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A B S T R A C T

Background: Agricultural pesticide poisoning is a major contributor to the global burden of suicide. Over the last
decade there has been a marked decrease in the incidence of suicide worldwide. It is unclear whether pesticide
poisoning still plays a significant role in the global incidence of suicide.
Methods: WHOmethod-specific suicide data were supplemented by a systematic review of the literature between
2006 and 2015, including searches of thirteen electronic databases and Google, citation searching and a review
of reference lists and personal collections. Our primary outcome was the proportion of total suicides due to
pesticide poisoning. Weighted estimates were calculated for seven WHO regional and income strata.
Results: We identified data from 108 countries (102 from WHO data, 6 from the literature). A conservative
estimate based on these data indicates that there were approximately 110,000 pesticide self-poisoning deaths
each year from 2010 to 2014, comprising 13.7% of all global suicides. A sensitivity analysis accounting for
under-reporting of suicides in India resulted in an increased estimate of 168,000 pesticide self-poisoning deaths
annually, that is, 19.7% of global suicides. The proportion of suicides due to pesticide self-poisoning varies
considerably between regions, from 0.9% in low- and middle-income countries in the European region to 48.3%
in low- and middle-income countries in the Western Pacific region.
Limitations: High quality method-specific suicide data were unavailable for a number of the most populous
countries, particularly in the African and Eastern Mediterranean regions. It is likely we have underestimated
incidence in these regions.
Conclusion: There appears to have been a substantial decline in fatal pesticide self-poisoning in recent years,
largely driven by a reduction in overall suicide rates in China. Nonetheless, pesticide self-poisoning remains a
major public health challenge, accounting for at least one-in-seven suicides globally.

1. Introduction

Self-poisoning with agricultural pesticides is a major contributor to
the global burden of suicide (World Health Organisation, 2014). In a
review of the international literature from 1990 to 2007, we estimated
that this method was used in approximately one-third of the world's
suicides, accounting for an estimated 260,000 deaths per year (Gunnell
et al., 2007a).

Pesticide self-poisoning is particularly prevalent in South Asia,
South East Asia and China. China is the world's most populous country
and previously had relatively high rates of suicide; a previous review
(Phillips et al., 2002) indicated that 62% of suicides in China were due
to pesticide poisoning. However, since the publication of this review,
overall suicide rates have fallen by over one third in China (Liu et al.,
2015) and by approximately 10% globally (World Health Organisation,
2014), and a number of countries have implemented strategies to
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reduce the burden of pesticide suicides (Cha et al., 2016; Pearson et al.,
2015). For this reason a review of the continued contribution of
pesticide poisoning to the global incidence of suicide is timely.

This paper presents an updated systematic review of the contribu-
tion made by pesticide self-poisoning to the global burden of suicide.
The review is based on method-specific suicide mortality data drawn
from World Health Organisation (WHO) mortality statistics (Ajdacic-
Gross et al., 2008; World Health Organisation, 2015). We supplemented
this data with research published since 2006, drawing on a wider range
of bibliographic databases than previously used.

2. Methods

This systematic review is reported according to the PRISMA guide-
lines for systematic reviews and is registered through PROSPERO
(Protocol No. CRD42015023804) (Mew et al., 2015; PRISMA, 2009).

The primary outcome of interest when identifying and extracting
data was the proportion of total suicides due to pesticide poisoning. In
this review, the term pesticides includes insecticides, rodenticides,
herbicides and fungicides.

2.1. Data searches

2.1.1. World Health Organization mortality data
Where available, the number of suicides for all ages (sum of deaths

coded using International Classification of Disease (ICD), Tenth
Revision (ICD-10) codes X60-X84) and the number of suicides (all
ages) by pesticide poisoning (ICD-10 X68) for each country were
obtained using the World Health Organization Cause of Death Query
Online Database for the most recent year with available data (or the
two most recent years if there were less than 500 suicides per year)
between 2007 and 2015 (World Health Organisation, 2015). The
median year from which data were used was 2012, ranging from
2006 to 2014.

2.1.2. Published literature
We searched thirteen electronic databases to identify papers pub-

lished between 2006 and 2015, which document the use of pesticides in
self-harm (Appendix A): African Journals Online, African Index Med-
icus, AGRIS, Global Health Library, IMEMR, IMSEAR, INDMED, KOR-
EAM ED, LILACs, PubMed, PsycInfo, Web of Science, WPRIM. All
searches were performed in English. The database search was supple-
mented with: (1) A review of the reference lists of papers from which
data were extracted; (2) Citation searches of eight key publications
including our original review (Bertolote et al., 2006a, 2006b;
Eddleston, 2000; Eddleston et al., 2002; Eddleston and Phillips, 2004;
Gunnell et al., 2007a; Gunnell and Eddleston, 2003; Jeyaratnam, 1990)
using Google Scholar; (3) A review of papers from personal collections;
and (4) An Internet-based search using Google for suicide data of the
three most populous countries in each region for which data remained
unavailable.

A full description of the search terms for each database can be found
in Appendix A. The WHO librarian was consulted regarding the
development of the search strategy. The search terms, where possible,
combined the concepts: pesticides AND (suicide OR self-harm) AND
epidemiologic methods. A second search was performed without using
the ‘epidemiologic methods’ search term as a filter and did not yield any
additional articles meeting the inclusion criteria.

2.2. Data selection and extraction

The inclusion and exclusion criteria are listed in Table 1. For regions
lacking data that met the inclusion criteria, studies that provide an
insight into the burden of pesticide self-poisoning but did not meet the
inclusion criteria have been discussed in the results section. These
studies did not however inform the regional and global estimates.

We identified relevant papers in three stages (Fig. 1). The first stage
involved title and abstract screening (EM). If it was unclear whether a
paper fit the inclusion criteria, the paper was included for full-text
retrieval. Mid-way through the title/abstract review, the inter-rater
agreement between EM and an experienced reviewer (DG) based on
100 citations yielded a kappa score of 0.86, suggesting good agreement.
The second stage involved the screening of full-text articles (EM) for
eligibility. At the early stages of full-text review, based on 20 full-text
articles, the kappa score was 0.57. This suggested moderate levels of
inter-rater agreement between EM and an experienced reviewer (DG).
The less experienced reviewer tended to be over-inclusive compared to
the more experienced reviewer. Following both exercises EM modified
the criteria for article inclusion.

The final stage involved thorough evaluation of the remaining full-
text articles by PP and DG independently. Data extraction forms were
completed for each article. Where there was disagreement regarding
inclusion or the quality score, this was resolved through discussion
between reviewers. There was no disagreement on any papers that were
included in the final estimates.

The data extraction form, which includes a quality assessment tool,
was created and finalised by DG after a pilot and discussion with co-
authors (Appendix B). Factors included in the quality assessment tool
were: representativeness of the study sample, size of study, recency of
data, quality of suicide death ascertainment and availability of infor-
mation on both pesticide and total suicides.

2.3. Data synthesis

Data were categorised according to seven strata described in the
2014 WHO Preventing Suicide Report (World Health Organisation,
2014). High-income countries form a single stratum whilst low- and
middle-income countries (LMICs) are divided into six strata: Africa
(AFRO), the Americas (AMRO), Europe (EURO), Eastern Mediterranean
(EMRO), South-East Asia (SEARO) and Western Pacific (WPRO).

Where there were several sources of data available for a single
country, WHO data was prioritised unless more recent national data
were available in the published literature. There were eight countries
for which both national published literature and WHO data were
available; the estimates of pesticide suicides in all eight countries
differed by less than 5% between the two sources. The quality rating
was used to differentiate between published papers from the same
country. If there were two papers with the same quality rating, we
considered geographical comprehensiveness, recency of data and
whether the data were disaggregated by year.

Where the data sources only present data for a subset of pesticide
deaths (e.g. insecticide deaths, rather than combined deaths from
insecticides, rodenticides, herbicides and fungicides), we specify this
in the text; such figures will lead to under-estimates of the overall
number of pesticide suicides.

Pesticide suicides as a proportion of overall suicides were calculated
for each data source. This calculation was based on the most recent year
for which data were provided. Where there were fewer than 500 total
suicides reported in the most recent year, the percentage of pesticide
suicides was calculated based on the two most recent years.
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Table 1
Inclusion and exclusion criteria.

Field Inclusion criteria Exclusion criteria

Language Any language Where only the title was available in English, papers were not translated if the
title indicated the paper would yield irrelevant resultsWhere only the title was available in English, papers were only

translated if the title suggested the paper may yield relevant results

Years included Data from 2006 onwards Pre−2006 data
Where suicide data is available for a range of years without a
breakdown by individual year, papers were included if the median year
was 2006 or later

Publication status Research published in peer-reviewed journals, government reports, WHO
data

Grey literature such as research reports and PhD theses

Type of data Quantitative Qualitative

Study design Ecological, case-control, cohort, cross-sectional and case series. Studies
were only included if they reported >10 suicides

Reviews, small cohort and case reports which report less than 10 suicides,
ethnographic studies, biochemical studies, laboratory studies, editorials, letters,
clinical studies evaluating treatment or clinical outcomes

Study population General population Hospital-based studies a) where the catchment population is unclear or b) that
only present in-hospital deaths
Restricted age groups (e.g. 10–25 year olds) or children
Restricted gender

Setting National data on any country Regional data of any country if total suicides for population covered are not
provided.Regional data of any country if total suicides for the population covered

are provided
Exposure Pesticides: herbicides, insecticides, fungicides and rodenticides Data limited to a sub-group of pesticides
Outcome Number of completed suicides using pesticides as a proportion of all

suicides in the area studied
Suicidal ideation, non-fatal suicide attempt

Fig. 1. Flow diagram illustrating stages of the review process.
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A weighted average of the percentage of pesticide suicides was
calculated for each of the seven WHO strata. Weightings were based on
the national total number of suicides reported. Where this was not
reported in a paper, an estimate was obtained from 2012 WHO data
(World Health Organisation, 2014). We obtained population data from
The World Bank (The World Bank, 2015).

To estimate the global burden of pesticide suicides, the weighted
average percentage of pesticide suicides for each regional mortality
stratum was applied to the total number of suicides in each stratum, as
reported by the WHO (World Health Organisation, 2014). We did not
attempt to capture uncertainty in the estimate for each region (e.g.
through interquartile ranges or 95% confidence intervals) because the
quality and quantity of data differed for each region, making such
estimates non-comparable and in some cases implausible.

To account for under-reporting in India, a sensitivity analysis was
performed, based on Patel et al.’s nationally representative survey
conducted between 2001 and 2003 and used to estimate the overall
and method-specific suicide mortality in 2010 (Patel et al., 2012). We
performed this analysis for India because: (1) it is the second largest
country in the world; (2) has a high incidence of pesticide suicides
(which makes a significant contribution to the global estimate); (3)
there are strong grounds for concern that the official estimates of the
incidence of suicide in India may be under-estimates (Patel et al.,
2012); and (4) this approach is consistent with the approach taken in
our previous review (Gunnell et al., 2007a).

3. Results

The estimate of the global burden of fatal self-poisoning with
pesticides is based on data from 108 countries. The data for 102 of
these countries were obtained from the WHO's Mortality Database
(World Health Organisation, 2015). Data for the remaining six coun-
tries, which include the world's most populous countries, India and
China, were derived from published literature. Method-specific WHO
data were unavailable for five of these six countries, including India and
China. Table 2 provides a summary of overall and pesticide suicides
annually for each of the regions/income strata.

3.1. High-income countries

The estimate for high-income countries is based on national data
from 56 countries (Chang et al., 2012; World Health Organisation,
2015) as well as published regional data from Greece (Kastanaki et al.,
2010), overall covering 89.7% of the stratum's population. Out of the
three most populous countries within this stratum, data were available
for the United States of America and Japan, but not for the Russian
Federation.

The weighted estimates of the percentage and annual number of
suicides due to pesticides in high-income countries are 1.7% and 3300
respectively. Many countries (44%) reported no suicides due to
pesticides.

3.2. LMICs in WHO African Region (AFRO)

Data on suicide, and more specifically on methods used, are scarce
in LMICs in the African region. A number of studies did not meet the
inclusion criteria as they either did not disaggregate poisoning by type,
provided only pre-2006 data or included data on hospital admissions
only. No studies met the inclusion criteria for the three most populous
countries in the region: Nigeria, Ethiopia and the Democratic Republic
of Congo. The estimate of the proportion of suicides using pesticides is
based on WHO data from Mauritius and South Africa (World Health
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Organisation, 2015), which account for only 5.9% of the region's
population and have relatively higher incomes than many other
countries in the region.

The weighted estimate of the percentage and annual number of
suicides due to pesticides in the African region is 3.5% and 2100
respectively. However published data indicate this may be a substantial
under-estimate (see below).

Given the lack of data for the African region, we describe findings
from a number of regional studies that did not meet the inclusion
criteria for this review to provide an insight into the burden of pesticide
poisoning. Between 22–42% of hospital-presenting acute poisoning
cases in Ethiopia, Burkina Faso and Zambia were the result of pesticide
ingestion, of which 28–97% were deliberate (Abula and Wondmikun,
2006; Desalew et al., 2011; Toe et al., 2013; Z’gambo et al., 2016). In
the Rivers and Abia states of Nigeria, out of 32 suicides between 2001
and 2010, one was due to chemical poisoning although the type was
unspecified (Offiah and Obiorah, 2014). Pesticides were identified as
the cause of 36 of the 47 suicides in the Guidiguis health district of
Cameroon between 1999 and 2008 (Keugoung et al., 2013).

A systematic review of suicide in Africa, which included data from
1998 to 2013, concluded that pesticide poisoning was one of two most
frequently used methods of suicide in the continent (Mars et al., 2014).
In our previous review, based on literature published up to 2007, we
estimated that 15–33% of suicides (n=34,000 deaths) in Africa were
from pesticide self-poisoning (Gunnell et al., 2007a); we are unaware of
any recent pesticide control measures in Africa, so we suspect this range
is more plausible than our current estimate of 3.5% (n=2100 deaths)
for recent years.

3.3. LMICs in WHO Region of the Americas (AMRO)

The estimate for LMICs in the Americas is based on national WHO
data from 23 countries, including the three most populous countries,
Brazil, Mexico and Colombia. Coverage is 95.7%. All data for this
region were extracted from the WHO Mortality Database (World Health
Organisation, 2015).

There are an estimated 3100 suicides due to pesticides in the
Americas annually, accounting for 8.8% of suicides in this region.

3.4. LMICs in WHO Eastern Mediterranean Region (EMRO)

The estimate for LMICs in the Eastern Mediterranean region is based
on national WHO data from six countries, accounting for 33.4% of the
region's population. Out of the three most populous countries, Pakistan,
Egypt and Iran, data meeting the review's inclusion criteria were only
available for Egypt.

An estimated 2100 (7.1%) of the region's suicides annually are due
to pesticide poisoning. Half the countries in the region, for which data
meeting the inclusion criteria were available, reported no suicides due
to pesticides. However published data suggest this may be a substantial
under-estimate.

Pesticides are reportedly a common method of self-poisoning and
suicide in Pakistan (Khan, 2007; Khan et al., 2008; Shahid and Hyder,
2008). Amongst patients admitted to hospital due to deliberate self-
poisoning in Rawalpindi, Pakistan in 2006, 17 (21.3%) ingested
organophosphate compounds; 82.5% of those admitted were from an
urban residence (Khurram and Mahmood, 2008). In the Mianwali
District, in which 80% of the population reside in rural areas, 33 of
the 108 suicide attempts identified in 2011 were the result of pesticide
poisoning (Tahir et al., 2014).

Likewise, pesticides are commonly responsible for poisoning

amongst hospital-presenting patients in Iran (Ahmadi et al., 2010;
Islambulchilar et al., 2009; Mohseni Saravi et al., 2013). Of note, there
was evidence of an increase in aluminum phosphide self-poisoning and
mortality in Tehran following its ban in 2007 (Hosseinian et al., 2011;
Shadnia et al., 2009; Soltaninejad et al., 2007).

3.5. LMICs in WHO European Region (EURO)

The use of pesticides in acts of self-harm is uncommon in LMICs
within Europe. The estimate for Europe is based on national data from
13 countries from the WHO mortality database, covering 56.2% of the
region (World Health Organisation, 2015). Data were only available for
two out of the three most populous countries in this category: Turkey
and Romania but not Ukraine.

Amongst LMICs in the European region there are an estimated 300
suicides due to pesticides each year, which account for approximately
0.9% of suicides in the region; 31% of countries reported no suicides
due to pesticides.

According to WHO data 0.7% of suicides in Turkey were due to
pesticides in 2013 (World Health Organisation, 2015). However
published data suggest this may be an under-estimate. A paper based
on data between 1999 to 2005, reported that 16.3% of suicides were the
result of chemical ingestion (Asirdizer et al., 2010). During a similar
time period 10.1% of 955 suicides in Bursa Province, Turkey (popula-
tion approximately 2.8 million), and 17% of 285 fatal poisoning deaths,
were the result of insecticide poisoning (Birincioglu et al., 2011;
Odabasi, 2009). In the latter study, 84% of deaths were suicidal or of
undetermined intent (Birincioglu et al., 2011). Out of 427 patients
presenting to an Emergency Department in Adana, Turkey in 2004 with
suicidal poisoning, 17.6% had ingested pesticides (Akbaba et al., 2007).
In other Emergency Departments in Turkey, pesticides accounted for
9–24% of acute poisoning, of which 73–80% were with suicidal intent
(Avsarogullari et al., 2012; Aydin et al., 2014; Satar et al., 2009). Case
fatality is higher after pesticide self-poisoning than after other forms of
poisoning.

3.6. LMICs in WHO South East Asia Region (SEARO)

Data from three countries, which contribute to 69.1% of the region's
population, formed the basis of the estimate for the South East Asia
region. Sri Lankan and Indian data were obtained from published
literature (de Silva et al., 2012; National Crime Records Bureau, 2014),
whilst the WHO Mortality Database provided data for the Maldives
(World Health Organisation, 2015). Data meeting the inclusion criteria
were unavailable for Indonesia and Bangladesh, the two most populous
countries in the region after India.

The estimated percentage of pesticide suicides out of all suicides in
the region is 11.3%. Pesticides contribute to approximately 35,500
suicides annually. However published data suggest this may be a
substantial under-estimate. In Bangladesh, an estimated 7.1% of
hospital admissions were due to poisonings since 2000, of which
39.1% were due to pesticides (Dewan, 2014). Although the intent of
the pesticide poisonings was unspecified, 72.2% of poisoning cases of
all forms were with suicidal intent. In 2003, 30 (49%) of the 61 suicides
identified by a nationally representative study in Bangladesh, were due
to pesticides (Mashreky et al., 2013).

Official Indian data from the National Crime Records Bureau
(NCRB) contributed to the South East Asia region estimate in this
review (National Crime Records Bureau, 2014). The official data
estimated that in 2014, 10.9% (14,352) of India's 131,666 suicides
resulted from insecticides, compared with 19.4% (21,414) of 110,417
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suicides in 2002 (National Crime Records Bureau, 2002).
A nationally representative survey of suicide mortality in India

conducted between 2001 and 2003 indicated, however, that the
national data may substantially underestimate suicide in India (Patel
et al., 2012). Furthermore with regards to method-specific data, the
national data only disaggregates self-poisoning into “insecticides” and
“other poisons”. The lack of a more general “pesticides” category,
which also includes rodenticides, fungicides and herbicides, is likely to
result in an underestimation of the number of pesticide suicides. Patel
et al.’s survey estimated, based on data for 2001 to 2003, that in 2010
there were 187,000 suicide deaths in India and in 38.8% of these (a
total of 72,500 per year) pesticide ingestion was the method of suicide
(Patel et al., 2012), over three times higher than the figure reported in
official statistics for India (see above).

For comparison, one other study from India also met the inclusion
criteria for this review (Bose et al., 2009). In a predominantly rural part
of Vellore in South India, between 2006 and 2007, 36 of 149 (24.2%)
suicides resulted from pesticide poisoning.

Our sensitivity analysis indicated that there were likely to be an
additional 55,300 suicides and 58,100 pesticide suicides in India.
Pesticide suicides would therefore account for 38.5% of suicides in
the South East Asia region.

3.7. LMICs in WHO Western Pacific Region (WPRO)

The Western Pacific region estimate is based on national data from
four countries, which account for 92.3% of the region's population.
Data for China were obtained from a recent study of pesticide suicide
mortality (Page et al., 2017), the WHO Mortality Database provided
data from the Philippines and Fiji (World Health Organisation, 2015)
and data for Malaysia were retrieved from a national report (National
Suicide Registry, 2011).

An estimated 63,300 suicides a year are due to pesticides in the
Western Pacific Region. Pesticides account for approximately 48.3%
suicides in the region.

Data on pesticide suicides were unavailable for Vietnam, the third
most populous country in this region after China and the Philippines.

Three published papers presented data on patients admitted to
hospital following poisoning in Hanoi (Hung et al., 2008; Tuan et al.,
2009) and Gia Luong (Nguyen et al., 2010), Vietnam. In Hanoi, 45.3%
of patients who attempted suicide in rural areas between 2007 and
2008 used pesticides compared with 6.5% of patients from urban areas
(Tuan et al., 2009). Between 1999 and 2003, 9.1% of those admitted to
Vietnam's first Poison Control Centre had experienced pesticide poison-
ing (Hung et al., 2008); cases in this study were not disaggregated by
intent. In Gia Luong 62.6% of suicide attempts between 2003 and 2007
involved pesticide ingestion (Nguyen et al., 2010).

3.8. World total

A conservative estimation suggests at least 109,700 deaths occur
from pesticide self-poisoning each year, comprising 13.7% of suicides
globally. The additional sensitivity analysis, in which national data
from India has been adjusted to account for previous under-reporting
and the inclusion of insecticides only, results in an increase in the total
number of suicides globally from 798,000 to 853,300, with 167,800
(19.7%) of these deaths resulting from pesticide self-poisoning.

4. Discussion

Based on the data in this review, approximately one in seven

(110,000) of the 798,000 suicides worldwide in 2012 were the result
of pesticide self-poisoning. In our sensitivity analysis the proportion
increases to at least one in six (167,800).

These estimates should be interpreted in light of a number of
limitations. In particular, data for several regions, most notably Africa,
are lacking; but studies of hospitalisation for pesticide self-poisoning
from these regions indicate we have substantially underestimated the
number of pesticide suicides. Nevertheless, two countries dominate
global suicide and pesticide statistics, China and India, and estimates
from research studies were available for both (Page et al., 2017; Patel
et al., 2012).

Our estimate indicates that there has been a reduction in the
number of pesticide suicides worldwide since 2006 (from 260,000 to
110,000), which has occurred in the context of a 9% decrease in the
WHO estimate of the overall number of suicides between 2000 and
2012 (from 883,000 to 804,000) (Gunnell et al., 2007a; World Health
Organisation, 2014). These global changes have occurred in the context
of marked economic growth, population shifts from rural to urban areas
and the introduction of regulation to reduce access to the most toxic
pesticides (Cha et al., 2016; Gunnell et al., 2007b; Knipe et al., 2017;
Zhang et al., 2014). The biggest drivers of this change are likely to be
the decline in suicides in the Western Pacific region combined with the
reduction in the proportion of suicides due to pesticides in both China
and India where rapid urbanisation has decreased the proportion of the
population that has daily access to agricultural pesticides (see below).
The percentage of suicides due to pesticides has fallen from approxi-
mately 62% (Phillips et al., 2002) to 49% (Page et al., 2017) in China
and (for insecticides only) from 19.6% (National Crime Records Bureau,
2005) to 10.9% (National Crime Records Bureau, 2014) in India based
on official estimates, which Patel's data indicate under-estimate the
contribution of pesticide poisoning (see below) (Patel et al., 2012).

In China, over the last 25 years there has been a reduction in the
percentage of people living in rural areas from approximately 80%
down to 50% resulting in at least 300 million fewer people having
ready access to pesticides (United Nations, 2017). Furthermore the
population employed in agriculture has fallen from 50% in 2002 to 31%
in 2013 (Food and Agriculture Organisation of the United Nations,
2015). Globally, the percentage of those employed in agriculture has
fallen, particularly in East Asia and the Pacific region, which has seen a
reduction from 41.6% (average from 2000to 2002) to 8.9% (average
from 2011to 2013) of total employment. Less dramatic reductions have
been observed in South Asia (59.2% to 49.2%) and Latin America and
the Caribbean (18.2% to 14.2%). Whilst across Europe employment in
agriculture remains low (4–5%) (The World Bank, 2014). Information
on employment from Sub-Saharan Africa is more limited and varies
greatly across the continent but is currently estimated at around 65%
(2015) down from 70% to 75% over the past decade (The World Bank,
2013).

The number of fatal pesticide self-poisonings may also be influenced
by changes over time in treatment capacity, toxicity, formulations,
packaging, storage as well as absolute sales of pesticides. India for
example has experienced marked fluctuations in insecticide use, begin-
ning with a steady decline from more than 51,000 tonnes of active
ingredients in 1992 to 3000 tonnes in 2008, followed by an increase to
almost 21,000 tonnes by 2010 (Food and Agriculture Organisation of
the United Nations, 2015). Globally the pesticide industry is forecast to
grow annually by approximately 6% over the next few years with the
highest growth rates occurring in South America and Asia
(Reportlinker, 2012; Research and Markets, 2015).

The number of pesticide suicides is an under-estimation of the
burden of self-harm resulting from pesticide ingestion. Case fatality
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following pesticide ingestion ranges from between 1% to over 40%
according to the pesticide ingested and, to a lesser extent, the
availability of healthcare (Dawson et al., 2010). However based on
the crude assumption that the median case fatality across all pesticide
products ranges from 5% to 10%, the annual number of pesticide self-
poisonings ranges from one to two million.

It is widely recognised that restricting access to commonly used,
high-lethality suicide methods is an effective strategy for preventing
suicide (Barber and Miller, 2014; Mann et al., 2005; Yip et al., 2012).
This is because commonly used methods differ markedly in their
lethality- from greater than 60% for hanging, firearms and some
pesticides to< 1% for some medicines commonly taken in overdose
(Azrael and Miller, 2016). If a person is prevented from using a highly
lethal method, they may instead use a method with a lower lethality,
with an increased chance of survival, or the suicidal impulse may pass.
For example the reduction in the incidence of suicide in the UK in the
1970s was driven by falls in the toxicity (carbon monoxide content) of
the domestic gas supply (Kreitman, 1976). A number of studies indicate
that restrictions on the import or sale of high toxicity pesticides have
been followed not only by falls in the number of people dying from
pesticide self-poisoning, but also in overall suicide rates in Sri Lanka
and South Korea (Cha et al., 2016; Gunnell et al., 2007b; Knipe et al.,
2017). Equally effective, but less toxic, alternative pesticides and
agricultural practices are available and the few studies investigating
the impact of pesticide bans on crop yield have found no evidence of an
adverse effect on food production (Cha et al., 2016; Manuweera et al.,
2008).

Restricting or changing access to methods of suicide is, however,
unlikely to reduce the incidence of suicide attempts as such an
approach does nothing to alleviate the social and psychological
stressors leading to suicidal behaviour (Azrael and Miller, 2016);
indeed during the 1990s in Sri Lanka when the incidence of suicide
declined, most probably due to regulations banning a number of highly
hazardous pesticides, the incidence of suicide attempts increased
(Gunnell et al., 2007b).

4.1. Strengths and limitations

This review was more comprehensive than its predecessor (Gunnell
et al., 2007a), with the inclusion of data from 108 countries covering
approximately 70% of the global population. The findings are strength-
ened by the sensitivity analysis based on nationally representative data
from India, although this analysis assumes that the magnitude and
method-distribution of under-reporting has not changed since 2002
(Patel et al., 2012).

The main limitation is the on-going absence of high quality method-
specific suicide data for a number of the most populous countries
including Indonesia, Pakistan, Nigeria, Bangladesh and Russia. This was
particularly problematic in LMICs in the African and Eastern
Mediterranean regions, where data were only available for 5.9% and
33.4% of the regions’ populations respectively. In these two regions,
findings from studies that did not meet the inclusion criteria (Abula and
Wondmikun, 2006; Ahmadi et al., 2010; Desalew et al., 2011;
Islambulchilar et al., 2009; Keugoung et al., 2013; Khan, 2007; Khan
et al., 2008; Khurram and Mahmood, 2008; Mohseni Saravi et al., 2013;
Shahid and Hyder, 2008; Tahir et al., 2014; Toe et al., 2013; Z’gambo
et al., 2016) indicate our lack of data results in a substantial under-
estimation of the percentage of pesticide suicides. The African region
estimate is particularly unreliable as the two countries on which it is
based, Mauritius and South Africa, are unrepresentative of the rest of
the region. Nonetheless these regions are likely to have a limited impact
on the global estimate as they currently account for less than 12% of the
world's suicides (World Health Organisation, 2014).

A second potential limitation of this review is its reliance on WHO
data. Under-reporting and misclassification affect the reliability of these
data (World Health Organisation, 2014). However, where national
published data were available to compare with WHO data (8 countries),
the estimates of pesticide suicides differed by less than 5% between the
two sources. Furthermore the extent to which WHO estimates are based
on the same sources as the national published data is unknown. In
comparison, small, focussed studies indicate the WHO data may
substantially underestimate the burden of pesticide self-poisoning,
particularly in rural areas (Abula and Wondmikun, 2006; Keugoung
et al., 2013; Toe et al., 2013).

The third limitation is our crude assumption that the percentage of
suicides due to pesticides within each country in a region is likely to be
similar.

Within the high-income stratum, data were available and included
for a number of countries which were not included in the 2014 WHO
suicide estimate for that stratum: Aruba, Bermuda, Cayman Islands,
Hong Kong, Puerto Rico, Taiwan, Turks & Caicos Islands and Virgin
Islands. The percentage of pesticide suicides for this region may
therefore be an over-estimate. The high-income region estimate how-
ever has minimal impact on our estimate of the global percentage of
pesticide suicides.

Finally, the number and percentage of pesticide suicides globally is
likely to be an underestimate due to poor data collection, particularly in
rural areas, difficulty determining intent or method, and criminalisation
and stigma of suicide.

4.2. Public health implications

This review highlights the ongoing public health burden associated
with pesticide self-poisoning. Whilst the absolute number of fatal
pesticide self-poisonings has fallen compared to our previous estimates
based on pre-2008 data (Gunnell et al., 2007a), using our conservative
estimates pesticides still account for at least one in seven of all suicides
globally. Although evidence of the effectiveness of pesticide safe
storage (e.g. in locked boxes or village storage facilities) is at present
limited (Vijayakumar et al., 2013; World Health Organisation,
International Association for Suicide Prevention, 2006, World Health
Organisation, 2016), there is now a growing evidence-base to support
the role of restricting access to pesticides through targeted sales bans in
reducing suicide (Cha et al., 2016; Gunnell et al., 2007b; Knipe et al.,
2017).

4.3. Conclusions

Pesticide self-poisoning remains a major public health concern.
Although there appears to have been a substantial decline in recent
years largely driven by a reduction in suicide rates in China, pesticide
self-poisoning continues to account for at least one in seven suicides
globally. Furthermore, given the lack of data for several regions, this is
likely to be a substantial under-estimate. Progress has been made in
terms of data collection and policy, but these improvements remain
uneven. Low quality method-specific data on suicides is a particular
problem in Africa, where the percentage employed in agriculture
remains high. Urgent efforts are needed to improve the comprehen-
siveness and quality of such data in order to obtain better estimates of
global pesticide suicides that would aid in the development and
assessment of method-restriction approaches to suicide prevention.
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Appendix A. Search strategy

Electronic
database

1st search
(2015)

Citations
returned

2nd search
(2015)

Citations
returned

Search terms

PUBMED 31/01 1485 26/12 93 (“Pesticides"[Mesh] OR pesticide* [TIAB] OR
herbicide* [TIAB] OR insecticide* [TIAB] OR
rodenticide* [TIAB] OR paraquat* [TIAB] OR
organophosphate* [TIAB] OR organophosphorous
[TIAB] OR agrochemical [TIAB] OR carbamate*
[TIAB] OR organochloride* [TIAB] OR “aluminum
phosphide" [TIAB] OR fungicide* [TIAB]) AND
("Suicide"[Mesh] OR suicide* [TIAB] OR "self-
injurious behaviour" [TIAB] OR suicidal [TIAB] OR
"drug overdose" [TIAB] OR self-harm* [tw] OR "self
harm" [tw] OR self-destruct* [tw] OR "self destruct"
[tw] OR self-poison* [tw] OR poison* [tw] OR "self
poison" [tw] OR self-inflicted injur* [tw] OR "self
inflict" [tw] OR overdose* [tw]) AND
("epidemiologic methods"[Mesh] OR "Comparative
Study"[Publication Type] OR "OUTCOME AND
PROCESS ASSESSMENT (HEALTH CARE)"[Mesh]
OR "statistics and numerical data "[Subheading] OR
"Evaluation Studies "[Publication Type] OR "meta
analysis "[Publication Type] OR "multicenter study
"[Publication Type] OR mortality [TIAB] OR
incidence [TIAB] OR prevalence [TIAB] OR
surveillance [TIAB]).

AGRIS 04/02 89 26/12 0 “ “
PSYCInfo (Ovid) 31/01 490 26/12 38 ((Pesticide? or insecticide? or rodenticide? or

herbicide? or paraquat or organophosphate? or
carbamate? or organochloride? or fungicide? or
aluminum phosphide or organophosphorus? or
agricultural? or agrochemical?).af) and ((suicide/ or
suicide, attempted/ or self-injurious behaviour/ or
suicidal behaviour/or drug overdose/ or attempted
suicide/ or self destructive behaviour/ or drug
overdoses/ or suicidal ideation/ or injuries, self
inflicted) or (self-harm$ or self?harm$ or suicid$ or
self-destruct$ or self?destruct$ or self-poison$ or
poison$ or self?poison$ or self-inflict$ or self?inflict
$ or overdose$).tw).

Web of Science 02/02 249 26/12 42 (suicide* or self-harm) and pesticide*
African Journals

Online
04/02 0 26/12 0 (suicide or self-harm) and pesticide

African Index
Medicus

03/02 0 26/12 0 “ “

Global Health
Library

02/02 187 26/12 0 “ “

IMEMR 03/02 3 26/12 0 “ “
IMSEAR 04/02 15 26/12 0 “ “
INDMED 04/02 1 26/12 0 “ “
LILACs 04/02 9 26/12 2 “ “
WPRIM 04/02 8 26/12 3 “ “
KOREAMED 04/02 3 26/12 1 1st search: suicide and pesticide

2nd search: self harm and pesticide
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Risk of bias tool (only complete for studies that will contribute to suicide estimate).

Item Score
(x in appropriate box)*

Representativeness of the study sample
Nationally representative mix of urban and rural areas (4*)
Single city /non representative population (0*)
Size of study and recency of death data:
>100 suicides and post 2010 data (4*)
50–100 suicides and post 2010 data (3*)
10–50 suicides and post 2010 data (2*)
> 100 suicides and data between 2006 and 2010 (2*)
< 100 suicides and data between 2006 and 2010 (1*)
Quality of suicide death ascertainment
verbal autopsy/ national reporting system (2*)
Other (0*)
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Information on pesticide suicides + total suicides
Data on pesticide suicide + total (all method) suicide (2*)
Studies that only give numbers of pesticide suicides (0*; in these latter studies we would need to rely on national suicide data

for a denominator for proportion of pesticide suicides)
Total

*Tick zero if unclear/not specified.
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