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Could the agrochemical poisoning increase suicide attempts in Brazilian rural areas? an 

econometric approach using spatial analysis methods 

Gustavo D. Lobo, Felipe M. De Souza Almeida, André F. Danelon, Adauto B. Rocha, 

Alexandre N. Almeida

Abstract 

The increase of suicide rates has become a serious global health issue. Although there is no 

clear explanation for this phenomenon, there has been an increasing interest in identifying risk 

factors related to its attempt, using biological, psychological, cultural, behavioral, economic 

and social variables. In rural areas, it is possible to see a pattern of high suicide rates in several 

countries around the world, which characterizes farmers as a high-risk group. Among the means 

used by the victims, the exogenous poisoning by agrochemicals stands out. In Brazil, more than 

half of exogenous agrochemical poisoning is supposed to be linked to suicide attempts.  In this 

context, the present study aims to identify the determinants of the suicide attempt by 

agrochemical ingestion in Brazil, specifically in Paraná state. The hypothesis that guides the 

study is that the unsafe use of agrochemicals and its intensity can lead to more cases of suicide 

attempts. We use variables that capture social, economic and demographic in order to control 

the effects of use and misuse of agrochemicals. Also, the empirical models test if rural suicide 

is spatially correlated. Using the Poisson Regression, Negative Binomial Regression and Spatial 

Filtering methods, the results corroborate that municipalities with high agrochemical poisoning, 

i.e., misuse that input, have a higher number of suicide attempts by agrochemical ingestion. The 

analysis also evidences the existence of a low spatial correlation rural suicide attempts, and, 

when filtering such correlation, it is possible to reach estimators that are free from spatial bias. 

In general, despite its limitations, this study contributes to identify some determinants of rural 

suicide in Paraná state, Brazil, providing subsidies for public policies able to mitigate such 

phenomenon. 

Key words: Intoxication; Pesticides; Public Health 
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I. Introduction 

Suicide is considered a global public health issue. Approximately 800,000 people die 

each year for this reason, which is one of the leading causes of death worldwide (World Health 

Organization - WHO, 2018). In Brazil, according to statistics from the Mortality Information 

System (SIM), between 2007 and 2016, more than 106,000 suicide deaths were recorded and 

5.8 suicides per 100 thousand inhabitants (Ministry of Health, 2018). 

The interest in identifying risk factors related to suicide has grown in recent decades, 

including biological, psychological, cultural, behavioral, economic and social aspects. 

Although there is no clear explanation for its causes, human factors such as psychiatric 

disorders, sexual abuse, alcoholism, drug addiction, lack of social and family support, family 

history related to suicide as well as socioeconomic and demographic factors such as poverty, 

unemployment, unskilled labor and low levels of education have been all considered as 

important drivers for an individual attempts suicide (Botega, 2014; World Health Organization 

- WHO, 2018, 2014). 

From a socioeconomic perspective, Altinanahtar and Halicioglu (2009), Andrés and 

Halicioglu (2010), Andrés et al. (2011) and Okada and Samreth (2013) sought to identify the 

determinants of suicide in different locations and different time periods. Overall, the authors 

found that suicide is associated with per capita income, divorce and fertility rates, alcohol 

consumption, level of urbanization, and unemployment conditions. 

Gonçalves et al. (2011) evaluated the determinants of suicide in Brazilian microregions, 

while Bezerra Filho et al. (2012) and Meneghel et al. (2004) analyzed the association between 

suicide and socioeconomic, demographic and physiological factors in the states of Rio de 

Janeiro and Rio Grande do Sul, respectively. Loureiro et al. (2010) and Shikida et al. (2007) 

investigated the economic determinants of the suicide rate in Brazilian states. Schnitman et al. 

(2010), on the other hand, analyzed the association between socioeconomic indicators and 

suicide rate in Brazilian capitals. In general, these authors found significant relationship 

between socioeconomic variables and suicide, highlighting the existence of specificities in the 

occurrence of suicides in rural areas. 

Lopes and Albuquerque (2018) argue that in addition to environmental impacts, 

agrochemicals misuse can cause harm to human health. According to Arnautovska et al. (2014) 

and Alston (2012), farmers are the ones of the high-risk groups with high suicide rates in many 

countries around the world. According to Hirsch (2006), Hirsch and Cukrowicz (2014) and 

Zaheer et al. (2011) there are specific local and individual characteristics that increase the risk 
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of suicide in rural areas. However, Fiske et al. (2005) and Page et al. (2007) argues that the 

causality is not well well-known, encouraging more studies to investigate the relationship 

between the rural context and suicide rates. 

The exogenous intoxication stands out as the major way of suicide attempt (Santos et 

al., 2013). Approximately 55% of the notifications registered from 2007 to 2013 in the 

Notification of Aggravation Information System (SINAN) of suicide attempts were related to 

agrochemical ingestion, being concentrated in the states of São Paulo, Minas Gerais, Paraná 

and Pernambuco (Ministry of Health, 2016). However, when data on deaths resulting from 

agrochemical poisoning are analyzed, the state of Paraná in the South Region was the one with 

the highest number of notifications. 

Recent studies show a relationship between agrochemical exposure, depression and 

suicide, pointing out that they may be due to mental health syndromes, mental disorders such 

as anxiety and depression (London et al., 2012), suggesting that the high exposure experienced 

by the rural population may result in psychiatric disorders and suicidal behavior (Freire and 

Koifman, 2013; Krawczyk et al., 2014). The agrochemicals effects on health are diverse and 

not well understood, however evidence on substances such as acetylcholinesterase inhibition 

and serotonin deficiency, which directly affect human behavior, are potential drivers that are 

leading to disorders that may or not culminate in suicidal behavior (Kamanyire and Karalliedde, 

2004; London et al., 2005; Slotkin et al., 2008). 

Soares and Porto (2009) estimated the social cost of acute agrochemical poisoning for 

the state of Paraná and showed that such costs can 64% of all benefits provided by 

agrochemicals use. In this sense, if there is a relationship between misuse and suicide, the social 

costs of the pesticide use would be underestimated and thus requiring the inclusion of suicide 

rates in the estimations of negative externalities. 

The understanding of suicide causes and the spatial distribution of suicide attempts is 

crucial for the proper direction of prevention policies (Chang et al., 2010; Cheung et al., 2012; 

Helbich et al., 2013). However, studies about rural suicide in Brazil are still incipient. 

Therefore, the objective of this paper is to identify the determinants of suicide attempts 

in rural areas of Paraná state, Brazil. Since databases about rural suicide are scarce, we consider 

the suicide attempt by agrochemical ingestion as a proxy to rural suicide. The hypothesis of this 

proxy is that there are no significant suicide attempts of using agrochemicals in urban areas.  In 

this context, two more hypotheses guide the present study. The first is that the misuse of 

agrochemicals may increase suicide attempts, since it can result in chronic and acute 

intoxication, leading to psychiatric problems (Freire and Koifman, 2013; Krawczyk et al., 
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2014). The second hypothesis is that rural suicide is spatially correlated, that is, municipalities 

with high suicide rates tend to cluster in space due to possible shared characteristics due to 

proximity. In this sense, this paper aims also to identify possible hot spots of suicide attempts 

using the spatial econometrics instruments. 

 The rest of this paper is organized as follows: the next section presents the 

methodological approach and the data used; the results are in Section 3, while in Section 4 we 

present our conclusions and final remarks. 

 

II. Methodology 

Database 

The state of Paraná, located in the southern region, has 399 municipalities and is the 

sixth most populous state in Brazil, with a demographic density of 52.40 inhabitants per km². 

According to IBGE (2019), the population surveyed by the 2010 Population Census was 

approximately 10.5 million people, of which 15% lived in the rural areas. 

Since 2013, the state has the third largest Gross Production Value (GDP) in Brazil. In 

2017, for example, the agricultural GDP represented approximately 9% of state GDP (Parana 

Institute for Social Economic Development - IPARDES, 2019). Soybean, corn and sugarcane 

crops accounted for approximately 74.21% of agricultural GDP. These crops also stand out for 

being intensive in the use of agrochemicals (Campanhola and Bettiol, 2003). Paraná is the 

second state with the largest number of farms that buys agrochemicals and is the third state with 

the highest amount spent with that input, using more than 100 thousand tons in 2015 (Brazilian 

Institute of Geography and Statistics - IBGE, 2006; Secretary of Health of the state of Paraná - 

SESA / PR, 2017). 

The selection of Paraná state for this study was not random. Paraná has the one of 

highest numbers of suicide attempts and deaths by suicide. According to the Surveillance and 

Health Care Plan of Populations Exposed to Agrochemicals (Secretary of Health of the state of 

Paraná - SESA / PR, 2017), the average annual rate of death by suicides in the state, from 2007 

to 2015, was 5.9 per 100 thousand inhabitants, with 59% of the municipalities presenting values 

above the state average. Regarding suicide attempts, the state average was 2.2 per 10,000 

inhabitants between 2011 and 2016. In Figure 1, there is the spatial distribution of suicide 

attempts in Paraná state from 2007 to 2010. 
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Figure 1: Spatial distribution of suicide attempts in Paraná state from 2007 to 2010. 
Source: The authors based on information from SINAN (Ministry of Health, 2019). 

 

Empirical Model 

It is common that the empirical analysis of some phenomena does not fit the classical 

framework of ordinary least squares (Cameron and Trivedi, 2005). This is the case with 

problems that have counting characteristics. In areas such as ecology, health and demography, 

counting phenomena are common, as often the object of study is usually underrepresented in 

the dependent variable with nonnegative and integer values, which are concentrated in low 

values, have right asymmetry and are intrinsically heteroscedastic (Cameron and Trivedi, 

2005). 

 One of the distributions capable of accommodating counting information is Poisson, but 

most observable phenomena do not fit this distribution, since it assumes that the mean and 

variance are identical, so that: 

𝐸[𝑌𝑖|𝑥𝑖] = 𝑉[𝑌𝑖|𝑥𝑖] = 𝜇𝑖 , 𝑖 =  1, 2, ⋯ , 𝑛 (1) 

where 𝜇𝑖 is equivalent to the intensity of occurrence or the rate of occurrence of the phenomenon 

in question; and i represents the observation unit, that is, the municipalities of the Paraná state. 

To perform the parameterization of a Poisson model, it is assumed that the expected 

value of 𝑌𝑖 (occurrence rate or expected average) is conditioned to a set of regressors such that: 

𝐸[𝑌𝑖|𝑥𝑖] = 𝑉[𝑌𝑖|𝑥𝑖] = 𝜇𝑖 = exp (𝑥𝑖𝛽)  (2) 

where 𝑥𝑖 is a vector representing a set of explanatory variables; β is a vector representing the 

unknown parameters to be estimated. 
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Since the equidispersion condition (equal mean and variance) is poorly observed and, if 

untreated, leads to inflated standard deviations, consequently, hypothesis testing for likelihood 

estimates are inaccurate (Winkelmann, 2008). Thus, it is necessary to model the variance 

overdispersion, so that: 

𝐸[𝑌𝑖|𝑥𝑖] = 𝜇𝑖 (3) 

𝑉[𝑌𝑖|𝑥𝑖] = 𝜇𝑖 + 𝛼𝜇𝑖
2 (4) 

Thus, it is possible to test the hypothesis of equidispersion, considering 𝐻0: 𝛼 = 0 over 

𝐻1: 𝛼 ≠ 0. If overdispersion exists, variance can be defined as a quadratic function of the mean 

(equation 4), resulting in a negative binomial distribution model. 

Such models can be estimated via Maximum Likelihood and correct the problem of 

overdispersion, making standard deviations less inflated and hypothesis tests less permissive 

(Winkelmann, 2008). 

According to Winkelmann (2008), when interpreting the coefficients of a counting 

model, one is often interested in knowing the impact on the response variable given a unitary 

increase in an independent variable. Relative change is given by: 

𝜕𝐸[𝑌𝑖|𝑥𝑖]

𝜕𝑥
= exp (𝛽) − 1 (5) 

that is, the impact on the dependent variable of a unit variation of x is the exponential of the 

estimated coefficient minus 1. 

 

Spatial Filter 1 

According to Anselin (2013), the core of spatial dependence assumes that observations 

are not independent of each other and that the covariance is due to spatial relationship. Also, if 

the data is arranged in space, the randomness of the sample is often not guaranteed, leading to 

error terms that are dependent on each other among the variables. Thus, by inserting the concept 

of spatiality into regression, two basic principles of the classical regression model cannot be 

verified: the independence of observations and error terms, since they share characteristics that 

are common to the space they occupy. Therefore, in order to know the real process that 

generates a phenomenon correlated in space, it is necessary to define the neighboring 

relationship between the sample observations. Anselin (2013) states that a sensitive point in 

                                                            
1 In the regression analysis, we use the ME command in R-program, from ‘spdep’ package (Bivand et al., 2011). 
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spatial modeling is the definition of neighborhood matrix that best represents the spatial 

phenomenon. Moreover, one way of constructing the neighborhood matrix is to define 

neighborhood by the concept of contiguity, that is, it is assumed that neighboring regions 

interact spatially with each other. Thus, the value 1 is assigned to those contiguous locations 

and 0 otherwise. There are some types of contiguity, all inspired by the movements of chess’s 

game. For example, in “queen” contiguity, vertices are considered contiguous. In the “tower” 

matrix, the vertices are neglected (Arbia, 2014). 

Among the spatial correlation metrics, the most common is Moran's I statistic, an 

autocorrelation test based on the relationship between cross-product self-covariance and 

variance. Following Anselin (2013), the value of this index is expressed in the function: 

𝐼 =
𝑧′𝑊𝑧

𝑧′𝑧
 (8) 

where: 

z are the values of the variable in question (error terms) and 𝑊𝑧 represents the standard values 

of the variable of interest by the spatial weighting matrix. 

Thus, the null hypothesis of spatial randomness is tested. To define the best spatial 

weighting matrix, the one that obtained the largest Moran’s I of the residuals of a regression is 

chosen, that is, the one that best captures the spatial dependence between observations. In 

addition to defining the best matrix, the test result reflects the existence and degree of spatial 

dependence (Anselin, 2013). 

Given the characteristic of the phenomenon studied in the present study is counting 

information, the classical regression methods do not apply, being necessary in turn the 

estimation of generalized linear models (REF). Such models have not received much attention 

from the literature in recent years, thus there is a lacking a robust methodological pattern to 

represent a process that generates a spatially correlated phenomenon and that is a counting data 

(Griffith and Peres-Neto, 2006). Given the difficulty of modeling such a process, the spatial 

filtering approach was chosen. 

The spatial filtering procedure proposed by Tiefelsdorf and Griffith (2007) is an attempt 

to extract “synthetic” proxies from a spatial weighting matrix, whose function is to define a 

proximity relationship between observations, giving greater weight to those bordering 

locations, through the principle that the closer the proximity of different localities, the greater 

their shared relationship. 
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These proxies, which are eigenvectors of the spatial autocorrelation matrix, are included 

in the model as nonparametric variables (Moran eigenvector), in order to isolate the stochastic 

component of spatial dependence and allow observations to be treated as independent from each 

other (Griffith and Chun, 2014). Although the process that generates spatial dependence is not 

identified, it is guaranteed that the coefficients are not biased as a result of it. 

The counting regression model that takes into account the spatial filtering to be 

estimated can be written as: 

𝑆𝑈𝐼𝑖 = ∑ 𝛽𝑘𝑃𝐸𝑆𝑘,𝑖

3

𝑘=1

+ ∑ 𝛽𝑗𝑆𝐸𝑉𝑗,𝑖

10

𝑗=1

+ ∑ 𝛽𝑛𝑆𝐹𝑅𝑛,𝑖

4

𝑛=1

+ 𝛽𝑓𝑆𝐹𝑖 (9) 

where: 

𝑆𝑈𝐼𝑖 represents the sum of suicide cases for municipalities i, 𝛽𝑘 , 𝛽𝑗 , 𝛽𝑛, 𝛽𝑓 are the coefficients 

to be estimated; 

𝑃𝐸𝑆𝑘,𝑖 represents the group of k variables for agrochemical use; 

𝑆𝐸𝑉𝑗,𝑖 comprises j variables referring to the socioeconomic controls of municipalities I; 

𝑆𝐹𝑅𝑛,𝑖 represents the n regressors that capture aspects of social fragmentation; 

𝑆𝐹𝑖 is the eigenvector chosen as the spatial filter (or, that one with the highest Moran I statistics). 

For the estimated model, only one eigenvector (EV10) was defined according to the 

criterion proposed by Tiefelsdorf and Griffith (2007). 

 

Model Variables 

Three groups of variables to use in our empirical model were defined. The first group 

refers to the use and misuse of agrochemicals. It is expected to verify the role and the intensity 

of agrochemical use and agrochemical poisoning in the incidence of suicide attempts. The 

second group includes demographic density, health and sanitation expenses, average income in 

the rural areas, age and human capital, racial and gender aspects. Finally, we include also to 

capture social fragmentation, such as the proportion of divorced individuals, fertility and 

migration patterns. The variables along with their respective descriptions and sources are 

described in Table 1. 

Since databases do not segment suicide notifications by the areas of occurrence (urban 

or rural), the choice of the “suicide attempts by agrochemical ingestion” is adopted as the 

dependent variable. This proxy leads to an assumption that suicide is attempted via 

agrochemical ingestion and is not significant in the urban areas. 
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Table 1: Model variables 

Variables Mean S.D. Description Database 

suicide 3.0579 6.9855 Sum of cases of suicide attempts with 

pesticides between 2007 to 2010. 

Ministry of 

Health (2019) 

Organic 1.9639 3.1623 % of rural establishments using organic 

practices. 

IBGE (2006) Pesticide 51.6305 23.6852 % of rural establishments that use pesticides. 

Intoxicated 0.4994 0.5906 % of rural units reporting intoxication on their 

properties. 

expenditure 4,629,394 12,592,585 Health and sanitation expenses (For 

municipalities without information in 2006, 

the average of 2005 and 2007 was reported). 

IPEA (2019) 

MHDI 0.7015 0.0381 Municipal Human Development Index. ADHB (2019) 

Income 581,1816 197.7419 Average income in rural areas by 

municipality. 

IBGE (2010) 

Pop. Density 0.1480 0.4657 Rural population divided by rural area 

Blacks 2.8300 2.4000 % of black individuals in relation to the total 

rural population of the municipality. 

>25 1.9601 1.2433 % of individuals less than 25 years old by the 

total rural population by municipality. 

<55 26.0000 4.7500 % of individuals over 55 by total rural 

population by municipality. 

Illiterate 22.1397 14.9858 % of rural residents who have no or almost no 

education by total rural population per 

municipality. 

High School 3.8775 2.3745 % of rural residents with average education 

by total rural population by municipality. 

College 0.6029 0.4699 % of rural residents with higher education by 

total rural population by municipality. 

Divorced 2.4100 1.0900 % of resident rural population that is 

divorced. 

IBGE (2010) 

Migrants 4.9300 3.9800 % of resident rural population living in the 

municipality for a maximum of 10 years. 

Men/Woman 1.1065 0.0528 Proportion of male population residing in 

capo in relation to female. 

Fertility 1.9421 0.2494 Fertility Rate. It is given by the proportion of 

children born alive in relation to the female 

population living in the countryside. 

Source: The authors. 
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The estimation procedure followed five steps: (i) First, we estimate the Poisson model 

and, (ii) we test the hypothesis of equidispersion, which consists in verifying if the parameter 

𝛼 of equation (4) is equal to zero. If the equidispersion hypothesis is rejected, so the Negative 

Binomial model is more appropriated; (iii) Then, we estimate the Negative Binomial model 

and, after the estimation, (iv) we test the hypothesis of spatial randomness of the residuals. 

Finally, since the test rejected spatial randomness, (v) we estimate the Negative Binomial model 

with Spatial Filtering. Figure 2 presents an outline of all methodological procedures adopted. 

 

 

Figure 2: Flowchart of the estimation procedure. 
Source: The authors. 

 

III. Results and Discussion 

After the Poisson model estimation, the first step is to check if the equidispersion 

hypothesis is not reject. The observed average number of suicides for the 2007-2010 period of 

the municipalities of Paraná was 3.07 suicide attempts, while the variance is about 16 times 

higher, equivalent to 48.79. A likelihood ratio overdispersion test is checked, and the 

equidispersion hypothesis is rejected. Therefore, a negative binomial model is chosen for the 

analysis. 
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It is worth noting that Moran's I spatial correlation statistics for regression residues is 

considering a “queen” neighborhood2 indicating that both Poisson and Negative Binomial 

models present spatially correlated residues about 0.1191 and 0.1063, respectively. So, the 

spatial filtering variable is required to capture the spatial dependence. The presence of spatial 

correlation in suicide attempt cases has been observed in the literature by Helbich, et al. (2013). 

In this paper, the authors also opted for the spatial filtering procedure to ensure the statistical 

consistency of the estimators. By including the eigenvector chosen as a nonparametric regressor 

(EV10) in the model, the spatial dependence is reduced to 0.06 and, no longer a significant at 

the 1% significance level is observed. This result is a strong evidence that spatial dependence 

on residues is controlled by the procedure accordingly. 

Table 2 presents the results of the estimated models. In general, the models present 

similar results. However, among them, the Negative Binomial with Spatial Filtering (SF) is the 

most statistically robust model and also has the lower Akaike criteria. 

 

Table 2: Results of the estimated models. 

Variables Poisson Negative Binomial Negative Binomial (SF) 

Intercept 

 
0.7421*** 0.7310*** 0.70614*** 

(0.0380) (0.0632) (0.0624) 

Organic -0.1886*** -0.2282*** -0.2739*** 

(0.0469) (0.0865) (0.0857) 

Pesticide 0.1469*** 0.1420* 0.1275* 

(0.0400) (0.0777) (0.0770) 

Intoxicated 0.1616** 0.1510** 0.1354** 

(0.0307) (0.0690) (0.0679) 

Expenditures 0.1809*** 0.4032*** 0.3790*** 

(0.0115) (0.0589) (0.0572) 

MHDI 0.4522*** 0.2235* 0.2697** 

(0.0552) (0.1193) (0.1175) 

Income -0.1666*** -0.2091*** -0.1938** 

(0.0404) (0.0812) (0.0796) 

Pop. Density -0.0248 -0.0518 -0.0544 

(0.0598) (0.0933) (0.0893) 

Blacks -0.1895*** -0.1120* -0.1754*** 

(0.0341) (0.0653) (0.0662) 

<25 0.1811*** 0.1922*** 0.1821** 

(0.0340) (0.0739) (0.0727) 

>55 -0.1671*** -0.1396** -0.1321* 

(0.0406) (0.0795) (0.0785) 

Illiterate 0.3551*** 0.1248 0.2098 

                                                            
2 A matrix that presented the largest spatial correlation for the regression error terms. 
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Variables Poisson Negative Binomial Negative Binomial (SF) 

(0.0811) (0.1645) (0.1629) 

High School -0.5868*** -0.3925*** -0.3907*** 

(0.0714) (0.1297) (0.1276) 

College -0.1048* -0.0534 -0.1050 

(0.0597) (0.1045) (0.1036) 

Divorced -0.0044 -0.0038 -0.0096 

(0.0325) (0.0688) (0.0679) 

Migrants -0.1639*** -0.2102*** -0.2305** 

(0.0411) (0.0751) (0.0772) 

Men/Woman -0.0250 0.0122 0.0044 

(0.0299) (0.0675) (0.0660) 

fertility -0.1112*** -0.1065 -0.1302* 

(0.0351) (0.0743) (0.0733) 

EV10   4.8571*** 

  (1.2788) 

AIC 

Moran’s I 
2151.6 1606.3 1594.4 

0.1191*** 0.1063*** 0.0629** 
Source: Model results. 

 *** significant at 1%, ** significant at 5%, * significant at 10% 

 

One of the main paradigms about agrochemical use concerns the effects of its unsafe 

use on the physical and mental health of farm workers (Meyer et al., 2010). The statistically 

significant effects of agrochemical use and agrochemical poisoning (Table 2) suggest that there 

may be a relationship between its unsafe use and the number of suicide attempts. The suicide 

by pesticide ingestion phenomena shows an epidemiology pattern all over the world, especially 

in developing countries (London et al., 2005). Therefore, to understand the relationship between 

suicide rates and pesticide exposure seems to be equally relevant.   

The first way that the pesticide exposure could affect the suicide attempt rates is by the 

method availability, that means, which method the individual tries to attempt against their own 

life intentionally. Since trying to commit suicide might be an impulsive act, the availability of 

highly toxic and lethal methods such as pesticide might increase the suicide attempts. This fact 

could explain the differences of suicide patterns between developed and developing countries. 

In industrialized nations, the availability of pesticide and the number of exposed people is less 

than in developing countries. The impulsivity is “pretty much the same”, i.e., the difference 

lays in the availability of the different methods to cause self-harm (Gunnell and Eddleston, 

2003).  

Recently, new evidence is trying to identify some relationship between acute and 

chronical intoxications, caused by over-exposure of pesticides, in people’s behavior, associated 
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it with affective disorders such as depression, impulsivity and anxiety (Beseler and Stallones, 

2008; Ross et al, 2010). Effects such serotonin suppress could directly affect human behavior, 

potentially leading to suicidal tendencies.  

However, a systematic review conducted by Freire and Koifman (2013) points out that 

studies relating mental disorders and suicidal behavior linked to high agrochemical exposure 

are still limited and presents different methodological approaches, being difficult to establish a 

clear causal relationship.  To overcome this issue, London, et al (2005) points out the necessity 

of rigorous epidemiological studies with stronger study designs, capable to distinguish between 

short and long term exposure. 

Krawczyk et al. (2014) also found that the risk of suicide is linked to exposure to 

agrochemicals by studying tobacco cultivation areas with intensive agrochemical use in Brazil. 

Meyer et al. (2010) found that the risk of death from suicide is substantially higher to rural 

workers particularly the ones who are living in areas with high expenditure of agrochemical by 

comparing the mortality rates of populations living in agrochemical-intensive areas with some 

reference populations. 

Overexposure to agrochemicals represents only one aspect of suicide attempts. 

Economic, social, cultural and social fragmentation aspects are fundamental to explain the 

phenomenon (Faria et al., 2006; Gonçalves et al., 2011). 

Three variables are included in the model to capture the effects of life quality, income 

and health system by municipality. Both the MHDI variable and health expenditures had a 

statistically significant positive effect. This result seems counterintuitive, since the higher the 

health expenses (Milner et al., 2012; Minoiu and Andrés, 2008) and the better the quality of life 

of the municipality (Rehkopf and Buka, 2006), the lower should be the cases of suicide 

attempts. However, it is hypothesized that such variables capture an intrinsic sample selection 

bias of reporting data, in which municipalities with better structure tend to have a greater ability 

to identify the occurrence of these cases. 

According to Rehkopf and Buka (2006), there are divergent results in the literature 

regarding the association between socioeconomic characteristics and suicide rates, with studies 

finding a direct relationship, while others find an inverse or no association. Our estimates also 

indicate a negative effect of income in rural area over suicide attempt, that is, the higher the 

income, the lower the suicide occurrences, which corroborates the hypothesis that the higher 

the income, the higher the expected utility and the lower the incentives for suicide (Altinanahtar 

and Halicioglu, 2009; Andrés and Halicioglu 2010).  
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The population density is no statistically significant effect at the 5% level of 

significance, although isolation is a risk factor according to the literature (Gonçalves et al., 

2011; Hirsch and Cukrowicz, 2014; Otsu et al., 2004; Santos et al., 2013). Other determinants 

such as the high degree of farm associations among farmers may mitigate the effect of human 

isolation.  

About the effect of the population's age group on suicide attempts, the younger the rural 

population, the greater the number of suicide attempts; just as the larger the rural population 

over 55 is, the lower the suicide attempts are reported. Overall, the literature relates the elderly 

population to greater exposure to the risk of committing suicide. In other hand, they point out 

that young people and adults are likely more vulnerable to family problems such as parental 

relationship problems, separation, divorce, violence and all kinds of harassment (Chen et al., 

2012; Hirsch, 2006; Hirsch and Cukrowicz, 2014). 

One of the hypotheses in the literature of suicide determinants is also that the higher 

degree of social integration, the lower the suicide attempt is expected. In this sense, social 

structures that define the social status quo as family, religion and work are critical to increasing 

individual support and social ties and, consequently, mitigating suicide rates (Evans et al., 

2004). Societies called “fragmented”3 tend, by hypothesis, are most likely to high the risks of 

developing mental illnesses, increasing the cases of suicide attempts  

The fertility rate, given by the ratio between number of live births and the female 

population in the rural areas, reduces the number of suicides, which indicates parenting to be a 

potential factor for strengthening family ties. In other hand, the proportion of individuals who 

migrated at most 10 years ago also reduces the number of suicides. It is expected that the higher 

the proportion of individuals not born in the municipality, the lower is the social integration. It 

is noteworthy that in our database the origin of the migrant is not known, which may have 

affected this result, since migration between similar and not so far municipalities should not 

substantially affect the degree of fragmentation for a given locality. 

Finally, even dealing with the global spatial dependence of the residue via spatial 

filtering, some local autocorrelation patterns may be being hidden (Anselin, 1995). Clustering 

the analysis of residues due to the local Moran I index; it allows the identification of clusters of 

municipalities with related residues in space. That is, even controlling for spatial correlations 

with spatial filtering, there is still a component in the residue that is common to clusters and 

                                                            
3 Congdon (1996), through the hypotheses of Durkheim et al. (1996), built a social fragmentation index to check 

its causality with suicide rates. 
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affects suicide attempts. The clusters defined by the local Moran’s I are presented in Figure 3, 

highlighting those municipalities which have high values of the local Moran’s I and whose 

neighboring municipalities also have high spatial dependence on the residues. The suicide 

attempt hotspots identification is of fundamental for the direction and improvement of policies 

to combat and prevent suicide. 

 

 

Figure 3: Local spatial correlation of persistent suicide attempts after spatial filtering 

procedures. 
Source: Model results 

 

IV. Concluding Remarks  

Despite of all robust relationship found by our empirical models, the dependent variable 

only refers to suicide attempts by agrochemicals ingestion, which reduces the whole number of 

suicide attempts in rural area to that proxy. In addition, some regressors that are fundamental 

to understanding the phenomenon were not included due to the lack of information at the 

municipal level, such as alcohol and drug abuse, mental disorders, among others. Even so, the 

empirical model could capture some determinant of suicide attempts in rural areas and provide 

helpful information to mitigate that issue. 

The results also indicate that suicide attempts by agrochemical ingestion is correlated in 

space, that is, the municipalities in Parana state share characteristics common to space, not 

controlled with the available database, and these characteristics affect the incidence of suicide 

attempts. As it is a counting model, the methodological approach is limited to filtering the 

spatial dependence, thus not defining the actual process that generates the phenomenon. In any 
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case, our proposed model was able to filter the spatial dependence and eliminate the spatial bias 

from the estimators. To track the geographical distribution of suicide attempts in rural areas is 

a valuable information for the planning and prevention policies. 

Some limitations of this study include that the dependent variable has a sample selection 

bias, since larger municipalities with better structure tend to concentrate the reported cases. In 

addition, the public health agents could improve the database including both information about 

personal attributes and chemical agent used in suicide attempt. Despite the limitations, the 

analysis suggests a causal relationship between agrochemical misuse and suicidal attempts. 

However, we strongly encourage new research to evaluate carefully how agrochemical 

poisoning could lead to a suicide attempt and, so, consolidate causal inferences. Thus, our 

results contribute to the literature by suggesting that the social costs of agrochemical poisoning 

may be underestimated, and that suicide is a potential negative externality linked to its misuse. 

The perception of agrochemical misuse and its relationship with the mental health status of the 

rural population is extremely important, since the burden of social cost incurred in such 

poisonings is mainly neglected by the rural population.  

In addition, we also hope that our results can support the design, planning and 

implementation of more effective public policies and also intervention strategies to mitigate 

rural suicide worldwide, particularly in the context of the Sustainable Development Goals 

(SDGs) established by the United Nations in 2015. 
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