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Abstract 

 

This thesis uses a panel of Swedish counties over the years 1976-2007 to investigate the rela-

tionship between suicide and a range of socio-economic determinants. Moreover, the thesis is 

combining sociology and economics in order to understand the part of suicide that can be con-

sidered as rational. In addition, suicide is studied separately for total, male and female suicide 

rates. Contrary to prior research in the field of suicide, this study formally tests for gender 

differences. Applying a fixed effect model, we managed to uncover a statistically significant 

gender difference for female labor force participation relation to suicide. When applying fixed 

effect models most of our results were in accordance with the socio-economic theory of sui-

cide. We found a significant u-shaped relationship between suicide and the level of alcohol 

sales (consumption). We also found a statistically significant positive relationship between the 

total suicide rate and female labor force participation. Moreover, we found that higher popula-

tion density significantly leads to fewer suicides in the total and male model. Furthermore, we 

found that unemployment increases the male suicide rate. In some cases, however our results 

contradicted the theory. Our results give evidence that divorce has a negative and significant 

effect on total and male suicide rate. These findings are not only violating the theoretical 

framework but previous research as well. We can thus conclude that the socio-economic theo-

ry of suicide, in most cases, assistances us to understand suicide.  
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1 Introduction 

Suicide is nowadays recognized as a major public health issue in many countries around 

the world. According to World Health Organization, approximately 0.8 million people 

commit suicide every year (WHO, 2010). In 2009, the total number of suicide in Sweden 

was between 1400 and 1500 (Socialstyrelsen, 2010). Since the early 1980’s, there has been 

a substantial decline in the number of committed suicides in Sweden (see Figure 1 on 

p.15). Suicide has not only devastating impacts on the suicide’s family and friends; it also 

has negative impacts on the whole economy since suicide is linked with high economic 

costs. Suicide in Sweden costs per annum nearly 5.5 billion SEK, where 84 % of the total 

costs are related to indirect costs such as production losses (Myndigheten för sam-

hällsskydd och beredskap, 2005).
1
    

     Research on suicide has been of interest for sociologists for a long time but has over the 

past three decades also become an emerging field of economics. Both sociological and 

economic theories of suicide try to explain why an individual decides to commit suicide, 

but the disciplines have different starting points. Economists try to understand why indi-

viduals make these choices while sociologists focus more on how social structures influ-

ence individuals to commit suicide. For us and many of the economists who previously 

studied this area, both perspectives are important. It is however important to stress that 

other science fields such as medicine and psychology regard suicide as a biological or psy-

chological problem that should to be treated with medicine or therapy. Economists, like 

Hamermesh and Soss (1974) argue that the socio-economic theory of suicide cannot ex-

plain the entire suicide rate but some part of it.   

     The impact of socio-economic factors that affect the suicide rate is either examined 

through time series data, cross sectional data or a combination of these two, i.e. panel data. 

The majority of these studies investigate suicide rates among European and Asian coun-

tries (see for example Andrés, 2005; Brainerd, 2001; Chen et.al 2009a). Only a handful of 

studies have focused on suicide in Scandinavian countries; Denmark (Andrés and Hali-

cioglu, 2010), Norway (Barstad 2007) and Sweden (Dahlberg and Lundin, 2005). Existing 

studies on investigations of the relation between suicide and socio-economic variables in 

Sweden are incomplete. Dahlberg and Lundin (2005) particularly analyze the impact of 

antidepressants on suicide in Sweden. Even though they include several socio-

                                                 
1
 Of the total cost only 39 % are related to suicide while 61 % are related to attempted suicide.  
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economic variables in their regression model, the effects of socio-economic variables are of 

minor interest for the authors. To our knowledge, there are no panel data studies on suicide 

in Sweden using macro level data. Therefore, we find it important to demonstrate which 

factors matter for the explanation of suicide rates at the county-level in Sweden.  

     Most of existing panel data studies (see for example Andrés, 2005; Brainerd, 2001; 

Chuang and Huang, 2003; Neumayer, 2003a, b) are working with determinants given of 

the sociological and economic theory of suicide. These studies are heavily influenced by 

socio-economic factors such as GNP per capita, economic growth, unemployment rate, 

divorce rate, alcohol consumption, fertility rate and divorce rate. The empirical findings 

including such determinants give rather varied results. For instance, some studies (Chen et 

al., 2009a) conclude that there is a positive relationship between suicide and unemploy-

ment, while other studies (Mäkinen, 1997) come to an opposite conclusion. Chuang and 

Huang (2003) show that unemployment is positively related to male suicide rate, whereas 

it is negatively related to female suicide rate. These results indicate that there is a differ-

ence between male and female suicide rates.  

    In this thesis, we want to combine sociology and economics to better understand the 

rational
2
 suicide. In order to achieve this, we must explain how the economic and sociolog-

ical theories are linked. Few empirical studies on the socio-economic factors relation to 

suicide has been conducted in Sweden. This study tries to complement earlier research by 

applying a panel data approach to understand the socio-economic suicide in the Swedish 

context. We will also discuss results from previous studies to further strengthen our analy-

sis. This study is however also unique, we are first to formally test for gender differences 

between the socio-economic factors and the suicide rate.  

 

1.1 Purpose 

The aim of this thesis is to combine sociological and economic theories in order to better 

understand suicide. In order to prevent suicide, policy makers need knowledge of the de-

terminants of suicide. We thus intend to identify and analyze social and economic factors 

that have an impact on suicides rates at macro level in Sweden. Furthermore, we are espe-

cially interested in investigating gender differences in the suicide rate.   

 

 

                                                 
2
 By rational suicide, we mean the “type” of suicide that is committed by a utility-maximizing individual. 

This will become clear in Section 2.2. 
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1.2 Limitations 

In this study, we are going the use aggregate level data from 1976-2007 to explain the var-

iation of the suicide rate in Sweden. Since suicide is a result of individual behavior it might 

not be fruitful to use aggregate level data. Suicide is however also affected by social struc-

tures and these factors are better studied with aggregate data. In this study we are using 

aggregate data. A combination of aggregated and individual level data might be the best 

solution when studying suicide but it however beyond the scope of this thesis.
3
  

     The approach considered in this study is panel data. With regard to this circumstance, 

we have for the sake of straightforwardness decided to exclude all studies that are not em-

ploying panel data. Consequently, this limitation will be most apparent in Section 2.5, 

where we describe previous research.  

     Norms and regulation should according to the theory be an important factor affecting 

the suicide rate. However norms do not differ much within a country. This makes it impos-

sible to include a variable of this kind in our thesis. Income and (in)equality are two other 

factors that have been identified as affecting the suicide rate but unfortunately have been 

omitted in our thesis due to lack of county level data.  

   Attempted suicide is also an important field in the economic study of suicide. There is an 

ongoing debate whether attempted suicide is to be interpreted as a failed suicide. It is how-

ever not possible to obtain the information about all attempted suicides and for this reason 

we have excluded attempted suicide from the empirical part of the thesis. This can possible 

bias our study.  

1.3 Outline 

The outline of this study is organized as follows; in Chapter 2, we give an overview of so-

ciological and economic theories of suicide and previous empirical studies. In Chapter 3, 

we describe our data and the econometric approach employed including potential draw-

backs with the methodology (Section 3.7). The empirical findings are presented in Chapter 

4. In Chapter 5, the results are analyzed with respect to the theories of suicide as well as 

findings in previous research. Finally, Chapter 6 summarizes conclusions that can be drawn 

from this study. 

                                                 
3
 For a deeper discussion of the problems when drawing conclusions on aggregate data, see Section 3.7.5. 
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2 Which factors affect suicide? 

2.1 Sociological theories of suicide 

In the field of sociology, the study of suicide has its roots back in 1897 when the French 

sociologist, Emile Durkheim, theorized his famous empirical findings in a book Suicide: A 

Study in Sociology. Durkheim argued that suicide is not only related to individual behavior; 

it is also related to the social characteristics of the society in which people live. To Durk-

heim, characteristics such as social integration (the degree to which members of the society 

are bound together in social relationships) and social regulation (the degree to which mem-

bers emotions and desires are controlled by social norms and rules) were fundamental for 

understanding suicide (Lester and Yang, 1997).  

     Durkheim (1897) identified four general categories of suicide: anomic suicide, altruistic 

suicide, fatalistic suicide and egoistic suicide. In short, egoistic suicide occurs when an 

individual is weakly integrated within a community (society). For example, Durkheim 

found that Protestants had a higher suicide rate than Catholics, because Catholics were 

(are) involved in a more collective religious life than Protestants. The opposite of egoistic 

suicide is altruistic suicide, i.e. an individual is strongly integrated in society or a group. In 

this case, a person is prepared to sacrifice his own life for the benefits of others. A typical 

example of altruistic suicide would be Jihad suicide-bombers. Fatalistic suicide is similar 

to altruistic suicide. It happens when the social regulation is high within a society. Anomic 

suicide occurs when social regulation is weak. An anomic suicide could occur when an 

individual is confronted with an unexpected change in his life; for instance an in-

crease/decrease in income. Wealthier people are more independent and run therefore a 

higher risk of becoming disintegrated within community.  

     The main lesson from Durkheim´s work is that the (dis)integration of society has a great 

influence on suicide rates within a specific community. Durkheim (1897) focused therefore 

mostly on sociological factors that influenced suicidal behavior. Some of his empirical 

findings were that divorced people had higher suicide rate than married people, business-

men had a higher suicide rate than people working in other jobs. Moreover, he found that 

lower average household size was positively associated with suicide.  

     Ralph Ginsberg (1966) reinterpreted Durkheim's theory of anomic suicide. Ginsberg 

argues that the reason why individuals behave anomic arises from dissatisfaction and un-

happiness. The unhappiness is a result of differences between what individuals expect they 
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will get and what they actually receive. Ginsberg calls this for the discrepancy between 

aspiration and reward. He has borrowed this way of thinking from psychology. In a normal 

situation the reward is increased in proportion with expectations, but for instance in a stock 

market crash, the reward could be lower than expected and this would increase the unhap-

piness. When unhappiness arises, the anomic atmosphere in society increases and thus the 

risk of anomic suicide increases as well. This situation can also occur when expectations 

are rising faster than the reward, for example, when a market is booming.  

     Henry and Short (1954) connected suicide with business cycles. They argue that a re-

cession would lead to more suicide and a boom would lead to more murders. Henry and 

Short applied Freud’s theory on frustration. Freud thought that it is natural to turn frustra-

tion outwards on other people, but that it is possible for individuals to be socialized to turn 

aggression inward through upbringing. Henry and Short argued that low-status individuals 

lose status in a boom and that the reverse relationship occurs in a recession when many 

high-status individuals lose resources. The two sociologists argued further that low-status 

individual often had worse upbringing then high status group. Henry and Short concluded 

that low-status people’s frustration more often would lead to murders predominantly in a 

financial boom when they lose status. High status people on the other hand would more 

often commit suicide mainly in a recession when they lose status.  

     Henry and Short (1954) conducted empirical studies and found that suicides and mur-

ders fell for high-status groups in a boom. In contradiction to their theory, although the 

murders did increase, the suicide for lower-status group fell in the boom. However, their 

empirical findings were not subjected to any statistical tests. 

2.2 Economic theories of suicide 

In 1974, an economic theory of suicide was developed by Hamermesh and Soss. Building 

on neoclassical economics, the core in the economic theory of suicide is centered on the 

utility maximizing rational individual. Hamermesh and Soss´s framework is based on a 

discounted lifetime utility function, which is determined by the permanent income and the 

current age of the individual. Utility, Um, is assumed to be a function of consumption, 

which in turn is a function of age and income (YP)
4
. Every individual has also a given dis-

count rate, r, which is known over the lifetime. Thus, the present value of lifetime expected 

utility, Z, at age a and income YP is expressed as       




w

a

m

amr mdmPUeYPaZ )()(),( )(
                  (1)        

                                                 
4
 Consumption is also dependent on wealth. However this was not incorporated in Hamermesh and Soss’s 

theory of suicide.   
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where, w is the highest attainable age; r is the individual's discount rate, P(m) is the proba-

bility of surviving to age m, given that the individual is still alive at age a. 

     Hamermesh and Soss’s (1974) empirical prediction is that an individual commits sui-

cide when the total discounted lifetime utility remaining to him/her gets close to zero. The 

term on the left side of the equation represents the value of the life an individual may have 

left. If the individual’s permanent income increases, then everything else equal, the value 

of staying alive increases. The age component is negative in lifetime utility function and 

thus indicates that as the individual gets older, his or her remaining lifetime utility is small-

er which makes older people more prone to suicide. Since the present value of lifetime 

expected utility depends as well on the probability of reaching a given age, the implication 

of this model is that the lower the probability of survival, P(m), the higher the probability 

the individual will commit suicide. 

     Using both cross-section and time series US data, Hamermesh and Soss (1974) found 

that suicide rates tend to decrease with income and increase with age and unemployment.
5
 

Even though Hamermesh and Soss’s model is mostly concerned with changes of the eco-

nomic conditions, they never argued that economic determinants solely could explain sui-

cidal behavior. On the contrary, they recognized that the majority of suicides could be ex-

plained by non-economic determinants.  

2.2.1 Suicidal behavior as signaling game 

Since Hamermesh and Soss’s empirical work there have been other attempts to develop 

economic theories of suicide. Rosenthal (1993) developed a game theoretic model for un-

derstanding suicide attempts. He argues that suicide attempts can be seen as a message (i.e. 

signal) sent by the suicidal individual in order to induce changes in the behavior of the re-

ceivers (e.g. relatives, friends etc.). By influencing the behavior of the receivers in a way 

favorable to the suicidal person, it is possible to raise the discounted life utility. However, 

in order to achieve this, the suicide attempt needs to be credible. In Rosenthal’s signaling 

game there are two types of senders; “depressed” and “normal”. These characteristics 

make information asymmetrically distributed. The sender knows his own type but this in-

formation is not available for the receiver. The receiver can respond to the sender’s signal 

either in a sympathetic or an unsympathetic way. The optimal response for the receiver 

would be to response sympathetically for the depressed type and unsympathetically for the 

normal type, meanwhile both types of senders favor a sympathetic response. However, in 

Rosenthal’s model, an assumption is made about that a truly depressed type should value 

the sympathetic response more highly than the other type. Rosenthal summarizes his find-

ings by claiming that suicide attempts would occur less if the possibility of receiving a 

sympathic response is low.   

                                                 
5
 Hamermesh and Soss (1974) only focus on three determinants of suicide; income, unemployment and age. 
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2.2.2 Suicidal behavior as investment under uncertainty 

Dixit and Pindyck (1994) liken suicide to an investment under uncertainty since they have 

several common features. Both imply unknowingness of future outcomes of the decision, 

and once committed it is irreversible. The authors criticize Hamermesh and Soss for not 

considering the possibility of staying alive. Dixit and Pindyck (1994) argue that individuals 

who contempt suicide regard the future as dark and think that same patterns will repeat in 

future periods and thus ignoring that the future utility is uncertain due to unexpected states 

of the world. To Dixit and Pindyck, committing suicide is thus irrational (Lester and Yang, 

1997). 

     Suzuki (2008) also builds his analysis on the conceptual framework developed by 

Hamermesh and Soss (1974). Like Dixit and Pindyck (1994), he argues that people who 

commit suicide make such a decision under uncertainty about the future. Suzuki analyzes 

how uncertainty about future income affects suicide rates. In contrast to Dixit and Pindyck, 

he argues that income uncertainty does not necessarily lead to lower suicide rates. Those 

who are risk-aversive will have smaller benefits of future income relative to risk-neutral 

individuals. Risk-aversive individuals will thus commit more suicide if the uncertainty 

increases. Suzuki argues that unemployment insurance could help to decrease suicide rates 

since it would reduce income uncertainty.  

2.2.3 Acting suicidal in order to increase future utility 

Marcotte (2003) is also building on Hamermesh and Soss’ utility maximizing model. Mar-

cotte examines suicide attempts and labor market outcomes. He extends their theory by 

recognizing that a suicide attempt does not necessarily ensure death. If the attempter sur-

vives, he or she can affect the future expected utility in two ways. First, future health and 

maintenance costs will be raised if the attempt leads to physical injury or permanent disa-

bility. However, future expected utility will be raised in the attempter manages to elicit 

more resources (e.g. care and attention) from other people. By employing data collected at 

individual level, Marcotte concludes that individuals who attempted suicide and survived, 

report higher incomes than those who only contemplated but never attempted the act. Fur-

thermore, he argues that those who make most severe forms of suicide attempts are report-

ing highest income (compare with Rosenthal, 1993).  
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2.3 The sociological theory in an economic context 

So far, we have shortly described the core of sociological and economic theory of suicide. 

However, it needs to be clarified in which way these theories differ and how Durkheim’s 

theory and other sociological theories can be interpreted in terms of economics. The step 

between sociology and economics may seem long, but it is possible to include the socio-

logical theories in the context of economics. For instance, Durkheim linked the anomic 

suicide with economic shocks. Ginsberg claimed that the reason for anomic suicide occur-

ring during cyclical changes was due to increasing unhappiness. Ginsberg’s way of think-

ing is thus quite similar to Hamermesh and Soss’s view; anomic suicide is committed by 

utility-maximizing individuals. Durkheim’s other categories of suicide can also be incorpo-

rated with Hamermesh and Soss’s model. If we assume that an individual values social 

integration, his or hers happiness will of course fall when the social integration is low. The 

egoistic suicide is thus a result of an individual valuing social integration high but not be-

ing able to obtain it, and therefore commits suicide. The altruistic suicide is a result of a 

utility-maximizing individual who values saving others more than the discounted utility of 

living longer himself. Finally, the fatalistic suicide arises when current norms within a so-

ciety circumscribes an individual the opportunity to satisfy its preferences to such an extent 

that the remaining utility from staying alive will be negative. This can be exemplified by 

assuming a homosexual person living in a country that does not allow homosexuality takes 

his or her live for this reason.   

     Henry and Short's theory, which states that loss of status causes people to commit sui-

cide, can also be incorporated into economic theory. In a panel data study conducted in the 

United States, Luttmer (2005) found that an individual's happiness increased if he or she 

had higher incomes relative its neighborhood. This suggests that an individual's position in 

the society affects its utility level. Change in status could thus be one of the factors that 

affect an individual's future benefits. However, it is not in line with Hamermesh and Soss 

(1974) to regard murder and suicide as two sides of the same coin. To kill oneself because 

your future discounted lifetime utility is close to zero (or some threshold) is not the same 

as taking someone else’s life. 

     Geoffrey Hodgson (1997) notes that rules may be important for utility-maximization. 

Hodgson argues that rules are necessary in complex and uncertain situations because of 

individuals’ limited cognitive abilities. Thus, there is formal link between economics and 

Durkheim's archetype; anomic suicide. When the rules are too few, individuals can no 

longer maximize their utility as effective as without the presence of these rules. Because of 

the possibility of making wrong decisions, an individual can miss the opportunity of future 

benefits, and thus commit suicide.  
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2.4 Deriving variables from the theories of suicide 

Social integration is truly difficult to measure, and therefore we need several proxies to 

measure, if and how, social integration affects suicide rates. Durkheim (1897) argued that 

divorce and fertility were factors that influenced the individual's level of social integration. 

A divorce can not only reduce an individual's social integration but can also affect an indi-

vidual’s material standard of living and its status. Having a child gives life meaning and 

thus strengthens social integration, which might reduce the risk of committing suicide. 

Durkheim also argued that urbanization could be a factor in reducing social integration and 

thus increasing the risk of committing suicide. An increased population density involves 

more “meetings” with other people. Thus, urbanization would lead to greater social inte-

gration, which is also more consistent with Durkheim’s theory on the impact of social inte-

gration.  

     The second part of Durkheim's theory states that norms and regulations have an impact 

on the suicide rate. Investigating the impact of norms and regulation is not easy to mirror 

in a national study since norms and rules do not (should not) differ much within a country. 

Hudgson (1997) argued that people need rules in order not to make wrong decisions. If we 

assume that “wrong decisions” lead to anomic suicide, we might be able to find some fac-

tors that vary between counties. It is possible that an excessive consumption of alcohol can 

lead to ill-considered decisions. A smaller amount of alcohol consumption would also 

serve as a proxy for social integration as alcohol is often consumed with friends and ac-

quaints.  

     Henry and Short (1954) identified loss of status as a sociological explanation to suicide. 

Status is also difficult to measure. However, we believe for instance that getting or being 

unemployed could lead to loss of status. Another factor that could affect the status is di-

vorce. In Sweden, being divorced is not so stigmatized since many people are divorced. 

The impact of divorce is probably greater in other countries. A society with large differ-

ences in wealth could lead to greater differences in status and greater inequality. Income 

inequality can thus be a proxy for status. From an economic perspective, there are of 

course other factors affecting the utility than purely status, standard of living and social 

integration. An individual can satisfy many material needs by purchasing goods and ser-

vices. In order to purchase goods and services, the individual needs income, a variable that 

Hamermesh and Soss (1974) used in their utility function. Another important “resource” in 

economics is leisure. Increasing female labor force participation reduces women’s possi-

bility to allocate time to housework. In a household where the adults are in a relationship, it 

is often the other partner that receives less utility since he needs to allocate more time to 

house working (e.g. doing the laundry, cooking etc.). From this perspective, it is possible 

that increasing female labor force participation could thus increase suicide rates among 

men. According to Agarwal (1997), a woman who starts working could get a better bar-
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gaining position over family “assets”. This implies that suicide rates among females might 

possibly get reduced as the female labor force participation increases, since they would 

have greater opportunity to control the household purse. Of course, the reverse situation is 

possible, i.e. “house-man” starts working. 

 

2.5 Findings in previous panel data studies 

Nowadays, most of empirical research on suicide in the field of economics is following the 

conceptual framework developed by Hamermesh and Soss (1974). However, these studies 

are not only concerned with economic variables. Most existing empirical work tries to ex-

plain the relationship between various kinds of socio-economic determinants as independ-

ent variables and suicide as the dependent variable. In this section, we therefore discuss the 

existing empirical studies where panel data methods have been employed.  

     The hypothesis that suicide decreases with income has been confirmed in many empiri-

cal studies (see for example Brainerd, 2001; Neumayer, 2003a; Chuang and Huang, 2003). 

The interpretation of these findings is straightforward; higher income increases the dis-

counted utility function which makes these individuals less prone to suicide. The fact that 

suicide decreases with income is in great contrast to Durkheim’s hypothesis. Following 

Durkheim (1897), an increase in income should lead to higher disintegration, making indi-

viduals more independent and thereby resulting in a higher suicide rate. This assumption 

was confirmed by Andrés (2005) studying suicide in 15 European countries between1970-

1998 and the results were significant both for male and female suicide rates.
6
 Hamermesh 

and Soss (1974) found that suicide increases with age. Since the remaining lifetime utility 

decreases with age, it is not surprising why suicide is more common among elderly. Be-

sides having a shorter lifetime utility, elderly might experience health anxiety, loneliness 

after losing a spouse or friends, which in turn lowers their social integration and thus leads 

to higher suicide rates among elderly than among other age groups. 

     Hamesmesh and Soss (1974) also examined the effects of unemployment on suicide and 

found that higher unemployment rates lead to higher suicide rates. When an individual 

becomes unemployed his income is reduced, meaning that the lifetime expected utility is 

reduced as well, which makes living less attractive relative to committing suicide. Much of 

the latter empirical work investigating the effects of unemployment on suicide reaches the 

conclusion that unemployment indeed is associated with higher suicide rate. Andrés (2005) 

concludes that higher unemployment leads to both higher male and female sucide rates. 

Brainerd, 2001; Chuang and Huang, 2003; Dahlberg and Lundin, 2005; Neumayer, 2003b; 

                                                 
6
 When including country-specific linear trends in the regression model, Andrés (2005) finds a statistically 

negative relationship between income and suicide. 
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Wanatabe et al.,2006). However, Mäkinen (1997) does not reach the same conclusion.  

Mäkinen (1997) uses panel data from 1977-1979/1988-1990 for 18 European countries 

(including Sweden) and finds a statistically significant negative relationship between un-

employment and male suicide rate. The results for total and female suicide were on the 

other hand not significant, although negative. 

     Divorce is a frequent control variable in studies of suicide. Following the work of 

Durkheim, divorce can be used as a proxy indicator for social integration within a commu-

nity. Divorce reduces social integration since it breaks up family and social ties, and should 

therefore be positively associated with suicide. This hypothesis is consistent with findings 

in Andrés (2005), Minoiu and Andrés (2008), Chuang and Huang (2003), Mäkinen (1997), 

Neumayer, (2003a). Brainerd (2001), using data from 22 transition economies (former So-

viet) found that both male and female suicides are positively related to divorce.  

    Another common variable in studies of suicide is birth. Durkheim (1897) argues that 

higher birth rate is negatively associated with suicide. Having a child gives life meaning 

and thus strengthens family ties and social integration, which might reduce the risk of 

committing suicide. Several studies support Durkheim’s hypothesis (Andrés, 2005; 

Mäkinen, 1997; Neumayer, 2003a). Chen et al. (2009a), studying suicide in Japan and in 

other OECD countries, show that birth rate is significantly negative for Japan, except for 

males and females aged 45–64, while it is not significant for other OECD countries.  

     Population density has often been used as a proxy for urbanization (Chen et al., 2010). 

Durkheim’s hypothesis is that when societies experience industrial development, it will 

reduce the level of social integration, which in turn leads to higher suicide rates. In contrast 

to Durkheim, Minoiu and Andrés (2008) find that higher population density reduces the 

suicide rate in U.S.A.  

     Another frequent control variable of interest when studying determinates of suicide has 

been alcohol consumption. Durkheim (1897) did not consider alcohol or alcohol related 

problems as being a part of a societal sphere (Ramstedt, 2001). He argued that alcoholism 

was a psychopathic state and thus, an individual level factor, which could not be used to 

explain suicide rate. Durkheim has been heavily criticized for this argument, since alcohol 

intuitively can be integrated into his theory of suicide (Skog, 1991).
7
 Neumayer (2003a) 

reports positive and significant association between alcohol consumption and suicide rate. 

Andrés (2005) uses total alcohol sales as a proxy for alcohol consumption and finds that 

alcohol sales are positively associated with both male and female suicide rate. The same 

conclusion is made by Dahlberg and Lundin (2005). Chen et al., (2009a) use sales data as 

well, and find positively significant effects only for males, whereas the relationship of al-

cohol consumption and suicide rate for females aged 65 and above are negative.
8
  

     Another variable which can be associated with the social integration concept is female 

labor force participation. This determinant was not included in Durkheim’s theory but 

                                                 
7
 Alcohol related problems may lead to lower social integration. 

8
 The authors argue that this result may be spurious due to omitted variable bias.  
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sociologists and economists have later on regarded female labor force participation as an 

important phenomenon influencing suicide rates. Most studies using panel data show that 

there is a positive relationship between higher female labor force participation rate and 

suicide (Andrés, 2005; Chuang and Huang, 2003; Mäkinen 1997; Neumayer 2003a). The 

positive association can be explained by the increasing risk role conflicts between the sex-

es when women participate in labor. This in turn may weaken family ties and social inte-

gration, and thus lead to higher suicide rates. 
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3 Data and Model Specification  

3.1 Research design 

By incorporating sociological (Durkheim, 1897) and economic (Hamermesh and Soss, 

1974) theory regarding the causes of suicide, we are able to identify valid determinants of 

suicide in Swedish counties. We intend to explore if the determinants tested in previous 

panel data studies also are valid for the Swedish context. Like Andrés (2005) we believe 

that it is essential to treat the impact of socio-economic factors across gender instead of 

overall suicide rates since suicide could differ across gender. We will therefore estimate 

separate models for males and females. Moreover, we attempt not only to estimate separate 

models for male and female suicide rates but as well formally test for possible differences 

between the sexes. 

     According to Andrés (2005) several of the empirical studies examining the factors that 

influence suicide using panel data are based on lack of appropriate determinants.
9
 This 

study is not an exception when it comes to this problem. Several important variables such 

as income inequality, health care for people with mental health problems etc. have not been 

included in our study. This is mainly due to lack of appropriate data for the time period of 

interest in this study.  

  

3.2 Data 

Data used in this study consists of a balanced panel of Swedish counties
10

 over the period 

from 1976 to 2007, which gives a total sample size of 672 observations. The selection of 

this period was mostly based on the availability of data. Suicide data is collected from Sta-

tistics Sweden (SCB). Since 1997-present, Socialstyrelsen
11

 has taken over the responsibil-

ity provisioning the statistics of suicide data and data on suicide for the period 1997-2007 

                                                 
9
 Which regressors to include in the model is not always straightforward. One way to overcome this problem 

is to work with regressors given of the sociological and economic theory of suicide. Another way is to per-

form econometric tests for omitted variables. 
10

 Sweden consists of 21 counties. 
11

 Soicalstyrelsen is equivalent to The National Board of Health and Welfare.  
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has been obtained from the latter source. Data on socio-economic variables is mostly col-

lected from Statistics Sweden with the exception of data on alcohol sales, which was kind-

ly given to us by Systembolaget.
12

 Table 1 summarizes the definitions of the variables that 

have been used in this study.  

 
Table 1. Description of the variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                                                 
12

 We thank Ulf Karlsson, statistical analyst at Systembolaget, for providing us with data on alcohol sales.  

Variable  Description 

LSR_tot Log of age standardized total suicide rate per 100 

000 inhabitants 

LSR_m Log of age standardized male suicide rate per 100 

000 inhabitants 

LSR_f Log of age standardised female suicide rate per 100 

000 inhabitants 

LSR_mf Log of age standardised male and female suicide 

rate per 100 000 inhabitants 

Alco Alcohol sales per inhabitant (measured in liter of 

pure alcohol) 

Alco2 Alcohol sales squared 

Birth New born per 100 000 inhabitants 

Div Number of divorced per 100 000 inhabitants 

Female_lp Number of women working per 100 000 women in 

working age 

Pop_dens Inhabitants per square kilometer  

Unemp Number of unemployed per 100 000 inhabitants in 

working age 

Dmale Dummy variable for gender: male=1, female=0 
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3.2.1 Dependent variable – suicides 

Since the aim of this study is to make a distinction between overall suicide rates, and 

male/female, the dependent variable will be specified exclusively for each model. This 

involves making 8 different specifications measuring suicide rates for overall, male, female 

and a model where male and female suicide rates are pooled in order to test for differences 

between male and female suicide rates. The dependent variable is further transformed by 

taking the natural log to correct for its skewed distribution.  

     The suicide is defined as deliberate self-destructive action and has the international 

classification of diseases, ICD X60-X84, and these are the actions we include in our study. 

Suicide in Sweden during the period 1976-2007 is graphically presented in Figure 1. From 

Figure 1, we can clearly notice that suicide in Sweden has decreased, however, mostly for 

men. Female suicide rates have been lower, which means that female and male suicide 

rates are converging. 

 

 

Figure 1. Suicide in Sweden 1976-2007 

 

Problems with suicide data 

A potential problem of error with suicide figures obtained from SCB and Socialstyrelsen 

can arise due to the misspecification of suicide to other causes of death. In some cases it is 

extremely difficult to identify if the cause of death was due to suicide or an accident. Con-

trary to other studies a minor problem in our study is under-reporting of suicides, even 

though there still might be some. The authorities in Sweden have a well-structured suicide 
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data register. Depending on recording practices across countries, we may in some cases 

find a zero number of suicides. In catholic countries suicide is considered as sin, and is a 

reason for under-reporting. In Egypt, on the other hand, it is forbidden by national law to 

report suicide as a cause of death (Cameron, 2005). 

3.2.2 Independent variables – socio-economic factors 

The search for socio-economic variables is motivated by the socio-economic theory of sui-

cide. Following the concept presented in Section 1.2 and Chapter 2, this study explores the 

socio-economic variables presented below. 

 

Alcohol sales – a proxy for alcohol consumption 

The data for the alcohol variable was given to us by Systembolaget, which is the Swedish 

state monopoly on alcohol selling. The variable measures sales of pure alcohol in liter per 

year and inhabitant. Systembolaget’s monopoly on selling alcohol makes this variable a 

reasonably good proxy for the alcohol consumption. However, some potential problems 

with this proxy is the fact that it does not capture the consumption by those who are mak-

ing their own alcohol secretly and likewise those who are importing alcohol from other 

countries.  

     As can be seen by Figure 2, the alcohol consumption has decreased since the mid-

1970’s. However, during the late 1990’s the alcohol consumption once again started to 

increase. 

 
Figure 2. Alcohol sales per liter 
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We also include a squared term of the alcohol variable. The aim of the squared term is to 

explore whether a non-linear association exists between suicide and alcohol consumption. 

Small amounts of alcohol can to some extent be beneficial for people, since alcohol makes 

people more social, and thus increases social integration and friend ties but having suicidal 

thoughts and using alcohol excessively may lead to impulsive actions that cannot be con-

trolled in an intoxicated state. A negative coefficient on Alco, and a positive coefficient on 

Alco
2
, should give a U-shaped relation and thus support the hypothesis stated above.  

 

Birth  

The figures for this variable are taken from Statistics Sweden. The variable is constructed 

by dividing the number of newborn by the population per 100 000 inhabitants in each 

county. This variable tries to capture the effect of becoming a parent. Birth could also 

measure some of the effect of having a lot of children in the surroundings. It is easy to im-

agine that a city or village with many children might make the entire population more posi-

tive to the future.  

     Figure 3 illustrates the number of newborns. It is evident that a baby boom occurred 

during the beginning of 1990’s. Nowadays, the number of newborns is approximately the 

same as in the mid 1970’s. 

 

 
 

Figure 3. Birth per 100 000 inhabitants 
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Divorce 

The data for the divorce variable also comes from Statistics Sweden. This variable is 

measured by the number of individuals who are reported as divorced divided by the popu-

lation per 100 000 inhabitants of each county. This variable does not measure the number 

of divorces in a county but the amount of people who have divorced and yet not remarried. 

This could be a problem since the variable does not capture the total effect of the divorce 

on suicide rates, and thus only partly measures the effect of living alone, although many 

people that are divorced do not live alone.  

     Figure 4 shows that divorce has more than doubled over the last three decades. This 

could be due to the fact that getting divorced is no longer stigmatized. 

 

 
Figure 4. Divorce per 100 000 inhabitants 

 

Unemployment  

The figures for this variable are from Statistics Sweden. The age-standardized unemploy-

ment is computed by using the data on unemployed of working age (16-64) divided that by 

the sum of unemployed and people that have a job per 100 000 inhabitants in each county. 

This means that the variable measuring the unemployment does not include people out of 

the workforce. This could be another variable to study. The problem here is that people 

outside the workforce consists both of those that can work and those that are ill or for other 

reasons are unable to work (SCB, 2010). Understanding the effect on suicide for those be-

ing outside the workforce requires a deeper study.  

     Figure 5 illustrates unemployment where we can see that unemployment was at its peak 

during 1993 (10 000 per 100 000 inhabitants). In 2007 (the last time period of this study), 

the unemployment in Sweden was 4 700 per 100 000 inhabitants. 
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Figure 5. Unemployment 

 

Population density – a proxy for urbanization 

This variable is like most of the variables collected from the website of Statistics Sweden.  

The variable is computed by taking the county population divided with the area (measured 

in squared kilometre) of each county. The area statistics is from 1991 and forward. There is 

no problem in using newer area data on older population data, because the data of the pop-

ulation has been transformed to the county borders of today. This is a variable that might 

capture some of the effect of social integration. If the population density is low, there is a 

possibility that the contact with other people could be reduced. It may be possible that 

modern ways of communication could to some extent reduce this variable’s ability to cap-

ture some of the effect of social integration. Population density variable might also capture 

the effect of change in future conditions. A reduction in the population density can for ex-

ample lead to a drastic decision, such as closing the only school in the village.  

 As shown in Figure 6 (next page), in the last three decades there has been a small increase 

in population density in Sweden. In 1976 the population density, measured in inhabitants 

per kilometre, was around 38.8. In 2007, this number has increased to 44.3. 
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Figure 6. Population density 

 

Female labor force participation 

The data for this variable has been taken from the website of Statistics Sweden. This varia-

ble is measured as the number of women working divided with the total number of women 

of working age (16-64) per 100 000 women in each county. Sweden is a country with rela-

tively high female labor force participation (see Figure 7). The difference between the 

counties is not very big and the effect of this variable might be better studied in a cross-

national study which will have a larger difference in the female labor force participation. 

 

 

Figure 7. Female labor participation 
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3.2.3 Descriptive statistics 

Table 2 provides summary descriptive information on the dependent and independent vari-

ables in this study. From this table it is evident that suicide is more common among males. 

 

Table 2. Descriptive statistics of variables 

 

 

Table 3 (on next page) shows from a theoretical perspective the expected sign of the inde-

pendent variables presented in Table 2.  

Note that there are many factors (such as laws and inequality) that according to the theory 

are assumed being important when studying suicide that have not been included in our 

study. It is also important to note that the reported effects in Table 3 are average effects. 

For example, alcohol sales (consumption) are assumed to affect suicide both negatively 

and positively. A smaller quantity of alcohol is often consumed in the company of others 

and could thus compose a proxy for social inclusion. In large quantities, alcohol can lead to 

ill-considered decisions and instead a social isolation might occur. We assume that this 

effect will be the imminent and might lead to higher suicide rates.  

 

 

 

Variable  Mean St. dev.  Minimum  Maximum  

Total suicide rate  2.70 0.27 1.75 3.51 

Male suicide rate  3.07 0.28 1.93 3.87 

Female suicide rate  2.04 0.45 0.00 2.99 

Male and female suicide rate 2.56 0.64 0.00 3.87 

Alcohol sales in liters per habitant 5.18 1.42 2.73 9.31 

Alcohol sales2 28.86 16.36 7.47 86.68 

Birth rate (100 000 population) 1134.37 159.94 805.64 1637.56 

Divorce 6779.48 1792.79 2758.05 10513.93 

Female labor force participation 72451.74 4496.14 57933.58 85784.50 

Population density 40.98 53.53 2.56 296.63 

Unemployment 5156.40 2762.32 884.96 15023.47 

NT = 672 for all variables 
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Table 3. Expected sign of the explanatory variables 

 

3.3 The choice of estimation technique 

Data sets that combine time series and cross-sectional elements are known as panel data. 

Since panel data combines information across both time and space it offers many benefits. 

Letting the regressors vary over two dimensions instead of one, we obtain more efficient 

estimators. Moreover, with a panel data set we can control for (individual) heterogeneity, 

which might help us to remove the effect of omitted variables bias (Baltagi, 2001).  

     Three forms of statistical techniques are widely employed in panel data studies: pooled 

OLS, fixed effects models and random effects models. Depending on assumptions we make 

about our sample, one may decide which one is more appropriate, even though it is not 

always straightforward (Verbeek, 2004). There are however some general guidelines. If we 

believe that our cross-section units (i.e. counties) are not heterogeneous, then a pooled 

OLS regression model would be suitable for our purposes. The pooled OLS model, how-

ever, requires that errors are uncorrelated with one another. If the observations cannot be 

considered being a random sample from a large population, the fixed effects model is more 

Variable  Theoretical implica-

tion/proxy for 

Effect on 

LSR_tot  

Effect on 

LSR_m  

Effect on 

LSR_f 

Alcohol Higher social integration 

for small consumption and 

ill- considered decisions in 

larger quantities 

+ + + 

Birth Higher social integration - - - 

Divorce Lower social integration, 

losing status, lower income 

+ + + 

Female labor force 

participation 

Strengthens women’s posi-

tion and weakens men’s 

position, possibly higher 

income to the household 

? + - 

Population density Higher social integration - - - 

Unemployment Lower income and loss of 

status, but also gain of lei-

sure 

+ + + 
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appropriate than the random effects model and vice versa. Since our data consists of all 

suicides and not random drawings from a larger population, the fixed effects model can be 

used. Judge et.al (1980) argue that when T (the number of time series observations) is large 

and N (number of cross-sectional units) is small, there will only be small difference in the 

values of regression coefficients estimated by fixed effects and random effects models. 

     Hausman (1978) developed a formal test that helps us chose between fixed and random 

effects models. The idea underlying Hausman’s test is to examine if there is a correlation 

between the individual
13

-specific unobserved effects and any of the explanatory variables. 

If these components are uncorrelated, the random effects model should be used; otherwise 

the fixed effects model is appropriate. 

     In order to examine the impacts of socio-economic variables on suicide, we will employ 

a pooled OLS and a fixed effects regression model. The pooled OLS regression model is 

employed for robustness check of the results. The Hausman test confirmed that the fixed 

effects regression model is more plausible than the random effects (see Appendix 2). 

3.4 The Pooled OLS Regression Model 

A starting point when dealing with panel data is to begin by estimating a pooled regression 

model. In the simplest type of a pooled regression model, we ignore the space and time 

dimension, i.e. all coefficients are constant across counties and time (Gujarati, 2009). A 

pooled regression model with respect to our empirical problem can be specified as:

                   

ititit uXRS  ln                 (2)   

where, lnSR´ is logged suicide rate; α is a constant; X contains a vector of explanatory var-

iables (see Section 3.2.2); u is the usual error disturbance. We are using the prim notation 

to clarify that the dependent variable differs in each of our models. Notice also that we do 

not use subscripts i or t for the intercept since it needs to be held constant. One problem 

with the pooled OLS model in our case is that we are studying the same counties over time. 

This means that the error terms are not independent of each other (i.e. are correlated over 

time). The fact that counties are not randomly sampled from a larger population further 

supports the statement above. Since the pooled OLS does not take into account that coun-

ties differ, it further increases the possibility of correlation between the errors and explana-

tory variables. This in turn implies that the pooled OLS model will not provide consistent 

                                                 
13

 Individual-specific effect refers to the cross-sectional units, which do not have to be individuals. In this 

study, the cross-sectional units are counties. 
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estimates, even though they still will be efficient. In order to correct for inconsistency, we 

need to employ serial correlation-robust standard errors
14

 (Wooldridge, 2002). 

3.5  The fixed effect regression model 

We mentioned earlier that panel data methods are useful when we want to control for omit-

ted variables (unobserved heterogeneity). In the fixed effects regression model, we control 

for the unobserved effects by letting each county have its own intercept (specified as an 

indicator variable) that varies across counties but is time invariant, and similarly allow 

each time period to have its own intercept (specified as an indicator variable) that is con-

stant across counties but evolves over time. When we combine county specific and time 

specific unobserved effects it results in what is known as a two-way fixed effects regression 

model. A fixed effects regression model with respect to our empirical problem can be spec-

ified as: 

 

itittiit uXRS  ln                 (3) 

 

where, lnSR´ is logged suicide rate; αi is the county fixed effect; λt is the time fixed effect; 

X contains a vector of explanatory variable; uit is an error term assumed to satisfy the usual 

regression model conditions. Furthermore, i represents a specific county and t represents a 

certain year. We are using the prim notation to clarify that the dependent variable differs in 

each of our models. In our model, αi captures all factors affecting suicide that do not 

change over time. One of these factors can be the prevailing culture of suicide in each 

county. The time fixed effect, λt, helps us to control for effects like government policies on 

suicide prevention that change over time but are the same across counties in a given year. 
 

     The fixed effects estimation solves the problem of unobserved heterogeneity by per-

forming a within transformation, i.e. averaging each county’s observation, αi, and then 

subtracting the county’s average over time from each of the county’s observation. The 

same procedure is applied for each time period parameter λt. To see how the transfor-

mation looks mathematically, we assume the simplest type of fixed effects model with only 

county specific effects (i.e. αi). This model is shown in Equation 4 and Equation 5, where 

the bar notation indicates that we have averaged the values over time for each county. No-

tice however, that the intercept is not affected by the transformation since it is fixed over 

time.  

 

                                                 
14

 This can easily be corrected for in econometric softwares such as STATA or Eviews. 
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ititiit uβxαy                  (4)     

 

,iiii uβxαy                                              (5)                                                                                

 

The next step is to subtract the county’s average over time from each of the county’s ob-

servation, i.e. subtract Equation 5 from Equation 4. 

 

itititiitiiiitiit uxyuuaaxxyy   )(                                  (6) 

 

Notice how the unobserved effect is cancelled out by the transformation (i.e. Equation 6). 

In the case of having λt rather than αi, we simply use the same technique but average across 

counties for each time period. The essence of this transformation is that it removes the un-

observed county and year fixed effects from the model, i.e. eliminates the factors that are 

correlated with the explanatory variables and the model can be estimated with OLS (Hsiao, 

2003).  

     The fixed effects regression model also assumes that all βk coefficients are constant 

across counties and time, which implies that when differences are taken, any regressors 

(e.g. gender) that do not change over time (i.e. during the period we observe a phenome-

non) will be eliminated from the model. This might be a problem in a study where the aim 

is estimate the impact of gender on our dependent variable. However, it will not affect our 

study since we have not included variables that are time-invariant.  

3.6 Testing for gender differences 

One aim of this study was to formally test for differences between the male and female 

suicide rates. The first step is to construct a dummy variable for gender (=1 if male, =0 if 

female). In order to do this we constructed a dataset which include both female and male 

suicide rate. The dummy variable is then interacted with the explanatory variables (see 

Section 3.2.2). If the interaction variables are significant, gender differences exist for the 

explanatory variable the dummy is interacted with. As a starting point, we constructed a 

pooled OLS interaction regression model which can be specified as: 

 

(7)                                                              ln itmaleititmaleit uDXXDSRmf  

   
 

where, lnSRmf is logged male and female suicide rate; α is a constant; Dmale is a dummy for 

male; X contains a vector of explanatory variables; X´β×Dmale 
is the vector of explanatory 
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variables interacted with the dummy; u is the usual error disturbance. However as men-

tioned earlier the pooled OLS model may be inappropriate in our case. We decided to ap-

ply a fixed effect interaction model which in this case can be specified as: 

(8)                                                                ln itmaleitittiit uDXXSRmf  

   
 

where, lnSRmf is logged male and female suicide rate; αi is the county fixed effect; λt is the 

time fixed effect; X contains a vector of explanatory variable; X´β× Dmale 
is the vector of 

explanatory variables interacted with the dummy; uit is the error term. Note that the dummy 

variable is not included in the regression. The dummy variable does not change over time 

and can for this reason not be included in the fixed effect model. However, since our pri-

marily interest is gender differences resulting from changes in the explanatory variables, 

the elimination of the dummy is not a problem for this study.  

3.7 Methodological issues  

Results vary a lot depending on regression model used to estimate the effects of socio-

economic factors on suicide. In this section, we will discuss methodological issues that 

might be of great importance for the outcome of our study. 

3.7.1 Problems with panel data methodology 

Which models are more appropriate and which are less appropriate is not always straight-

forward depending on data at hand, but a model that does not take into account unobserved 

characteristics (heterogeneity) is surely a poor choice. This was confirmed when we ran the 

pooled OLS model (see Chapter 4). The pooled OLS was not a particularly good model 

and researchers who have used this method should be cautious when talking about the im-

pacts of their results. Our fixed effect model (see Chapter 4) also has shortcomings and 

some of them will be discussed later on in this section. These deficiencies and undeveloped 

methods for panel data problems imply that the results presented in the upcoming chapter 

should be interpreted cautiously. 

     One of the reasons why the results differ a lot between the models may be due to small 

variation between the counties. If the suicide frequency follows the same trends for all 

counties, then it is difficult to find any variation. The variation is usually present when 

different countries (rather than counties) are compared. Perhaps, it is thus more appropriate 

to employ cross-national studies, when examining the impact of socio-economic variables 
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on suicide. Cross-national studies have other advantages, since the population can be larg-

er. The Swedish counties do not have large populations in comparison with other countries. 

When we age standardize the population, we obtain only a few thousand inhabitants per 

age group in counties with small population. Since not many suicides are committed per 

1000 inhabitants, it is totally random if there will be some suicides or not in a given year. 

The error term could therefore possibly be reduced with a larger population.  

3.7.2 Multicollinearity  

The consequences of high multicollinearity lead to imprecise estimation of the coefficients 

due to a large sampling variance (Verbeek, 2004). This can be a major problem if several 

of the regressors are highly correlated. A bigger problem with multicollinearity is that we 

do not have any formal techniques to test for it. Instead, we use “thumb rules” to detect the 

presence of high multicollinearity. Any pairs of variables that has a correlation coefficient 

larger than 0.7 in absolute terms is considered having large correlation.  

     Stock and Watson (2007) claim that high multicollinearity is not necessarily an error, 

but rather a feature of OLS, the data, and the question one is trying to answer. Moreover, 

they argue that if the variables in your regression model are the ones you meant to include, 

and if they are relevant according to the theory, then you should include them in the model 

since high multicollinearity implies only that it will be difficult to estimate precisely one or 

more of the partial effects using the data you have. In our study, the problems of multicol-

linearity are not present since no correlation coefficient value exceeds the thumb rule 0.7 

(see Appendix 1). 

3.7.3 Endogeneity problems 

Another methodological problem that often arises in a regression analysis is that one or 

more of the explanatory may be endogenous (i.e. the explanatory variable(s) are correlated 

with the error term). There are three main reasons why a variable could be correlated with 

the random error. This occurs if we have omitted important explanatory variables. For ex-

ample, a variable affecting the dependent variable could also affect one or more of the ex-

planatory variables, and thus influence the parameter estimates for these variables. Another 

factor that can generate endogeneity problem is measurement errors. This may arise for 

instance when one has incomplete data to measure the impact of different variables. En-

dogeneity problems can also arise due to simultaneity which means that the explanatory 

variables and the dependent variable affect each other (Wooldridge, 2002).  

      We argue that there is a risk that all three of the characteristics mentioned above are 

present in the empirical part of our study. Some variables (e.g. inequality, income) that 
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explain suicide rates, are not included due to lack of data. This means that there is great 

risk of endogeneity bias due to omitted variables. In our econometric model, we use many 

proxy variables for social integration. This implies that we cannot fully measure these ef-

fects and the measurement error will automatically be included in our model. Concerning 

simultaneity, it is unlikely that suicide (dependent variable) leads to direct simultaneity 

with any of the explanatory variables. Those who have taken their own life cannot become 

unemployed or get divorced. The effect on other variables such as population density and 

fertility is likely to be marginal and simultaneity bias should not be present here as well. 

However, our study is based on aggregate data, which raises the risk of simultaneity. It is 

reasonable to argue that increasing suicide rates may increase divorce rates in society as a 

whole, because the suicides family and circle of friends are going through a crisis which 

may lead to break ups of relationships. 

3.7.4 Non-stationary variables 

According to Gujarati (2009), a common problem with time series is non-stationary varia-

bles. A non-stationary variable has a mean and variance that is not constant over time. This 

may be due to trends that affect the variables. Gujarati (2009) also warns that non-

stationary variables can lead to spurious relations. Trends that go in different directions can 

lead us to infer that one variable affects the other, but it can be different factors driving 

these trends. There are formal tests for problems with non-stationary variables but they 

have low power, and because of this there is a risk that we wrongly concluded that a varia-

ble is non-stationary (Gujarati, 2009). 

     We have tested whether our variables are non-stationary (see appendix 4). Many of our 

variables are not stationary, which means that the problem of non-stationarity might be 

present.   

3.7.5 Ecological fallacy 

When using aggregate data to explain individual phenomenon, there is a risk of making 

wrong conclusions about individual behavior. This is also known as the ecological fallacy 

(Schwartz, 1994). Schwartz likens this problem to a hung jury, since it cannot decide if 

someone is guilty or innocent. However, this does not mean that all jury members are in-

decisive. In reality, the members of the jury may have different opinions so it is impossible 

to come to a conclusion as a group. 

     Durkheim’s theory of suicide has often been criticized for drawing conclusions about 

individual acts on collective declarations and thereby being subject to the ecological falla-

cy. However, aggregate variables should be used when we want to explain how social phe-
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nomena affect individual behavior. If a group is affected by a structure, then this effect 

cannot be studied using individual data, since there is a risk of making the same error other 

way around. Durkheim’s theory of cultures influence on suicidal individuals should thus be 

studied at the aggregate level. Aggregate data also helps in reducing wrong answers in sen-

sitive topics. People may, for example underestimate their own drinking, but the total alco-

hol sales figures are not incorrect (Ibid). 

     Following Schwartz, the ecological fallacy is thus not a problem when studying the 

impacts of social phenomenon on suicide rates. In this thesis, we try however to combine 

impacts of both social factors and individual factors on suicide rates. Some of our variables 

(e.g. births per 100 000 population) might not entirely be captured using aggregated data. 

Furthermore, there is a big difference being divorced and to live in a society where there 

are a lot of divorced people. To some extent, it can even be positive for singles that there 

are many divorced people, because the possibility of finding a partner in the future increas-

es, and they do not need to feel odd not being married. 
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4 Estimation Results 

4.1 The Pooled Regression Model 

                                    

Table 4 presents the results from 

the pooled regression models. All 

models have been estimated sepa-

rately for overall, male and female 

suicide rates. Models are also es-

timated separately for different 

suicide rates, which gives at total 

of eight models. To correct for 

potential presence of heterosce-

dasticity and autocorrelation, the 

HAC robust standard error are 

employed. To check for multicol-

linearity, a correlation matrix was 

constructed. The correlations be-

tween each pair of variables were 

of low to moderate size, which 

means that we do not need to wor-

ry about multicollinearity (see Appendix 1).  

     As already mentioned, the suicide rates are transformed into logarithms to correct for 

their skewed distribution. Logarithms can be interpreted in terms of percentages. A unit 

increase in X (ΔX=1) is associated with 100 × βk % change in Y.  For instance, according 

to the pooled OLS model, total suicide rate is predicted to increase by 0.01 % [(100 × 

0.0001) %] for each additional new born child ± 0.009 %. The high standard error implies 

that this variable is not significant. In general, the R
2
 values are very low. This means that 

these models (i.e. pooled OLS) do not fully explain the variation in suicide rates. 

     Alcohol sales and alcohol sales squared are the first two explanatory variables in Table 

4. According to the theory, a U-shaped relationship between alcohol sales and suicide rates 

should occur. Smaller quantities of alcohol should reduce suicides, while a larger quantity 

increases suicide. This happens if the alcohol sales variable is negative and the quadratic 

Explanatory variable Total Male Female 

Constant 1.94*** 

(0.26) 

2.17*** 

(0.29) 

2.07*** 

(0.44) 

Alcohol sales -0.002 

(0.05) 

0.03 

(0.05) 

-0.08 

(0.1) 

Alcohol sales2 0.005 

(0.004) 

0.002 

(0.005) 

0.01 

(0.01) 

Birth  0.0001 

(8.63E-05) 

5.91E-05 

(8.77E-05) 

0.0004*** 

(0.0001) 

Divorce  -5.48E-05*** 

(9.96E-06) 

-6.13E-05*** 

(1.08E-05) 

-3.24E-05* 

(1.71E-05) 

Female work participation 1.11E-05*** 

(2.86E-06) 

1.33E-05*** 

(3.09E-06) 

-1.56E-06 

(5.10E-06) 

Population density 0.0003 

(0.0002) 

-0.0002 

(0.0003) 

0.002*** 

(0.0005) 

Unemployment rate 8.13E-06* 

(4.41E-06) 

1.48E-05*** 

(4.45E-06) 

-1.76E-05* 

(9.01E-06) 

R2 0.28 0.26 0.15 

Coefficient standard errors are given in parenthesis.  

***, **, * represent significance level at 1 %, 5 % and respectively 10 %. 

 Table 4. Regression results from the pooled OLS models 
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term of the same variable is positive, which is the case for total and female suicide rates 

(see Table 4). The coefficients are however not significant for alcohol variables. 

     The third explanatory variable in our model is birth per 100 000 inhabitants. According 

to the theory, more children should lead to greater social integration and thus reduce the 

suicide rate. By looking at the sign of the estimated coefficient of birth in the pooled OLS 

model, we can see that this does not hold for Sweden. The relationship is instead reversed. 

For each additional newborn, the male suicide rate increases by 0.006 % while the female 

suicide rate increases by 0.004 %. The total suicide rate increases (as already mentioned) 

by 0.01 % for each additional newborn. The coefficients of birth are not significant in total 

and male suicide rate models, which means that we have not found any evidence against 

the theory. The estimate of the effect having a child (birth) on the female suicide rate is 

significant at the 1% level. It is evident that the pooled OLS estimates contradict the theo-

ry. 

     The fourth explanatory variable is divorce per 100 000 inhabitants. According to the 

theory, a higher divorce rate should increase suicide. The pooled OLS estimates, however, 

imply the opposite. An increase in divorce by one divorced individual reduces the overall 

suicide rate by 0.005 %. The male suicide rate decreases by 0.006 % and the female sui-

cide rate decreases by 0.003 % for each additional divorced. The estimated coefficients of 

divorce are significant at the highest level (1 %) in both total and male suicide rate model 

and at 10 % level in the female suicide rate model. It is thus clear that our results from 

pooled OLS models contradict the theory of how divorce affects suicide. 

    The fifth explanatory variable, the female labor force participation measured as the 

number of working women per 100 000 women of working age. According to the theory, 

suicide should increase among men and decrease among women as more women enter the 

labor market. Our empirical result seems in this case consistent with the theory. As an ad-

ditional woman enters the labor market the male suicide rate increases by 0.001 % and 

female suicide rate decreases by 0.0002 %. The impact is stronger for men, why also the 

total suicide rate increases by 0.001 % as each additional woman enters the labor market. 

The effect of female labor participation is significant in both total and male suicide rate 

models at the 1 % level but is not significant in the female suicide rate model. This means 

that the theory is not entirely supported by empirical data. 

    The sixth explanatory variable is population density, measured as the number of inhabit-

ants per square kilometer. According to the theory (as opposed to Durkheim), a higher 

population density leads to greater social integration and thus fewer suicides. The pooled 

OLS model partly supports Durkheim’s theory and contradicts the modern theory of sui-

cide. Only the male suicide rate decreases (by 0.02 %) when population density increases 

by one person per square kilometer. The female suicide rate, on the other hand, increases 

by 0.2 % and the overall suicide rate increases by 0.03 % when population density increas-

es by one person. The coefficient value of population density in the female suicide rate model 
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is significant at the highest level (1 %) while it is not significant in the total and male sui-

cide rate model. The pooled OLS results are once again contradicting the theory. 

     The seventh and final explanatory variable is the number of unemployed measured as 

the number of workers per 100 000 inhabitants of working age. According to the theory, 

unemployment should increase the suicide rate. The pooled OLS results indicate that the 

total suicide rate increases by 0.0008 % when an additional worker enters the labor market, 

while the male suicide rate increases by 0.0015 %. Contrary to the theory, the female sui-

cide rate decreases by 0.0018 % as someone enters the labor market. The estimates of un-

employment in the female suicide rate and total suicide rate models are significant at the 

10 % level, while the effect of unemployment on the male suicide rate is significant at the 

1 % level. The pooled OLS estimates support the theory regarding the effect of unemploy-

ment on total and male suicide, but not for the female suicide. 

 

4.2 The Fixed Effects Regression Model 

In order to test for the presence of fixed effects (unobserved county and time effects), a 

pooled OLS regression can be used. The pooled OLS does not take into account the fact 

that counties may differ and hence assumes that the intercepts of all counties are the same, 

as well as the slope coefficients of regressors (Greene, 2003). To test if we need to include 

county and time fixed effects in the model, we carry out a restricted F-test and if we can 

reject the null hypothesis of no fixed effect differences, the pooled OLS regression model 

is inappropriate. Having performed a restricted F-test (see Appendix 3), the results confirm 

that it is proper to include county and time fixed effects in the model. (For description of 

the fixed effect model see Section 3.5).  

     Employing the fixed effect estimation method (results shown in Table 5 on next page), 

the coefficient value of alcohol sales is negative in all models, while the coefficient value 

of alcohol sales squared is positive, implying a U-shaped relationship between alcohol 

sales and suicide. This also shows what a misspecification of the model would lead to if 

the squared term is not included. The results would imply that higher alcohol sales (con-

sumption) decreases the total and male suicide rate by 13 %, since the coefficient value of 

alcohol sales is significant at the 5 % level. The squared term, on the other hand, shows 

that higher alcohol sales indeed increase suicide. The squared term is significant in all 

three fixed effect models. Total and male suicide increases by 1 % and female suicide in-

creases by 2 % when an additional liter of alcohol (per year) is consumed after a specific 

minimum point.  

     By partial differentiating the equation(s) with respect to alcohol sales variables, we can 

obtain the minimum point at which alcohol sales are giving the lowest suicide rates. 
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The total suicide rate is lowest at an 

alcohol consumption of 6.55 liters 

per person and year, while the corre-

sponding number for male and fe-

male suicide rates are 8.93 respec-

tively 3.88 liters of alcohol per per-

son and year. The squared term is 

giving the U-shape, and this esti-

mate is significant (at 5 % and 10 

%) for all suicide rates (total, male 

and female). 

     The impact of birth on suicide is 

in line with the theory. The total 

suicide rate decreases by 0.008 %, 

while the female and male suicide 

rate decreases by 0.002 % and 0.01 

% for each additional newborn.  

The results of these estimates are however not significant in either of the fixed effect mod-

els.  

     The impact of divorce on suicide was inconsistent with the theory in the pooled OLS 

models and this also seems to be the case in the fixed effect model. The female suicide rate 

decreases by 0.001 %, while the total and male suicide rate decreases by 0.01 % for each 

additional divorced person. The divorce estimate in the female suicide model is however 

not significant, while the estimates of divorce are significant at the 5% level in total and 

male suicide model. Likewise the results from the pooled OLS models, the results from the 

fixed effect models contradict the theory. The reason for this could be problems with our 

methodology. This is discussed in more detail in the Chapter 5. 

     The estimates for the female labor force participation show that the total and male sui-

cide rates increase by 0.001 % when the employment rate of females increases by an addi-

tional woman. Unlike the pooled OLS model, suicide increases also among females (by 

0.001 %) as an additional woman enters the labor market. In the fixed effect model, the 

female labor force participation estimate is only significant in the total suicide rate model 

(at the 5 % level). We can thus not with certainty say that our findings disprove the theory. 

     In the fixed effect model, the estimates of population density are in line with the theory 

that higher population density leads to fewer suicides. The total and male suicide rates de-

crease by 1 % when population density increases 1 person per square kilometer, while the 

female suicide rate decreases by 0.5 % when population density increases by 1 person per 

square kilometer but the estimate in the female suicide model is not significant. The effect 

of population density on total and male suicide rates is significant at the 1 % level. The 

theory is thus supported to a fairly high degree when applying the fixed effect model. 

Explanatory variable Total Male Female 

Constant 3.39*** 

(0.463) 

4.04*** 

(0.467) 

1.45 

(1.33) 

Alcohol sales -0.13** 

(0.052) 

-0.13** 

(0.050) 

-0.14 

(0.12) 

Alcohol sales2 0.01** 

(0.004) 

0.01* 

(0.004) 

0.02* 

(0.01) 

Birth  -7.50E-05 

(0.0002) 

-0.0001 

(0.0002) 

-2.32E-05 

(0.0004) 

Divorce  -9.48E-05** 

(4.65E-05) 

-0.0001** 

(5.30E-05) 

-9.25E-06 

(0.0001) 

Female work participation 9.00E-06** 

(3.87E-06) 

6.73E-06 

(4.44E-06) 

1.48E-05 

(1.20E-05) 

Population density -0.01*** 

(0.002) 

-0.01*** 

(0.002) 

-0.005 

(0.003) 

Unemployment 1.70E-05 

(1.46E-05) 

2.70E-05* 

(1.42E-05) 

-4.41E-06 

(3.34E-05) 

R2 0.53 0.51 0.33 

Coefficient standard errors are given in parenthesis.  

***, **, * represent significance level at 1 %, 5 % and respectively 10 %. 

 Table 5. Regression results from the fixed effect models 
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Concerning the estimates of unemployment, when running the pooled OLS model, the co-

efficient of unemployment was inconsistent with the theory in the female suicide rate mod-

el. We also obtain similar results for female suicide rates in the fixed effect model. The 

female suicide rate is reduced by 0.0004 %, while total and male suicide increases by 0.002 

% and respectively 0.003 % when an additional person gets unemployed. A difference be-

tween the pooled OLS and fixed effect model concerning unemployment is that only the 

effect of unemployment on the male suicide rate is significant (in this case at the 10% lev-

el) in the fixed effect model. This implies that the theory is not entirely contradicted by the 

results of our fixed effect estimation. 

4.3 The suicide effect on gender 

The estimated regression results 

from both the pooled OLS and fixed 

effects model are shown in Table 6.
15

 

In the pooled OLS model is the in-

teraction variable for birth rate, fe-

male work participation, population 

density and unemployment signifi-

cant. However we concluded earlier 

that the pooled OLS model was not 

reliable. In the fixed effect model, 

the only significant interaction is 

found for female labor force partici-

pation. The coefficient estimate is -

1.33E-05 indicating that males (on 

average) were 0.001 % less sensitive 

to changes in female labor participa-

tion rate than females. A conclusion 

that could be made from these re-

gressions is that gender differences 

seem to exist. According to the theory female labor force participation is the only explana-

tory variable were gender differences gender should occur. The results of the fixed effect 

regression is then in line with the theory.  

                                                 
15

 Table 6 only shows the results of the parameter estimates of the interactions variables. The explanatory 

variables without the interaction terms are also included but in order to preserve space, the model with coef-

ficient estimates of all parameters is presented in Appendix 4. 

Explanatory variables OLS model FE model 

Constant 2.07*** 

(0.44) 

2.75*** 

(0.69) 

Dmale  0.1 

(0.48) 

Not included 

Alcohol sales × Dmale 0.12 

(0.1) 

0.05 

(0.10) 

Alcohol squared × Dmale -0.01 

(0.01) 

-0.01 

(0.01) 

Birth × Dmale -0.0004*** 

(0.0001) 

-0.0001 

(0.0001) 

Divorce × Dmale -2.89E-05 

(1.89E-05) 

-3.69E-05(almost*) 

(2.27E-05) 

Female work participation × Dmale   1.48E-05*** 

(5.48E-06) 

-1.33E-05* 

(7.94E-06) 

Population density × Dmale -0.002*** 

(0.0005) 

-8.51E-06¨ 

(0.002) 

Unemployment × Dmale 3.24E-05*** 

(9.12E-06) 

-9.91E-06 

(1.27E-05) 

R2 0.72 0.78 

Coefficient standard errors are given in parenthesis.  

***, **, * represent significance level at 1 %, 5 % and respectively 10 %. 

 

Table 6. Regression results from the interactions models 
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5 Discussion 

5.1 Our results in relation to previous findings 

Our empirical results did not correspond completely with the theory. It is possible that the 

methodology used in this study biased our results. In this section we are going to relate our 

results to previous research in order to better understand our results.  

 

The connection between alcohol and suicide 

Our study is unique in that we include a squared term of alcohol consumption. This has not 

been employed in earlier studies, which could bias the findings found in previous research 

due to misspecification of the model. The choice of including the squared term makes it at 

the same time impossible to compare our result with previous research. The results from 

our study indicate that high alcohol consumption gives a higher suicide rate. This is in line 

with most previous research, for example Andrés (2005) and Neumayer (2003a). The only 

previous study conducted on Swedish data (i.e. by Dahlberg and Lundin (2005)) reach the 

same conclusion. Our results are also in line with the socio-economic theory. The fact that 

most researchers come to the similar conclusion gives strong empirical support to this part 

of the theory of suicide. 

 

The connection between birth and suicide 

In our study, when employing the more advanced panel data model, we are not able to sta-

tistically confirm the connection between suicide and birth. Birth is positively associated 

with suicide rates only in the pooled model and especially for females. When employing a 

fixed effects model, Neumayer (2003a) found a statistically positive relationship between 

total the suicide rate and birth. He did not consider separate models for male and female 

suicide rates, which makes the comparison quite difficult. Chen et al. (2009a) found that 

the impact of birth is significantly negative for Japan, except for males and females aged 

45–64, while it is not significant for other OECD countries. It is difficult to compare these 

results since many researchers do not make explicit distinctions between birth and fertility. 

On the other hand, including both of these variables in a regression model give a substan-

tial amount of multicollinearity. 
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The connection between divorce and suicide 

The most intruding finding in our study in comparison with previous research (Andrés, 

2005; Minoiu and Andrés, 2008; Brainerd, 2001; Chuang and Huang, 2003; Mäkinen, 

2007; Neumayer, 2003a) is that increasing divorce has a statistically negative impact on 

suicide. 

     Similar results have only been obtained by Dahlberg and Lundin (2005). When running 

separate regressions for males and females, they find that divorce in Sweden is statistically 

negative for female suicide rates, while the impact is positive but not significant for men 

during the period 1990-2000. When not taking into account sex specific suicide, they once 

again find that divorce has a negative impact on suicide, but this relation is however not 

significant. We found that there is a statistically negative impact on total suicide rate and in 

contrast to Dahlberg and Lundin (2005), we also find that divorce in Sweden is statistically 

significant for males but not for females.  

 

The connection between female labor participation and suicide 

Most studies using panel data (Andrés, 2005; Chuang and Huang, 2003; Mäkinen 1997; 

Neumayer 2003a) conclude that higher female labor participation increases the total sui-

cide rate. Andrés (2005) is one of few researchers who runs separate models for males and 

females. He fails to significantly conclude a positive association between female labor 

force participation and suicide rates when looking at the gender specific suicides.
16

 In our 

study, only the relation between the total suicide rate and the female labor force participa-

tion is significant. Our results are in this sense consistent with earlier research. 

 

The connection between population density and suicide 

Minoiu and Andrés (2008) found that higher population density reduces suicide rates when 

studying suicide in U.S.A. This contradicts Durkheim’s theory but is in accordance with 

modern theory of the relation between suicide and population density. In this study the 

empirical findings, when applying the fixed effect model, are in line with earlier research 

and the theory but not significant for the female suicide rate. By comparing our results with 

previous studies we can conclude that the theoretical implication of the relation between 

suicide and population density seems to exist.  

 

The connection between unemployment and suicide 

The theory that suicide increases when unemployment is high has been confirmed in many 

empirical studies (see for example Brainerd, 2001; Neumayer, 2003a; Chuang and Huang, 

2003; Andrés, 2005). We found that unemployment is statistically significant and positive 

for male suicide in the fixed effect model. Andrés (2005) concludes that unemployment is 

positively associated with male suicide rates, which is in accordance with our findings. 

                                                 
16

 This holds for the country-specific fixed effect model. 
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Previous research seems to support the theory regarding the connection between suicide 

and unemployment in a bigger extent than our study. It is possible that the relation between 

suicide and unemployment is stronger in countries without unemployment insurance or 

where unemployment is more stigmatized. This might explain why our estimates are less 

significant than in previous studies. This suggests that the theory of the relation between 

suicide and unemployment is in accordance with the empirical findings in most cases. 

5.2 The accuracy of the socio-economic theory of suicide  

An important starting point for the discussion of the credibility of our results is to under-

stand that it is difficult to empirically prove a socio-economic theory. The econometric 

methodology has its weaknesses (presented in Section 3.6). If one takes into consideration 

all shortcomings, the conclusion is that we cannot guarantee that our empirical results are 

not misleading. The empirical estimations, however, are based on real data and we have 

tried to minimize the methodological shortcomings. To strengthen our results, we also 

compared the results with previous studies which have used other data sets. These two ap-

proaches should enable us to discuss the empirical foundation of the socio-economic theo-

ry of suicide. 

     The theory predicts that a u-shaped relationship should exist between suicide and alco-

hol, where a small quantity of alcohol consumption would lead to fewer suicide and larger 

quantities would instead increase the suicide rate. In the fixed effect model, our results 

significantly supported the theory for total and male suicide rate. The relation between al-

cohol and female suicide rate was not significant, but was in line with the theory. The u-

shaped relation between suicide and alcohol has never been tested before. The absence of 

previous studies makes it difficult to determine if empirical results only support the theory 

in our data set. To conclude if it is reasonable to expect a u-shaped relation between alco-

hol and suicides in general, we need more research that studies the relation between alco-

hol and suicide.  

     Our results from the fixed effect model confirmed the theory, i.e. that higher birth low-

ers suicide. The result is however not significant. The definition of this variable varies be-

tween studies which makes it hard to compare our result with previous research. These 

factors make it hard to evaluate if the theory regarding the relation between suicide and 

birth is real. Further studies are needed to clarify the relationship between birth and sui-

cide. It is possible that the effect of giving birth to a child cannot fully be captured in stud-

ies using aggregated data. For this reason we think it would be important to conduct studies 

that investigate the relation between suicide and birth using individual level data.  

     One result that differs the most from the theory is the parameter estimate of divorce on 

the suicide rate. According to the theory, higher divorce should lead to more suicide. In our 
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fixed effect models the parameter estimate showed the opposite effect and was highly sig-

nificant for the total and male suicide rate. This outcome also contradicts almost all earlier 

studies. It is possible that this negative relation between divorce and suicide is special for 

Sweden. Sweden is a country with high gender equality and divorce is common which 

makes it less stigmatized. The only study (Dahlberg and Lundin, 2005) suggesting a simi-

lar relationship is also using Swedish data. It is however definitely interesting to pursue 

further research in order to examine the impact of divorce on suicide in Sweden. 

     The theory argues that higher female labor force participation would increase the male 

suicide rate and decrease the female suicide rate. Our pooled OLS estimation was in line 

with this assumption. The more appropriate model (i.e. the fixed effect model) was only 

supporting the theory for male suicide rate. In the fixed effect model all parameter esti-

mates were positive but only the relationship between the total suicide rate and female la-

bor force participation was significant. These results are also in line with previous re-

search. This suggests that the theory of the female labor participation effect on female sui-

cide could be wrong. It is however important to remember that the number of studies test-

ing for this variable with separate regressions for male and female suicide rates are limited. 

In the female suicide model, the parameter estimate of female labor force participation was 

not significant. This causes us to conclude that more studies with separate regression for 

male and female suicide rates have to be made before it is possible to evaluate if the theory 

has empirical support or not.    

    The theory of the relation between population density and suicide is strongly supported 

by our fixed effect models. In all models, higher population density gives lower suicides. 

The result was also highly significant for the total and male suicide rate. Furthermore, our 

result is in line with earlier research. This makes it possible for us to state that the theory of 

the relation between population density and suicide is consistent with empirical findings.   

    Unemployment is according to the theory a variable that should increase the suicide rate. 

In our fixed effect model, the parameter estimate of unemployment regarding the effect on 

suicide is in line with the theory for the total and male suicide rates but was only signifi-

cant for the male suicide rate. The results from previous studies are in line with the theory. 

The number of studies running separate regression for male and female suicide rates also 

few for unemployment. It is possible to conclude that the effect of unemployment on male 

suicide is in accordance with empirical findings. The relation between unemployment and 

female suicide rate needs to be studied further before it is possible to make any conclusion.  

    The formal testing of gender differences is unique for this study. In our fixed effect in-

teraction model, only one significant difference was found and it was for the female labor 

force participation variable. The gender difference for the relation between divorce and 

suicide was almost significant at the 10 % level. According to the theory, the gender dif-

ference should only exist for female labor force participation. Taken into account the pa-

rameter estimate for female labor force participation, which was not in line with the theory, 

the interaction result seems quite confusing. It is clear that the formal test for gender dif-
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ferences needs to be conducted in more studies before we can make any conclusions about 

it.  

     It is only for the parameter estimate of divorce that our empirical estimations entirely 

oppose the theory (and most previous research). Moreover, our result for the female sui-

cide rate model contradicts the theory in two other cases as well. The estimates are howev-

er not significant in either of these two cases. We can thus conclude that a socio-economic 

approach in understanding suicide is useful. It does not explain the full variation of the 

suicide rate but most of the theoretical predictions seem to have empirical support. Howev-

er, the socio-economic theory of today seems to be explaining the male suicide better than 

female suicide. Neither economics nor sociology is a static science where all "truths" are 

already found. The sociological and economic theory needs to be developed further to ena-

ble us to fully understand the socio-economic suicide. 

5.3 Possible policy implications 

Is it possible to make use of our study to reduce the suicide rate? Once again it is necessary 

to stress the fact that the empirical results from this study and previous research may not be 

generalized. It is possible that policy implications based on this study are not useful. This 

study primarily focused on the socio-economic explanation to suicide. Other factors, for 

example treatment against depression could be more efficient in reducing the suicide rate. 

However policy makers need to act on the information they can obtain. We think that the 

combination of our statistical estimates with the result from previous studies makes a fair 

enough ground for policy suggestions. 

     Policies that lower the alcohol consumption seem on the bases of the theory, the empiri-

cal findings in this study and previous research to be an approach in reducing the suicide 

rate. The theory and our study however also indicate that a smaller quantity of alcohol con-

sumption lowers the suicide rate. In Sweden, there has recently been a debate if taxes 

should be raised on bag-in-box wines since they are cheaper than buying the same amount 

of wine in bottles.
17

 Stopping the discount of buying larger quantities of wine seems to be a 

reasonable method in reducing the suicide rate.  

     A higher birth leads to fewer suicides according to the theory. Our parameter estimate 

for the relation between birth and suicide were in line with the theory but were not signifi-

cant. A policy that raises the birth rate is not an easy matter. Having a child is a choice of 

an individual or family. It is possible that higher child benefits would increase peoples’ 

willingness to have children and could thus reduce the suicide rate.  

                                                 
17

 The volume of a bag-in-box wine is equivalent to four bottles of wine. 
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     The empirical findings in our study suggested that higher divorce would lower the sui-

cide rate. This result however opposed both the theory and earlier studies. This conflicting 

result makes it impossible to create any policy that lowers suicide. If we suggest to the 

government to try to encourage divorces, there is a chance that these actions instead would 

increase the suicide rate. This has been the predicted outcome from most previous re-

search. On the other hand, ignoring our study which is one of few that focuses on Sweden 

would also be unwise. The only advice we can give is that it is important to further study 

the relation between divorce and suicide before any policy implications are made in order 

to reduce the suicide rate.  

      Higher female labor force participation increases the male suicide rate significantly. 

This result is also in line with earlier studies. However, this does not mean that the gov-

ernment should try to stop women from having a job. It is important to find the factor that 

is behind this kind of relation. This relation needs to be studied further before any policy 

suggestion are made, but let us discuss a little more to make our point. One possible reason 

for higher suicide rate when both family members are working is that less time is left for 

leisure.
18

 If the reduction in leisure is the key factor behind female labor force participa-

tion, a far more effective method of reducing the suicide rate is to subsidize household 

keeping services. 

     According to our empirical findings, unemployment increases the male suicide rate. The 

effect on the female suicide rate was however the opposite, but not significant. Hardly any 

government tries to lower unemployment (because it decreases tax income) but still unem-

ployed people do exist in almost all countries. Unemployment reduces ones income and 

might lead to a loss of status. Suzuki (2008) suggested that unemployment insurance could 

reduce the suicide rate. Sweden has unemployment insurance but the extent and the level 

of the unemployment insurance could be discussed. We do however think that Sweden also 

needs to address the fact that unemployment might reduce individuals’ status. We think 

that a system where unemployed get to support the public sector in areas where the public 

founding could not afford to employ people perhaps could be interesting. If the unem-

ployed are regarded as a contribution to the society, perhaps the loss of status when becom-

ing (being) unemployed could be reduced. This could be a complement to generous unem-

ployment insurance in order to reduce the suicide rate. 

       The theory of socio-economic suicide is not only valuable in explaining some of the 

variation in the suicide rate but can as well be useful in terms of policy implications. At the 

best, the theory could help us to understand the force behind the explanatory variables that 

affect the suicide rate. However, some results from our study are impossible to use for pol-

icy implementation. We noticed that population density reduces the suicide rate but it is 

not possible to affect population density. It is also important to remember that most of our 

policy suggestions, in a scientific perspective, lack sufficient empirical support. From a 

                                                 
18

 Household work and a job together, decrease the amount of leisure.  
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policy makers perspective it is furthermore important to remember that this study focuses 

on the socio-economic part of the suicide rate. Other policy implications, for example in-

creasing prescriptions of antidepressant medication, could be more efficient in reducing the 

suicide rate. However, the mere possibility to make policy implications shows the strength 

in the socio-economic analysis.  
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6 Conclusion 

The purpose of this thesis was to combine sociology and economics in an attempt to better 

understand suicide. We chose an econometric methodology which there are both weak-

nesses and advantages with. It is easy to deceive oneself into believing that the mere fact 

that a variable is significant implies a relationship between the variables. In Section 3.7, we 

reviewed a range of methodological problems we have identified. There are certainly addi-

tional issues that we have not been able to find since the statistical understandings of the 

panel data method are not fully developed. Based on our study’s results and with the help 

of previous studies, we found some significant empirical relationships that are most likely 

not spurious. 

     In our fixed effect model both of the alcohol variables were significant and in line with 

the theory. This suggests that there is a minimum point (of alcohol) at which the suicide 

rates are at lowest level. Higher alcohol consumption increases suicide rates, which is also 

consistent with previous research. Our results also showed (just as previous research and 

theory) that higher population density reduces the suicide rate. In line with previous re-

search, it also appears that higher female labor force participation and higher unemploy-

ment increases the male suicide rate. However, some of our findings contradict the socio-

economic theory of suicide. According to the theory, divorce increases suicide rates, but 

our findings are significantly reversed. We are almost the only ones to obtain such results 

and a legitimate question is whether this could be a spurious regression. Another theoreti-

cal miss-prediction was that increased female labor force participation would reduce sui-

cides among women. Our result for the relation between unemployment and female suicide 

also contradicted the theory, although the estimate was not significant. The socio-economic 

theory of suicide is not fully developed. Our results indicate that the socio-economic theory 

of suicide of today is better at explaining the male suicide rate. This study confirms that 

there is a significant difference between the male and female suicide rate for the female 

labor force participation. The conclusion that could be made from this is that further re-

search needs to focus more on gender differences in the socio-economic explanation of 

suicide.  

     If we allow ourselves to believe that it is possible that sociology and economics togeth-

er can explain the part of the suicide rate that can be considered rational, what benefit do 

we gain from this information? To some extent this approach is in itself interesting. We do 

not claim that this thesis has used the perfect combination between sociology and econom-

ics. We argue, however, that our study supports the assumption that a socio-economic 
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framework can provide a better understanding of suicide. This increased understanding 

gives us ideas for actions that could be used to reduce suicides. Based on Hamermesh and 

Soss's (1974) theory, Suzuki (2008) assumed that future income might affect suicide rates. 

Suzuki claimed that unemployment compensation can reduce suicide rates and this is 

something that our study supports. A broader explanation, however, enables the possibility 

of other methods to reduce suicide rates. According to our results, trying to reduce the 

large quantity consumer’s alcohol consumption might also reduce suicide rates. In Sweden, 

there is a discussion about increasing tax on bag-in-box wine. The price of a bag-in-box 

wine is often lower than buying wine in bottle. A change in alcohol tax seems a reasonable 

method in limiting large quantity consumer’s alcohol consumption, and thus reducing the 

suicide rate. 

     This thesis has in many ways created more questions than answers. Why does our em-

pirical data not support the hypothesis that increased female labor force participation 

would reduce suicides among women? Can an individual data study better explain if giving 

birth reduces the suicide rate? According to the theory, norms and values should also have 

a significant impact on suicide rates. However, this is not possible to study in a national 

study. A study based on individual data, implemented cross-nationally, would be an inter-

esting suggestion for further research. Further research is thus necessary to better under-

stand suicide and our study indicates that future studies need to focus more on gender dif-

ferences.  
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Appendix 

A1. Correlation matrix 

 

From the correlation matrix below, we can see that no correlation exceeds the thumb rule 

value of 0.7. 

 

 

A2.  Testing for presence of county and time specific fixed effects 

 

The following three tables show that we need to include county and time specific fixed 

effects components in our models. All p-values are less than 0.001. 

 

Total suicide rate model (lsr_tot) 

Redundant Fixed Effects Tests   

Equation: Untitled   

Test cross-section and period fixed effects  

     
     Effects Test Statistic   d.f.  Prob.  

     
     Cross-Section/Period F 6.610775 (51,613) 0.0000 

Cross-Section/Period Chi-square 294.506987 51 0.0000 

     
     

 

 

 

 ALCO ALCO_SQRD BIRTH DIVORCE FEMALE_WP POP_DENS UNEMP 

ALCO  1.00  0.99 -0.01 -0.35 -0.14  0.11 -0.46 

ALCO_SQRD  0.99  1.00 -0.023 -0.36 -0.17  0.11 -0.45 

BIRTH -0.01 -0.02  1.00 -0.29  0.57  0.28 -0.35 

DIVORCE -0.35 -0.36 -0.29  1.00  0.03  0.39  0.44 

FEMALE_LP -0.14 -0.17  0.57  0.03  1.00  0.31 -0.49 

POP_DENS  0.11  0.11  0.28  0.39  0.32  1.00 -0.14 

UNEMP -0.46 -0.45 -0.35  0.44 -0.49 -0.14  1.00 
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Male suicide rate model (lsr_m) 

Redundant Fixed Effects Tests   

Equation: Untitled   

Test cross-section and period fixed effects  

     
     Effects Test Statistic   d.f.  Prob.  

     
     Cross-Section/Period F 5.981368 (51,613) 0.0000 

Cross-Section/Period Chi-square 271.411845 51 0.0000 

     
     

 

 

Female suicide rate model (lsr_f) 

Redundant Fixed Effects Tests   

Equation: Untitled   

Test cross-section and period fixed effects  

     
     Effects Test Statistic   d.f.  Prob.  

     
Cross-Section/Period F 3.156026 (51,613) 0.0000 

Cross-Section/Period Chi-square 156.678002 51 0.0000 
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A3. Panel unit root test 

The values show the p-values for our variables when they are tested for presence of unit 

roots in level. As it is evident from the table, the variables contain a unit root process in 

level. However, when taking the first difference, all explanatory variables become station-

ary. We don’t show this since we are not working with a dynamic model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables Common unit root Individual unit root 

 Levin, Lin 

o Chu 

Breitung lm, Persan and 

Shin W-stat 

ADF-Fisher 

Chi-squared 

PP-Fisher Chi-

squared 

Alcohol 0.8949 1.0000 1.0000 1.0000 1.0000 

Alcohol squared 0.5666 1.0000 1.0000 1.0000 1.0000 

Unemployment  0.5777 0.0133 0.3691 0.7532 1.0000 

Birth 0.8413 0.0000 0.9026 0.9943 0.9999 

Divorce  0.9241 1.0000 0.4447 0.7575 0.9998 

Female labor force 

participation  
0.0275 0.0001 0.1726 0.5413 0.8969 

Population density  0.0000 0.0000 0.0000 0.0000 1.0000 

Log suicide rate total  0.0000 0.0000 0.0000 0.0000 0.0000 
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A4. The full table of regression results for the interactions models 

In Section 3.6 (Table 6) we only presented the interaction estimates. In the table below the 

entire model is presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Explanatory variables OLS model FE model 

Constant 2.07*** 

(0.44) 

2.75*** 

(0.69) 

Alcohol sales -0.08 

(0.1) 

-0.16 

(0.11) 

Alcohol squared 0.01 

(0.008) 

0.02** 

(0.01) 

Birth 0.0004*** 

(0.0001) 

-1.65E-05 

(0.0002) 

Divorce -3.24E-05* 

(1.71E-05) 

-4.05E-05 

(6.19E-05) 

Female labor force participation -1.56E-06 

(5.10E-06) 

1.74E-05* 

(9.20E-06) 

Populations density 0.002*** 

(0.0005) 

-0.006*** 

(0.002) 

Unemployment -1.76E-05* 

(9.01E-06) 

1.63E-05 

(2.49E-05) 

Dmale  0.1 

(0.48) 

Not included 

Alcohol sales × Dmale 0.12 

(0.1) 

0.05 

(0.10) 

Alcohol squared × Dmale -0.01 

(0.01) 

-0.01 

(0.01) 

Birth × Dmale -0.0004*** 

(0.0001) 

-0.0001 

(0.0001) 

Divorce × Dmale -2.89E-05 

(1.89E-05) 

-3.69E-05(almost*) 

(2.27E-05) 

Female  labor force participation × Dmale 1.48E-05*** 

(5.48E-06) 

-1.33E-05* 

(7.94E-06) 

Population density × Dmale -0.002*** 

(0.0005) 

-8.51E-06¨ 

(0.002) 

Unemployment × Dmale 3.24E-05*** 

(9.12E-06) 

-9.91E-06 

(1.27E-05) 

R2 0.72 0.78 

Coefficient standard errors are given in parenthesis.  

***, **, * represent significance level at 1 %, 5 % and respectively 10 %. 


