

 

0.004 

 

33.0 

37.9 

Cigarette Smoking Status 
   

*
Never 

    Previous 

 

7 763 (68.4%) 

3 580 (31.6%) 

 

4 558 (40.2%) 

1 679 (14.8%) 

 

3 205 (28.3%) 

1 901 (16.8%) 

 

 

0.000 

 

33.7 

45.4 

Type of Asbestos Exposure 
   *

Chrysotile only 

   Crocidolite only 

   Amosite 

   Mixed 

   Unspecified 

 

2 338 (20.6%) 

4 892 (43.1%) 

278 (2.5%) 

  81 (0.7%) 

   3 754 (33.1%) 

 

1 265 (11.2%) 

2 741 (24.1%) 

201 (1.8%) 

34 (0.3%) 

1 996 (17.6%) 

 

  1 073 (9.5%) 

 2 151 (19.0%) 

77 (0.7%) 

47 (0.4%) 

1 758 (15.5%) 

 

 

0.000 

 

39.4 

35.5 

20.3 

49.1 

39.5 

Nature of Mine Work 
   

*
Underground only 

    Aboveground only 

    Unspecified 

 

2 506 (22.1%) 

8 592 (75.8%) 

245 (2.2%) 

 

1 412 (12.5%) 

4 692 (41.4%) 

133 (1.2%) 

 

1 094 (9.6%) 

 3 900 (34.4%) 

112 (1.0%) 

 

 

0.299 

 

36.0 

37.5 

41.0 

 

Time in Employment (years) 
    

*
0 - 5 

     5 - 10 

    10 -15 

       >15 

    Unspecified 

 

7 649 (67.4%) 

803 (7.1%) 

138 (1.2%) 

76 (0.7%) 

2 677 (23.6%) 

 

4 177 (36.8%) 

462 (4.1%) 

83 (0.7%) 

37 (0.3%) 

1 478 (13.0%) 

 

3 472 (30.6%) 

341 (3.0%) 

55 (0.5%) 

39 (0.3%) 

1 199 (10.6%) 

 

0.257 

 

38.1 

33.5 

30.8 

44.9 

36.1 

 

BMI at Baseline (kg/m
2
) 

    *
Normal 

    Underweight 

    Overweight 

    Obese 

    Unspecified 

 

5 305 (50.2%) 

1 651 (15.6%) 

2 192 (20.8%) 

1 415 (13.4%) 

780 (6.9%) 

 

3 022 (26.6%) 

668 (5.9%) 

1 360 (12.0%) 

850 (7.5%) 

337 (3.0%) 

 

2 283 (20.1%) 

983 (8.7%) 

832 (7.3%) 

565 (5.0%) 

443 (3.9%) 

 

 

0.000 

 

35.1 

57.5 

29.6 

31.9 

48.8 

ILO Profusion Category 
 *
 Category 0 

   Category 1 

   Category 2 

   Category 3 

 

8 981 (79.2%) 

2 166 (19.1%) 

166 (1.5%) 

 30 (0.3%) 

 

5 198 (45.8%) 

972 (8.6%) 

60 (0.5%) 

7 (0.1%) 

 

3 783 (33.4%) 

1 194 (10.5%) 

106 (0.9%) 

23 (0.2%) 

 

 

0.000 

 

34.2 

48.0 

71.8 

108.3 

Pleural Plaques 
  

*
Absent 

   Present 

 

 

 

8 135 (71.7%) 

3 208 (28.3%) 

 

4 491 (39.6%) 

1 746 (15.4%) 

 

3 644 (32.1%) 

1 462 (12.9%) 

 

 

 

0.452 

 

37.1 

37.7 
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Characteristic Total 

 
Alive 

 
Deceased 

 
p-value Crude Mortality Rate 

(/1000 person-years) 

Costophrenic angle obliteration 
  

*
Absent 

    Present 

 

10 522 (92.8%) 

  821 (7.2%) 

 

5 917 (52.2%) 

320 (2.8%) 

 

4 605 (40.6%) 

501 (4.4%) 

 

0.000 

 

35.9 

57.0 

 

Diffuse Pleural Thickening 
  

*
Absent 

   Present 

 

10 758 (94.8%) 

 585 (5.2%) 

 

6023 (53.1%) 

214 (1.9%) 

 

4 735 (41.7%) 

371 (3.3%) 

 

0.000 

 

36.1 

61.7 

 

FEV1 z-score (litres) 
*
Normal 

#
Low 

    Mild 

    Moderate  

    Severe  

 Unspecified 

 

6 311 (60.0%) 

4 202 (40.0%) 

1 116 (10.6%) 

2 034 (19.4%) 

1 052 (10.0%) 

830 (7.3%) 

 

3 814 (36.3%) 

 2 053 (19.5%) 

639 (6.1%) 

1 017 (9.7%) 

397 (3.8%) 

370 (3.3%) 

 

2 497 (23.8%) 

2 149 (20.4%) 

477 (4.5%) 

1017 (9.7%) 

655 (6.2%) 

460 (4.1%) 

 

 

0.000 

 

32.6 

44.3 

34.2 

41.6 

65.2 

47.6 

 

FVC z-score (litres) 
*
Normal 

#
Low 

     Mild 

     Moderate  

     Severe  

Unspecified 

 

6 544 (62.3%) 

3 969 (37.8%) 

940 (8.9%) 

1 788 (17.0%) 

1 241 (11.8%) 

830 (7.3%) 

 

3 941 (37.5%) 

1 926 (18.3%) 

527 (5.0%) 

934 (8.9%) 

465 (4.4%) 

370 (3.3%) 

 

2 603 (24.8%) 

2 043 (19.4%) 

413 (3.9%) 

854 (8.1%) 

776 (7.4%) 

460 (4.1%) 

 

 

0.000 

 

31.9 

44.5 

35.2 

39.7 

61.6 

47.6 

 

Asbestos-related Disease (ARD) 

Category 
   *

No ARD 

    ARD 1 

    ARD 2 

    ARD 3 

    ARD 4 

    Not determined 

 

 

 

7 154 (63.1%) 

3 284 (29.0%) 

377 (3.3%) 

44 (0.4%) 

263 (2.3%) 

221 (2.0%) 

 

 

4 429 (39.1%) 

1 580 (13.9%) 

102 (0.9%) 

0 (0.0%) 

15 (0.1%) 

111 (1.0%) 

 

 

2 725 (24.0%) 

1 704 (15.0%) 

275 (2.4%) 

44 (0.4%) 

248 (2.2%) 

110 (1.0%) 

 

 

0.000 

 

 

30.5 

42.6 

82.0 

107.1 

152.3 

48.2 

*Reference category 
*Normal FEV1:   FEV1 z-score ≥ -1.64                                        Normal FVC:  FVC z-score ≥ -1.64                       
        #Low FEV1:  FEV1 z-score ≤ -1.64                                           #Low FVC:   FVC z-score ≤ -1.64                      

                Mild:  FEV1 z-score: -1.64 to -2.0                                           Mild:   FVC z-score: -1.64 to -2.0          

        Moderate:  FEV1 z-score: -2.0 to -3.0                                      Moderate:   FVC z-score: -2.0 to -3.0 
             Severe:  FEV1 z-score: ≤ -3.0                                                  Severe:   FVC z-score: ≤ -3.0 

 

ARD categories defined in Table I  
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Table III: Demographic, occupational and clinical predictors of mortality in Asbestos and Kgalagadi 

Trust claimants between 2004 and 2023 

Predictor
 #

Adjusted 

Hazard Ratio 

95% CI p-value 

Age on Entry to Cohort (years)   

     
 *
 <35 

    
  
35 – 44.9                                                            

     45 - 54.9 

     55 - 64.9 

     
 
  ≥ 65 

 

           - 

1.15 

1.50 

2.60 

4.46 

 

- 

0.68 – 1.96 

0.89 – 2.55 

1.54 – 4.41 

2.63 – 7.58 

 

 

- 

0.598 

0.129 

0.000 

0.000 

Biological Sex 

   
*
Female 

    Male 

 

- 

1.20 

 

- 

1.10– 1.31 

 

 

- 

0.000 

Cigarette Smoking Status 

    
*
Never 

     Previous 

 

- 

1.43 

 

- 

1.35 – 1.53 

 

 

- 

0.000 

Type of Asbestos Exposure 

  
*
Chrysotile only 

   Crocidolite only 

   Amosite only 

   Mixed 

   Unspecified 

 

- 

1.08 

         0.75 

1.14 

1.21 

 

- 

1.00 – 1.17 

0.59 – 0.96 

0.83 – 1.57 

1.10 – 1.32 

 

 

- 

0.058 

0.022 

0.414 

0.000 

Nature of Mine Work 

  
*
Underground only 

    Aboveground only 

    Unspecified 

 

- 

1.16 

1.05 

 

- 

1.07 – 1.25 

0.85 – 1.30 

 

 

- 

0.000 

0.653 

Time in Employment (years) 

   
 *
0 - 5 

     5 - 10 

    10 -15 

       >15 

    Unknown 

 

- 

0.85 

0.81 

1.27 

1.06 

 

- 

0.75 – 0.96 

0.62 – 1.08 

0.91 – 1.76 

0.98 – 1.15 

 

 

- 

0.007 

0.147 

0.157 

0.165 

BMI at baseline (kg/m
2
) 

   
*
Normal 

    Underweight 

   
$
Overweight 

   
$
Obese

 

 

- 

1.46 

0.89 

1.03 

 

- 

1.35 – 1.58 

0.82 – 0.97 

0.93 – 1.13 

 

 

- 

0.000 

0.006 

0.609 

ILO Profusion Categories 

   
*
Category 0 

    Category 1 

    Category 2 

    Category 3 

 

- 

1.13 

1.23 

2.34 

 

- 

1.05 – 1.23 

1.00 – 1.51 

1.52 – 3.58 

 

 

- 

0.002 

0.054 

0.000 

Pleural Plaques 

   
*
Absent 

    Present 

 

- 

0.85 

 

 

- 

0.79 – 0.92 

 

 

 

- 

0.000 
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Predictor Adjusted 

Hazard Ratio 

95% CI p-value 

Costophrenic angle obliteration 

  
*
Absent 

   Present 

 

- 

1.27 

 

 

- 

1.14 – 1.41 

 

- 

0.000 

$
Diffuse Pleural Thickening 

   
*
Absent 

    Present 

 

- 

1.13 

 

 

- 

0.99 – 1.28 

 

- 

0.061 

FEV1 z-score  

   
*
Normal 

  
 #
Low  

          Mild  

          Moderate  
             $

Severe 

 

- 

 

1.02 

1.13 

1.60 

 

- 

 

0.92 – 1.13 

1.02 – 1.24 

1.41 – 1.81 

 

 

- 

 

0.712 

0.014 

0.000 

FVC z-score  

   
*
Normal  

   
#
Low  

          Mild  

          Moderate  

          Severe 

 

- 

 

1.06 

1.06 

1.26 

 

- 

 

0.95 – 1.18 

0.97 – 1.17 

1.12 – 1.42 

 

- 

 

0.302 

0.220 

0.000 

 

Asbestos-Related Disease (ARD) 

Category  

   
*
No ARD 

    ARD 1 

    ARD 2 

    ARD 3 

    ARD 4 

    Not determined 

 

 

- 

1.14 

1.16 

3.85 

6.35 

1.37 

 

 

- 

1.04 – 1.25 

0.98 – 1.37 

2.47 – 6.01 

5.42 – 7.45 

1.10 – 1.70 

 

 

 

- 

0.004 

0.076 

0.000 

0.000 

0.005 

*Reference category 
 *Normal FEV1:  FEV1 z-score: ≥ -1.64                        Normal FVC:  FVC z-score: ≥ -1.64                       

      #Low FEV1:  FEV1 z-score: ≤ -1.64                            Low FVC:   FVC z-score: ≤ -1.64                      
                 Mild:  FEV1 z-score: -1.64 to -2.0                            Mild:   FVC z-score: -1.64 to -2.0          

         Moderate:  FEV1 z-score: -2.0 to -3.0                      Moderate:   FVC z-score: -2.0 to -3.0 

              Severe:  FEV1 z-score: ≤ -3.0                                   Severe:   FVC z-score: ≤ -3.0 
        
#Hazard ratios adjusted for all covariates                                                                            
 

$Covariates and specific levels of covariates which violated the proportional hazards assumption and were modelled in an Extended Cox 

Regression Model (see Supplementary information) 
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Table IV:  Standardised mortality ratios (SMRs) of Trust claimants relative to the general South African  

                 population standardised by sex, age and calendar year   

Sex Observed Deaths Expected Deaths 
*
SMR 95% CI 

Male 4 284 4200 1.02 0.99 – 1.05 

Female 822 702 1.17 1.09 – 1.25 

Age (years) Observed Deaths Expected Deaths SMR 95% CI 

<30 0 0 0 - 

30-34.9 1 3 0.33 -0.32 – 0.99 

35-39.9 25 29 0.86 0.52 – 1.20 

40-44.9 118 120 0.98 0.81 – 1.16 

45-49.9 282 286 0.98 0.87 – 1.10 

50-54.9 544 476 1.14 1.05 – 1.24 

55-59.9 680 676 1.01 0.93 – 1.08 

60-64.9 835 753 1.14 1.03 – 1.18 

≥65 2621 2 559 1.02 0.99 – 1.06 

Calendar year Observed Deaths Expected Deaths 
*
SMR 95% CI 

2004 11 13 0.85 0.35 – 1.35 

2005 54 60 0.90 0.66 – 1.14 

2006 178 162 1.10 0.94 – 1.26 

2007 239 208 1.15 1.00 – 1.29 

2008 285 227 1.26 1.11– 1.40 

2009 297 248 1.20 1.06 – 1.33 

2010 335 260 1.29 1.15 – 1.43 

2011 293 261 1.12 0.99 – 1.25 

2012 286 260 1.10 0.97 – 1.23 

2013 273 262 1.04 0.92 – 1.17 

2014 301 266 1.13 1.00 – 1.26 

2015 306 272 1.13 1.00 – 1.25 

2016 317 278 1.14 1.01 – 1.27 

2017 296 283 1.05 0.93 – 1.17 

2018 318 292 1.09 0.97 – 1.21 

2019 241 329 0.73 0.64 – 0.83 

2020 296 385 0.77 0.68 – 0.86 

2021 467 439 1.06 0.97 – 1.16 

2022 264 328 0.80 0.71 – 0.90 

till 21/03/2023 49 69 0.71 0.51 – 0.91 

Total 5106 4 902 1.04 1.01 – 1.07 
*SMR: Standardised Mortality Ratio 
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Figure 1: Kaplan-Meier plot comparing the survival probability between participants with 

and without a low FEV1 z-score or FVC z-score 
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Figure 2: Standardised mortality ratio among Asbestos and Kgalagadi Relief Trust claimants for each year of the 

study period from 2004 to 2023 
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Figure 3: Spirometry findings in participants with diffuse pleural thickening  

FEV1 z-score 
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Figure 4: Spirometry findings in participants with costophrenic obliteration  



38 
 

REFERENCES 

1. Selby K. Mesothelioma in South Africa. Asbestos.com. 2024. Available from: 

https://www.asbestos.com/mesothelioma/south-africa/. Accessed February 12, 2024. 

2. South Africa. Asbestos Abatement Regulations. Government Gazette No. 43893. 2020.  

Available from: https://www.labour.gov.za/DocumentCenter/Regulations%20and%20 

Notices/Regulations/Occupational%20Health%20and%20Safety/Asbestos%20 

Abatement%20Regulations, %202020%20GG43893. Accessed May 18, 2024.  

3. Phillips JI, Swanepoel AJ, Rees D. Asbestos remains troublesome in South Africa after the ban. 

Occup. Health South. Afr. 2016; 22 (4):20-23. Available from: 

https://www.occhealth.co.za/_assets/articles/244/1713.pdf. Accessed May 19, 2024. 

4. Ferrante D, Mirabelli D, Silvestri S, et al. Mortality and mesothelioma incidence among chrysotile 

asbestos miners in Balangero, Italy: a cohort study. Am J Ind Med. 2020; 63(2):135-145. 

https://doi:10.1002/ajim.23071. 

5. Pira E, Romano C, Donato F, Pelucchi C, Vecchia C, Boffetta P. Mortality from cancer and other 

causes among Italian chrysotile asbestos miners. Occup Environ Med. 2017; 74(8):558-563.  

https://doi:10.1136/oemed-2016-103673. 

6. Musk AW, de Klerk NH, Reid A, et al. Mortality of former crocidolite (blue asbestos) miners and 

millers at Wittenoom. Occup Environ Med. 2008; 65(8):541-543. 

https://doi:10.1136/oem.2007.034280. 

7. Pira E, Pelucchi C, Piolatto P, Negri E, Bilei T, La Vecchia C. Mortality from cancer and other causes 

in the Balangero cohort of chrysotile asbestos miners. Occup Environ Med. 2009; 66(12):805-809. 

https://doi: 10.1136/oem.2008.044693.  

8. Piolatto G, Negri E, La Vecchia C, Pira E, Decarli A, Peto J. An Update of cancer mortality among 

chrysotile asbestos miners in Balangero, Northern Italy. Br J of Ind Med. 1990; 47(12): 810–814. 

https://doi:10.1136/oem.47.12.810. 

9. Armstrong BK, de Klerk NH, Musk AW, Hobbs MS. Mortality in miners and millers of crocidolite in 

Western Australia. Br J of Ind Med. 1998; 45(1):5–13. https://doi:10.1136/oem.45.1.5. 

10. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Arsenic, metals, fibres 

and dusts. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. No.100C. Lyon, 

France: International Agency for Research on Cancer; 2012. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK304375/. Accessed February 12, 2024. 

11. Wang X, Yano E, Lin S, et al. Cancer mortality in Chinese chrysotile asbestos miners: exposure-

response relationships. PloS one. 2013; 8(8): e71899. https://doi.org/10.1371/journal.pone.0071899 

https://www.occhealth.co.za/_assets/articles/244/1713.pdf
https://www.ncbi.nlm.nih.gov/books/NBK304375/


39 
 

12. Wang X, Lin S, Yano E, et al.  Exposure‐specific lung cancer risks in Chinese chrysotile textile 

workers and mining workers. Lung Cancer. 2014; 85(2):119‐124.  

https://doi: 10.1016/j.lungcan.2014.04.011 

13. Saito CA, Bussacos MA, Salvi L, et al. Sex-specific mortality from asbestos-related diseases, lung 

and ovarian cancer in municipalities with high asbestos consumption, Brazil, 2000-2017. Int J 

Environ Res Public Health. 2022; 19(6): 3656. https://doi.org/10.3390/ijerph19063656. 

14. Lin S, Wang X, Yano E, et al. Exposure to chrysotile mining dust and digestive cancer mortality in a 

Chinese miner/miller cohort. Occup Environ Med. 2014; 71(5):323-328.  

https://doi: 10.1136/oemed-2013-101360.  

15. Lin S, Wang X, Yu IT, et al. Cause-specific mortality in relation to chrysotile-asbestos exposure in a 

Chinese cohort. J Thorac Oncol. 2012; 7(7):1109-1114. https://doi:10.1097/JTO.0b013e3182519a60 

16. Peng WJ, Jia XJ, Wei BG, Yang LS, Yu Y, Zhang L. Stomach cancer mortality among workers 

exposed to asbestos: a meta-analysis. J Cancer Res Clin Oncol. 2015; 141(7):1141-1149. 

https://doi: 10.1007/s00432-014-1791-3. 

17. Pira E, Pelucchi C, Buffoni L, et al. Cancer mortality in a cohort of asbestos textile workers. Br. J. 

Cancer. 2005; 92(3):580–586. https://doi: 10.1038/sj.bjc.6602240.  

18. Baur X. Asbestos-related disorders in Germany: background, politics, incidence, diagnostics and 

compensation. Int J Environ Res Public Health. 2018; 15(1):143. 

https://doi.org/10.3390/ijerph15010143 

19. Myers JE, Aron J, Macun IA. Asbestos and asbestos-related disease: the South African case. Int J 

Health Serv. 1987; 17(4): 651-666. https://doi:10.2190/GAFT-L33E-M250-ANQF 

20. Braun L, Kisting S. Asbestos-related disease in South Africa: the social production of an invisible 

epidemic. Am. J. Public Health. 2006; 96(8): 1386–1396. https://doi.org/10.2105/AJPH.2005.064998 

21. South Africa. Government Gazette Occupational Diseases and Mine Works Act No 78 of 1973. 

22. teWaterNaude JM, Layman L, Magabanyane PM. Review of palliative care services of the Asbestos 

Relief Trust and Kgalagadi Relief Trust, 2007-2022. Occup. Health South. Afr. 2023; 29(1):43-44. 

Available from: https://www.occhealth.co.za/_assets/articles/348/2409.pdf. Accessed May 19, 2024. 

23. Scott GI, teWaterNaude JM. Asbestos-related disease modelling for a South African compensation 

trust. Paper presented at: 2006 Convention of the Actuarial Society of South Africa; 2006 October 23-

25; Cape Town, South Africa.  

24. Matlala M, Serwadda-Luwaga J. Living in the Northern Cape: Selected findings of 1995 October 

household survey. 1998. Available from: 

https://www.statssa.gov.za/publications/LivingInNC/LivingInNC.pdf 

https://doi:10.1097/JTO.0b013e3182519a60
https://www.occhealth.co.za/_assets/articles/348/2409.pdf


40 
 

25. Gran, T. Land politics in the new state organisation in South Africa. Development Southern Africa. 

2009; 26(1): 3–16. https://doi.org/10.1080/03768350802640008 

26. Asbestos Relief Trust and Kgalagadi Relief Trust: An introduction and overview of the Trusts. DEFF 

Asbestos and Land Remediation Workshop. Published March 12, 2020. Available 

from:https://sawic.environment.gov.za/documents/11391.pdf 

27. International Labour Organization. 2011. Guidelines for the use of the ILO International 

Classification of Radiographs of Pneumoconioses (Revised edition). Available from: 

https://www.ilo.org/resource/ilo-international-classification-radiographs-pneumoconioses-1.  

Accessed March 15, 2024. 

28. Miller M. Standardization of spirometry-1987 update. Statement of the American Thoracic Society. 

Am Rev Respir Dis. 1987;136(5):1285-1298. https://doi:10.1164/ajrccm/136.5.1285.  

29. Miller M, Hankinson J, Brusasco V, et al. Standardisation of spirometry. Eur Respir J. 2005. 26 (2): 

319-338. https://doi: 10.1183/09031936.05.00034805 

30. Degens P, Merget R. Reference values for spirometry of the European Coal and Steel Community: 

time for change. Eur Respir J. 2008; 31(3):687-689. https://doi:10.1183/09031936.00145507 

31. Cooper BG, Stocks J, Hall GL, et al. The Global Lung Function Initiative (GLI) Network: bringing 

the world's respiratory reference values together. Breathe (Sheff). 2017;13(3): e56-e64. 

https://doi:10.1183/20734735.012717 

32. Global Lung Function Initiative. Global Lung Function Initiative Calculators for Spirometry, TLCO 

and Lung Volume. Available from: https://gli-calculator.ersnet.org/. Accessed November 15, 2024. 

33. Burger E, Groenewald P, Bradshaw D, Ward A, Yudkin P, Volmink J. Validation study of cause of 

death statistics in Cape Town, South Africa, found poor agreement. J. Clin. Epidemiol. 2011; 65(3): 

309-316. https://doi:10.1016/j.jclinepi.2011.08.007.  

34. StataCorp. 2023. Stata Statistical Software: Release 18. College Station, TX: StataCorp LLC 

35. Johnson LF, Meyer-Rath G, Dorrington RE, et al. The Effect of HIV Programs in South Africa on 

National HIV Incidence Trends, 2000-2019. J Acquir Immune Defic Syndr. 2022; 90(2):115-123. 

doi:10.1097/QAI.0000000000002927 

36. Dorrington RE, Bradshaw D, Laubscher R, Nannan N. Rapid mortality surveillance report 2019 & 

2020. Cape Town: South African Medical Research Council; 2021. Available from: 

https://www.samrc.ac.za/sites/default/files/attachments/2022-

08/Rapid%20Mortality%20Surveillance%20Report%202019%262020.pdf. Accessed January 27, 

2025 

https://doi.org/10.1080/03768350802640008
https://doi:10.1183/09031936.00145507
https://doi:10.1183/20734735.012717
https://gli-calculator.ersnet.org/
https://doi:10.1016/j.jclinepi.2011.08.007


41 
 

37. Stringhini S, Carmeli C, Jokela M, et al. Socioeconomic status and the 25 × 25 risk factors as 

determinants of premature mortality: a multicohort study and meta-analysis of 1.7 million men and 

women. Lancet. 2017; 389 (10075):1229-1237. https:// doi:10.1016/S0140-6736(16)32380-7 

38. Farioli A, Violante FS, La Vecchia C, et al. Temporal patterns of exposure to asbestos and risk of 

asbestosis: an analysis of a cohort of asbestos textile workers. J Occup Environ Med. 2018; 60(6): 

536-541. https://doi:10.1097/JOM.0000000000001260 

39. Markowitz SB, Morabia A, Lilis R, Miller A, Nicholson WJ, Levin S. Clinical predictors of mortality 

from asbestosis in the North American Insulator Cohort, 1981 to 1991. Am J Resp Crit Care Med. 

1997; 156(1):101–108. https://doi.org/10.1164/ajrccm.156.1.9610108 

40. Bang KM, Mazurek JM, Wood JM, Hendricks SA. Diseases attributable to asbestos exposure: years 

of potential life lost, United States, 1999-2010. Am J Ind Med. 2014; 57(1):38-48. 

https://doi:10.1002/ajim.22261 

41. Klebe S, Leigh J, Henderson DW, Nurminen M. Asbestos, smoking and lung cancer: an update. Int J 

Environ Res Public Health. 2019; 17(1): 258. https://doi.org/10.3390/ijerph17010258   

42. El Zoghbi M, Salameh P, Stücker I, Brochard P, Delva F, Lacourt A. Absence of multiplicative 

interactions between occupational lung carcinogens and tobacco smoking: a systematic review 

involving asbestos, crystalline silica and diesel engine exhaust emissions. BMC Public Health. 2017; 

17(1):156. https://doi.org/10.1186/s12889-017-4025-1 

43. Ngamwong Y, Tangamornsuksan W, Lohitnavy O, et al. Additive synergism between asbestos and 

smoking in lung cancer risk: a systematic review and meta-analysis. PloS one. 2015; 10(8): 

e0135798. https:// doi.org/10.1371/journal.pone.0135798 

44. Liddell FDK. The interaction of asbestos and smoking in lung cancer.  Ann Occup Hyg. 2001; 45(5): 

341-356. https://doi.org/10.1093/annhyg/45.5.341 

45. Markowitz SB, Levin SM, Miller A, Morabia A. Asbestos, asbestosis, smoking, and lung cancer. 

New findings from the North American insulator cohort. Am J Respir Crit Care Med. 2013; 188(1): 

90-96. https://doi:10.1164/rccm.201302-0257OC  

46. Berry G, Newhouse ML, Antonis P. Combined effect of asbestos and smoking on mortality from lung 

cancer and mesothelioma in factory workers. Br J Ind Med. 1985; 42(1):12-18. 

https://doi:10.1136/oem.42.1  

47. Luberto F, Ferrante D, Silvestri S, et al. Cumulative asbestos exposure and mortality from asbestos 

related diseases in a pooled analysis of 21 asbestos cement cohorts in Italy. Environ Health. 2019; 

18(1): 71. https://doi.org/10.1186/s12940-019-0510-6 

48. Loomis D, Richardson DB, Elliott L. Quantitative relationships of exposure to chrysotile asbestos and 

mesothelioma mortality. Am J Ind Med. 2019; 62(6):471–477. https://doi.org/10.1002/ajim.22985 

https://doi:10.1097/JOM.0000000000001260
https://doi.org/10.1164/ajrccm.156.1.9610108
https://doi.org/10.1002/ajim.22985


42 
 

49. Peto J, Seidman H, Selikoff IJ. Mesothelioma mortality in asbestos workers: implications for models 

of carcinogenesis and risk assessment. Br J Cancer. 1982; 45(1):124–135. 

https://doi.org/10.1038/bjc.1982.15 

50. Darnton L. Quantitative assessment of mesothelioma and lung cancer risk based on Phase Contrast 

Microscopy (PCM) estimates of fibre exposure: an update of 2000 asbestos cohort data. Environ Res. 

2023; 230:114753. https://doi.org/10.1016/j.envres.2022.114753 

51. Hodgson J, Darnton L. The quantitative risks of mesothelioma and lung cancer in relation to asbestos 

exposure. Ann Occup Hyg. 2000; 44(8):565-601. https://doi.org/10.1093/annhyg/44.8.565 

52. Churg A. Fiber counting and analysis in the diagnosis of asbestos-related disease. Hum Path. 1982; 

13(4):381–392. https://doi.org/10.1016/s0046-8177(82)80227-x 

53. Gilham C, Rake C, Burdett G, et al. Pleural mesothelioma and lung cancer risks in relation to 

occupational history and asbestos lung burden. Occup Environ Med. 2016; 73(5):290–299. 

https://doi.org/10.1136/oemed-2015-103074 

54. Stayner L, Kuempel E, Gilbert S, Hein M, Dement J. An epidemiological study of the role of 

chrysotile asbestos fibre dimensions in determining respiratory disease risk in exposed workers. 

Occup Environ Med. 2008; 65(9):613–619. https://doi:10.1136/oem.2007.035584 

55. Cole SR, Richardson DB, Chu H, Naimi AI. Analysis of occupational asbestos exposure and lung 

cancer mortality using the G Formula. Am J Epidemiol. 2013; 177(9):989-996. 

https://doi:10.1093/aje/kws343  

56. Loomis D, Dement JM, Elliott L, Richardson D, Kuempel ED, Stayner L. Increased lung cancer 

mortality among chrysotile asbestos textile workers is more strongly associated with exposure to long 

thin fibres. Occup Environ Med. 2012; 69(8):564–568. https://doi:10.1136/oemed-2012-100676 

57. Lippmann M. Asbestos exposure indices. Environ Res. 1988; 46(1):86-106. 

https://doi:10.1016/s0013-9351(88)80061-646  

58. Berman DW, Crump KS. Update of potency factors for asbestos-related lung cancer and 

mesothelioma. Crit Rev Toxicol. 2008; 38 Suppl 1:1-47. https://doi:10.1080/10408440802276167 

59. Tossavainen A. Asbestos, asbestosis, and cancer: the Helsinki criteria for diagnosis and attribution. 

Scand J Work Environ Health. 1997; 23(4):311‐316. https://doi.org/10.5271/sjweh.226 

60. Sluis-Cremer GK, Liddell FD, Logan WP, Bezuidenhout BN. The mortality of amphibole miners in 

South Africa, 1946-80. Br J Ind Med. 1992; 49(8):566-575. https://doi:10.1136/oem.49.8.566 

61. Dobner J, Kaser S. Body mass index and the risk of infection - from underweight to obesity. Clin 

Microbiol Infect. 2018; 24(1):24-28. doi:10.1016/j.cmi.2017.02.013 

https://doi.org/10.1038/bjc.1982.15
https://doi.org/10.5271/sjweh.226


43 
 

62. Kornfeld H, Sahukar SB, Procter-Gray E, et al. Impact of diabetes and low body mass index on 

tuberculosis treatment outcomes. Clin Infect Dis. 2020; 71(9): e392-e398. 

https://doi:10.1093/cid/ciaa054 

63. Peipins LA, Lewin M, Campolucci S, et al. Radiographic abnormalities and exposure to asbestos-

contaminated vermiculite in the community of Libby, Montana, USA. Environ Health Perspect. 

2003; 111(14):1753-1759. https://doi:10.1289/ehp.6346  

64. Selikoff IJ, Lilis R. Radiological abnormalities among sheet-metal workers in the construction 

industry in the United States and Canada: relationship to asbestos exposure. Arch. Environ. Health. 

1991; 46(1):30-36. https://doi:10.1080/00039896.1991.9937426 

65. Liddell FD, McDonald JC. Radiological findings as predictors of mortality in Quebec asbestos 

workers. Br J Ind Med. 1980; 37(3):257–267. https://doi.org/10.1136/oem.37.3.257 

66. Epler GR, McLoud TC, Gaensler EA, Mikus JP, Carrington CB. Normal chest roentgenograms in 

chronic diffuse infiltrative lung disease. N Engl J Med. 1978; 298(17): 934-939. 

https://doi:10.1056/NEJM197804272981703 

67. Suzuki Y, Kipen H, Lilis R, Selikoff IJ. Pulmonary fibrosis in asbestos insulation workers with lung 

cancer. Br J Ind Med. 1987; 44(10): 719-720. https://doi:10.1136/oem.44.10.719 

68. McLoud TC, Woods BO, Carrington CB, Epler GR, Gaensler EA. Diffuse pleural thickening in an 

asbestos-exposed population: prevalence and causes. AJR Am J Roentgenol. 1985; 144(1): 9-18. 

https://doi:10.2214/ajr.144.1.9. 

69. Miles SE, Sandrini A, Johnson AR, Yates DH. Clinical consequences of asbestos-related diffuse 

pleural thickening: A review. J Occup Med Toxicol. 2008; 3:20. https://doi:10.1186/1745-6673-3-20 

70. Algranti E, Mendonça EM, Hnizdo E, et al. Longitudinal decline in lung function in former asbestos 

exposed workers. Occup Environ Med. 2013; 70(1):15–21. https://doi.org/10.1136/oemed-2012-

100715 

71. Moshammer H, Neuberger M. Lung function predicts survival in a cohort of asbestos cement 

workers. Int Arch Occup Environ Health. 2009; 82(2):199–207. https://doi.org/10.1007/s00420-008-

0322-4 

72. Miller A, Warshaw R, Nezamis J. Diffusing capacity and forced vital capacity in 5,003 asbestos-

exposed workers: relationships to interstitial fibrosis (ILO profusion score) and pleural thickening. 

Am J Ind Med. 2013; 56(12):1383-1393. https://doi:10.1002/ajim.2 

73. Koegelenberg CFN, Swart F, Irusen EM. Prediction equations for spirometry in South Africa. S Afr 

Med J. 2013; 103(9):597. https://doi:10.7196/samj.7298. 

https://doi:10.1093/cid/ciaa054
https://doi:10.1080/00039896.1991.9937426
https://doi:10.1056/NEJM197804272981703
https://doi:10.1136/oem.44.10.719
https://doi.org/10.1136/oemed-2012-100715
https://doi.org/10.1136/oemed-2012-100715
https://doi.org/10.1007/s00420-008-0322-4
https://doi.org/10.1007/s00420-008-0322-4
https://doi:10.1002/ajim.2


44 
 

74. Moffett AT, Bowerman C, Stanojevic S, Eneanya ND, Halpern SD, Weissman GE. Global, Race-

Neutral Reference Equations and Pulmonary Function Test Interpretation. JAMA Netw Open. 2023; 

6(6): e2316174. https://doi:10.1001/jamanetworkopen.2023.16174 

75. Kisting S, Gona, F, Braun, LS. The Burden of Asbestos-Related Disease in South Africa and the 

Struggle for Prevention and Compensation. 2004. Available from: 

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d85e23ac0ff83fd4721a2e4bb4c1f

86912b2be00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi:10.1001/jamanetworkopen.2023.16174


45 
 

 

 

 

An evaluation of mortality rates and their determinants in a cohort of former asbestos-exposed miners 

  

                        A MMed (Occupational Medicine) Dissertation Research Proposal by 

                                                  Yumna Williams-Mohamed 

                                                           WLLYUM001 

 

 

                                               Division of Occupational Medicine 

                                                      School of Public Health 

                                                      University of Cape Town 

 

 

                                                                Supervisors: 

                                              Associate Professor Shahieda Adams 

                                                      Professor Rodney Ehrlich 

                                                         Dr Jim TeWaterNaude 

 

 

 

 

 

 

SECTION III: APPENDICES 

Appendix 1: Research Protocol 



46 
 

TABLE OF CONTENTS  

1. ABBREVIATIONS/ACRONYMS ....................................................................................................................... 43 

2. ABSTRACT ........................................................................................................................................................... 44 

3. INTRODUCTION ................................................................................................................................................. 45 

3.1. Background ...................................................................................................................................................... 45 

3.2. Literature Search Strategy ................................................................................................................................ 46 

3.3. Literature Review ................................................................................................................................ 47 

3.3.1. Excess Mortality in Former Asbestos-exposed Workers .............................................................. 47 

3.3.2. Predictors of mortality in asbestos miners .................................................................................. 49 

3.3.3 Mortality trends ........................................................................................................................ 56 

3.4 Knowledge gap and motivation for the study .................................................................................................... 57 

3.5 Research Questions ........................................................................................................................................... 58 

3.6 Hypothesis ......................................................................................................................................................... 58 

3.7 Aim and Objectives ........................................................................................................................................... 58 

4. METHODOLOGY ................................................................................................................................................ 59 

4.1. Study Design .................................................................................................................................................... 59 

4.2. Data Source ...................................................................................................................................................... 59 

4.3. Study Population and Sample Size ................................................................................................................... 60 

4.4. Measurement Tools .......................................................................................................................................... 61 

5.  DATA MANAGEMENT ...................................................................................................................................... 65 

5.1 Operational Definitions ..................................................................................................................................... 65 

5.2 Variables ........................................................................................................................................................... 65 

6.  STATISTICAL ANALYSIS ................................................................................................................................ 67 

6.1 Descriptive Statistics ......................................................................................................................................... 67 

6.2 Mortality Analysis ............................................................................................................................................. 67 

6.3 Cox Regression Analysis .................................................................................................................................. 68 

6.4 Mortality Trends ................................................................................................................................................ 68 

6.5 Management of Missing Data ........................................................................................................................... 68 

6.6 Dummy Tables .................................................................................................................................................. 68 

7. ETHICS .................................................................................................................................................................. 69 

7.1 Autonomy .......................................................................................................................................................... 69 

7.2 Confidentiality ................................................................................................................................................... 69 

7.3 Beneficence ....................................................................................................................................................... 69 

7.4. Non-maleficence .............................................................................................................................................. 70 

7.5 Justice ................................................................................................................................................................ 70 

8. LIMITATIONS ...................................................................................................................................................... 70 

9. DISSEMINATION OF RESEARCH RESULTS ................................................................................................ 73 



47 
 

10. FUNDING ............................................................................................................................................................ 73 

11. TIMELINES......................................................................................................................................................... 73 

12. REFERENCES…………………………………………………………………………………………………… 

13. TABLES AND FIGURES……………………………………………………………………………………….. 

     Table 1: Operationalisation of variables and quality control measures employed………………………………. 

Table  2: Demographic and health characteristics of Asbestos and Kgalagadi Relief Trust claimants with crude 

mortality rates for period 2004 to 2023 ................................................................... Error! Bookmark not defined. 

Table 3: Occupational characteristics of Asbestos and Kgalagadi Relief Trust claimants with crude mortality rates 

for period 2004 to 2023 ........................................................................................................................................... 75 

Table 4: Clinical characteristics of  Asbestos and Kgaglagdi Relief Trust claimants at initial examination  with 

crude mortality rates  for period 2004 to 2023 ........................................................................................................ 77 

Table 5: Radiological data of Asbestos and Kgaglagdi Relief Trust claimants at initial examination with crude 

mortality rates for period 2004 to 2023 (as per ILO Classification) ....................................................................... 78 

Table 6: Spirometry data of Asbestos and Kgaglagdi Relief Trust claimants at initial examination with crude 

mortality rates for period 2004 to 2023 ................................................................................................................... 79 

Table 7: Standardised mortality ratios (SMR) of asbestos relief claimants relative to the general South African 

population matched for sex, age and calendar year ................................................................................................. 80 

Table 8: Demographic predictors of  mortality in Asbestos and Kgalagadi Relief Trust claimants for period 2004 

to 2023 ..................................................................................................................................................................... 81 

Table 9: Occupational  predictors of  mortality in Asbestos and Kgalagadi Relief Trust ‘s claimants for period 

2004 to 2023 ............................................................................................................................................................ 82 

Table 10: Clinical predictors of mortality in Asbestos and Kgalagadi Relief Trust claimants for period 2004 to 

2023 ......................................................................................................................................................................... 84 

Table 11: Number of deaths, person years, and crude mortality rates of former South Africa miners for each year 

of the study period ................................................................................................................................................... 87 

Table 12: Number of deaths, person years, and mortality rates of former South Africa miners by time since exit 

from asbestos employment ...................................................................................................................................... 88 

    Figure 1: Schoenfeld residuals……………………………………………………………………………………..88 

    Figure 2: Crude mortality rate for former asbestos miners by calendar year for each year of the study ................. 88 

Figure 3: Crude mortality rate for former asbestos miners by year of exit from the industry ................................. 88 

 



43 
 

1.  ABBREVIATIONS/ACRONYMS 

AHR:                            Adjusted Hazard Ratio  

ARD:                            Asbestos-related disease 

ART:                             Asbestos Relief Trust 

ASSA:                           Actuarial Society of South Africa 

ATS:                              American Thoracic Society 

BMI:                              Body mass index 

COPD:                          Chronic Obstructive Pulmonary Disease 

ECCS:                           European Community of Coal and Steel 

ERS:                              European Respiratory Society 

FEV1/FVC ratio:           Forced expiratory volume/Forced vital capacity ratio 

FEV1:                            Forced expiratory volume exhaled in 1 minute 

Fibre/ml-year:              Fibre per millilitres per year 

FVC:                             Forced vital capacity 

GLI:                               Global Lung Initiative 

HIV:                               Human Immunodeficiency Virus 

ILO:                               International Labour Organisation 

SMR:                             Standardised mortality rates 

SOMP:                          Specialist Occupational Medicine Panel 

SRR:                              Standardised rate ratio 

TB:                                Tuberculosis 

 

 

 

 

 



44 
 

2. ABSTRACT 

Background: There is a well-established causal link between asbestos exposure and a spectrum of 

respiratory, cardiovascular and gastroenterological disease. Higher mortality and morbidity rates are 

therefore expected in former asbestos miners compared to the general population. Internationally, 

research in the field has focused on predictors of mortality and mortality rates associated with asbestos-

related disease in asbestos-exposed workers.
1-6 

Locally, there are no large-scale, long-term published 

epidemiological studies investigating the mortality rate, the predictors of mortality or mortality trends in 

this subgroup of South African miners. Therefore, little is known about their overall mortality experience. 

The true burden of asbestos-related lung disease in former South African miners remains largely 

unknown. 

Aim: This study aims to determine if a former asbestos-exposed cohort of South African miners captured 

on the Asbestos and Kgalagadi Relief Trusts have a higher mortality rate compared to the general 

population, to identify the demographic, occupational and medical predictors associated with mortality; 

and to establish mortality trends in this cohort after leaving the employ of the mines. 

Methods:  A retrospective cohort mortality study will be conducted on former South African asbestos 

miners whose demographic, occupational and clinical data were recorded on the Asbestos and Kgalagadi 

Relief Trusts’ Inyosi database. The study will cover the period from 21 March 2004 to 21 March 2023. 

Vital status data will be obtained on the cohort of miners. Age-, sex-, and calendar year-adjusted 

standardised mortality rates (SMR) and 95% confidence intervals will be reported, using reference values 

for the general South African population obtained from the Actuarial Society of South Africa 2008 full 

model (ASSA2008). This will allow for the objective quantification and comparison of mortality rates in 

the asbestos miners with that of the general population. Demographic, occupational and clinical 

determinants of time-to-mortality will be modelled using Cox Regression Analysis. Trends in mortality 

will be established by examining the all-cause crude mortality rate for each year of the study and by time 

after cessation of employment. 

Conclusion: This retrospective mortality study on former asbestos miners in South Africa aims to 

objectively quantify the postulated excess mortality rates in former asbestos miners compared to the 

general population. Furthermore, it seeks to identify significant demographic, occupational and clinical 

predictors of time-to-mortality in this cohort, in addition to mortality trends since leaving asbestos 

employment. This information would provide evidence that could enhance existing medical surveillance 

programmes and inform the health service needs of this subpopulation of South African miners with 

planned, targeted systemic interventions. Furthermore, the findings could contribute to the 
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ongoing motivation and justification of adequate compensation for former asbestos miners who develop 

asbestos-related pulmonary or other systemic diseases. 

Keywords: asbestos-related disease, mortality rates, asbestos miners, predictors, risk factors, 

determinants 

3. INTRODUCTION 

3.1. Background 

Asbestos is a naturally occurring silicate fibre that is suitable for a range of industrial applications by 

virtue of its physical and chemical properties. South Africa produced approximately 97% of crocidolite, 

100% of amosite and was the fifth largest global producer of chrysotile asbestos during the 1970s.
7
 

Asbestos mining in South Africa was a thriving industry which peaked during the late 1970s.
7 

With 

mounting epidemiological evidence reflecting the toxicity and carcinogenicity of asbestos fibres, 

considerable efforts were made to reduce the occupational exposure to asbestos post-1970. Classified as a 

Class 1 carcinogen by the International Agency for Research on Cancer classification (IARC),
8
 the new 

use, mining and production of asbestos products were officially banned in South Africa on the 28 August 

2002. The implemented ban, however, did not include pre-existing asbestos-containing materials, such as 

those encountered during roof repair and replacement. Occupational and environmental exposure to 

asbestos thus continues.  

The causal association between asbestos exposure and a range of pulmonary and non-pulmonary diseases 

including asbestosis, pleural disease, lung cancer, mesothelioma and cancers of the larynx, ovary and 

gastrointestinal tract, is well established.
1-6, 9-15 

Higher morbidity and mortality rates are thus anticipated in 

former asbestos miners than in the general population. Moreover, the long latency period and the lack of a 

clearly defined threshold exposure dose means that ongoing medical surveillance in former asbestos 

miners remains pertinent even though new use of asbestos was banned more than two decades ago. In 

recognition of the enduring health risks associated with mining exposures, South African legislation as 

mandated by the Occupational Diseases and Mine Works Act (ODMWA) entitles former miners to a 

post-employment biennial benefit medical examination (BME) at an accredited medical facility.
16

 The 

BME is aimed at identifying compensable occupational lung disease and specifically targets former South 

African miners who have not reached maximum compensation. In March 2003, the Asbestos and 

Kgalagadi Relief Trusts (“the Trusts”) were established to redress the financial and socioeconomic 

burdens suffered by former asbestos miners. The Trusts provide a comprehensive suite of services 

encompassing both financial recompense for qualifying asbestos-related disease and palliative care 

interventions. Funded by asbestos mining companies which previously operated in South Africa, the 



46 
 

Trusts aim to mitigate the socioeconomic burdens associated with asbestos-related illnesses and improve 

the quality of life for affected individuals.
17

  

Local and international studies have consistently shown that asbestos-related pulmonary and systemic 

diseases remain underdiagnosed, untreated and uncompensated.
18-20 

This reflects the inadequacy of 

current medical surveillance programmes and the compensation system. Consequently, former asbestos 

miners endure health and financial burdens, leaving them far removed from a share of the wealth they 

laboured to create. 

Numerous international studies have documented higher all-cause and cause-specific standardised 

mortality ratios (SMRs) among asbestos-exposed workers, including miners.
1-6, 9-15

 In contrast, research 

from South Africa, a nation with a thriving asbestos mining industry throughout the 1970s,
7
 has produced 

limited data regarding the overall mortality patterns within exposed worker cohorts.  Consequently, the 

true impact of asbestos-related morbidity and mortality in this population remains largely unquantified. 

This study has three aims: (a) to quantify the all-cause SMR in former asbestos miners captured on the 

Asbestos Relief and Kgalagadi Trusts’ database; (b) to identify the demographic, occupational and 

clinical predictors of mortality in this cohort; and (c) to outline mortality trends demonstrated since exit 

from asbestos mining employment. The quantitative data generated by this study could inform and 

enhance the medical surveillance of former asbestos miners and motivate for adequate compensation for 

asbestosis-related disease. 

3.2. Literature Search Strategy 

The review included epidemiological mortality studies of former asbestos miners that were published in 

English from 1950 to 2024. The literature search followed the PICO framework to systematically search 

for relevant articles in the PubMed, EBSCOHost (Medline/ Africa-Wide Information) and Scopus 

databases using specific search terms as well as identifying relevant articles cited in the references of the 

articles identified through the search. The following search terms were used: “mortality” OR “death” 

AND “asbestos miners” AND “predictors” OR “risk factors” OR “determinants”. After the removal of 

duplicates, articles outside of the specified period and articles not available in English, the title and 

abstract of the articles were reviewed for relevance. The literature review finally included 19 

epidemiological studies of mortality rates and/or their determinants asbestos in former miners. 
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3.3. Literature Review 

3.3.1. Excess Mortality in Former Asbestos-exposed Workers  

Excess all-cause and asbestos-related pulmonary disease mortality rates  

 Higher morbidity and mortality rates are anticipated in former asbestos miners compared to the general 

population as result of the causal association between asbestos exposure and a range of pulmonary and 

extra-pulmonary diseases.
1-6,

 
9-13 

Pulmonary pathologies are characterised by extended latency periods and 

include parenchymal asbestosis, benign pleural disease, mesothelioma and lung carcinoma. Additionally, 

asbestos exposure has been implicated in the pathogenesis in some proportion of epithelial malignancies 

of the larynx, ovary, and gastrointestinal tract. Numerous studies have reported excess SMRs for 

pulmonary malignancies, particularly for mesothelioma, confirming the carcinogenicity of asbestos 

fibres.
1-6, 9-15 

However, the excess mortality is not limited to malignant pulmonary diseases. Excess all-

cause mortality is widely reported, in addition to excess cause-specific mortality associated with non-

malignant pulmonary diseases (including parenchymal asbestosis and its associated cardio-pulmonary 

complications) and malignant extra-pulmonary disease.
1-6, 9-15

 

Early studies by Musk et al. (2009) and Wang et al (2013) examining mortality amongst crocidolite-

exposed miners in Wittenoom, Australia and chrysotile-exposed miners in China respectively, found 

significantly increased SMRs for all-cause mortality and asbestos-related pulmonary disease. Musk et al 

reported a statistically significantly increased SMR for pneumoconiosis (SMR=15.5), lung cancer (SMR 

FIGURE 1: Flow diagram outlining the literature search strategy 

1. ARTICLE IDENTIFICATION  ( 221 articles) 

Electronic databases searched 

Pubmed (123)  

Ebscohost (98) 

2. SCREENING  (136 articles) 

Removed articles not written in English (21) 

Removed duplicates (64) 

Title and abstracts were screened for relevance 

3. ELIGIBILITY  

Full text articles assessed 

Inclusion criteria:  Published between 1950 and 2023         

                   Asbestos exposure in occupational setting 

4. Included in the review (19 articles) 
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= 1.52), respiratory diseases (SMR = 1.58) and ill-defined diseases (SMR=2.00)
3
; while Wang et al. 

reported a statistically significant increased SMR for all-cause mortality (SMR=1.46), parenchymal 

asbestosis (SMR=9.62), lung cancer (SMR=1.52) and pulmonary-related cardiac disease (SMR=2.70).
9
  

More recently, in an updated Italian cohort study examining mortality amongst chrysotile-exposed 

miners, Ferrante et al (2020) reported a significant increased SMR for all-cause mortality (SMR=1.28; 

95% CI: [1.17-1.40]), parenchymal asbestosis (SMR=375.06; 95% CI: [262.68-519.23]) and 

mesothelioma (SMR=4.30; 95% CI: [1.58-9.37])
1
. Similarly, an Italian study by Pira et al (2017) reported 

an increased SMR for all-cause mortality (SMR=1.35; 95% CI: [1.25 to 1.45]) and mesothelioma 

(SMR=5.54; (95% CI: [2.22 to 11.4]) in asbestos-exposed miners.
2
   

While numerous studies demonstrate excess mortality due to lung cancer, 
3-5

 both Ferranti et al and Pira et 

al interestingly reported increased SMRs for lung cancer which did not reach statistical significance 

(SMR = 1.14; 95% CI: [0.81-1.55] and SMR=1.16; 95% CI: [0.87-1.52] respectively). Ferrante et al. 

postulate that the results were potentially confounded by smoking, suggesting that smoking was less 

common among this cohort of Italian miners compared to the general population which accounted for the 

lower-than-expected SMR.
1 
This reasoning remains speculative

 
as no smoking data were available for this 

cohort.
 

Excess mortality due to extra-pulmonary asbestos-related disease 

In addition to pulmonary-related diseases, studies have reported increased mortality due to laryngeal, 

ovarian and gastrointestinal malignancies in asbestos-exposed workers.
9-15

 A Brazilian study by Saito et 

al. (2022) indicated that the mortality rate for ovarian cancer in municipalities with a history of asbestos 

mining and cement production exceeded that  of the general population (SRR= 1.34).
11

 Lin et al. (2014) 

investigated mortality from digestive cancers in a Chinese asbestos miner cohort and reported a SMR of 

1.45 (95% CI:[1.10 to 1.90]) for digestive cancers with a clear exposure-response relationship between 

asbestos exposure and mortality from stomach cancer (SMR=2.39; 95% CI: [1.02 to 5.60]).
12 

An Italian 

study by Piolatto et al. (1990) examining chrysotile-exposed miners in Balangero reported an increased 

SMR for laryngeal cancer (SMR=2.67).
5 
  

Conclusion  

Overall, studies concur that among asbestos-exposed workers all-cause mortality is higher than that of the 

general population. Furthermore, asbestos-related pulmonary diseases including parenchymal asbestosis 

with its associated cardiovascular complications, mesothelioma and lung cancer are the principal causes 

of asbestos-related mortality. Less frequently studied, but also contributing to the mortality burden, are 
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extra-pulmonary malignancies such as those of the larynx, gastrointestinal tract (peritoneal mesotheliomas 

and gastric cancer), and ovary. The highest SMRs were reported for parenchymal asbestosis and its 

cardiovascular complications.
3, 6, 9 

South African context 

Research on asbestos-exposed miners in South Africa appears to concentrate on mesothelioma mortality 

trends, compensation processes, and environmental asbestos exposure.
21-23 

Notably absent are large-scale, 

long-term epidemiological studies investigating the mortality experience of this specific subpopulation 

within South Africa. The overall mortality experience and the true burden of asbestos-related lung disease 

of former South African miners thus remain largely unknown. 

3.3.2. Predictors of mortality in asbestos miners 

Socio-demographic predictors of asbestosis-related mortality  

Age at first exposure, biological sex, calendar year of employment   

Early research evaluating the association between asbestos-related mortality and the age at first exposure 

revealed conflicting findings.
24 

More recent studies indicate that older age at first exposure to asbestos, 

biological sex and earlier calendar year on entry into asbestos employment are associated with asbestos-

related mortality.
11,25-28

 In examining the association between temporal patterns of asbestos exposure and 

asbestos-related mortality in Italian textile workers, Farioli et al (2018) reported the highest hazard ratio 

(HR) in participants aged 35 years or older at first exposure (HR=2.7; 95% CI:[1.1 to 6.4]), a higher HR 

among males compared to females only when the temporal pattern of exposure was not adjusted for 

(adjusted HR=1.2; 95% CI: [0.7 to 2.2]) and a significantly lower HR for workers employed after 1968 

(HR=0.3; 95% CI: [0.1 to 0.8]).
25

 Similarly, a Brazilian study by Saito et al (2022) demonstrated higher 

mortality rates among men for non-malignant asbestos-related disease (SRR in men=2.56; 95% CI:[2.27-

2.88]) versus SRR in women=1.19; 95% CI:[0.99-1.43])) and lung cancer (SRR in men=1.33; 95% 

CI:[1.31- 1.34] versus SRR in women=1.19; 95% CI:[1.17-1.20]).
11

 In addition, the authors reported a 

decrease in the Standard Rate Ratio (SRR) in males post-1970 (pre-1970 SRR=3.26; 95% CI:[2.86-3.70] 

versus SRR post-1970=1.30; 95% CI:[0.99-1.67]).
11

 However, a different pattern was observed in 

women. The SRR increased in women post-1970 (SRR post-1970=1.35; 95% CI: [1.01-1.79]) compared 

to SRR pre-1970=1.10; 95% CI: [0.87-1.38]).  

In summary, recent studies report higher mortality rates among workers who were older at first exposure, 

among men compared to women, and among men and women in the pre-1970 era when occupational 
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asbestos exposures were particularly high. Post-1970, considerable efforts were made to reduce 

occupational asbestos exposure worldwide. The increase in the female mortality post-1970 in the 

Brazilian study was attributed to environmental and/or domestic asbestos exposure which was associated 

with a higher prevalence of mesothelioma amongst women. The association between environmental 

asbestos exposure and higher rates of mesothelioma among females is supported by other studies.
24, 27, 29  

 

Smoking and asbestos exposure  

Both smoking and asbestos exposure are independent risk factors for lung cancer.
8
 However, the 

interaction between the two risk factors in lung cancer, mesothelioma and parenchymal asbestosis 

causation has been the subject of numerous studies. While consensus among researchers is that an 

interaction exists, the nature of the interaction is somewhat disputed. A recent study by Klebe et al (2020) 

suggests a multiplicative synergistic interaction between smoking and asbestos exposure in lung cancer 

causation
30

, a finding supported by Wang et al (2013) and (2014).
9,10

 Contrastingly, El Zoghbi et al 

(2017), Ngamwong et al (2015) and Liddel (2001) assert that the interaction is additive.
31-33  

Markowitz et 

al (2013) demonstrated that the joint effect of smoking and asbestos exposure was additive for lung 

cancer (rate ratio=14.4; 95% CI:[10.7–19.4]) but multiplicative for asbestosis (rate ratio=36.8; 95% CI: 

[30.1–45.0]) among a cohort of asbestos-exposed insulators in North America.
34

 The synergistic 

interaction between smoking and asbestos exposure on asbestosis causation was supported by Ferrante et 

al (2020). Berry et al (1985) reported that there was no evidence to suggest that smoking combined with 

asbestos exposure increases the risk of mesothelioma.
35

 

Pathophysiologically, cigarette smoking increases the permeability of the lungs which facilitates the 

penetration of asbestos fibres into the lung parenchyma. Furthermore, research suggests that there is 

greater retention of asbestos fibres in the lungs of smokers compared to non-smokers.
36 

Smoking also 

dysregulates mucociliary function, diminishing the ability to clear foreign material, such as asbestos, from 

the airways.
37

 When considering these factors, the occurrence of increased asbestos–related malignant and 

non-malignant pulmonary disease in individuals dually exposed to cigarette smoke and asbestos is 

biologically plausible. 

Current evidence therefore suggests that smoking in asbestos-exposed workers increases the risk of lung 

cancer and parenchymal asbestosis, with no increased risk for mesothelioma demonstrated. While the 

interaction between smoking and asbestosis is multiplicative, the nature of the interaction between 

smoking and asbestos exposure on lung cancer causation remains uncertain. More recent studies support a 

multiplicative effect
30

 while earlier studies supported an additive effect.
31-33 

Further empirical 

epidemiological studies are needed given the conflicting results. 
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Tuberculosis and asbestosis exposure  

While the association between silicosis and tuberculosis (TB) is well-recognised,
38, 39 

the association 

between asbestosis and TB is less clear. Few studies have examined this association. The findings of 

existing studies appear to be at odds with each other.
40, 41 

Segarra-Obiol et al (1983) did not reveal a 

statistically significant difference in the incidence of TB in patients with asbestosis (3.87%); in asbestos-

exposed workers with no evidence of asbestosis (3.45%) and healthy individuals (3.93%). The authors 

therefore concluded that asbestosis was not a risk factor for TB.
40

 A later cohort study by Tse et al (2012) 

examined the prevalence of pulmonary TB in workers with asbestosis in Hong Kong. A high prevalence 

of TB was reported (36.29%). The authors postulated that decreased immune responsiveness increased 

susceptibility to TB in this cohort.
41

 Given the paucity in research and conflicting findings, the association 

between TB and asbestos-related morbidity and mortality remains unclear.  
 

HIV status and asbestos-related mortality  

The increased risk of cancer in individuals living with HIV/AIDS is well-established.
42-44

 Literature 

investigating the association between HIV/AIDS and asbestos-related mortality is scarce. The nature of 

the association is therefore unknown. A case study by James et al (2009) describes mesothelioma 

diagnosed in a HIV positive, asthmatic male with a positive cigarette smoking history, who had a 

relatively short six-month history of asbestos exposure. The authors theorise that the immunosuppression 

present in HIV/AIDS patients enhanced the patient’s susceptibility to mesothelioma.
45 

This finding 

suggests that HIV/AIDS could be a risk factor for mesothelioma independent of significant asbestos 

exposure. The potential interactive effect of HIV/AIDS in asbestos-exposed individuals on the risk of 

asbestos-related mortality and morbidity needs further study. 

Comorbidities and asbestos-related disease               

Chronic Obstructive Pulmonary Disease (COPD), asbestos exposure and mortality  

Although limited in number, studies have investigated the association between asbestos exposure and 

COPD. 
46-48 

Moitra et al (2020) reported an increased prevalence of COPD with asbestos exposure 

(PR=1.44; 95% CI:[1.01-2.05]) in insulators from Alberta, Canada.
46 

An earlier study by Bergdahl et al 

(2004) showed increased mortality from COPD due to occupational dust exposure including asbestos 

fibre dust (hazard ratio (HR)=1.10; 95% CI:[1.06–1.1]).
47 

While it is biologically plausible that the 

aberrant physiological functioning observed in individuals with COPD increases their susceptibility to 

asbestos-related morbidity and mortality, studies investigating this association are limited. The asbestos-

related mortality rate in individuals with COPD who are exposed to asbestos has not been quantified. 
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Conclusion          

Research indicates that age at first exposure to asbestos, biological sex, calendar year of entry into 

asbestos employment, smoking, HIV/AIDs and COPD are potentially associated with asbestos-related 

mortality. 

Occupational predictors of asbestosis-related mortality  

Occupational factors and their association with asbestos-related mortality and morbidity are well-

established; the carcinogenic association having been extensively studied. There is consensus among 

researchers that cumulative asbestos exposure, duration of exposure and asbestos fibre dimension and 

type are associated with asbestos-related morbidity and mortality.
49-63 

Asbestos exposure levels in the 

mining sector vary with respect to job category and the underground or surface nature of work. The nature 

of mine work can thus affect the cumulative exposure and by extension the risk of asbestos-related 

morbidity and mortality. 

Cumulative asbestos exposure, dose-response relationships and duration of exposure  

The International Agency for Research on Cancer (IARC, 1987) recognises asbestos as a Group I 

carcinogen causally associated with mesothelioma and lung cancer. The carcinogenic risk is primarily 

related to the duration of exposure and cumulative exposure dose.
49

 Numerous studies have corroborated 

this association.
50-55 

In a study investigating the relationship between cumulative asbestos exposure and 

asbestos-related mortality in Italian cohorts of long-term chrysotile- and amphibole-exposed workers, 

Luberto et al (2019) reported an increasing trend in all-cause and cause-specific mortality per tertile of 

cumulative exposure in both sexes.  The SMR was increased for parenchymal asbestosis (SMR: 

men=507; 95% CI:[455,3-563.4] and women=1023; 95% CI:[761.9-1345.5]), pleural malignancies 

(SMR: men=22.3; 95% CI: [19.9-25.0] and women=48.10; 95% CI:[38.6-59.1]), peritoneal malignancies 

(SMR: men=14.1; 95% CI: [11.5-17.2] and women=15.1; 95% CI: [10.2-21.5]) and lung malignancies 

(SMR=1.67 in both men and women).
50

 These findings were supported by Ferrante et al (2020) who 

reported  increased SMRs for mesothelioma, lung cancer and asbestosis with increasing cumulative 

asbestos exposure. When quantifying the cumulative dose associated with asbestos-related morbidity and 

mortality in chrysotile-exposed miners in China, Wang et al (2013) indicated that significantly increased 

mortality from lung cancer was observed in smokers at levels of 20 fibre/ml-years or more, and in non-

smokers at levels of100 fibre/ml-years.
9 

No excess lung cancer mortality was observed in cumulative 

exposures less than 20 fibre/ml-year.
9 

A similar trend was demonstrated parenchymal asbestosis.
9
 In their 

study, Ferrante et al (2020) reported no deaths from parenchymal asbestosis when cumulative exposures 
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were below 27 fibre/ml-year. However, the risk of mortality from parenchymal asbestosis increased with 

higher exposures. This finding supports an earlier study by Tossavainen et al (1997) which suggests that 

asbestosis usually becomes apparent at cumulative exposure levels of 25 fibre/ml-year. The accurate 

approximation of a threshold cumulative exposure dose is challenging but numerous studies concur that 

clinical asbestosis might be induced by exposures as low as 2–5 fibre/ml-years.
64-66

 Furthermore, 

asbestos-related diseases usually become apparent clinically at cumulative doses of 20-25 fibre/ml-

year.
1,9,62 

At these levels of exposure, the incidence of asbestos-related disease and the associated 

mortality rises sharply.
1 

No increased risk for lung cancer or mesothelioma was observed at asbestos 

exposure levels < 0.1 fibre/ml-years.
9 
 

Farioli et al (2018) observed an increased hazard ratio (HR) of asbestosis mortality with exposure 

duration (HR=2.4 for ≥15 years compared with <5 years, P trend = 0.014).
25 

Similar findings were 

reported by Wang et al (2013) who demonstrated a 3.5-fold increase in lung cancer with more than 10 

years duration of employment and a 5.3-fold increase with more than 20 years duration of employment 

compared to less than 10 years duration.
9 

A similar trend was observed for non-malignant pulmonary 

disease. Farioli et al (2018) further indicated that other time-related factors such as latency (from first 

exposure), the calendar year of first exposure and the time since last exposure must be considered when 

assessing the effects of employment duration.
25 

The authors reported a decrease in the HR for 

employment duration from 8.5 to 3.2 after adjustment for year of first exposure, time since last exposure 

and biological sex. The observed attenuation in the hazard ratio (HR) for employment duration and 

asbestosis following adjustment for year of first exposure, time since last exposure, and biological sex 

suggests potential confounding by these variables. The unadjusted HR likely reflects an association that is 

partially attributable to these factors. 

The risk of asbestosis is likely to correlate more closely with cumulative asbestos exposure (rather than 

duration of employment), which is a product of both exposure intensity and duration. Historically, 

asbestos exposure intensity was demonstrably higher in the pre-1970 era. Consequently, individuals 

commencing employment earlier may have received a higher cumulative dose compared to those entering 

the workforce later, even if their total employment durations were similar. 

Asbestos fibre dimensions and type  

While the carcinogenicity of all asbestos types is recognised by the IARC, considerable variation in the 

risk of asbestos-related disease across industries has been observed. This difference can be attributed to 

varying fibre loads, dimensions and types.
54-64 

Research indicates that long, thin fibres especially those 

greater than 10 μm may have greater carcinogenic potential than shorter, wider fibres.
54-60 

Longer fibres 



54 
 

are less easily cleared and therefore retained within the lung parenchyma for longer periods. Lippmann et 

al (1988) postulated that fibre dimension and load influence the development of specific asbestos-related 

diseases. They concluded that parenchymal asbestosis was related to the surface area of retained fibres; 

mesothelioma was associated with the number of fibres longer than 5 microns and thinner than 0.1 

microns and that lung cancer was associated with fibres longer than 10 microns and thicker than 0.15 

microns.
60

 Furthermore, studies suggest that the carcinogenic potential across fibre types are 

differential.
54,63

 In quantifying the risks of mesothelioma and lung cancer in relation to the type of 

asbestos exposure in occupational cohorts, Hodgson et al (2000) reported that the risk of mesothelioma 

from chrysotile, amosite and crocidolite asbestos was in a ratio of  approximately 1:100:500 respectively 

and that the risk differential between chrysotile and amphibole fibres (amosite and crocidolite) for lung 

cancer is between 1:10 and 1:50.
54

 Studies therefore suggest that asbestos fibre load, dimension and type 

are important determinants of asbestos morbidity and mortality. 

Nature of occupational exposure and job category 

Asbestos exposure varies with job category and the underground or surface nature of occupational 

exposure.
67, 68 

In analysing asbestos exposure of Italian chrysotile miners and millers Silvestri et al (2020) 

demonstrated varying exposure levels by job category. Asbestos concentrations in milling areas 

incorporating crushing, mixing and packaging ranged from 50 to up to 250 fibre/ml with beneficiation 

demonstrating the highest exposure level.
67

 Similarly, Mutetwa et al (2022) indicated that higher 

prevalence of asbestos-related diseases may be related to specific job tasks in the cement manufacturing 

industry due to different levels on cumulative exposure.
68

 

Conclusion   

There is consensus among researchers that the principal occupational predictors of asbestos-related 

mortality include cumulative asbestos exposure, duration of exposure, asbestos fibre dimension and type, 

job category and the underground or surface nature of work. To our knowledge, no South African studies 

have been conducted to investigate the association between occupational risk factors and asbestos-related 

mortality.  

Clinical predictors of asbestosis-related mortality       

The long latency period between asbestos exposure and the onset of disease is well-described and is 

estimated at 20-50 years.
69 

Asbestos-related disease is therefore typically characterised by slow clinical 

progression,
70, 71

 rendering it amenable to longitudinal study. Despite this, relatively few studies both 

globally and locally have investigated the association between abnormal clinical parameters observed in 
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asbestos-exposed workers over time and the empirical prediction of subsequent asbestos-related death.
72

 

Consequently, relatively little is known about the way in which symptoms, abnormal physical 

examination findings, decreased lung function and radiological abnormalities quantitatively predict the 

risk of mortality in asbestos-exposed workers.  

Radiological and lung function abnormalities predicting asbestos-related mortality 

Clinical studies analysing trends in disease progression have been descriptive, rather than predictive.  

Studies have focused on the prevalence of radiological and lung function abnormalities, in addition to 

longitudinal changes in radiological patterns and lung function observed in workers with long-term 

occupational asbestos exposure.
73-80 

In a study evaluating temporal changes in the pattern and extent of 

parenchymal abnormalities in previously asbestos-exposed workers, Silva et al (2015) demonstrated an 

increased extent of parenchymal abnormalities in 81% of participants at three to five years follow up, 

following the cessation of asbestos exposure.
73 

Algranti et al (2013) and Moshammer et al (2008) showed 

decreasing lung function in asbestos-exposed workers over time.
81, 82

 The decreasing trend in lung 

function was influenced by cumulative asbestos exposure, smoking history and radiological 

abnormalities, with the combined effects of smoking and asbestos exposure accelerating lung function 

decline. A study by Miller et al (2018) investigated the correlation between radiological and lung function 

parameters.
83

 The authors reported a significant association between radiological changes and pulmonary 

function findings among amphibole-exposed miners in Libby, Montana. Pleural thickening and 

parenchymal abnormalities were both associated with significantly lower forced vital capacity and 

diffusion capacity values, more so with parenchymal abnormalities.
 
 

However, these descriptive clinical studies have not related the abnormal clinical parameters to the 

quantitative prediction of mortality risk from asbestos-related disease. Studies aimed at establishing 

definitive links between abnormal clinical parameters and the prediction of mortality risk are scarce, and 

to our knowledge non-existent in the South African mining population. Markowitz et al (1997) examined 

the way in which abnormal clinical parameters (physical examination, radiological and spirometry 

findings) predicted asbestos-related mortality in a North American cohort of insulators. The authors 

reported a dramatic increase in the 10-year risk of death due to asbestosis with increasing radiographic 

profusion category identified on the baseline chest X-ray. The 10-year risk of death rate increased from 

0.9% to 2.4%, 10.8%, and 35.4% for ILO profusion categories  0, 1, 2, and 3, respectively, indicating that 

the profusion of parenchymal abnormalities significantly predicted mortality risk.
72

 Furthermore, the 

authors reported that the presence of abnormal clinical findings which included dyspnoea, a low forced 
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vital capacity, and/or physical examination findings typical of parenchymal asbestosis (crackles, clubbing, 

or cyanosis) increased the risk of subsequent death from asbestosis 2- to 6-fold.
72

 

The prognostic value of radiological findings in the prediction of asbestosis-related mortality as indicated 

by Markowitz et al, was supported by Vehmas and Oksa (2014) and an earlier study by Liddell and 

MacDonald (1980).
72, 84, 85

 

Conclusion 

In summary, few international and local studies have evaluated the positive predictive value of abnormal 

radiological and lung function findings with respect to asbestos-related risk of mortality.  Despite the 

limited number and lack of studies conducted in mining populations, radiographic and lung function 

abnormalities have been shown to quantitatively predict the risk of asbestos-related mortality.
72 

Further 

investigation into the prognostic value of these clinical parameters in the mining population is thus 

warranted. Objective data concerning the prediction of mortality risk could motivate for evidence-based 

medical surveillance programmes and support for appropriate compensation programmes. This could 

potentially mitigate the morbidity, mortality and financial burdens associated with asbestos-related 

mortality.         

3.3.3 Mortality trends    

To date few studies have examined the mortality trends in asbestos miners since leaving the employ of 

mines. As a result of latency, the risk of asbestos-related morbidity and mortality remains even after 

exposure has ceased. Furthermore, the loss of access to medical care once workers have left the mines 

could contribute further to the health and financial burdens in this subpopulation of miners. 

In their Italian cohort, Ferrante et al (2020) reported high all-cause and cause-specific mortality rates 

within the first year of leaving the employ of the mines. The authors demonstrated an all-cause SMR of 

1.98 (95% CI: [0.86-3.91]), a SMR of 1018.85 (95% CI: [25.47-5677.02]) for asbestosis and a SMR of 

89.38 (95% CI: [2.23-498.02]) for mesothelioma within the first year of leaving the employ of the mines. 

The mortality rates decreased with time but remained significant even after 10 years.
1 

This finding 

suggests that miners probably left the employ of the mines due to ill health. However, it underscores the 

effect of latency and the conclusion that asbestos-related mortality remains significant for many years 

even after exposure has ceased. Objective data quantifying the persistent risk of asbestos-related mortality 

despite the cessation of exposure are crucial. It can serve to inform medical surveillance programmes, 

motivate for adequate compensation and allocation of public health resources.       
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3.4 Knowledge gap and motivation for the study 

There are no large-scale, long-term published epidemiological studies investigating the mortality rate, the 

predictors of mortality or mortality trends in former South African asbestos miners. Therefore, little is 

known about the overall mortality experience and the true burden of asbestos-related lung disease in this 

cohort of miners.  

The need for ongoing medical surveillance of former asbestos miners remains pertinent, given the long 

latency period and the lack of a clearly defined exposure threshold. The identification of demographic, 

occupational and health predictors of mortality and the delineation of mortality trends after exiting 

asbestos mining employment could potentially inform and enhance the current medical surveillance of 

former asbestos miners. Furthermore, the quantitative data generated by the study could provide 

evidence-based motivation for adequate compensation and the allocation of public health resources.  

This research study aims to evaluate the overall mortality rate and its predictors within a cohort of 

asbestos-exposed miners recorded on the Asbestos Relief and Kgalagadi Trusts’ Inyosi database between 

21 March 2004 and 21 March 2023. To our knowledge, this will be the first study of its kind in South 

Africa. This large-scale, long-term epidemiological study has the added benefit of variable periods of 

employment and cumulative exposures among miners, allowing for the comparison between short- and 

long-term asbestos exposure and the effect of cumulative exposure on mortality rates. Furthermore, it will 

assess the ability of longitudinal changes in clinical parameters to quantitatively predict asbestos-related 

mortality. 

The novel information generated by the study will be instrumental in informing the development and 

implementation of improved public health measures pertaining to former asbestos miners. Specifically, 

the study findings hold the potential to optimise medical surveillance programs through the identification 

of high-risk groups and more frequent monitoring, leading to earlier detection of asbestos-related 

pathologies. This approach could facilitate earlier detection of lung cancer cases, thereby expanding 

therapeutic options and potentially reducing lung cancer mortality. Early identification of benign 

asbestos-related diseases, such as parenchymal asbestosis, would enable timely intervention, potentially 

mitigating complications.  Such interventions may ameliorate symptoms, preserve pulmonary function, 

and enhance overall quality of life within this cohort. Consequently, early intervention strategies could 

potentially reduce the economic burden on public health resources. The quantitative data generated by 

this study can facilitate efforts aimed at securing greater compensation for this vulnerable subpopulation 

of miners. In addition, research findings could encourage the families of deceased asbestos miners to 

exercise the statutory autopsy right to secure compensation for family members posthumously. 
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Ultimately, this research holds the potential to identify the long-term health needs of this susceptible 

population of miners and improve the overall well-being within this cohort. 

3.5 Research Questions                                 

 Are former asbestos miners from South Africa at increased risk of excess mortality                                                      

compared to the general population?   

 Which demographic, occupational and medical predictors are significantly                                  

associated with the excess mortality of former asbestos miners?  

 What are the mortality trends in this cohort of former miners following their exit from 

employment? 

 

3.6 Hypothesis 

It is hypothesised that former asbestos miners have a higher mortality rate than the comparable general 

population. It is further hypothesised that demographic, occupational and clinical predictors are 

significantly associated with time-to-mortality in this subpopulation of miners. Demographic predictors 

hypothesised to be significantly associated with mortality in this cohort include age on entry into the 

workforce and biological sex; occupational predictors include the duration of asbestos exposure, type of 

exposure, and job category, while clinical predictors include radiological and/or lung function 

impairment. An increased cumulative mortality after exit from asbestos mining employment is expected, 

given the long latency period between asbestos exposure and the onset of asbestos-related symptoms and 

disease. However, the annual mortality rate may show a different pattern as demonstrated in a mortality 

study of gold miners by Bloch et al (2018).
86

  

3.7 Aim and Objectives 

The aims and objectives of this study are: 

1. To describe the demographic, occupational and clinical characteristics of a cohort of former 

asbestos miners in South Africa on entry into a database established by the Asbestos and 

Kgalagadi Relief Trusts.  

2. To determine the annual crude mortality rate and standardised mortality ratio (SMR) in this 

cohort for period 21 March 2004 to 21 March 2023. The SMR will determine if former asbestos 

miners have a higher mortality ratio than that of the general population. 
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3. To identify socio-demographic, occupational and clinical predictors associated with time-to-

mortality in this cohort through Cox Regression Analysis 

4. To investigate trends in mortality in this cohort of asbestos miners by examining the annual crude 

mortality rate by calendar year for the period of the study 

 

4. METHODOLOGY 

4.1. Study Design   

A retrospective cohort mortality study will be conducted on former South African asbestos miners whose 

socio-demographic, occupational and clinical data were captured on the Trusts’ Inyosi database. This 

study design approach offers several advantages. Leveraging existing, objectively measured data from the 

Trusts' Inyosi database minimises the time and resource expenditure associated with data collection. 

Quality control measures implemented on the database mitigate potential biases inherent in data 

collection. The large sample size and extended follow-up period within the cohort translate to significant 

statistical power, allowing for robust analysis.  

The study will utilise the existing data to calculate the SMR. This metric, expressed as the ratio of 

observed deaths in the cohort to expected deaths based on the general South African population, permits 

the comparison of mortality patterns between former asbestos miners and the general population. 

Furthermore, a Cox Proportional Hazards Regression analysis will be conducted to identify factors 

significantly associated with time-to-mortality within the cohort. The results of this analysis will be 

reported as hazard ratios (HRs), adjusted for potential confounding covariates. These adjusted hazard 

ratios (aHRs) will quantify the instantaneous risk of mortality associated with each significant predictor. 

Mortality trends will be explored through the computation of crude mortality rates for each year of the 

study period and by year of exit from asbestos employment. This will elucidate potential temporal 

variations in mortality risk attributable to predictors. 

4.2. Data Source 

This retrospective cohort study will utilise pre-existing data from the Trusts' Inyosi database. This 

repository encompasses a population of former asbestos miners who have ceased employment within the 

South African mining industry. Most of this population were crocidolite exposed with minorities exposed 

to amosite and chrysotile asbestos fibres. The data encompasses the period from 2004 till present and 

captures:  
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1. Demographic data and smoking history 

2. Occupational data, i.e.  the type of asbestos exposure, duration of service, mine location, the exit 

date from mine employment 

3. Clinical data abstracted from medical examinations performed by medical officers employed by 

the Trusts. Clinical data included past medical history, occupational history and physical 

examination findings. Furthermore, a specialised occupational medicine panel (SOMP) reported 

and classified chest radiograph (CXR) and spirometry findings. 

 

The Trusts obtained informed consent from each participant prior to their entry onto the Inyosi database. 

This included consent to the use of their data for future research (Appendix 1). Furthermore, approval for 

the utilisation of this data for the present study was granted by the Trusts' Board of Trustees following the 

submission of a detailed research synopsis by the principal investigator.  To ensure adherence to ethical 

standards, this research proposal will be submitted to the University of Cape Town's Health Research 

Ethics Committee for ethics approval before study initiation. 

4.3. Study Population and Sample Size 

The study population will comprise a cohort of former South African asbestos miners captured within the 

Trusts' Inyosi database during the period 21 March 2004 to 21 March 2023. The database contains 

demographic, occupational and clinical data on the cohort of miners, in addition to vital status data and 

the date of death (where applicable). The vital status and date of death of cohort participants were 

obtained by the Trust for operational purposes through a linkage process facilitated by Xpert Decision 

Systems (XDS). XDS is an independent third-party linkage specialist able to access the Home Affairs 

database and provide vital status data for a given South African identity (ID) number.  

The Trust submitted 16 127 South African ID numbers on the Inyosi database to XDS who provided 

Home Affairs vital status output on 21 March 2023 as follows:   

Alive 7876 

Deceased 7325 

Invalid ID number 926 

Total 16127 

 

The following exclusion criteria will be applied to increase the study’s internal validity:  
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1. Non-South African asbestos miners will be excluded from the study cohort.  

2. Individuals whose ID numbers captured on the Inyosi database do not correspond with those 

within the Home Affairs database. 

3. Individuals who were not exposed to asbestos in an occupational setting. 

4. Individuals who died between the date of employment exit and entry on to the Trusts' database. 

5. Individuals who died in the interval between their entry on to the database and their initial clinical 

examination. 

 

The entire sample will be used for analysis following the application of exclusion criteria listed above. 

This will ensure that the study is adequately powered which will allow for a high level of precision in 

estimating of the mortality experience of this group of miners. 

4.4. Measurement Tools 

The Asbestos and Kgalagadi Relief Trust Medical Evaluation Form 

At the baseline medical assessment, standardised medical evaluation forms (Appendix 2) were used by 

examining medical officers to capture participant demographic, medical history, occupational history, and 

clinical data. 

Demographic data included age and biological sex; the relevant medical history documented included 

HIV status and prior tuberculosis (TB) diagnosis; the occupational data recorded included the mine 

location, job type, and duration of asbestos exposure (entry and exit dates) and the clinical data 

documented included clinical symptoms (dyspnoea and weight loss) and physical examination findings.  

Standardised questions from the form were used to elicit respiratory symptoms, particularly dyspnoea. 

The questions were aligned with the validated Medical Research Council Criteria (MMRC)
87

 and the 

severity and grade of dyspnoea were documented accordingly. 

When available, occupational data were cross-checked with occupational records. Furthermore, pharmacy 

scripts and outpatient clinic card attendance records from hospitals were used to verify information about 

past and present illnesses and comorbidities, when available. A geographic mapping system developed by 

the Trusts medical co-ordinator was employed to confirm the reported mine locations and types of 

asbestos exposure disclosed by former miners. 
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The Specialist Occupational Medicine Panel (SOMP) Data Collection form 

Following the initial medical assessment, a member of the Specialist Occupational Medicine Panel 

(SOMP) utilised a standardised form (Appendix 3) to summarise the clinical information collected by the 

examining medical officer and record the radiological and spirometry data for each participant. The 

SOMP consisted of medical specialists trained in the fields of occupational medicine or radiology. In 

addition, the SOMP members were trained in reading radiological data in accordance with the 

International Labour Organisation's (ILO) Classification of Radiographs of Pneumoconioses
88

, which 

standardises the reporting of pneumoconioses findings on chest-X-rays (CXRs). 

Data captured on the SOMP form by the SOMP evaluators included the quality of the spirogram and 

CXR, the quality of the medical examination conducted by the medical officer, the relevant background 

and occupational history of each participant, the raw spirometry data (FEV1, FVC and FEV1/FVC ratio), 

radiological data including the profusion category, the presence of classifiable pleural abnormalities and 

other radiological abnormalities as per ILO Classification of Radiographs of Pneumoconioses. 

Furthermore, the SOMP evaluators were required to formulate a management plan which included a 

repeat spirogram or CXR where necessary, referral for a BME or a request for a review by another SOMP 

panel, where indicated. 

The SOMP form facilitated the clinical categorisation of participants based on summarised clinical 

symptoms, examination findings, radiological and spirometry data. This categorisation determined 

eligibility for compensation. 

To increase the accuracy, validity and consistency of radiological reporting, CXRs were evaluated and 

reported by a team of two independent readers, i.e. a radiologist and an occupational medicine 

practitioner, both trained and experienced in the use of the ILO Classification of Radiographs of 

Pneumoconioses.
 
The classification of radiological data was done by consensus between the two readers 

with a tendency for the radiologist’s reading to prevail. CXR quality was assessed before interpretation. 

Unreadable or uninterpretable CXRs were referred for repeating. CXR reporting was performed by 

readers with full knowledge of the participant's medical, occupational, and smoking history. Where the 

first SOMP panel found the radiological classification of cases to be difficult, a second SOMP panel was 

enlisted to adjudicate the CXR using the ILO Classification. The more severe classification was taken as 

final. Pulmonary function was assessed using spirometry following current European Thoracic 

Society/American Thoracic Society (ERS/ATS) guidelines.
89,90

 Spirometers were regularly calibrated, 

maintained, and serviced to ensure reliable data collection. Models known to produce high-quality 

spirograms were employed (e.g., Model IQ Tech, Schiller, and Coco). Spirometry results were deemed 
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acceptable only if the spirogram quality was satisfactory. Unacceptable tests were repeated until at least 

three acceptable efforts were obtained from each participant. Technicians or medical officers performing 

spirometry were trained in conducting spirometry testing.  

The Global Lung Function Initiative-global (GLI) reference equations will be used to categorise lung 

function impairment to ensure uniformity.
91-93

 Raw spirometry data captured on the database will be used 

to generate z-scores for each parameter including FEV1, FVC and FEV1/FVC ratio using a GLI calculator 

available from the ERS. The lung function will be categorised into obstructive, restrictive and mixed 

ventilatory defects based on the lower limit of normal of lung function parameters i.e., z-scores < -1.65. 

Categorisation and subcategorisation of lung function will be based on z-scores as follows: 

Lung Function Category Reference Values 

 

Normal lung function FEV1/FVC ratio Z-score > -1.64                                  

FEV1 z-score > -1.64 

FVC z-score > -1.64 

 

Obstructive Lung Function 

 

 

FEV1/FVC ratio z-score < -1.64 

FEV1 z-score < -1.64 

FVC z-score ≥ -1.64 

Obstructive Defect Subcategories 

                          Mild 

                          Moderate 

                          Moderately severe 

                          Severe 

                          Very severe 

 

 

FEV1 z-score= -1.64 to -2.0 

FEV1 z-score=   -2.0 to -2.5 

FEV1 z-score=   -2.5 to -3.0 

FEV1 z-score=   -3.0 to -4.0 

FEV1 z-score < -4.0 

Restrictive Lung Function FEV1/FVC ratio z-score ≥ -1.64 

FVC z-score < -1.64 

FEV1 z-score ≥ -1.64 

Restrictive Defect Subcategories 

                           Mild 

                           Moderate 

                           Moderately severe 

                           Severe 

                           Very severe 

 

FVC z-score= -1.64 to -2.0 

FVC z-score= -2.0 to -2.5 

FVC z-score= -2.5 to -3.0 

FVC z-score= -3.0 to -4.0 

FVC z-score < -4.0 

Lung Function Category Reference Values 

 

Mixed Ventilatory Defect 

 

Predominantly Obstructive Defect 

 

 

 

 

Predominantly Restrictive Defect 

 

 

FEV1/FVC z-score < -1.64 

FVC z-score < -1.64 

Greater decrease in FEV1/FVC z-score compared to FVC z-score 

 

FEV1/FVC ratio z-score >-1.64 

FVC z-score < -1.64 

Greater decrease in FVC z-score compared to FEV1/FVC z-score 
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Appendix 4 (Table 1) details the operationalisation of variables employed in the study. It includes 

references, cut-offs, and specific guidelines used for the categorisation and subcategorisation of variables.  

Additionally, Table 1 outlines the quality control measures implemented to ensure data integrity.  

4.5. Data Capture and Protection 

Data Transcription and Protection 

Trained data capturers, overseen by the Trust’s medical co-ordinator, systematically abstracted relevant 

sociodemographic, occupational, and clinical data from the Medical Evaluation and SOMP forms onto an 

electronic database. To maintain the reliability of the captured data, a standardised electronic data 

collection instrument (Excel spreadsheet) was utilised and data capturers trained by the Trusts’ medical 

co-ordinator were employed. This ensured data uniformity and minimisation of transcription errors. The 

electronic database was password-protected with access restricted to the Trusts’ medical co-ordinator and 

authorised personnel. This secure repository safeguarded data integrity and minimised unauthorised 

access. 

The original paper-based health records of the former asbestos miners will be securely stored within a 

locked filing cabinet at the Trusts’ premises for a retention period of 40 years as per statutory 

requirements. This extended retention period ensures adherence to ethical and legal requirements for data 

storage. 

Vital Status Assessment 

The vital status of cohort participants was ascertained through a linkage process facilitated by Xpert 

Decision Systems (XDS), an independent third-party linkage specialist able to access the Home Affairs 

database and provide vital status data for a given South African identity (ID) number. Following 

successful linkage through the South African ID number, the vital status and the date of death was 

captured on each participant where applicable by XDS. This data was returned to the Trusts’ medical 

coordinator and added to the existing electronic database containing participant data. Due to potential 

limitations in data quality and completeness, the cause of death reported on the Home Affairs database 

was not included. As of 21 March 2023, vital status and date of death data were successfully obtained on 

a total of 15 201 participants (alive=7876; deceased=7325) with invalid ID numbers identified for 926 

participants. This data was added to the existing electronic database. For miners with missing follow-up 

data, the last date on which they were known to be alive will be recorded as the censoring date in survival 

analysis. 
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Data Anonymisation 

To safeguard participant confidentiality, data on the electronic database will be de-identified by the 

Trusts’ medical co-ordinator using unique identifiers assigned to each participant. Researchers will 

receive anonymised data in electronic format encompassing sociodemographic, occupational and clinical 

data, in addition to the vital status data and date of death (where applicable) for the defined study cohort. 

 

5.  DATA MANAGEMENT 

5.1 Operational Definitions 

Appendix 4 (Table 1) details the operationalisation of variables utilised in this study. It defines the 

criteria used in the clinical categorisation of the former miners i.e., the standardised reference and cut-off 

values used for the clinical classification of radiological and spirometry data. In addition, it outlines the 

quality control measures implemented by researchers to ensure standardisation and uniformity during data 

collection. These measures enable the validity and reliability of the data measurement tool to be critically 

considered, reinforcing the integrity of the collected data.  

5.2 Variables  

Variable  Variable 

Type 

Levels of Variables 

Outcome 

Standardised Mortality Rate 

 

 

Numerical 

 

N/A 

Sociodemographic Predictors    

Age at initial examination (years) Nominal l5-24.9/ 25-34.9/ 35-44.9/ 45-54.9/ 55-64.9/ ≥ 65 years 

Biological sex Binary  Male/Female 

Previous/Current/Recurrent TB Binary No/Yes 

Smoking Nominal Never/ Previous/ Current 

Co-morbidities 

  HIV positive 

  Asthma or COPD 

  Diabetes 

  Cardiovascular disease 

  Hypertension 

  Previous chest trauma 

  Other comorbidities                                                                                                                                                                                                                                                        

Binary Absent/Present 

 

Occupational Predictors                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
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Type of asbestos exposure     Nominal Crocidolite/Amosite/Chrysotile/Mixed 

Occupational category Nominal Underground only/Surface only/Both/ Unspecified 

Mixed mining exposures Binary Asbestos only/Mixed exposures (asbestos + coal/silica) 

Mine location Nominal Kuruman/Penge/Msauli/Other mines 

Age at entry into asbestos          

employment (years)   

Nominal l5-24.9/ 25-34.9/ 35-44.9/ 45-54.9/ 55-64.9/ ≥ 65 years 

Age at exit from asbestos          

employment (years)   

Nominal l5-24.9/ 25-34.9/ 35-44.9/ 45-54.9/ 55-64.9/ ≥ 65 years 

Time in asbestos employment (years)   Ordinal 0-4.9/ 5-9.9/ 10-14.9/ 15-19.9/ 20-24.9/  ≥ 25 years 

Calendar year of entry into asbestos 

employment   

Nominal 

 

After 2000/ 1990-1999/ 1980-1989/ 1970-1979/ Before 1970 

Calendar year of exit     from asbestos 

employment   

Nominal After 2000/ 1990-1999/ 1980-1989/ 1970-1979/ Before 1970 

Time since last exposure Ordinal 0-4.9/ 5-9.9/ 10-14.9/ 15-19.9/ 20-24.9/ ≥ 25 years 

Clinical Predictors   

Symptoms   

Dyspnoea Ordinal MMRC Grade I – IV 

Physical examination   

Body Mass Index       Nominal Normal/ Underweight/ Obese/ Overweight 

Abnormal physical examination                                                                                                    Binary Absent/Present 

 

Signs of cardiac failure    Binary Absent/Present 

Radiological     

ILO profusion category                                                                                                  Ordinal ILO Profusion Category 0-3 

Pleural abnormalities                                                                                                            Binary Absent/Present 

Pleural plaques                                                                                                                       Binary Absent/Present 

Costophrenic angle obliteration                                                                                                          Binary Absent/Present 

Diffuse pleural thickening                                                                                                         Binary Absent/Present 

Lung cancer  Nominal Absent/Radiological suspicion/Histological evidence 

Mesothelioma Nominal Absent/Radiological suspicion/Histological evidence 

Other abnormalities (as per ILO) Binary Absent/Present 

Spirometry    

Spirometry parameters (litres) 

    FEV1/FVC (%) 

    FEV1 (litres) 

    FVC (litres)                                                

Numerical N/A 

Spirometry categorisation                                                                                    Nominal Normal/Obstructive/Restrictive/Mixed 
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Subcategorisation of obstructive and 

restrictive lung defects (see Table 1) 

Nominal Mild/Moderate/Moderately severe/Severe/Very severe 

Mixed defects                                                                                                                                                                             Nominal Absent/Predominantly obstructive/Predominantly restrictive 

 

6.  STATISTICAL ANALYSIS 

6.1 Descriptive Statistics                                                                                                            

STATA version 18.0 will be employed for all statistical analyses.
94

 Descriptive statistics will be utilised 

to characterise the distribution of each measured predictor variable. Continuous variables, including age, 

body mass index (BMI), and duration of employment, will be transformed into categorical variables to 

facilitate subsequent analyses. Frequencies of categorical data will be expressed as percentages and 

significant differences in the distribution of categorical variables across vital status groups (e.g., alive vs. 

deceased) will be assessed with Chi-squared tests.  The results will be reported with 95% confidence 

intervals to provide a measure of statistical precision. Results will be presented in Table 2.  

 

6.2 Mortality Analysis                                                                                                              

The number of person-years contributed to the study by each participant will be quantified as the duration 

between their initial examination date and either their date of death or the censor date for surviving 

participants i.e. 21 March 2023. The crude mortality rate will be calculated by dividing the observed 

number of deaths by the total person-years contributed by all participants during the study period. Crude 

mortality rates will be determined for each category of the predictor variable and presented within the 

descriptive statistics table (Table 2). 

The Standardised Mortality Ratio (SMRs) will be computed by dividing the observed number of deaths 

by the expected number of deaths per person-years contributed by all participants during the study period. 

The expected number of deaths within a general South African population sample matched for age, sex 

and calendar year, will be calculated using the Actuarial Society of South Africa's 2008 full model 

(ASSA2008).
95

 The SMR calculation allows for a comparative analysis of mortality ratios between 

former asbestos miners and the general population, enabling the evaluation of the excess mortality 

hypothesised within the asbestos miner cohort. The SMRs will be presented in a separate results table 

(Table 3). 
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6.3 Cox Regression Analysis                                                                                                                          

Survival analysis will be employed to investigate the predictors of time-to-mortality risk in the asbestos 

miner cohort. Survival time will be computed as the total number of days from the date of the initial Trust 

examination and either the date of death or the censoring date (21 March 2023) for surviving participants. 

For participants with missing follow-up data, the last date on which they were known to be alive will be 

recorded as the censoring date in survival analysis. 

A Cox proportional regression model will be utilised to identify sociodemographic, occupational, and 

clinical predictors associated with time-to-mortality while adjusting for relevant covariates. The Cox 

Hazard Regression analysis will include the predictor variables for mortality that will be significant at the 

1% level (p<0.01) in the univariate regression analysis. A forward and backward stepwise selection 

technique will be used to build models and select the most important variables based on clinical 

relevance, statistical significance, and model fit criteria.  Potential confounding variables (e.g., age, 

smoking, co-morbidities and sex) will be considered at this stage. Model fit criteria (AIC) will be used to 

compare models and select the best-fitting one. Adjusted Hazard Ratios (aHRs) with 95% confidence 

intervals will be reported to quantify the instantaneous risk of mortality associated with each significant 

predictor. The validity of the model and the proportionality assumption will be assessed statistically and 

graphically using Schoenfeld residuals. 

6.4 Mortality Trends  

This study will investigate mortality patterns among the cohort of former asbestos miners by computing 

the crude mortality rate for each year of the study period and for the duration of exit from asbestos 

employment. These crude mortality rates will be presented graphically in Figure 2 and 3 and will be used 

to elucidate epidemiologically significant temporal variations in mortality risk. 

6.5 Management of Missing Data 

The management of missing data will be guided by a comprehensive evaluation of missingness patterns.  

Following this analysis, a data cleaning strategy that incorporates error correction, a data imputation 

technique or deletion will be employed, based on the nature and extent of missingness.  

6.6 Dummy Tables  

See Tables 5-13 in appendices for dummy tables. 
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7. ETHICS  

The research will be conducted in accordance with the guidelines outlined by the Belmont Report and 

Declaration of Helsinki. The study is categorised as low risk to the participants 

7.1 Autonomy 

As this will be an analysis of anonymised secondary data retrospectively spanning 20 years, the 

requirement for individual informed consent is non-applicable.  Permission for the use of these data has 

been given by the Trust. Written informed consent was obtained from participants upon entry to the 

database which included consent for their data to be used in future research. 

7.2 Confidentiality   

To ensure participant anonymity, a process of de-identification will be implemented, employing a unique 

identifier system to distinguish data points. Trained researchers will then encode the data for secure 

storage on a password-protected electronic database. Access to this database will be restricted to 

authorised researchers only. In accordance with the established data governance protocols delineated by 

the School of Public Health and Family Medicine at the University of Cape Town, all electronic data will 

be maintained with the utmost confidentiality. To safeguard participant privacy during public or academic 

presentations, solely summarised data devoid of any personally identifiable information will be 

disseminated.  

7.3 Beneficence  

While this study design does not offer direct benefits to individual participants, a significant group benefit 

will be realised through the accrual of enhanced knowledge regarding asbestos-related mortality rates and 

associated risk factors. This knowledge will be instrumental in informing the optimisation of medical 

surveillance programs for former asbestos miners. Specifically, the findings will guide the development 

of targeted protocols encompassing the frequency of medical assessments and the most effective 

investigative procedures. By enabling the identification of high-risk individuals, this optimised 

surveillance approach will facilitate the early detection of asbestos-related diseases. Early detection will, 

in turn, pave the way for prompt referral to appropriate medical, psychological, and socioeconomic 

support services. This comprehensive approach has the potential to significantly improve the quality of 

life for former asbestos miners. Furthermore, the data generated by this study can serve as a powerful 

advocacy tool aimed at securing increased compensation for this vulnerable subgroup within the mining 

population. 
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7.4. Non-maleficence 

The study poses no risk of any harm to participants. 

7.5 Justice 

The study intends to understand the mortality experience of this group which may inform measures to 

manage the surveillance, disease burden and compensation. Therefore, asbestos-exposed miners will 

ultimately benefit from this study. 

 

8. LIMITATIONS  

This research study is subject to potential limitations that could influence the validity and generalisability 

of its findings. 

Information Bias 

Language limitation of literature search 

The literature search was limited to English articles; therefore, the possibility exists that relevant literature 

in other languages were missed.  However, this does not impact on the validity of the study. 

Retrospective nature of the study  

Over the course of this retrospective study spanning 20 years, the Trusts’ medical evaluation form was 

changed to incorporate an updated dypnoea grading system. The questions introduced were linked to the 

validated MMRC grading system and were very similar to the previous forms. Minor inconsistencies 

could have resulted, but the overall reliability of the tool was maintained.  

In general, retrospective studies are prone to recall bias and therefore the possibility exists that 

information was missing or inaccurate.  A data management plan was formulated by the researchers 

which included error correction, data imputation or deletion. Handling of missing data will be informed 

by an analysis of the nature and extent of missingness. 

The use of secondary data  

While the use of secondary data has the advantage of convenience and cost-efficiency, its use resulted in 

limited control over the nature and quality of the predictor variables. Hence the study was based on and 

limited to data collected and recorded on the database. Data on most predictors of interest were captured. 
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However, racial ascription which is essential for the computation of the SMR was not captured. If the 

SMR is calculated without the consideration of race its accuracy could be affected.  

Self-reported data  

The inherent reliance on self-reported medical and occupational histories introduces the possibility of 

recall bias. Despite the quality control measures employed to verify the data collected e.g., occupational 

records, medical records where available (see Table 1), participants may unintentionally misreport past 

events, leading to under- or overestimation of the exposure and mortality outcomes.      

Data capture 

While standardised forms and trained data capturers were employed, transcription errors remain a 

possibility. Furthermore, data capturing was not checked by the Trusts’ medical co-ordinator.   

Measurement bias  

Although quality control measures were implemented to ensure the quality of spirograms and CXRs e.g., 

quality checks of the spirogram and CXR, two independent readers trained in the ILO classification, 

review by a second panel (see Table 1), the potential for information bias due to measurement error still 

exists. The SOMP evaluators interpreted the CXRs with full knowledge of the participant's medical, 

occupational, and smoking history. Reporting bias and misclassification could potentially have been 

introduced.  

Lack of exposure intensity data  

No accurate quantitative data on the intensity and hence cumulative dose of exposure were available. 

While duration of exposure is often considered a key predictor of adverse asbestos-related health 

outcomes, the absence of precise data on intensity introduces a potential confounding variable. If 

participants with shorter durations were exposed to higher intensities, the relationship between duration 

and asbestos-related health outcomes could be confounded. This study utilises calendar year of entry into 

asbestos employment and type of mine work as proxies for exposure intensity.  However, these proxies 

may not perfectly capture the true intensity. 

Selection Bias 

The Healthy Worker Effect 
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The study design is susceptible to selection bias arising from the Healthy Worker Effect. Chronically or 

severely ill asbestos miners would have exited mine employment prematurely or died prior to the 

establishment of the Trust, resulting in a healthier remaining workforce. This differential selection based 

on health status would lead to an underestimation of mortality rates and influence of predictor variables. 

Limitations of Mortality Data     

Incompleteness of death reporting 

The historical fragmentation, inconsistency, and inaccuracy of the South African death registration system 

prior to 2001,
87

 raises concerns about the completeness of death reporting. While significant 

improvements have been made, the possibility of missed deaths and consequent underestimation of 

mortality rates cannot be disregarded.  

Inaccurate cause-of-death data  

The unreliability of cause-of-death information on the Home Affairs database restricted the analysis to 

all-cause mortality rates, preventing the investigation of cause-specific mortality associated with asbestos 

exposure. Cause-specific mortality rates would have provided more informative data in evaluating the 

relationships between predictor variables and mortality. The mortality data do not therefore necessarily 

reflect the incidence of an asbestos-related disease or other disease of relevance. 

Generalisability 

Representativeness of the ART/Kgalagadi cohort  

The Trust’s Inyosi database excludes mines that did not contribute financially to the ART and Kgalagadi 

Trust. However, the Trusts a sizeable proportion of former asbestos-exposed South African miners and 

therefore can be considered representative of the greater South African asbestos miner population. The 

generalisation of findings to the broader population of former South African asbestos miners can therefore 

be done with   reasonable confidence. Furthermore, the representativeness of the ART and Kgalagadi 

cohort is likely skewed towards low-employment-grade miners relative to high-employment-grade 

miners. Generalisation of findings to low-employment grade miners employed during the study period 

can therefore be made with more confidence, while inferences to high-employment grade workers should 

be interpreted with circumspection. 
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Nationality restriction  

The study's focus on South African miners necessitates caution when extrapolating findings to 

neighbouring countries where asbestos was mined, notably Eswatini and Zimbabwe, due to differences in 

the populations and occupational risk in their working environments, including asbestos fibre type.  

These limitations highlight the need for careful interpretation of the mortality data and underscore the 

importance of considering these factors critically when drawing conclusions about the mortality 

experience of former South African asbestos miners. 

9. DISSEMINATION OF RESEARCH RESULTS  

The results of the study will be disseminated in the form of: 

 A MMed dissertation which will be submitted to the University of Cape Town. 

 Research forums, research days and local/international conferences 

 Publications in scientific journals (local and peer-reviewed). 

10. FUNDING   

No funding is required for this study. The study was approved by the Asbestos and Kgalagadi Relief 

Trust Board, after the submission of a research synopsis by the principal investigator 

 

11. TIMELINES  

A Gantt Chart below estimates timelines for specific activities of the research study. 

TABLE 7: Gantt Chart 

Activity Year 2024 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Literature search             

Literature review/write-up             

Protocol write-up             

Ethics approval submission             

Data analysis             

Compilation of tables             

Dissertation write-up             

Dissertation submission             
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DUMMY TABLES 

TABLE  2: Sociodemographic and health characteristics of Asbestos and Kgalagadi Relief Trust claimants with crude 

mortality rates for period 2004 to 2023 

Characteristic Alive  

(n/N) % 

Deceased 

(n/N) % 

Crude Mortality Rate 

(per 1000 person-years) 

p-value 95% CI 

Total (N)      

Age at initial examination 

(years) 

 * 15 - 24.9 

    25 - 34.9 

    35 - 44.9 

    45 - 54.9 

    55 - 64.9 

      ≥ 65 

     

Biological Sex 

 * Female 

   Male 

     

Previous TB/Current TB 

 * No 

    Yes 

     

Smoking status
#
 

 * Never 

    Previous 

    Current 

     

Comorbidities 

 HIV positive 

   * No 

     Yes    

     

Asthma/COPD 

    * No 

      Yes 

     

Diabetes 

   * No 

     Yes 

     

Cardiovascular disease 

    * No 

      Yes 

     

Hypertension 

    * No 

      Yes 

     

Previous chest trauma 

    * No 

      Yes 

     

Other comorbidities 

   * No 

     Yes 

     

*Reference category 

#Smoking categories: Never: Never smoked/smoked<6 months     

                                       Previous: Smoked > 6 months but stopped           

                                      Current: Still smoking at present 
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TABLE 3: Occupational characteristics of Asbestos and Kgalagadi Relief Trust claimants with crude mortality rates 

for period 2004 to 2023 

Characteristic Alive 

(n/N) % 

Deceased 

(n/N) % 

Crude Mortality Rate 

(per 1000 person-years) 

p-value 95% CI 

Total (N)      

Type of asbestos exposure 
 * Chrysotile only 

   Amosite only 

   Crocidolite only 

   Mixed 

     

Occupational category 
 * Surface only 

   Underground only 

   Underground and surface 

   Unspecified 

     

Mixed Mining exposures 
  *Absent 

    Present 

     

Mine Location 
   *Kuruman area mines 

    Penge mine 

    Msauli mine 

    Other 

     

Age on entry to asbestos 

employment (years) 
  *15 - 24.9 

    25 - 34.9 

    35 - 44.9 

    45 - 54.9 

    55 - 64.9 

      ≥ 65 

     

Age at exit from asbestos 

employment (years) 
  *15 - 24.9 

    25 - 34.9 

    35 - 44.9 

    45 - 54.9 

    55 - 64.9 

      ≥ 65 

 

     

Time in asbestos employment 

(years) 
  *0 - 4.9 

   5 - 9.9 

  10 -14.9 

  15 -19.9 

  20 - 24.9 

     ≥25 

 

     

Calendar year of entry into 

employment (years) 
  * After 2000 
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    1990 – 1999 

    1980 - 1989 

    1970 - 1979 

    before 1970 

Calendar year of exit from 

employment (years) 
  *After 2000  

   1990 - 1999 

   1980 - 1989 

   1970 - 1979 

   before 1970 

 

     

Time since exit from 

employment (years) 

   *0 - 4.9 

    5 - 9.9 

   10 -14.9 

   15 -19.9 

   20 - 24.9 

      ≥25 

 

     

*Reference category      
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TABLE 4: Clinical characteristics of Asbestos and Kgalagadi Relief Trust claimants at initial examination with crude 

mortality rates for period 2004 to 2023 

Characteristic Alive 

(n/N) % 

Deceased 

(n/N) % 

Crude Mortality Rate 

(per 1000 person-years) 

p-value 95% CI 

Total (N= )      

Clinical Symptoms 

Dyspnoea 

  *Absent 

    Present 

Dyspnoea Grade
#
 

   *MMRC 0 

    MMRC I 

    MMRC II 

    MMRC III 

    MMRC IV  

     

 

Clinical Examination  

BMI at baseline (kg/m
2
)

^
 

   *Normal 

    Underweight 

    Overweight 

    Obese 

Physical examination
!
 

   *Normal 

    Abnormal 

Signs of cardiac failure
₤
 

   *Absent 

    Present 

 

     

*Reference category  
# 
MMRC Classification: MMRC  0:     Breathless on strenuous exercise 

                                        MMRC   I:     Breathless on hurrying/walking uphill 

                                        MMRC  II:     Slower than peers/need to stop 

                                        MMRC  III:    Breathless after few minutes/ walking 100m 

                                        MMRC  IV:   Breathless on dressing/undressing 

                                        MMRC  II-IV considered significant dyspnoea 
$ 
Significant weight loss defined as a 5% reduction in weight from baseline within a 6–12-month period 

^ 
 BMI categories:  Underweight   < 18.5 kg/m2 

                                 Normal            = 18.5 to 24.9 kg/m2 

                                 Overweight     = 25 to 29.9 kg/m2 

                                 Obese              ≥ 30 kg/m2 
! 
Abnormal respiratory examination defined as the presence of any of the following features: clubbing, cyanosis, crackles n 

auscultation, an 

  increased respiratory rate or decreased SaO2% (Table 1 details operationalisation of variables) 
₤ 
Signs of cardiac failure included a raised pitting peripheral oedema, displaced apex, a raised JVP, and S3 gallop. The presence 

of any or all the signs was regarded as positive 
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TABLE 5: Radiological data of Asbestos and Kgalagadi Relief Trust claimants at initial examination with crude 

mortality rates for period 2004 to 2023 (as per ILO Classification) 

Characteristic Alive 

(n/N) % 

Deceased 

(n/N) % 

Crude Mortality Rate 

(per 1000 person-years) 

p-value 95% CI 

Total (N=)      

ILO Profusion Categories
#
 

   * Category 0 

      Category 1 

      Category 2 

      Category 3 

     

Pleural abnormalities
$
 

    *Absent 

      Present 

Pleural plaques 
    *Absent 

      Present 

Costophrenic angle obliteration 
    *Absent 

      Present 

Diffuse pleural thickening 
     *Absent  

       Present 

     

Lung Cancer 
     *Absent 

      Radiological suspicion 

      Histological evidence 

     

Mesothelioma 
     *Absent 

      Radiological suspicion 

      Histological evidence 

     

Other radiological findings 
     *Absent 

       Present 

     

*Reference category 

# ILO profusion categories: Category 0:  0/-; 0/0/; 0/1 

                                                Category 1:  1/0; 1/1; 1/2 

                                                Category 2:  2/1; 2/2; 2/3 

                                                Category 3:  3/2; 3/3; 3/+ 

                                                Categories 2-3 were considered abnormal 

$ Pleural abnormalities reported included pleural plaques, costophrenic angle obliteration, diffuse pleural thickening. Pleural 

abnormalities were categorised as binary i.e., absent or present. 

Other radiological abnormalities include  
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TABLE 6: Spirometry data of Asbestos and Kgalagadi Relief Trust claimants at initial examination with crude 

mortality rates for period 2004 to 2023 

Characteristic Alive 

(n/N)% 

Deceased 

(n/N)% 

Crude Mortality Rate 

(per 1000 person-years) 

p-value 95% CI 

Total (N= )      

Spirometry Parameters
# 

FEV1/FVC ratio (%) 

FVC (litres) 

FEV1 (litres) 

 

FEV1/FVC ratio  

     *Normal 

       Low 

 FVC  

     *Normal 

      Low 

  FEV1  

        *Normal 

       Low 

Lung function categories
#
 

     *Normal 

      Abnormal 

Obstructive lung defect 

    *Absent 

     Present 

Obstructive lung defect 

       Mild 

       Moderate 

       Moderately severe 

       Severe 

       Very Severe 

Restrictive lung defect 

    *Absent 

      Present 

 Restrictive lung defect 

       Mild 

       Moderate 

       Moderately severe 

       Severe 

       Very Severe 

 Mixed lung defect 

      *Absent 

       Predominantly obstructive 

       Predominantly restrictive 

 

     

*Reference category 

# Spirometry parameters and lung function were categorised using the GLI reference equations (see Table 1) 
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TABLE 7: Standardised mortality ratios (SMR) of asbestos relief claimants relative to the general South 

African population matched for sex, age and calendar year     

Characteristic Observed deaths *Expected deaths SMR 95% CI 

Biological Sex 

  Male 

  Female 

    

Age (years) 

  20-24.9 

  25-29.9 

  30-34.9 

  35-39.9 

  40-44.9 

  45-49.9 

  50-54.9 

  55-59.9 

  60-64.9 

  65-69.9 

    >70 

    

Calendar year 
   2004 

   2005 

   2006 

   2007 

   2008 

   2009 

   2010 

   2011 

   2012 

   2013 

   2014 

   2015 

   2016 

   2017 

   2018 

   2019 

   2020 

   2021 

   2022 

 

    

*ASSA2008 used for population references 
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TABLE 8: Sociodemographic predictors of mortality in Asbestos and Kgalagadi Relief Trust claimants for period 

2004 to 2023                    

Predictor Estimate of β Standard error 

of β 

Adjusted 

Hazard Ratio 

95% CI p-value 

Age at initial examination 

(years) 

  * 15 - 24.9 

     25 - 34.9 

     35 - 44.9 

     45 - 54.9 

     55 - 64.9 

       ≥ 65 

Biological Sex 

  * Female 

     Male 

Previous TB/Current TB 

   * No 

     Yes 

Smoking status* 

  * Never 

    Previous 

    Current 

Comorbidities 

 HIV positive 

   * No 

     Yes    

Asthma/COPD 

    * No 

      Yes 

Diabetes 
   * No 

     Yes 

Cardiovascular Disease 

    * No 

      Yes 

Previous chest trauma 

    * No 

      Yes 

Other comorbidities 

   * No 

     Yes 
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TABLE 9: Occupational  predictors of  mortality in Asbestos and Kgalagadi Relief Trust ‘s claimants for period 

2004 to 2023  

Predictor Estimate of β Standard error 

of β 

Adjusted 

Hazard Ratio 

95% CI p-value 

Type of asbestos exposure 

* Chrysotile only 

  Amosite only 

  Crocidolite only 

  Mixed 

Occupational category 

 * Surface only 

   Underground only 

   Underground and surface 

   Unspecified 

Mixed mining exposures 

  *Absent 

   Present 

Mine Location 

  Kuruman area mines 

  Penge mine 

  Msauli mine 

  Other mines 

Age on entry into asbestos 

employment (years) 

  *15 - 24.9 

    25 - 34.9 

    35 - 44.9 

    45 - 54.9 

    55 - 64.9 

      ≥ 65 

Age at exit from asbestos 

employment (years) 

  *15 - 24.9 

    25 - 34.9 

    35 - 44.9 

    45 - 54.9 

    55 - 64.9 

     ≥ 65 

Time in asbestos 

employment (years) 

  * 0 - 4.9 

     5 - 9.9 

    10 -14.9 

    15 -19.9 

    20 - 24.9 

       ≥25 

 

 

Calendar year of exit from 

employment (years) 
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  *1998 – 2002 

    1993 - 1997  

    1988 - 1992 

    1983 - 1987 

    1978 –1982 

Time since exit from 

employment (years) 

   *0 - 4.9 

    5 - 9.9 

   10 -14.9 

   15 -19.9 

   20 - 24.9 

      ≥25 

*Reference category      
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TABLE 10: Clinical predictors of mortality in Asbestos and Kgalagadi Relief Trust claimants for period 2004-2023  

Predictor Estimate of β Standard error 

of β 

Adjusted 

Hazard Ratio 

95% CI p-value 

Symptoms 

Dyspnea (MMRC grade)
@

 

 * MMRC 0 

    MMRC I 

    MMRC II 

    MMRC III 

    MMRC IV 

 

Physical examination 

BMI (kg/m
2
)

β
 

 * Normal 

   Underweight 

   Overweight 

   Obese 

Respiratory examination
!
 

 * Normal 

   Abnormal 

Signs of cardiac failure
₤ 

  *Absent 

   Present 

 

Radiological data 

ILO profusion category
#
 

  *Category 0 

   Category 1 

   Category 2 

   Category 3 

Pleural abnormalities
$
 

   *Absent 

     Present 

Pleural plaques 
   *Absent 

     Present 

Costophrenic angle 

obliteration 
   *Absent 

     Present 

Diffuse pleural thickening 
    *Absent  

      Present 

Lung cancer 

  *Absent 

    Radiological suspicion 

    Histological evidence 

Mesothelioma 

  *Absent 

    Radiological suspicion 
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    Histological evidence 

 

Spirometry Data
ε 

Spirometry parameters 

  FEV1/FVC ratio (%) 

  FVC (litres) 

  FEV1 (litres) 

 

FEV1/FVC ratio 

   *Normal 

     Low 

FEV1  

       *Normal 

      Low 

FVC  

    *Normal 

      Low 

Spirometry categorisation
ε
 

* Normal lung function 

     *Absent 

       Present 

  Obstructive lung defect 

      *Absent 

       Present 

  Obstructive lung defect 

    *Mild 

      Moderate 

      Moderately severe 

      Severe  

      Very severe 

Restrictive lung defect 

      *Absent 

       Present 

Restrictive lung defect 

   *Mild 

     Moderate 

     Moderately severe 

     Severe  

     Very severe 

 Mixed ventilatory defect 

  * Absent 

    Predominantly obstructive 

    Predominantly restrictive 

 

Clinical parameters recorded at baseline examination 

* Reference category 
@ 

MMRC Classification: MMRC 0:  Breathless on strenuous exercise 

                                         MMRC I:   Breathless on hurrying/walking uphill 

                                         MMRC II:  Slower than peers/need to stop 

                                         MMRC III: Breathless after few minutes/ walking 100m 

                                         MMRC IV: Breathless on dressing/undressing 
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                                         MMRC II-IV considered significant dyspnoea 
^ 

Significant weight loss defined as a 5% reduction in weight from baseline within a 6–12-month period 
β 

BMI categories:  Underweight < 18.5 kg/m2 

                               Normal            = 18.5 to 24.9 kg/m2 

                               Overweight    = 25 to 29.9 kg/m2 

                               Obese             ≥ 30 kg/m2 
!
Abnormal respiratory examination defined as the presence of any of the following features: clubbing, cyanosis, crackles n 

auscultation, an increased respiratory rate or decreased SaO2% (Table 1 details operationalisation of variables) 
₤
Signs of cardiac failure included a raised pitting peripheral oedema, displaced apex, a raised JVP, and S3 gallop. The 

presence of any or all the signs was regarded as positive 
#
ILO profusion categories: Category 0:  0/-; 0/0/; 0/1 

                                               Category 1:  1/0; 1/1; 1/2 

                                               Category 2:  2/1; 2/2; 2/3 

                                               Category 3:  3/2; 3/3; 3/+ 

                                               Categories 2-4 were considered abnormal 
$
Pleural abnormalities reported included pleural plaques, costophrenic angle obliteration, diffuse pleural thickening. Pleural 

abnormalities were categorised as binary i.e., absent or present. 

ε Spirometry data and lung function categorisation based on GLI reference values (see Table 1) 
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TABLE 11: Number of deaths, person years, and crude mortality rates of former South Africa miners for 

each year of the study period  

Calendar year  

  
No. of deaths Person-years 

(1 000s) 

 

Mortality rate/ 

1 000 person-years 

95% CI 

2004     

2005     

2006     

2007     

2008     

2009     

2010     

2011     

2012     

2013     

2014     

2015     

2016     

2017     

2018     

2019     

2020     

2021     

2022     

     

     

Total     

* Table 12 represented graphically as Figure 2 
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FIGURE 1: Schoenfield residuals 

FIGURE 2: Crude mortality rate for former asbestos miners by calendar year for each year of the study  

FIGURE 3: Crude mortality rate for former asbestos miners by year of exit from the industry 

 

 

TABLE 12: Number of deaths, person years, and mortality rates of former South Africa miners by time 

since exit from asbestos employment  

Time since exit  

(years) 
No. of deaths Person-years 

(1 000s) 

 

Mortality rate/ 

1 000 person-years 

95% CI 

0-0.9     

1-1.9     

2-2.9     

3-3.9     

4-4.9     

5-5.9     

6-6.9     

7-7.9     

8-8.9     

9-9.9     

10-10.9     

11-11.9     

12-12.9     

13-13.9     

14-14.9     

15-15.9     

16-16.9     

17-17.9     

18-18.9     

19-19.9     

>20     

Total     

* Table 13 represented graphically as Figure 3 
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Appendix 2: Medical Evaluation Form 
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Appendix 3: Specialised Occupational Medicine Panel (SOMP) Data Collection Form
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Appendix 4: Consent Form on Admission to Trust Database 
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Appendix 5: Data Transfer Agreement 
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Appendix 6: HREC Ethics Approval Letter by UCT Faculty of Health Science
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Appendix 7: Supporting Information not included in the Manuscript 

Table SI: Operationalisation of variables and quality control measures employed 

Predictor variable Variable definition Quality control measures 

Age at Initial Examination(years) 

< 35 

35-44.9 

45-54.9 

55-64.9 

>65 

Calculated from the birth date on identity (ID) document and date 

of the initial baseline examination by medical officers employed by 

the Asbestos Relief and Kgalagadi Relief Trusts. Transformed into 

 a categorical variable as indicated.

Verified birth date with ID document 

Biological Sex  

Male  

Female  

Biological sex of miner recorded by the clinician.   

Cigarette Smoking History 
Never 

Previous 

Current 

Self-disclosed to the clinician. 

Never:      Never smoked/smoked < 1 pack year.  

Previous:  Smoked > 1 pack year but stopped  

Current:   Still smoking at present. 

 

Type of Asbestos Exposure  
Crocidolite 

Amosite   

Chrysotile 

Mixed 

Self-disclosed to the clinician if known Verified by examining the occupational record and geographic 

mapping of mines  

Time in Employment (years) 

 < 5 
5-10 

10-15 

>15 

Unknown 

 

Estimated from first and last date of service in the asbestos 

industry, where known. 

Verified by examining occupational record, where possible 

Nature of Mine Work  

Underground 

Surface 

Both  

Unspecified 

 

Self-disclosed to the clinician. 

All types and levels of asbestos exposure were regarded as 

significant i.e. no minimum period of exposure was required. 

Verified by examining occupational record where possible 

Body Mass Index (kg/m
2
) 

Underweight 

Normal 

Overweight 

Obese 

 

 

BMI was calculated from the measured weight and height using the 

formula weight/height
2 
(kg/m

2
). BMI was categorised by 

researchers as outlined below:  

Underweight: < 18.5 kg/m
2
 

Normal:          = 18.5 to 24.9 kg/m
2
 

Overweight:   = 25 to 29.9 kg/m
2
 

Obese:             ≥ 30 kg/m
2 

 

Weight and height measurements performed in standardised 

manner. 

 

 

Appendix 7: Supplementary information not in the manuscript 
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Predictor variable Variable definition Quality control measures 

Quality of CXR 
Good 

Few technical defects 

Defects but can classify 

Unreadable 

The quality of the chest X-ray (CXR) was assessed prior to reading.  

 

The quality of the CXR was assessed prior to the reporting and 

recording of data. The CXR was repeated if the initial one was 

unreadable. 

 

 

Radiological Classification 

ILO Profusion categories 

Category 0 

Category 1 

Category 2 

Category 3 

 

 

Radiological data were reported in a standardised manner by 

radiologist and medical practitioners with experience and expertise 

in occupational medicine in accordance with International Labour 

Organisation (ILO) Classification of Radiographic 

Pneumoconioses.
21 

ILO Profusion Categories: 

Category 0:   0/-; 0/0/; 0/1 

Category 1:   1/0; 1/1; 1/2 

Category 2:   2/1; 2/2; 2/3 

Category 3:   3/2; 3/3; 3/+ 

Category 1-3 considered abnormal  

Trained radiologists and medical practitioners with experience 

and expertise in occupational medicine were members of a 

Specialist Occupational Medicine Panel (SOMP) who captured 

physical examination, radiological and spirometry data on a 

standardised form. The radiographs were read with full 

knowledge of the patient’s medical, occupational, or cigarette-

smoking history.   The classification of radiological data was 

done by consensus between the radiologist and the medical 

practitioner with the radiologist’s reading prevailing. Where 

classification was difficult or borderline or where there was 

disagreement between the radiologist and occupational medicine 

specialist, a different SOMP panel was enlisted to classify the 

CXR.  In such cases, the report of the SOMP panel making the 

higher classification was used.  

Pleural abnormalities 

Pleural plaques 

Costophrenic angle obliteration   

Diffuse pleural thickening 

   Absent 

   Present 

 

Pleural abnormalities were reported in accordance with the ILO 

Classification system and included pleural plaques, costophrenic 

angle obliteration, diffuse pleural thickening. Pleural abnormalities 

were categorised as binary i.e., absent or present. 

The hyperlink below provides a detailed explanation of the ILO 

Classification of Radiographs of Pneumoconioses 1980. 

ILO classification: (click for reference) 

 

Quality of the Spirogram 
Good 

Few technical defects 

Defects but can classify 

Unreadable 

Spirometry was conducted by an experienced technician/medical 

officer. Spirometry results were recorded and categorised by a 

medical officer experienced in interpreting the quality and 

parameters of spirograms.  

 

Spirometry was assessed in accordance with the current 

European Thoracic Society/American Thoracic Society 

(ERS/ATS) guidelines.
22, 23 

Spirometer models producing good 

quality spirograms were used (Model IQ Tech and Koko). The 

quality of the spirogram was assessed and if deemed 

uninterpretable, the spirogram was repeated. 

Spirometry Classification 

FEV1 Normal 

FEV1 Low 

 

 

 

FEV1 Normal: FEV1 z-score ≥ -1.64  

FEV1 Low:       FEV1 z-score < -1.64 

         Mild:       FEV1 z-score: < -1.64 but > -2.0 

     Moderate:   FEV1 z-score: < -2.0 but > -3.0 

       Severe:      FEV1 z-score: ≤ -3.0 

Global Lung Function Initiative (GLI) reference equations were 

used to generate FEV1, FVC and FEV1/FVC z-scores for each 

participant using their age, sex, height and raw FEV1 and FVC 

values. The GLI-other ethnic category was used. A z-score cut-

off ≥ -1.64 was used to dichotomise the FEV1 and FVC raw 

values into normal and low categories.  The GLI z-scores were  

https://www.cdc.gov/niosh/topics/surveillance/ords/pdfs/cwhsp-readingform-2.8.pdf
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Predictor variable Variable definition Quality control measures 

FVC Normal 

FVC Low  

 

FVC Normal: FVC z-score ≥ -1.64  

FVC Low:      FVC z-score < -1.64 

        Mild:      FVC z-score: < -1.64 but > -2.0 

     Moderate: FVC z-score: < -2.0 but > -3.0 

       Severe:     FVC z-score: ≤ -3.0 

 

used to further subcategorise FEV1 and FVC as outlined. 

 

Asbestos-Related Disease (ARD) 

Category 
No ARD 

ARD 1 

ARD 2 

ARD 3 

ARD 4 

ARD not determined yet 

The Trusts used a composite classification system to categorise 

asbestos-related disease (ARD) in claimants. Both the radiological 

findings as per ILO classification and the spirometry results using 

the European Community for Steel and Coal (ECSC) reference 

values were used to categorise the claimants as follows
25

: 

 

No ARD:  Spirometry:  FEV1 and FVC ≥ 80% 

                                       FEV1/FVC ratio ≥ 75% 

                 Radiology:    No evidence of asbestosis/asbestos-    

                                       related changes  

ARD 1:  Asbestos-related pleural thickening/asbestosis with mild to    

              moderate lung function impairment  

              Spirometry:   FEV1 and FVC ≥ 52 but < 80% 

                                    FEV1/FVC ratio ≥ 55 but < 75% 

              Radiology:    ILO reading consistent with asbestosis/   

                                    asbestos-related changes  

ARD 2:  Asbestos-related pleural thickening/asbestosis with severe 

              lung function impairment  

              Spirometry:   FEV1 and FVC < 52% 

                                    FEV1/FVC ratio < 55% 

              Radiology:   ILO reading consistent with asbestosis/  

                                   asbestos-related changes  

ARD 3: Asbestos-related lung cancer 

             Based on histological evidence 

ARD 4: Mesothelioma  

              Based on histological evidence  

 

For ARD 3 and 4, where histological evidence was not available, 

radiological diagnosis was made by a radiologist.  Where asbestosis 

or pleural disease coexisted with malignancy, the higher ARD grade 

was used. 
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Table SII: Observed deaths, total person years and crude mortality rates for each year of the study period from 2004 to 

2023 

Calendar year  

  

Observed 

deaths 

Total  

person-years 

 

Crude Mortality Rate 

(/1 000 persons) 

95% CI 

2004 11 395.09 27.84 11.39 - 44.30 

2005 54 1 967.32 27.45 20.12 – 34.76 

2006 178 5 851.50 30.42 25.95 – 34.89 

2007 239 7 544.37 31.68 27.66 – 35.70 

2008 285 8 146.61 34.90 30.92 – 39.05 

2009 297 8 779.64 33.94 29.98 – 37.68 

2010 335 9 067.06 36.73 32.99 – 40.90 

2011 293 8 948.49 32.74 28.99 – 30.46 

2012 286 8 769.35 32.61 28.83 – 37.24 

2013 273 8 547.37 31.94 28.15 – 35.73 

2014 301 8 315.42 36.20 32.11 – 40.29 

2015 306 8 084.54 37.85 33.61 – 42.09 

2016 317 7 892.39 40.17 35.74 – 44.59 

2017 296 7 638.92 38.75 34.33 – 43.16 

2018 318 7 505.81 42.50 37.71 – 47.02 

2019 241 7 380.10 32.66 28.53 – 36.78 

2020 296 7 152.65 41.83 36.67 – 46.10 

2021 467 6 759.35 69.09 62.82 – 75.36 

2022 264 6 409.62 41.19 36.22 – 46.16 

till 21/03/2023 49 1 393.73 35.15  25.31 – 45.00 

Total 5106 136 548.92 37.39 36.37 – 38.41 
* Table SIII represented graphically as Figure 2 
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Table SIII: Results of Extended Cox Regression modelling covariates violating the proportional 

hazards assumption as time-varying 

Main Effects 

Predictor Adjusted 

Hazard Ratio 

95% CI p-value 

Age on Entry to Cohort (years) 

       
*
< 35  

     35 – 44.9                                                                     

     45 - 54.9 

     55 - 64.9 

        ≥ 65 

 

- 

1.25 

1.61 

2.28 

3.58 

 

- 

0.74 – 2.13 

0.95 – 2.72 

1.35 – 3.87 

2.11 – 6.08 

 

 

- 

0.409 

0.077 

0.002 

0.000                                       

#
Biological Sex 

 
 *
 Female 

     Male 

 

- 

1.05 

 

 

0.96 - 1.14 

 

 

 

0.293 

Cigarette Smoking Status 

  
*
 Never 

    Previous 

 

- 

1.36 

 

- 

1.28 – 1.45 

 

 

- 

0.000 

Type of Asbestos Exposure 

 
*
 Chrysotile only 

    Crocidolite only 

    Amosite 

    Mixed 

    Unspecified 

 

- 

1.07 

0.85 

1.18 

1.19 

 

- 

0.99 – 1.16 

0.67 – 1.09 

0.86 – 1.62 

1.09 – 1.31 

 

 

- 

0.081 

0.202 

0.313 

0.000 

Nature of Mine Work 
   *

Underground
 
only 

    Surface only 

    Unspecified 

 

- 

1.07 

0.82 

 

- 

0.99 - 1.16 

0.66 – 1.01 

 

 

- 

0.074 

0.062 

Time in Employment (years) 

  
 *
 0 - 5 

     5 - 10 

    10 -15 

       >15 

    Unknown 

 

- 

0.88 

0.83 

1.33 

1.09 

 

- 

0.78 – 1.00 

0.63 – 1.09 

0.96 – 1.85 

1.00 – 1.19 

 

- 

0.042 

0.182 

0.086 

0.040 

 

BMI Categories at Baseline(kg/m
2
) 

   
*
Normal 

     Underweight 
     #

Overweight 
     #

Obese 

 

- 

1.53 

19.97 

22.84 

 

- 

1.41 – 1.65 

16.97 – 25.52 

17.28 – 25.15 

 

- 

0.000 

0.000 

0.000 

ILO Profusion Categories 

     
*
 Category 0 

       Category 1 

       Category 2 

       Category 3 

 

- 

1.19 

1.32 

1.54 

 

 

- 

1.09 – 1.29 

1.07 – 1.62 

1.00 – 2.36 

 

- 

0.000 

0.009 

0.048 

Pleural Plaques 

     
*
Absent 

       Present 

 

- 

0.87 

 

 

- 

0.81 - 0.94 

 

- 

0.000 

Costophrenic Angle Obliteration 

    
*
Absent 

     Present 

 

- 

1.25 

 

 

- 

1.12 – 1.39 

 

- 

0.000 
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Predictor
 

Adjusted 

Hazard Ratio 

95% CI p-value 

#
Diffuse Pleural Thickening 

   
 *
Absent 

     Present 

 

- 

1.04 

 

- 

0.85 – 1.27 

 

 

- 

0.665 

FEV1 (litres)  
 *
Normal 

  Low FEV1 z-score: -1.64 to -2.0 

          FEV1 z-score: -2.0 to -3.
 

               
FEV1 z-score: ≤ -3.0

 

 

- 

1.03 

1.12 

15.02 

 

- 

0.93 – 1.14 

1.02 – 1.23 

12.43 – 18.16 

 

 

- 

0.602 

0.017 

0.000 

FVC (litres)  
 *
Normal 

  Low FVC z-score: -1.64 to -2.0 

          FVC z-score: -2.0 to -3.0 

          FVC z-score: ≤ -3.0 

 

- 

1.00 

1.06 

1.17 

 

 

- 

0.90 – 1.12 

0.96 – 1.17 

1.03 – 1.33 

 

- 

0.947 

0.223 

0.011 

Asbestos-Related Disease (ARD) 

Category 

 
*
 No ARD 

   ARD 1 

   ARD 2 

   ARD 3 

   ARD 4 

   Not determined 

 

 

 

- 

1.16 

1.14 

2.88 

2.52 

1.31 

 

 

- 

1.05 – 1.27 

0.96 – 1.35 

1.84 – 4.51 

2.12 – 2.99 

1.05 – 1.62 

 

 

- 

0.002 

0.127 

0.000 

0.000 

0.016 

Time-varying Effects (Levels of covariates) 

 

 Predictor  Adjusted 

Hazard Ratio 

95% CI p-value 

BMI Category-Overweight 

BMI Category-Obese  

FEV z-score ≤ -3.0 

 

0.77 

0.78 

0.78 

0.76 – 0.78 

0.77 – 0.79 

0.77 – 0.80 

0.000 

0.000 

0.000 

Time-varying Effects (Entire covariates) 

 

 Predictor  Adjusted 

Hazard Ratio 

95% CI p-value 

Diffuse Pleural Thickening 

 

1.00 0.98 – 1.02 

 

0.867 

 
*Reference category 
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Table SIV: Results of interaction term between ILO profusion category and smoking status modelled in a Cox 

regression 

Category Adjusted Hazard ratio 95 % CI p-value 

Smoker and ILO Profusion category 1 

 

0.95 0.83 – 1.09 0.467 

Smoker and ILO Profusion category 2 (n=46) 

 

1.32 0.87 – 1.99 0.192 

Smoker and ILO Profusion category 3 (n=12) 

 

1.39 0.60 – 3.25 0.446 

* Reference category is non-smokers with no radiological evidence of asbestosis (ILO profusion category 0) 
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Table SV: Median FEV1 - and FVC z-scores and raw  median FEV1 and FVC values across the main ILO profusion categories 

 ILO Profusion Category 

Spirometry  *Category 0 Category 1 Category 2 Category 3 p-value 

Median FEV1 z-score -1.227 

(IQR:-2.072; -0.401) 

 

-1.660 

(IQR:-2.405; -0.789) 

-2.111 

(IQR:-2.967; -1.139) 

-1.872 

(IQR:-2.775; -1.274) 

0.002 

Median FVC z-score 

 

-1.223 

(IQR:-2.034; -0.258) 

-1.613 

(IQR:-2.569; -0.592) 

-2.108 

(IQR: -3.072; -1.061) 

-2.078 

(IQR: -2.923; -0.851) 

 

<0.000 

Raw Median FEV1 

(litres) 

2.45  

(IQR: 1.95; 2.95) 

 

2.24  

(IQR: 1.77; 2.70) 

1.82  

(IQR: 1.52; 2.21) 

1.72 

 (IQR: 1.61; 2.07) 

0.000 

Raw Median FVC 

(litres) 

 

3.16 

(IQR: 2.55; 3.77) 

2.93  

(IQR: 2.34; 3.52) 

2.49  

(IQR: 2.02; 2.96) 

2.36  

(IQR: 1.84; 2.82) 

 

0.000 

* Reference category 

 

FEV1 Normal: FEV1 z-score :≥ -1.64                                                         FVC Normal: FVC z-score: ≥ -1.64  

FEV1 Low:  FEV1 z-score: < -1.64                                                             FVC Low: FVC z-score: < -1.64 

Mild:  FEV1 z-score: < -1.64 but  > -2.0                                                    Mild: FVC z-score: < -1.64 but > -2.0 
Moderate:  FEV1 z-score: ≤ -2.0 but  > -3.0                                               Moderate:  FVC z-score: ≤ -2.0 but > -3.0 

Severe:  FEV1 z-score: ≤ -3.0                                                                     Severe:  FVC z-score: ≤ -3.0                                         
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Table SVI: Frequency of asbestos-related disease across nature of work categories in females (N=1955) and males (N=9388) 

 

Females (N=1955) 

Nature of  Work ARD Category n (%) 

 ARD 0 ARD 1 ARD 2 ARD 3 ARD 4 ARD 5 p-value 
     *

Belowground    18 (0.9%)   10 (0.5%)   5 (0.3%) 0 (0.0%) 0 (0.0%)  0 (0.0%) 0.000 

Aboveground 1405 (71.9%) 355 (18.1%) 37 (1.9%) 5 (0.3%) 48 (2.5%) 33 (1.7%)  

Unspecified    27 (1.4%)   11 (0.6%)  0 (0.0%) 0 (0.0%)   1 (0.05%)  0 (0.0%)  

Total 1450 (74.1%) 376 (19.2%) 42 (2.1%) 5 (0.3%) 49 (2.5%) 33 (1.7%)  

Males (N=9388) 

Nature of  Work ARD Category n (%) 

 ARD 0 ARD 1 ARD 2 ARD 3 ARD 4 ARD 5 p-value 
    *

Belowground 1124 (12.0%) 1113 (11.9%) 126 (1.3%) 15 (0.2%)   35 (0.4%)   60 (0.6%) 0.000 

Aboveground 4516 (48.1%) 1669 (18.1%) 193 (2.1%) 22 (0.2%) 162 (1.7%) 117 (1.2%)  

Unspecified    64 (0.7%)    96 (1.0%) 16 (0.2%)  2 (0.02%)  17 (0.2%)   11 (0.1%)  

Total 5704 (60.8%) 2908 (31.0%) 335 (3.6%) 39 (0.4%) 214 (2.3%) 188 (2.0%)  
*Reference category 

 

No ARD 
Spirometry:   FEV1 and FVC ≥ 80% 

                      FEV1/FVC ratio ≥ 75% 

Radiological: No evidence of asbestosis/asbestos-related changes  
 

ARD 1 

Asbestos-related pleural thickening/asbestosis with mild to    
moderate lung function impairment  

Spirometry:    FEV1 and FVC ≥ 52% but < 80% 

                                     FEV1/FVC ratio ≥ 55% but < 75% 
Radiological: ILO reading consistent with asbestosis/asbestos- related changes  

 
ARD 2 
Asbestos-related pleural thickening/asbestosis with severe lung function impairment  

Spirometry:   FEV1 and FVC < 52% 

                      FEV1/FVC ratio < 55% 

Radiological: ILO reading consistent with asbestosis/asbestos- related changes  

 

ARD 3 
Asbestos-related Lung cancer  

Based on histological evidence 

 
ARD 4 

Mesothelioma  

Based on histological evidence 
 

ARD 5 

Category not determined yet 
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Table SVII: Type of asbestos exposure across nature of work categories in females (N=1955) and males (N=9388) 

 

Females (N=1955) 

Nature of work Type of asbestos exposure n (%) 

 Chrysotile Crocidolite Amosite Mixed Unspecified p-value 
*
Belowground      8 (0.4%)   10 (0.5%)    6 (0.3%) 0 (0.0%)      9 (0.5%) 0.000 

 Aboveground  114 (5.8%)  678 (34.7%) 12 (0.6%) 6 (0.3%) 1073 (54.9%)  

Unspecified     1 (0.05%)  11 (0.6%)   0 (0.0%) 0 (0.0%)    27 (1.4%)  

Total 123 (6.3%) 699 (35.8%) 18 (0.9%) 6 (0.3%) 1109 (56.7%)  

Males (N=9388) 
*
Belowground 822 (8.8%) 1210 (12.9%)  58 (0.6%) 35 (0.4%) 348 (3.7%) 0.000 

 Aboveground 1350 (14.4%) 2871 (30.6%) 202 (2.2%) 39 (0.4%) 2247 (24.0%)  

Unspecified    43 (0.5%)  112 (1.2%)   0 (0.0%)    1 (0.01%)   50 (0.5%)  

Total 2215 (23.6%) 4193 (44.7%) 260 (2.8%) 75 (0.8%) 2645 (28.3%)  
*Reference category 
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Figure S1: Participant uptake onto the Asbestos and Kgalagadi Relief Trust database over the 20-year study period  
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Figure S2: Crude mortality rate among Asbestos and Kgalagadi Relief trust claimants for each year of the 

study period from 2004 to 2023 
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Figure S3: Fitted regression line determining the average increase in crude mortality per annum for the duration of 

the study 
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