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ABSTRACT 

 

Background  

Manganese is an essential micronutrient for humans, but excessive levels are harmful. 

Manganese neurotoxicity is associated with parkinsonism and the associated motor deficits can 

affect an individual’s daily activities and quality of life (QoL) in manganese–exposed persons.  

 

Objectives 

In this study, we sought to investigate the associations between manganese, parkinsonism and 

QoL in South African manganese mine workers, in the period 2010–2014. 

 

Methods 

This was a secondary analysis of data from 418 South African manganese mine workers already 

recruited into a prospective study of the association between Mn mining exposure and 

parkinsonism. Parkinsonism, the primary outcome, was defined as a Unified Parkinson’s Disease 

Rating Scale motor subsection part 3 score (UPDRS-3) ≥15. The 39–item Parkinson’s Disease 

Questionnaire (PDQ-39) was used to assess miners’ health status or QoL, the secondary 

outcome. Cumulative manganese exposure in mg/m3-year (measured as inhalable dust) was 

estimated using an exposure matrix from participants’ job histories. We used Mann-Whitney and 

Pearson’s Chi-Square tests to compare participants’ parkinsonism status with regard to baseline 

continuous and categorical characteristics. Multiple linear and logistic regression modeling was 

used to quantify associations.  
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Results 

The mean age of the manganese mine workers was 41.5 years (SD=11.9); 97.6% were male. 

Average manganese exposure was estimated as 3.7 mg/m3-years (SD=5.8) at baseline with mean 

duration of 13.5 years (SD=11.7). The prevalence of parkinsonism was 29.4%. Participants’ 

characteristics, stratified by parkinsonism status, differed significantly by age, education, and 

comorbid disease. Parkinsonism prevalence decreased significantly with increasing miners’ 

education status, p=0.029 and was higher (36.4% vs 25.9%, p=0.042) in those with 

comorbidities. Parkinsonism participants were generally older (mean age 45.3 vs 39.6, 

p<0.0001). QoL sub-scores and total scaled PDQ-39 score means were higher in mine workers 

with parkinsonism compared to those without. We found no evidence of a monotonic dose-

response relationship between cumulative manganese exposure and parkinsonism. Similarly, 

there was no statistically significant association between QoL and cumulative manganese 

exposure. Being aged 40 years or older was an independent risk factor for having parkinsonism 

(OR=2.11, 95% CI: 1.18, 3.78). Parkinsonism (β=0.63, p=0.004) and age (β= -0.48, p=0.031) 

were strong predictors of QoL. 

 

Conclusion 

We found a strong association between parkinsonism and QoL in manganese mine workers, 

confirming previous reports in manganese–exposed welders. There was no evidence of an 

association between parkinsonism and manganese exposure. The lack of a monotonic dose–

response relationship between parkinsonism and manganese exposure may be due to the healthy 

worker survivor effect, a non-linear relationship, or exposure misclassification.    
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CHAPTER 1: INTRODUCTION 

 

This chapter begins with a description of manganese, both as a trace element and a 

micronutrient, followed by an account of its neurotoxicity, how it links to parkinsonism, and a 

description of quality of life (QoL) in manganese–exposed individuals. The problem statement 

and justification of the study are described and the chapter concludes with the study aim, and 

objectives.  

 

1.1 Background 

Manganese is a trace element that is required throughout the life span of human beings. It is an 

abundant metal in the Earth’s crust, usually occurring with iron, and is naturally present in soil, 

rocks, and certain foods. Manganese reserves are found primarily in China, Ukraine, Australia, 

South Africa, and Gabon. However, 80% of the world’s manganese reserves are in South Africa 

(1-3). Manganese exists in both organic and inorganic forms. The main dietary sources of 

manganese (organic) include whole grains, nuts, tea, and green leaves (4-7). Primary industrial 

uses for inorganic manganese include i) additive in steel production and fuel oil, ii) an oxidant 

for bleaching, cleaning and disinfection, and iii) ingredient in various consumer products such as 

cosmetics, fireworks, and dry-cell batteries (8, 9).  

 

Manganese is an essential biological nutrient for all living organisms, serving both enzymatic 

and structural functions (10, 11). It plays a role in regulating and/or binding to numerous 

enzymes in the body, acting as both an enzyme activator (e.g. decarboxylases) and a constituent 

element for a number of important enzymes (12).  
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For example, manganese is a co-factor for manganese superoxide dismutase which is a key 

enzyme in the prevention of oxidative damage; it is also a required element in the urea cycle (8, 

9).  

 

While manganese is essential for life, prolonged or excessive exposure is harmful to humans. 

High levels of exposure can occur in occupational settings and, over the last decade or so , there 

has been  renewed interest in manganese toxicity in various work environments, given evidence 

of adverse health effects occurring at levels below regulatory thresholds (13). The potential for 

chronic exposure to high levels of manganese occurs specifically in workers exposed to welding 

fumes, manganese dust in manganese mines, and manganese smelter emissions (14).  

 

The source of overexposure to manganese is both environmental and occupational (14). In the 

general population, exposure is commonly through diet, air inhalation, contaminated water or 

soil, and contact with manganese-contaminated surfaces (8). In occupational settings, manganese 

exposure is predominantly through inhalation (15), which several studies have suggested is the 

most harmful route  (16, 17). Absorption of inhaled manganese into the central nervous system is 

reported to be 10 times greater than that absorbed orally (16, 17).  

 

The primary target of manganese neurotoxicity is the central nervous system; although cardiac, 

liver, foetal, reproductive and lung toxicity have also been noted (12). At very high levels, initial 

manganese toxicity symptoms are subtle, and include poor sleep, mood changes, changes in 

appetite, fatigue, and behavioural changes (18). These are usually insidious and can be 

progressive. 
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Evidence suggests that insufficient intake of manganese impairs organ function, contributes to 

bone deformities, retards growth, and causes birth defects, amongst other ailments (11, 16, 19), 

whereas high levels of manganese are toxic and lead to detrimental health effects (8, 13, 20, 21). 

The most common adverse health outcomes associated with excess levels of manganese 

exposure are motor and cognitive dysfunction (14, 17, 22).  

 

Classically, manganese neurotoxicity is associated with a severe movement disorder 

characterised by parkinsonism, dystonia, cognitive dysfunction, and behavioural disturbances 

(manganism)   (23-25). Parkinsonism is a movement disorder characterised by the presence of 

two or more of the cardinal clinical signs of Parkinson Disease (PD): rigidity, bradykinesia, rest 

tremor or postural instability (26, 27). 

 

Parkinsonism can result in significant motor deficits with loss of ambulation and independence. 

As the disease progresses, it is characterised by increasing motor disability and impairment, 

eventually affecting an individual’s daily activities and his/her expected or usual physical, 

mental and social health, referred to as health-related (28, 29). For instance, problems with 

movement can lead to limitations in performing self-care activities, depression, social seclusion, 

etc. In the workplace, poor health outcomes linked to exposure to manganese can affect job 

performance and worker safety. This could be in the form of decreased productivity, associated 

work absenteeism, job stress, and increased risk of occupational injuries (30).  
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1.2 Literature Review  

1.2.1 Manganese Toxicity  

It has long been established that the micronutrient, manganese, is also a neurotoxic substance 

(18). Occupational exposure, in particular, has been reported to cause manganese toxicity (31). 

Neurotoxicity results from the accumulation of manganese in the brain tissue (12). Several 

factors are associated with manganese toxic effects, including the duration, dose, and route of 

manganese exposure.  

 

In a blinded control study published in 1996 (32), assessing motor deficits in manganese-exposed 

persons, 27 Chilean miners exposed to manganese for more than five years, and 32 controls, 

were examined and compared. The manganese-exposed cohort was observed to frequently 

exhibit more action and resting tremor, and general difficulties in motor function than the control 

group. Subclinical changes in motor impairment were also noted in the miners. The authors 

concluded that chronic exposure to manganese in this cohort of asymptomatic miners resulted in 

detectable late-life movement abnormalities. Guilarte, in a 2013 review, reported that manganese 

intoxication produces motor dysfunction and cognitive deficits in both human (23) and non-

human subjects (33). In another study of a cohort of male smelter workers, published in 2015, 

poorer lung function was associated with cumulative exposure to manganese–containing dust 

(34). 
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1.2.2 Low and High Levels of Manganese   

Mergler and Baldwin, reported that studies on early neurofunctional changes associated with 

manganese in the workplace collectively showed a significantly higher prevalence of hand 

unsteadiness and altered motor function at exposure levels below 5 mg/m3 of total manganese 

dust (14). Effects of low exposure levels of manganese (approximately 0.2 mg/m3) on the CNS 

were investigated in 138 manganese-exposed enamel production workers and 137 matched 

controls. No significant adverse effects on the nervous system function were reported. Subtle 

clinical symptoms such as headaches, weakness and sleep disturbances, instead, were noted (6, 

35). An epidemiological study comparing male subjects working in a manganese plant to 

matched controls noted that the prevalence of adverse health effects was higher among the 

exposed group than the controls (36). These health effects were related primarily to the CNS, and 

lungs. The study demonstrated that time-weighted average exposure to manganese of about 1 

mg/m3 may still lead to the occurrence of preclinical adverse effects in some workers exposed 

for a period of less than 20 years. Cited among neurological signs in workers occupationally 

exposed to low manganese levels (0.07 to 0.97 mg/m3) were: lower cognitive flexibility levels, 

poorer hand steadiness, postural stability, and prolonged reaction time (8).  

 

Inconsistent findings, however, have been reported in two major South African studies cross-

sectionally investigating manganese associated nervous system effects in persons occupationally 

exposed. These concluded that persons exposed within the exposure ranges studied were unlikely 

to have a subclinical neurotoxicity problem. The associations observed were more likely to be 

due to chance.  
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In the one analysis, 489 blue and white-collar manganese mine workers exposed to an average  

0.21 mg/m3 of inhalable manganese dust were studied (37). In the other study, 509 production 

workers at a manganese smelter and 67 external controls were equally investigated. Average 

intensity exposure levels ranged from near 0 (0.06 mg/m3) for external controls to 5.08 mg/m3 

for inhalable manganese dust in the latter study (38).  

 

Manganese intoxication, as manganism was also noted from epidemiological studies conducted 

in occupational groups (such as manganese miners and steel manufacturing workers) chronically 

exposed to high levels of manganese. These cases of clinical neurotoxicity were typically 

observed in workers exposed to levels higher than 5 mg/m3 (6). The United States Agency for 

Toxic Substances and Disease Registry (ATSDR) documented that workplace associated 

exposure levels ranging from about 2 to 22 mg/m3, can result in acute, and potentially disabling, 

neurological effects (8).  

 

1.2.3 Manganese Neurotoxicity and Parkinsonism 

Reports on parkinsonism related to manganese exposure have focused on manganese 

neurotoxicity and welding as potential risk factors. Chronic inhalation of high levels of 

manganese, especially in occupational settings, has been linked to a syndrome comprising 

neuropsychological disturbances, parkinsonism and cognitive deficits (33). Occupational 

manganese-induced parkinsonism will sometimes manifest as manganism, a degenerative 

neurologic syndrome (25).  
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A recent (2016) study investigating the progression of parkinsonism was carried out in 886 

welders with a mean duration of exposure to manganese of 4.2 years (24). This longitudinal 

analysis revealed Mn-dose dependent progressive parkinsonism. Prolonged manganese exposure 

also produces gradual psychological symptoms such as hallucinations, sleep disturbances, mood 

changes, psychosis, euphoria, and aggressiveness (33).  

 

1.2.4 Quality of Life (QoL) 

Neurotoxicity from occupational exposure to manganese from welding has been shown to be 

associated with parkinsonism, and the resulting motor deficits can affect an individual’s daily 

activities and QoL (30). Manganese neurotoxicity can be a contributing factor to the slow 

deterioration of an individual’s health status or QoL over time. That is, health might 

progressively deteriorate with increasing manganese exposure. The association between 

neurologic impairments and changes in worker health status has been investigated in only a few 

studies. 

 

Standardised tools can be employed to determine the general well-being of subjects (30). The      

39-item Parkinson Disease Questionnaire (PDQ-39) is one such health status questionnaire 

commonly used to assess the effect of parkinsonism on health status or QoL (30). It comprises 

39 questions measuring eight QoL dimensions: mobility, activities of daily living (ADL), body 

discomfort, emotional well-being, social support, stigma, communication, and cognition (28, 39). 

All questions have five scoring options ‘0 to 4’ (a likert scale), corresponding to ‘never’, 

‘occasionally’, ‘sometimes’, ‘often’, and ‘always/cannot do at all’.  
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The 36-item Short Form Health Survey (SF-36) is another commonly used tool to assess 

peoples’ health status (40). The SF-36 tool can be applied to varied areas (clinical practice, 

research, general population surveys), and for patients suffering from different diseases. It is 

composed of 36 items corresponding to eight dimensions of health: mental health, vitality, 

general health, role-physical, bodily pain, social function, physical functioning, and role-

emotional. Higher values in the SF-36 questionnaire indicate better health status.  

 

Harris (2011), showed that welders with parkinsonism had poorer QoL or health status than 

those without parkinsonism across all QoL dimension sub-scores (30). In this study, the PDQ-39 

was administered to examine the effects of parkinsonism on health status in welding–exposed 

workers. Another study conducted in Shanghai, China (2014) used the 36-item Short Form 

Health Survey (SF-36) to assess QoL in 301 male welders and 305 non-dust exposed male 

workers (40). The SF-36 health status dimensions were significantly worse in the welders than in 

the controls. A more recent (2015) study in 275 Ohio residents reported that air manganese 

concentrations were significantly associated with poor mental health and poor physical health, 

suggesting that environmental manganese exposure may also adversely affect QoL (41).  

 

1.3 Problem Statement 

Numerous authors have documented that neurotoxicity as a result of high or prolonged 

manganese exposure is a concern in some occupational settings. Manganese exposure occurs 

mainly during the mining and the smelting of ore (42), but there have also been reports of 

manganese exposure in welders.  
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Exposure to manganese has been associated with motor dysfunction, including chronic and 

progressive parkinsonism, as well as poor health status. However, epidemiological evidence to 

quantify these findings in manganese mining and smelting is limited. 

 

Generally, Africa’s contribution to neuroscience research is limited (43). Although parkinsonism 

is a common health problem globally, little is known about its prevalence or epidemiology in 

Africa. Most research on the health effects of manganese has established that excess manganese 

exposure can result in clinical and/or subclinical neurologic impairments, disability, and/or 

diminishing QoL (44, 45). These issues have received little attention in Africa, and even 

globally, there is limited research evaluating the chronic effects of low levels of manganese 

exposure.  

 

In addition, the threshold level for manganese exposure has not been tested with regard to 

adverse health effects (6, 8).  Although policies exist in some countries (including South Africa) 

to regulate manganese exposure in occupational settings, reports of manganese neurotoxicity 

continue (12). The existing occupational exposure limit (OEL) on  manganese dust and 

compounds (5 mg/m3) published in the 1995 South African Regulations for Hazardous Chemical 

Substances was last updated in 2008 and might, therefore, be out of date and no longer 

applicable (46). An OEL is the level to which workers are exposed during their working career 

that should not cause any adverse health effects to them or their offspring (46).  
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1.4 Justification 

The health effects of manganese exposure in the modern mining sector is under–researched. This 

study presents an opportunity to expand on the neurological research gap in the African context. 

South Africa accounts for more than 80% of the world’s known manganese resources, occurring 

predominately in the Northern Cape Province (1, 47), providing a good setting for the study. In 

2016, the South African manganese mining industry employed around 7 000 workers (48). Given 

the potentially serious consequences of high or prolonged exposure to manganese, viz., chronic 

neurologic disorders, it is important to better understand the relationships between manganese 

exposure, neurological effects, and QoL in manganese mine workers in South Africa. 

 

Demonstrating the associations between manganese exposure, parkinsonism and QoL may have 

important occupational, legislative, social and clinical implications, and could have significant 

repercussions for worker safety and performance (30).  

 

The threshold exposure level of manganese for the development of neurobehavioural or 

subclinical neurological effects has not been established (6). As such, this research sought to 

advance new knowledge to provide guidance for regulating OELs in manganese mining and 

enhancing health prevention strategies.  

 

1.5 Study Aim 

The aim of the study was to investigate the association between manganese exposure, 

parkinsonism, and quality of life in manganese–exposed mine workers in South Africa. 
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1.6 Objectives 

1. To estimate the prevalence of parkinsonism in a cohort of manganese-exposed mine workers 

in South Africa.  

2. To describe quality of life in those mine workers with and without parkinsonism.   

3. To determine the association between manganese exposure and parkinsonism among the 

manganese mine workers.   

4. To determine the association between manganese exposure and quality of life among the 

manganese mine workers.   
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CHAPTER 2: METHODS 

 

This chapter describes, in detail, the methods used in the analysis of the data, and includes a 

description of the study design, study site, study population, power calculations, the study 

variables and their measurement, and data management and analyses. Ethical considerations for 

this study are also addressed. 

 

2.1 Primary Study Methodology  

A prospective cohort study was implemented in 2010, comprising 418 manganese mine workers 

from four manganese mine shafts and an open pit located in the Northern Cape Province, South 

Africa: Mamatwan (open pit); and Wessels, Gloria, Nchwaning 2 and Nchwaning 3 

(underground). The aim of the study was to examine the association between manganese 

exposure and the signs and symptoms of parkinsonism. All active workers from the five 

worksites were eligible to participate in the study. The participating mine workers were followed 

up annually, for a period of five years.  

 

Data were collected using three main data collection instruments: a) Unified Parkinson Disease 

Rating Scale motor subsection part 3 (UPDRS-3), a valid and reliable clinical tool for assessing 

PD (49); b) PD symptom questionnaire, a short, but specific and sensitive tool for identifying 

individuals with symptoms of parkinsonism (50); and c) PDQ-39 questionnaire a health status 

and health–related QoL questionnaire – a self-administered, validated questionnaire with 

acceptable levels of test-retest and internal consistency reliability in PD respondents (39).  
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Additional data were extracted from employee annual medical examinations and human 

resources files. Participants’ demographic, behavioural (smoking, alcohol use), clinical and job 

history information were also collected using a structured questionnaire.   

 

2.2 Secondary Data Analysis Methodology  

2.2.1 Study Design 

This study used a cross-sectional study design in the analysis of 418 manganese mine worker 

characteristics at baseline exam, using the data prospectively collected in the primary study of 

parkinsonism in South African manganese miner workers, conducted in 2010-2014. 

 

2.2.2 Study Site 

Study participants were recruited from four manganese mine shafts and an open pit located in the 

Northern Cape Province, South Africa.  

 

2.2.3 Effect Size  

We computed the study’s effect size using a two-sample proportions test. The significance level 

was set at 0.05. Given that the proportion of participants without parkinsonism was 0.71 and 

using a power of 0.80, the smallest detectable difference is –0.1308, with a corresponding 

proportion value of 0.58 [see Table 1].  
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Table 1: Computing effect size for a two–sample proportions test 

Stata command: “power twoproportions 0.71, test(chi2) power(0.8) n(418) direction(lower)” 

Ho: p2 = p1 versus Ha: p2! = p1; p2 < p1   

Study parameters:   

alpha 0.0500 

power 0.8000 

N 418 

N per group    209 

p1 0.7100 

  

Estimated effect size and experimental-group proportion:  

delta -0.1308 (difference) 

p2 0.5792 

 

2.2.4 Study Variables and Measurement  

Two outcomes were defined for the analysis: 

1) Parkinsonism (binary variable):  participants were diagnosed as having parkinsonism  if 

the UPDRS-3 score was greater than or equal to 15 (≥15) (51). Parkinsonism was 

determined at any time point in the study during initial or follow-up examinations. 

2) Quality of Life (continuous variable): the well-being of individuals was rated using the 

PDQ-39 questionnaire which was used to estimate a scaled QoL index score. The index 

score is a summarized standardized measure of the 8 QoL dimensions of the PDQ-39 

questionnaire, such that a higher score indicates poorer QoL (52).  

 

The exposure was cumulative manganese exposure (continuous variable), measured as 

inhalable dust, calculated from reported job titles which were then used to estimate mean 

exposures by homogeneous exposure group (HEG) and time.  
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The matrix estimate of cumulative exposure to manganese was calculated as: 

 

where CEi is the cumulative exposure for worker, i, and Cg is the arithmetic mean concentration 

for HEG, g and tig is the duration of work that worker i spent in HEG, g.  This cumulative 

exposure matrix may also be adjusted to obtain exposures lagged for recent exposure (37), or in 

exploring specific etiologic hypotheses using exposure time windows. 

 

An alternative measure of cumulative manganese exposure was ‘duration of exposure in years’ 

(continuous variable), defined as the total number of years worked in a manganese mine and 

calculated as the difference between job start and end dates in manganese mining. Both types of 

exposure measurements were included in the analysis. 

 

Several additional, potentially confounding variables (demographic, clinical, and behavioural) 

were included in the analyses. These are described in detail in Table 2.  

 

The following variables were analyzed as per the objectives: 

For objective 1, parkinsonism was the outcome variable.  

For objective 2, QoL was the outcome variable.  

For Objective 3, parkinsonism was the outcome variable; and exposure variables were the 

cumulative exposure index and duration of exposure in manganese mining. 

For Objective 4, the outcome variable was QoL; and exposure variables were parkinsonism, 

cumulative exposure index and duration of exposure in manganese mining. 

 iggi tCCE
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Table 2: Potential confounding variables included in the analyses 

# Variable Name Type Description/Definition Variable Coding 

1 Age (years) Continuous Difference between participant’s date of birth 

and study exam date, in years. 

Actual value 

2 Body Mass Index 

(BMI– kg/m2) 

Continuous Weight-to-height ratio, calculated by dividing 

weight (kg) by the square of height (m).  

Actual value 

3 Sex Categorical Male or female. 1 = male 

2 = female 

4 Education Categorical Highest level of education attained, categorized 

into no schooling for uneducated study 

participants, primary for grades 1 – 7, and 

secondary & above for grades 8 – 12 and any 

further education e.g. vocational schools, 

college, university. 

1 = no schooling 

2 = primary 

3 = secondary & 

above 

5 Smoking Categorical Self-reported cigarette smoking status, classified 

as never smoked and ever smoked 

0 = never-smoked 

1 = ex-smoker 

2 = current-smoker 

6 Alcohol Categorical Self-reported alcohol use coded as either yes or 

no. 

0 = no 

1 = yes 

7 Comorbidities  Categorical Self-report of any other sickness or medical 

condition other than the outcome of interest 

(parkinsonism). 

0 = no 

1 = yes 

 

In all models (i.e. objectives 3, 4) potential confounders included were socio-demographic 

factors (age, sex, and education), clinical characteristics (BMI and comorbidities), and 

behavioural variables (smoking status and alcohol use).  
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2.3 Data Management and Data Analysis 

STATA version 13 statistical package (53) was used for data management and statistical 

analysis.  

 

2.3.1 Data Management 

The data management process involved extraction of the study-specific variables from the 

primary dataset. For exploratory data analysis, graphical display and frequency tables were used 

for a logical check for data inconsistencies. Duplicate entries were checked and deleted; validity 

checks were performed; incomplete and incorrect data were identified; and necessary 

modifications were made accordingly, e.g. data imputation. Data imputation involved replacing 

baseline missing data with available data from subsequent participant’s visits. Some of the data 

were re-entered; and some variables were transformed, i.e. new variables were generated, some 

variable formats were changed, and other variables were recoded to meet the objective’s data 

requirements.  

 

2.3.2 Statistical Analysis 

The estimated prevalence of parkinsonism among manganese mine workers was calculated as a 

proportion (objective 1). In addition, socio-demographic and other characteristics were compared 

for those with and without parkinsonism. Categorical variables were reported using frequencies 

(n) and proportions (%), whilst continuous variables were presented as mean (SD); differences 

were tested using the Mann-Whitney test for continuous variables, and Pearson’s Chi-square test 

for categorical variables.  

 



  18 

QoL was described and compared in those mine workers with and without parkinsonism 

(objective 2). Summary statistics for QoL were described using mean (SD) across all the eight 

QoL dimension sub-scores (mobility, ADL, stigma, emotional well-being, social support, 

cognition, communication, and body discomfort). The Mann-Whitney test was used to compare 

QoL sub-score means.  

 

To determine the association between manganese exposure and parkinsonism the manganese 

mine workers (objective 3), parkinsonism was defined as a binary variable, “no and yes”. 

Predictors of parkinsonism were determined using a logistic regression model adjusted for 

probable confounders. Factors found to be significantly associated with parkinsonism using p-

value less than 0.20 in the univariate analysis, were included in the multivariate logistic 

regression analysis. Manganese exposure (the main exposure variable) and the potential 

confounding variables, age, and smoking status, were included in the final model, regardless of 

their statistical significance.  

 

We performed multiple linear regression analysis to determine the association between 

manganese exposure and QoL among the manganese mine workers (objective 4).  Factors found 

to be significantly associated with QoL based on p-values less than 0.20 in the univariate 

analysis, were included in the multiple linear regression model, adjusting for probable 

confounders. Parkinsonism status (a variable of intrinsic interest), and age (a traditional 

confounder), were included in the final model, regardless of their statistical significance. The full 

multiple linear regression model was fitted, and residual diagnostics were performed to assess if 

model assumptions of normality and constant variance had been violated.  
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Normality plots were used to further assess normality of the QoL outcome variable. Violation of 

the constant variance assumption led to a transformation of the outcome variable. We computed 

margins to measure the effect of the fitted covariates (age, parkinsonism, and presence of 

comorbidities) on QoL. After estimating the margins, using the square root transformed data, we 

squared the estimates (back transformation) to report them in their original form. In addition, the 

variance inflation factor (VIF) was used to assess multi-collinearity in the fitted linear regression 

model, where a VIF with an average mean not considerably larger than 1 was preferred. 

 

For the analyses regarding associations (objectives 3 and 4), the likelihood-ratio test was used in 

model selection.  All final models were assessed for goodness of fit. A marginally significant p-

value was defined as 0.05<p<0.10. For all analyses, unless otherwise specified, a probability 

value of 0.05 was used to define statistical significance. 

 

2.4 Ethical Considerations 

Ethical clearance for both the primary prospective study and secondary analysis was granted by 

the University of the Witwatersrand Human Research Ethics Committee (clearance certificate 

numbers: M091038 and M1611110, respectively: Appendix B). To protect workers’ 

confidentiality, we received unidentified data from the gatekeepers of the database. All 

computerised datasets were safeguarded with a password.  

 

 

 

 



  20 

CHAPTER 3: RESULTS 

 

A detailed narration of the findings of this study is presented in this chapter. 

 

3.1 Selection of Study Participants for Analysis 

Figure 1 depicts flow chart of exclusion criteria of the study sample 
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Figure 1: Exclusion process flow chart 
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A total of 426 participants were in the database of the manganese mine workers that was 

received from the gatekeepers. Eight participants were excluded because they were identified as 

duplicates, thus 418 mine workers remained in the database. Further, participants were excluded 

from analysis for the following reasons: small numbers which would result in spurious results 

and missing information for outcome variables (parkinsonism and QoL). A significant proportion 

of missing values of QoL might have resulted from respondents not completing the self-

administered PDQ-39, health status questionnaire. Whereas, missing parkinsonism data might 

have been a result of the unavailability of a neurologist to perform a neurologic exam which 

includes the UPDRS-3, at any point during the time span of the study. Figure 1 illustrates the 

processes of exclusion, resulting in the following cluster sample sizes which were included in the 

final analysis: i) participants’ baseline descriptive statistics (n=418); ii) parkinsonism data 

(n=357); iii) QoL data (n=347); and iv) parkinsonism and QoL data (n=298).  

 

3.2 Description of Study Participants 

Tables 3 and 4 display the socio–demographic, behavioural, and clinical characteristics of the 

418 manganese mine workers.   The mean age of the participants was 41.5 years (SD=11.9); 

97.6% were male. More than half (57.4%) of the participants had attained secondary level 

education. Less than half (39.7%) reported that they drank alcohol, and 25.1% were current 

smokers. A third (33.7%) of the cohort reported having some physical ailment at their initial 

visit. 
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Table 3: Description of study participants (categorical variables, N=418) 

Characteristic n % 

Sex   

male 408 97.6 

female 10 2.4 

Age   

< 40 194 46.4 

≥ 40 223 53.4 

missing 1 0.2 

Education   

no schooling 35 8.4 

primary 88 21.1 

secondary & above 240 57.4 

missing 55 13.2 

Smoking   

never-smoked 284 67.9 

ex-smoker 23 5.5 

current-smoker 105 25.1 

missing 6 1.4 

Alcohol Use   

no 239 57.2 

yes 166 39.7 

missing 13 3.1 

Comorbidities    

no 262 62.7 

yes 141 33.7 

missing 15 3.6 
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As shown in Table 4, manganese mine workers had an estimated average of 3.7 mg/m3-years 

(SD=5.8) of cumulative manganese exposure at baseline, and a mean duration of manganese 

exposure of 13.5 years (SD=11.7).   

 

Table 4: Description of study participants (continuous variables, N=418) 

Characteristic mean SD 

Cumulative Mn exposure – mg/m3-years 3.7 5.8 

missing - n (%) 2 0.5 

Duration of exposure – years 13.5 11.7 

missing - n (%) 2 0.5 

Age – years 41.5 11.9 

missing - n (%) 1 0.2 

 BMI – kg/m2 25.7 5.7 

missing - n (%) 203 48.6 

    Mn: manganese 

 

3.3 Prevalence of Parkinsonism in Manganese Mine Workers  

The overall prevalence of parkinsonism (UPDRS-3 score ≥15) was 25.4%. Table 5 and Table 6, 

however, display participant’s characteristics by parkinsonism status. In this stratification, 

female participants were excluded because of the very small number (n=10) [Table 3]. The 

resultant prevalence of parkinsonism in active male manganese workers was 29.4%.  

 

There was an inverse, significant relationship between parkinsonism prevalence and miners’ 

education status, i.e. a decreasing prevalence as education increased, p=0.029 [Table 5]. A higher 

prevalence of parkinsonism (36.4%) was noted among participants who reported comorbidities 

as opposed to 25.9% in those without comorbidities, p=0.042. Parkinsonism status did not differ 

significantly with respect to alcohol use (p=0.727) or smoking (p=0.451).  
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Table 5: Number and proportion of participants’ characteristics by parkinsonism status 

Variable 

Parkinsonism No Parkinsonism Total 

P-value n= 105 n= 252 N= 357 

n % n % n 

Sex        

 male 105 29.4 252 70.6 357 - 

Age        

 < 40 35 20.5 136 79.5 171  

 ≥ 40 69 37.3 116 62.7 185 <0.0001* 

 missing 1 100 0 0 1  

Education        

 no schooling 13 43.3 17 56.7 30  

 primary 27 36.5 47 63.5 74  

 secondary & above 52 24.5 160 75.5 212 0.029* 

 missing 13 31.7 28 68.3 41  

Smoking        

 never-smoked 66 27.5 174 72.5 240  

 ex-smoker 6 27.3 16 72.7 22    0.451 

  current-smoker 32 34.4 61 65.6 93  

 missing 1 50 1 50 2  

Alcohol Use        

 no 57 28.2 145 71.8 202  

 yes 44 29.9 103 70.1 147    0.727 

 missing 4 50 4 50 8  

Comorbidities        

 no 58 25.9 166 74.1 224  

 yes 44 36.4 77 63.6 121  0.042* 

 missing 3 25 9 75 12  

*p-values < 0.05 were considered statistically significant 

 

Mean time-weighted cumulative manganese exposure among those with and without 

parkinsonism was 4.1 mg/m3-years (SD=6.2) and 3.5 mg/m3-years (SD=5.8), respectively [Table 

6]. The mean age was 45.3 years (SD=12.8) for mine workers with parkinsonism and 39.6 years 

(SD=11.2) for those without.  
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Mean duration of exposure to manganese was significantly longer in mine workers with 

parkinsonism than in those without, 15 years (SD=12.0) and 12.9 years (SD=11.7), respectively. 

 

Table 6: Description of participants’ characteristics, by parkinsonism status 

Variable 

Parkinsonism No Parkinsonism Total 

P-value 

n= 105 n= 252 N= 357 

n mean (SD) n mean (SD) n mean (SD)  

Cumulative Mn exposure – mg/m3-years 105 4.1 (6.2) 251 3.5 (5.8) 356 3.6 (5.9) 0.1016 

Duration of exposure – years 105 15.0 (12.0) 251 12.9 (11.7) 356 13.5 (11.8)  0.0673* 

Age – years 104 45.3 (12.8) 252 39.6 (11.2) 356 41.2 (11.9)  0.0001* 

BMI – kg/m2 47 24.7 (4.6) 130 26.5 (5.7) 177 26.0 (5.5)  0.0835* 

*p-values < 0.05 were considered statistically significant;  p-values 0.05<p<0.10 were considered marginally significant 

  Mn: manganese 

 

 

3.4 Quality of Life in Manganese Mine Workers 

Table 7 summarizes the PDQ-39 scores in participants with and without parkinsonism. All the 

mean QoL sub-scores, and the total mean PDQ-39 score, were higher in mine workers with 

parkinsonism than in those without. However, these differences between the two groups were 

statistically significant for only the mobility and, emotional well-being sub-scores, and PDQ-39 

total score. The lowest sub-scores were noted for communication (4.5, SD=14.1) in mine 

workers with parkinsonism and stigma (2.6, SD=7.3) in those without parkinsonism. Other 

notable differences in scores between the two groups were for ADL and stigma, although these 

were not statistically significant.   
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Table 7: Quality of life/health status in manganese mine workers, by parkinsonism status   

*p-values < 0.05 were considered statistically significant; ADL: activities of daily living  

 

Females participants were excluded from this analysis due to the very small number (n=10). 

Likewise, BMI was excluded because it was missing in 48.6% of cases.  

 

3.5 Association between Manganese Exposure and Parkinsonism 

The results of the logistic regression analysis to ascertain the association between manganese 

exposure and parkinsonism are shown in Table 8. 

 

 

 

 

 

QoL DIMENSION 

Parkinsonism No Parkinsonism Total 
P-value 

n= 105 n= 252 N= 357 

n mean (SD) n mean (SD) n mean (SD)  

Total score 89 10.1 (13.0) 209 6.8 (8.4) 298 7.8 (10.1)    0.0112* 

Mobility 89 8.5 (15.8) 208 3.8 (8.6) 297 5.2 (11.4)    0.0013* 

ADL 89 6.1 (14.8) 208 2.7 (6.5) 297 3.7 (9.9) 0.1210 

Emotional 88 16.7 (17.4) 208 12.6 (15.6) 296 13.8 (16.3)    0.0427* 

Stigma 88 5.7 (18.0) 207 2.6 (7.3) 295 3.5 (11.7) 0.3848 

Social support 88 4.8 (13.5) 205 4.1 (12.3) 293 4.3 (12.6) 0.9749 

Cognition 89 12.9 (16.2) 207 11.2 (16.9) 296 11.7 (16.7) 0.1789 

Communication 89 4.5 (14.1) 204 3.8 (9.8) 293 4.0 (11.3) 0.7933 

Body discomfort 89 23.8 (22.7) 204 19.2 (20.4) 293 20.6 (21.2) 0.1111 
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Table 8: Association between manganese exposure and parkinsonism (logistic regression model) 

Predictor Variable 
Unadjusted 

OR 
95% CI P-value 

Adjusted 

OR 
95% CI P-value 

Cumulative Mn exposure – mg/m3-years 1.02 0.98, 1.05 0.395 0.99 0.95, 1.03 0.648 

Age 
  

 
  

 
 

  < 40 reference 
 

reference 
 

  ≥ 40  2.31 1.44, 3.72   0.001* 2.11 1.18, 3.78 0.012* 

Smoking 
  

 
  

 
 

  never-smoked reference 
 

reference 
 

  ex-smoker 0.99 0.37, 2.63 0.982 0.85 0.29, 2.54 0.773 

 
current-smoker 1.38 0.83, 2.31 0.216 1.65 0.92, 2.94 0.092* 

Comorbidities 
  

 
  

 
 

  no reference 
 

reference 
 

 
yes 1.64 1.02, 2.63    0.043* 1.44 0.82, 2.53 0.201 

 OR: Odds Ratio;  CI: Confidence Interval;  Mn: manganese 

*p-values < 0.05 were considered statistically significant;  *p-values 0.05<p<0.10 were considered marginally significant 

 

In both the unadjusted and adjusted analyses, cumulative manganese exposure in South African 

manganese mine workers’ prospective study was not a significant predictor of parkinsonism.  

Table 8 illustrates that age and comorbidities were individually, significantly associated with 

increased odds of parkinsonism. However, after adjusting for probable confounders; only age 

was a strong predictor of parkinsonism, whereas smoking status (current-smoker) was marginally 

significantly associated with parkinsonism.  

The odds of parkinsonism in mine workers 40 years and/or older were 2.11 times (95% CI: 1.18, 

3.78) the odds of parkinsonism in those younger than 40. The odds of parkinsonism in current 

smokers were 1.65 times (95% CI: 0.92, 2.94) the odds of parkinsonism in those who had never 

smoked.  
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We developed the same model using ‘duration of exposure in years’ as an alternative measure of 

manganese exposure. We found that duration of exposure was negatively associated with 

increased risk of parkinsonism (OR=0.97, 95% CI: 0.94, 1.00) [Appendix A, Table 11], contrary 

to earlier findings. 

 

3.6 Association between Manganese Exposure and Quality of Life 

Table 9 presents the summarized results from the multiple linear regression model built to 

evaluate manganese exposure as a predictor of QoL (measured using the square root of scaled 

PDQ-39 total score), adjusted for probable confounders. 

 

Table 9: Association between manganese exposure and QoL (multiple linear regression model) 

Predictor Variable 

Unadjusted Model Adjusted Model 

β 95% CI P-value β 95% CI P-value 

Cumulative Mn exposure – mg/m3-years 0.03 0.00, 0.06 0.070* 0.02 -0.01, 0.05  0.201 

Age 
   

 
  

 

  < 40 reference  reference  

  ≥ 40 0.17 -0.21, 0.56 0.371 -0.48 -0.92, -0.05 0.031* 

Parkinsonism 
   

 
  

 

  no reference  reference  

  yes 0.61 0.19, 1.03 0.005* 0.63 0.20, 1.06 0.004* 

Comorbidities 
   

 
  

 

  no reference  reference  

  yes 0.53 0.14, 0.91 0.007* 0.42 -0.01, 0.84 0.055* 

 QoL: measured using square root of total scaled PDQ-39 score;   Mn: manganese 

*p-values < 0.05 were considered statistically significant;  *p-values 0.05<p<0.10 were considered marginally significant 
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In unadjusted analyses, parkinsonism (β=0.61, p=0.005) and comorbidities (β=0.53, p=0.007) 

strongly predicted increased QoL scores i.e. poorer QoL. Manganese exposure (β=0.03, p=0.070) 

was possibly associated with increased QoL scores.  

After adjustment for socio-demographic, clinical and behavioural characteristics, parkinsonism 

(β=0.63, p=0.004) and age (β= -0.48, p=0.031) were strong predictors of a change in QoL score. 

Parkinsonism predicted poorer QoL and/or health status, and QoL was negatively associated 

with age. Manganese exposure did not significantly predict QoL, and the association between 

QoL and comorbidities was attenuated. 

As summarized in Table 10, we used margins to measure the actual effect of age, parkinsonism, 

and comorbid disease on QoL.  

 

Table 10: Margins estimates for QoL 

Explanatory Variable 
Margins 

estimate 
95% CI 

Back-

transformed 

square root of 

total score 

95% CI 

Age 
     

  < 40 2.51 2.20, 2.83 6.32 4.82, 8.02 

  ≥ 40 2.03 1.76, 2.30 4.12 3.11, 5.27 

Parkinsonism 
     

  no 2.05 1.82, 2.28 4.19 3.30, 5.18 

  yes 2.68 2.32, 3.03 7.17 5.39, 9.21 

Comorbidities 
     

  no 2.08 1.83, 2.33 4.31 3.33, 5.41 

  yes 2.49 2.17, 2.82 6.21 4.69, 7.94 

QoL: measured using square root of total scaled PDQ-39 score;   CI: Confidence Interval 
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In this cohort, participants with parkinsonism and those who had reported any form of comorbid 

disease had significantly higher QoL scores relative to their referent groups (indicated by having 

no overlap in the 95% CI). On average, participants with parkinsonism had QoL scores that were 

2.98 higher than those without. Similarly, the presence of any comorbid disease predicted a 1.90 

higher QoL score relative to the ‘healthy’ participants. 

The effect of age on QoL was evaluated by predicting QoL score estimates at several, specific 

values of age, as presented in Figure 2. We observed an inverse relationship between age and 

QoL i.e. QoL scores decreased (QoL improved) with increasing age. These results are consistent 

with the multiple linear regression model.  

 

 

Figure 2: Predicted margins estimates quantifying the effect of age on QoL 
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We also performed multiple linear regression model with ‘duration of exposure in years’ as the 

primary exposure matrix [Appendix A, Table 12]. The findings of this analysis are consistent 

with our previous results, that is, parkinsonism and age were strong predictors of QoL. 
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CHAPTER 4: DISCUSSION 

 

This chapter provides a detailed discussion on the study’s findings, comparing these with what 

has already been published. It also outlines the study’s strengths and limitations, and ends with 

the conclusion. 

 

4.1 Synopsis of Study Findings 

The aim of the study was to investigate the association between manganese exposure, 

parkinsonism, and quality of life in manganese-exposed mine workers in South Africa. There 

was an inverse, significant relationship between parkinsonism prevalence and miners’ education 

status. Parkinsonism was a strong predictor of QoL. Cumulative manganese exposure, measured 

in mg/m3-years, was not associated with either parkinsonism or QoL; whereas, duration of 

exposure in years, as an alternative measure of manganese exposure, was significantly associated 

with increased risk of parkinsonism. Age was a statistically significant predictor of both 

parkinsonism and QoL.  

 

4.2 Prevalence of Parkinsonism in Manganese Mine Workers 

The estimated prevalence of parkinsonism among the active male manganese workers was 

29.4%. This was high compared to previously published research from two African nations: 

3.7% (4/109) parkinsonism prevalence was reported in a neurology clinic in Ethiopia in 2005 

(54) and a 16.7% (16/96) prevalence was reported in neurology out–patient clinics in Kano state, 

Nigeria in 2012 (26).   
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The latter study considered at least three of the four cardinal features of PD: bradykinesia, 

rigidity, tremors, and gait or postural abnormality in the diagnosis parkinsonism. Contrary to 

expectations, our occupational study had a higher prevalence of parkinsonism compared to these 

neurology patient-based studies.  Differences in methodologies may explain this disparity.   

 

The prevalence of parkinsonism was  high compared to that reported in published studies from 

developed countries, e.g. Racette and co-workers reported prevalence rates of parkinsonism from 

two studies,  2016 and the other in 2012, of 15.2% and 15.6%, respectively, among welders 

occupationally exposed to manganese fumes (24, 51).  

 

Parkinsonism rates have been reported as relatively low in Africa from several general 

population studies (29). Findings from this study reports a higher prevalence. This is a single 

study and is not representative of the general population, thus the results are not generalizable 

beyond manganese miners, but worth taking into consideration for future research and further 

investigations. Nevertheless, previously reported low rates, which are in contradiction to our 

findings, might suggest that parkinsonism is underdiagnosed in Africa, due to lack of expertise 

and limited resources, resulting in the low prevalence rates recorded. Another challenge in Africa 

is the dissemination of neuroscience research findings. Due to lack of funding and information 

access, most research is published in local journals (43) where it might not be accessed by 

international researchers. This could account for the disparities in the reported prevalence rates 

of parkinsonism as there is limited information internationally.  
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4.3 Quality of Life in South African Manganese Mine Workers with Parkinsonism 

Similar to one previous occupational–epidemiological study (30), QoL sub-scores and PDQ-39 

total score means were higher in workers with parkinsonism, relative to those without, 

confirming findings from other studies (30) that workers with parkinsonism tend to experience 

poorer health status than those without parkinsonism. This finding, coupled with the reported 

high prevalence of parkinsonism in our analysis, might have implications for early diagnosis, 

initiation to therapy and management of parkinsonism in the workplace to improve workers’ 

QoL, or at least slow down the progressive deterioration of an individuals’ health status.  

 

 The QoL scores for emotional well-being and mobility were significantly higher than the 

remaining QoL sub-domains. Motor deficits can limit the performance of individual’s daily 

activities, whilst emotional instability can result in depression and other psychological and/or 

psychiatric disorders (28). Collectively or alone, these might affect job performance, increasing 

absenteeism, reducing productivity, and increasing the risk of injury in the workplace (30). This 

finding warrants further research on the neuropsychological impact of chronic exposure to 

manganese in healthy workers.   

 

4.4 Association between Manganese Exposure and Parkinsonism 

We found no evidence of a monotonic dose-response relationship between estimated cumulative 

manganese exposure and parkinsonism, despite the high prevalence of parkinsonism. Several 

epidemiological studies, mostly among welders, have evaluated the effects of manganese 

exposure in exposed individuals, and  have found a significant association between occupational 

manganese exposure and parkinsonism (24, 45).  
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The lack of a monotonic dose–response relationship between parkinsonism and manganese mine 

exposure, in our analysis, may be due to the healthy worker survivor effect or a nonlinear 

relationship or that manganese levels were relatively low to induce parkinsonism. On average, 

manganese mine workers were exposed to an estimated 3.7 mg/m3-years (SD=5.8) of cumulative 

manganese, with a median of 1.8 mg/m3-years (IQR 0.7 – 3.6). Differing methodologies used in 

the diagnosis of parkinsonism and assessment of manganese exposure may also explain our 

findings. In the same analysis, duration of exposure was negatively associated with parkinsonism 

possibly due to a collinearity effect between duration of exposure and age.  

 

The discordance in our findings emphasize the need for a consistent measurement approach of 

the manganese exposure matrix, to make research findings comparable across studies. Either 

‘duration of exposure’ or the ‘cumulative exposure matrix’ is an inappropriate estimate of 

manganese exposure.  

 

Being 40 years or older was most predictive of having parkinsonism. Several researchers have 

posited that older age is an important determinant of parkinsonism (26, 44). PD is very rare in 

individuals younger than 40 years (29, 55).  

 

In some previous studies, smoking has been found to be protective against PD (negative 

association) (56, 57), yet we found a marginally significant positive association between 

smoking and parkinsonism in our study – suggesting that smoking might have no effect on 

parkinsonism induced by toxins, as opposed to induced PD and smoking.  
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4.5 Quality of Life Predictors 

In this analysis, manganese exposure was not predictive of any change in individuals’ QoL or 

health status in the manganese miners included in the primary prospective study. The association 

between manganese exposure and QoL has not been previously evaluated, but has rather  been 

deduced from scientific reviews and reports on the neurotoxic symptoms that are usually 

displayed by chronically exposed individuals (58).  

 

Increasing age was associated with improved QoL. This might be true of the general population, 

but contradicts plausible evidence of a negative association between age and QoL among PD 

patients (59, 60). This finding is surprising and to our best knowledge, this has not been 

previously reported. It is difficult to explain this finding, although the healthy worker effect is a 

possible reason for the inverse association between age and QoL.  

 

We also found a strong association between parkinsonism and QoL. This supports Harris and 

colleagues’  research where they reported elevated PDQ-39 total scores in parkinsonian welders 

compared to a referent group (30). Patients with parkinsonism frequently experience motor 

deficits which contribute to a decline in physical functional status, limiting work ability and 

performance of daily activities and impacting physical health and social interaction (28, 30). In 

the workplace, these, could have significant repercussions for worker safety and performance.  

Regression modelling using ‘duration of exposure’ or the ‘cumulative exposure matrix’ yielded 

the similar results, that is, parkinsonism and age were strong predictors of QoL. 
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4.6 Limitations 

The prevalence of parkinsonism might be underestimated in this cohort due to the healthy worker 

survivor effect. Limitations with regard to the available information was expected, since data 

were not collected to answer the research question addressed in this report but, rather, were 

collected to determine if there was progression of parkinsonism in a cohort of manganese-

exposed mine workers. 

 

Although the primary study was conducted longitudinally, data were analyzed at baseline only 

due to missing data in subsequent visits. The cross-sectional nature of this study design means 

we are unable to infer causality, i.e. exposure and outcome were simultaneously assessed; thus, it 

is difficult to establish the temporal relationship between exposure and outcomes.  

 

This study provides compelling evidence that parkinsonism in manganese miners is associated 

with abnormalities in QoL, but we cannot exclude the possibility that non-specific motor 

symptoms, not related to parkinsonism, might also be contributing to the QoL dysfunction. 

 

We relied on an exposure matrix to indirectly estimate manganese exposure levels which 

potentially introduced exposure misclassification. The same matrix might be an inaccurate 

measure of manganese exposure in this group of mine workers, as it was developed in a different 

group. The matrix was computed using the mean rather than the median exposure; the median is 

an appropriate measure of central tendency for hygiene data because these are typically right 

skewed. 
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4.7 Strengths 

Known confounders were considered by adjusting exposure effects using multivariate analysis.   

The use of (i) highly qualified personnel (e.g. movement disorders specialist) for clinical 

examination, thus disease misclassification unlikely and (ii) valid, specific, and reliable data 

collection instruments in the primary study, further strengthened this analysis.  

 

4.8 Conclusion 

The prevalence of parkinsonism in this group of mine workers was very high. Manganese mine 

workers with parkinsonism had poorer QoL or health status than those without parkinsonism. 

The results from the multivariate analysis, that parkinsonism strongly predicted QoL, 

corroborates this finding. These results support the hypothesis that parkinsonism in manganese–

exposed workers is associated with poorer QoL, consistent with observations in other patients 

with parkinsonism.  

 

Although an association between parkinsonism and manganese exposure was not demonstrated 

in this analysis, a parkinsonian syndrome associated with exposure to high levels of manganese 

has been previously described.  Our finding does not preclude the possibility that chronic 

exposure to manganese, as occurs in mining, can lead to parkinsonism. South Africa’s time-

weighted average OEL for manganese dust and compounds is 5 mg/m3. This threshold limit 

value has not been tested with regard to associated health effects in South Africa or the African 

region.  

 

 



  39 

REFERENCES 

1. Bonga  MW. An Overview of the South African Iron, Manganese and Steel Industry During the 

Period 1984 - 2003. In: Department of Minerals and Energy, editor. Republic of South Africa, 

2005. p. 14. Available from: 

http://www.infomine.com/library/publications/docs/DMESouthAfrica/IronManganeseSteelIndu

stry.pdf. 

2. MBendi Information Services. Manganese Mining in Africa 2016 [12 September 2016].  

Available from: https://www.mbendi.com/indy/ming/mang/af/p0005.htm#5. 

3. Gajigo O, Mutambatsere E, Adjei E. Manganese Industry Analysis: Implications For Project 

Finance In: Department DR, editor. African Development Bank,Tunisia, 2011. p. 28. Available 

from:https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/WPS%20No%2013

2%20Manganese%20Industry%20Analysis%20doc.pdf. 

4. Lemos VA, Baliza PX, de Carvalho AL, Oliveira RV, Teixeira LSG, Bezerra MA. Development 

of a New Sequential Injection In-Line Cloud Point Extraction System for Flame Atomic 

Absorption Spectrometric Determination of Manganese in Food Samples. Talanta. 

2008;77(1):388-93. Available from: http://dx.doi.org/10.1016/j.talanta.2008.06.046. 

5. Schroeder HA, Balassa JJ, Tipton IH. Essential Trace Metals in Man: Manganese: A Study in 

Homeostasis. Journal of Chronic Diseases. 1966;19(5):545-71. Available from: 

https://www.sciencedirect.com/science/article/pii/0021968166900944. 

6. Santamaria AB. Manganese Exposure, Essentiality & Toxicity. Indian Journal of Medical 

Research. 2008;128(4):484-500. Available from: http://icmr.nic.in/ijmr/2008/october/1010.pdf. 

7. Perl DP, Olanow CW. The Neuropathology of Manganese-Induced Parkinsonism. Journal of 

Neuropathology & Experimental Neurology. 2007;66(8):675-82. Available from: 

http://dx.doi.org/10.1097/nen.0b013e31812503cf. 

8. Williams M, Todd GD, Roney N, Crawford J, Coles C, McClure PR, et al. Toxicological Profile 

for Manganese. Atlanta, (GA): Agency for Toxic Substances and Disease Registry (US). 2012. 

p.1-556. Available from:https://www.ncbi.nlm.nih.gov/books/NBK158868/ 

9. World Health Organization. Manganese in Drinking-Water: Background Document for 

Development of WHO Guidelines for Drinking-Water Quality. Geneva 27, Switzerland: WHO 

Press; 2011. p. 29. Available from: 

http://www.who.int/water_sanitation_health/dwq/chemicals/manganese.pdf. 

http://www.infomine.com/library/publications/docs/DMESouthAfrica/IronManganeseSteelIndustry.pdf
http://www.infomine.com/library/publications/docs/DMESouthAfrica/IronManganeseSteelIndustry.pdf
http://www.mbendi.com/indy/ming/mang/af/p0005.htm#5
http://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/WPS%20No%20132%20Manganese%20Industry%20Analysis%20doc.pdf
http://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/WPS%20No%20132%20Manganese%20Industry%20Analysis%20doc.pdf
http://dx.doi.org/10.1016/j.talanta.2008.06.046
http://www.sciencedirect.com/science/article/pii/0021968166900944
http://icmr.nic.in/ijmr/2008/october/1010.pdf
http://dx.doi.org/10.1097/nen.0b013e31812503cf
https://www.ncbi.nlm.nih.gov/books/NBK158868/


  40 

10. Lemos VA, David GT. An On-Line Cloud Point Extraction System for Flame Atomic 

Absorption Spectrometric Determination of Trace Manganese in Food Samples. Microchemical 

Journal. 2010; 94(1):42-7. Available from: http://dx.doi.org/10.1016/j.microc.2009.08.008. 

11. Kwakye GF, Paoliello MM, Mukhopadhyay S, Bowman AB, Aschner M. Manganese-Induced 

Parkinsonism and Parkinson's Disease: Shared and Distinguishable Features. International 

journal of environmental research and public health. 2015;12(7):7519-40. Available from:       

www.mdpi.com/1660-4601/12/7/7519/pdf. 

12. Crossgrove J, Zheng W. Manganese Toxicity Upon Overexposure. NMR in Biomedicine. 

2004;17(8):544-53. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3980863/. 

13. Levy BS, Nassetta WJ. Neurologic Effects of Manganese in Humans: A Review. International 

Journal of Occupational and Environmental Health,. 2003;9(2):153-63. Available from: 

http://scholar.google.co.za/scholar_url?url=http://www.ibrarian.net/navon/paper/Neurologic_Eff

ects_of_Manganese_in_Humans_.pdf%3Fpaperid%3D2824767&hl=en&sa=X&scisig=AAGBf

m1jqlR6zvt3nJd44QklrKFMH30Gg&nossl=1&oi=scholarr&ved=0ahUKEwjXoq_8rPvPAhUpI

MAKHRCLBqYQgAMIGSgAMAA. 

14. Mergler D, Baldwin M. Early Manifestations of Manganese Neurotoxicity in Humans: An 

Update Environmental Research,. 1997;73(1):92-100. Available from: 

http://www.sciencedirect.com/science/article/pii/S0013935197937105. 

15. Aschner M. Manganese: Brain Transport and Emerging Research Needs. Environ Health 

Perspect. 2000;108 Supplement 3:429-32. Available 

from:http://europepmc.org/articles/PMC1637833?pdf=render. 

16. Krachler M, Rossipal E, Micetic-Turk D. Concentrations of Trace Elements in Sera of 

Newborns, Young Infants, and Adults. Biological Trace Element Research. 1999;68(2):121-35. 

Available from: http://link.springer.com/article/10.1007/BF02784401. 

17. Rodríguez-Agudelo Y, Riojas-Rodríguez H, Ríos C, Rosas I, Sabido Pedraza E, Miranda J, et al. 

Motor Alterations Associated with Exposure to Manganese in the Environment in Mexico. 

Science of the Total Environment. 2006;368(2–3):542-56. Available from: 

http://www.sciencedirect.com/science/article/pii/S0048969706002555. 

 

 

http://dx.doi.org/10.1016/j.microc.2009.08.008
http://www.mdpi.com/1660-4601/12/7/7519/pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3980863/
http://www.sciencedirect.com/science/article/pii/S0013935197937105
http://europepmc.org/articles/PMC1637833?pdf=render
http://link.springer.com/article/10.1007/BF02784401
http://www.sciencedirect.com/science/article/pii/S0048969706002555


  41 

18. Bowler RM, Gysens S, Diamond E, Nakagawa S, Drezgic M, Roels HA. Manganese Exposure: 

Neuropsychological and Neurological Symptoms and Effects in Welders. NeuroToxicology. 

2006;27(3):315-26. Available from: 

http://www.sciencedirect.com/science/article/pii/S0161813X05001865. 

19. Aschner M, Lukey B, Tremblay A. The Manganese Health Research Program (MHRP): Status 

Report and Future Research Needs and Directions. NeuroToxicology. 2006;27(5):733-6. 

Available from: http://www.sciencedirect.com/science/article/pii/S0161813X05001841. 

20. Röllin H, Mathee A, Levin J, Theodorou P, Wewers F. Blood Manganese Concentrations 

Among First-Grade Schoolchildren in Two South African Cities. Environmental Research. 

2005;97(1):93-9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0013935104000854. 

21. The National Institute for Occupational Safety and Health. Welding and Manganese 2014. 

Available from: http://www.cdc.gov/niosh/topics/welding/. 

22. Hudnell K. Effects from Environmental Manganese Exposures: A Review of the Evidence from 

Non-Occupational Exposure Studies NeuroToxicology. 1999;20(2-3):379-98.  

Available from: http://europepmc.org/abstract/med/10385898. 

23. Couper J. On the Effects of Black Oxide of Manganese when Inhaled into the Lungs. British 

Annals of Medical Pharmacology. 1837;1:41-2. 

24. Racette BA, Nielsen SS, Criswell SR, Sheppard L, Seixas N, Warden NW, et al. Dose-

Dependent Progression of Parkinsonism in Manganese-Exposed Welders. Neurology. 2016. 

25. Olanow CW. Manganese-Induced Parkinsonism and Parkinson's Disease. Annals of the New 

York Academy of Sciences. 2004;1012(1):209-23. Available from: 

http://onlinelibrary.wiley.com/wol1/doi/10.1196/annals.1306.018/full. 

26. Femi OL, Ibrahim A, Aliyu S. Clinical Profile of Parkinsonian Disorders in the Tropics: 

Experience at Kano, Northwestern Nigeria. Journal of Neurosciences in Rural Practice. 2012; 

3(3):237-41. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3505306/. 

27. Kumar V, Abbas A K, Fausto N. Degenerative Diseases of Basal Ganglia and Brainstem.  

Robbins and Cotran Pathologic Basis of Disease. 7th ed. Philadelphia, Pennsylvania 19106: 

Saunders Elsevier; 2005. p. 1504. 

 

http://www.sciencedirect.com/science/article/pii/S0161813X05001865
http://www.sciencedirect.com/science/article/pii/S0161813X05001841
http://www.sciencedirect.com/science/article/pii/S0013935104000854
http://www.cdc.gov/niosh/topics/welding/
http://europepmc.org/abstract/med/10385898
http://onlinelibrary.wiley.com/wol1/doi/10.1196/annals.1306.018/full
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3505306/


  42 

28. Damiano AM, Snyder C, Strausser B, Willian MK. A Review of Health-Related Quality-of-Life 

Concepts and Measures for Parkinson's Disease. Quality of Life Research. 1999;8(3):235-43. 

Available from: http://link.springer.com/article/10.1023%2FA%3A1008823222574. 

29. World Health Organization. Neurological Disorders: Public Health Challenges. Geneva 27, 

Switzerland: WHO Press; 2006. p. 140-50. Available from: 

http://www.who.int/mental_health/neurology/neurological_disorders_report_web.pdf. 

30. Harris RC, Lundin JI, Criswell SR, Hobson A, Swisher LM, Evanoff BA, et al. Effects of 

Parkinsonism on Health Status in Welding Exposed Workers. Parkinsonism & Related 

Disorders. 2011;17(9):672-6. Available from: 

http://www.sciencedirect.com/science/article/pii/S1353802011001532. 

31. Jankovic J. Searching for a Relationship between Manganese and Welding and Parkinson’s 

Disease. Neurology. 2005;64(12):2021-8. Available from: 

http://www.neurology.org/content/64/12/2021.abstract. 

32. Hochberg F, Miller G, Valenzuela R, McNelis S, Crump KS, Covington T, et al. Late Motor 

Deficits of Chilean Manganese Miners: A Blinded Control Study. Neurology. 1996;47(3):    

788-95. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-

0029844829&partnerID=40&md5=3b4b74b539c1d637da8ce43c199220f7. 

33. Guilarte TR. Manganese Neurotoxicity: New Perspectives from Behavioral, Neuroimaging, and 

Neuropathological Studies in Humans and Non-Human Primates. Front Aging Neurosci. 2013; 

5(23):10. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3690350/. 

34. Wang F, Zou Y, Shen Y, Zhong Y, Lv Y, Huang D, et al. Synergistic Impaired Effect between 

Smoking and Manganese Dust Exposure on Pulmonary Ventilation Function in Guangxi 

Manganese-Exposed Workers Healthy Cohort (GXMEWHC). PLOS ONE. 

2015;10(2):e0116558. Available from: https://doi.org/10.1371/journal.pone.0116558. 

35. Deschamps FJ, Guillaumot M, Raux S. Neurological Effects in Workers Exposed to 

Manganese. Journal of Occupational and Environmental Medicine. 2001;43(2):127-32. 

Available from: 

http://journals.lww.com/joem/Fulltext/2001/02000/Neurological_Effects_in_Workers_Exposed

_to.11.aspx. 

 

http://link.springer.com/article/10.1023%2FA%3A1008823222574
http://www.sciencedirect.com/science/article/pii/S1353802011001532
http://www.neurology.org/content/64/12/2021.abstract
http://www.scopus.com/inward/record.uri?eid=2-s2.0-0029844829&partnerID=40&md5=3b4b74b539c1d637da8ce43c199220f7
http://www.scopus.com/inward/record.uri?eid=2-s2.0-0029844829&partnerID=40&md5=3b4b74b539c1d637da8ce43c199220f7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3690350/


  43 

36. Roels H, Lauwerys R, Buchet J-P, Genet P, Sarhan MJ, Hanotiau I, et al. Epidemiological 

Survey Among Workers Exposed to Manganese: Effects on Lung, Central Nervous System, and 

Some Biological Indices. American Journal of Industrial Medicine. 1987;11(3):307-27. 

Available from: http://dx.doi.org/10.1002/ajim.4700110308. 

37. Myers JE, teWaterNaude J, Fourie M, Zogoe HB, Naik I, Theodorou P, et al. Nervous System 

Effects of Occupational Manganese Exposure on South African Manganese Mineworkers. 

NeuroToxicology. 2003;24(4-5):649-56. Available from: 

http://www.sciencedirect.com/science/article/pii/S0161813X03000354. 

38. Myers JE, Thompson ML, Ramushu S, Young T, Jeebhay MF, London L, et al. The Nervous 

System Effects of Occupational Exposure on Workers in a South African Manganese Smelter. 

NeuroToxicology. 2003;24(6):885-94. Available from: 

http://www.sciencedirect.com/science/article/pii/S0161813X03000810. 

39. Peto V, Jenkinson C, Fitzpatrick R, Greenhall R. The Development and Validation of a Short 

Measure of Functioning and Well Being for Individuals with Parkinson's Disease. Quality of 

Life Research. 1995;4(3):241-8. Available from: 

http://link.springer.com/article/10.1007/BF02260863. 

40. Qin J, Liu W, Zhu J, Weng W, Xu J, Ai Z. Health Related Quality of Life and Influencing 

Factors among Welders. PLoS ONE. 2014;9(7):e101982. Available from: 

http://dx.doi.org/10.1371%2Fjournal.pone.0101982. 

41. Garcia R, M. Morivasu, R. Bowler, Lobdell D. Psychological Symptoms and Quality of Life 

Among Residents Exposed to Long-Term, Low-Dose Environmental Manganese (Mn). 

International Neuropsychological Society, Denver, CO2015. Available from: 

https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=307627. 

42. Coombs WM, Schillack VR. Manganese – The Silent Poison. Occupational Health Southern 

Africa; 2005. p. 10-2. Available from: http://www.occhealth.co.za/?/viewArticle/729. 

43. Abd-Allah F, Kissani N, William A, Oraby MI, Moustafa RR, Shaker E, et al. Neuroscience 

Research in Africa: Current Status. eNeurologicalSci. 2016;3:7-10. Available from: 

http://www.sciencedirect.com/science/article/pii/S2405650215000155. 

 

 

http://dx.doi.org/10.1002/ajim.4700110308
http://www.sciencedirect.com/science/article/pii/S0161813X03000354
http://www.sciencedirect.com/science/article/pii/S0161813X03000810
http://dx.doi.org/10.1371%2Fjournal.pone.0101982
http://www.sciencedirect.com/science/article/pii/S2405650215000155


  44 

44. Racette BA, Tabbal SD, Jennings D, Good L, Perlmutter JS, Evanoff B. Prevalence of 

Parkinsonism and Relationship to Exposure in a Large Sample of Alabama Welders. Neurology. 

2005;64(2):230-5. Available from: http://www.neurology.org/content/64/2/230.abstract. 

45. Rodier J. Manganese Poisoning in Moroccan Miners. British Journal of Industrial Medicine. 

1955;12(1):21-35. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1037597/. 

46. Mallon W. Occupational Exposure Limits. Occupational Health Southern Africa. 2016;22(5):21. 

Available from: http://journals.co.za/content/ohsa/22/5/EJC195966. 

47. Blaurock-Busch E. Environmental Exposure and the Toxicity of Metals, The South African vs 

Global Problems. 2010 p. 17. Available from: 

http://www.nwu.ac.za/sites/www.nwu.ac.za/files/files/vnews/documents/Forums/Environmental

Exposure_Article_E_Busch.pdf. 

48. Chamber of Mines South Africa. Facts and Figures. 2016:44. 

49. Martínez-Martín P, Gil-Nagel A, Gracia LM, Gómez JB, Martínez-Sarriés J, Bermejo F. 

Unified Parkinson's Disease Rating Scale Characteristics and Structure. Movement Disorders. 

1994;9(1):76-83. Available from: http://dx.doi.org/10.1002/mds.870090112. 

50. Duarte J, Clavería LE, De Pedro-Cuesta J, Sempere AP, Coria F, Calne DB. Screening 

Parkinson's disease: A Validated Questionnaire of High Specificity and Sensitivity. Movement 

Disorders. 1995;10(5):643-9. Available from: http://dx.doi.org/10.1002/mds.870100518. 

51. Racette BA, Criswell SR, Lundin JI, Hobson A, Seixas N, Kotzbauer PT, et al. Increased Risk 

of Parkinsonism Associated with Welding Exposure. NeuroToxicology. 2012;33(5):1356-61. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/22975422. 

52. Skorvanek M, Rosenberger J, Minar M, Grofik M, Han V, Groothoff JW, et al. Relationship 

Between the Non-Motor Items of the MDS–UPDRS and Quality of Life in Patients with 

Parkinson's Disease. Journal of the Neurological Sciences. 2015;353(1–2):87-91.  

Available from: http://www.sciencedirect.com/science/article/pii/S0022510X15002105. 

53. StataCorp. Stata Statistical Software: Release 13. College Station: TX-StataCorp LP; 2013. 

Available from: http://www.stata.com/. 

54. Bower JH, Teshome M, Melaku Z, Zenebe G. Frequency of Movement Disorders in an 

Ethiopian University Practice. Movement Disorders. 2005;20(9):1209-13. Available from: 

http://dx.doi.org/10.1002/mds.20567. 

http://www.neurology.org/content/64/2/230.abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1037597/
http://journals.co.za/content/ohsa/22/5/EJC195966
http://www.nwu.ac.za/sites/www.nwu.ac.za/files/files/v-news/documents/Forums/Environmental_Exposure_Article_E_Busch.pdf
http://www.nwu.ac.za/sites/www.nwu.ac.za/files/files/v-news/documents/Forums/Environmental_Exposure_Article_E_Busch.pdf
http://dx.doi.org/10.1002/mds.870090112
http://dx.doi.org/10.1002/mds.870100518
http://www.ncbi.nlm.nih.gov/pubmed/22975422
http://www.sciencedirect.com/science/article/pii/S0022510X15002105
http://dx.doi.org/10.1002/mds.20567


  45 

55. Mayeux R, Marder K, Cote LJ, Denaro J, Hemenegildo N, Mejia H, et al. The Frequency of 

Idiopathic Parkinson's Disease by Age, Ethnic Group, and Sex in Northern Manhattan,       

1988–1993. American Journal of Epidemiology. 1995;142(8):820-7. Available from: 

http://dx.doi.org/10.1093/oxfordjournals.aje.a117721. 

56. Pahwa R, Lyons KE. Epidemiology of Parkinsonism.  Handbook of Parkinson's Disease. 3rd ed: 

CRC Press; 2003. Available from: 

https://pdfs.semanticscholar.org/dd79/8e95e4260cf6e945925b487b80345ffbe489.pdf 

57. Fryzek JP, Hansen J, Cohen S, Bonde JP, Llambias MT, Kolstad HA, et al. A Cohort Study of 

Parkinson’s Disease and Other Neurodegenerative Disorders in Danish Welders. Journal of 

Occupational and Environmental Medicine. 2005;47(5):466-72. Available from: 

http://journals.lww.com/joem/Fulltext/2005/05000/A_Cohort_Study_of_Parkinson_s_Disease_a

nd_Other.5.aspx. 

58. Racette BA. Manganism in the 21(st) Century: The Hanninen Lecture. NeuroToxicology. 

2014;0:201-7. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3992192/. 

59. Hobson P, Holden A, Meara J. Measuring the impact of Parkinson's disease with the Parkinson's 

Disease Quality of Life questionnaire. Age and Ageing. 1999;28(4):341-6. Available from: 

http://dx.doi.org/10.1093/ageing/28.4.341. 

60. Tedrus GMAS, Fonseca LC, Kange PM. Parkinson’s disease: Impact of clinical and cognitive 

aspects on quality of life. Dementia & Neuropsychologia. 2010;4(2):131-7. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5619172/. 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1093/oxfordjournals.aje.a117721
https://pdfs.semanticscholar.org/dd79/8e95e4260cf6e945925b487b80345ffbe489.pdf
http://journals.lww.com/joem/Fulltext/2005/05000/A_Cohort_Study_of_Parkinson_s_Disease_and_Other.5.aspx
http://journals.lww.com/joem/Fulltext/2005/05000/A_Cohort_Study_of_Parkinson_s_Disease_and_Other.5.aspx
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3992192/
http://dx.doi.org/10.1093/ageing/28.4.341
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5619172/


  46 

APPENDIX A: Complementary Study Tables 
 

Table 11: Association between duration of exposure and parkinsonism (logistic regression model) 

Predictor Variable 
Unadjusted 

OR 
95% CI P-value 

Adjusted 

OR 
95% CI P-value 

Duration of exposure – years 1.01 1.00, 1.03 0.133 0.97 0.94, 1.00 0.041* 

Age – years  1.04 1.02, 1.06  <0.0001* 1.06 1.02, 1.09 0.001* 

Smoking          

  never-smoked reference  reference  

  ex-smoker 0.99 0.37, 2.63 0.982 0.90 0.30, 2.65  0.844 

 current-smoker 1.38 0.83, 2.31 0.216 1.65 0.92, 2.97 0.094* 

Comorbidities          

  no reference  reference  

  yes 1.64 1.02, 2.63 0.043* 1.48 0.82, 2.66  0.190 

OR: Odds Ratio;  CI: Confidence Interval;  *p-values < 0.05 were considered statistically significant;                

*p-values 0.05<p<0.10 were considered marginally significant 

 

Table 12: Association between duration of exposure and QoL (multiple linear regression model) 

Predictor Variable 
Unadjusted Model Adjusted Model 

β 95% CI P-value β 95% CI P-value 

Duration of exposure – years 0.00 -0.01, 0.02 0.604 0.01 -0.01, 0.03   0.385 

Age 

 
      

 
< 40 reference 

 
reference 

 

 
≥ 40 0.17 -0.21, 0.56 0.371 -0.56 -1.10, -0.01 0.045* 

Parkinsonism 

 
      

 
no reference 

 
reference 

 

 
yes 0.61 0.19, 1.03 0.005* 0.63 0.21, 1.06 0.004* 

Comorbidities 

 
      

 

no reference 
 

reference 
 

 

yes 0.53 0.14, 0.91 0.007* 0.41 -0.02, 0.84   0.063 

QoL: measured using square root of total scaled PDQ-39 score; *p-values < 0.05 were considered statistically significant; 

*p-values 0.05<p<0.10 were considered marginally significant
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