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Objective
To investigate the effect of 3-year phased bans of the pesticides dimethoate and fenthion in
2008–2010, and paraquat in 2009–2011, on suicide mortality in Sri Lanka.

Methods
Age-standardised overall, sex-specific, and method-specific suicide rates were calculated
using Sri Lankan police data (1989–2015). Using negative binomial regression models, we
estimated the change in the rate and number of suicide deaths in post-ban years (2011–15)
compared to those expected based on pre-ban trends (2001–10).

Findings
Overall suicide mortality dropped by 21% between 2011 and 2015, from 18.3 to 14.3 per
100,000. The decline in pesticide suicides during this same period was larger than for overall
suicides: from 8.5 to 4.2 per 100,000, a 50% reduction. This was accompanied by a smaller
concurrent rise in non-pesticide suicide mortality with a 2% increase (9.9 to 10.1 per 100,000).
In 2015, the ratio between the observed and expected pesticide suicide rates was 0.49 (95%
confidence interval [CI] 0.40, 0.62), corresponding to an estimated 937 (95% CI 574, 1389)
fewer pesticide suicides than expected from pre-ban suicide rates. Findings were similar in
sensitivity analyses using 2008 or 2012 as commencement of the post intervention period.

Conclusion
Bans of paraquat, dimethoate and fenthion in Sri Lanka were associated with a reduction
in pesticide suicide mortality and in overall suicide mortality despite a small rise in other
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methods. This study provides further evidence for the effectiveness of pesticide regulation
in limiting the availability of highly hazardous pesticides and thereby reducing the number of
global suicides.

Introduction
Over 804,000 suicide deaths are estimated to occur every year; nearly 40% of these are in low
and middle income countries (LMIC) in South-East Asia [1]. Roughly 30% of all suicide deaths
are due to pesticide poisoning, with a substantial proportion (40%) of pesticide related suicides
occurring in South-East Asia [2]. Many small scale farmers keep pesticides in the domestic
environment making pesticides easily accessible. In the mid-1990s Sri Lanka had one of the
highest suicide rates worldwide (47 per 100,000), with 23,655 deaths over 3 years (1994–96)
[3]. Approximately 80% of these suicides were due to pesticide poisoning [3, 4].
Restricting access to lethal means is an effective method of suicide prevention, particularly for
impulsive acts with low suicidal intent [5]. Restricting access to toxic pesticides has been suggested as the most effective way to reduce the number of suicides in Asia [6], where most self-poisoning is impulsive [7]. Between 1970 and 1997, the Registrar of Pesticides in Sri Lanka banned
the import of a number of the most toxic pesticides [8]. Since the mid-1990s, Sri Lanka experienced dramatic reductions in its suicide rate, with 3772 fewer deaths in 2005 compared to 1995
(44% reduction) [3]. This reduction appears to be driven by the implementation of World Health
Organisation (WHO) Class I and endosulphan pesticide bans between 1984 and 1997 [3, 8].
Between 2002–2008 in Sri Lanka, the largest single class (35%) of hospital admitted pesticide
self-poisoning cases were organophosphorus insecticides, with dimethoate and fenthion having
the highest associated case fatality in this group (21% and 15% respectively) [9]. The pesticide
with the highest overall case fatality was paraquat (43%); it accounted for 6% of all admissions.
In 2008, Sri Lanka announced a 3-year phased import ban (2008–2011) of paraquat,
dimethoate and fenthion [8]. These pesticides were selected for restriction due to their pivotal
role in Sri Lankan pesticide suicides over the previous 5–10 years. For paraquat, the restrictions actually started with a reduction in the concentration of all paraquat formulations to
6.5% in 2008, followed by a 3-year phased import ban (2009–2012).
Evidence from South Korea [10] and Samoa [11] suggests that reduced access to paraquat
was associated with a reduction in the national suicide rate. In this analysis we assess the
impact on suicide trends of the phased bans of dimethoate, fenthion (2008–2010) and paraquat
(2009–2011) in Sri Lanka.

Methods
Population data
Censuses were carried out in Sri Lanka in 1981, 2001 and 2011. For the intervening years
between 1981 and 2011 we used the adjusted mid-year estimates previously described to
ensure that the any changes observed around 2011 would not be driven by the move from estimates to observed data [4]. Mid-year population estimates from 2011 onwards were obtained
from the Registrar General for Sri Lanka.

Suicide data
Suicide data were obtained from the Department of Police, Division of Statistics, Sri Lanka.
Age, sex and method-specific data were only available for 1978, 1980, 1982–1985 and 1989–
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2015. The data are available for selected years online (http://www.police.lk/index.php/crimetrends), and missing years are available upon request directly from the Department of Police.
In order to investigate trends, we restricted this analysis to the period with continuous
method-specific suicide data available (1989–2015). In 1997 an “insecticide/pesticide poisoning” suicide method category was introduced. Prior to this, pesticide poisoning was categorised in either the “poisoning” or “other method” category. We do not have any further
information about the types of methods included in the “other method” category; however we
have reason to believe that the majority of these deaths are due to self-poisoning (see supplementary methods–S1 File). Consistent with previous analyses of Sri Lanka’s suicide data [3, 4,
12], we combined the “poisoning” and “other method” categories to represent pesticide poisoning suicide deaths for the years 1989–1996.

Other related data
Using data available from the Food and Agriculture organisation of the United Nations (http://
faostat3.fao.org/) for the years 1992–2013, we assessed changes in the overall use of pesticides in
Sri Lanka. Pesticide use is measured as tonnes of active ingredients applied to crops and seeds
in the agricultural sector. We also obtained available data on average paddy yield (the main agricultural crop in Sri Lanka) between 1989 and 2014 from the Agriculture and Environment Statistics Division, Sri Lanka (http://www.statistics.gov.lk/agriculture/). We investigated changes in
trends of other risk factors for suicide, specifically unemployment and alcohol consumption.
Unemployment data were extracted from the Sri Lankan Labour Force Survey for 1990–2015.
Available data on per capita alcohol consumption (15+) in litres of pure alcohol (1989–2015)
were downloaded from the WHO Global Health Observatory Database (http://www.who.int/
gho/database/en/ - accessed 27/09/2016).

Analysis
In this analysis the outcomes of interest were changes in the incidence of: i) overall (allmethod) suicide; and ii) suicides by pesticide ingestion. The exposure was Sri Lanka’s 3-year
phased bans of paraquat (2009–2011), dimethoate (2008–2010) and fenthion (2008–2010).
Using the 2000 WHO World Standard Population [13] we calculated age-standardised suicide
rates among the population aged 8 years and over.
To identify the time period prior to the pesticide bans when trends in Sri Lankan suicide
rates were stable, we used Joinpoint regression analysis (http://surveillance.cancer.gov/
joinpoint/). We analysed trends in age-standardised pesticide suicide rates and the timing of
changes in trends (i.e. “join points”) between 1989 and 2010 (the year of the full enforcement
of the first ban). The year 2010 was chosen as the intervention year for the main analysis
because by this time the largest contributors to deaths from pesticide self-poisoning (dimethoate and fenthion) were banned. We specified a maximum of 4 join points (the recommended
maximum number of join points for the number of observations in our dataset [14]based on
the algorithmic recommendations of the software program), and fitted log-linear regression
models to detect the number and location of the join points. We presented the results of the
best fitting model (S1 Fig and S1 Table), which indicated that 2001 (95% Confidence Interval
(CI) 1997–2004) was the start of the period prior to the withdrawal of paraquat, dimethoate
and fenthion, with a consistent linear trend in overall suicide rate. The study period used for
the main analysis and sensitivity analyses described below was between 1997 (lower limit of
the CI) and 2015.
There was statistical evidence of over-dispersion in the Poisson regression models, and
therefore we used negative binomial regression to compare suicide rates after the recent
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pesticide ban in 2011–2015 with those predicted based on pre-ban trends. We calculated rate
ratios (and the change in the number of suicides) for each year in 2011–2015 compared to predicted rates based on an extrapolation of trends before the ban (2001–2010). A similar
approach has been used previously in investigating the impact of paraquat ban or economic
recession on suicide [10, 15]. We fitted negative binomial regression models which included
calendar year (single trend term), age group (11 categories starting from 8–16 up to age 61)
and sex. In order to investigate the effect of the pesticide ban we included a dummy variable
for each of the post-ban years (5 dummy variables: 2011–2015). We fitted negative binomial
models to the following outcomes:
1. Overall and sex-specific pesticide suicide rates
2. Overall and sex-specific non-pesticide suicide rates
3. Overall and sex-specific overall (all methods) suicide rates
Using the rate ratios and confidence intervals from the negative binomial models we calculated the expected number of suicides in each post-ban year (2011 onwards) by dividing the
observed number of suicides by the rate ratio estimate and its confidence interval. The number
of deaths prevented was estimated by subtracting the number of expected from the actual suicide deaths. As well as presenting sex stratified results for pesticide and non-pesticide rates, we
also formally tested whether the effect of the bans had a differential effect in males versus
females by fitting a negative binomial regression model including the post-ban years (2011–
2015) as a linear variable and an interaction term of this variable and sex.
In order to test the robustness of our results we: i) changed the start year of the period used
to investigate the method-specific suicide trends from 2001 to 1997 or 2004 (the 95% CIs
around the join point estimate of 2001); and ii) altered the start of the post-intervention
period. We altered the start of post-intervention period from 2010 to: i) 2008 (the start of the
phased ban period); and ii) 2012 based on observations that numbers of hospital presentations
for paraquat poisoning began to decline most noticeably in 2012 [16] and the fact that the
paraquat ban occurred one year after that for dimethoate and fenthion. All negative binomial
regression modelling analyses were performed using Stata 14 (StataCorp, College Station, TX).

Ethics
This study used anonymised publically available data on suicide deaths routinely collected by
the Police Department in Sri Lanka.

Results
Between 2011 (the year when dimethoate and fenthion were fully banned and two years into a
three-year paraquat ban) and 2015, the age-standardised overall suicide rate dropped by 21%
from 18.3 to 14.3 per 100,000. Pesticides accounted for 38% of suicides deaths in 2000 (start of
pre-band period) but dropped to 30% in 2015. The age-standardised pesticide related suicide
rate dropped by 50% (from 8.5 to 4.2 per 100,000) between 2011 and 2015 (Fig 1). Conversely,
the non-pesticide related suicide rate slightly rose during the same period from 9.9 to 10.1 per
100,000 (a 2% increase). Paddy (rice) crop yields and alcohol consumption increased over the
study period, whereas the unemployment rate steadily declined (Fig 1). Available data suggest
total pesticide use fluctuated over time (S2 Fig), with the lowest levels of use (insecticides and
herbicides combined) observed in 2012. These changes do not appear to be associated with
changes in suicide rates.
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Fig 1. Sri Lanka’s suicide rate (1989–2015). (a) Age-standardised suicide rate, average paddy yield*, unemployment rate and
alcohol consumption in Sri Lanka (1989–2015). (b) Age-standardised and predicted pesticide, non-pesticide and overall suicide
rate (2001–2015)
doi:10.1371/journal.pone.0172893.g001

The pesticide suicide rate for each year post-ban (2011–2015) was lower than that would be
expected based on previous trends (2001–2010)–rate ratios (RRs) ranged between 0.90 [95%
CI 0.83, 0.97] (2011) and 0.49 [95% CI 0.40, 0.62] (2015), corresponding to an estimated 203
(95% CI 57, 362)937 (95% CI 574, 1389) fewer pesticide suicides than expected in 2011 and
2015 respectively (Table 1). If these RRs were interpreted as percentages, we observed a 10%
(95% CI 3%, 17%) reduction in pesticide suicide deaths in 2011 and a 51% (95% CI 38%, 60%)
reduction in 2015. There was statistical evidence for a difference from null (RR = 1) for all
years. The sex stratified analysis showed a higher absolute reduction in male than female suicides, but there was no statistical evidence for a sex difference in relative changes in pesticide
suicide rates (p value for interaction = 0.99) (Table 1). The sum of the estimated changes in the
number of male and female pesticide suicides (i.e. the differences between the actual and
expected) was not equal to the estimated change in the number of overall (i.e. males and
females combined) pesticide suicides in the post-ban years because the sex-specific expected
numbers were derived from separate regression models for males and females and would not
necessarily add up to the expected number of overall pesticide suicides derived from the
regression model for overall pesticide suicide rates.
The non-pesticide suicide rate for the same period (2011–2015) was higher than would be
expected based on previous trends (2001–2010). For example, in 2015 the non-pesticide suicide deaths were 43% higher than expected (relative increase based on pre-ban trend), with an
estimated 645 (95% CI 481, 794) more deaths (Table 1). Similar to the pesticide-suicide deaths,
the absolute increase was more marked in men than women, but with no statistical evidence
for a sex modifying effect in relative changes (p value for interaction = 0.98) (Table 1).
The changes in the overall suicide rate were consistent with the method specific changes,
with a reduction in the overall suicide rate greater than that would be expected (RR range
0.86–1.05) (Table 1). In 2015, there were 495 (95% CI 191, 828) fewer suicide deaths than
expected (Table 1). The sum of the estimated changes in the number of pesticide and non-pesticide suicides was not equal to the estimated change in the number of overall suicides (i.e. pesticide and non-pesticide suicides combined) because the method-specific expected numbers
were derived from separate regression models and thus would not necessarily add up to the
expected number of overall suicides derived from the regression model for overall suicide
rates.
The sensitivity analyses did not alter our overall conclusions. When we used an alternative
starting year for the pre-2010 trend (1997 or 2004, based on the 95% CIs for our estimated join
point) results were consistent with each other, although the rate ratio was attenuated in the
analysis using 2004 (S2 Table). When we altered the start of the post-ban period from 2011 to
2008 (start of the phased ban), a slightly larger reduction was observed in the suicide rate in
2015 (e.g. pesticide suicides: main analysis 0.49 (95% CI 0.40, 0.62) vs. sensitivity analysis: 0.29
(95% CI 0.22, 0.39)) (Table 2). A later start year of 2012 for the post-ban period showed very
similar results to the main analysis (Table 2).

Discussion
Our results suggest that the phased bans of paraquat, dimethoate and fenthion in 2008–2011
were followed by a reduction in suicide deaths in Sri Lanka in 2011–2015. There was evidence
that the reduction in the overall suicide mortality was driven by a reduction in the number of
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Table 1. Rate ratios and change in the number of suicides in years 2011–2015 after the phased bans of paraquat, dimethoate and fenthion relative
to those expected based on trend 2001–10.
Overall
Rate Ratio
(95% CI)

Male

Female

P-value

Change in number of
suicides (95% CI)

Rate Ratio
(95% CI)

P-value

Change in number of
suicides (95% CI)

Rate Ratio
(95% CI)

P-value

Change in number of
suicides (95% CI)

Pesticide suicide rate*
2011

0.90
(0.83,0.97)

0.01

-203 (-362,-57)

0.90
(0.82,0.98)

0.02

-163 (-308,-31)

0.89
(0.77,1.03)

0.11

-40 (-95,8)

2012

0.72
(0.65,0.80)

<0.01

-538 (-746,-351)

0.72
(0.64,0.81)

<0.01

-445 (-641,-271)

0.81
(0.67,0.99)

0.04

-63 (-137,-2)

2013

0.59
(0.51,0.68)

<0.01

-802 (-1120,-529)

0.60
(0.51,0.72)

<0.01

-629 (-930,-376)

0.60
(0.50,0.71)

<0.01

-132 (-195,-80)

2014

0.52
(0.42,0.64)

<0.01

-909 (-1349,-553)

0.54
(0.44,0.67)

<0.01

-694 (-1064,-396)

0.51
(0.39,0.67)

<0.01

-155 (-255,-79)

2015

0.49
(0.40,0.62)

<0.01

-937 (-1389,-574)

0.52
(0.41,0.66)

<0.01

-714 (-1121,-394)

0.49
(0.39,0.61)

<0.01

-160 (-239,-98)

Non-pesticide suicide
rate*
2011

1.04
(0.95,1.15)

0.40

80 (-113,255)

1.07
(0.96,1.20)

0.19

104 (-55,246)

0.98
(0.88,1.10)

0.78

-9 (-72,48)

2012

1.13
(1.04,1.23)

0.01

239 (74,391)

1.17
(1.06,1.28)

<0.01

229 (94,351)

1.03
(0.91,1.18)

0.62

17 (-54,80)

2013

1.26
(1.16,1.37)

<0.01

471 (312,618)

1.32
(1.20,1.46)

<0.01

426 (291,548)

1.13
(0.99,1.29)

0.07

65 (-5,126)

2014

1.20
(1.09,1.33)

<0.01

368 (179,538)

1.29
(1.15,1.44)

<0.01

373 (219,511)

1.02
(0.85,1.21)

0.85

8 (-86,87)

2015

1.23
(1.10,1.37)

<0.01

394 (188,578)

1.29
(1.15,1.44)

<0.01

362 (216,494)

1.09
(0.90,1.33)

0.38

43 (-59,128)

Overall suicide rate*
2011

0.97
(0.92,1.02)

0.21

-129 (-339,71)

0.98
(0.93,1.04)

0.49

-59 (-232,106)

0.95
(0.86,1.04)

0.27

-48 (-139,35)

2012

0.93
(0.88,0.98)

0.01

-282 (-491,-85)

0.93
(0.87,0.99)

0.02

-209 (-397,-33)

0.95
(0.85,1.05)

0.31

-46 (-141,40)

2013

0.92
(0.86,0.98)

0.02

-290 (-541,-56)

0.94
(0.87,1.02)

0.15

-171 (-419,57)

0.92
(0.82,1.02)

0.10

-69 (-161,13)

2014

0.86
(0.79,0.94)

<0.01

-504 (-840,-196)

0.89
(0.81,0.99)

0.03

-302 (-596,-36)

0.82
(0.71,0.95)

0.01

-148 (-276,-37)

2015

0.86
(0.79,0.94)

<0.01

-495 (-828,-191)

0.88
(0.80,0.97)

0.01

-332 (-612,-78)

0.85
(0.73,0.99)

0.04

-119 (-250,-7)

*Compared to 2001–10 trend. Results are based on three different models being fitted for pesticide, non-pesticide and overall suicide deaths and therefore
results are not comparable between models. In 2010 there were 2914 male suicide deaths (1441 pesticide and 1473 non-pesticide) and 950 female suicide
deaths (353 pesticide and 597 non-pesticide)
doi:10.1371/journal.pone.0172893.t001

pesticide related suicide deaths. The reduction in the number of overall suicide deaths as a
consequence of the recent pesticide bans may have been stronger if there were not a concurrent rise in non-pesticide suicides, suggesting that some method substitution may have
occurred.
Our findings provide further support for the view that restricting access to high toxicity pesticides, through regulation to remove the most highly hazardous pesticides from agricultural
practice [17, 18], is effective in reducing both overall and pesticide suicides. This is consistent
with previous works from Sri Lanka investigating the impact of earlier pesticide bans on suicide trends, which showed a reduction in suicides following the bans of the most toxic pesticides [3, 4]. Nevertheless, it is possible that the reduction in suicide deaths in Sri Lanka is a
consequence of a more general reduction in the use/availability of pesticides in the country.
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Table 2. Sensitivity analysis changing the post-intervention period from 2011–2015 to 2008–2015 and
2012–2015.
Post intervention period—Rate Ratio (95% CI)
2008–2015*

2012–2015**

2008

0.77 (0.69, 0.86)

-

2009

0.72 (0.64, 0.80)

-

2010

0.65 (0.57, 0.74)

-

2011

0.63 (0.55, 0.73)

-

2012

0.49 (0.41, 0.58)

0.75 (0.69, 0.82)

2013

0.38 (0.31, 0.47)

0.62 (0.54, 0.71)

2014

0.32 (0.24, 0.42)

0.55 (0.45, 0.66)

2015

0.29 (0.22, 0.39)

0.52 (0.43, 0.64)

2008

1.09 (1.00, 1.19)

-

2009

1.16 (1.04, 1.28)

-

2010

1.17 (1.02, 1.33)

-

2011

1.19 (1.0.2, 1.39)

-

2012

1.31 (1.11, 1.54)

1.11 (1.03, 1.20)

2013

1.48 (1.24, 1.78)

1.24 (1.15, 1.33)

2014

1.45 (1.18, 1.77)

1.18 (1.08, 1.29)

2015

1.50 (1.20, 1.87)

1.20 (1.09, 1.33)

2008

0.92 (0.86, 0.98)

-

2009

0.91 (0.85, 0.97)

-

2010

0.88 (0.82, 0.94)

-

2011

0.87 (0.81, 0.94)

-

2012

0.82 (0.76, 0.90)

0.94 (0.89, 0.98)

2013

0.81 (0.73, 0.89)

0.93 (0.88, 0.99)

2014

0.75 (0.66, 0.84)

0.87 (0.81, 0.95)

2015

0.74 (0.65, 0.83)

0.87 (0.80, 0.95)

Pesticide suicide rate

Non-pesticide suicide rate

Overall suicide rate

* Compared to 2001–2007 trend.
** Compared to 2001–2011 trend.
doi:10.1371/journal.pone.0172893.t002

Data available from the Food and Agriculture Organisation of the United Nations (http://
faostat3.fao.org/) show a reduction in the use of insecticides and herbicides from 2010, but this
downward trend reversed somewhat in 2013 (S2 Fig); this is inconsistent with the observed
reduction in pesticide suicide deaths. Another possible explanation for the reduction in the
suicide rate in Sri Lanka could be because of a more general improvement to health care provision. Nevertheless, these improvements are unlikely to lead to the step change observed in pesticide suicide deaths. Lastly, the general downward trend in unemployment rates could have
contributed to the reduction in suicide rate in Sri Lanka; however, this could not explain the
step change in suicide deaths either.
Evidence from Japan [19] and South Korea [10] also indicates that the introduction of paraquat restrictions in these countries has resulted in a reduction in national suicides. Unlike the
findings from South Korea, which found limited evidence of method substitution following
paraquat restrictions, we found some evidence suggesting a shift of some pesticide suicides to
non-pesticide suicides. This rise in non-pesticide suicides was relatively modest, however, and
did not greatly counteract the overall reduction in suicide deaths.
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Compared to other countries in the region that have similar developmental levels, the
downward suicide trend in Sri Lanka is similar to a decline in suicide deaths and in pesticide
suicide deaths in China [20–22], but dissimilar to the trend in India where the suicide rates
have fluctuated over time (S3 Fig—data from the National Crime Records Bureau (http://ncrb.
nic.in/)). The reasons suggested for the decline observed in China include urbanisation (i.e.
reduction in the proportion of the population active in farming and therefore exposed to pesticides), improved educational opportunities and higher divorce rates [21]. Previous analyses of
the changes in the suicide rates in Sri Lanka suggested that the changes in suicide rates were
not driven by divorce (as this has remained stable overtime) [3].
This study provides further evidence that the restriction of access to high toxicity pesticide
reduces suicide rates. Other middle income countries with high suicide rates, like India and
China, with a similar agricultural sector and pesticide use as Sri Lanka, may consider implementing pesticide legislations to reduce suicide mortality. The WHO estimates that India and
China account for 47% (n = 378 805 in 2012) of global suicides [1],and the main method of
suicide in the two countries is pesticide poisoning [23, 24]. In 2013, the WHO launched its
Mental Health Action Plan 2013–2020, in which they outlined a global target of reducing the
suicide rate by 10% by 2020. If India and China can introduce and enforce pesticide legislation
for the most toxic pesticides, this reduction in the global suicide rate is achievable.

Strengths and limitations
One of the strengths of this study is the availability of age, sex and method specific suicide data
at the national level. This wealth of data is unusual for a LMIC country. This dataset, however,
is not without its limitations. Between the years of 1998–2004 (during the civil war) suicide
data from the northern regions of the country (Mullaitivu, Kilinochchi and Mannar, population 1% of national total) were excluded from the national suicide statistics. A sensitivity analysis including only the years with full island coverage (2004 onwards) did not impact on the
overall findings from this study (S2 Table). A further limitation is that we may not be capturing
the true incidence of suicide. There are no studies which have investigated the quality or reliability of Sri Lanka’s suicide data. Anecdotal evidence from our field research indicates that
the quality of suicide data may vary by police departments, but we have no evidence to suggest
that the data quality has changed over time [4].
Time series analyses of data from a single country, as we have here, must be interpreted
with caution. There are trends over time in many things, and similar trends in two measures
provide no convincing evidence of one causing the other, or of a common underlying cause. A
change in a trend coinciding with the point in time at which an event occurs (e.g. a pesticide
ban) may lead to the hypothesis that the two are associated [25], but even in this situation the
evidence would be more convincing if the same association being observed in multiple situations [26].

Conclusion
In conclusion, our results suggest that the introduction of pesticide restrictions banning the
agricultural use of paraquat, dimethoate and fenthion was followed by a reduction in overall
and pesticide-specific suicide mortality rates in Sri Lanka. The largest decrease was observed
in men. Whilst we observed some evidence of method substitution, the rise in suicide by other
methods was much smaller than the fall in the number of pesticide deaths, resulting in an overall 21% absolute decline in all suicides over five years in 2011–2015. It is, however, important
to monitor any rise in non-pesticide suicides and the longer term effect of pesticide bans. The
current study provides further evidence to support means restrictions through legislationas an
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effective method of reducing the overall suicide mortality, particularly as pesticide poisoning is
one of the main methods of suicide worldwide.

Supporting information
S1 File. Supplementary methods.
(DOCX)
S1 Fig. Best fitting model joinpoints model for the period 1989–2010.
(DOCX)
S2 Fig. Sri Lanka pesticide imports and insecticide/herbicide use from the Food and Agriculture organisation of the United Nations (1999–2013).
(DOCX)
S3 Fig. Crude suicide rate from the National Crime Bureau for India (1999–2014).
(DOCX)
S1 Table. Joinpoint regression analysis: annual percent change (APC) and joinpoints (JP)
for trends in age-standardised rate of pesticide suicides in Sri Lanka, 1989–2010.
(DOCX)
S2 Table. Sensitivity analyses: rate ratios in years 2011–2015 after the phased bans of paraquat, dimethoate and fenthion relative to those expected based on trends 1997–2010 or
2004–2010.
(DOCX)

Acknowledgments
We would like to thank the Registrar General for Sri Lanka, and the Department of Police, Division of Statistics, Sri Lanka, for providing us with the data for this paper. Prior approval for the
use and publication of these data was obtained from the Department of Police by DWK. In particular we would like to thank Mr S.A.S.Bandulasena from the Department of Census and Statistics. We would also like to thank the administrative staff and SACTRC for their continued
support and in particular Mrs Indunil Abeyrathna and Mrs Dilani Pinnaduwa.

Author Contributions
Conceptualization: DK SSC DG.
Formal analysis: DK SSC CM DG.
Investigation: DK.
Methodology: DK SSC CM DG.
Project administration: DK.
Supervision: DG.
Writing – original draft: DK SSC DG.
Writing – review & editing: DK SSC CM DG AD ME FK.

References
1.

WHO. Preventing suicide—A global imperative. Geneva: WHO, 2014.

PLOS ONE | DOI:10.1371/journal.pone.0172893 March 6, 2017

10 / 12

Suicide prevention through means restriction in Sri Lanka

2.

Gunnell D, Eddleston M, Phillips MR, Konradsen F. The global distribution of fatal pesticide self-poisoning: systematic review. BMC Public Health. 2007; 7:357. PubMed Central PMCID: PMCPMC2262093.
doi: 10.1186/1471-2458-7-357 PMID: 18154668

3.

Gunnell D, Fernando R, Hewagama M, Priyangika WD, Konradsen F, Eddleston M. The impact of pesticide regulations on suicide in Sri Lanka. Int J Epidemiol. 2007; 36(6):1235–42. Epub 2007/08/30.
PubMed Central PMCID: PMC3154644. doi: 10.1093/ije/dym164 PMID: 17726039

4.

Knipe DW, Metcalfe C, Fernando R, Pearson M, Konradsen F, Eddleston M, et al. Suicide in Sri Lanka
1975–2012: age, period and cohort analysis of police and hospital data. BMC Public Health. 2014; 14
(1):839. Epub 2014/08/15. PubMed Central PMCID: PMCPmc4148962.

5.

Yip PSF, Caine E, Yousuf S, Chang S-S, Wu KC-C, Chen Y-Y. Means restriction for suicide prevention.
The Lancet. 2012; 379(9834):2393–9.

6.

Eddleston M, Bateman DN. Major reductions in global suicide numbers can be made rapidly through
pesticide regulation without the need for psychosocial interventions. Soc Sci Med. 2011; 72(1):1–2; discussion 3–5. doi: 10.1016/j.socscimed.2010.10.013 PMID: 21106286

7.

Rajapakse T, Griffiths KM, Christensen H, Cotton S. Non-fatal self-poisoning in Sri Lanka: associated
triggers and motivations. BMC Public Health. 2015; 15(1):1167. PubMed Central PMCID:
PMCPMC4659153.

8.

Pearson M, Zwi AB, Buckley NA, Manuweera G, Fernando R, Dawson AH, et al. Policymaking ’under
the radar’: a case study of pesticide regulation to prevent intentional poisoning in Sri Lanka. Health Policy Plan. 2013.

9.

Dawson AH, Eddleston M, Senarathna L, Mohamed F, Gawarammana I, Bowe SJ, et al. Acute human
lethal toxicity of agricultural pesticides: a prospective cohort study. PLoS Med. 2010; 7(10):e1000357.
PubMed Central PMCID: PMCPMC2964340. doi: 10.1371/journal.pmed.1000357 PMID: 21048990

10.

Cha ES, Chang SS, Gunnell D, Eddleston M, Khang YH, Lee WJ. Impact of paraquat regulation on suicide in South Korea. Int J Epidemiol. 2015.

11.

Bourke T. Suicide in Samoa. Pac Health Dialog. 2001; 8(1):213–9. PMID: 12017827

12.

de Silva VA, Senanayake SM, Dias P, Hanwella R. From pesticides to medicinal drugs: time series
analyses of methods of self-harm in Sri Lanka. Bull World Health Organ. 2012; 90(1):40–6. doi: 10.
2471/BLT.11.091785 PMID: 22271963

13.

Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M. Age standardization of rates: a
new WHO standard.

14.

National Cancer Institute. Number of Joinpoints [18/01/2017]. Available from: https://surveillance.
cancer.gov/help/joinpoint/setting-parameters/advanced-tab/number-of-joinpoints.

15.

Chang SS, Stuckler D, Yip P, Gunnell D. Impact of 2008 global economic crisis on suicide: time trend
study in 54 countries. BMJ. 2013; 347:f5239. PubMed Central PMCID: PMCPMC3776046. doi: 10.
1136/bmj.f5239 PMID: 24046155

16.

Dawson A, Gawarammana I, Jayamanna SF, Manuweera G, Buckley N. Translational research: the
effects of pesticide ban policy on poisoning epidemiology and deaths in Sri Lanka. Clin Toxicol. 2016;
54(8):659–811.

17.

Food and Agriculture Organization of the United Nations. International Code of Conduct on Pesticide
Management: Guidelines on Highly Hazardous Pesticides2016 14/10/2016. Available from: http://apps.
who.int/iris/bitstream/10665/205561/1/9789241510417_eng.pdf.

18.

Eddleston M, Karalliedde L, Buckley N, Fernando R, Hutchinson G, Isbister G, et al. Pesticide poisoning
in the developing world—a minimum pesticides list. Lancet. 2002; 360(9340):1163–7. PMID: 12387969

19.

Ito T, Nakamura Y. Deaths from Pesticide Poisoning in Japan, 1968–2005: Data from Vital Statistics.
Journal of Rural Medicine. 2008; 3:5–9.

20.

Wang CW, Chan CL, Yip PS. Suicide rates in China from 2002 to 2011: an update. Soc Psychiatry Psychiatr Epidemiol. 2013; 49(6):929–41. doi: 10.1007/s00127-013-0789-5 PMID: 24240568

21.

Liu S, Page A, Yin P, Astell-Burt T, Feng X, Liu Y, et al. Spatiotemporal variation and social determinants of suicide in China, 2006–2012: findings from a nationally representative mortality surveillance
system. Psychol Med. 2015; 45(15):3259–68. doi: 10.1017/S0033291715001269 PMID: 26138093

22.

Page A, Liu S, Gunnell D, Astell-Burt T, Feng X, Wang L, et al. Suicide by pesticide poisoning remains a
priority for suicide prevention in China: Analysis of national mortality trends 2006–2013. J Affect Disord.
2017; 208:418–23. doi: 10.1016/j.jad.2016.10.047 PMID: 27842298

23.

Patel V, Ramasundarahettige C, Vijayakumar L, Thakur JS, Gajalakshmi V, Gururaj G, et al. Suicide
mortality in India: a nationally representative survey. Lancet. 2012; 379(9834):2343–51. Epub 2012/06/
26. doi: 10.1016/S0140-6736(12)60606-0 PMID: 22726517

PLOS ONE | DOI:10.1371/journal.pone.0172893 March 6, 2017

11 / 12

Suicide prevention through means restriction in Sri Lanka

24.

Wu KC, Chen YY, Yip PS. Suicide methods in Asia: implications in suicide prevention. Int J Environ Res
Public Health. 2012; 9(4):1135–58. PubMed Central PMCID: PMCPMC3366604. doi: 10.3390/
ijerph9041135 PMID: 22690187

25.

Wheeler BW, Gunnell D, Metcalfe C, Stephens P, Martin RM. The population impact on incidence of
suicide and non-fatal self harm of regulatory action against the use of selective serotonin reuptake inhibitors in under 18s in the United Kingdom: ecological study. BMJ. 2008; 336(7643):542–5. Epub 2008/
02/16. PubMed Central PMCID: PMCPMC2265377. doi: 10.1136/bmj.39462.375613.BE PMID:
18276667

26.

Wheeler BW, Metcalfe C, Martin RM, Gunnell D. International impacts of regulatory action to limit antidepressant prescribing on rates of suicide in young people. Pharmacoepidemiol Drug Saf. 2009; 18
(7):579–88. doi: 10.1002/pds.1753 PMID: 19367564

PLOS ONE | DOI:10.1371/journal.pone.0172893 March 6, 2017

12 / 12

