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1. Abstract 

Introduction: Intentional self-poisoning is the most common method of self-harm in many low- and middle-

income countries, including Sri Lanka which has one of the highest suicide rates in the world. The preferred 

agents of ingestion are agrochemicals that have high case fatality and complicated treatment needs not 

readily available in the developing country setting. Research on self-poisoning in Sri Lanka has mainly 

focussed on clinical treatment and the description of hospital admissions, while research on proximal and 

distal determinants of self-poisoning is scarce. Identifying such determinants is essential in order to inform 

policies of primary prevention. This study explores associations between self-poisoning incidence and 

hypothesized determinants related to socio-economic position and the availability of agrochemicals for 

poisoning.  

Method:  An ecologic analysis was performed using hospital admission data on intentional self-poisonings 

collected for a period covering 8 years in a rural area of southern Sri Lanka (n = 4890). The analysis focuses 

on the identification of area-specific clustering of self-poisoning incidence and on the relationship between 

incidence rates and census-derived data on levels of housing deprivation, education, unemployment and 

agricultural population, as well as agricultural land-use at small-area level (N = 189) within the catchment 

area. Associations are explored within sex-age specific strata and for all types of self-poisoning as well as 

agrochemical and non-agrochemical self-poisoning separately.  

Results: Self-poisoning is shown to be subject to geographic clustering. Unstratified incidence rates at small-

area level range from 0 to 1435 with a median of 158 cases per 100.000 inhabitants annually. Incidence rates 

are highest in the population below 30 years of age and generally higher in males than in females. Significant 

correlations are found between self-poisoning incidence and area-level housing deprivation and education in 

the majority of strata and to a lesser degree between incidence and unemployment, while agricultural 

population and land-use are shown to be unrelated to self-poisoning incidence. Surprisingly, areas of higher 

educational attainment have approximately 50% higher rates of self-poisoning, while areas that have better 

quality of housing similarly have 15% higher levels of self-poisoning incidence.  

Conclusion: The study confirms Sri Lanka’s high rate of self-poisoning and furthermore reveals considerable 

clustering at small-area level. The results contest the widely accepted inverse relationship between socio-

economic position and self-harm, instead showing that higher socio-economic position is associated with 

higher rates of poisoning in this particular area. However, the interpretation of the results must be tempered 

by the methodological issues pertaining to the study design. 
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Foreword 

A note to the reader to ease readability of the thesis: 

 

Terminology 

Suicide, self-harm and self-poisoning 

This thesis concerns intentional self-poisoning in Sri Lanka. It distinguishes between self-poisoning, self-

harm and suicide in the following manner:  

‘Self-poisoning’ is the ingestion of a poisonous substance or taking a drug overdose and is a subcategory of 

the broader term ‘self-harm’. In turn, self-harm is understood as any type of self-injurious behaviour 

regardless of the level of suicidal intent; and ‘suicide’ is understood as an act of deliberate self-harm 

resulting in death.  

 

Pesticides versus agrochemicals 

The vast majority of suicidal poisonings in developing countries are due to ingestion of insecticides or 

herbicides and the term ‘pesticides’ is therefore in predominant use in the scientific literature on the subject. 

However, other types of agrochemicals such as fertilizer are also sometimes ingested for self-harm and in 

this thesis, the broader term ‘agrochemical’ is therefore employed. In the context of self-poisoning 

behaviour, the two terms may be considered equivalent. 

 

Literature references and footnotes 

Literature references are presented in number format (i.e. 1), 2), 3) etc), whereas footnotes use romanic 

numerals  (i.e. i, ii, iii  etc). 

Abbreviations & Acronyms 

BHT = Bed Head Ticket (In-patient medical record) 

CFR = Case Fatality Rate 

DSD = Divisional Secretariat Division 

GIS = Geographic Information System 

GN = Grama Niladhari division 

IWMI = International Water Management Institute 

SACTRC  = South Asian Clinical Toxicology Research Collaboration 

WHO = World Health Organization 



”To inflict a wilful act of self-destruction on one’s own body remains irreducibly social. The social 

environment must in some way require it; it must be seen as depriving or frustrating or have become 

relatively devoid of meaning.” 

[G. A. De Vos, 1968] 
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2. Introduction 

Self-poisoning is well described as a major public health concern in Sri Lanka and in many other developing 

countries.1 Incidence rates are high and the agents ingested, the majority of which are agrochemicals,i may 

have case fatality rates of more than 10%.2 This leads to a high number of deaths from self-poisoning, an 

outcome which sadly does not always correspond to the level of suicidal intent, but contributes substantially 

to the fact that Sri Lanka has one of the highest suicide rates in the world.  

Official statistics from the Sri Lankan Police Services indicate that, on a national basis, 55% of suicides are 

committed by ingestion of pesticides.3 This figure is likely to be an underestimate, especially in rural areas4 

where households have easy access to agrochemicals and intentional self-harm can be disguised as accidental 

ingestion.5 Studies have shown that intentional acts of self-poisoning in rural Sri Lanka distinguish 

themselves from acts of self-poisoning as they are commonly seen in western countries.6 A common trait in 

both settings is that acts of self-poisoning are often impulsive and most common among youth,6-8 but while 

self-harm in industrialised countries is associated with underlying mental disorders in 80-90% of cases,6;9;10 

such a strong association has not been shown with regard to self-poisoning in Sri Lanka and other developing 

countries,11 though alcohol abuse in itself (included in the category of mental disorders) is a highly prevalent 

factor.12 Furthermore, in Sri Lanka, the choice of poisoning agent depends on what is easily available, rather 

than on the supposed lethality of the substance or the level of suicidal intent.6 In western countries lethality 

and suicidal intent are often more strongly correlated.8  

The prevalence of self-poisoning incurs high costs on Sri Lankan society of an emotional, social and 

economic nature. Hospital management often requires expensive intensive care treatment, and poisoning 

cases taking up bed space may prevent other categories of patients from getting appropriate care due to 

already high patient/bed ratios7;13 that in some cases necessitate patients to share beds or even sleep on the 

floor (personal observation).  

The most significant social burden, however, is that whole communities are affected by premature mortality, 

lost workdays and the social impact of deliberate self-harm, which contributes to strain the already thinly 

stretched resources of many Sri Lankan households. This is especially true in rural areas which host 85 % of 

the population.14  

Rural areas experience a high level of poverty. The average monthly per capita income is Rs 2800 (USD 

29,25), which is only half of what is earned in urban areas. Also, twenty-five percent of the rural population 

live below the national poverty line,15 while a fourth of all rural households do not have access to safe 

drinking water and improved sanitary facilities, and a third have no electricity.16 The rural population thus 

                                                
i The vast majority of agrochemical self-poisoning cases use insecticide- and herbicide agents and the narrower term of 
‘pesticides’ is therefore predominantly used in the literature. In the current study, the two terms may be considered 
equivalent. 
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already faces many hardships, and in addition to adding to such hardship, acts of self-poisoning may 

conceivably be a result of it. 

In the general literature on deliberate self-harm, associations between socio-economic disadvantage and self-

harm are well recognized.8;9;17 Low socio-economic status and unemployment have consistently been shown 

to be linked to self-harm, though often the pathways are elusive.18  

In Sri Lanka, a few qualitative studies dealing with the social determinants and cultural meanings of self-

harm and self-poisoning,5;12;19 and just one risk factor study regarding pesticide poisoning have been carried 

out.20 Issues of socio-economic disadvantage are often mentioned in the literature, but have not previously 

been approached as direct objects of study. However, taking into account the high level of poverty in rural 

areas and traditional links between poverty and some identified risk factors such as alcohol abuse, domestic 

violence, depression, low educational status etc,20 performing such studies seems highly relevant. 

Similarly, the easy availability of highly toxic agrochemical compounds in rural areas is commonly 

mentioned as a determinant of pesticide poisoning, but only one small scale Sri Lankan study has, in fact, 

investigated this association.20 It is relevant to note that access to agrochemicals involves two levels: 

availability in the community generally (from agrochemical outlets) and availability at individual level (in or 

in immediate proximity to the household). Though the majority of people who poison themselves choose an 

agent that is within easy reach in the domestic environment, it is not without interest that in two case studies 

from rural areas between 10-20% of cases reportedly bought pesticides from agrochemical outlets purposely 

for and immediately prior to self-harm ingestion.6;12 Factors that impact on agrochemical availability have 

not previously been studied. 

It is clear that acts of self-poisoning are not only determined by factors related to their social context. Not all 

poor people poison themselves, nor do all who store agrochemicals in their homes. Self-poisoning incidents 

have shown to be often provoked by trigger events such as frustrations related to emotional relationships, 

abuse in the domestic environment, school-related problems or seemingly trivial arguments with family 

members.12 They are mediated by psychological characteristics such as poor problem-solving skills, 

hopelessness, personality disorder etc.8;9;21 Also neurobiological and genetic factors may contribute to 

suicidal behaviour.8 The importance of the social context becomes apparent when it is understood as the 

framework within which psychological processes are played out. The scope of the present study does not 

allow further deliberation of the psychological processes involved, but their significance should be kept in 

mind throughout the course of this report.  

Identifying areas of high self-poisoning incidence and exploring the associations between incidence rates and 

social and contextual factors may help to direct concerted prevention efforts and further research. For this 

purpose, the mapping techniques of geographic information systems (GIS) may prove a powerful, evidence-

based tool for assessment, analysis and action.22  
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2.1 Study objectives 

The present study should be seen as a first step in identifying high-risk areas. Its objectives are three-fold: 

1) To investigate and map self-poisoning incidence rates, measures of socio-economic disadvantage 

and some agriculture-related characteristics that impact on agrochemical availability in the study 

area; 

2) To investigate the possible association between incidence rates and the above-mentioned exposure 

variables (i.e. socio-economic disadvantage and agrochemical availability) at community level; 

These primary goals will be achieved by conducting an ecological analysis using hospital admission data on 

self-poisoning cases in a predominantly rural area of Sri Lanka. Correlations between incidence rates and the 

above-mentioned variables as they can be derived from census data and other secondary data sources will be 

explored. Visualization of the potential relationships between incidence, socio-economic disadvantage and 

land-use characteristics will be achieved through the use of a GIS, and maps illustrating the distribution of 

the variables within the study area will be presented.  

The third goal relates to methodology, and is: 

3) To evaluate the adequacy of this type of study in the Sri Lankan context for uncovering associations 

between self-poisoning incidence and such community structures as may encompass a higher degree 

of risk, exemplified in the current study by socio-economic disadvantage and measures of 

agrochemical availability.  

 



����
%%
!"
�#







����
%�
!"
�#





3. Material & Methods 

3.1 Primary data source & data collection 

A dataset from a previous study in the dry-zone of southern Sri Lanka forms the basis of this study.2 The data 

was collected from six government hospitals and covers 8110 admissions due to poisoning in the period 

1990-2002. Medical records of all in-patients during the study period were examined manually by a research 

assistant and information specific to poisoning cases recorded. Data describing age, gender, place of 

residence, nature of poisoning, type of poison ingested, treatment administered, and outcome at discharge 

was compiled.  

For the current study the original dataset was supplemented by an additional data collection in three hospitals 

within the study catchment area, which were not included in the previous study. This was to ensure that 

complete ascertainment of hospital admitted poisoning cases from the geographic area included in the study 

was obtained.   

The complete dataset consists of acute poisoning cases of intentional, accidental and occupational nature 

which were admitted to the nine government hospitals in the area in 1990-2002. In total, 9223 cases were 

available for analysis and comprise the primary data, from which the sub-samples included in the current 

study were extracted (see below).  

3.2 Primary data handling 

The general focus of this ecologic study is intentional self-poisoning at small-area level. To minimize the 

impact of ecologic bias, analysis is performed on the smallest spatial units for which secondary data is 

available: the GN-division (see Box 1 on the following page). To extract this sample from the primary data 

source, the following identifications were performed:  

3.2.1 Identification of the nature of poisoning 

Hospital bed head tickets (BHTs) record the nature of poisoning in various ways. Most commonly recorded 

is: ‘having taken poison’ or ‘ingestion of poison’, while other BHTs refer to ‘spray poisoning’, classified 

here as occupational exposure, and ‘accidental’ poisoning. In the current study, ‘having taken poison’ and 

‘ingestion of poison’ is taken to mean that the patient has engaged in deliberate self-poisoning. Where no 

mode of exposure could be ascertained from the BHTs, or where the records themselves stated uncertainty, 

cases were marked as ‘unknown’. 

3.2.2 Identification of the type of poison ingested 

The agents of poisoning are recorded on BHTs either by brand name or by broader categorization. In many 

cases the poisoning agent is not recorded at all or recorded as unknown. For the current study, the type of 
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poison ingested is classified as being either: agrochemical, drug, household, industrial, plant, mix of several 

agents, unknown poison, and unknown, the latter denoting that no poisoning agent was recorded on the BHT. 

For the analysis, ‘unknown poison’ and ‘unknown’ were combined to make one category. 

3.2.3 Identification of GN-divisions 

In the dataset from the previous six-hospital study 

by van der Hoek and Konradsen (2006),2 patients’ 

places of residence had been assigned to their 

respective administrative GN-divisions. However, 

in 19% of cases GNs had not been identified. In 

order to enhance the accuracy of the present 

analysis, the complete dataset was revised with 

respect to assignation of place of residence to GN-

division. For this purpose, all divisional secretariat 

division (DSD) offices in the study area were 

contacted and lists of all villages in each GN 

within the DSD requested (see text box).   

 

 

 

 

 

 

 

 

 

 

Subsequently, cases’ place of residence, as recorded in the complete primary dataset comprising all 9223 

cases, were cross-referenced with the acquired lists. In some cases, identification of a unique village / GN 

combination was difficult owing to various factors: 1) translations of Sinhala village names into English 

often result in different spellings of a particular village name, both at official and data collection level;          

2) many villages have identical or very similar names though pertaining to different administrative divisions; 

3) for some cases, places of residence were incompletely recorded, for instance as ‘99th Milepost’ or ‘25th 

Bend’ etc; and finally 4) some villages are divided between two GNs, but the data records do not state which 

particular one. 

To overcome these difficulties, 1:50.000 scale maps obtained from the Survey Department of Sri Lanka were 

used. When the same (or a closely similar) village name was found in more than one GN, the division nearest 

the hospital of admission was chosen. For the remaining ‘unknown’ villages, the divisional secretariat 

officers were again approached and asked to assist personally in the identification of GNs. Ultimately, the 

GN was unidentifiable for only 2,7% of cases. 

Governmental administrative districts in Sri 

Lanka divide the country into provinces which, 

in turn, consist of districts, consisting of 

divisional secretary divisions (DSDs), and 

finally Grama Niladhari divisions (GNs), which 

are the smallest administrative units in Sri 

Lanka. GNs are based on population numbers 

and consist of between 1-5 villages. Larger 

towns may be divided into several GNs. 

Box 1. The organization of administrative 
districts in Sri Lanka   
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3.3 Sample selection 

3.3.1 Study period  

The primary data source covers the complete period of 1990–2002. However, as records in several hospitals 

were missing for 1990-1993 and 1998 (reason unknown), it was decided to omit these years from the 

analysis. As such, the study period consists of the eight years 1994-1997 and 1999-2002. 

3.3.2 Case sample 

Only those cases classified as being cases of intentional self-poisoning were included in the study sample. 

Thus, occupational and accidental poisonings as well as indeterminable poisonings were excluded from the 

analysis. In addition, the database was checked for double-counting of patients transferred from one hospital 

to another within the study area. These cases were removed from the file of the referring hospital.  

3.3.3 Study area 

To ensure complete ascertainment of intentional self-poisoning cases from the geographic area for the 

current study, the catchment area was first constricted to include only the ten DSDs that immediately 

surround the nine hospitals of study. Thereafter, a selection of those GNs where the majority of inhabitants 

could be assumed to visit just the hospitals covered by the data collection was carried out. The selection 

criteria was based upon both distance to hospitals and the given road structure, with areas that were judged to 

have easier access to ‘outside’ hospitals omitted from the analysis.   

Ultimately, the study area comprises 195 GN-divisions with a median population of 1416 inhabitants (range 

= [214-5804]). In six instances, two GNs were combined (due to a particular village being assignable to 

both), creating a total of 189 GN-units for analysis. 

3.3.4 Study subjects 

The combination of the above-mentioned exclusions at both individual and GN level restricted the number of 

cases available for analysis from the primary source of 9223 cases to 4890 intentional self-poisoning cases. 

The subsets of agrochemical and non-agrochemical poisonings comprise 3141 and 1749 cases respectively. 

Of the excluded cases, 98% were excluded due to criteria related to the study sample, while 2% were 

excluded due to criteria concerning the study area (see Appendix 1 for a detailed description of the exclusion 

process).  

3.4 Calculation of self-poisoning incidence 

Incidence rates of self-poisoning for the various GNs for each year were calculated as  
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Over the eight years all but one hospital had several months in which no poisoning cases were reported. 

However, the overall pattern of poisoning over time as well as feedback from hospital doctors suggested that 

for many months, this was due to missing data, rather than an actual absence of poisoning cases.ii A 

calculation of the probable case load for these missing months was undertaken to correct the underestimation 

of cases which would otherwise be presented. (For a detailed description see Appendix 2.) 

The GN-specific population numbers were obtained from the 2001 Census of Population and Housing, and 

projections from 2001 to the remaining years were carried out, using the average district-specific annual 

population growth rate specified in the census data. 

3.5 Exposure variables 

Socio-economic disadvantage was assessed by measures commonly employed in ecological analyses of self-

harm: housing deprivation, unemployment, and educational level which are available from the above-

mentioned census data. Information regarding income is not available at the GN level in Sri Lanka and could 

therefore not be employed.  

For agrochemical availability, the population employed in agriculture (census data) and the proportion of 

land used for agriculture were employed. Data on land-use was acquired from the International Water 

Management Institute (IWMI), and is based on remote sensing analysis of satellite images from 2003. 

3.5.1 Socioeconomic disadvantage 

3.5.1.1 Housing deprivation 

Housing deprivation is a composite measure incorporating census data on permanence of housing structure 

as well as availability of a water-sealed toilet, protected source of drinking water and electricity as principal 

source of lighting. (For a detailed description of the composite see Appendix 3.) 

For each GN a summing up of these four housing variables led to a housing deprivation score ranging from 

‘0-4’. This score was split into ‘high’ and ‘low’ deprivation as follows:  

[0-2] : low housing deprivation  

[3-4] : high housing deprivation 

3.5.1.2 Unemployment 

In the literature, unemployment has often been hypothesized to be related to self-harm behaviour. One recent 

review showed that while only 41% of studies reported a significant correlation between unemployment and 

suicide, 73 % of those that did, reported the correlation to be positive with areas of higher unemployment 

experiencing higher rates of suicide.17   

                                                
ii Patient files are generally stored under unsuitable conditions subject to insect and rodent attack, which is presumably a 
major reason for the missing data. 
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The Census variable ‘unemployment’, used in the present study, measures the proportion of the population 

above 10 years of age that was economically active,iii  but unemployed. The proportion ranged from 0-27% in 

the different GNs and was computed into a binary measure using the 10% marker as cut-off. GNs with less 

than 10% unemployment were defined as having low unemployment, while GNs with more than 10% 

unemployment were defined as having high unemployment. 

3.5.1.3 Education 

Individual level of education has previously been shown to be a determinant of intentional self-poisoning in 

Sri Lanka, with poisoning cases more often having a lower level of education than non-poisoned controls.20   

To ascertain whether this association could be confirmed aggregated to the area-level, the proportion of the 

population aged 15 years and above that had completed secondary school was found.iv  This proportion 

ranged from 6 – 54% in the different GNs. A binary measure was computed using the 25% marker as cut-off, 

thereby defining GNs where less than 25% of the over 15 year-old population had completed secondary 

school as having a low level of education, whereas GNs where 25% or more had completed secondary 

school were defined as having a high level of education. 

3.5.2 Agrochemical availability 

The percentage of the population primarily employed in agriculture (agricultural population) as well as the 

extent of agricultural land-use within an area is proposed to be a marker of the availability of agrochemicals 

in homes as well as in the community. 

3.5.2.1 Agricultural population 

Census data describes the population employed in ‘agriculture and forestry’, but for the purpose of the 

present study this will be referred to as the ‘agricultural population’. The proportion of the employed 

population above 10 years of age that was employed in agriculture ranged from 5-94%. (This does not 

include agricultural labourers without permanent employment.) A binary measure was computed using the 

70% marker as cut-off with GNs in which more than 70% were employed in agriculture considered as having 

a higher probability of easy agrochemical accessibility.  

                                                
iii  The economically active population does not include students, people involved with housework, pensioners and other 
income recipients and people who are unable or too old to work 

iv It was decided to exclude the under 15 year olds from calculation of the proportion of the population that has 
completed secondary school, as children under 15 are too young to have completed secondary school, and the GN-
specific proportions of under-15 year olds are not evenly distributed across the study area. Were the under 15-year old 
population not omitted, the results would be biased because of this skewed age-distribution. 
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3.5.2.2 Land-use characteristics 

Land-use data was available as ArcView shapefiles (ESRI, Redlands, CA).v To make the land-use data 

available at GN-level, land-use data was cut by GN boundaries and summarized for each GN. Land-use was 

defined as being agricultural, if either paddy, home garden, coconut, or ‘other plantation’. Non-agricultural 

land-use was defined as chena,vi forest, scrub, grassland, marsh, sand, rock, stone etc. GNs were categorized 

as having a high or low agricultural usage, depending on the proportion of the total land-area (subtracting 

water bodies) used for agricultural purposes. GNs with over 70% land used for agriculture were classified as 

having a high agricultural land-use, while GNs having less than 70% land used for agriculture were classified 

as having low agricultural land-use. Land-use data was incomplete for five GNs and consequently classified 

as missing for these. 

3.6 Analysis 

3.6.1 Descriptive analysis 

As a first step, descriptive analysis was carried out on the case sample to illustrate the pattern of self-

poisoning in the study area with regard to the type of poison ingested, the distributions of sex, age, and case 

fatality, and the seasonal pattern of poisoning. Likewise descriptive analysis was carried out on the study 

area to show the distributions of socio-economic and agricultural exposure variables.  

Secondly, to identify geographical clustering of cases over the eight year period the GIS software, ArcView 

3.2 was employed. Maps identifying areas of high incidence rates of self-poisoning were produced for each 

year and an average of all eight years determined.   

3.6.2 Correlations between incidence and exposure 

SPSS 13 (SPSS Inc, Chicago, IL) was used to analyse the associations between self-poisoning incidence and 

exposure variables. Statistical significance of the studied associations was tested at 5% significance level. To 

take into account the possible confounding variables of sex, age and the type of poison ingested, analyses 

were carried out in sex-by-age strata for all self-poisoning as well as the subsets of agrochemical and non-

agrochemical poisoning. This was deemed to be relevant on the basis of the literature showing sex and age to 

be significantly related to self-poisoning.7 Two broad age categories (5-29 years and 30 years and above) 

were used, as the relatively small numbers precluded examination of individual age-bands. 

As neither incidence nor exposure variables are normally distributed, correlations were measured by 

calculation of Spearman’s rank correlation coefficient. An important advantage of this non-parametric 

                                                
v ArcView is a GIS software for mapping, data integration and analysis, in the current study used mainly for its 
mapping facilities. 

vi Chena is traditional ’slash and burn’ or ‘shifting’ cultivation, a low intensity cultivation commonly not necessitating 
much use of agrochemicals. 
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technique, in the current study, is that it is based on ranking the incidence and exposure variables separately 

and then testing the correlation of the ranks rather than the actual observations. This means that the observed 

correlation is not affected by outlying values, which is important where there may be a small minority of 

GNs having very high incidence rates.    

Following this, median incidence rates for high and low exposure were calculated in accordance with the 

binary categorisation previously described and rate ratios were determined to assess the magnitude of the 

difference between high and low exposure. Statistical significance was tested using the Mann-Whitney-U 

test which shows the probability of the two medians being identical. 
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4. Results 

The following analysis is split into three parts. First, descriptive analysis of the study subjects presents details on 

the pattern of poisoning at individual case-level as well as the distribution of exposure variables in the study area 

at GN-level; second, the distribution of incidence rates is described; and, finally, the analysis of associations 

between incidence rates and exposure variables as measured at GN-level is presented.  

4.1 Descriptive analysis 

4.1.1 Site description 

The area under study comprises the approximate catchment area of all nine hospitals combined and encompasses 

ca. 2900 square kilometres. It covers the main part of 10 DSDs and 195 GN-divisions. The total population of 

the area is about 333,000 with a median population per GN-division of 1512 (range, 214-5804). The area is 

located in the dry-zone of southern Sri Lanka and is a rural agricultural area dominated by subsistence farmers 

involved in irrigated paddy cultivation. Vegetables, bananas and in some areas sugarcane are also important 

crops and outside the irrigated areas chena cultivation is practiced.  

4.1.2 The study sample 

A total of 4890 cases from the study catchment area presented to hospital for treatment of intentional self-

poisoning during the eight years studied.  

Table 1 shows the different types of poison that were taken and the respective proportions that each type of 

poison is responsible for. By far the most common intake is that of agrochemicals (64,2%), followed by 

household products (12,2%), plants (5,5%), medicinal drugs (4,2%) and industrial products (0,4%). Only three 

of the 4890 cases had taken more than one type of poison simultaneously (data not shown).  

Table 1. Types of poison ingested         

Agrochemical n            percent †           Non-agrochemical n     percent 

Agrochemicals (total) 3141 64,20%   Non-agrochemical (total) 1749 35,80% 

Organophosphorous 1789 57,00%  Household products 596 12,20% 

Carbamates  176 5,60%  Plants   270 5,50% 

Paraquat 294 9,40%  Medicinal drugs 204 4,20% 

Endosulphan 236 7,50%  Industrial products 18 0,40% 

Other Agrochemicals 646 20,60%   Unknown poisons 658 13,50% 

† Note that percentages given for the different types of agrochemicals (presented in italics) refer to the percent within the agrochemical category 

(n=3141), whereas all other percentages are percent of total intentional self-poisoning cases (n=4890) 
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Demographic characteristics and case fatality rate (CFR) for all cases of self-poisoning, as well as for the subsets 

of agrochemical and non-agrochemical cases separately, are shown in Table 2.  Overall there is a higher 

representation of men (55%) versus women (45%). This trend is intensified for self-poisoning with 

agrochemicals (61% versus 39%) but reversed for non-agrochemical self-poisoning which is more common 

among women than men (55% versus 45%). Men consistently have a higher median age than women and also 

have a higher case fatality, which is not explained by the fact that men more commonly ingest the more toxic 

agrochemical products. In fact, the excess mortality in men versus women is largest for the non-agrochemical 

poisons.  

Analysis of the distribution of cases across months of the year was performed but a convincing seasonal trend 

was not found (see Appendix 4 for further details). 

Table 2. Demographic characteristics of study sample and case fatality rate 

(CFR)         

   All self-poisoning n = 4890 Agrochemical self-poisoning n = 3141 

Non-agrochemical self-poisoning n = 

1749 

    Female Male Total Female Male Total Female Male Total 

Number of cases 2198 2680 4890 1232 1901 3141 966 779 1749 

Percent (%) (45) (55) (100) (39) (61) (100) (55) (45) (100) 

Age                 

 median 21 27 24 22 27 25 20 26 22 

 IQR [17-28] [20-39] [19-34] [18-30] [21-40] [19-35] [17-27] [20-38] [18-32] 

CFR   6,6% 13,1% 10,2% 10,8% 16,0% 14,0% 1,3% 5,8% 3,3% 

4.1.4 Characteristics of the study area 

Figure 1 shows how the exposure variables (unemployment, secondary school completion, agricultural 

population, agricultural land-use and housing deprivation) are distributed across the GNs. The degree of housing 

deprivation (a composite measure incorporating impermanent structure, inadequate water and sanitary facilities, 

and lack of electricity) is low with the median score across GNs at 1. Unemployment ranges from 0-27% with a 

median of 8%, while the proportion of the adult populationvii that has completed secondary school ranges from 6-

54% and has a median of 22%. As for the proxy measures of agrochemical availability, the median proportion of 

people employed in agriculture is 63% ranging from 5-94%. The degree of land used for agriculture varies 

between 0-100% with a median of 44%. (For maps presenting the distribution of the exposure variables see 

Appendixes 5a and 5b) 

  

                                                
vii The term ‘adult population’ refers to the population above 15 years of age. 
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Fig. 1. Distribution of exposure variables within the study area. 

 

 

               (%)    (score) 

 

 

 

 

 

 

 

 

4.2 Self-poisoning incidence rates 

On the basis of extrapolation, the number of self-poisoning cases estimated to be missing due to unavailable 

hospital records in certain months (6% of all months) was determined for each hospital (see Appendix 2). The 

total revised case-load for all the hospitals included an additional 212 cases (4,3% of the complete sample) and 

was drawn on for the calculation of all subsequent incidence rates.  

Self-poisoning incidence was calculated for each of the eight years separately, and an average incidence rate was 

found for each GN for the complete study period; (see Map 1). (For maps and tabular overview of yearly GN-

specific incidence rates see Appendix 6). Despite some year by year variation, the maps shown in the appendix 

suggest a clustering of self-poisoning incidence that is both temporally and spatially consistent. In the further 

analysis, it is therefore deemed justifiable to employ the average incidence rates of the GNs across the eight 

years of study.   

The distribution of self-poisoning incidence rate for the total sample as well as split by sex, age and type of 

poison respectively is presented in Table 3. The median incidence rate for the whole study area is 158 cases per 

100.000 inhabitants annually, with a wide range that spans from 0 to 1435 cases per 100.000.  

 

 

Box plots: The boxes represent IQR with the upper and lower limits of the boxes equal to the 25th and 75th 
centiles respectively. The thick line represents the median value. The lower ends of the whiskers are minimum 
values and the upper ends are 1.5 times the value of the IQR. Dots are outliers. 
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Table 3. Distribution of self-poisoning incidence rates across GNs. Total population, sub-populations & sub-samples 

Incidence Rate1 

 Total Male Female < 30 yr olds > 30 yr olds Agrochemicals  

Non-

agrochemicals 

GNs (N) 189 189 189 189 189 189 189 

Median 158 159 147 200 116 101 52 

[IQR] [72-262] [75-272] [64-234] [88-331] [53-207] [39-172] [24-107] 

(Range) (0-1435) (0-1584) (0-1374) (0-2035) (0-1043) (0-1038) (0-485) 

1 Incidence rate is reported per 100.000 population annually   

 

The pattern of poisoning shown in Table 3 for incidence at the GN-level, is consistent with the pattern of 

poisoning for the individual-level hospital admitted cases shown in Table 2. Incidence rate is higher for men than 

women (159 versus 147 per 100.000) and highest in the population of under 30 year-olds (200 versus 116 per 

100.000). Likewise, agrochemical self-poisoning incidence is higher than non-agrochemical self-poisoning (101 

versus 52 per 100.000).  

One interesting observation is that the median incidence of the under 30 year old population is close to twice that 

of the population above 30 years (rate ratio = 1,7).  

Map 1. Total self-poisoning incidence. 8 year average 
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Map 2 and 3. Incidence by sex 
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Maps 4 and 5. Incidence by age 
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Maps 6 and 7. Incidence by type of poison 
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4.3 Analysis of associations between self-poisoning incidence and exposure at GN level. 

The investigation of associations between incidence rates and exposure variables is carried out by analysing 

within GN-specific age-/sex-bands for both poison categories as well as all poisons combined. Thereby, any 

confounding role played by age and sex will be avoided. All results reported hereafter concern associations 

between exposure and incidence at the area-level and cannot be directly inferred to apply at the individual level. 

4.3.1 Correlations between incidence rate and exposure variables  

Table 4 shows the results of the analysis conducted to determine the correlation between incidence and each of 

the five exposure variables.viii  Spearman’s rank correlation coefficients (Rs) and associated p-values are 

presented. For a correlation between two variables to be approximately linear, Rs must be close to either -1 or +1, 

while 0 indicates no linear relationship. The p-values give the probability of finding the given Rs in the event of 

there being no actual correlation between the variables; significant correlations are highlighted in bold. 

Table 4. Correlation between median incidence rate and exposure variables at GN level (N=189)1 

  Housing 
deprivation   Unemployment   

Secondary 
school 

completion 
  Agricultural 

Employment   Agricultural 
Land-use 

 Rs p-value  Rs p-value  Rs p-value  Rs p-value  Rs p-value 
All self-poisoning              

Female               
< 30 -0,24 <0,001  0,10 0,173  0,29 <0,001  -0,02 0,831  -0,04 0,601 
> 30 -0,06 0,408  -0,16 0,024  0,12 0,102  0,04 0,627  0,03 0,679 

Male                
< 30 -0,24 0,001  0,06 0,435  0,27 <0,001  -0,04 0,629  0,01 0,907 
> 30  -0,18 0,015  -0,04 0,541  0,27 <0,001  0,03 0,700  0,02 0,818 

               
Agrochemical self-poisoning             

Female               
< 30 -0,12 0,098  0,03 0,687  0,20 0,006  -0,02 0,744  0,00 0,984 
> 30 -0,03 0,694  -0,14 0,050  0,09 0,236  0,02 0,780  0,01 0,879 

Male                
< 30 -0,19 0,008  0,02 0,745  0,26 <0,001  0,02 0,831  0,00 0,919 
> 30  -0,10 0,167  -0,04 0,556  0,26 <0,001  0,02 0,822  0,09 0,199 

               
Non-agrochemical self-poisoning           

Female               
< 30 -0,33 <0,001  0,18 0,016  0,32 <0,001  0,04 0,618  -0,08 0,268 
> 30 -0,085 0,247  -0,07 0,351  0,12 0,114  0,00 0,950  0,022 0,762 

Male                
< 30 -0,23 0,001  0,09 0,200  0,18 0,011  -0,08 0,253  0,00 0,948 
> 30  -0,2 0,006   -0,04 0,575   0,17 0,021   0,05 0,480   -0,04 0,543 

1N(land-use) = 185              
Significant associations are highlighted in bold in the table 
 
 
 
 
 
 

 
                                                
viii  For the correlation analysis the exposure variables were analysed in their continuous forms before the binary 
categorisation described in section 3.5 was performed. 
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It is evident from the proximity of Rs to zero, in all strata, that the degree of linearity in the observed correlations 

is small.  

Only the socio-economic disadvantage measures (housing deprivation, unemployment and secondary school 

completion) present statistically significant correlations to self-poisoning incidence, whereas agricultural 

employment and land-use are insignificant in all strata, both for agrochemicals, non-agrochemicals, and all 

poisons together. In addition, the correlation coefficients for the agricultural variables are extremely close to 

zero, which indicates that a linear relationship between these factors and incidence rate does not exist.ix  

Housing deprivation and secondary school completion show the highest degree of linear association with self-

poisoning incidence. Though these correlations are not of a high magnitude, they are significant in all but 

women over 30 years of age. For agrochemical self-poisoning, however, the correlation between housing 

deprivation and incidence is only significant in males below 30. Interestingly, the direction of the observed 

relationships is opposite to what was initially hypothesized: areas with good housing quality are shown to have 

higher rates of self-poisoning, as are areas with higher degrees of secondary school completion.  

Unemployment presents a different pattern and only shows a statistically significant correlation with self-

poisoning incidence in the total sample and in agrochemical self-poisoning for women over 30 years of age. In 

both samples the correlation is negative – again contrary to expectation – meaning that higher levels of 

unemployment in a GN are associated with lower levels of self-poisoning. For non-agrochemical poisoning, a 

correlation between unemployment and incidence rate can only be seen in women who are below 30 years of 

age. In this case the correlation is positive which shows that higher levels of unemployment in a GN are 

associated with a higher level of non-agrochemical self-poisoning in women under 30. Interestingly, it seems 

there is no association at all between area-level unemployment and self-poisoning incidence in men.  

4.3.2 Magnitude of associations between incidence rate and exposure variables 

To further investigate the correlations described above, each of the socio-economic disadvantage variables were 

split into two groups of GN level exposure as described in section 3.5. Median incidence rates for each exposure 

group were calculated and the difference between the medians tested for statistical significance by way of the 

Mann-Whitney test,x a non-parametric technique that tests the null hypothesis that the observed medians of two 

independent groups are in fact equivalent. (Tables presenting the results of the Mann-Whitney test for all 

poisoning as well as agrochemical and non-agrochemical poisoning separately are shown in Appendix 7.)   

                                                
ix Scatterplots were likewise constructed to reveal any non-linear relationships, but such relationships could not be observed 
either (data not shown). 

x The Mann-Whitney test is also referred to as the Wilcoxon rank sum test. 
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Tables 5a (all self-poisoning), 5b (agrochemical self-poisoning) and 5c (non-agrochemical self-poisoning) 

present median incidence rates for each exposure group as well as the rate ratios between them. Results are only 

presented for those variables that were found to be significant in the previous analyses, i.e. the three measures of 

socio-economic disadvantage. As agricultural employment and land-use show no correlation with incidence in 

any strata and as scatter-plots do not suggest any non-linear relationships, it is not relevant to report the rate 

ratios between high and low exposure groups for these two variables.   

Significance as calculated by the Mann-Whitney test is highlighted in bold in the tables.
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Table 5a. Median incidence rates and rate ratios (RR) in binary exposure groups of socio-economic disadvantage variables.       
All self-poisoning.                      

All self-poisoning incidence per 100.000 

    TOTAL   Female   Male 

     Total  <30yrs  >30yrs  Total  <30yrs  >30yrs 

 N Median RR  Median RR  Median RR  Median RR  Median RR  Median RR  Median RR 

Housing deprivation                      

High [3-4 of 4] 56 142 0,85  126 0,8  184 0,8  62 0,9  142 0,85  112 0,58  141 0,87 

Low [0-2 of 4] 133 167 1  157 1  231 1  69 1  167 1  193 1  163 1 

Unemployment                      

High [>10%] 121 166 1,1  153 1,04  228 1,02  41 0,55  163 1,06  215 1,4  144 0,85 

Low [<10%] 68 151 1  147 1  224 1  75 1  154 1  154 1  169 1 

Secondary school completion                     

High [>25%] 67 201 1,49  186 1,56  296 1,58  81 1,42  212 1,51  263 1,99  216 1,51 

Low [<25%] 122 135 1   119 1   187 1   57 1   140 1   132 1   143 1 
Significant results are highlighted in bold in the table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 

Table 5b. Median incidence rates and rate ratios (RR) in binary exposure groups of socio-economic disadvantage variables.       

Agrochemical self-poisoning.                     

Agrochemical self-poisoning incidence per 100.000 

  TOTAL  Female  Male 

     Total  <30yrs  >30yrs  Total  <30yrs  >30yrs 

 N Median RR  Median RR  Median RR  Median RR  Median RR  Median RR  Median RR 

Housing deprivation                      

High [3-4 of 4] 56 86 0,83  74 0,94  103 0,98  31 0,78  79 0,76  82 0,68  114 0,99 

Low [0-2 of 4] 133 103 1  79 1  125 1  40 1  104 1  120 1  115 1 

Unemployment                      

High [>10%] 121 97 0,94  74 0,91  119 0,99  0 -  87 0,84  114 1,02  82 0,68 

Low [<10%] 68 103 1  81 1  120 1  50 1  104 1  111 1  121 1 

Secondary school completion                     

High [>25%] 67 130 1,59  87 1,19  136 1,28  58 1,87  150 2,03  167 1,92  151 1,72 

Low [<25%] 122 82 1   73 1   106 1   31 1   74 1   87 1   88 1 
Significant results are highlighted in bold in the table                   
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Table 5c. Median incidence rates and rate ratios (RR) in binary exposure groups of socio-economic disadvantage variables.       
Non-agrochemical self-poisoning.                    

Non-agrochemical self-poisoning incidence per 100.000 

    TOTAL   Female   Male 

     Total  <30yrs  >30yrs  Total  <30yrs  >30yrs 

 N Median RR  Median RR  Median RR  Median RR  Median RR  Median RR  Median RR 

Housing deprivation                      

High [3-4 of 4] 56 32 0,51  24 0,48  50 0,43  0 -  37 0,59  27 0,40  29 0,71 

Low [0-2 of 4] 133 63 1  50 1  116 1  0 1  63 1  68 1  41 1 

Unemployment                      

High [>10%] 121 64 1,28  45 0,69  111 0,84  0 -  55 1,04  68 1,70  27 0,79 

Low [<10%] 68 50 1  31 1  93 1  0 1  53 1  40 1  34 1 

Secondary school completion                     

High [>25%] 67 66 1,57  65 2,24  141 1,96  24 -  76 1,73  75 2,03  53 1,84 

Low [<25%] 122 42 1   29 1   72 1   0 1   44 1   37 1   29 1 
Significant results are highlighted in bold in the table 
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4.3.3 Housing deprivation  

The tables show that, in total, GNs with poorer housing (i.e. high housing deprivation) have approximately 

15% lower rates of self-poisoning than GNs with better housing (RR = 0,85). Considerable differences are 

seen within the different sub-populations and for the different types of poisoning. When stratified by type of 

poison, significance is only retained for the non-agrochemical subsample, which remarkably presents 50-

60% lower self-poisoning rates in areas of poorer housing.  

4.3.4 Unemployment 

The analysis of association between incidence rate and high versus low unemployment presents very mixed 

results when stratified by sub-population and type of poisoning. The overall association is insignificant, but 

for women over 30 years of age there is a significantly lower self-poisoning incidence rate in areas of high 

unemployment corresponding to 45% lower rates. However, it must be noted that the incidence rates in 

women over 30 years of age are very small throughout, and the difference between the median incidence 

rates for areas of high and low unemployment therefore does not carry much weight.  

4.3.5 Secondary school completion 

The degree of secondary school completion in a GN shows an overall significant association with self-

poisoning incidence, which corresponds to approximately 50% higher rates of poisoning in areas where 

higher proportions of the population have completed school. The magnitude of the difference between areas 

with higher and lower school completion varies noticeably between the different sub-populations. For 

agrochemical poisoning, males living in areas of higher school completion have twice as high rates of 

poisoning, as males living in areas of lower school completion. For females, on the other hand, GNs with 

higher school completion present only 20% higher rates of poisoning. This pattern is reversed for non-

agrochemical poisoning where females in areas of higher school completion have almost 125% higher rates 

than females in areas of low school completion, while males living in areas of higher school completion have 

just 73% higher rates than their low school completion counterparts.  
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5. Discussion  

The following section begins with a discussion of methodology followed by a summarisation of the main 

findings and a brief discussion about possible explanations of the results. Finally, implications for the future 

are proposed. 

5.1 Methodology 

5.1.1 Design 

Any ecologic study is inherently prone to methodological problems that severely limit causal inference. 

Ecologic bias arises when heterogeneity of exposure levels and covariates within groups is not caught by 

data aggregated to the group-level. This leads to problems of confounder control and inability to identify 

effect modification. Furthermore, within-group misclassification and issues regarding lack of adequate data, 

temporal ambiguity (between measurement of exposure and measurement of outcome), collinearity (the 

tendency of exposure variables to be more highly correlated with one another at group- than at individual 

level) and migration of individuals across groups are common.23 

Nevertheless, ecologic studies have the ability to inform about distributions and associations of exposure and 

outcome variables at the area-level and can be a good foundation for designing more in-depth analytic 

individual level studies. Combined with the mapping of incidence rates to identify areas in need of public 

health interventions, ecologic studies may provide an important input to public health policy and intervention 

planning. It is in this light that the design of the present study finds its justification and from this perspective 

that the results reported here should be considered. The following is an examination of the quality of the data 

employed and the validity of the analysis, which needs to be taken into account before discussing the 

findings of the study. 

5.1.2 Calculation of incidence rates 

5.1.2.1 Study sample and catchment area.   

Associations were explored at community level under the assumption that all or most self-poisoning cases 

occurring in the given time period (1994-1997 and 1999-2002) would be caught by the data collection, 

thereby producing complete assessment of incidence rates in the community. There are, however, several 

problems regarding this assumption.  

The question of whether hospital admission data satisfactorily captures the incidence of self-poisoning in the 

community cannot be bypassed. It may be assumed that the majority of symptomatic poisonings do in fact 

seek hospital care, as Sri Lankan hospitals provide services free of charge and alternative treatment seeking 
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for poisoning is rare (Dr. Siriwardhana, Ayurvedic Medical Officer, personal communication).xi However, 

self-poisoned people that die before reaching hospital will not be recorded in hospital admission data, as is 

the case with self-poisonings of a less severe nature that do not necessitate hospital treatment. Minor 

poisonings not caught by hospital data are not likely to bias the results as they may be supposed to be evenly 

distributed within the study area. The same cannot necessarily be said, however, for those cases, where 

poisoning results in death before hospital treatment can be sought.  

Data from a study of all deaths due to injury in another rural area in Sri Lanka has shown that up to 15% of 

poisoning deaths occur before first contact with the hospital system (Eddleston M, unpublished data). These 

deaths are probably more likely to occur in remote areas where the distance and thereby travelling time to 

hospitals is greater. The inability of hospital data to catch these cases may lead to a more significant bias as 

pre-hospital death cases are differentially distributed across the area. To evaluate the extent of this potential 

bias in the present study area, we checked the police records for six years within the study period of one 

fairly remote divisional secretariat division (DSD) consisting of 17 GNs.xii The number of deaths due to 

intentional self-poisoning recorded by the police were compared with the number of hospital recorded self-

poisoning deaths in the same DSD. We found that, on average, police records on suicides comprised 8 times 

as many deaths due to poisoning as was found in the hospital data per year (range, 3-20). This much larger 

number of deaths recorded in the police data from one remote DSD suggests that deaths from self-poisoning 

outside of hospital may present a fairly consequential bias in certain though presumably not all areas under 

study.xiii  Due to time limitations it was not possible to review police records for the whole study area.  

Another problem with the assumption of data completeness on self-poisoning is the extent to which people 

residing within the study area seek treatment in hospitals not covered by the data collection. Such cross-

boundary admissions will, like the pre-hospital deaths, produce a differential bias in the study of 

associations, since lower incidence rates are more likely to be found in GNs on the border of the study area. 

As mentioned in section 3.3, this bias was reduced by excluding GNs for which the risk of cross-boundary 

treatment seeking was considerable. However, the actual treatment seeking patterns were not verified locally 

and there is therefore some risk of incidence underestimation in these areas.  

A third issue that also relates to the study sample is the extent to which patients were correctly determined to 

be cases of intentional self-poisoning. Until 1998, suicide was a criminal offence24 and, due to the fear of 

police involvement or due to social or cultural taboos,5 some cases of intentional self-harm poisoning may 

                                                
xi There are no private hospitals within the study area, so these do not present an alternative treatment option.  

xii All deaths in Sri Lanka have to be reported to the police. However, the cited study found that 12,7% of injury deaths 
recorded in hospitals and in the judicial courts could not be found in police records.  

xiii  The case fatality rate (CFR) ranges from 0,8% to 36,7% between the different DSDs under study. The average CFR 
for the whole area is 10,2%. 
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have been recorded as ‘accidental’ on patient BHTs. Such misclassification may also have been made by the 

data collectors, as the nature of poisoning (whether intentional, accidental or occupational) can be difficult to 

determine from handwritten BHTs. Any instances of inaccurate classification by the data collectors, 

however, are likely to have occurred equally across hospitals,xiv though differences in hospital record keeping 

might theoretically impact upon interpretability of the BHTs.  

In brief, the assumption that the data collected from nine hospitals within the study area presents the 

complete number of intentional self-poisoning cases in the analysed GNs is somewhat problematic.  Due to 

the retrospective nature of the study, the extent and impact of the potential misclassifications cannot be 

adequately assessed. Steps have been taken, however, to confine the area of study to the most probable 

catchment area of the nine hospitals and it is believed that the degree of misclassification with regard to the 

nature of poisoning (whether intentional or non-intentional) is inconsequential. Though the failure to capture 

fatal self-poisoning incidents not admitted to hospital may bias the results, the fact that the focus of the 

present study is incidence rather than mortality lessens the significance of the bias.xv  

5.1.2.2 Subsamples 

The identification of the subsamples of agrochemical and non-agrochemical poisoning and consequently the 

calculation of incidence rates for these two categories is dependent on quality of hospital records. The type 

of poison ingested was marked as unknown in 13,5 % of all self-poisoning cases and while these were not 

included in the subset of agrochemical self-poisoning, it is probable that a substantial proportion of unknown 

poisons actually are agrochemicals.  

5.1.2.3 Missing hospital records 

Files from all hospitals except Embilipitiya were incomplete to varying degrees and records for some months 

were missing. Though this was taken into account by the correction for missing months (described in App. 

2), the method of calculation of cases in the missing months did not allow for possible changes in poisoning 

pattern over time (i.e. from year to year), though it did take into account the seasonal variation within each 

year. In fact, subsequent analysis showed that an average increase in incidence rate of approximately 8% 

annually does take place over the study period. Coupled with the fact that the additional case-load after 

correction for missing months varies between hospitals [3-35% of hospital cases], this means that not taking 

the annual increase into account may differentially influence the area-specific incidence rates to a small 

extent. 

                                                
xiv The same research assistant was involved in the collection of data from all nine hospitals. 

xv The majority of self-poisoning cases do not result in death after all. 
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5.1.3 Spatial distribution of incidence rates 

Another issue which might significantly affect the studied associations is the degree to which cases have 

been wrongly assigned to GN-divisions. Despite efforts to minimize the degree of misclassification 

(described in section 3.2.3), it is probable that a number of cases have been erroneously assigned.  

A final source of potential error for the calculation and spatial distribution of incidence rates relates to the 

GN population data which was obtained for the year 2001 from the Census of Population and Housing. The 

average annual population growth rate of the three districts included in the study area was used to calculate 

GN populations for each of the remaining years in the study period. However, this average does not 

necessarily correspond to the disaggregated population growth rates at the much lower GN-level. The 

influence of migration could not be assessed with the available data and may also have compromised to an 

extent the validity of the yearly population counts.  

5.1.4 Exposure variables 

Census data available at GN-level was applied in the construction of six of the seven exposure variables (the 

exception being the agricultural land-use variable). The census data variables, originally continuous 

variables, were converted into binary measures by choosing a cut-off point that split the frequency 

distribution one third versus two thirds. This cut-off value was arbitrarily chosen and other choices may have 

yielded different results. It was not possible to find either supporting or opposing literature on the subject 

that could take into account the specific local context. 

5.1.4.1 Proxy measures of agrochemical availability 

Agricultural Population  

The proportion of the employed population involved in agriculture and forestry was used as a proxy for 

availability of agrochemicals in the community. The validity of this proxy is supported by an ecologic study 

conducted in Taiwan on the association between accessibility to lethal methods and method-specific suicide 

rates which showed a positive correlation between the proportion of the population employed in agriculture 

(used as a proxy for agrochemical accessibility) and suicide by poisoning.25  

Land-use 

The categorisation of land-use into agricultural and non-agricultural land was performed in accordance with 

a previous study conducted in the same area on malaria.26 However, whether this categorisation is equally 

relevant as a measure of agrochemical availability is debateable. Taking into account different types of 

agricultural land-use and categorising according to the usage of agrochemicals would have heightened the 

validity of the land-use measure. Another issue is the validity of the land-use data itself. The Landsat satellite 

images, from which the land-use data was generated, have a moderate spatial resolution,27 which means that 

very precise categorisation of land-use cannot adequately be achieved (see Appendix 8 for a visual 
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representation of Landsat imagery resolution) and the validity of the data has not been ascertained at ground-

level.  

5.1.5 Temporal discrepancy in analysis 

In the analysis of associations between incidence rate and exposure variables, the implication of the temporal 

discrepancy between measurement of self-poisoning incidence [1994-2002] and measurement of exposure 

variables [2001 and 2003] cannot be determined, but it is possible that this discrepancy constitutes a 

substantial bias in the study. One main issue in this regard is the fact that government development projects 

have been taking place in certain parts of the study area during the study period. For instance, the “Uda 

Walawa Left Bank Irrigation, Upgrading & Extension Project” was initiated in the north-western part of the 

study area in 1997.28 This project covered about 44 GNs within the study area and involved two phases:  

Phase 1 (1997-2003) covered rehabilitation and upgrading of existing irrigated lands as well as the 

development of new lands. Development of new lands (for agriculture) in the period just prior to the land-use 

data measurement in 2003, may well mean that GNs covered by the development project are classified in the 

current study as having a higher proportion of land used for agriculture than was actually the case in the time 

period before phase 1 of the development project was finalised. 

Phase 2 (1999-2005) included both the opening up of new lands for agriculture and the establishment of new 

settlements “with irrigation and other social infrastructure facilities” This too, may have a weighty influence 

on the studied associations, as resettlement across GN-boundaries within the study period but before the 

2001 census is likely to have an effect on population extrapolation.   

5.2 Main findings 

The pattern of sex, age, case-fatality and type of poison ingested largely concurs with other studies carried 

out in Sri Lanka and countries in the region and will not be discussed further.2;6;20;29-33 

Keeping in mind the methodological limitations described above, the study presents some interesting results 

that have not previously been described in the Sri Lankan setting. 

5.2.1 Clustering of incidence 

The median rate of intentional self-poisoning in the study area was found to be 158 per 100.000 inhabitants 

annually. This number is in itself not remarkable. It compares to self-harm incidence rates in European 

countries,34 and is actually lower than estimates of poisoning incidence rates in north-central Sri Lanka.32;33 

What is interesting is that the explicit assignation of cases to place of residence in the community reveals that 

self-poisoning does not occur evenly throughout the study area. Exceptionally high incidence rates tend to 

cluster in specific GNs, while other areas continuously have no or very low rates of poisoning. The range of 

annual incidence rates stretches from zero to a striking 1435 cases per 100.000 inhabitants (Table 3).  



����
#(
!" 
�# 


This geographic clustering is noteworthy as it supports the assumption that rates of self-poisoning depend on 

contextual factors and that self-poisoning behaviour as such (and not just its outcome/consequences) is 

amenable to modification.xvi 

As a possible explanation for the observed geographic clustering of self-poisoning, measures of socio-

economic position and proxies for agrochemical availability in the study area were investigated.  

5.2.2 The effects of education and housing quality 

Clear-cut associations between GN-specific incidence rate on the one hand and housing quality and 

educational attainment (measured at the area-level) on the other, were found. Contrary to initial expectation, 

areas of poorer housing quality and areas of lower secondary school completion were in fact found to have 

15% and 50% lower overall self-poisoning rates respectively.  

This finding is initially counter-intuitive and is of interest as it contrasts with results from the majority of 

studies on self-harm worldwide.8;11;18;35 Also, a review of the literature from 1967-2004 found that most 

ecologic studies of socio-economic status and suicide rate (self-harm resulting in death) in Asian countries 

specifically show that lower area-level socio-economic position is associated with a significantly higher rate 

of completed suicide. Only one study from Asia carried out in the same period shows an association in the 

opposite direction (36% of the studies show no association between suicide rate and socio-economic 

position).17  

In order to explain the observed correlation found in the study area, it is necessary to consider the 

mechanisms through which better education and housing quality might be supposed to affect self-poisoning 

incidence rates. A previous qualitative study conducted within the area revealed the proximal causes of all 

intentional pesticide poisoning cases admitted to two hospitals throughout a one-year period.12 The most 

commonly identified precipitating factor was alcohol misuse, followed by issues regarding love and marriage 

(such as unhappy love affairs, unwanted pregnancies, forced marriages, jealous husbands etc), domestic 

abuse, depression, conflicts at school or failing exams, trivial arguments among siblings and finally less than 

5% of cases were due to financial difficulties. These reasons do not seem to have any clear link to better 

education or better housing at the area level and it may be supposed that education and housing are merely 

indicative of some unseen third factor (or multiple factors) that stimulate(s) self-poisoning behaviour. This 

supposition is supported by the socio-demographic characteristics of the victims of poisoning in the 

qualitative study just mentioned. A case-control risk factor study showed that these same poisoning victims 

had a generally lower educational level than controls (p=0.012) and showed that socio-economic status did 

not differ significantly between cases and controls (p=0.369).20 These compositional individual level findings 

are, in essence, diametrically opposite to what the present study has shown at the contextual level.  

                                                
xvi Also highly relevant to the explanation of clustering of self-poisoning are sociological processes such as contagion,8 
but the discussion of these is beyond the scope of the present study.  
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This being the case, one possible explanation for the observed higher rate of self-poisoning incidence in 

areas of better socio-economic position, is that dissonance between individual and area characteristics might 

be a factor associated with the risk of self-poisoning behaviour.20;35;36 In the present case this would suggest 

that individuals who live in areas of relative higher socio-economic position, but are themselves poorly 

educated and/or live in poor-quality houses, have a higher self-poisoning rate than individuals with the same 

compositional characteristics living in areas of lower socio-economic position. Such a trend has been noted 

for instances of self-harm behaviour in western settings.36-38    

Another possible explanation for the association between self-poisoning incidence and housing is that GNs 

covered by the long-term irrigation and development projects operating in the area have better quality 

housing namely due to these projects, while at the same time experiencing certain adverse effects of 

resettlement. Such adverse effects might have to do with a lack of social cohesion caused by the relocation of 

people from their villages of origin to new-established colonies in the development project areas. By 

upsetting the traditional socially interconnected way of village life otherwise inherent to rural Sri Lanka, 

resettlement efforts may uproot the extensive social networks that plausibly act as stress-buffers in times of 

crisis. The stress-buffering effects of social support are likely to impact on the experience of negative life 

events and thereby on self-harm behaviour as a response to such events.36  

5.2.3 Unemployment 

Correlation analysis between unemployment and self-poisoning incidence show contrasting results between 

genders. Male incidence is unassociated to unemployment in all strata, whereas a significant association 

appears for female incidence in some strata (namely a negative correlation for agrochemical self-poisoning 

incidence in women over 30 years of age; and a positive correlation for non-agrochemical self-poisoning 

incidence in women below 30 years of age). These results do not suggest any clear pathway between 

unemployment and self-poisoning at the area level. This is perhaps not surprising, as unemployment and 

self-harm behaviour are generally supposed to be linked through individual level psychological processes 

rather than contextual effects.39 Issues regarding length of unemployment, self-rated loss of status and 

identity, impact of unemployment on social network, level of meaningful activity separate from job-status, 

financial implications etc are just some of the factors that have been suggested to mediate the relationship,40 

but the effects of such factors are impossible to gauge with the current data. Furthermore, the question of 

selection – whether mental disorders impacting on self-harm behaviour lead to unemployment, or whether 

unemployment leads to mental disorders increasing the risk of self-harm cannot be approached within a 

cross-sectional study. It is possible that there might be some contextual effect of unemployment on self-harm 

similar to that discussed for housing and education. If unemployment in a community is high, then being 

unemployed is unlikely to be experienced as equally degrading as being unemployed in communities where 

unemployment is low.36 Also, the social attitude toward unemployment is likely to shape individual attitude 
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and thereby behavioural response. The clarification of such relationships however necessitates individual-

level data.  

5.2.4 Access to Agrochemicals 

The present study showed that agrochemical availability, as it can be measured by the proportion of the 

population employed in agriculture and the degree of agricultural land-use in the GNs, is not directly 

associated to self-poisoning incidence. In support of this, the results of the previously-mentioned risk factor 

study show that farmer households were not at higher risk of self-poisoning than other occupations, and that 

- for farmers - neither the type of crop grown, nor whether pesticides were stored in the house were 

significant determinants of pesticide self-poisoning.20 This indicates that the availability of pesticides in the 

community and in the home is not a satisfactory marker of self-poisoning risk.  

That being said, there can be no doubt that accessibility to agrochemicals is a highly necessary factor in 

agrochemical poisoning and that by restricting access to highly toxic chemicals, one might expect to see a 

reduction in pesticide poisoning. It is unclear, however, whether restricting access to agrochemicals will 

merely stimulate individuals at risk of self-harm to substitute agrochemicals for other methods of self-

poisoning/self-harm. 

5.3 Implications for the future 

The results of this study imply that it is not reasonable to target preventive efforts in areas identified merely 

by their socio-economic profile or with regard to agrochemical availability. It seems likely that individual 

processes exert a greater effect on self-poisoning behaviour than do contextual characteristics of areas.  

When exploring features such as socio-economic position and agrochemical availability, it is only possible to 

disentangle individual from contextual effects with the use of multi-level analysis, i.e. adjusting associations 

found at area-level for individual characteristics. In the current study, information on individual level 

exposure was not available and in such cases (i.e. purely ecologic studies) it may be of greater worth to 

identify factors which are wholly contextual in nature, such as the distribution of treatment-, counselling- and 

support facilities, alcohol sales outletsxvii etc. Mapping such contextual features using GIS will serve to 

identify areas which lack an infrastructure supportive to prevention efforts and which thereby require 

particular focus.  

At the same time, the mapping of incidence rates as it has been performed here, serves to identify areas of 

high incidence for various subgroups. In themselves, these incidence maps can aid policy makers, 

researchers and public health professionals in directing targeted interventions, assuming that knowledge is 

available with regard to the sub-group specific determinants of self-poisoning behaviour.  

                                                
xvii Though capturing the widespread sales of illicit alcohol might prove difficult. 
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Further studies are required to identify sub-group specific determinants. To date, few studies have reported 

determinants of self-poisoning behaviour12;20 and none have stratified with regard to age and gender. Though 

the present study has identified an association between incidence and education and housing, the actual 

implications of the associations and the mechanisms that lead to self-poisoning remain unclear. From the 

existing literature three broad categories of determinants can be identified.12  

In the first category, self-poisoning seems to occur in the context of alcohol abuse, domestic violence and 

financial hardship. There can be little doubt of the fact that such events are socio-economic in nature and that 

the failure to identify this in the present study  is due to shortcomings in the dataset and in the design rather 

than to a missing link between socio-economic variables and these proximal triggers of self-poisoning.  

In the second category, self-poisoning is occasioned by issues regarding love and sexual propriety as well as 

seemingly trivial arguments between siblings or conflicts with peers. This type of poisoning incident seems 

to be a means of communicating feelings of loss, frustration, or being unjustly treated. It may seem a drastic 

and thoughtless method of communication, but if self-poisoning accomplishes a change in the environment 

of the victim which is to his/her subsequent advantage, it may be an effective – if highly dangerous – 

communication strategy.xviii   

The third category concerns self-poisonings that occur in the context of depression and permanent physical 

disability. While severe incidents of self-harm in western countries are practically equated with some form of 

mental health disorder,10 this is commonly disproved in the literature regarding poisoning in Sri Lanka, 

where only few episodes seem to be precipitated by mental health issues. However, there is no doubt that 

people with mental health ailments are at high risk of suicide and self-harm.  

An integrated approach to prevention of self-poisoning in Sri Lanka needs to take into account all of these 

issues. In the first category, regulating sales of alcohol and controlling the illicit brew of kasippu, providing 

treatment possibilities for alcoholism, providing supportive (and un-stigmatising) services to women and 

children living in abusive environments may be fruitful interventions. In the second category, presenting 

young people with alternative communication strategies seems imperative in prevention efforts. This may, 

however, not be an easy task. The restrictions that young people face when communicating, especially with 

their elders, are deep-rooted in Sri Lankan as in many other Asian cultures.19 Furthermore, it is evident that 

to encourage attitude change, whole communities must be targeted for intervention. Researchers have often 

called for preventive efforts to be instated in the school setting, but it seems clear that interventions 

performed only in the school setting may serve to increase the conflict between parents and children rather 

than appease it. Thirdly, for the category of self-poisoning that is determined by mental health issues, the de-

                                                
xviii  A currently on-going study is attempting to evaluate the consequences of self-poisoning behaviour with regard to‘re-
entry’ into the family and the community after the poisoning incident (Maracek J. Work in progress). Otherwise, not 
much is known about the social consequences of self-poisoning behaviour. 
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stigmatisation of psychiatric illness as well as supplying mental health support structures such as counselling 

and treatment facilities is essential. Finally, restricting access to agrochemicals, the most common and most 

lethal means of self-harm in Sri Lanka, by enforcing a stricter regulation on pesticide-sales, phasing out the 

most dangerous chemicals as well as encouraging safer storage in homes is likely to have a significant 

impact on completed suicide rates. 

 The task is comprehensive and necessitates a multi-level and multi-sectoral approach that includes private 

commercial industries (alcohol and agrochemical industries), education (at multiple levels), health care and 

social services, media reporting, non-discriminatory and just law-enforcement as well as poverty alleviation. 

The capability and motivation of individuals to utilize resources instated for the prevention of self-harm must 

likewise be addressed. Clearly, such a comprehensive integrated approach is challenging in a developing 

country with limited resources available. Prioritizations must be made and to this end, the use of a GIS-

platform is proposed.  

By identifying broad categories of determinants as discussed above and assuming that ascertainment can be 

made of the subgroups at risk in each determinant category, then mapping of group-specific incidence can 

assist in pin-pointing localities where specific interventions might be supposed to be most efficient. The task 

of prevention outlined above may then become more feasible. Even so, effectively combating the problem of 

self-poisoning in Sri Lanka will require intense political will, financial means and community action. 
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6. Conclusion 

This study has explored the distribution of self-poisoning incidence in a rural area of southern Sri Lanka and 

found that self-poisoning behaviour that necessitates hospital treatment tends to cluster in certain areas. This 

indicates that self-poisoning behaviour is not solely defined by individual level processes but is also 

associated with factors having to do with the social context at area-level.  

The results show a linear association between self-poisoning incidence and socio-economic factors at area 

level, though the magnitude of the correlation is small. Contrary to what has generally been shown for self-

harm behaviour, the results of the present study reveal that in this particular region, areas of higher socio-

economic position (as measured by education and housing quality) have higher rates of self-poisoning. In 

males the association holds true regardless of age, whilst association in females is only consistent in the 

under 30-year olds.   

No significant association between unemployment and self-poisoning incidence was found at the area level. 

Similarly for the proxy measures of agrochemical availability: population employed in agriculture and 

agricultural land-use. The lack of association between self-poisoning and agrochemical availability suggests 

that availability in itself does not influence self-poisoning behaviour. 

Though a descriptive ecologic study such as this one can identify areas of heightened self-poisoning rates, 

the design is not adequate when attempting to disentangle compositional from contextual associations or 

effects and therefore not suitable for exploring risk factors which may adhere to both individual and area 

level simultaneously (such as socio-economic position). Multi-level modelling of data collected for both 

individual and area characteristics may serve to alleviate this problem. Such a design would be likely to 

prove beneficial in the interpretation of the counter-intuitive association between socio-economic position 

and self-poisoning incidence shown in the present study. Also in-depth analytic studies on individual level 

determinants of self-harm behaviour and identification of at-risk subpopulations are essential in order to 

direct primary prevention programmes.   
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All poisoning 
9223 cases 

Poisoning cases 
(1994-2002) 
8488 cases 

All intentional self-
poisoning cases 

1994-2002 
5463 cases 

Occupational, 
accidental and 

unknown poisoning 
3025 cases 

1990-1993: 
735 cases 

 

5428 cases 

Double counted 
transfers: 
35 cases 

 

5339 cases 

4892 cases 

Complete study 
sample 

4890 cases 

Bufferzone GNs: 
46 cases 

Outside GNs: 
40 cases 

 

1998:  447 cases 
 

Age < 5 yrs: 2 
cases 

 

Agrochemical   
self-poisoning 

3141 cases 

Non-agrochemical 
self-poisoning 

1749 cases 

Appendix 1. Flow diagram of case exclusion 
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Appendix 2. Correction for missing months 

For all hospitals, excepting Embilipitiya, there were several months in which no poisoning cases were 

reported. However, the overall pattern of poisoning over time and feedback from hospital doctors suggested 

that for many months, this was due to missing data, rather than an actual absence of poisoning cases. A 

calculation of the probable case load for these missing months was therefore undertaken to correct the 

underestimation of cases which would otherwise be presented. 

For the relevant hospitals, an average caseload was computed for each month of the year by summing up the 

number of cases reported in the same month over all the years and dividing this sum by the number of years 

for which the given month was represented.  

Ex. 

Hospital A 1994 1995 1996 1997 1999 2000 2001 2002 Average 

Jan J94 missing J96 J97 J99 J00 J01 J02 �  (Jn)/7 

Feb F94 F95 F96 F97 missing F00 F01 F02 �  (Fn)/7 

March M94 M95 missing M97 M98 M99 M01 missing �  (Mn)/6 

 

The average caseload for the month was used as a proxy for the number of cases in months for which data 

was missing, and a corrected number of cases per hospital was produced. Subsequently, the original 

contribution in percent of each GN-division to each hospital was used to compute a corrected caseload and 

ensuing incidence rate per GN-division.  

In order to deal with the possibility of some ‘missing months’ actually being poison-free (i.e. no cases 

admitted), it was decided that for hospitals which had less than three cases per month in all the valid 

represented years, a correction for missing data would not be carried out, as the risk of creating an over-

estimate of the caseload was large. 
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Appendix 3. Method for creating a composite measure of housing deprivation 

Census data on permanence of housing structure as well as availability of a water-sealed toilet, protected 

source of drinking water and electricity as principal source of lighting were incorporated into one measure 

describing degree of housing deprivation.  

Each housing variable was scored according to the following classifications, with a score of ‘1’ indicating a 

higher degree of deprivation:  

1) ‘Permanence of outer wall material’  

The percentage of housing units having walls made of permanent building materials such as brick, cement 

blocks/stone, cabook or pressed soil blocks. (Building materials not included in this classification are mud, 

cadjan, palmyrah, plank and metal sheets). GNs in which less than two thirds of housing units had permanent 

outer walls were given a score of ‘1’. GNs with more than two thirds having permanent walls were scored 

‘0’ 

2) ‘Type of toilet’ 

The percentage of housing units having inferior toilet facilities defined as not having a water seal toilet. The 

types of toilet included in this classification are pour-flush, pit, or other, as well as those houses not using a 

toilet. GNs in which more than 50% of housing units had inferior toilet facilities were scored ‘1’.  GNs with 

less than 50% of housing units having inferior toilet facilities were scored ‘0’. 

3)’Source of drinking water’ 

The percentage of housing units having an unprotected source of drinking water such as an unprotected well, 

a tank , river or other. (Water sources not included in this classification are protected wells, tube wells and 

mainline taps). GNs in which more than 30% of housing units had an unprotected source of drinking water 

were scored ‘1’. GNs where less than 30% had an unprotected water source were scored ‘0’.  

4)’Principal source of lighting’ 

The percentage of housing units using electricity as principal source of lighting. (Other sources are kerosene 

oil, solar power and other). GNs in which less than 50% of housing units had electricity were scored ‘1’. 

GNs where more than 50% had electricity were scored ‘0’. 

For each GN a summing up of the 4 housing variables lead to a housing deprivation score ranging from ‘0-

4’. This score was split into ‘high’ and ‘low’ deprivation as follows:  

[0-2] : low housing deprivation 

[3-4] : high housing deprivation 
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Appendix 4. Seasonal variation in self-poisoning 

 

The monthly distribution of cases was explored in order to reveal any seasonal trend in self-poisoning 

behaviour. In particular, agrochemical poisoning (in line with the hypothesis that self-poisoning is dependent 

on agrochemical availability), might be supposed to fluctuate in accordance with the agricultural cultivation 

process (see below) and reflect the seasonality in field application of agrochemicals. 

Paddy Cultivation 

 

 

 

The distribution of agrochemical self-poisoning cases over months of the year show only very slight 

fluctuations as can be seen below and a convincing seasonal trend in self-poisoning is not observed.  

 

Mean monthly distribution of cases. Agrochemical self-poisoning 
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Mean monthly distribution of cases. Non-agrochemical self-poisoning1 
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1The data used to construct this line-chart has not been corrected for missing months due to the small number of cases per month, which make 

extrapolations uncertain. The validity of the observed fluctuations is therefore uncertain.  

 

For non-agrochemical self-poisoning, there are more perceptible fluctuations with peaks in March/April/May 

and in September. 

 

In order to explore more fully seasonal patterns of self-poisoning, it would be relevant to look at each 

specific type of poison individually, i.e. the different types of agrochemical used in agriculture, as well as the 

different types of non-agrochemical poisons. With the present dataset, however, this exercise was not 

possible, as the small number of poison-specific cases each month mean that it is not possible to discern 

whether the months which have no recorded cases are in fact poison-free or whether data is simply missing. 
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Appendix 5a. Socio-economic exposure variables. 
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Appendix 5b. GN distribution of agricultural variab les.  
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Appendix 6. Tables and maps of yearly GN specific incidence rates 

  Incidence rate per 100.000 inhabitants 

DSD GN 1994 1995 1996 1997 1999 2000 2001 2002 8 yr avrg 

Sooriyawewa Ihala Kumbukwewa 0 0 0 0 0 0 0 0 27 

 Mahagalwewa 0 0 183 180 88 86 85 168 111 

 Meegaha Jabura 0 0 247 243 236 116 115 227 142 

 Ranmuduwewa 0 0 130 128 125 123 121 120 141 

 Weliwewa 0 0 111 110 107 105 104 102 82 

 Suravirugama 0 0 318 262 254 201 148 244 180 

 Samajasewapura 0 0 132 87 85 83 82 122 75 

 Weeriyagama 0 0 129 127 124 122 60 118 102 

 Hathporuwa 48 48 188 185 180 133 131 172 142 

 Weniwel Ara 0 61 60 59 58 114 56 55 66 

 Aliolu Ara 0 0 52 51 50 49 49 48 76 

 Sooriyawewa Town 84 83 626 564 522 463 406 575 445 

 Viharagala 42 82 689 599 582 498 415 633 460 

 Beddewewa 0 0 268 211 205 203 150 246 170 

 Mahawelikada Ara 0 0 118 117 114 56 55 109 72 

 Andarawewa 0 0 298 235 229 169 167 219 183 

 Namadagaswewa 0 0 256 253 246 161 159 236 166 

 Mahapelessa 74 146 216 213 207 204 201 265 191 

 Bediganthota 0 66 130 128 187 185 121 180 143 

 Habarattawala 109 108 106 105 102 100 99 98 75 

 Wediwewa 0 0 317 235 228 225 148 219 183 

            

Lunugamvehera Maha Aluth Gam Ara 0 0 0 0 0 0 0 0 91 

 Angunakolawewa 437 433 426 420 408 403 397 391 311 

 Veheragala 0 0 0 0 0 0 0 0 167 

 Ranawarnawa 194 192 94 93 181 178 176 173 172 

 Dewramvehera 116 228 225 222 216 213 314 310 284 

 Bogahawewa 0 0 0 0 0 0 158 156 62 

 Padavigama 87 172 254 167 244 240 316 311 254 

 Punchiappujandura 0 275 271 134 260 256 379 373 265 

 Lunugamvehera New Town 75 222 218 215 279 275 339 334 256 

 Seenimunna 0 101 99 98 190 187 185 182 158 

 Kendagasmankada 80 471 619 381 742 732 865 924 596 

 Mahanagapura 0 125 246 121 236 233 344 339 241 

 Muwanwewa/Ittanwekada 98 193 285 188 274 270 355 437 277 

 Weeravil Ara 0 0 0 0 0 0 0 0 0 

 Mattala 0 172 339 167 325 321 316 312 247 

 Pahala Mattala 0 291 287 283 275 271 267 264 244 

 Mihindupura/Abhayapura 80 158 234 154 299 221 364 358 255 

 Singhapura 0 0 0 0 0 0 0 0 19 
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 Senapura 397 391 386 760 924 1095 899 887 730 

 Agbopura 104 103 101 200 292 383 378 373 287 

 Karambawewa 0 0 0 0 0 0 0 0 0 

 Rambukwewa/Keerhipura 131 129 191 188 305 361 297 293 218 

 Samanpura 281 278 274 539 525 777 510 503 465 

 Ranasiripura 276 272 268 397 515 634 500 493 430 

 Weeravila 475 469 617 760 1182 1458 1293 1133 939 

 Beralihela 531 524 515 678 988 1138 1122 948 844 

 Dutugemunupura/Jayagama 70 69 68 134 131 193 127 125 116 

 Parakramapura 0 0 0 0 0 0 0 0 66 

 Saddhathissapura 172 169 334 165 321 473 312 308 264 

 Saddhathissapura New Town 0 0 0 0 0 0 0 0 0 

 Saliyapura 0 0 211 0 202 199 196 194 153 

            

Tissamaharama Kawanthissapura 62 61 60 119 116 171 169 111 113 

 Kirinda 64 63 62 123 149 176 174 143 120 

 Uddhagandara 0 87 85 84 82 81 79 78 73 

 Joolpallama 48 48 47 93 135 133 131 129 97 

 Weerahela 0 0 0 0 0 0 0 0 6 

 Vijithapura 66 65 64 127 185 243 180 177 147 

 Ellagala 66 131 129 190 247 304 240 237 212 

 Anjaligala 0 0 0 0 0 0 0 0 15 

 Pannagamuwa 340 419 496 653 872 1016 1002 913 715 

 Dambewelena 0 109 108 106 103 102 100 99 91 

 Mahindapura 80 78 77 76 148 146 144 142 103 

 Gemunupura 100 98 97 191 186 275 181 178 166 

 Ekamuthugama 200 197 195 288 373 460 363 358 307 

 Sandungama 109 215 106 209 305 401 396 293 270 

 Debarawewa 289 285 281 416 607 664 590 517 479 

 Kachcheriyagama 0 0 0 106 103 102 100 99 65 

 Sandagiripura 242 239 236 349 452 557 494 433 388 

 Mahasenpura 102 100 99 195 237 280 276 227 198 

 Shuddha Nagaraya 234 230 227 336 436 536 423 418 343 

 Medawelena 80 79 78 153 223 220 217 214 150 

 Rohanapura 0 0 0 115 111 110 108 107 85 

 Senapura 76 75 74 145 212 278 206 203 179 

 Gangasiripura 65 64 63 124 121 179 176 116 115 

 Polgahawelena 255 252 248 367 476 586 462 456 379 

 Randunu Watta 0 0 0 0 88 87 86 85 45 

 Molakepoopathana 109 108 106 210 305 301 297 293 220 

 Thissapura 47 47 46 45 88 87 86 85 56 

 Uduvila 203 300 197 389 567 652 551 543 431 

 Rubberwatta 173 171 169 249 323 398 314 310 255 

 Tissamaharama 343 423 334 576 799 946 855 767 690 
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 Gotabhayapura 120 118 116 172 223 275 217 214 176 

 Rana Keliya/Yodhakandiya 180 177 175 259 335 413 367 321 283 

 Viharamahadevipura 61 60 59 117 170 224 166 163 135 

 Welipothewala 104 102 101 99 193 190 188 185 135 

 Halmillawa 175 173 171 168 164 322 159 157 185 

 Rath Nelumyaya 83 81 80 79 154 152 149 147 107 

 Gonagamuwa 347 342 337 554 754 851 734 620 587 

 Saliyapura 105 104 102 202 295 388 287 282 237 

 Nedigamvila 96 94 93 92 178 176 173 171 113 

 Wijayapura 0 0 0 0 117 116 114 112 59 

 Konwelena 87 172 85 167 244 321 316 234 216 

 Magama 238 235 231 457 555 656 647 532 463 

 Andaragasyaya 68 67 66 131 191 188 186 183 129 

            

Ambalantota Siyambalakote 0 242 119 118 229 226 334 330 279 

 Barawakumbuka 0 351 289 284 443 491 484 477 405 

 Thaligala 0 119 59 58 112 166 164 162 143 

 Liyangasthota 0 0 0 0 62 61 60 60 31 

 Wetiya 0 347 228 225 328 431 319 314 331 

 Murawasihena 0 195 96 95 184 273 179 177 199 

 Rote 0 135 67 66 128 189 124 123 122 

 Hedavinna 0 0 0 0 0 0 0 0 0 

 Ridiyagama 0 0 0 0 0 0 0 0 16 

 Mamadala S./Mamadala N. 0 46 0 0 43 43 42 41 39 

           

Angunukolapalasse Rathmalwala 0 162 159 157 153 151 297 293 193 

 Kailawelapotawa 0 0 0 0 0 0 0 0 0 

 Kendaketiya 0 0 0 0 0 0 0 0 22 

 Uswewa 0 1031 846 835 1299 1440 1420 1400 1174 

 Metigathwala 0 0 0 0 0 0 0 0 43 

 Amarathungama 0 0 0 0 0 0 0 0 52 

 Kohombagaswewa 158 155 153 151 294 290 286 282 223 

 Dikwewa 0 201 99 98 190 281 184 182 178 

 Abesekaragama 0 233 0 0 220 217 214 211 139 

            

Wellawaya Thelulla Colony 0 0 0 0 0 0 0 0 0 

 Ethiliwewa 0 0 0 0 51 50 50 49 26 

 Thelulla 218 215 212 209 406 400 395 389 283 

 Balaharuwa 108 107 105 104 151 149 147 194 148 

 Debara Ara 0 0 0 0 0 0 0 0 21 

 Kithulkote 203 201 198 195 284 280 276 273 255 

 Uva Kudaoya 260 256 210 207 323 318 314 309 298 

 Aluthwewa 68 67 66 66 64 63 62 122 56 
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Thanamalwila Hambegamuwa 0 0 0 53 51 0 50 49 26 

 Hambegamuwa Colony 66 196 129 190 247 61 240 414 219 

 Kahakurullan Pelessa 156 154 152 224 218 143 212 279 175 

 Mahawewa 0 0 0 0 0 0 0 0 24 

 Sooriyaara 250 197 194 192 279 276 272 313 259 

 Usgala 0 0 0 0 144 142 140 138 127 

 Nikawewa 0 0 0 0 0 0 117 115 61 

 Bodagama 88 87 86 85 82 81 80 79 73 

 Kivul Ara 189 187 184 181 353 348 343 423 258 

 Sittragama 187 221 145 179 278 240 270 267 229 

 Seenukkuwa 0 0 0 0 0 0 0 0 15 

 Katupilagama 171 169 166 128 213 227 276 306 209 

            

Sewanagala Habaraluwewa 200 197 195 144 326 276 363 402 265 

 Samagipura 199 196 194 127 247 183 241 237 220 

 Weliara 127 125 124 122 118 117 115 227 210 

 Punchiwewa 0 0 0 0 0 0 163 161 105 

 Kiri Ibbanwewa 256 252 249 204 278 274 309 381 293 

 Sevanagala 309 283 301 233 412 386 500 533 380 

 Muthuminigama 232 229 226 185 288 284 350 380 273 

 Bahirawa 146 144 142 140 204 201 265 326 172 

 Indikolapelessa 323 239 314 232 526 519 731 721 480 

 Habarugala 94 69 159 112 153 151 170 209 141 

 Nugegalayaya 132 130 171 127 206 203 200 236 182 

 Mahagama 263 260 598 505 614 565 597 745 537 

 Habarattawela 169 166 164 121 196 155 229 264 180 

 Panahaduwa 0 0 0 0 0 52 154 152 61 

            

Embilipitiya Udawalawa 574 523 558 423 494 649 960 1263 716 

 Thimbolketiya 142 140 138 91 132 174 171 211 152 

 Kolambage Ara 270 266 262 222 252 283 384 517 306 

 Miriswelpotha 0 0 0 0 0 0 0 0 26 

 Adaluwa 0 0 0 0 0 0 44 43 24 

 Maduwanwela 99 98 97 64 93 91 90 148 106 

 Udawalawa Track 2 42 41 41 40 39 38 76 75 61 

 Rathkarawwa 0 0 0 0 0 21 62 61 25 

 Gangeyaya 269 303 299 258 287 283 313 378 312 

 Ketagal Ara 114 112 110 109 106 104 137 135 122 

 Nindagam Pelessa 112 110 108 54 104 51 101 100 88 

 Ranchamadama 52 51 51 50 49 48 95 93 67 

 Panamura 280 253 249 201 239 214 275 333 268 

 Konkatuwa 0 0 0 0 0 0 34 34 23 

 Embilipitiya Udagama 1472 1388 1369 1104 1371 1235 1566 1831 1435 
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 Hingura Ara 370 324 359 275 306 302 372 440 344 

 Kalagedi Ara 117 115 113 84 109 107 132 156 118 

 Moraketiya 370 364 359 295 373 340 419 495 368 

 Embilipitiya Pallegama 197 155 153 113 147 127 161 194 161 

 Embilipitiya New Town 227 201 198 152 190 167 205 243 201 

 Yodhagama 39 19 19 19 18 18 18 35 25 

 Modarawana 105 104 102 101 98 97 95 141 106 

 Sudugala 50 50 49 48 47 46 46 45 36 

 Walalgoda 53 53 52 51 50 49 48 48 38 

 Jadura 204 151 148 98 142 140 138 182 151 

 Diyapota 51 51 50 49 48 47 46 46 48 

 Mulendiyawala 51 50 49 49 47 47 46 45 48 

 Thorakolayaya 50 49 49 48 47 46 91 90 66 

 Kumbugoda Ara 215 212 209 172 200 165 227 256 218 

 Hingura 1090 131 103 102 149 171 169 166 147 

 Halmillaketiya 80 79 78 77 74 73 109 107 90 

 Thunkama 1594 310 262 237 356 351 366 401 314 

 Hagala 1069 162 133 105 179 176 174 196 165 

 Kuttigala 1850 239 177 174 283 306 275 271 241 

 Julangete 1031 107 105 104 152 149 147 145 134 

 Padalangala 1667 176 145 143 222 246 243 239 216 

            

Kolonna Walakada 0 0 0 0 0 0 0 0 39 

 Dapane 0 0 0 0 0 0 0 0 17 

 Dorapane 0 0 0 0 0 0 0 0 30 

 Omalpe 311 307 302 224 290 286 352 347 291 

 Kempane 133 132 130 64 124 61 121 119 104 
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Appendix 7a. Median incidence rates by exposure groups. All self-poisoning 

     All self-poisoning incidence per 100.000      

    Female   Male 

  Total  <30yrs  >30yrs  Total  <30yrs  >30yrs 

 N Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR] 

Housing deprivation score                  

High [3-4] 56 126 [41-210]  184 [76-293]  62 [0-170]  142 [40-233]  112 [43-275]  141 [31-245] 

Low [0-2] 133 157 [83-244]  231 [133-462]  69 [0-131]  167 [95-285]  193 [88-336]  163 [69-298] 

Mann-Whitney (U)1  p = 0,048 (3046)  p = 0,017 (2906)  p = 0,632 (3562)  p = 0,030 (2978)  p = 0,025 (2956)  p = 0,130 (3205) 

Unemployment                  

High [>10%] 121 153 [60-246]  228 [91-527]  41 [0-122]  163 [73-285]  215 [55-337]  144 [49-246] 

Low [<10%] 68 147 [64-234]  224 [105-348]  75 [28-174]  154 [75-269]  154 [75-296]  169 [64-295] 

Mann-Whitney (U)   p = 0,928 (4082)  p = 0,426 (3827)  p = 0,007 (3160)  p = 0,921 (4078)  p = 0,629 (3940)  p = 0,304 (3744) 

Secondary school completion2                 

High [>25%] 67 186 [116-323]  296 [202-476]  81 [31-159]  212 [113-320]  263 [96-377]  216 [106-352] 

Low [<25%] 122 119 [51-209]  187 [79-346]  57 [0-130]  140 [61-241]  132 [56-262]  143 [41-233] 

Mann-Whitney (U)   p < 0,001 (2827)  p < 0,001 (2786)  p = 0,103 (3508)  p = 0,002 (2959)  p = 0,003 (3020)  p = 0,002 (2949) 

                   

Agricultural Employment                  

High [>70%] 61 131 [69-259]  228 [105-410]  63 [29-151]  149 [74-269]  166 [60-299]  155 [54-275] 

Low [<70%] 128 155 [62-229]  222 [95-352]  64 [0-135]  164 [75-274]  170 [63-323]  161 [58-274] 

Mann-Whitney (U)   p = 0,805 (3817)  p = 0,606 (3723)  p = 0,473 (3655)  p = 0,975 (3893)  p = 0,743 (3789)  p = 0,820 (3824) 

Agricultural Land-use                  

High [>70%] 78 155 [51-241]  213 [89-355]  69 [0-158]  164 [48-273  174 [74-335]  161 [58-281] 

Low [<70%] 107 147 [70-231]  230 [131-433]  60 [0-133]  152 [82-271]  160 [60-294]  158 [56-266] 

Mann-Whitney (U)    p = 0,909 (4132)   p = 0,466 (3911)   p = 0,770 (4070)   p = 0,980 (4164)   p = 0,485 (3922)   p = 0,948 (4150) 

1The Mann-Whitney test evaluates the null hypothesis that the medians of the two exposure groups are identical. If p < 0,05, the difference between the medians is judged to be statistically 

significant. Significantly different medians are highlighted in bold. 

2Note that for secondary school completion the category ‘high’ in contrast to the other variables does not denote hypothesized high risk, but rather a high level of education,  

originally hypothesized to protect against poisoning. 
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Appendix 7b. Median incidence rates by exposure groups. Agrochemical self-poisoning 

     Agrochemical self-poisoning incidence per 100.000      

    Female   Male 

  Total  <30yrs  >30yrs  Total  <30yrs  >30yrs 

 N Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR] 

Housing deprivation score                  

High [3-4] 56 74 [23-136]  103 [37-204]  31 [0-94]  79 [25-187]  82 [24-198]  114 [0-208] 

Low [0-2] 133 79 [40-131]  125 [60-207]  40 [0-88]  104 [42-188]  120 [42-228]  115 [32-219] 

Mann-Whitney (U)1  p = 0,480 (3482)  p = 0,385 (3427)  p = 0,791 (3637)  p = 0,247 (3327)  p = 0,161 (3244)  p = 0,551 (3521) 

Unemployment                  

High [>10%] 121 74 [26-127]  119 [54-216]  0 [0-69]  87 [35-187]  114 [35-229]  82 [0-196] 

Low [<10%] 68 81 [34-141]  120 [52-204]  50 [0-116]  104 [39-187  111 [36-211]  121 [35-220] 

Mann-Whitney (U)   p = 0,541 (3894)  p = 0,821 (4033)  p = 0,018 (3289)  p = 0,613 (3932)  p = 0,824 (4034)  p = 0,337 (3770) 

Secondary school completion                 

High [>25%] 67 87 [52-144]  136 [83-241]  58 [0-93]  150 [76-205]  167 [60-237]  151 [65-246] 

Low [<25%] 122 73 [23-125]  106 [38-190]  31 [0-86]  74 [23-159]  87 [25-193]  88 [0-168] 

Mann-Whitney (U)   p = 0,048 (3378)  p = 0,026 (3288)  p = 0,227 (3669)  p < 0,001 (2792)  p = 0,006 (3097)  p = 0,001 (2932) 

                   

Agricultural Employment                  

High [>70%] 61 65 [31-142]  116 [53-233]  40 [0-83]  85 [39-185]  107 [41-204]  104 [15-217] 

Low [<70%] 128 81 [32-130]  124 [54-195]  32 [0-91]  119 [37-189]  111 [33-223]  119 [22-213] 

Mann-Whitney (U)   p = 0,992 (3901)  p = 0,974 (3893)  p = 0,662 (3756)  p = 0,817 (3823)  p = 0,968 (3890)  p = 0,813 (3822) 

Agricultural Land-use                  

High [>70%] 78 76 [23-134]  113 [44-201]  33 [0-90]  115 [37-200]  118 [39-237]  120 [39-222] 

Low [<70%] 107 79 [39-125]  130 [53-214]  36 [0-84]  98 [37-172]  108 [32-209]  106 [0-200] 

Mann-Whitney (U)    p = 0,981 (4165)   p = 0,741 (4055)   p = 0,881 (4121)   p = 0,480 (3919)   p = 0,661 (4016)   p = 0,381 (3860) 

1The Mann-Whitney test evaluates the null hypothesis that the medians of the two exposure groups are identical. If p < 0,05, the difference between the medians is judged to be statistically 

significant. Significantly different medians are highlighted in bold. 

2Note that for secondary school completion the category ‘high’ in contrast to the other variables does not denote hypothesized high risk, but rather a high level of education,  

originally hypothesized to protect against poisoning. 
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Appendix 7c. Median incidence rates by exposure groups. Non-agrochemical self-poisoning 

     Non-agrochemical self-poisoning incidence per 100.000      

    Female   Male 

  Total  <30yrs  >30yrs  Total  <30yrs  >30yrs 

 N Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR]  Median [IQR] 

Housing deprivation score                  

High [3-4] 56 24 [0-48]  50 [6-123]  0 [0-46]  37 [3-73]  27 [0-76]  29 [0-55] 

Low [0-2] 133 50 [19-97]  116 [51-212]  0 [0-60]  63 [30-122]  68 [10-130]  41 [0-104] 

Mann-Whitney (U)1  p = 0,002 (2663)  p < 0,001 (2471)  p = 0,426 (3473)  p < 0,001 (2580)  p = 0,004 (2744)  p = 0,088 (3159) 

Unemployment                  

High [>10%] 121 45 [15-89]  111 [40-259]  0 [0-38]  55 [27-122]  68 [0-124]  27 [0-87] 

Low [<10%] 68 31 [13-82]  93 [32-172]  0 [0-64]  53 [17-104]  40 [0-127]  34 [0-91] 

Mann-Whitney (U)   p = 0,343 (3774)  p = 0,167 (3617)  p = 0,142 (3626)  p = 0,393 (3807)  p = 0,154 (3606)  p = 0,727 (3993) 

Secondary school completion2                 

High [>25%] 67 65 [23-99]  141 [93-218]  24 [0-64]  76 [48-125]  75 [24-140]  53 [0-104] 

Low [<25%] 122 29 [11-79]  72 [17-166]  0 [0-50]  44 [12-103]  37 [0-111]  29 [0-74] 

Mann-Whitney (U)   p = 0,012 (3188)  p < 0,001  (2642)  p = 0,087 (3521)  p < 0,001 (2800)  p = 0,023 (3279)  p = 0,087 (3494) 

                   

Agricultural Employment                   

High [>70%] 61 44 [12-92]  130 [53-200]  0 [0-70]  71 [31-133]  44 [0-129]  41 [0-103] 

Low [<70%] 128 39 [16-84]  92 [31-194]  0 [0-51]  48 [19-107]  61 [0-117]  30 [0-86] 

Mann-Whitney (U)   p = 0,942 (3879)  p = 0,111 (3346)  p = 0,440 (3654)  p = 0,126 (3367)  p = 0,651 (3747)  p = 0,420 (3631) 

Agricultural Land -use                  

High [>70%] 78 40 [9-83]  89 [34-181]  11 [0-58]  49 [20-108]  67 [0-131]  30 [0-82] 

Low [<70%] 107 39 [16-90]  116 [33-201]  0 [0-56]  58 [24-119]  46 [0-125]  34 [0-99] 

Mann-Whitney (U)    p = 0,839 (4101)   p = 0,237 (3750)   p = 0,547 (3973)   p = 0,345 (3835)   p = 0,544 (3958)   p = 0,501 (3940) 

1The Mann-Whitney test evaluates the null hypothesis that the medians of the two exposure groups are identical. If p < 0,05, the difference between the medians is judged to be statistically 

significant. Significantly different medians are highlighted in bold. 

2Note that for secondary school completion the category ‘high’ in contrast to the other variables does not denote hypothesized high risk, but rather a high level of education,  

originally hypothesized to protect against poisoning. 
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Appendix 8. Differences in resolution imagery 

 

Imagery from Landsat ETM+ (largest image), ATLAS (intermediate image) and Quickbird (smallest image) 

show the quality of the Landsat resolution. 

 

Acquired from: http://wwwghcc.mscf.nasa.gov/land/ncrst/multiclas.html, accessed on 11/11 -2006 

 


