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Abstract 
The purpose of this thesis is to explore the relation between handedness and stress resilience. 

In order to achieve this purpose, we have been given access to military enrolment records from 

the early 1970s.  

 

A Brant test has been conducted to prove the violation of the proportional odds assumption and 

thusly rendering an ordinal logistic regression model inappropriate. A multinomial logistic 

regression was therefore conducted, with stress resilience as the dependent variable and 

handedness (depicted as the variable shooting hand) as the independent variable. The 

unadjusted model indicates that left-handed individuals are prone to an increased risk of low 

stress resilience and a decreased chance of high stress resilience. The results show that left-

handed individuals have a 1,969 percent higher risk of being low stress resilient and a -1,744 

percent chance of being highly stress resilient compared to right-handed individuals. However, 

after adjusting for variables such as summary disease score, physical fitness, cognitive function, 

household crowding, socioeconomic status and body mass index, the results become statistically 

insignificant at a five percent significance level. In conclusion, the insinuated relationship 

between shooting hand and stress resilience seems to be explained by several intermediating 

variables such as cognitive function and summary disease score. We do however recognize the 

complexity of the factors determining both handedness and stress resilience, and therefore 

emphasize that any conclusions regarding these factors should be taken with caution.  
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1. Introduction 

In the mid-1930s, Hans Selye was one of the first to define the modern perception of stress, 

where he, in his seminal paper “a syndrome produced by diverse nocuous agents”, stated that 

stress was the “…non-specific neuroendocrine response of the body (Szabo, Tache and 

Somogyi, 2012, p.3).” However, due to the definitions ambiguity and relatively complex nature, 

we propose the relaxed formulation defined by Lukey and Tepe (2008) who state that stress is 

the “… behavioural and physiological reactions to ‘stressors’ (events or situations) that are 

perceived as difficult, threatening, challenging, or dangerous (Ibid, 2008, p. 92).”  

 

Lukey and Tepe argue that stress can be decomposed into good and bad stress. Good stress is a 

consequence of challenges that individuals consider manageable, whereas bad stress is a 

consequence of situations where individuals feel threatened, in danger, challenged, or find 

themselves in situations where stressors endure, such as the case with chronic stress. 

Furthermore, the authors remain humble to the complexity of the human stress response and 

recognize that a comprehensive consensus regarding the underlying mechanism does not yet 

exist.  

 

Several studies such as Ranabir and Reetu (2011) have tried to identify the physiological 

responses to stressors. The authors argue that the presence of a stressor can increase serum 

levels of hormones such as glucocorticoids, catecholamine, growth hormone and prolactin. 

These hormones, as argued by Lupien et al. (2009), are meant to induce a performance enhanced 

state in which individuals prepare to either fight or flee. According to McEwen (2006) this fight 

or flight response can, among other things, increase energy mobilization, heart rate, oxygen 

intake and immune function. These responses have served as an evolutionary advantage when 

humans have been faced with obstacles such as encounters with predators. However, in modern 

society our main fear is no longer predators but rather financial distress, parental responsibilities 

and performance anxiety, all of which creates a persistent and chronic stress. Lukey and Tepe 

(2008) argue that such chronic stress can increase the risk of a range of minor adverse symptoms 

such as headaches, fatigue, anxiety and frustration which can manifest as substance abuse, sleep 

deprivation and other self-destructive behaviours. Alarmingly, this type of stress has, according 

to Cohen and Janicki-Deverts (2012), increased during the past three decades. By evaluating 

three different cross-sectional studies conducted in 1983, 2006 and 2009, the authors concluded 

that the average stress level has increased by nearly 22 percent.  
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However, not all individuals seem to be affected equally by stress. Luthar (2003) argues that 

there exists convincing evidence that some individuals adapt better than others when faced with 

incontrovertible adversity. This difference in the perception and reaction to stress has given rise 

to the definition of a human attribute called stress resilience. Masten et al. (1990) argue that this 

attribute can be defined as: 

 

“The process of, capacity for, or outcome of successful adaptation despite challenging or 

threatening circumstances (Ibid, 1990, p. 426).” 

 

Although this definition was concretized as early as 1990, Lukey and Tepe (2008) argue that 

the psychological construction is not yet fully understood and that previous research to a 

considerable extent have been limited to the investigation of the connection between brain and 

behaviour. However, to our knowledge several observable and potentially explanatory factors 

such as handedness, have been overlooked. Thusly, in consensus with the limited approach 

suggested by Lukey and Tepe, it is our intention to investigate the relationship between stress 

resilience and handedness. We believe that this investigation could help to further develop the 

understanding regarding the factors determining stress resilience, which could be crucial to 

combat stress related illnesses such as PTSD, Alzheimer's, Depression and Heart disease. 

 

1.1 Outline  

The remainder of this thesis is structured in the following manner: In the succeeding section the 

theoretical framework and previous research is discussed. It begins with the exploration of the 

possible relation between handedness and stress resilience and introduces the concepts of the 

right hemisphere and the valence specific hypothesis. In section 3 the ordinal logistic and 

multinomial logistic regression models are presented and discussed. Subsequent segment 

presents information regarding the data used in this thesis, which is followed by section 5 in 

which the results are presented. Lastly, in section 6 and 7 we discuss the results and present our 

conclusions.     
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2. Background and previous studies 

In this section, we will begin by discussing previous studies and the connection between 

handedness and stress resilience. Subsequently, the adjustment variables will be discussed and 

their intermediating effects will be explored. However, we find it adequate to first note that the 

term handedness will be used as a proxy for individual cerebral hemispheric dominance and as 

such will be considered interchangeable with laterality.  

 

As mentioned in the introductory section, the relation between laterality and stress resilience 

has to a large extent been overlooked. However, in several studies such as Choudhary and 

O’Carroll (2007), the relation between laterality and post-traumatic stress disorder (PTSD) has 

been explored. Its relevance for the purpose of this paper is relatively straightforward and 

discussed by, among others, Ahmed (2007) who argues that stress resilient individuals tend to 

be subject to a decreased risk of PTSD. Choudhary and O’Carroll (2007) found that out of a 

sample of 596 individuals, 524 were right-handed, 66 were left-handed and 6 were 

ambidextrous (individuals with no distinct hand preference). In this sample, 8 percent of the 

right-handed and 15 percent of the non-right-handed (left-handed and ambidextrous) 

individuals fulfilled the diagnostic criterions of PTSD. The authors argue that these results 

would suggest that right-handed individuals tend to be more stress resilient than non-right-

handed individuals.  

 

A quantitative meta-analysis, conducted by Kühn & Gallinat (2013), suggests mixed results 

with regards to lateralization and PTSD. The authors cite studies, such as Karl et al. (2006), 

who found that PTSD could be connected to a volume reduction of the left amygdala1. Also, 

Gurvits et al. (1996) proposed that PTSD could be linked to a volume reduction of the left 

hippocampus2. Moreover, studies such as Bremner et al. (1995) and Woon et al. (2010) argue 

that PTSD could be associated with a reduction of the right hippocampus. Lastly studies such 

as Smith (2005) and Karl et al. (2006) propose a bilateral volume reduction of both the left and 

right hippocampus. Thusly, results from studies in which the authors analyse the relation 

between laterality and PTSD can be described as inconclusive, with a tendency of insinuation 

that right-handed individuals adapt better to stress.   

 

                                                             
1 A bilateral brain structure that plays a central role in the processing of e.g. emotions and stress.   
2 A bilateral brain structure that plays a central role in the proceeding of e.g. stress and short time memory.   
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On a more theoretical basis, two separate hypotheses for the linkage between laterality and 

emotions (e.g. stress, happiness, sadness etc.) have been proposed. These hypotheses are the 

right hemisphere hypothesis, which is supported by studies such as Adolphs et al. (1996), and 

the valence specific hypothesis, which is supported by studies such as Wittling and Pflüger 

(1990). These hypotheses are discussed by, among others, Killgore and Yurgelun-Todd (2007) 

who states that the right hemisphere hypothesis suggest “… that the right cerebrum is dominant 

for processing all emotions regardless of affective valence, whereas the valence specific 

hypothesis posits that the left hemisphere is specialized for processing positive affect while the 

right hemisphere is specialized for negative affect (Ibid, 2007, p.240)”. The practical 

implications of these theories are rather similar with regards to stress and laterality. The reason 

for which, is that stress can, under most circumstances be considered a negative emotion. 

Therefore, both the valence specific hypothesis and the right hemisphere hypothesis, insinuate 

that a dominant and thusly more developed right cerebral hemisphere (left-handed) would 

increase individuals’ ability to manage stress. However, little empirical evidence exists to 

support the latter conclusion. This lack of empirical evidence is exemplified by, among others, 

Costanzo et al. (2015). By studying the neurological responses to emotional stimuli of 20 right-

handed and 20 non-right-handed individuals, the authors concluded that the valence specific 

hypothesis appears “… applicable mainly to right-handed persons and certain cortical 

structures, especially anterior insula (Ibid, 2015, p.15).”  

 

In order to fully understand why there might exist a possible relationship between handedness 

and stress resilience, one first has to consider the suggested origins of handedness. Brandler et 

al. (2013) argue that handedness is an evolutionary trait developed about 500 000 years ago and 

has evolved together with language and motor skills. This would explain the prevalence of 

right-handedness, due to the left cerebral hemispheres dominance of language skills. 

Furthermore, the authors argue that this apparent evolutionary feature is highly inheritable 

which would suggest a genetic predisposition for either right- or left-handedness. Whilst 

searching for this genetic component the authors examined hundreds of thousands of genetic 

variations and found a strong correlation between the gene PSCK6 and relative hand skill. 

However, the authors remain humble to the complexity of handedness and conclude that the 

PSCK6 genes probably only in part explain handedness. 

 

In addition to these genetic factors, which are difficult to quantify, there exists convincing 

evidence that handedness to some extent could be the result of early neurological insults. This 
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idea was first proposed by Bakan (1971), who found that a larger part of university students 

that were born either as the first, fourth or later child were left-handed. His reasoning was that 

these births were associated with a higher risk of a neurological insult and thusly concluded a 

relation between left-handedness and neurological insults. The author’s conclusion did however 

lack a robust explanatory reasoning to why a brain insult would influence handedness.  

 

Bakan’s missing explanatory reasoning was proposed by Satz (1973) who suggested that an 

early neurological insult to the left hemisphere might causes a “… mild hypofunction of the 

contralateral hand, in natural right-handers, which, in turn, causes the child to switch to the 

opposite hand for manual activities (Ibid, 1973, p.115).” The author further explains that this 

process will cause a certain proportion of natural right-handed individuals to become 

pathological left-handed. The latter is a group of individuals, who to a larger extent than the 

natural left-handed, will be low functioning (e.g. mentally retarded or epileptic). Naturally, the 

opposite would occur if the right cerebral hemisphere would suffer a neurological insult. 

However, due to the high prevalence of right-handedness (proposed by the PSCK6 gene and 

empirical results) there will be a greater proportion of pathological left-handed (low 

functioning) to natural left-handed than pathological right-handed (low functioning) to natural 

right-handed. Although these theories are rather controversial, we hypothesize that these low 

functioning individuals will have a lower stress resilience. Due to the disproportional allocation 

of low functioning individuals, this might result in the left-handed group exhibiting lower stress 

resilience. 

 

In order to isolate the effect of handedness, we will adjust for several variables, namely 

household crowding, socioeconomic status, summary disease score, cognitive function, 

physical fitness and body mass index. The theoretical justification for the inclusion and 

adjustment of the variables household crowding, socioeconomic status, physical fitness and 

body mass index is rather thin. Their roles as confounding- or intermediating variables have to 

our knowledge not been determined. However, we do believe that their inclusion can help to 

adjust for unobservable genetic and environmental factors. Furthermore, the variable cognitive 

function will be included due to its assumed intermediating effect. McManus and Mascie-

Taylor (1983) argue that right-handed individuals tend to have an advantage in general ability, 

which is equivalent to arguing that right-handed individuals tend to have higher cognitive 

function. Higher cognitive function is then argued by Breslau et al. (2006) to be associated with 

a decreased risk of PTSD which in turn can be linked to higher stress resilience. Furthermore, 
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the variable summary disease score will also be included as an adjustment variable due to its 

presumed intermediating effect. This intermediating effect is discussed by, among others, 

Geschwind and Behan (1982), who argue that left-handed individuals are prone to an increase 

risk of immune disease which would lower individual summary disease score. This increased 

risk of immune diseases or rather health status in general can then be assumed to decrease 

individual stress resilience. Furthermore, we believe that the inclusion of the variables cognitive 

function and summary disease score can control for some of the effects of early neurological 

insults. This connection is discussed by Taylor et al. (2008) who argues that early neurological 

insults can be associated with decreased cognitive function and thusly decreased stress 

resilience. 

 

2.1 Limitations  

The arguably greatest limitation in this thesis is that the data only exists for men, which 

therefore limits the inference possibilities. These limited inference possibilities are discussed 

by the American psychological association (2010) who argues that stress and presumably stress 

resilience differ greatly between the biological sexes. Furthermore, the data only allow for the 

analysis of Swedish men. Lastly, this paper is also limited to a cross section analysis of men 

between the ages of 17 and 21.  

  



7 
 

3. Data 

The data needed for the statistical evaluation in this thesis is in its entirety provided by the 

School of Medical Sciences at Örebro University. They generously allowed us to gain access 

to Swedish military enrolment records from the early 1970s, during which period the military 

service was compulsory. Although military service was compulsory during the 1970s, some 

men were exempted due to severe medical or psychological conditions. Furthermore, some 

individuals have been removed from the dataset due to irregularities. How these adjustments 

and exemptions affect the robustness of the results and conclusions will be discussed in 

subsequent sections. However, even after adjusting for this data loss the dataset contains  

243 763 individuals.  

 

Although a great many variables are recorded during the military service, the dataset used in 

this thesis only contains the adjustment variables, household crowding, socioeconomic status, 

summary disease score, cognitive function, physical fitness, body mass index, the explanatory 

variable shooting hand and the dependent variable stress resilience. Beyond the theoretical 

justification discussed earlier, the use of these adjustment variables is also supported by the 

Sobel tests presented in appendix, section 10.1. 

 

The variables can roughly be categorised into childhood and adolescence variables. The 

childhood variables are household crowding and socioeconomic status which are meant to 

represent childhood conditions and as such are measured when the enrolees were between four 

and eight years old. Summary disease score, stress resilience, cognitive function, physical 

fitness, shooting hand and body mass index are to be considered adolescence variables and are 

measured when the men were between 17 and 21 years old. Furthermore, in order to mediate a 

broader understanding regarding the variables, we will in the subsequent sections discus them 

in depth. Initially we will describe the adjustment variables, followed by the independent 

variable shooting hand and lastly the dependant variable stress resilience. 
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3.1 Household crowding 

The variable household crowding is an ordinal variable derived from the ratio of the number of 

individuals in a household and the total number of habitable rooms3. This ratio, formally 

denoted as HR, is defined in accordance with Formula 1.  

 

𝐻𝑅 =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑣 𝑖𝑛 𝑡ℎ𝑒 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑎𝑏𝑖𝑡𝑎𝑏𝑙𝑒 𝑟𝑜𝑜𝑚𝑠
   (1) 

 

To create the variable household crowding, the variable HR was divided into three categories 

that are defined in accordance with the description in Table 1. This table also features the 

frequency, percentage and cumulative frequency of each category.   

         

 Table 1: Summary statistics for the variable household crowding 

Household crowding HR Frequency Percent Cumulative frequency 

0 0<HR <1 46 478 19,067% 19,067% 

1 1≤ HR <2  144 162 59,140% 78,207% 

2 HR ≥2 53 123 21,793% 100% 

Total   243 763 100%  

 

3.2 Socioeconomic status  

Socioeconomic status is based on the head of the households’ occupation and since the data was 

collected in the late 1950s and the early 1960s, it is assumed to reflect the fathers’ occupation. 

In Table 2, the definition of each category, frequency, percentage and cumulative frequency are 

displayed to illustrate the distribution of the variable.  

 

Table 2: Summary statistics for the variable socioeconomic status 

Socioeconomic status Head of households’ occupation  Frequency Percent 
Cumulative 

frequency 

1 
Professional, self-employed(non-

agricultural) and/or managers 
26 375 10,820% 10,820% 

2  Office and/ or service workers 72 946 29,925% 40,745% 

3 
Self-employed(agricultural), farm 

owner 
24 159 9,911% 50,656% 

4 Low manual(agricultural) 9 413 3,862% 54,517% 

5 Low manual (not agricultural) 100 741 41,327% 95,845% 

6 
Unclassified, students, not in gainful 

employment, missing data 
10 129 4,155% 100% 

Total   243 763 100%    

                                                             
3 Number of rooms, excluding the kitchen, closets etc.  



9 
 

3.3 Summary disease score 

Summary disease score is meant to represent the general health status of each individual. The 

variable is divided into four distinct categories, all in accordance with the definitions in Table 

3. In addition to the definitions, the frequency, percentage and cumulative frequency of each 

category are depicted in Table 3.  

 

Table 3: Summary statistics for the variable summary disease score 

Summary disease score Health status Frequency Percent 
Cumulative 

frequency 

1 No diagnosis 107 086 43,930% 43,930% 

2 No serious diagnosis 96 885 39,746% 83,676% 

3 Fairly significant diagnosis 18 488 7,584% 91,260% 

4 Significant health problems 21 304 8,740% 100% 

Total  243 763 100%  

 

3.4 Cognitive function  

Cognitive function describes what many in layman's terms refer to as IQ and is derived from 

tests that Bergh et al. (2015) argue are meant to measure “…linguistic understanding, spatial 

recognition, general knowledge and ability to follow mechanical instructions (Ibid, 2015, 

p.624).” Originally, the variable was standardized with a nine-grade scale to match a normal 

distribution. However, due to the suspected nonlinear relation between stress resilience and 

cognitive function the variable has been divided into three binary variables, namely low, 

medium and high cognitive function. The variable medium has been used as a reference variable. 

In Table 4, the frequency, percentage and cumulative frequency are displayed to illustrate the 

distribution of the variable.  

 

Table 4: Summary statistics for the cognitive function variables 

Cognitive function CF score Frequency Percentage Cumulative frequency 

Low 1–3 49 761 20,414% 20,414% 

Medium  4–6  128 183 52,585% 72,999% 

High 7–9 65 819 27,001% 100% 

Total   243 763 100%  

 

3.5 Physical fitness 

Physical fitness is a summarization of the results from several tests aimed to quantify physical 

strength. According to Mattsson et al. (2012) the tests were a “… maximal test on an electrically 

braked bicycle ergometer, …  a maximal isometric strength in handgrip and … an elbow flexion 
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and knee extension in standardized positions, using a dynamometer (Ibid, 2012, p.390).” 

Furthermore, physical fitness is measured on a ten-grade scale from zero to nine, where zero is 

the least fit and nine is the most. In Table 5, the frequency, percentage and cumulative frequency 

are displayed to illustrate the distribution of the variable. 

 

   Table 5: Summary statistics for the variable physical fitness 

Physical fitness Frequency Percent Cumulative frequency 

0 103 0,042% 0,042% 

1 154 0,063% 0,105% 

2 1 347 0,553% 0,658% 

3 11 961 4,907% 5,565% 

4 26 335 10,804% 16,368% 

5 50 949 20,901% 37,269% 

6 44 143 18,109% 55,378% 

7 42 658 17,500% 72,878% 

8 21 777 8,934% 81,812% 

9 44 336 18,188% 100% 

Ttotal 243 763 100%   

    

 

3.6 Body mass index (BMI) 

According to Keys et al. (2014), body mass index is defined as the ratio of weight (in kilograms) 

and length (in meters) squared. This ratio can formally be described according to Formula 2: 

 

𝐵𝑀𝐼 =  
𝑊𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

𝑙𝑒𝑛𝑔𝑡ℎ (𝑚)2   (2) 

 

However, due to the expected non-linear relation between stress resilience and body mass index 

it has been defined as four binary variables in accordance with the definitions described in Table 

6. To avoid perfect multicollinearity, the binary variable normal has been used as a reference 

variable. Furthermore, the frequency, percentage and cumulative frequency for the different 

body mass index categories are depicted in Table 6.     

   

Table 6: Summary statistics for the variable body mass index  

Category BMI Frequency Percent Cumulative frequency 

Underweight BMI < 18,5   28 485 11,686% 11,686% 

Normal 18,5 ≤ BMI <25  196 983 80,809% 92,495% 

Overweight 25 ≤ BMI <30 15 881 6,515% 99,010% 

Obese 30 ≤ BMI 2 414 0,991 % 100% 

Total  243 763 100%  
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3.7 Shooting hand 

Shooting hand is a binary variable that describes individuals’ preferred hand to use when firing 

a rifle. The coding of the variable has been done in accordance with that described in Table 7. 

In addition to the aforementioned coding, the frequency, percentage and cumulative frequency 

are displayed in Table 7 to illustrate the distribution of the variable. 

 

   Table 7: Summary statistics for the variable shooting hand 

Shooting hand  Handedness Frequency  Percentage Cumulative frequency 

0 Right-handed 223 081 91,516% 91,516% 

1 Left-handed 20 682 8,484% 100% 

Total   243 763 100%   

 

 

3.8 Stress resilience 

During the enrolment process all enrolees were obligated to undergo a psychological evaluation 

to assess individual stress resilience. The purpose of this evaluation was to determine how 

individuals would respond under such stress that war undoubtedly would bring. These 

psychological evaluations resulted in an ordinal categorization of individual stress resilience, 

ranging from one to nine, where one is the least stress resilient and nine is the most. 

Furthermore, the variable was standardized to fit a normal distribution. However, in order to 

amplify any potential effects, this variable has been reduced to an ordinal variable consisting 

of three categories, namely low, medium and high stress resilience. In Table 8 the frequency, 

percentage and cumulative frequency is presented. 

 

Table 8: Summary statistics for the variable stress resilience 

Stress resilience Frequency Percentage Cumulative frequency 

Low 53 358 21,889% 21,889% 

Medium   132 474 54,345% 76,235% 

High 57 931 23,765% 100% 

  243 763 100%  
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3.9 Descriptive statistics 

To further mediate a comprehensive understanding regarding the data used in this thesis, some 

descriptive statistics are presented in Table 9. Some variables that are categorical or binary are 

denoted with “-“, since a numerical presentation would be irrelevant.   

Table 9: Descriptive statistics 4 

Variable Mean Std.Dev Min  Max 

Stress resilience (1-9) 5,044 1,902 1 9 

Shooting hand - - 0 1 

Household crowding  1,027 0,639 0 2 

Socioeconomic status - - 1 6 

Physical fitness 6,299 1,812 0 9 

Body mass index 21,195 2,629 12,996 54,938 

Cognitive function 5,203 1,977 1 9 

Summary disease score 1,811 0,911 1 4 

 

3.10 Data loss 

Although the original dataset consists of all Swedish men, born between the years 1952 and 

1956, some individuals have been removed in order to adjust for inconsistencies and 

abnormalities. Firstly, all men who died or emigrated previous to their enrolment date have 

been removed. Furthermore, any individuals with any missing values for any variable has been 

removed. Moreover, individuals with body mass index over 55 have been removed from the 

dataset. Additionally, an audit for illogical combinations of observations have been conducted. 

This audit focused mainly on extreme values of the body mass index variable in combination 

with the summary disease score and physical fitness variables. The conclusion of this audit was 

however, that none of the observations was so unlikely that it justified removal.  

 

Large efforts have been put into examining if the data loss can be considered random with 

regards to handedness, which is a prerequisite for robust results and a meaningful analysis. The 

biggest concern has been if handedness is related to expected lifespan, which was proposed by 

Coren and Halpern (1991). If, as is proposed by the authors, left-handed individuals have a 

shorter expected lifespan than right-handed individuals, the data loss cannot be considered 

random. However, since 1991, Coren and Halpern have been heavily criticised and their 

conclusions have been strongly contested. Furthermore, according to Satz (1973) there exist 

some evidence that the proportion of individuals who are mentally retarded is greater among 

                                                             
4 Note that this descriptive statistic is based on the original dataset and that several of the variables are adjusted 

for modeling purposes.  
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left-handed individuals. This could result in a non-random data loss with regards to handedness 

since these individuals might have been exempted prior to their enrolment. However, we could 

not find any evidence that this would be the case and we have thusly chosen to ignore this 

potential bias.   

       

3.11 Correlations 

In order to investigate the possible problem of multicollinearity a correlation matrix of the 

original independent variables has been constructed. This correlation matrix is presented in 

Table 10.  

 

Table 10: Correlation matrix for the original independent variables 

 Shooting hand  
Household 

crowding  

Socioeconomic 

status 

Summery 

disease score  

Cognitive 

function  
Physical fitness 

Shooting hand  1      

Household 

crowding  
0,009 1     

Socioeconomic 

status 
0,011 0,267 1    

Summery 

disease score  
0,026 0,045 0,037 1   

Cognitive 

function  
-0,038 -0,210 -0,203 -0,173 1  

Physical fitness -0,007 -0,061 -0,040 -0,188 0,156 1 

BMI 0,004 0,008 0,036 0,006 -0,051 0,314 

  

Four correlation coefficients stand out, namely those between body mass index and physical 

fitness (0,314), between cognitive function and household crowding (-0,210), between cognitive 

function and socioeconomic status (-0,203) and lastly the one between household crowding and 

socioeconomic status (0,267). The correlation coefficients related to the variable shooting hand 

are however rather small. These correlations have been taken into consideration when choosing 

an appropriate methodological approach.   
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4. Method 

4.1 Ordinal logistic regression  

When considering an ordinal dependent variable, such as the stress resilience discussed in this 

thesis, an intuitively appealing model is the ordinal logistic regression (ologit) which according 

to Agresti (2007) can be described in accordance with Formula 3. 

 

𝑙𝑜𝑔𝑖𝑡 [𝑃𝑟(𝑦 ≤ 𝑗)] = 𝑙𝑜𝑔[
𝑃𝑟(𝑦≤𝑗)

1−𝑃𝑟(𝑦≤𝑗)
] =  𝛼𝑗 + 𝛽𝑥1 + ⋯ + 𝛽𝑥𝑛             (3) 

 

Where 𝛼  and 𝛽  are coefficients to be estimated using the method of maximum likelihood. 

However, this model is based on several restrictive assumptions, such as the proportional odds. 

This assumption is arguably easiest to fathom by noting the absence of a subscript on the beta 

coefficients in Formula 3. The author explains that the practical implication of this assumption 

is that one assumes identical 𝛽 coefficients for all log-odds, which as it turns out, is not always 

realistic in practice. Furthermore, the ologit model is based on the assumption of homoscedastic 

error terms, the absence of perfect multicollinearity, an ordinal dependant variable and at least 

one independent variable that is not categorical. In the dataset examined in this thesis, the 

assumptions of, homoscedastic error terms, an ordinal dependant variable and at least one 

independent variable that is not categorical does not seem to be violated. However, the 

assumption of proportional odds is questionable.  

 

The way in which the proportional odds assumption is tested, is by conducting a Brant-test, 

which will be discussed in subsequent sections. The results from this test can be found in the 

Appendix, section 10.2. These results show that the proportional odds assumption is violated. 

In order to circumvent this assumption, several models, such as the generalized ordinal logistic 

regression (gologit), the partial proportional odds (PPO) model and the multinomial logistic 

regression (mlogit) are generally proposed. However, due to the gologits inability to guarantee 

positive probabilities we will in this thesis disregard this model as an alternative. Furthermore, 

the PPO only relaxes the proportional odds assumption, it does not eliminate it completely. This 

leaves us with the mlogit, which does not rely on the proportional odds assumption. This relaxed 

assumption makes the mlogit suitable for the purpose of this paper (McCullagh & Nelder, 

1983). 
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4.2 Multinomial logistic regression 

Agresti (2002) suggests that the mlogit is based on the assumption that the dependant variable 

follows a multinomial distribution, which is governed by the parameters π and 𝑛. In this model 

π represents a vector of probabilities for each categorical outcome and 𝑛 represents the number 

of outcomes. Furthermore, the author argues that this distributional assumption can be defined 

in accordance with Formula 4. 

 

𝑃(𝑛1, 𝑛2, … , 𝑛𝑐−1) = (
𝑛!

𝑛1!𝑛2!…𝑛𝑐!
) 𝜋1

𝑛1𝜋2
𝑛2 … 𝜋𝑐

𝑛𝑐  (4) 

 

Additionally, Cheng and Long (2007) argue that the mlogit is based on the assumption of 

independence of irrelevant alternatives (IIA). This assumption states that “… all else being 

equal, a person’s choice between two alternative outcomes is unaffected by what other choices 

are available (Ibid, 2007, p.583).” However, since the stress resilience measure discussed in 

this thesis is not a question of choice, this assumption can be considered inapplicable and thus 

not violated.  

 

Moreover, Long and Freese (2006) argue that the mlogit is based on two fundamental concepts, 

namely response probabilities and logarithmic odds. The authors argue that these response 

probabilities can be described in accordance with Formula 5.  

 

𝜋𝑖 = 𝑃(𝑌 = 𝑖|𝑥), 𝑖 = 1,2, … , 𝑛            (5) 

 

Where π𝑖 is the response probability of the ith outcome of the dependant variable and 𝑥 is a set 

of independent variables. Furthermore, Agresti (2002) propose the following definition of the 

logarithmic odds.   

 

𝑙𝑜𝑔(
𝜋𝑖

𝜋𝑏𝑎𝑠𝑒
) , 𝑖 = 1,2 … , 𝑛    (6) 

 

Where, π𝑏𝑎𝑠𝑒 is the response probability of a baseline category, which frequently is assumed to 

be the categorical outcome with the highest response probability. The logarithmic odds depicted 

in Formula 6 are then modelled by a linear regression which Agresti (2007) argues can be 

described in accordance with Formula 7.  
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𝑙𝑜𝑔(
𝜋𝑖

𝜋𝑏𝑎𝑠𝑒
) =  𝛼𝑖 + 𝛽1𝑖𝑥1𝑖 + ⋯ +  𝛽𝑛𝑖𝑥𝑛𝑖 , 𝑛 = 1, … , 𝑛 − 1            (7) 

 

The model will thusly consist of n-1 equations, where each equation is characterized by 

different β and α coefficients. The β coefficients represent the marginal effect of the 

independent variables on the logarithmic odds, which has a rather difficult interpretation. It is 

therefore common practice within our subject field to present the antilogarithm of these 

estimates, commonly referred to as relative risk ratios. In this thesis, such relative risk ratios for 

eight different models are presented Appendix, section 10.3.    

 

Although the aforementioned relative risk ratios have a rather straightforward interpretation we 

find it adequate to simplify it further by presenting the results in the form of marginal effects 

on probabilities. By marginal effect (ME) on probabilities we refer to the change in probabilities 

for each categorical outcome given a change in an independent variable of interest, ceteris 

paribus. When the independent variable of interest is binary, such as the case in this thesis 

(shooting hand), the computations of the marginal effect can be described in accordance with 

Formula 8. 

 

𝑀𝐸 𝑜𝑓 𝑋𝑖 = 𝑃𝑟(𝑌 = 𝑗|𝑋, 𝑋𝑖 = 1) − 𝑃𝑟 (𝑌 = 𝑗|𝑋, 𝑋𝑖 = 0)         (8) 

 

Since we in this thesis defined left-handedness with the numerical value of one, these marginal 

effects can be interpreted as the marginal effect of left-handedness on the probability of being 

either low, medium or high stress resilient, given the medium value of a set of independent 

variables.   

 

4.3 Sobel test  

As previously mentioned a Sobel test have been conducted in order to statistically evaluate the 

intermediating effects of the chosen adjustment variables. According to Baron and Kenny 

(1986) the Sobel test is a suitable approach to test whether the effect of an independent variable 

is carried by a potential mediator. Furthermore, according to Stata (n.d.b) the Sobel test is based 

on a set of regressions, specifically those described in Formula 9, 10 and 11. These regressions 

are estimated by the use of ordinary least square (OLS). 

 

𝑀𝑜𝑑𝑒𝑙 1: 𝑌 = 𝛽01 + 𝑐𝑋𝐼 + 𝑒1         (9) 
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   𝑀𝑜𝑑𝑒𝑙 2: 𝑋𝑀 = 𝛽02 + 𝑎𝑋𝐼 + 𝑒2                               (10) 

 

             𝑀𝑜𝑑𝑒𝑙 3: 𝑌 = 𝛽03 + 𝑏𝑋𝑀 + 𝑐′𝑋𝐼 + 𝑒3  (11) 

 

In these models, 𝛽01, 𝛽02 and 𝛽03 are the intercepts of the respective regressions, 𝑒1, 𝑒2 and 𝑒3 

are the error terms, Y is the original dependent variable, 𝑋𝑀 is the mediating variable and 𝑋𝐼 is 

the independent variable. Furthermore, c represents the marginal effect of the independent 

variable on the dependent variable and a denotes the marginal effect of the independent variable 

on the mediating variable. Lastly b and c’ denotes the marginal effects of the mediating variable 

and independent variable on the dependant variable, whilst controlling for each other. In order 

to get a more comprehensive understanding of these effect, the following notations are 

commonly suggested:  

Total effect = c 

Direct effect = c’  

Indirect effect = a*b 

 

The relation between the independent, mediating and dependant variable can therefore be 

described according to Formula 12 and illustratively presented in accordance with Figure 1.  

 

𝑐 = 𝑐′ + 𝑎 ∗ 𝑏               (12) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: An illustrative representation of the direct, indirect and total effect in the Sobel test 
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The Sobel test then utilises this relation and test whether the indirect effect is statistically 

significantly different from 0. This is done by defining the following hypotheses and test 

statistic.   

    

𝐻0: 𝑚𝑒𝑑𝑖𝑎𝑡𝑖𝑛𝑔 𝑒𝑓𝑓𝑒𝑐𝑡 = 0        𝐻𝐴: 𝑚𝑒𝑑𝑖𝑎𝑡𝑖𝑛𝑔 𝑒𝑓𝑓𝑒𝑐𝑡 ≠ 0      (13) 

 

𝑧 =
𝑎∗𝑏

√𝑏2∗𝑆𝐸𝑎
2+𝑎2∗𝑆𝐸𝑏

2
                      (14) 

 

Where 𝑆𝐸𝑎 is the standard error of a and 𝑆𝐸𝑏 is the standard error of b. If this test results in a 

low p-value, the null hypothesis is rejected and the mediating variable can be assumed to add 

relative information to the model and should therefore be included (Wuensch, 2014). 

 

4.4 Brant test  

When considering an ordinal logistic regression, it is important to consider the proportional 

odds assumption, for its violation could negatively influence the validity of the results attained 

and alter the conclusions made from the regression. To evaluate whether the assumption is 

violated, Greene and Hensher (2009) suggest the utilization of the Brant test.  

 

The authors argue that the Brant test can be depicted as a hypothesis test where the hypotheses 

are defined in accordance with Formula 15. 

 

𝐻0: 𝛽𝑖 = 𝛽𝑗 , 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 𝑎𝑛𝑑 𝑗     𝐻𝐴: 𝛽𝑖 ≠ 𝛽𝑗, 𝑓𝑜𝑟 𝑎𝑡𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑖 𝑎𝑛𝑑 𝑗     (15) 

 

The deduction and calculation of this test is however beyond the scope of this paper and will as 

such not be presented. For further information, please see Greene and Hensher (2009). 

Nonetheless, if the tests result in low p-values, the null hypothesis must be rejected and the 

proportional odds assumption can be assumed to be violated. This violation would render the 

ologit inappropriate.  

 



19 
 

5. Model 

In practise, the aforementioned methodological approach has been applied using Stata 13. Eight 

different models have been estimated to allow for the analysis of each independent variable’s 

marginal effect. The models and which variables that are included are described in Table 11.  

 

Table 11: Illustrative presentation of the different model compositions 

 
Shooting 

hand  

Household 

crowding  

Socioeconomic 

status 

Physical 

fitness 

Body mass 

index 

Cognitive 

function  

Summary 

disease score 

model 1 X       

model 2 X X      

model 3 X X X     

model 4 X X X X    

model 5 X X X X X   

model 6 X X X X X  X 

model 7 X X X X X X  

model 8 X X X X X X X 

     

Furthermore, these models have been estimated using the Stata command “mlogit”.  The Brant 

test and the Sobel test have been conducted using the Stata commands, “brant, detail” and 

“sgmediation”, respectively.   
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6. Results and Analysis 

The marginal effects of left-handedness on the probability of being either low, medium or high 

stress resilient is presented below. In addition to point estimates, standard errors, p-values and 

95 percent confidence intervals are also presented. The probabilities are based on the eight 

different mlogit models described in the preceding section. Furthermore, the resulting relative 

risk ratios from these models can be found in appendix, section 10.3.   

 

In Table 12 below, the marginal effects estimated from the unadjusted model are presented. The 

unadjusted model is a simple mlogit with stress resilience as the dependant variable and 

shooting hand as the independent variable. Moving forward, this model will be considered the 

baseline model.  

 

Table 12: Marginal effects of the variable shooting hand, based on model one.  

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,020 0,003 <0,001 0,014 0,026 

Medium stress resilient Shooting hand -0,002 0,004 0,533 -0,009 0,005 

High stress resilient Shooting hand -0,017 0,003 <0,001 -0,023 -0,012 

 

 

The unadjusted model insinuates a quite clear relation between stress resilience and handedness. 

The marginal effect of left-handedness on the probability of being low stress resilient is 0,020 

whilst the marginal effect of left-handedness on the probability of being high stress resilient is 

-0,017. The marginal effect of left-handedness on the probability of being medium stress 

resilient is -0,002 but statistically insignificant at a five percent significance level.  

 

These results imply that left-handed individuals have a larger probability of being low stress 

resilient, compared to right-handed individuals. Furthermore, the results suggest that left-

handed individuals have a lower probability of being highly stress resilient. Moreover, the 

results suggest that the probability of being medium stress resilient does not differ with regards 

to handedness. However, as argued in the theoretical section of this paper, the unadjusted model 

presumably suffers from severe omitted variable bias which justifies the inclusion and analysis 

of several additional independent variables.  

 

The relative risk ratios from model two, which adjust the baseline model for household 

crowding, can be found in appendix, section 10.3.2. The resulting estimates of the marginal 
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effect of left-handedness on the probability of the different stress resilience categories can be 

found in Table 13.     

 

Table 13: Marginal effects of the variable shooting hand, based on model two. 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,018 0,003 <0,001 0,012 0,024 

Medium stress resilient Shooting hand -0,002 0,004 0,534 -0,009 0,005 

High stress resilient Shooting hand -0,016 0,003 <0,001 -0,022 -0,010 

 

 

When adjusting for household crowding, the marginal effect of left-handedness on the 

probability of being low stress resilient decreases slightly to 0,018. This represents a decrease 

of 0,001 compared to the baseline model. However, the effect is still highly statistically 

significant with a p-value less than 0,001. Furthermore, after the adjustment for the variable 

household crowding, the marginal effect of left-handedness on the probability of being high 

stress resilient increases from -0,017 to -0,016. The marginal effect of left-handedness on the 

probability of experiencing medium stress resilience remains statistically insignificant at a five 

percent significance level. The effect of the inclusion of the variable household crowding on 

the marginal effect of left-handedness can therefore be described as moderate. 

 

The third results, presented in Table 14 is based on model three, which is identical to the 

baseline model except for the inclusion of the variables household crowding and socioeconomic 

status. The model can thusly be seen as a model that adjust for childhood conditions. 

 

Table 14: Marginal effects of the variable shooting hand, based on model three 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,018 0,003 <0,001 0,012 0,024 

Medium stress resilient Shooting hand -0,002 0,004 0,511 -0,009 0,005 

High stress resilient Shooting hand -0,015 0,003 <0,001 -0,021 -0,009 

 

 

The inclusion of the variable socioeconomic status has, much like the inclusion of the variable 

household crowding, only a small influence on the marginal effect of left-handedness on the 

probability of being either low, medium or high stress resilient. The marginal effect of left-

handedness on the probability of being low stress resilient decreases by less than 0,001 

compared to model two. Furthermore, the marginal effect of left-handedness on the probability 

of experiencing high stress resilience increases by less than 0,001 compared to the same model. 
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Consistent with the results from both the baseline model and model number two, the marginal 

effect of left-handedness on the probability of being medium stress resilient is statistically 

insignificant at a five percent significance level. 

 

Consequently, the cumulative effect of the childhood adjustment variables on the marginal 

effect of handedness on the probability of being low stress resilient is -0,002. Additionally, the 

same cumulative effect for high stress resilience is 0,002, compared to the baseline model.        

      

In model four, the baseline model is adjusted for the variable household crowding, 

socioeconomic status and physical fitness. The relative risk ratios from this model is presented 

in appendix, section 10.3.4 and the marginal effect of left-handedness on the probability of 

being either low, medium or high stress resilient is presented in Table 15.  

 

Table 15: Marginal effects of the variable shooting hand, based on model four 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,016 0,003 <0,001 0,010 0,022 

Medium stress resilient Shooting hand -0,003 0,004 0,472 -0,010 0,004 

High stress resilient Shooting hand -0,013 0,003 <0,001 -0,019 -0,007 

 

 

Once again, the influence of the adjustment variables is rather small. The inclusion of the 

variable physical fitness reduced the marginal effect of left-handedness on the probability of 

being low stress resilient by -0,002, compared to model three. Furthermore, the marginal effect 

of left-handedness on the probability of being medium stress resilient remain statistically 

insignificant at a five percent significance level. Additionally, the influence of physical fitness 

on the marginal effect of left-handedness on the probability of being high stress resilient is 

0,002 compared to model three.  

 

In model five, the baseline model is adjusted for the variables household crowding, 

socioeconomic status, physical fitness and body mass index. The model can thusly be argued to 

control for childhood conditions as well as adolescent physique. The resulting relative risk 

ratios from this model can be viewed in appendix, section 10.3.5 and the marginal effect of left-

handedness on the probability of being either low, medium or high stress resilient is presented 

in Table 16.  
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Table 16: Marginal effects of the variable shooting hand, based on model five 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,016 0,003 <0,001 0,010 0,022 

Medium stress resilient Shooting hand -0,003 0,004 0,481 -0,009 0,004 

High stress resilient Shooting hand -0,013 0,003 <0,001 -0,019 -0,007 

 

 

As a consequence of the inclusion of the variable body mass index, the marginal effect of left-

handedness on the probability of being low stress resilient decreases by 0,002, compared to 

model four. The same probability change for the high stress resilience group is an increase of 

less than 0,001. The marginal effect of left-handedness on the probability of being medium 

stress resilient remains statistically insignificant at a five percent significance level. The reason 

for these rather small effects can presumably be contributed to the relatively high correlation 

between the variable physical fitness and body mass index, which can be viewed in Table 10.   

 

Model six adjusts the baseline model for the variables household crowding, socioeconomic 

status, physical fitness, body mass index and summary disease score. In consensus with 

previous models, the relative risk ratios of this model can be found in appendix, section 10.3.6 

and the marginal effects of left-handedness on the probability of being either low, medium or 

high stress resilient is described in Table 17.  

 

Table 17: Marginal effects of the variable shooting hand, based on model six 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,002 0,003 0,453 -0,003 0,008 

Medium stress resilient Shooting hand 0,005 0,004 0,141 -0,002 0,012 

High stress resilient Shooting hand -0,007 0,003 0,015 -0,013 -0,001 

 

 

Compared to model five, the change in the marginal effect of left-handedness on the probability 

of being low stress resilient is -0,013, which is sufficient in making the marginal effect 

statistically insignificant at a five percent significance level. Furthermore, the change in the 

marginal effect of left-handedness on the probability of being high stress resilient is 0,006. The 

marginal effect of left-handedness on the probability of being medium stress resilient remain 

statistically insignificant at a five percent significance level. These changes in marginal effects 

insinuate that much of the initially seen effect of handedness can be explained by the 

intermediator summary disease score, especially for the low stress resilient group.        
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In model seven, the baseline model is controlled for the variables household crowding, 

socioeconomic status, physical fitness, body mass index and cognitive function5. The resulting 

relative risk ratios from this model can be found in appendix, section 10.3.7 and the marginal 

effect of left-handedness is presented in Table 18.  

 

Table 18: Marginal effects of the variable shooting hand, based on model seven 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand 0,006 0,003 0,042 <0,001 0,012 

Medium stress resilient Shooting hand -0,002 0,004 0,548 -0,009 0,005 

High stress resilient Shooting hand -0,004 0,003 0,199 -0,010 0,002 

 

In contrast to the inclusion of the variable summary disease score in model six, the inclusion of 

cognitive function renders the marginal effect of left-handedness on the probability of high 

stress resilience statistically insignificant at a five percent significance level, whilst failing to 

do so for the low stress resilience category. In comparison to model five, the change in the 

marginal effect of left-handedness on the probability of being low stress resilient is -0,010. The 

same change for the high stress resilience group is 0,010.  

  

Lastly, the full model, denoted as model eight, control the baseline model for the variables 

household crowding, socioeconomic status, physical fitness, body mass index, summary disease 

score and cognitive function. The model and the corresponding relative risk ratios can be 

viewed in the appendix, section 10.3.8. The marginal effects of left-handedness on the 

probability of experiencing the different categorical outcomes of stress resilience is found in 

Table 19.   

 

Table 19: Marginal effects of the variable shooting hand, based on model eight 

Outcome Marginal effect of Marginal effect STD.ERR p-value 95 % Conf. Interval 

Low stress resilient Shooting hand -0,005 0,003 0,102 -0,010 0,001 

Medium stress resilient Shooting hand 0,004 0,004 0,280 -0,003 0,011 

High stress resilient Shooting hand 0,001 0,003 0,809 -0,005 0,007 

 

 

Based on these findings, the inclusion of both summary disease score and cognitive function 

seem to remove most of the effect of left-handedness, at least to the point where the marginal 

effect of left-handedness on the probability of being either low, medium or high stress resilient 

become statistically insignificant at a 95 percent level.    

                                                             
5 Please not the absence of summary disease score. 
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Additionally, in an attempt to make the result more visually appealing and perspicuous, three 

graphs are presented below, namely Figure 2, 3 and 4. The graphs illustrate how the marginal 

effect of left-handedness changes as a consequence of adding additional adjustment variables. 

The Y-axis depicts the scale of the marginal effect whereas the X-axis illustrates the model 

number. Also, 95 percent confidence intervals for the marginal effects are depicted in the 

graphs.   

 

 
Figure 2: Illustration of how the marginal effect of left handedness on the probability of low stress resilience 

changes as a consequence of additional adjustment variables 

 

 
Figure 3: Illustration of how the marginal effect of left handedness on the probability of medium stress resilience 

changes as a consequence of additional adjustment variables 
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Figure 4: Illustration of how the marginal effect of left handedness on the probability of high stress resilience 

changes as a consequence of additional adjustment variables 

 

 

In Figure 2, 3 and 4 the marginal effects of left-handedness on the probability of being either 

low, medium or high stress resilient is depicted for the eight previously described models. The 

figures insinuate that the marginal effects are reverting to zero when adjusting for more 

variables. In the last model, model eight, the marginal effect in all three graphs are statistically 

indistinguishable from zero at a five percent significance level, which allow for straightforward 

conclusions. Moreover, it is worth noting that none of the models exhibit any statistically 

significant marginal effect at a five percent significance level for the medium stress resilient 

group.              
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7. Discussion 

The initial results, from the baseline model, insinuate that there exists a strong relation between 

handedness and stress resilience. The estimated marginal effect of left-handedness on the 

probability of having low stress resilience is 0,020 and it is statistically significant with a p-

value of less than 0,001. Furthermore, the marginal effect of left-handedness on the probability 

of experiencing high stress resilience is -0,017, also with a p-value of less than 0,001. These 

results seem to follow the intuitively appealing reasoning suggested by Bakan (1971) and Satz 

(1973) who argue that left-handed individuals should be overrepresented among individuals 

who have suffered an early neurological insult and thusly be overrepresented among individuals 

with low stress resilience. However, if this relation is assumed to be true, the fact that the effect 

of handedness on stress resilience diminishes as a consequence of the inclusion of the variables 

summary disease score and cognitive function still needs to be answered. We believe that a 

possible explanation for this could be that the combination of the variables summary disease 

score and cognitive function can act as an adequate proxy for early neurological insults. 

 

The unadjusted model does however suffer from severe omitted variable bias which justified 

the inclusion and adjustment of several variables. The marginal effect of left-handedness 

decreases slightly when adjusting for household crowding, socioeconomic status, physical 

fitness and body mass index in model two, three, four and five but remains statistically 

significant at a five percent significance level. This would argue for the variables’ irrelevance 

as adjustment variables.  

 

When further adjusting the baseline model for the general health status by including the variable 

summary disease score in model six, almost the entire effect of handedness disappears. After 

this adjustment, the estimated marginal effect of left-handedness on the probability of having 

low stress resilience is 0,002 with a standard deviation of 0,003. Furthermore, the marginal 

effect of left-handedness on the probability of experiencing high stress resilience is -0,007 with 

a standard deviation of 0,003. This intermediating effect suggest that the variable summary 

disease score, to quite a large extent, can explain the relation between handedness and stress 

resilience. We would therefore argue that the relation between summary disease score, stress 

resilience and handedness is worthy of investigation and we highly recommend that this relation 

is examined in future studies.     
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When adjusting the baseline model for household crowding, socioeconomic status, physical 

fitness, body mass index and cognitive function, handedness seem to retain only a small part of 

its explanatory power. After this adjustment, the marginal effect of left-handedness on the 

probability of experiencing low stress resilience is 0,006 with a standard deviation of 0,003. 

Furthermore, the marginal effect of left-handedness on the probability of experiencing high 

stress resilience is -0,004 with a standard deviation of 0,003. Much like the variable summary 

disease score, the variable cognitive function seems to explain a large part of the initial 

described relation between handedness and stress resilience. It is therefore our firm belief that 

the investigation of the relation between handedness, stress resilience, cognitive function and 

general health could contribute to further understanding of the human stress response and 

greatly contribute to the advancement of the subject field.   

 

Furthermore, the results attained in this paper seems to shed light on legitimacy of the right 

hemisphere hypothesis and the valence specific hypothesis, both discussed by Wittling and 

Pflüger (1990). The proposed relation between stress resilience and handedness, from both 

hypotheses, is that left-handed individuals should be more stress resilient than right-handed 

individuals. However, this is not in consensus with the result attained in this thesis. 

Nevertheless, the hypotheses could still be true when excluding pathological handedness, which 

raises the concern and desire for controlling the relation between handedness and stress 

resilience for early neurological insults and pathological / natural handedness.   

  

In model eight, the relation between handedness and stress resilience is adjusted for household 

crowding, socioeconomic status, physical fitness, body mass index, cognitive function and 

summary disease score. The estimated marginal effect of left-handedness on the probability of 

having low stress resilience is -0,005 with a standard deviation of 0,003. Furthermore, the 

marginal effect of left-handedness on the probability of having high stress resilience is less than 

0,001 with a standard deviation of 0,003. These results seem to insinuate that most of the 

initially proposed effect of handedness can be contributed to the mediating variables cognitive 

function and summary disease score. These results further suggest the importance of 

investigating the connection between the variables summary disease score, cognitive function, 

shooting hand and stress resilience in future studies.    

 

Lastly, although the dataset is large and used in many peer-reviewed studies such as Bergh, 

et.al (2015), Bergh et al. (2014) and Melinder et al. (2015), we believe that a critical evaluation 
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of its reliability is adequate. Our main concern is that the data consists of military enrolment 

records from a time when refusal to enlist resulted in imprisonment. Individuals who did not 

wish to enrol could therefore have exaggerated or understated certain individual characteristics 

in the hope that they would be exempted. Secondly, since the data is rather old there is a risk 

for misinterpretation of certain variables or values. Thirdly, a major concern of ours is that the 

rifles used in the Swedish military during this period was designed for right-handed individuals. 

This could potentially result in ambidextrous individuals reporting the right hand as their 

preferred one, simply because it was easier. Lastly, we are concerned with the social stigma of 

left-handedness during the 1970s, which potentially could have influenced the data.            
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8. Conclusions 

The main purpose of this paper has been to evaluate the relation between stress resilience and 

handedness. From the results obtained in model one through eight, we have been able to 

establish that this relation is a rather superficial one. In conclusion, the relation between stress 

resilience and handedness can to a large extent be explained by a series of intermediating 

variables such as summary disease score and cognitive function. However, there exist several 

weaknesses with our study, both methodological and empirical, which are discussed throughout 

this paper. We would therefore recommend scholars to perform similar studies, in which they 

investigate the relation between handedness and stress resilience, but try to adjust for different 

variables and conduct sensitivity analyses to evaluate the robustness of the results. Lastly, we 

would like to emphasize that, if a variable for early neurological insults could be constructed, 

it would greatly benefit the advancement of the subject field.  

  



31 
 

9. References 

Adolphs, R., Damasio, H., Tranel, D., Damasio, R.A. (1996) Cortical Systems for the 

Recognition of Emotion in Facial Expressions. Journal of Neuroscience, 16 (23). pp.7678-

7687.  

Agresti, Alan (2007). An introduction to categorical data analysis. Second edition. Hoboken, 

New Jersey: John Wiley & Sons, Inc; 2007 

Agresti, Alan (2002). Categorical Data Analysis. Second edition. Hoboken, New Jersey: John 

Wiley & Sons, Inc; 2002 

Ahmed, A.S. (2007). Post-traumatic stress disorder, resilience and vulnerability. Advances in 

Psychiatric Treatment, 13 (5), pp.369-375.  

American psychological association (2010). Gender and Stress. [online] Available at: 

http://www.apa.org/news/press/releases/stress/2010/gender-stress.aspx [Accessed 24 May 

2017]. 

Bakan, P. (1971), Handedness and birth order. Nature, Lond. 229, pp.195. 

Baron, R. and Kenny, D. (1986). The moderator-mediator variable distinction in social 

psychological research: Conceptual, strategic, and statistical considerations. Journal of 

Personality and Social Psychology, 51(6), pp.1173-1182. 

Bergh, C et al., (2014). Stress resilience in male adolescents and subsequent stroke risk: 

cohort study. Journal Of Neurology, Neurosurgery And Psychiatry, 85(12), pp.1331–1336. 

Bergh, C., Udumyan, R., Fall, K., Almroth, H., & Montgomery, S. (2015). Stress resilience 

and physical fitness in adolescence and risk of coronary heart disease in middle age. Heart, 

101(8), 623-629. 

Brandler, W.M. et al., (2013). Common variants in left/right asymmetry genes and pathways 

are associated with relative hand skill. PLOS Genetics, 9, pp.e1003751–7390. 

Bremner, J. D., Randall, P., Scott, T. M., Bronen, R. A., Seibyl, J. P., Southwick, S. M., … 

Innis, R. B. (1995). MRI-Based Measurement of Hippocampal Volume in Patients With 

Combat-Related Posttraumatic Stress Disorder. The American Journal of Psychiatry, 152(7), 

pp.973–981. 

Breslau N, Lucia VC, Alvarado GF., (2006) Intelligence and Other Predisposing Factors in 

Exposure to Trauma and Posttraumatic Stress DisorderA Follow-up Study at Age 17 Years. 

Arch Gen Psychiatry. 63(11), pp.1238-1245.  

Cheng, S. & Long, J., (2007). Testing for IIA in the Multinomial Logit Model. Sociological 

Methods and Research, 35(4), pp.583–600. 

Choudhary, C.J. & O'Carroll, R.E. (2007). Left hand preference is related to posttraumatic 

stress disorder. Journal of traumatic stress, 20(3), pp.365–369. 

Cohen, S. and Janicki‐Deverts, D. (2012). Who's Stressed? Distributions of Psychological 

Stress in the United States in Probability Samples from 1983, 2006, and 20091. Journal of 

Applied Social Psychology, 42(6), pp.1320–1334. 

http://www.apa.org/news/press/releases/stress/2010/gender-stress.aspx


32 
 

Coren, Stanley & Halphern, Diane F., (1991). Left-handedness: a marker for decreased 

survival fitness. Psychological Bulletin, 109(1), pp.90–106 

Costanzo et al. (2015). Hemispheric specialization in affective responses, cerebral dominance 

for language, and handedness: Lateralization of emotion, language, and dexterity: 

Lateralization of emotion, language, and dexterity. Behavioural Brain Research, 288, pp.11–

19. 

Geschwind, N., & Behan, P. (1982). Left-handedness: association with immune disease, 

migraine, and developmental learning disorder. Proceedings of the National Academy of 

Sciences of the United States of America, 79(16), pp. 5097–5100. 

Greene, W.H., & Hensher, D.A., (2009). Modeling Ordered Choices. [online] Availabe at: 

http://pages.stern.nyu.edu/~wgreene/DiscreteChoice/Readings/OrderedChoiceSurvey.pdf 

[Accessed 28 May 2017]. 

Gurvits, Tamara V., Martha E. Shenton, Hiroto Hokama, Hirokazu Ohta, Natasha B. Lasko, 

Mark W. Gilbertson, Scott P. Orr, et al. (1996). “Magnetic Resonance Imaging Study of 

Hippocampal Volume in Chronic, Combat-Related Posttraumatic Stress Disorder.” Biological 

Psychiatry 40 (11). pp.1091–1099. 

Karl, A., et al. (2006). A meta-analysis of structural brain abnormalities in PTSD. 

Neuroscience and Biobehavioral Reviews, 30(7), pp.1004–1031. 

Keys, A., Fidanza, F., Karvonen, M., Kimura, N., & Taylor, H. (2014). Indices of relative 

weight and obesity. International Journal of Epidemiology, 43(3), pp.655-665. 

Killgore, W.D. & Yurgelun-Todd, D. (2007). The Right-Hemisphere and Valence 

Hypotheses: Could They Both be Right (and Sometimes Left)? Social Cognitive and Affective 

Neuroscience 2, no. 3, pp.240-250. 

Kühn & Gallinat, (2013). Gray Matter Correlates of Posttraumatic Stress Disorder: A 

Quantitative Meta-Analysis. Biological Psychiatry, 73(1), pp.70–74. 

Long, J.S., & Freese, J., (2006). Regression models for categorical dependent variables using 

Stata. 2. ed. College Station, Tex.: Stata Press 

Lukey, B. J., & Tepe, V. (2008). Biobehavioral resilience to stress. Boca Raton: CRC Press. 

Lupien, S. et al. (2009). Effects of stress throughout the lifespan on the brain, behaviour and 

cognition. Nature Reviews. Neuroscience, 10(6), pp.434–45. 

Luthar, S. S., (2003). Resilience and vulnerability: adaptation in the context of childhood 

adversities. Cambridge, U.K., Cambridge University Press. 

Masten, A.S., Best, K.M. and Garmezy, N. (1990). Resilience and development: 

Contributions from the study of children who overcome adversity. Development and 

Psychopathology, 2(4), pp.425–444. 

Mattsson P, Lönnstedt I, Nygren I, et al. (2012) Physical fitness, but not muscle strength, is a 

risk factor for death in amyotrophic lateral sclerosis at an early age. J Neurol Neurosurg 

Psychiatry. pp.390-394. 

McCullagh, P & Nelder, J.A., (1983). Generalized linear models. London: Chapman & Hall 

http://pages.stern.nyu.edu/~wgreene/DiscreteChoice/Readings/OrderedChoiceSurvey.pdf


33 
 

McEwen, B.S., (2006). Protective and damaging effects of stress mediators: central role of the 

brain. Dialogues in Clinical Neuroscience, 8(4), pp.367–381. 

McManus, I. C., & Mascie-Taylor, C. G. N. (1983). Biosocial correlates of cognitive abilities. 

Journal of Biosocial Science, 15, pp.289-306. 

Melinder, C., Hiyoshi, A., Halfvarson, J., & Montgomery, S. (2015). Stress resilience in 

adolescence and subsequent inflammatory bowel disease risk in adulthood. 

Psychoneuroendocrinology, 61, pp.27.  

Ranabir, S. & Reetu, K., (2011). Stress and hormones. Indian Journal of Endocrinology and 

Metabolism, 15(1), pp.18–22. 

Satz, P., (1973). Left-handedness and early brain insult: An explanation. Neuropsychologia, 

11(1), pp.115–117. 

Smith, M.E., (2005). Bilateral hippocampal volume reduction in adults with post‐traumatic 

stress disorder: A meta‐analysis of structural MRI studies. Hippocampus, 15(6), pp.798–807. 

Stata.com. (n.d.a). Stata | FAQ: Methods for obtaining marginal effects. [online] Available at: 

http://www.stata.com/support/faqs/statistics/marginal-effects-methods/ [Accessed 24 May 

2017]. 

Stata.com. (n.d.b). Stata | FAQ: How to perform Sobel-Goodman mediation tests in Stata? 

[online] Available at: https://stats.idre.ucla.edu/stata/faq/how-to-perform-sobel-goodman-

mediation-tests-in-stata/ [Accessed 24 May 2017]. 

Szabo, S., Tache, Y., & Somogyi, A. (2012). The legacy of Hans Selye and the origins of 

stress research: A retrospective 75 years after his landmark brief Letter to the Editor # of 

Nature. Stress, 2012, Vol.15(5), pp.472-478. 

Taylor, H.G. et al., (2008). Traumatic brain injury in young children: Postacute effects on 

cognitive and school readiness skills. Journal of the International Neuropsychological 

Society, 14(5), pp.734–745. 

Williams, R., (2017). Marginal Effects for Continuous Variables. [online] Available at: 

https://www3.nd.edu/~rwilliam/stats3/Margins02.pdf [Accessed 28 May 2017]. 

Wittling, W. Pflüger, M., (1990). Neuroendocrine hemisphere asymmetries: salivary cortisol 

secretion during lateralized viewing of emotion-related and neutral films. Brain Cognit. 

pp.243–265.  

Woon, F.L. Sood, S. and Hedges, D.W. (2010). Hippocampal volume deficits associated with 

exposure to psychological trauma and posttraumatic stress disorder in adults: A meta-analysis. 

Progress in Neuropsychopharmacology & Biological Psychiatry, 34(7), pp.1181–1188. 

Wuensch, K. L., (2014) Statistical Tests of Models That Include Mediating Variables. [online] 

Available at: http://core.ecu.edu/psyc/wuenschk/MV/multReg/MediationModels.pdf  

[Accessed 28 May 2017]. 

  

http://www.stata.com/support/faqs/statistics/marginal-effects-methods/
https://stats.idre.ucla.edu/stata/faq/how-to-perform-sobel-goodman-mediation-tests-in-stata/
https://stats.idre.ucla.edu/stata/faq/how-to-perform-sobel-goodman-mediation-tests-in-stata/
https://www3.nd.edu/~rwilliam/stats3/Margins02.pdf
http://core.ecu.edu/psyc/wuenschk/MV/multReg/MediationModels.pdf


34 
 

10. Appendix 

10.1 Sobel tests 
 

Variables   coff std.err z-value p-value 

Household crowding           

 sobel -0.003 0.001 -4.442 <0.001 

            

Socioeconomic status      

  sobel -0.003 0.001 -5.176 <0.001 

Summary disease score           

 sobel -0.024 0.002 -12.700 <0.001 

            

Cognitive function      

  sobel -0.030 0.002 -18.690 <0.001 

            

Physical fitness           

 sobel -0.006 0.002 -3.601 <0.001 

            

Underweight           

 sobel 0.000 0.001 0.425 0.671 

            

Normalweight      

  sobel 0.000 <0.001 -0.479 0.632 

Overweight           

 sobel 0.000 <0.001 -1.069 0.285 

            

Obese      

  sobel 0.000 <0.001 -0.527 0.598 

Low cognitive function           

  sobel -0.019 0.001 -14.320 <0.001 

Medium           

cognitive function      

  sobel 0.001 <0.001 0.412 0.680 

High cognitive function           

  sobel -0.015 0.001 -13.440 <0.000 

IQ           

 sobel -0.030 0.002 -18.690 <0.001 

            

BMI      

  sobel <0.001 <0.001 1.740 0.082 
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10.2 Brant test 

 

Variables chi2 p>chi2 df 

All 4094,41 <0,001 10 

Household crowding 2,58 0,108 1 

Socioeconomic status 12,3 <0,001 1 

Summary disease score 3357,76 <0,001 1 

Physical fitness 456,41 <0,001 1 

Shooting hand  1,28 0,257 1 

Underweight  12,95 <0,001 1 

Overweight  1,28 0,258 1 

Obese 37,05 <0,001 1 

Lowiq 3,24 0,072 1 

Highiq 97,88 <0,001 1 

 

 

  



36 
 

10.3 Models  

10.3.1 Model one 

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,020 0,020 <0,001 1,057 1,134 

2 base outcome 

3 SH 0,931 0,017 <0,001 0,898 0,965 

 

10.3.2 Model two 

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,090 0,020 <0,001 1,052 1,129 

 HH 1,325 0,011 <0,001 1,304 1,346 

2 base outcome 

3 SH 0,936 0,017 <0,001 0,902 0,970 

 HH 0,719 0,006 <0,001 0,708 0,731 

 

 

10.3.3 Model three  

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,087 0,020 <0,001 1,049 1,126 

 HH 1,272 0,011 <0,001 1,251 1,293 

 SS 1,068 0,004 <0,001 1,061 1,075 

2 base outcome 

3 SH 0,939 0,017 0,001 0,906 0,973 

 HH 0,765 0,006 <0,001 0,753 0,778 

 SS 0,911 0,003 <0,001 0,905 0,917 
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10.3.4 Model four 

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,082 0,020 <0,001 1,044 1,122 

 HH 1,253 0,011 <0,001 1,232 1,274 

 SS 1,069 0,004 <0,001 1,062 1,076 

 PF 0,775 0,002 <0,001 0,770 0,780 

2 base outcome 

3 SH 0,943 0,018 0,002 0,908 0,978 

 HH 0,779 0,007 <0,001 0,766 0,792 

 SS 0,910 0,003 <0,001 0,904 0,916 

 PF 1,411 0,004 <0,001 1,402 1,419 

 

 

10.3.5 Model five 

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,082 0,020 <0,001 1,044 1,121 

 HH 1,252 0,011 <0,001 1,232 1,274 

 SS 1,068 0,004 <0,001 1,061 1,075 

 PF 0,773 0,003 <0,001 0,768 0,778 

 UW 1,052 0,016 0,001 1,021 1,085 

 OW 1,332 0,028 <0,001 1,278 1,388 

 OB 1,616 0,076 <0,001 1,474 1,772 

2 base outcome 

3 SH 0,943 0,018 0,002 0,908 0,979 

 HH 0,779 0,007 <0,001 0,767 0,793 

 SS 0,911 0,003 <0,001 0,905 0,917 

 PF 1,407 0,004 <0,001 1,397 1,416 

 UW 0,873 0,017 <0,001 0,839 0,908 

 OW 0,815 0,017 <0,001 0,782 0,850 

 OB 0,495 0,031 <0,001 0,437 0,560 
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10.3.6 Model six 

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,004 0,020 0,857 0,965 1,044 

 HH 1,249 0,012 <0,001 1,226 1,272 

 SS 1,070 0,004 <0,001 1,062 1,078 

 PF 0,815 0,003 <0,001 0,810 0,820 

 UW 1,057 0,018 0,001 1,023 1,093 

 OW 1,204 0,027 <0,001 1,151 1,258 

 OB 0,966 0,049 0,494 0,874 1,067 

 SDS 2,565 0,016 <0,001 2,535 2,596 

2 Base outcome 

3 SH 0,957 0,018 0,020 0,922 0,993 

 HH 0,776 0,007 <0,001 0,763 0,789 

 SS 0,910 0,003 <0,001 0,904 0,916 

 PF 1,398 0,005 <0,001 1,390 1,407 

 UW 0,879 0,018 <0,001 0,845 0,914 

 OW 0,832 0,018 <0,001 0,798 0,868 

 OB 0,565 0,036 <0,001 0,500 0,641 

 SDS 0,765 0,006 <0,001 0,754 0,776 
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10.3.7 Model seven 

       

Outcome Variable RRR STD,ERR p-value 95 % Conf, Interval 

1 SH 1,034 0,019 0,071 0,997 1,073 

 HH 1,153 0,010 <0,001 1,134 1,173 

 SS 1,036 0,004 <0,001 1,029 1,043 

 PF 0,783 0,003 <0,001 0,778 0,789 

 UW 1,101 0,017 <0,001 1,068 1,136 

 OW 1,247 0,027 <0,001 1,195 1,300 

 OB 1,446 0,069 <0,001 1,316 1,589 

 low CF 2,406 0,029 <0,001 2,349 2,464 

 High CF 0,750 0,011 <0,001 0,729 0,773 

2 Base outcome 

3 SH 0,984 0,019 0,415 0,948 1,022 

 HH 0,844 0,007 <0,001 0,830 0,859 

 SS 0,941 0,003 <0,001 0,935 0,947 

 PF 1,387 0,004 <0,001 1,378 1,395 

 UW 0,827 0,017 <0,001 0,795 0,861 

 OW 0,880 0,019 <0,001 0,844 0,918 

 OB 0,552 0,035 <0,001 0,487 0,626 

 Low CF 0,484 0,009 <0,001 0,466 0,501 

 High CF 1,754 0,020 <0,001 1,715 1,794 
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10.3.8 Model eight  

       

Outcome Variable RRR STD,ERR 
p-

value 
95 % Conf, Interval 

1 SH 0,968 0,020 0,105 0,930 1,007 

 HH 1,160 0,011 <0,001 1,139 1,182 

 SS 1,041 0,004 <0,001 1,033 1,049 

 PF 0,823 0,003 <0,001 0,817 0,829 

 UW 1,101 0,019 <0,001 1,065 1,139 

 OW 1,138 0,026 <0,001 1,088 1,191 

 OB 0,889 0,046 0,023 0,803 0,984 

 SDS 2,496 0,015 <0,001 2,466 2,526 

 LOW CF 2,132 0,028 <0,001 2,077 2,188 

 HIGH CF 0,755 0,012 <0,001 0,732 0,779 

2 Base outcome 

3 SH 0,998 0,019 0,903 0,961 1,036 

 HH 0,839 0,007 <0,001 0,825 0,854 

 SS 0,940 0,003 <0,001 0,933 0,946 

 PF 1,378 0,004 <0,001 1,369 1,387 

 UW 0,833 0,017 <0,001 0,801 0,867 

 OW 0,898 0,019 <0,001 0,860 0,936 

 OB 0,630 0,041 <0,001 0,555 0,715 

 SDS 0,768 0,006 <0,001 0,756 0,780 

 LOW CF 0,488 0,009 <0,001 0,471 0,506 

 HIGH CF 1,755 0,020 <0,001 1,716 1,795 

 

 


