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Abstract

Background: The role of artisanal and small-scale gold mining (ASGM) as a source of income is rapidly gaining
importance in the economically difficult times in Zimbabwe. Besides limited epidemiological data, no data about the self-
reported health-related quality of life (HRQoL) of artisanal and small-scale gold miners exist. The aim of the project was to
access HRQoL of ASGM workers to improve the data base and compare the data to the urban Zimbabwean population.

Methods: Data from 83 artisanal and small-scale gold miners in Kadoma, Zimbabwe was analysed. The HRQoL was
assessed using the EuroQol dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression) accompanied
by the cognition add-on questionnaire (EQ-5D-3L+C) and associated visual analogue scale (VAS). We described the EQ-5D
dimensions and VAS values and computed health utility (HU) values using the Zimbabwean tariff. The proportions of miners
reporting no problem in each EQ-5D dimension were compared with corresponding proportions reporting any problem
(moderate or severe), and mean HU and VAS values were analysed across subgroups of the sample. To test differences
between subgroups, Fisher’s exact test was used and between urban and mining population, Student’s t-test was used.

Results: The reported health states of miners were homogenous, with a large amount (42%) reporting ‘full health’.
Mean (SD) VAS and HU values were 81.0 (17.5) and 0.896 (0.13), respectively. Subgroup analysis showed that miners
with a lower education reported significantly more problems in the dimension of daily activities and miners with
mercury contact had more problems in the dimensions of pain/discomfort and cognition. Comparison between
mining and urban population showed that in the oldest age group, self-rated VAS values of miners were significantly
higher than of their urban counterparts.
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Conclusions: There were no significant differences in the HRQoL of mining and urban populations. However, the
reason might be adverse health effects faced by the urban population that do not apply to rural mining areas. A
higher education level of miners can improve the HRQoL, which is especially impaired by problems in the cognition
dimension.

Keywords: Health-related quality of life (HRQoL), EuroQol (EQ-5D + C-3 L), Artisanal and small-scale gold mining
(ASGM), Mercury, Mercury intoxication, Minamata convention on mercury

Background
Artisanal and small-scale mining (ASM) is characterised by
complex interactions of environmental, economic, techno-
logical, social, and health factors. Most definitions include
one or more of the following aspects: labour-intensive
work, limited mechanisation, low productivity and capital,
limited access to land and markets, an informal workforce,
and deposit exploitation/sterilisation [1–5].
In Africa, ASM occurs in almost all countries, where

more than 10 million people are directly engaged in this
sector. However, as ASM is informal or illegal in its na-
ture and is characterised by geographical and seasonal
shifts, exact numbers are difficult to determine. None-
theless, it can be stated with certainty that poverty and
high commodity prices lead to the ASM growth trends
[6]. This especially applies to artisanal and small-scale
gold mining (ASGM) [7].
In Zimbabwe, ASGM plays a significant role in the

country’s economy, both in terms of employment figures
and national gold output, accounting for more than half
of the output and with more than 500,000 people being
directly engaged in the sector, and several million depen-
dents [8, 9]. High unemployment and lack of other em-
ployment options further increase the importance of the
sector. In the fourth quarter of 2016, artisanal and
small-scale miners produced more gold than large-scale
mining companies and are in control of up to 65% of
the current gold deposits in the country [10].

Occupational health of artisanal and small-scale miners
Gold mining processes by ASGM in Zimbabwe today
largely rely on technologies introduced over 100 years ago
and which involve stamp mills, amalgamation plates and
cyanidation circuits. There are two main reasons that have
led to the preservation of those trusted and well-
established methods: the fact that most of the mining and
processing technology is simple, rapid and transparent
while the few known alternatives have not been ad-
equately demonstrated. Unfortunately, for the introduc-
tion of cleaner technologies, miners are not worried about
negative health or environmental negative impacts. The
inefficiency of the old and tried methods as well as pollu-
tion aspects are not important for the miners. As a result,

efforts at introducing new and cleaner technologies have
been relatively unsuccessful [11].
Outdated and polluting technologies together with un-

safe working conditions, a lack of personal protective
equipment and security measures, lead to a large num-
ber of health and environmental hazards related to gold
mining, ASGM in particular. Along with the increasing
importance of the ASGM sector in Zimbabwe, with a
growing number of miners, the role of occupational
health becomes ever more significant for the overall
health of the Zimbabwean population [12].
The main health hazards for miners are noise, injuries,

silica dust, and mercury which occur at different stages of
the mining process. ASGM is further related to specific
community health hazards that affect miners and their
families, including crowded living conditions and stress
[13]. Other social deteminants of health that effect miners
are lack of infrastructure, unsafe and poor living condi-
tions and migration. The latter is very prevalent in many
African countries, as artisanal and small-scale miners are
highly mobile, which leads to a disruption of traditional
familiy structures with many correlated health hazards
[13–15]. Nearly all of the presented health hazards have
already been documented in Zimbabwe as well [16–19].
The extensive and ongoing use of mercury in ASGM

is an especially serious problem. On a global scale,
ASGM is responsible for approximately 37% of all mer-
cury emissions and is the largest source of air and water
mercury pollution. The African region is estimated to
have the highest population impacted by mercury pollu-
tion worldwide [20]. Mercury is used in the extraction
process of gold where its high affinity for gold helps to
catch the gold from ore pulp and the resultant amalgam
is eventually burnt to release the mercury while freeing
up the gold. During the process mercury vapour is re-
leased into the atmosphere [21, 22] that almost always ex-
ceeds the WHO’s limit for public exposure of 1.0 μg/m3

[23]. Mercury vapour can travel long distances before be-
ing deposited into waterways and soils [24]. The dimen-
sion of the effect of mercury exposure in ASGM areas was
quantified by a burden of disease study in Zimbabwe and
is within the top 20 health hazards. The study established
that up to 72% of miners are affected by chronic mercury
intoxication [25].
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Miners in ASGM often live close to the mining sites in
small villages. Therefore, environmental pollution not
only affects the miners, but their whole families [14].
They work in small groups and are often paid in shares
of the gold [9]. ASGM in Zimbabwe is mainly licensed
(approximately 70%) or informal mining (approximately
30%), but around 70% of the miners are unskilled [9].

Influence of occupational hazards on health-related
quality of life
The possible effects of exposure to all occupational haz-
ards can have a negative impact on the health of miners,
including mercury intoxication which is linked to com-
monly known symptoms like kidney dysfunction, auto-
immune disease, and neurological symptoms [26]; while
the exposure to dust can cause silicosis [27]; uncorrected
hearing loss due to high levels of noise can lead to isola-
tion, reduced social activity, and symptoms of depression
[28]. Additionally, potential long-term effects related to
ASGM are tuberculosis, chronic obstructive pulmonary
disease, and chronic bronchitis. Furthermore, high work-
load, repetitive tasks, low effort-reward imbalance and
the unsafe working environment can lead to stress and
mental health problems [29].
When taking into account the massive amount of

health risks related to ASGM, we assumed that being a
miner has a significant effect on health-related quality of
life (HRQoL) of miners. This effect of mining will in-
crease in importance with growing numbers of miners
and the assumption that this trend will continue for the
foreseeable future [9].

Aim of study
Even though ASGM is a widespread phenomenon
around the globe, there is no unique solution to solve
the common problems and meet the health needs of ar-
tisanal and small-scale gold miners. As regional, histor-
ical, cultural and economic forces lead to highly diverse
socio-economic environments and social attitudes, struc-
tures are created that limit the communities’ abilities to
develop and adopt more efficient and less polluting min-
ing practices [11]. Therefore, a better understanding of
the general health and well-being of artisanal and small-
scale miners, their HRQoL and the different types of
hazards in the mining environment may lead to new op-
portunities for more successful and appropriate occupa-
tional health interventions [29].
The aim of this study was to assess self-reported

HRQoL of ASGM workers in Zimbabwe, to calculate
health utility (HU) values and compare the results with
findings from the urban Zimbabwean population. This
study will enable further comparisons of miners’ HRQoL
between different mining regions, other professions or
parts of the population and provide information to guide

further decision-making regarding health-improving
interventions.
The hypothesis was that, since artisanal and small-

scale miners suffer from more limitations to health than
the urban population due to the exposure to occupa-
tional hazards, they would report a lower self-reported
HRQoL. Further hypotheses were that different aspects
additionally influence the miners’ health, including age, a
low education level, period of time working as a miner
and contact with mercury were assumed to have a nega-
tive effect on HRQoL. An aspect we also wanted to ex-
plore was the difference of HRQoL between men and
women.
The content of this paper assists Zimbabwe in fulfilling

the requirements of the Minamata Convention on Mer-
cury through the gathering of health data and is in line
with the Sustainable Development Goals, especially the
third goal ‘Mining, Good Health and Well-being’ [30,
31].

Methods
This is an epidemiological, observational study with a
cross-sectional design. Data was collected in a two-week
field study in Kadoma District, Zimbabwe. Kadoma Dis-
trict is located approximately 150 km west of Harare, the
capital of Zimbabwe.

Procedure
The target population consists of all artisanal and small-
scale miners in Kadoma district. Estimations conclude
that of a total population of approximately 310,000 in-
habitants 50% are directly or indirectly involved in min-
ing and milling activities. More specific, roughly 30,000
miners are estimated to live in the region with 120,000
dependent family members [24, 32]. The target popula-
tion has been limited to these approximately 30,000
miners. All participants that identified themselves as
small-scale miners were allowed in the sample.
To contact the target population, snowball sampling

was used. Local partners that already worked with the
miners before made the initial contact with relevant
miners at different mining sites. Those then arranged
the contact to other miners. Snowball sampling was used
because the miners were difficult to contact, being reluc-
tant to be questioned in the beginning. Starting with
community leaders at different mining sites led to trust
in the population and was the basis to conduct further
inquiries [33]. The participants were questioned in
English and in person by the same researcher, with the
same translator always being on side in case they were
needed. Standardised and before data collection re-
hearsed explanations were given if questions were un-
clear to the participant.
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Measures
The influence of the occupational hazards caused by
working in artisanal and small-scale gold mines on
the miners’ lives was investigated by analysing their
HRQoL with help of the five EuroQol dimensions to-
gether with the cognitive add-on (EQ-5D-3L+C) ques-
tionnaire. The questionnaire included five dimensions
of health: mobility, self-care, usual activities, pain and
discomfort, and anxiety and depression [34]. The
EuroQol Research Foundation gave their permission
to the questionnaire use. In this study the additional
dimension cognition (C) was added, as was done pre-
viously by Stouthard et al. (1997) [35], resulting in an
overall number of 729 possible health states, because
impairment of cognitive abilities is one of the possible
consequences of mercury intoxication. A further study
exploring the effect of adding an additional dimension
concluded that by including a cognitive attribute the
concept of health becomes more comprehensive [36].
The 3 L version contains three levels of possible an-

swers for each dimension: no problems (1), moderate
problems (2), severe problems (3). From the respect-
ive answers a health state of HRQoL can be com-
puted, representing the individual’s overall health.
The best imaginable health state is thus represented
by ‘111111’. Further, each respondent was asked to
value his or her own health status on the EQ-5D vis-
ual analogue scale (VAS). The scale ranges from zero,
which represents the ‘worst possible health state’ the
respondent can imagine, to the ‘best possible health
state’ at 100 [34].
The EQ-5D questionnaire is applicable to a wide range

of health conditions and treatments and can be used in
population health surveys, and economic and clinical
evaluation of health care. The main advantages are cog-
nitively undemanding questions and the short time it
takes to complete the questionnaire [34]. We used the
English version of the generic EQ-5D-3L system, which
was confirmed to be appropriate for the Zimbabwean
population by Jelsma et al. [37].
An additional questionnaire was used to conduct the

following covariates: age, gender (female/male), highest
education (primary, secondary, post-school), contact
with mercury (yes/no) and years in mining (less than
five/more than five).

Statistical analysis
To answer the research question, four main analyses
were performed: first, we described the HRQoL of
miners working in the ASGM sector regarding the EQ-
5D items and the additional dimension of cognition.
Also, the self-rated VAS of miners was illustrated.
Second, we computed health utility (HU) values.

HUs were generated based on the dimensions of the

EQ-5D to illustrate the individuals’ health status,
weighted by an appropriate population. In this study
we used the Zimbabwean tariff that was developed
with the time trade-off method by Jelsma et al. [37].
As no values exist for the cognition dimension, HUs
could only be calculated for the regular dimensions of
the EQ-5D. They range from zero to one, with zero
representing ‘death’ and one representing ‘full health’
[34]. Student’s t-test was used to examine differences
in mean values between the value sets and VAS. For
this test VAS values were divided by 100 to make
comparisons possible [38].
Third, for sub-group analyses we dichotomized the

population of ASGM workers into miners without a
problem and miners with a problem (moderare pro-
bleme and severe problem), then examined the respect-
ive proportions for each dimension. Further, we
calculated mean HU and VAS values. The procedure
was applied for the total population of miners and
across the specific characteristics according to the co-
variates. Fisher’s exact test was used to test the differ-
ences between the subgroups in univariate analysis, due
to the small sample size.
Finally, to compare the VAS and HU values of the

sample with the urban Zimbabwean population, we used
the previously published reference values of 2384 ran-
domly selected residents of Glenview, a high-density
suburb of Harare. Persons in that sample had to be at
least 15 years old to be included in the study, making the
population comparable to our sample [37]. The sample
from Glenview provides the only available VAS and HU
data from Zimbabwe before the current study. To exam-
ine differences between the samples, again Student’s t-
test was used.
All analyses were conducted with a significance level

of 95% and using IBM SPSS Statistics, Version 25.

Results
A total of 83 artisanal and small-scale gold miners
working in the area of Kadoma District were ques-
tioned of which 83.1% were male (Online Supplemen-
tary Table 1). The age of the miners ranged from 19
to 70 with a mean age (SD) of 35.3 years (10.3). In
comparison with population statistics, males in the
age between 25 and 44 were overrepresented in the
study. However, this distribution of the sample is
consistent with the characteristics of the Zimbabwean
small-scale mining work force [9]. Compared to the
population estimate (44%), the sample was better edu-
cated with 73.5% indicating they finished secondary
school which accounts for 13 years of schooling.
The income of miners varies greatly from month to

month, as most miners are paid as a proportion of pro-
duce or in shares. Therefore, many could only give
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rough estimates of their income. With nearly 50%, the
vast majority has an income between 100$ and 500$,
while 12% indicated an income less than 100$. An in-
come between 501$ and 1000$ was reported for 18%
while the last 16% earn more than 1000$. In comparison,
the gross domestic product (GDP) per capita in
Zimbabwe was at 998$ in 2016 [39].
The work experience of the miners in the sample dif-

fers significantly, ranging from 2 weeks to 40 years.
However, the average work experience is 7.5 years with a
median of 5 years.

EQ-5D-3L+C health states of miners
All participants answered to all six dimensions of
HRQoL addressed in this study. Among the 729 pos-
sible health states defined by the EQ-5D-3L system in
combination with the additional dimension cognition,
a total of only 27 health states were identified in the
sample With 42% at ‘full health’ (111111), it was eas-
ily the most common health status. Of those 27
health states, the 10 most common ones include
about 80% of the sample. None of these contains a
level of extreme severity. The health status with the
highest dimensions reported was 212,322, relating to
a single miner.
Of the total population of miners, 67.5% reported no

problem, or just one moderate problem in one

dimension. In contrast, 32.5% reported problems in
more than one dimension or at least one severe impair-
ment. In total, 13.3% of miners reported severe problems
in at least one dimension. A list of all reported health
states and a figure giving an overview about the most
common health states can be found in the Online Sup-
plementary (Online Supplementary Table 2, Figure 1).
Table 1 presents the distribution of individuals by se-

verity level for each EQ-5D-3L+C dimension in total
and by age group. In all six dimensions the most fre-
quently reported response was ‘no problem’: mobility
(88%), self-care (92.8%), usual activities (88%), pain/dis-
comfort (78.3%), anxiety/depression (75.9%) and cogni-
tion (71.1%).
In more detail, differences can be identified between

the age groups. Younger miners report more prob-
lems in the dimensions self-care and usual activities,
and older miners in the dimensions pain/discomfort
and anxiety/depression. While problems with mobility
are rare in all age groups, problems with cognition
are often reported in all of them, with very low
difference between the groups (p = 0.673). In the over-
all sample the highest percentage of moderate or se-
vere problems in any dimension was reported in the
cognition dimension (28.9%). None of the differences
observed between age groups were statistically
significant.

Table 1 Self-reported health state of miners in mining areas in Kadoma (n = 83) and Fisher’s exact test for age group differences.
Frequency of levels in each dimension are presented as percentages

EQ-5D DIMENSIONS AGE GROUPS p-value Total

15–24 25–34 35–44 45+

Mobility No Problems 100 87.8 81.0 92.3 88.0

Problems 0.0 12.2 19.0 7.7 0.673 12.0

Severe Problems 0.0 0.0 0.0 0.0 0.0

Self-Care No Problems 75.0 92.7 95.2 100 92.8

Problems 12.5 7.3 4.8 0.0 0.212 6.0

Severe Problems 12.5 0.0 0.0 0.0 1.2

Usual Activities No Problems 75.0 87.8 85.7 100 88.0

Problems 25.0 12.2 14.3 0.0 0.329 12.0

Severe Problems 0.0 0.0 0.0 0.0 0.0

Pain
Discomfort

No Problems 87.5 85.4 71.4 61.5 78.3

Problems 12.5 12.2 28.6 30.8 0.309 19.3

Severe Problems 0.0 2.4 0.0 7.7 2.4

Anxiety
Depression

No Problems 87.5 78.0 71.4 69.2 75.9

Problems 12.5 17.1 28.6 23.1 0.792 20.5

Severe Problems 0.0 4.9 0.0 7.7 3.6

Cognition No Problems 62.5 72.2 71.4 69.3 71.1

Problems 25.0 19.5 19.0 30.8 0.878 21.7

Severe Problems 12.5 7.3 9.5 0.0 7.2
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VAS and HU values of miners
The mean VAS value was 81.0 (17.5), with a maximum
of 100 and a minimum of 35. In this sample, the self-
reported mean quality of life (QoL) by miners in
Kadoma can therefore be described with a value of 0.81
(Table 2). When applying the Zimbabwean tariff, a mean
HU of 0.896 was calculated, which was significantly
higher than the self-rated HRQoL of miners.
However, when looking at the results in more detail (),

quite a few miners with low HU values, which is syn-
onymous with more problems in the dimensions, have
reported VAS values of 100 resembling ‘perfect health’.

Differences between subgroups
A detailed analysis of the subgroups (Table 3) showed
that men reported less problems in the dimensions mo-
bility (p = 0.060), usual activities (p = 0.674), and pain/
discomfort (p = 0.491), while they experience more im-
pairments in the dimensions self-care (p = 1.000), anx-
iety/depression (p = 1.000), and cognition (p = 1.000).
However, these differences are small and none of them
is statistically significant. Even though the amount of fe-
male miners reporting no problems (29%) is lower than
of males (45%), the HU values are almost identical (p =
0.188). In contrast, the mean self-rated VAS value of
women was higher than of men (p = 0.494).
In almost all dimension a higher education is consist-

ent with less problems. While 60% of miners who
attended more than 13 years of school and 47.4% of
miners who finished high school report no problems in
any dimension, the percentage in the subgroup of
miners who just finished primary school (23.8%) is much
lower (p = 0.123). Only for the dimension of daily activ-
ities this effect was significant. In coherence with the
findings for each dimension, the HU value is higher for
miners with a better education (p = 0.178). However, the
self-reported VAS value is lower in the highest educated
group in comparison to the lowest educated group (p =
0.073).
Regarding all examined aspects, the years in mining do

not seem to have an effect. Differences between the
groups are small in all dimensions, as well as HU and
VAS values, and are not significant, nor consistent in
their direction of the effect.
A total of 63 miners had contact with mercury while

working as miners. Of those 20 who had never worked

with mercury before, 55% reported no problems in any
dimension, while the proportion in the group that had
contact with mercury is a bit lower (38%) (p = 0.203). In
the group of miners with mercury contact, a higher
amount of problems can be seen, especially in the di-
mensions cognition and pain/discomfort, but also in the
dimensions self-care and daily activities. In the other
two dimensions the miners with no mercury contact re-
port more problems. The differences between the two
subgroups regarding the dimensions were all not signifi-
cant. HU values are slightly lower in the group with
mercury contact, but VAS values are higher. Therefore,
we controlled for a confounding effect of income, of be-
ing a mine owner, and of working longer than 5 years as
a miner, but none of these characteristics were signifi-
cantly differently distributed between the groups. The
reported health states of miners with mercury contact
are presented in the Online Supplementary (Online Sup-
plementary Table 3). These health states are very similar
to those of the overall population. Except for the one
significant difference mentioned before, none of the dis-
parities identified between the subgroups were statisti-
cally significant.

Comparison of miners’ HRQoL with urban population of
Harare
When comparing the EQ-5D dimensions of miners in
Kadoma with the urban population in Harare, miners
reported more problems in the dimensions mobility,
self-care and usual activities, while the urban popula-
tion had more impairments in the dimensions pain/
discomfort and anxiety/depression (Table 4). The big-
gest difference can be seen in the dimension of pain/
discomfort, where the urban population reports a
higher amount of impairments, but overall differences
are small.
The comparison of self-reported mean VAS values

showed (Table 5) that the urban population reported
lower values in women and in all age groups, with the
only exception being the urban male population, as they
reported a slightly higher mean VAS value in contrast to
the miners. Only the difference in the highest age group
was significant.

Discussion
Addressing the research question, the self-reported
HRQoL of artisanal and small-scale miners in
Kadoma, Zimbabwe was surprisingly homogenous and
a high number of miners (42%) have reported the
best possible health state of ‘111111’. This result is
consistent with results from Goa, India, where 43% of
people living in mining regions reported no health
problems [41].

Table 2 Paired Student’s t-test comparison of self-rated VAS
values by miners in Kadoma with HU values based on the
Zimbabwean tariff

Mean (SD) p-value

Self-rated QoL (VAS) 0.810 (0.17) < 0.001*

HU ZIM-Tariff (TTO) 0.896 (0.13)

*p < 0.05
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Main findings
The first main finding of our study is that, in contrast to
our hypothesis, the self-reported HRQoL of artisanal
and small-scale gold miners in Kadoma was not signifi-
cantly lower than that of the urban Zimbabwean popula-
tion, despite the high amount of health hazards miners
are exposed to every day. Considering each dimension
on its own, it becomes clear that the amount of reported
problems is in relative equal balance, as only small dif-
ferences could be identified. The fact that urban citizens
report more problems in the dimension of pain/discom-
fort is surprising, as we assumed just the opposite. Also,
reported VAS values were higher in all age groups, in
the oldest age group the value was even significantly
higher in the group of miners than for their urban coun-
terparts. This is even more relevant as the VAS value in
the highest age group, in contrast to our hypothesis, was
also higher than that of the younger miners, despite age
having a documented independent negative effect on
HRQoL [42].
The reasons for these circumstances are complex,

and we identified several causes: first, a similar obser-
vation was made by Amponsah-Tawiah et al. [29]
who examined the quality of life of miners in the
Ghanaian mining industry. They concluded that older
employees were given less stressful jobs, had a more
regular work pattern and lighter schedules, leading to

a better health and well-being of older miners in
comparison to younger ones. However, these miners
were working in large-scale mines, which are expected
to be more organised than small-scale mines [29].
That a similar finding could be documented in a less
organised setting like small-scale mining as well leads
us to another conclusion: we assume the healthy
worker effect is one of the main reasons, leading to
higher VAS values in older miners, as well as in
higher VAS values in miners in comparison to the
urban population. Only the healthiest miners can con-
tinue working into old age [43].
Another reason could be the declining Zimbabwean

economy: Since 1998 formal employment options in
Zimbabwe have been decreasing, leading to a situ-
ation where less than 20% of the population were in
formal employment in 2004, and more than 80%
working in the informal sector. Up until now, the
economic situation has not seen any improvement
[39, 44]. In this context, most employment options in
the informal sector are in agriculture and mining, to
which the urban population has only limited access
[9, 44]. This leads to a population that can be de-
scribed as ‘the urban poor’, which are considered es-
pecially affected by the double burden of disease in
the process of the ‘epidemiological transition’ [45].
Supporting this explanation, the income of miners

seems to be lower than that of the general population
at first sight only. A closer look shows that the distri-
bution of gross domestic product (GDP) in Zimbabwe
is very uneven, with a Gini coefficient of income of
43.20 in 2011 and roughly 50% of the income share
held by the highest 20% of the population [46]. This
demonstrates that the vast majority of the population
has an income much lower than the GDP per capita,
suggesting that the average income of miners is gen-
erally higher than in other professions and sectors of
the economy. Considering the high unemployment
levels in the economy, mining remains one of the few
options for Zimbabweans to earn an income at all,
resulting in the fact that the negative impact of occu-
pational health hazards on HRQoL might be more
than compensated by the positive effect of higher in-
comes [9].

Table 5 Unpaired Student’s t-test comparison of VAS values of
miners to the urban population of Zimbabwe

Visual analogue scale

Miners (SD) City (SD) Difference Miners - City p-value

Total 81.0 (17.5) 79.8 (19.4) 1,2 0.526

Sex

Men 80.0 (18.0) 81.5 (18.0) −1.5 0.490

Women 86.1 (14.7) 78.7 (15.2) 7.4 0.083

Age group

18–24 86.9 (17.1) 81.8 (16.) 5.1 0.449

25–34 81.2 (19.4) 79.8 (16.6) 1.4 0.642

35–44 77.0 (14.2) 76.6 (19.5) 0.4 0.898

> 44 83.3 (16.0) 69.0 (34.7) 14.3 0.007*

* p < 0,05 * Compared to data from Szende et al. [40] & Jelsma et al. [37]

Table 4 Self-reported health status of miners in Kadoma (n = 83) compared to subjects in urban Zimbabwe (n = 2183). Frequencies
of levels in each dimension are reported as percentages

Dimension Mobility Self-Care Usual Activities Pain/ Discomfort Anxiety/ Depression

Miner Citya Miner Citya Miner Citya Miner Citya Miner Citya

No Problems 88.0 90.1 92.8 96.5 88.0 89.0 78.3 69.5 75.9 69.3

Problems 12.0 9.7 6.0 3.4 12.0 10.5 19.3 26.3 20.5 23.9

Severe Problems 0.0 0.1 1.2 0.1 0.0 0.6 2.4 4.2 3.6 6.8
a Compared to data from Jelsma et al. [37]
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Second, it is not surprising that when compared self-
reported VAS values are lower than calculated HU
values, since the latter are based on the Zimbabwean tar-
iff which was calculated using the time trade-off (TTO)
method [37]. The HRQoL is usually worse when the
VAS method is used in comparison with the TTO model
[47]. When looking at Fig. 1 these circumstances explain
the fact that many miners reported lower VAS values,
despite a calculated HU value of ‘1’.
However, there was also a considerable number of

miners reporting VAS values of 100, in spite of low
HU values and impairments in several dimensions.
One explanation for this could be the disability para-
dox, which describes the phenomenon where people
with a severe disability or illness report to have a
good quality of life [48]. Even though being a miner
is not ‘a disease’, we believe that here the same mech-
anisms could be at play, as Noronha & Nairy [41] ob-
served a similar effect while analysing the QoL of
people living in mining and non-mining villages. They
found out that even though the overall living condi-
tions in non-mining regions are significantly better,
both groups valued these conditions with almost
equal satisfaction levels. One explanation they gave is
that people adjust to the living conditions and adapt
their demands to lower standards [41].

In the context of the disability paradox, the following
explanations were identified for reporting a high QoL
despite impairments: contextual factors, the aspect of
having control over themselves and possibility of partici-
pation [49, 50]. All of these aspects are different for
miners in comparison to the aspect of disability. While
disabled people are found to report a high QoL when
they are able to maintain these factors despite disability,
small-scale mining in Zimbabwe could support miners
to additionally gain these abilities. By being able to earn
an income, miners might achieve higher self-reliance,
are better able to participate and more in control of con-
textual factors that could lead to higher reported
HRQoL, even though miners experience physical and so-
cial impairments as well [14].
The third main finding is that in contrast to the overall

population, miners seem to be better educated [32]. This
is unexpected, as artisanal and small-scale miners usually
work in informal or illegal environments, where no spe-
cific education is required. The high education of miners
indicates that the overall education of the Zimbabwean
population seems to be high, with the majority of Zim-
babweans passing through secondary school. Further,
this shows that even for highly educated Zimbabweans
mining could be a good option to gain an income. Even
though the relation between education levels and self-

Fig. 1 Scatterplot of self-perceived VAS values and HUs calculated with ZIM tariff
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reported HRQoL is complex, Ross & Van Willingen [51]
documented a correlation between higher education
levels and better health states. Therefore, a higher edu-
cation might be one of the reasons miners report less
health problems. This finding is consistent with our hy-
pothesis that a low education level has a negative impact
on the health state of miners. Earlier findings of our
study group showed that an increase in knowledge and
education leads to a safer work environment, less acci-
dents and a more responsible behaviour at work [14].
Even though the difference between the groups is only
significant in the dimension of usual activities, the na-
ture of the relationship is clear and consistent. In con-
trast, self-reported VAS values are lower for miners who
are better educated. One explanation might be that
miners with tertiary education prefer and take jobs other
than mining whenever possible, as they are more aware
of the occupational hazards and the negative impact of
mining on their health. The fact that despite better
health more educated people value their quality of life
not significantly better than less educated ones is well
documented, too [51].

Further important findings
According to Steckling et al. [25] approximately 72% of
ASGM workers in Zimbabwe in 2004 have some form of
chronic mercury intoxication, we assumed that of the
miners in our sample with mercury contact at least a
few would show symptoms of chronic mercury intoxica-
tion as well. A circumstance we concluded would be vis-
ible in the reported health states, HU and VAS values.
Even though differences between the groups of miners
with or without mercury contact were not significant,
we believe the higher amount of reported problems in
the dimensions pain/discomfort and cognition could be
an indicator for mercury intoxication [52]. Symptoms of
chronic mercury intoxication are headaches, neuralgia or
paraesthesia, which can be summarized under “pain”
(Drasch). However, the results in the other dimensions
and HU and VAS values do not support our hypothesis,
of significantly impaired HRQoL due to contact with
mercury.
Further, we compared the reported health states, to

the health state of miners with mercury intoxication
as expected by experts and published by Steckling
et al. [53], who assumed health states for moderate or
severe intoxication of ‘121222’ or ‘233333’. In our
sample, not a single miner with mercury contact re-
ported these exact health states (Online Supplemen-
tary Table 3). Of the identified health states, four can
be described as close to a moderate mercury intoxica-
tion and only one to a severe intoxication. In total,
this is either contradicting the finding from the year
2004 that up to 72% of miners in Zimbabwe suffer

from mercury intoxication, or the assessed HRQoL of
intoxicated miners by experts has been overestimated.
In accordance to our findings, especially the dimen-
sion of self-care, where in our sample 92% of miners
with mercury contact reported no problems, seems to
be regarded too low by Steckling et al. [53] for people
with an intoxication. However, as we did not collect
and analyse any human samples, it is not clear which
of the questioned miners actually suffer from mercury
intoxication. Again, the healthy worker effect could
be relevant in this aspect and miners suffering from
symptoms of mercury intoxication might not have
been part of the sample. The prevalence of intoxi-
cated miners, what was 72% in 2004, could have
changed in the last 13 years.
Although the amount of women reporting no prob-

lems in any dimension is higher than the number of
men, the minimal difference between the respective HU
values of different genders demonstrated that valued by
the Zimbabwean population there exist rarely any differ-
ence between the health states of men and women. In
contrast, higher VAS values indicated that women in
our sample despite reporting more problems, value their
health status better than the men in the sample. The dif-
ference is not statistically significant, which can mainly
be explained by the small number of women in the sam-
ple. Despite, one reason could be that women in
Zimbabwe appreciate the opportunity to work and to be
able to earn an income for themselves, which is often
difficult for them in mining regions [14, 41]. Our results
underline that an opportunity to work could influence
the perception on health of women.
Regarding the negative effects of mining in the long-

term perspective, we believe that the classification of less
or more than 5-years was not optimal to for identifying
the long-term effects of mining. However, the low me-
dian working experience of miners did not allow for an-
other division as the amount of more experienced
miners was very low. Therefore, the hypothesis that
working as a miner for a long time period has a negative
effect on HRQoL could not be confirmed.

Strength and limitations
A number of limitations exist that have to be taken into
account. Firstly, limitations result from the target and
sample population and the possibility of selection bias,
as the method of snowball sampling has been used. By
using community leaders to get in contact with the
miners, the participants of the study might only repre-
sent a specific subgroup of the miners in Kadoma, with
distinctive attitudes that differ from other subgroups.
Mitigation of this bias was attempted by visiting different
mines and meeting places, contacting miners who were
not volunteering to participate at first glance and
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changing the location of data collection several times a
day even within one mine.
Additionally, problems with information acquisition

and interviewer effects might have occurred. Not all
miners were willing to talk to foreign interviewers or felt
comfortable giving information about ASGM, due to the
still insecure legal situation. Also, questions could be
misunderstood due to language barriers and social desir-
ability bias might have played a role. Miners maybe
adapted their answers towards what they assume we
wanted to hear. Taking the sensitivity of the topic into
account, the study was conducted in close collaboration
with partners and translators. Next to the German re-
searcher, the research team consisted of four Zimbab-
weans, which helped to gain the trust of miners,
translated if necessary and had important roles in the
data collection. Despite inquiries were conducted out-
side, it was mostly avoided that bystanders could listen.
Further, it is important to ascertain if the EQ-5D ques-

tionnaire is the appropriate tool to describe the HRQoL
of the Zimbabwean mining population. The other two
studies we found, which have determined the QoL in
mining regions, have used different questionnaires: Nor-
onha & Nairy [41] developed their own tool, while
Amponsah-Tawiah et al. [29] used Cummins seven do-
mains of QoL [54]. Due to the difference in study design
of those two studies, comparisons are difficult. The de-
velopment of an own tool obviously leads to a higher ad-
justment to the specific situation and study design. The
EQ-5D questionnaire has been originally developed to
provide a simple, generic measure for clinical and eco-
nomic appraisal. In recent years, it has been increasingly
used in population health studies as well, but is known
to be more responsive in severe conditions and can be
unable to detect smaller changes in mild conditions [55].
However, the main reason we used the EQ-5D tool was
to create a data set that is eligible for further compari-
sons and easy to apply. Further research is needed to in-
vestigate if the EQ-5D questionnaire is able to capture
the HRQoL of miners appropriately.
Also, the population of Glenview was the only popula-

tion with existing HU and VAS value data from
Zimbabwe. The authors concluded that the sample
population of the study was probably higher educated
than the general urban Zimbabwean population, but that
their results are credible and comparable to other stud-
ies. However, representativeness to other urban popula-
tion remains questionable [37].
The effect of the healthy worker bias has already been

addressed in this paper and we assume that it had con-
siderable effect on our findings, as in fact it is not pos-
sible to work as a miner without suffering from major
injuries or diseases. Unfortunately, we could not find a
way to counteract this bias.

Finally, the small sample size made the statistical ana-
lysis difficult and lead to variance homogeneity. We used
statistically robust tests to address this issue, but we be-
lieve this is one of the reasons that most results are sta-
tistically not significant. As the time for our field work
was limited, we tried to question as many miners as pos-
sible, given the circumstances. It has to be stated, how-
ever, that this research is cross-sectional, therefore
causality cannot be proven.
However, due to the paucity of research examining the

HRQoL of miners, especially of small-scale miners, we
believe the presented results can be useful in further
decision-making processes. Also, the identified HU
values can be used for comparisons over time and with
other populations. As the population of artisanal and
small-scale miners is difficult to access, the more know-
ledge is gained about their living conditions and self-
perceived QoL, the better future interventions can be
adapted to the miners’ health needs.

Conclusion
In contrast to our hypothesis, the self-reported HRQoL
of artisanal and small-scale miners was not significantly
lower than that of the urban population. However, we
believe that the reason for this is not that the numerous
health hazards of ASGM have no impact on HRQoL,
but because the urban Zimbabwean population faces
many problems as well that negatively affect HRQoL.
Education was identified as being very important for
higher HU values and HRQoL, which can build a basis
for future interventions. However, as remaining sub-
group analyses were not significant, further research is
needed to investigate if the small sample size played a
role and which factors have the biggest impact on
HRQoL of miners.
In total, many miners reported health problems in the

cognition dimension, confirming the choice of including
this additional dimension into the study and proving
that this dimension is of high relevance for the miners’
health and HRQoL. Additionally, this dimension seem to
play an important role for the differences of HRQoL be-
tween miners with or without mercury contact, which is
relevant in context of the Minamata Convention on
Mercury.
The findings of this study can be used for further com-

parisons between different populations and can build a
basis for future investigations of HRQoL of small-scale
gold miners.
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