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Abstract. Long-term exposure to pesticides used in agriculture is increasingly being identified as a risk factor for developing
Parkinson’s disease. How chronic pesticide exposure might contribute to the growth of Parkinson’s disease in the mainly
agricultural communities of Sub-Saharan Africa has thus far received limited attention. There are specific concerns in this
area of the world: aging of the population, in combination with chronic exposure to widely used pesticides, including those
that have been restricted elsewhere in the world because of neurotoxicity and other health risks. Of interest, the prevalence
of Parkinson’s disease among specific (semi)nomadic populations in Tanzania seems very low, possibly due to their lack of
exposure to agricultural chemicals. But at the same time, pesticides have also brought important benefits to this part of the
world. Specifically, in Sub-Saharan Africa, pesticides have been directly helpful in preventing and controlling famine and
in containing major human infectious diseases. This creates a complex risk-benefit ratio to the use of pesticides within a
global perspective, and urgently calls for the development and implementation of affordable alternatives for areas such as
Sub-Saharan Africa, including non-neurotoxic compounds and non-chemical alternatives for the use of pesticides.
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INTRODUCTION

There has been a steep increase in the world-
wide prevalence of Parkinson’s disease (PD) in recent
decades, making it the fastest growing neurological
condition globally [1, 2]. In addition to aging and
genetic factors [3], lifetime exposure to low grade risk
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factors such as the presence of toxins in our environ-
ment contributes to the rise of PD [1, 4, 5]. Pesticides
are one example of environmental toxins that have
been linked to the etiology of PD. Farmers appear
to have a significantly increased risk of developing
PD [1, 4] and the raised risks may also affect people
living in the immediate vicinity of farmland where
pesticides are used [4, 5]. Various pesticides are toxic
to dopamine-producing cells in the substantia nigra,
leading to parkinsonian signs in exposed animals [1].

The ‘Parkinson Pandemic’ [1] does not spare Sub-
Saharan Africa (SSA) although a global survey from
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2016 shows an age-adjusted PD prevalence approx-
imately three to four times lower than Canada and
the United States [2]. There is very limited informa-
tion on the incidence of PD [2, 6]. The published
prevalence of PD in SSA ranges from 7-67/100,000,
with 30/100,000 reported in a large community-based
study in Tanzania [2, 6]. The mean age of onset of PD
in the latter study was 69.4 years [6], with one decade
later a trend towards a lower age of onset at 62 (53—
73) years [7]. A recent South African study involving
687 cases of PD in mixed race persons reported an
onset age of 57.3 years. For the subgroup of 102 per-
sons of African ancestry, the age at onset was 54.8
years [8].

These figures are difficult to compare, however,
as hospital-based studies in SSA identify cases with
access to hospital services, which typically includes
those patients whose costs are covered by national
insurance or are self-financing—they are more likely
to be younger compared to the typically older patients
who are more likely to resort to traditional medicine
within the local community.

Contributory reasons for the reported low preva-
lence of PD include the relatively low life expectancy
in SSA during the time of the studies, ranging from
57.5 years in 2011 to 60.24 years in 2021. When this
is coupled with socioeconomic deprivation and the
relative lack of access to neurologists and special-
ized neurological health care services, then the lower
reported rates of PD are better understood. Migrant
studies suggest a higher prevalence of PD in persons
of African ancestry living in USA [6]. Factors which
are known to influence the frequency of PD in high
income countries such as genetics, lifestyle including
diet, smoking, exercise, and environment remain to
be studied in detail in Africa [9]. However, a possible
cause in Africa which may be of much more relevance
and importance is occupational and passive exposure
to pesticides with the worrying possibility that the
duration of exposure from early childhood may be a
critical factor in later disease pathogenesis.

The lower reported prevalence of PD is not com-
mon to all neurological diseases in SSA but diseases
like dementia, that similar to PD affect a mainly older
age group and typically do not disable the patient
immediately also tend to go under diagnosed and
hence under reported. In contrast those neurologi-
cal diseases that affect a mainly younger age group,
such epilepsy and headache or present acutely such
as stroke or paraplegia are well reported in studies in
SSA. Indeed, the prevalence of stroke is reported to
be higher in SSA than in high income countries [2, 7].

There is a ‘diagnosis and treatment gap’ for PD
in SSA due to its low neurologist-to-population
ratio. This means that the lion’s share of patients
in this part of the world never see a physician or
neurologist during their lifetime [6]. Presently each
country in SSA has at least one neurologist, but
for some countries such as Djibouti and Malawi
it literally means just a single neurologist for an
entire population as large as 20 million persons [9].
We can take the United Republic of Tanzania as an
example, which was recently classified as a lower
middle income country, and which has a population
of over 60 million and a life expectancy of 67 years
[10]. Tanzania has approximately one neurologist
per 5 million inhabitants. In reality, this ratio may
actually be even more worrisome, because of the
common under recognition of PD in this part of the
world, which occurs for a variety of reasons: cultural
acceptance of PD as part of normal aging (and not
as a disease), easier access to traditional medicine,
and stigmatization [6, 11]. In the only available
rural community prevalence study on PD, less than
a quarter of patients were previously diagnosed and
even fewer were on regular treatment [6].

SSA DEMOGRAPHY

Presently over 1.2 billion people (16% of the
world’s citizens and its youngest population) live in
SSA, an area which is forecast to expand in popula-
tion size, as opposed to the rest of the world where
stagnation or decrease is expected [10]. Within a gen-
eration, life expectancy in SSA has increased by 10
years to 62 years [10]. Primary disease prevention and
better healthcare and nutrition are mainly responsible
for this improvement. SSA has a pyramidal age dis-
tribution (Fig. 1), skewed towards younger ages with
42% of people aged <15 years [9]. The projected pop-
ulation of SSA by 2050 is estimated to be 2.5 billion,
or 25% of the world’s population [10]. A concur-
rent rise in the incidence and prevalence of PD is
therefore expected in SSA. This is all the more rea-
son why SSA has to act now on reducing the risk of
developing this disease, for example by limiting the
exposure to pesticides. While exposure to pesticides
to the average rural SSA inhabitant is omnipresent,
quantification is difficult with limited data available
specifically on longer term neurotoxic effects [5, 12—
14]. Factors that complicate study of the relationship
between pesticides in PD include the fact that chronic
exposure to pesticides may require an up to several
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Fig. 1. Pyramidal age distribution in millions population per gender projected for SSA 2050. United Nations, Department of Economic
and Social Affairs, Population Division (2013). World Population Prospects: The 2012 Revision. (https://www.ageing.ox.ac.uk/population-

horizons/data/gpt, Accessed October 17, 2023).

decades long incubation prior to leading to symptoms
of PD. Moreover, the same pesticide level is likely
more toxic for an infant than an adult [15]. When
viewed in person years, long term toxin exposure for
the youth in SSA, with their much improved survival
and population expansion, impacts their health and
safety to an unknown extent.

POPULATIONS WITH LITTLE TO NO PD

Where there is universal exposure, it may be diffi-
cult to assess causality. In a disease such as PD whose
etiology has only been established in part, studies
on ‘absence of’ may be as informative as studies
on ‘presence of” the condition. SSA still has excep-
tional nomadic and semi-nomadic populations such
as the Hadzabe, one of the last hunter gatherer tribes
in the world living around Lake Eyasi in Northern
Tanzania [16]. They live largely off game shot by
bow and arrow and by foraging the savannah brush
for wild fruits, honey, and tubers. Hadzabe nomads
migrate over large distances which could facilitate
identification of anyone with impaired mobility such
as by a movement disorder because they slow down
the group. Although this is anecdotal evidence, to
the best of our knowledge, long serving medical
and research staff in the wider roaming area with
experience as far back as the 1960 s have never iden-
tified a case of PD among the Hadzabe. Limited

exposure to environmental chemicals could be one
explanation, although it is also possible that many
individuals of this tribe never live long enough to
develop PD. Indeed, in the previous century the tribe
comprised several tens of thousands of individuals
but has declined to 1,300 individuals in 2015 with
an estimated life expectancy at birth of just 33 years
[16]. Life expectancy in hunter gatherer populations,
however, is strongly determined by high infant and
childhood mortality. Those who survive childhood
may live well into their seventies, so a woman sur-
viving to age 45 has an estimated life expectancy of
another 23 years [16]. A largely similar observation
applies to the at least 1 million pastoralist Maasai liv-
ing across vast savannah of Northern Tanzania, with
a life expectancy at birth of 45 years [17]. Over 40
years of clinical practice in the area by neurologists
and doctors of Maasai origin working in the catch-
ment area have identified just three cases of PD in
Maasai individuals, all being non-pastoralists with
higher education.

Apart from a non-sedentary lifestyle (which could
itself be partially protective against the risk of devel-
oping PD) a common factor in both tribes is a lack of
occupational exposure to pesticides. Hadzabe roam
and do not grow vegetables. A traditional Maasai diet
also does not contain any vegetables and the only
exposure to pesticides is occasional to male Maa-
sai pastoralists when cows require seasonal spraying
with the insecticide pyrethrin. This observation may
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imply a lower than average risk in those people who
are minimally or unexposed to pesticides. This obser-
vation needs caution due to the tribes’ shorter life
expectancy and small numbers. Furthermore, they
have their own traditional medicine systems and live
in remote areas, so not all health conditions will
present to hospital. Unknown genetic factors (e.g.,
risk genes selected out of nomadic populations due
to impaired mobility) may also play a role. There
has never been a prevalence study to try and identify
people who might have PD in these populations. No
other studies on PD in hunter gatherer populations are
available, but the absence of other conditions in other
hunter gatherers may suggest favorable environmen-
tal factors, such as the absence of acne vulgaris in
the Kitavan Islanders of Papua New Guinea and the
Aché Hunters of Paraguay [18]. The apparently low
incidence of PD among these hunter gatherer pop-
ulations is an area that is worthy of further detailed
study.

RISE OF PESTICIDE USE IN SSA

Compared with the rest of the world, Africa’s use
of pesticides is lower due to its geography with less
arable land, restricted resources. and smaller scale
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farming methods (Fig. 2). Pesticide use in SSA has
tripled over the past decades (Fig. 3) making it the rel-
atively fastest growing pesticide market [12, 13, 19].
Data on pesticide usage over time in Africa are only
available for 18 of 54 African countries and mainly
those situated North of SSA [12]. There are no reli-
able figures on the longer term use of pesticides in
Africa in the more distant past. In Tanzania under
a period of socialism in the 1960s-1980 s pesticides
were widely used and often available for free in order
to encourage people to grow their own crops and to
be self sufficient.

Pesticides are reasonably affordable and available
over the counter for the SSA citizen. The omnipres-
ence of pesticides is illustrated by common hospital
admissions across all ages and throughout 4 decades
of neurological disorder registration in Tanzania
for acute intoxications with organophosphates and
paraquat, with an almost 25% mortality in 47 adult
cases and a median age of 31 years ([20], WPH per-
sonal communication).

Apart from acute intoxications, chronic exposure
to pesticides does not only apply to farmers but also to
all consumers of pesticide-treated food. Organophos-
phates, for instance, are lipophilic and accumulate
in brain tissue which may already start in utero fol-
lowing maternal exposure. Breast milk and common

Fig. 2. Total pesticide use by continent worldwide. Compared with the rest of the world, Africa’s use of pesticides is lower due to its
geography with less arable land, restricted resources and smaller scale farming methods (https://www.fao.org/faostat/en/#data/RP, Accessed

October 17, 2023).
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Fig. 3. Total pesticide use in tonnes in Africa 1990-2021. Pesticide use in SSA has tripled over the past decades. (https://www.fao.org/faostat/

en/#data/RP, Accessed October 17, 2023).

Fig. 4. Tanzanian farmers using pesticides (photo with permission of depicted individuals, RJ Mwezi).

foods in SSA were shown to contain alarming quan-
tities of pesticides linked to PD pathogenesis [1, 4,
5, 14, 15]. Although governmental guidelines are in
place, limited training and materials are available to
protect the SSA farmer [21-23]. Most are subsistence
farmers and frequently manage to grow only enough
crops sufficient for their own use. They may spend
a lifetime of manual labor on their fields, with their
hoes as the only equipment and bare-hand applied
spray pesticide as their guarantee of yield (Fig. 4).

Discussion of ‘pros and cons’ of pesticides in the
community and education on how to mitigate risks
of pesticide use is still in development and subject to
non evidence based perceptions among farmers and
retailers, and to restricted resources [21-23].

In comparison to high income countries where pes-
ticides are mainly applied to optimize crop yield, in
SSA they are needed to prevent hunger and infectious
disease such as malaria, which still results in 250
million cases and causes over half a million deaths
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annually [24]. The success of pesticides is illustrated
by the example of tsetse fly transmitted trypanosomi-
asis, a major parasitic infection of humans and other
large mammals which used to ravage African society
over the previous centuries, but now largely eradi-
cated by virtue of regular pesticide wash for cattle.
Subsistence crops which have benefited in particu-
lar from better pest control in terms of better crop
yield have improved the overall nutritional status of
a mainly young population in SSA. They include the
staple foods maize, cassava and wheat and rice. The
last recorded major large scale famine in SSA was
almost 40 years ago although periodic food short-
ages continue to occur because of local climatological

changes and political conflict.

A GLOBAL RESERVOIR

Analogous to the human brain as a reservoir for
lipophilic pesticides, SSA is a global chemical reser-
voir for phased out pharmacological and chemical
compounds, with pesticides being an example. Pes-
ticides banned in the country of manufacture may

continue to be exported to global destinations such as
SSA [14,25]. Figure 5 depicts the number of banned
all-purpose hazardous pesticides specified for SSA
countries, showing the median position of Tanzania
being a rather representative country for this region
[25, 26]. Table 1 lists a number of PD-linked pes-
ticides and their status in Tanzania [1, 5, 25-32].
Most presently known PD linked pesticides have been
banned in many areas of the world, particularly in
high income regions, yet some of these pesticides
continue to be used in SSA. Table 1 also shows
organochlorines linked to PD [5, 25] which have been
banned in many countries including SSA but still
being used in the United States. Despite documented
adverse effects on the ecosystem and carcinogenic
risks, hazardous pesticides persist in SSA for lack
of affordable and safer alternatives to control famine
and epidemics. Some of those banned decades ago
have a sheer ineradicable presence in the ecosystem
[14, 15, 21], hence SSA can be viewed as the ‘tip’
of a global chemicals chain, a reservoir for various
chemical products of which pesticides are a most

concerning example.
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Fig. 5. Number of banned all-purpose pesticides per country (https://pan-international.org, Accessed October 1, 2023). EU, European Union;
UK, United Kingdom; DRC, Democratic Republic of Congo; CAR, Central African Republic.



Table 1
Pesticides linked to Parkinson’s Disease globally and in Sub-Saharan Africa [1, 5, 25-33]

Name Pesticide WHO Study findings Banned in: United Registration status Countries of Reference
type* class** States (US), Canada in United imported pesticide
(C), European Union Republic of origin
(EU) or United Tanzania****
Kingdom (UK)*#**
Aldrin Organochlorine O Widely in use in SSA in the 1980s and EU/UK (1991) Banned [1, 15, 25-27]
1990s. Banned in most countries US (1974)
worldwide due to multisystem toxicity. C (1974)
Dieldrin is its extremely stable
metabolite.
Atrazine Chlorinated 3 Detected throughout African diet foods EU/UK restriction to Full Switzerland, [14, 25-27]
triazine in SSA total diet study. essential use (2004) Kenya, China,
South Africa
Chlorpyrifos Organophosphate 2 Most commonly sold pesticide EU/UK: widely used Full Israel, Germany, [6, 14, 25-27]
worldwide [18-21]. One of the most US: ban for food China, Kenya
important pesticides in a PD prevalence production only
community study in Tanzania [6]. The (2021)
most prevalent pesticide in a study on C phase out (2021)
SSA total daily diet, with exceptionally
high concentrations in smoked fish
products from Western Africa [14]. Fish
in smoked or salted form is an important
affordable source of animal protein in
many parts of Africa and is promoted to
optimize children’s growth.
Copper sulphate Heavy metal 2 Non biodegradable but listed as organic EU/UK: repermitted Full Norway, Italy, [5, 6, 25-27]
(basic and pesticide. In use in agriculture since the (2009) after initial ban Germany
pentahydrate) 1700s. One of the most important (2002)
pesticides along with chlorpyrifos in a
PD prevalence community study in
Tanzania [6]. Among 10 pesticides
leading to significant cell death in vitro
associated with PD occurrence and
exposure in US heat map study [5]
Diazinon Organophosphate 2 Significantly elevated odds ratios in PD EU/UK (2006) Full Singapore [14,25-27, 29]

case control study [29]

US: phase out for
residential use (2004)
but still available
(2023)

(Continued)
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Table 1
(Continued)
Name Pesticide WHO Study findings Banned in: United Registration status Countries of Reference
type* class** States (US), Canada in United imported pesticide
(C), European Union Republic of origin
(EU) or United Tanzania****
Kingdom (UK)***
Dichlorodipheny- Organochlorine 2 DDT used to be a major insecticide EU/UK (1986) Ministry of Health [15,25-27]
Itrichloroethane globally. Purpose in SSA to control US: 1972 commissioned use
(DDT) malaria but increasingly banned. Breast C: 1990 in very
milk study from Ethiopia showing recent exceptional
metabolites which indicate illegal use circumstances
and bioaccumulation through mother- only
infant transmission [15].
Dicofol Organochlorine 2 Among 10 pesticides leading to EU/UK severe Banned - [5, 24-26]
significant cell death in vitro associated restrictions (1991)
with PD occurrence and exposure in US
heat map study [5]
Dieldrin Organochlorine (0] Extremely stable metabolite of aldrin. EU/UK (1981) Banned - [1, 15, 25-27]
Banned in most countries worldwide due US (1974)
to multisystem toxicity, in US since C (1984)
1975.
Diquat dibromide Dipyridyl 2 Second most potent of ten pesticides EU/UK (2018) Full China [5,25-27, 29, 31]
leading to significant cell death in vitro C: phase out
associated with PD occurrence and
exposure in heat map study [5]
Endosulfan Organochlorine 2 Among 10 pesticides leading to EU/UK (2012) Banned - [5,25-27]
significant cell death in vitro associated US (2016)
with PD occurrence and exposure in US C (2018)
heat map study [5]
Endothal-sodium Organochlorine 2 Among 10 pesticides leading to US (1996) Banned - [5,25-27]
significant cell death in vitro associated
with PD occurrence and exposure in US
heat map study [5]
Folpet Phthalimide U Third most potent of 10 pesticides EU/UK suspended Banned - [5,25-27]
fungicide leading to significant cell death in vitro registration (2018)

associated with PD occurrence and
exposure in US heat map study

1444
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Glyphosate Organophosphate 3 Roundup® (Bayer Inc.) is most EU/UK ban for Full Switzerland, [25-27, 29]
commonly used pesticide in Canada household use (2017) Germany, China,
otherwise widely used India, Israel,
US phase out started Kenya
(2023)
C use increased but
ban for household use
pending
Heptachlor Organochlorine O Banned in most countries worldwide due US (1987) Banned - [1,25]
to severe toxicity C (1991)
EU/UK (1984)
Malathion Organophosphate 3 Significantly elevated odds ratios in PD EU/UK partial ban Full Kenya [25-27,29]
case control study [29] and restricted use in
greenhouses (1986)
C (2018)
Maneb Dithiocarbamate U Exposure to the dithiocarbamate maneb EU/UK (2009) US Full registration India, China [5, 21, 25-27, 30]
fungicide induces Parkinson’s disease-like (2017) for Mancozeb
(combination neurotoxicity in mice. Among 10
of manganese pesticides leading to significant cell
with ethylene death in vitro associated with PD
bisdithiocarba- occurrence and exposure in US heat map
mate) study [5] Mancozeb is a related pesticide
that consists of Maneb and is still
registered for use being regarded as safer
alternative for highly hazardous
pesticides by WHO/FAO.
Naled Organophosphate 2 Fourth most potent of 10 pesticides EU/UK (2005) Banned - [1,5, 25, 26]
leading to significant cell death in vitro
associated with PD occurrence and
exposure in US heat map study
Paraquat Dipyridyl 2 Several studies link paraquat to risk of EU/UK (2007) Restricted Switzerland, [1,5,25-29, 31]
PD. One of two most common C (2018) Taiwan, China,
intoxications in a semirural Tanzanian Kenya, South
hospital over 4 decades along with Africa
organophosphate intoxication (WH
personal communication).
Parathion Organophosphate 2 Most significantly elevated odds ratios in EU/UK severe Banned - [25-27, 29]
case control study on pesticide exposure restriction (2003)
in PD [29] US (1998)
C (2013)
(Continued)
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Table 1
(Continued)
Name Pesticide WHO Study findings Banned in: United Registration status Countries of Reference
type* class** States (US), Canada in United imported pesticide
(C), European Union Republic of origin
(EU) or United Tanzania****
Kingdom (UK)*#**
Permethrin Pyrethroid 2 Permethrin is on the World Health Widely used EU/UK Full Switzerland, [14, 25-28]
Organization’s List of Essential (2003) Kenya
Medicines and a registered pesticide US/C restricted use
throughout East Africa. Well known
chemical for mosquito net impregnation
and treatment of scabies and lice and
other parasites. In a SSA total daily diet
study, permethrin significantly
contaminated 44% of beans, and 25% of
cassava [14]. Beans are a source of
protein and cassava is the first staple
food for the African continent before
maize, preventing starvation in case of
failing harvests.
Propargite Organosulfite 2 Single most potent of all 10 pesticides EU/UK (2011) Full [5,25-27]
acaracide/miticide studied, leading to significant cell death
in vitro associated with PD occurrence
and exposure in US heat map study [5]
Rotenone Naturally 2 A pesticide known to be linked to PD for EU/UK (2009) Banned - [1,25-27, 32]
occurring almost 4 decades US/C phase out
isoflavone except for as piscicide
derived from
certain plant
roots
Trifluralin Trifluralin U Commonly used herbicide. Among 10 EU/UK (2008) Not available [5, 25, 26]

pesticides leading to significant cell death
in vitro associated with PD occurrence
and exposure in US heat map study [5]

oy
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*Note: many pesticides can still be found in residual amounts in the soil many years after their application [1, 4, 5, 14, 15]. WHO Toxicity Class: 1a — extremely hazardous; 1b — Highly hazardous;
2 — Moderately hazardous; 3 — Slightly hazardous; U — Not Hazardous; O — believed to be obsolete. **https://www.who.int/publications/i/item/9789240005662 accessed October 1, 2023. ***
https://pan-international.org accessed October 1, 2023. ****Registered pesticides for use in the United Republic of Tanzania. Tanzania Plant Health and Pesticides Agency/Tropical Pesticides
Research Institute. www.kilimo.go.tz.
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SAFETY AND EDUCATION ON
PESTICIDE USE

Education amongst SSA farmers and retailers
regarding pesticide use and its possible longer term
effects is minimal [13, 19, 21-23]. While pesticide
safety regulations are in place they are not strictly
enforced, and farmers may apply the chemicals with-
out formal training on their proper use. Protective
equipment may not be available or not used con-
sistently [13, 19, 21-23]. Pesticides are frequently
decanted on the shop counter or field, and applied
without the use of personal protection by gloves,
gown, ormask [21,22] (Fig. 5). Recent studies have in
fact questioned the efficacy of protective equipment
against pesticide toxicity, so more work and effort is
needed to better protect those working with pesticides
[1,21,22]. Although farmers are commonly aware of
possible harmful consequences, knowledge is limited
and mostly concerns acute poisoning [20]. Raising
awareness and policy implementation with enforce-
ment of regulations and process were identified as
the key issues in pesticide handling [21-23]. The
majority of pesticide retailers in a Tanzanian survey
were young adults who had not attended secondary
school education, although almost half of them had
attended a dedicated pesticide training course offered
by governmental or non-governmental organizations
[21]. As an illustration, pesticides were commonly
recommended as being effective when the user had
experienced direct side effects, such as skin and eye
irritation or difficulty in breathing [19, 21, 22]. Use of
combined pesticide ‘potions’, which have a stronger
association with PD than single pesticides [5, 21], are
commonly based on a relative or neighbor’s advice
rather than product label instructions [19, 21, 22].

RISK BENEFIT RATIO

The risk benefit ratio of the increasing use of insec-
ticides in SSA highlights the vexing dilemma of
their possible longer term damage versus their proven
acute survival benefit. An argument that was histor-
ically very valid in SSA may now be less so. Life
expectancy in SSA has improved and the burden of
non-communicable diseases is increasing alarmingly,
largely driven by high rates of hypertension, diabetes,
and obesity, mostly secondary to changes in diet and
lifestyle [33]. This a strong argument in favor of a
safer approach to nutrition and in particular to safer
insecticides and for a quantitative decrease in their

use. The role of more specific risk factors for PD
including diet, genetics, smoking and head trauma
have not been studied in depth to date in SSA and
will need to be assessed in future studies [9]. Such
studies will have to be tailored to the specific cir-
cumstances in SSA, including the resources available
to perform research. For example, recent work has
started to identify specific genetic risk factors for PD
that are particularly relevant for African populations
[3]. Exposure studies could address continued use of
certain highly toxic pesticides that have already been
banned in many western countries. Registry stud-
ies using for instance medical claims databases are
difficult to perform due to a need of uniform, stan-
dardized registration mechanisms which are likely to
be lacking in most of SSA. Longitudinal cohort stud-
ies will likely be expensive and highly dependent on
the scarcely available human resources, limiting their
feasibility. But case control studies might prove an
effective strategy to gather more specific evidence
for this part of the world.

CONCLUSION

When the epidemiological and experimental evi-
dence of a causal link between pesticide exposure and
PD is viewed in the light of increased life expectancy,
rural SSA in particular can expect a rise in the bur-
den of PD. Increased use of pesticides and exposure
to the present African population could lead to larger
numbers of individuals with PD in future generations.

Pesticides in SSA underlie a societal dilemma,
having sacrificed safety for production: they are crit-
ical for both food security and for control of acute
human infectious disease. Affordable and less neuro-
toxic pesticides or non-chemical alternatives to the
use of pesticides (such as biological farming) are
urgently needed. As the Parkinson pandemic con-
tinues to unfold, it will inevitably shed more light
on the critical role of pesticides in PD in SSA and
worldwide.
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