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Abstract
Background  Sri Lanka introduced national bans restricting access to highly hazardous pesticides (HHPs) in 2008-11, 
and in 2013-16. An immediate drop in pesticide poisoning cases was observed after the introduction of the first ban, 
but there was a simultaneous rise in hospital admissions due to drugs, medicines and biological substances. However, 
the long-term trends in hospital admissions and deaths due to poisoning in Sri Lanka have not been investigated. 
We aimed to determine whether there have been changes in types of poisoning presenting to hospitals and their 
associated case fatality (CF) following two distinct periods of implementation of national bans of HHPs in Sri Lanka.

Methods  We conducted a retrospective observational study using routinely collected national-level hospital 
admissions data from Sri Lanka between 2004 and 2019 to examine trends in hospital admissions, deaths, and CF of 
different poisoning types. We included the following types: drugs, medicines and biological substances; pesticides; 
and non-medicinal products; and an additional group for other external causes. We calculated type-specific number 
of in-hospital cases and deaths per 100,000 population and annual CF, stratified by sex and age group.

Results  We found a reduction in hospital admission cases from both pesticide poisoning (58.5% between 2012 and 
2017) and drugs, medicine, and biological substances following the implementation of the first HHPs bans in 2011. 
There was an increase in hospital admissions due to non-medicinal products and other external causes, but this did 
not translate into an increase in hospital deaths or CF. We observed a sharp decrease in CF due to pesticide poisoning 
following the first ban (50% between 2008 and 2012), with no concurrent rise in CF due to other types of poisoning 
and non-poisoning substances, which remained low throughout the study period.

Conclusions  The implementation of national bans of HHPs led to a reduction in number of admissions as well as CF 
due to pesticide poisoning in hospitals in Sri Lanka, with no evidence of substitution to other types of poisonings. The 
reversal of the upward trend in hospital admissions due to pesticide and medicinal poisonings suggests that the bans 
contributed to a reduction in admissions from these types of poisoning.
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Background
Acute self-poisoning is one of the most frequently used 
methods of self-harm and suicide worldwide [1]. Pesti-
cide poisoning is a common cause of in-hospital deaths 
in low- and middle-income countries (LMIC). Unlike in 
high-income countries (HIC), where most cases of pes-
ticide poisoning are due to occupational or accidental 
exposures, most deaths in LMIC are attributed to inten-
tional ingestion for self-harm (regardless of intent) [2–4]. 
Historically, pesticide self-poisoning was the most com-
mon method of suicide in Sri Lanka, but in more recent 
years deaths due to this method have fallen markedly 
(from 42 per 100,000 in 1994-96 to 11 per 100,000 by 
2010-12), although it remains the second most common 
method of suicide in Sri Lanka [5, 6].

The availability of self-harm methods is directly asso-
ciated with method choice, and with mortality rates 
through the lethality of the methods available [7]. In 
HIC, the most common method is by medicinal poison-
ing, often associated with low lethality (e.g. paracetamol 
case fatality (CF) < 0.5%) [8]. In Sri Lanka, the agricultural 
sector employs approximately a third of the population, 
and many families living in rural areas engage in farming 
[9]. This widescale agrarian activity, combined with heavy 
marketing of agrochemicals for farming, means that 
pesticides are both easily available and accessible in Sri 
Lanka. The high lethality of highly hazardous pesticides 
(HHPs) often means that acts of self-harm with no or low 
suicidal intent result in death.

Whilst hospital admissions for pesticide poisoning in 
Sri Lanka dropped following the introduction of a series 
of bans on HHPs aimed at restricting their access, there 
was a concomitant rise in admissions for poisoning by 
drugs, medicines and other biological substances (Inter-
national Classification of Diseases (ICD)−10 categories 
T36-T50) [5, 10]. This rise has been of concern locally, 
as whilst fewer patients are dying and presenting with 
pesticide poisoning, the year-on-year rise of medicinal 
poisoning is a considerable burden for overstretched 
health services. As other countries consider and imple-
ment bans on HHPs in line with recommendation from 
the World Health Organization (WHO) for suicide pre-
vention, they will be looking to countries, like Sri Lanka, 
where bans have been in place for a longer period of time 
to help them predict and plan their own services and pre-
vention efforts [11]. Therefore, an updated investigation 
on hospital admission data will be important for both 
public health and health service planning in Sri Lanka 
and other countries.

Using routinely collected national level data, we aimed 
to determine whether there have been changes in type of 
substances used for poisoning. We also aimed to examine 
changes in CF for different types of poisoning following 
two distinct periods of implementation of national-level 
pesticide bans, of which the first was between 2008 and 
2012, where paraquat, dimethoate, and fenthion were 
banned, and the second was between 2013 and 2016, 
where carbofuran 3% granules, carbaryl, chlorpyrifos, 
and glyphosate were banned.

Methods
We conducted a retrospective observational study of rou-
tinely available panel data.

Hospital admission data
We obtained the annual count, by age and sex, of all hos-
pital admissions and deaths from 2004 to 2019 from the 
Annual Health Bulletins, published by the Sri Lankan 
Ministry of Health (available at ​h​t​t​p​​s​:​/​​/​w​w​w​​.​h​​e​a​l​​t​h​.​​g​o​v​.​​l​
k​​/​m​o​​h​_​f​​i​n​a​l​​/​e​​n​g​l​​i​s​h​​/​o​t​h​​e​r​​s​.​p​h​p​?​p​i​d​=​1​1​0). These records 
are publicly available and contain data on causes of 
admission from all hospitals in Sri Lanka, classified 
according to ICD-10. We excluded data prior to 2004 as 
these were not stratified by age and sex.

We included records that were classified as poisoning, 
as follows: (i) poisoning by drugs, medicines and bio-
logical substances (T36-T50); (ii) toxic effects of organo-
phosphate and carbamate insecticides (T60.0); (iii) toxic 
effects of other pesticides (T60.1-T60.9); and (iv) toxic 
effects of other, chiefly non-medicinal substances, includ-
ing alcohol, solvents, halogen derivatives, corrosives, 
metals, gases, plants (including oleander seed), and food 
(including alcohol) (T51-T59, T61, T62, T63.1-T65). The 
full list of ICD-10 codes are available in supplementary 
table S1. We grouped (ii) and (iii) to form the ‘pesticides’ 
poisoning group. We included two additional categories: 
other unspecified effects of external causes (T33-T35, 
T66-T78); and sequelae of injuries, poisoning and of 
other consequences of external causes (T90-T98). These 
were grouped to form the ‘other external’ group, which 
we used as a comparator since pesticide poisoning cases 
and deaths can be misclassified as other external causes, 
and to explore whether there was any evidence of a 
potential change from poisoning to non-poisoning cases 
[12]. Previous research has shown that the majority of 
acute poisoning cases in some Sri Lankan regions are due 
to self-harm; however, we opted to refer to these cases as 
poisoning as it is unclear if these regional patterns can be 
generalized to the whole country [13–15].
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Hospital admissions data were available by sex and age 
groups (17 to 49 years, 50 to 69 years, and 70 years and 
over). We excluded the following age groups as they were 
unlikely to contain cases and deaths of suicide by poi-
soning: less than 1 year, 1 to 4 years, and 5 to 16 years, 
and we were unable to ungroup the age category that 
included 5 to 16 year-olds [16].

Population data
We obtained estimate mid-year populations from the 
Registrar General’s Department of Sri Lanka, and cal-
culated annual rates (available at ​h​t​t​p​​s​:​/​​/​w​w​w​​.​r​​g​d​.​​g​o​v​​.​l​k​
/​​w​e​​b​/​i​​n​d​e​​x​.​p​h​​p​/​​e​n​/​​s​t​a​​t​i​s​t​​i​c​​s​2​/​​v​i​t​​a​l​-​s​​t​a​​t​i​s​t​i​c​s​.​h​t​m​l). To 
smooth out step changes in population estimates that 
occurred around the Census years, we corrected the mid-
year estimates as previously done [5]. Age was collapsed 
into the three groups described above to align with the 
hospital admissions data.

Pesticide bans
In 2006, Sri Lanka introduced a mandatory reduction 
in the concentration of paraquat from 20 to 6.5%, which 
was followed by implementation of a 3-year phased ban 
in 2009. Paraquat was widely used as an herbicide in Sri 
Lanka and had a reported CF of 42% in its original 20% 
formulation [17]. Dimethoate and fenthion (CF 19% and 
14%, respectively) were also banned between 2008 and 
2010 [17]. Sri Lanka introduced bans on four other pes-
ticides between 2013 and 2016, for reasons unrelated to 
acute toxicity (i.e. carbofuran 3% granules (CF 2%), car-
baryl (7%), chlorpyrifos (CF 6%), and glyphosate (2%)) 
[17, 18].

Methods and results for pesticide usage data are avail-
able in the supplementary data.

Analysis
We calculated annual number of cases and in-hospital 
deaths per 100,000 population, stratified by type of poi-
son, sex, and age groups. Annual CF were obtained by 
dividing the number of deaths per number of cases for 
each of the ICD-10 causes of admission included, strati-
fied by sex and age group.

We presented graphically the trends in poisoning, 
stratified by sex and age group. Data were linked, anal-
ysed, and plotted in R version 4.2.1, using the tidyverse, 
ggplot2, and tidylog packages.

Results
Hospital admission cases
We found a steady increase in the number of pesticide 
poisoning cases admitted to hospital up to 2012, corre-
sponding to a 36.3% increase from 966.1 hospital admis-
sions in 2004 to 1,316.4 hospital admissions per 100,000 
population in 2012 (Fig. 1A). This was followed by a 

58.5% decrease to 546.5 hospital admissions per 100,000 
population in 2017, with numbers of hospital admissions 
due to pesticide poisoning remaining stable throughout 
2018 and 2019. A similar pattern was observed for cases 
admitted due to poisoning by drugs, medicines and bio-
logical substances. There was an upward trend in cases 
up to 2012, followed by a decline until a plateau was 
reached around 1,100 hospital admissions per 100,000 
population in 2016. Conversely, we observed an upward 
trend in admissions due to toxic effects of other, chiefly 
non-medicinal substances and due to other external 
causes throughout the entire study period. The latter 
became the most common cause of hospital admissions 
from 2012 onwards.

When stratified by sex, the most common cause of hos-
pital admissions due to poisoning in males was pesticides 
until 2010, when there were 1,593 hospital admissions 
per 100,000 males (Fig. 1B). Admissions due to pesti-
cide poisoning was surpassed by other external causes 
in 2011. However, pesticide poisoning continued to rise 
until 2012, with a peak of 1,717 hospital admissions per 
100,000 males, followed by a 60.2% reduction in num-
ber of admission cases by 2019 (683 per 100,000 males). 
In females, poisoning by drugs, medicines and biologi-
cal substances was the most common cause of admis-
sion until 2014 (Fig. 1C). Pesticide poisoning was the 
least common cause of admission in females from 2005 
onwards, but the pattern observed was similar to those 
in males, with a peak of 952.7 hospital admissions in 
2012 followed by a 64.3% reduction to 340.4 per 100,000 
females by 2019. In both sexes, there was an increase in 
hospital admission cases due to toxic effects of other, 
chiefly non-medicinal substances and due to other exter-
nal causes, observed from 2004 to 2019 (Figure S1).

Hospital deaths
The most common cause of in-hospital death due to 
poisoning in 2004 was pesticide poisoning (89.9 deaths 
per 100,000 population) (Fig. 2). Other causes were only 
responsible for a small proportion of cases (9.6 deaths 
per 100,000 due to drugs, medicines and biological sub-
stances; 15.5 deaths per 100,000 due to toxic effects of 
other, chiefly non-medicinal substances; and 4.6 deaths 
per 100,000 due to other external causes). Deaths by pes-
ticide poisoning were considerably higher in males (150.1 
deaths per 100,000 compared to 32.6 deaths per 100,000 
in females in 2004). We observed a steep decrease in pes-
ticide poisoning deaths in both sexes from 2004 to 2019 
(78.7% decrease for males and 84.8% for females).

Case fatalities
We found a marked reduction in CF from pesticide poi-
soning from 2007 onwards, which was observed in both 
sexes and across all age groups (Figs. 3). CF for other 

https://www.rgd.gov.lk/web/index.php/en/statistics2/vital-statistics.html
https://www.rgd.gov.lk/web/index.php/en/statistics2/vital-statistics.html
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poisoning types remained low and stable throughout the 
study period, with similar results when stratified by sex 
and age group.

Overall pesticide poisoning CF was at its highest 
between 2004 and 2006 (range 0.18 to 0.20 deaths per 
cases). This was followed by a steep decrease, with overall 
pesticide poisoning CF halving between 2008 and 2012, 

following the phased ban on paraquat, dimethoate, and 
fenthion (2008–2011).

After the second pesticide bans, implemented 
between 2013 and 2016, we observed a trend shift, with 
an increase to a peak CF of 0.08 in 2018 (Fig. 3). How-
ever, this was a 60% reduction in CF from the peak CF 
observed in 2005. We found the same patterns when 

Fig. 1  Number of hospital admission cases per 100,000 population, stratified by cause of admission and by sex
Footnote: Shaded areas represent the 2008–2011 ban on highly hazardous pesticides (dark green) and the 2013–2016 ban on other pesticides (light 
green). Med: medicines; biol. subs.: biological substances
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stratified by sex and age groups, particularly in younger 
males, and older males and females (Figure S2).

In males 70 years of age or older, the decline in CF 
was even more pronounced from 2008 onwards, when 
the phased ban of paraquat, dimethoate and fenthion 
was first introduced (from 0.92 in 2008 to 0.28 in 2012, 
a 69.6% reduction) (Figure S2 D). This downward trend 

continued until the introduction and implementation 
of the second ban on less acutely toxic pesticides. CF 
increased by 75% in this subpopulation, from 0.28 in 2012 
to a peak of 0.49 in 2016. In females, pesticide poisoning 
CF was higher in older women compared to those in the 
17 to 49 age group, particularly in recent years (Figure S2 
E-H).

Fig. 2  Number of in-hospital deaths per 100,000 population, stratified by cause of admission and by sex
Footnote: Shaded areas represent the 2008–2011 ban on highly hazardous pesticides (dark green) and the 2013–2016 ban on other pesticides (light 
green). Med: medicines; biol. subs.: biological substances
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Discussion
We showed that the increase in hospital admission 
cases of poisoning by drugs, medicines and biologi-
cal substances, previously observed up to 2010, was not 
sustained beyond 2012 and the pattern of hospital admis-
sions by age and sex for this type of poisoning was simi-
lar to that for pesticides [5, 10]. We found a considerable 
reduction in pesticide poisoning admissions, and these 
were not associated with concurrent rises in case fatali-
ties due to other poisoning or non-poisoning methods 
between 2004 and 2019 in Sri Lanka. The CF for pesticide 
poisoning declined from 2007 onwards and were at their 
lowest following the implementation of the 3-year phased 
ban on paraquat, dimethoate, and fenthion in 2011. This 
reduction in CF due to pesticide poisoning was not off-
set by increases in deaths to other poisoning types. These 
findings suggest that limiting access to HHPs can be 
cost-effective, as the numbers of hospital admissions and 

deaths due to poisoning by both pesticides and drugs, 
medicines and biological substances decreased following 
the implementation of the national bans.

We observed an upward trend in hospital admissions 
due to toxic effects of other, chiefly non-medicinal sub-
stances, due to other unspecified effects of external 
causes, and due to sequelae of injuries, poisoning and of 
other consequences of external causes throughout the 
study period. Medications are widely regarded as heal-
ing products in Sri Lanka, while non-medicinal products 
such as plants (e.g. oleander seeds) and cleaning prod-
ucts, which are widely available in and around house-
holds, are more commonly viewed as poisonous when 
ingested. However, CF due to these methods remained 
low from 2004 to 2019, and hospital admissions, which 
were already rising prior to the bans, continued to 
increase at a similar pace after the bans.

Fig. 3  Overall case fatalities for different ICD-10 categories of poisoning
Footnote: Shaded areas represent the 2008–2011 ban on highly hazardous pesticides (dark green) and the 2013–2016 ban on other pesticides (light 
green). Med: medicines; biol. subs.: biological substances
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Since individuals attempting self-harm and suicide tend 
to opt for methods they are most familiar with and have 
easy access to in moments of crisis, banning one pesti-
cide could lead to switching to other available pesticides 
[19, 20]. With the removal of HHPs from the market in 
Sri Lanka, we would expect to see a reduction in the CF 
associated with poisoning, which we observed. If a switch 
from HHPs to less toxic pesticides that were still avail-
able following the bans occurred, we would expect to see 
a continuation in the trend of admissions due to pesti-
cide poisoning, as previously observed in Sri Lanka [21]. 
However, we found a decrease in hospital admissions due 
to this type of poisoning. The reasons for this decrease 
are not clear. It may be due to higher cost of the pesti-
cides that were introduced as alternatives following the 
bans on HHPs, which might have led to fewer pesticides 
being bought and stored in households, limiting availabil-
ity and access to these poisons. There could have been a 
switch from pesticide ingestion to methods not captured 
by hospital data, such as suicide by hanging. Studies have 
suggested that means restriction could lead to method 
substitution, with other highly lethal methods becom-
ing more frequent. This has been raised as a concern in 
LMIC following pesticide bans, including Sri Lanka and 
India [5, 20, 22–26].

Evidence from several LMICs where bans on pesticides 
have been implemented suggests that methods restric-
tion can prevent suicide [27]. For example, in Malaysia, 
deaths from hospital admissions by paraquat poisoning 
decreased by 12% and the case fatality fell by 4% follow-
ing a phased paraquat ban [28]. In Bangladesh, reduc-
tions in hospital mortality due to pesticide suicides were 
associated with bans on HHPs, despite an observed 
increase in pesticide use [29]. The cumulative effect of 
a series of bans on pesticides implemented in Sri Lanka 
between 1984 and 2012 led to the prevention of an esti-
mated 93,000 suicide deaths [30]. In HIC, the picture is 
less clear, with some countries reporting a small reduc-
tion in pesticide suicides following bans [27, 31]. This is 
likely because the proportion of suicides due to pesticide 
ingestion is smaller in HIC compared to LMIC.

Since 2016 the rate of suicide in Sri Lankan males has 
started to increase, largely driven by a rise in suicide 
deaths by hanging [32–34]. Following the time of the 
implementation of the bans the most frequently men-
tioned method of suicide in Sri Lankan newspapers 
between 2014 and 2015 was by hanging; research has 
shown that this may lead to an uptake of this method, 
particularly by vulnerable individuals which may explain 
the rise in suicide deaths by this method. Data on suicide 
deaths that occur in any setting in Sri Lanka are only cap-
tured within suicide statistics collected by police depart-
ments so future analysis of the national suicide data 

needs to explore the possibility of method substitution in 
more recent years.

We found a steeper decrease in CF for pesticide poi-
soning in older men; however, CF continued to be higher 
than in younger individuals. This higher CF in older men 
is in line with findings from South Korea and China and 
could reflect a worse prognosis following pesticide poi-
soning in the elderly due to comorbidities or higher sui-
cidal intent [3, 23, 24, 26, 35]. The marked decline in CF 
in older men in Sri Lanka is consistent with age- and 
sex-stratified suicide data from previous research, which 
showed that pesticide poisoning is more common in this 
subpopulation [3].

We observed a slight upward trend in CF after the 
implementation of the second ban on pesticides, from 
2016 onwards. This could signal a shift from less acutely 
toxic pesticides such as chlorpyrifos and glyphosate, 
which have CFs of 6% and 2% respectively, to other more 
toxic pesticides that were still available in Sri Lanka [16]. 
Research from rural Sri Lanka revealed an increase in the 
use of profenofos and carbosulfan for suicide from 2014 
onwards [17, 36]. This likely would not have occurred if 
chlorpyrifos, which has relatively low toxicity, had not 
been banned. However, we found a considerable drop in 
CF (60% decrease) from the peak CF in the years preced-
ing the first ban to the highest rate in 2018, after imple-
mentation of the second ban.

Our investigation has several strengths. We utilised a 
routinely collected national dataset on hospital admis-
sion covering a period of 16 years. We explored overall 
trends by type of poisoning, as well as by sex and age 
group. These kinds of data are rare for LMIC. Despite its 
strengths, the findings of the study must be interpreted 
in light of its limitations. Firstly, trends in poisoning rates 
might have been affected by other internal and external 
factors such as improvement in healthcare delivery and 
hospital resources, establishment of national poison-
ing centres, economic crisis, and armed conflicts, as our 
data cover a long period of time. However, studies have 
found that previous bans on WHO class I pesticides in 
Sri Lanka led to a decline in suicide rates, independent of 
secular trend in other risk factors such as unemployment, 
alcohol abuse, divorce, or civil war [27, 37]. Secondly, the 
poisoning groups are not ideal categories to explore self-
harm poisoning as it includes non-self-harm cases. How-
ever, in the case of pesticide poisoning, most cases in 
Sri Lanka are due to self-harm [13, 38]. Thirdly, we were 
limited by the age groups that were available. Due to the 
lack of more granular data, we were not able to investi-
gate poisoning trends in those younger than 17 years of 
age or in smaller age intervals. Since age data are col-
lected and recorded as a continuous variable, we strongly 
recommend that the ungrouped data be made available 
on centralised databases. Additionally, we were unable to 
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align these age groups with those available in the popu-
lation data. This is particularly important as previous 
research from rural areas in Sri Lanka has shown that the 
largest change in pesticide poisoning occurred in females 
between 15 and 19 years of age [39]. Whilst exclusion 
of individuals under 17 years of age is a limitation, the 
number of suicide deaths in this age group are small and 
therefore unlikely to unduly impact on the overall con-
clusions of this study [16]. Fourthly, since we only used 
hospital admissions data, we were unable to investigate 
out-of-hospital deaths, such as hanging, as these are cap-
tured by police data. Lastly, since organophosphorus and 
carbamate insecticides were grouped in the original data-
set, we were unable to distinguish between admissions 
and deaths by specific types of pesticides. We were also 
not able to exclude some of the ICD-10 codes that were 
less relevant to our study, as these were only available at 
the aggregate level.

Conclusions
We show that the implementation of national pesticide 
bans led to a reduction in CF due to pesticide poison-
ing in hospitals in Sri Lanka, with no evidence of substitu-
tion from other types of poisonings. The availability of less 
lethal poisons instead of HHPs can prevent fatal cases from 
occurring and enable appropriate social and psychological 
support to be provided to avoid deaths. Our findings have 
public health implications, as they highlight the effective-
ness of means restriction in reducing hospital admissions 
and deaths due to pesticide poisoning. The reversal of the 
upward trend in pesticide and medicinal poisoning sug-
gests that the adoption and implementation of bans may be 
an appropriate method to reduce the number of hospital 
admissions from poisoning, potentially preserving impor-
tant hospital resources, which are often scarce in LMIC set-
tings. However, formal health economic evaluation studies 
are needed in order to further explore these findings. The 
increase in hospital admissions due to non-medicinal prod-
ucts and other external causes was not related to the imple-
mentation of bans on HHPs, and did not translate into an 
increase in hospital deaths or CF. However, further research 
on method-specific suicides combining hospital, commu-
nity, and death data at the national and regional level, as well 
as qualitative interview data from survivors of self-harm to 
explore the occurrence of method substitution is needed in 
Sri Lanka.

Abbreviations
CF	� Case fatality
HHP	� Highly hazardous pesticides
LMIC	� Low- and middle-income countries
HIC	� High-income countries
ICD	� International Classification of Diseases
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​5​-​2​4​3​4​9​-​w.

Supplementary Material 1.

Authors’ contributions
BR - Conceptualisation and design of study; data analysis; interpretation; 
figure and table preparation, manuscript draft. TR – Interpretation, critical 
revision of manuscript; LS – Interpretation; critical revision of manuscript; 
JP - Interpretation, critical revision of manuscript; ME – Interpretation, critical 
revision of manuscript; CM – Interpretation, critical review and revision of 
manuscript; DK – Conceptualisation and design of study, interpretation, critical 
review of manuscript.

Funding
BR. DK and ME are supported by the Centre for Pesticide Suicide Prevention, 
which is funded by a grant from Open Philanthropy at the recommendation 
of GiveWell. DK was supported by the Wellcome Trust through an Institutional 
Strategic Support Fund Award to the University of Bristol (204813/Z/16/Z) and 
the Elizabeth Blackwell Institute for Health Research, University of Bristol.

Data availability
The datasets used in the current study are available from the links provided in 
the methods section of the manuscript.

Declarations

Ethics approval and consent to participate
Not applicable; routinely collected and publicly available data

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Population Health Sciences, Bristol Medical School, University of Bristol, 
Bristol, UK
2Centre for Pesticide Suicide Prevention and Centre for Cardiovascular 
Science, University of Edinburgh, Edinburgh, UK
3Department of Psychiatry, Faculty of Medicine, University of Peradeniya, 
Peradeniya, Sri Lanka
4South Asian Clinical Toxicology Research Collaboration, Faculty of 
Medicine, University of Peradeniya, Peradeniya, Sri Lanka
5Department of Health Promotion, Faculty of Applied Sciences, Rajarata 
University of Sri Lanka, Mihintale, Sri Lanka
6Faculty of Medicine and Allied Sciences, Rajarata University of Sri Lanka, 
Mihintale, Sri Lanka

Received: 26 January 2024 / Accepted: 7 August 2025

References
1.	 World Health Organization. Preventing suicide: a global imperative. Geneva: 

WHO. 2014. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​m​e​n​​t​a​​l​_​h​​e​a​l​​t​h​/​s​​u​i​​c​i​d​​e​-​p​​r​e​v​
e​​n​t​​i​o​n​​/​w​o​​r​l​d​_​​r​e​​p​o​r​t​_​2​0​1​4​/​e​n​/ (accessed 24/11/2023).

2.	 Gunnell D, Eddleston M. Suicide by intentional ingestion of pesticides: a con-
tinuing tragedy in developing countries. Int J Epidemiol. 2003;32(6):902–9.

3.	 Eddleston M, Gunnell D, Karunaratne A, de Silva D, Sheriff MH, Buckley NA. 
Epidemiology of intentional self-poisoning in rural Sri Lanka. Br J Psychiatry. 
2005;187:583–4.

4.	 Yusuf F, Abubakar A, Maghfirah D, Heltomi M, Isitua CC. Gastrointestinal 
mucosal damages caused by ingestion of corrosive substances: A case study 
of hydrochloric acid and sodium hydroxide. Narra J. 2023;3(3):e259. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​5​2​2​2​​5​/​​n​a​r​r​a​.​v​3​i​3​.​2​5​9.

https://doi.org/10.1186/s12889-025-24349-w
https://doi.org/10.1186/s12889-025-24349-w
https://www.who.int/mental_health/suicide-prevention/world_report_2014/en/
https://www.who.int/mental_health/suicide-prevention/world_report_2014/en/
https://doi.org/10.52225/narra.v3i3.259
https://doi.org/10.52225/narra.v3i3.259


Page 9 of 9Rubbo et al. BMC Public Health         (2025) 25:3959 

5.	 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;14:839.

6.	 Rajapakse T, Silva T, Hettiarachchi NM, Gunnell D, Metcalfe C, Spittal MJ, et 
al. The impact of the COVID-19 pandemic and lockdowns on self-poisoning 
and suicide in Sri Lanka: an interrupted time series analysis. Int J Environ Res 
Public Health. 2023;20(3).

7.	 Vijayakumar L. Suicide prevention: the urgent need in developing countries. 
World Psychiatry. 2004;3(3):158–9.

8.	 Buckley N, Eddleston M. Paracetamol (acetaminophen) poisoning. BMJ Clin 
Evid. 2007;2007.

9.	 Department of Census and Statistics: In Sri Lanka Labour Force Survey. Edited 
by Planning MoFa. Department of Census and Statistics. 2021. Available at: ​h​t​
t​p​​:​/​/​​w​w​w​.​​s​t​​a​t​i​​s​t​i​​c​s​.​g​​o​v​​.​l​k​​/​R​e​​s​o​u​r​​c​e​​/​e​n​​/​L​a​​b​o​u​r​​F​o​​r​c​e​​/​A​n​​n​u​a​l​​_​R​​e​p​o​r​t​s​/​L​F​S​2​0​2​
1​.​p​d​f (accessed 24/11/2023).

10.	 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.

11.	 Mental Health and Substance Use WHO Team. LIVE LIFE: An implementation 
guide for suicide prevention in countries. Eds (WHO). Available at: ​h​t​t​p​​s​:​/​​/​w​w​
w​​.​w​​h​o​.​​i​n​t​​/​p​u​b​​l​i​​c​a​t​​i​o​n​​s​/​i​/​​i​t​​e​m​/​9​7​8​9​2​4​0​0​2​6​6​2​9 (accessed 24/11/2023).

12.	 Cha ES, Chang SS, Lee WJ. Potential underestimation of pesticide suicide 
and its impact on secular trends in South korea, 1991–2012. Inj Prev. 
2016;22(3):189–94.

13.	 Eddleston M, Sheriff MHR, Hawton K. Deliberate self harm in Sri lanka: an 
overlooked tragedy in the developing world. BMJ. 1998;317(7151):133–35.

14.	 Rajapakse T, Griffiths KM, Christensen H. Characteristics of non-fatal self-
poisoning in Sri lanka: a systematic review. BMC Pub Health. 2013. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​4​7​1​-​2​4​5​8​-​1​3​-​3​3​1.

15.	 Rajapakse T, Griffiths KM, Christensen H, Cotton S. A comparison of non-fatal 
self-poisoning among males and females, in Sri Lanka. BMC Psychiatry. 
2014;14:221. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​8​-​0​1​4​-​0​2​2​1​-​z.

16.	 Sri Lanka Police. 2022 Annual Report – Method of suicide. Available from ​h​t​t​p​​
s​:​/​​/​w​w​w​​.​p​​o​l​i​​c​e​.​​l​k​/​?​​p​a​​g​e​_​i​d​=​2​7​1 (accessed 14/12/2024).

17.	 Buckley NA, Fahim M, Raubenheimer J, Gawarammana IB, Eddleston M, 
Roberts MS, et al. Case fatality of agricultural pesticides after self-poisoning in 
Sri lanka: a prospective cohort study. Lancet Glob Health. 2021;9(6):e854–62.

18.	 Department of Agriculture, Peradeniya, Sri Lanka. 2016. Available from ​h​t​t​p​​:​/​/​​
w​w​w​.​​p​a​​r​l​i​​a​m​e​​n​t​.​l​​k​/​​u​p​l​​o​a​d​​s​/​d​o​​c​u​​m​e​n​​t​s​/​​p​a​p​e​​r​s​​p​r​e​​s​e​n​​t​e​d​/​​p​e​​r​f​o​​r​m​a​​n​c​e​-​​r​e​​p​
o​r​​t​-​d​​o​c​u​m​​e​n​​t​-​o​f​-​a​g​r​i​c​u​l​t​u​r​e​-​2​0​1​5​.​p​d​f (accessed 06/12/2023).

19.	 Daigle MS. Suicide prevention through means restriction: assessing 
the risk of substitution. A critical review and synthesis. Accid Anal Prev. 
2005;37(4):625–32.

20.	 Lim JS, Buckley NA, Chitty KM, Moles RJ, Cairns R. Association between means 
restriction of poison and method-specific suicide rates: a systematic review. 
JAMA Health Forum. 2021;2(10):e213042.

21.	 Roberts DM, Karunarathna A, Buckley NA, Manuweera G, Sheriff MHR, 
Eddleston M. Influence of pesticide regulation on acute poisoning deaths in 
Sri Lanka. Bull World Health Oragn. 2003;8(11):789–98.

22.	 Arya V, Page A, Gunnell D, Armstrong G. Changes in method specific suicide 
following a National pesticide ban in India (2011–2014). J Affect Disord. 
2021;278:592–600.

23.	 Han DG, Kang SG, Cho SJ, Cho SE, Na KS. Suicide methods according to age 
and sex: an analysis of data of 239,565 suicide victims in the Republic of 
Korea from 1991 to 2015. J Nerv Ment Dis. 2018;206(10):770–5.

24.	 Cha ES, Chang SS, Choi Y, Lee WJ. Trends in pesticide suicide in South korea, 
1983–2014. Epidemiol Psychiatr Sci. 2019;29:e25.

25.	 Qin P, Du M, Wang S, Zhang X, Wang Y, Yan T, et al. The waterfall pattern 
of suicide mortality in inner Mongolia for 2008–2015. J Affect Disord. 
2019;256:331–6.

26.	 Wang B, Han L, Wen J, Zhang J, Zhu B. Self-poisoning with pesticides in 
Jiangsu province, china: a cross-sectional study on 24,602 subjects. BMC 
Psychiatry. 2020;20(1):545.

27.	 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. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​i​​j​e​/​d​y​m​1​6​4.

28.	 Chan LF, Chin SJ, Loo TH, et al. Surveillance of pesticide poisoning in an East 
and a West Malaysian hospital: characteristics of pesticide poisoning and the 
early impact of a National Paraquat ban. BMC Psychiatry. 2023. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​
/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​8​8​8​-​​0​2​3​-​0​​4​9​7​4​-​8.

29.	 Chowdhury FR, Dewan G, Verma VR, Knipe DW, Isha IT, Faiz MA, et al. Bans of 
WHO class I pesticides in Bangladesh-suicide prevention without hampering 
agricultural output. Int J Epidemiol. 2018;47(1):175–84.

30.	 Knipe DW, Gunnell D, Eddleston M. Preventing deaths from pesticide 
self-poisoning - learning from Sri lanka’s success. Lancet Glob Health. 
2017;5(7):e651–2.

31.	 Cassidy N, McCauley P, Geoghegan P et al. Paraquat Posinoning following the 
introduction of the European union ban. Ir Med J. 2024;P993.

32.	 Sorensen JB, Pearson M, Andersen MW, Weerasinghe M, Rathnaweera M, 
Rathnapala DGC, Eddleston M, Konradsen F. Self-harm and suicide coverage 
in Sri Lankan newspapers. Crisis. 2019;40(1):54–61.

33.	 Chen Y-Y, Tsai C-W, Biddle L, Niederkrotenthaler T, Wu KC-C, Gunnell D. News-
paper reporting and the emergence of charcoal burning suciide in Taiwan. J 
Affect Disord. 2016;193:355–61.

34.	 Florentine JB, Crane C. Suicide prevention by limiting access to methods: a 
review of theory and practice. Soc Sci Med. 2010;70(10):1626–32.

35.	 Eddleston M, Dissanayake M, Sheriff MHR, Warrell DA, Gunnell D. Physical 
vulnerability and fatal self-harm in the elderly. Br J Psyhciatry. 2006;189:278–9.

36.	 Weerasinghe M, Pearson M, Konradsen F, Agampodi S, Sumith JA, Jayamanne 
S, et al. Emerging pesticides responsible for suicide in rural Sri Lanka follow-
ing the 2008–2014 pesticide bans. BMC Public Health. 2020;20(1):780.

37.	 Dissanayake S, DSW. Suicide and attempted suicide in Sri Lanka. Ceylon J 
Med Sci. 1974;23:10–27.

38.	 Senarathna L, Jayamanna SF, Kelly PJ, Buckley NA, Didley MJ, Dawson AH. 
Changing epidemiologic patterns of deliberate self posioning in a rural 
district of Sri Lanka. BMC Pub Health. 2012;12:593.

39.	 Pushpakumara P, Thennakoon SUB, Rajapakse TN, Abeysinghe R, Dawson 
AH. A prospective study of repetition of self-harm following deliberate self-
poisoning in rural Sri Lanka. PLoS ONE. 2019;14(2):e0199486.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://www.statistics.gov.lk/Resource/en/LabourForce/Annual_Reports/LFS2021.pdf
http://www.statistics.gov.lk/Resource/en/LabourForce/Annual_Reports/LFS2021.pdf
http://www.statistics.gov.lk/Resource/en/LabourForce/Annual_Reports/LFS2021.pdf
https://www.who.int/publications/i/item/9789240026629
https://www.who.int/publications/i/item/9789240026629
https://doi.org/10.1186/1471-2458-13-331
https://doi.org/10.1186/1471-2458-13-331
https://doi.org/10.1186/s12888-014-0221-z
https://www.police.lk/?page_id=271
https://www.police.lk/?page_id=271
http://www.parliament.lk/uploads/documents/paperspresented/performance-report-document-of-agriculture-2015.pdf
http://www.parliament.lk/uploads/documents/paperspresented/performance-report-document-of-agriculture-2015.pdf
http://www.parliament.lk/uploads/documents/paperspresented/performance-report-document-of-agriculture-2015.pdf
https://doi.org/10.1093/ije/dym164
https://doi.org/10.1186/s12888-023-04974-8
https://doi.org/10.1186/s12888-023-04974-8

	﻿Trends of poisoning types in Sri Lanka: descriptive analysis of hospital admissions data 2004–2019
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Hospital admission data
	﻿Population data
	﻿Pesticide bans
	﻿Analysis

	﻿Results
	﻿Hospital admission cases
	﻿Hospital deaths
	﻿Case fatalities

	﻿Discussion
	﻿Conclusions
	﻿References


