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Left-and right-handers have coexisted since the Palaeolithic age. Hand preference is
heritable. Moreover, there is extensive evidence of an association between left-
handedness and several fitness costs. In this context, the persistence of the
polymorphism is interesting. Here, we explore the associations between socio-
economic status and handedness, analysing data from two large cohorts of adult men
and women. Such associations are relevant to an evolutionary approach, as the socio-
economic and the reproductive value are related. Our results partly support the
hypothesis that left-handers have a socio-economic status advantage, countervailing the
health issues. Although the models explain a small proportion of the variance observed,
the frequency of left-handedness is significantly higher: (1) among women of higher
educational level; (2) among categories of higher income; and (3) among individuals who
have a higher position in the company. The importance of these findings for the
evolution of the polymorphism of handedness is discussed.

Left-and right-handers have coexisted since the Palaeolithic age (Faurie & Raymond,
2004). Hand preference is heritable (see e.g. Francks et al., 2002; McKeever, 2000; see

e.g. McManus, 1991; Sicotte, Woods, & Mazziotta, 1999). Moreover, there is extensive

evidence of an association between left-handedness and several health issues, for

example lower birth weight, poorer health, and higher accident rates (e.g. Aggleton,

* Correspondence should be addressed to Dr Charlotte Faurie, Institut des Sciences de l’Evolution de Montpellier, Université
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Kentridge, & Neave, 1993; Coren & Halpern, 1991; Gangestad & Yeo, 1997; Mandal,

Suar, & Bhattacharya, 2001; McManus & Bryden, 1991; O’Callaghan et al., 1987). In this

context, the persistence of left-handers is interesting. The frequency-dependent

advantage of left-handers in physical fights is strongly suggested by both the study of

interactive sports in industrialized societies (Brooks, Bussière, Jennions, & Hunt, 2003;

Goldstein & Young, 1996; Grouios, Tsorbatzoudis, Alexandris, & Barkoukis, 2000;
Raymond, Pontier, Dufour, & Møller, 1996) and a cross-cultural comparison of traditional

societies (Faurie & Raymond, 2005). However, it is unclear how this advantage operates

in Western societies. Moreover, left-handers may have other selective advantages.

Here, we propose to investigate the possibility of a socio-economic advantage of left-

handers. A socio-economic advantage is necessarily frequency-dependent: the status of

an individual is relative to the status of others in his/her social group. Socio-economic

status is an important component of the reproductive value in most human societies

(Bamshad et al., 1998; Bereczkei & Dunbar, 1997; Betzig, 1986; Chagnon, 1979;
Hill, 1984; Josephson, 1993; Mealey, 1985; Roskaft, Wara, & Viken, 1992; Taylor &

Glenn, 1976; Turke & Betzig, 1985; Udry & Eckland, 1984; Voland & Chasiotis, 1998)

and, despite the effects of demographic transition, it is true in Western societies as well

(Buss, 1999; Elder, 1969; Kaplan & Hill, 1986; Pérusse, 1993).

In the literature, there are three main theories that account for the relationship

between socio-economic status and hand preference. First, the genetic model advanced

by McManus (1991) claims that left-handedness is caused by a recessive allele, which

cancels out the pre-existing bias to the right. He believes that this recessive allele
persists because it bestows left-handers with some cognitive advantages. Another model

has been suggested by Annett (1985). She also believes that left-handedness is caused by

a recessive allele. In this case, however, she believes that the allele persists because of a

heterozygous advantage. Thus, individuals with a RS þ (‘right shift’) and a RS- allele will

have superior cognitive ability. Therefore, Annett’s model would predict that left-

handers have no special advantage. In fact, because they are homozygous for the RS-

allele, they will be at a disadvantage. Finally, Crow, Crow, Done, and Leask (1998)

suggest that people with weak lateralization will be at a disadvantage relative to those
with strong lateralization (irrespective of the side). All three theories make very different

predictions for the association between SES and hand preference.

An association between handedness and socio-economic status could be due to

possible differences in cognitive abilities. Differences in brain organization have been

observed between left- and right-handers (Annett, 1985; Christman & Propper, 2001;

Galaburda, 1991; Galaburda, LeMay, Kemper, & Geschwind, 1978; Steinmetz,

Volkmann, Jäncke, & Freund, 1991; Witelson, 1992; Witelson & Kigar, 1988). Brain

structures and functions are certainly linked to social and intellectual skills, on which
socio-economic status depends.

There is indeed an abundance of literature on cognitive abilities and handedness.

Left-handedness was found to be more frequent in specific populations with extremely

high or extremely low scores on tests of cognitive abilities (Annett & Turner, 1974;

Benbow, 1986, 1988; Hicks & Dusek, 1980; Levy, 1969; Miller, 1971; Netley & Rovet,

1984; Porac & Coren, 1980). However, negative findings have also been reported

(Bishop, 1990; McManus, Shergill, & Bryden, 1993; Powls, Botting, Cooke, & Marlow,

1996; Saigal, Rosenbaum, Szatmari, & Hoult, 1992).
In the general population, several studies have investigated the relationship between

laterality and various measures of intelligence, such as verbal, vocabulary and symbolic,

non-verbal reasoning tests, IQ and memory tests, visual manipulation exercises, reading,
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drawing or arithmetic abilities, and foreign language learning. Some studies found that

left-handers have lower intellectual performance, while others found no differences

between right and left-handers and an advantage for left-handers was observed in some

studies. The results of these studies are summarized in Table 1.

A clear trend is difficult to observe in this published literature: no clear relationship

emerges between intellectual ability and laterality. The different conclusions reached by
these studies could follow from methodological differences, which makes it difficult to

compare the results.

First, the various intellectual tests performed do not measure the same intellectual

skills. Left- and right-handers may perform differently in the various intellectual tasks

(Hicks & Beveridge, 1978). It is likely that left-handers differ in cognitive styles rather

than cognitive abilities. Moreover, there seems to be considerable heterogeneity in

cognitive abilities amongst non-right-handers, as suggested by the theory of a distinction

between pathological and non-pathological left-handedness (Dellatolas et al., 1993;
McManus, 1983). Nettle (2003) found that extreme right-handers have minimal variance

in IQ and left-handers have a large variance ( p , :001). The increased variance in IQ

among left-handers explains why a significant number of left-handers are observed at

both the lower and higher ends of the distribution.

Second, gender–handedness interactions are common in the literature. For example,

Faurie, Vianey-Liaud, and Raymond (2006) found a positive correlation between left-

handedness and several measures of school performance and leadership skills for boys

but a negative association for girls. Thus, gender effects can be another source of
discrepancies between studies.

Finally, there are a large variety of handedness measures in these studies. Numerous

discrepancies may result from the use of different measures of hand laterality, and in

cases where several measures were used simultaneously, discrepancies may result from

different decisions on how to deal with mixed-handedness (Nettle, 2003). Moreover,

relative hand skill variables are not independent of the overall level of hand skill (left

hand skill þ right hand skill), which is correlated with IQ (correlation .18, p , :001,
Nettle, 2003). Controlling for the confounding effects of overall hand skill, Nettle (2003)
found that as laterality increases in either direction away from equal hand skill, the

average IQ increases. Thus, the greatest cognitive abilities seem to be at the extremes of

handedness.

It is possible that handedness and socio-economic status are related through

occupational choice. Several studies have found left-handers to be more frequent in

some professions and some educational fields, for example arts (Mebert & Michel, 1980;

Peterson, 1979), music (Aggleton, Kentridge, & Good, 1994; Byrne, 1974; Hassler &

Gupta, 1993; Quinan, 1922), mathematics (Annett & Manning, 1990; Casey, Pezaris,
& Nuttall, 1992; Peters, 1991), and architecture (Peterson & Lansky, 1974). Several

studies have found evidence that creativity and novelty seeking is higher among

left-handers (e.g. Coren, 1995; Newland, 1981). However, the evidence is mixed and

comprehensive scientific studies on a possible relationship between socio-professional

categories and hand preference are scarce. Some studies found a higher prevalence of

left-handedness in classes of higher social or educational status (Annett & Kilshaw,

1983; Noroozian, Lofti, Gassemzadeh, Emami, & Mehrabi, 2002), some found the

opposite (Lamm & Epstein, 1999; Resch et al., 1997), and some failed to find any
relation at all (Brito, Brito, Paumgartten, & Lins, 1989). It is likely that there are a variety

of types of left-handedness, which may explain the often inconsistent results in the

literature on characteristics of that subpopulation.
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The objective of the present study is to explore the association between socio-

economic status and handedness. We will seek to investigate the relationship in two

large cohorts of adult men and women.

Methods

Study populations

Study 1: The SU.VI.MAX cohort
The objective of ‘Supplémentation en Vitamines et Minéraux AntioXydants’ (SU.VI.MAX)

was to study the incidence of cancers and cardiovascular disease in amiddle-aged general

population (Hercberg et al., 1998, 2004). In March–July 1994, information on the outline

of the study was presented in various public media, along with a call for volunteers

(women, aged 35–60, ormen, aged 45–60, living in France). Candidateswere expected to
return a signed informed consent and a completed self-administered questionnaire to

screen for eligibility. This questionnaire comprised items on handedness and on socio-

economic status. The protocol was approved by a medical ethics committee and the

national committee for the protection of privacy and civil liberties. Among the 79,976

candidates, 14,406 eligible subjects were selected. In the present sample 13,017 French

adults (7,876 females aged 35–60 and 5,141 males aged 45–60) were included.

Study 2: The GAZEL cohort
The GAZEL study is an ongoing longitudinal study, and its primary aim was to investigate

the occupational risk factors of impaired physical and mental health (Goldberg et al.,

2001). The GAZEL cohort was established in 1989 and originally included 20,624

subjects working at French electricity and gas company (EDF–GDF). The study cohort

was comprised of men aged 40–50 and women aged 35–50 at baseline. Since 1989, this

cohort was followed by means of yearly self-administered questionnaires and by data

collection from the company’s personnel and medical departments. The present
contribution to the GAZEL study was approved by a medical ethics committee and the

national committee for the protection of privacy and civil liberties in 2002.

Handedness and socio-economic status data

Study 1: SU.VI.MAX data
The data on handedness and socio-economic status were collected with a questionnaire.
The question on handedness was formulated as follows: ‘Do you consider yourself as (1)

a right-hander; (2) a left-hander; and (3) a left-hander who was forced to switch to the

right hand. The two latter groups were pooled into one single group of left-handers.

This assessment of handedness will be subsequently referred as “general” handedness.

The available information on socio-economic status included: (1) the educational level

of the subject (seven categories) and (2) the occupational category of the subject

(five categories, unordered).’

Study 2: GAZEL data
Questions on laterality were included in the self-administered questionnaire in 2003.

It comprised six items, four of which were on hand preference: for writing, throwing,
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manipulating a tool habitually used at work or in everyday life and turning a key in a

keyhole. An additional questionnairewas sent inMarch 2004 to a subsample of the cohort

(1,000 left-handers and 1,000 right-handers, based on the results of throwing handedness

from the 2003 questionnaire). This new questionnaire included an item on hand

preference for cutting with a knife (without holding a fork), for the focal individual, as

well as for his genetic offspring. Data had also been collected in 2001 on ‘general’
handedness by Dr Emmanuel Lagarde, member of one of the GAZEL teams. As for the

SU.VI.MAX study, we pooled the different categories of left-handers into a single group.

The information on socio-economic status available in the GAZEL cohort longitudinal

database included data obtained through questionnaires since 1989 and data supplied by

the EDF–GDF personnel department: (1) educational level of the individual in 1989 (five

categories); (2) position of the individual in the company in 1989 (three categories); (3)

occupational category of the individual in 1989 (five categories, unordered); (4)

leadership level of the individual in the company (five-level scale) as enquired by the
medical department in 1989; (5)monthly incomeof the household, based on annine-level

scale ranging from less than 5,000 Francs to more than 25,000 Francs in 1989 and on an

10-level scale ranging from less than 991 e tomore than 6,098 e in 2002; (6) the number of

persons in the household in 1989 and in 2002; and (7) the total value of the household’s

possessions owned by the individual in 2002 based on an nine-level scale ranging from

less than 1,525 e to more than 457,347 e (1 Franc ¼ 0:152 e ).

Statistical methods
The nature and causality of the potential relationship between socio-economic status

variables and handednesswas unknown. The socio-economic status variablewasa priori

chosen as the response variable in themodel,wheneverpossible that iswhen itwas either

a binary, continuous or count variable. The variable educational level was transformed

into a binary variable (individual passed the final exam of high school or not). It was then

analysed as the response variable. Otherwise, the response variable was hand preference
(a binary variable, coded ‘0’ for right-handers and ‘1’ for left-handers). Generalized linear

modelling was used with binary, Gaussian, or Poisson errors, depending on the type of

dependent variable (respectively a categorical variablewith only two levels, a continuous

variable, or a numeric variable in the form of count data). In all cases, sex and date of birth

were used as potential confounding variables and all possible two-way and three-way

(when applicable) interaction terms were included in the initial model. The minimal

model was obtained with the stepwise model simplification method, using either a Chi-

square-test (for binary or Poisson error) or an F test (for Gaussian error) to compare
models differing by only one term.When the minimal model contained interaction terms

involving the variable sex, men and women were studied separately to explore gender-

specific associations. For both cohorts, statistical analyseswere performedwith the S-Plus

statistical software package (Crawley, 2002).

Results

Study populations

Study 1: SU.VI.MAX cohort
A total of 12,741 subjects contributed to analyses (Hercberg et al., 2004). Among them,

846 had not answered the question on handedness. Consequently, the study sample
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included 4,720 men born between 1930 and 1953 (mean age in 1994: 51.1 ^ 4.7 years)

and 7,175 women born between 1933 and 1960 (mean age in 1994: 46.3 ^ 6.6 years).

Study 2: GAZEL cohort
In 2003, 14,732 subjects in the GAZEL cohort answered the self-administered

questionnaire that is 74.8% of the 19,688 subjects were asked to complete the

questionnaire. Of the respondents, 14,680 (99.6%) answered at least one item on hand

preference. The present study is mainly based on the 14,649 subjects comprised of

10,890 men born between 1939 and 1948 (mean age in 2003: 59.0 ^ 2.9 years) and

3,759 women born between 1939 and 1953 (mean age in 2003: 56.2 ^ 4.2 years), who

answered the question on throwing handedness (see explanations below). Among
them, 2,000 were selected for the 2004 questionnaire. Of the 1,394 respondents (return

rate of 69.7%), 1,379 answered the item on hand preference for knife use.

Handedness
Correlation coefficients between the various measures of hand preference in Study 2 are
presented in Table 2.

The measures of hand preference chosen to explore the associations with socio-

economic status in the GAZEL cohort were: (1) throwing handedness, because it was

previously used in cross-cultural studies (Raymond & Pontier, 2004) and has the

strongest correlation with hand preference for knife use and tool use, which were also
previously used in cross-cultural studies (Faurie, Schiefenhövel, Le Bomin, Billiard, &

Raymond, 2005), and because throwing was already an important adaptation for

ancestral hominids that is subject to selection pressures (Watson, 2001) and (2) ‘general’

handedness, for comparison with the SU.VI.MAX study, for which it is the only measure

of handedness available. The characteristics of the populations studied regarding these

two measures are indicated Table 3.

Note that writing handedness is weakly correlated with all the other measures,

including ‘general’ handedness.Writing handedness, for the generation of the individuals
of the cohort (born between 1939 and 1953), was influenced by strong social pressures

towards right hand use. The frequency of left-handed writers is only 1.6%, which is very

lowcompared to throwing handedness (8.7%) andcompared towhat is found in youngest

samples (13.56% in French schoolchildren: Faurie et al., 2006).

Table 2.Correlation coefficients (Kendall’s t) between handedness measures in the GAZEL cohort. All

are significant (p , :0001). As highlighted in grey, throwing handedness has the strongest correlation

with hand preference for both knife use and tool use, which were previously used in cross-cultural

studies (Faurie et al., 2005)

Writing Throwing Tool Key Knife

General .13 .60 .62 .47 .62
Writing .33 .34 .36 .27
Throwing .79 .69 .77
Tool .71 .71
Key .68
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Study 1: SU.VI.MAX cohort

Educational level and handedness
A total of 360 individuals who reported that they have had no education were

excluded from analyses. The other categories ranged according to the number of
years of education: primary school (793 individuals); technical school, low

level (1,356); secondary school (1,735); technical school, high level (1,334); high

school (1,417); superior studies, low level (1,891); and superior studies, high

level (2,938).

Response variable: ‘General’ handedness (binary). The minimal model obtained is

constituted by all the single terms: educational level (seven categories), sex and age

(11,464 individuals). The effect of educational level is significant (x2 ¼ 16:83, df ¼ 1,

p ¼ :02). The trend is an increase in the frequency of left-handers in higher educational
categories (0.87% of the variance explained).

Response variable: Success at the final exam of high school (binary). As the

interaction between age and sex was found to have a significant effect (x2 ¼ 17:57,
df ¼ 1, p ¼ :00002), the sexes were analysed separately. As shown on Figure 1a, in

either men or women, the frequency of left-handers was higher among individuals who

passed the exam, although this effect was significant only in women (men: x2 ¼ 2:09,
df ¼ 1, p ¼ :15; women: x2 ¼ 5:63, df ¼ 1, p ¼ :02, 2.75% of the variance explained,
odds ratio 1.11).

Occupational category and handedness
The five categories are: farmers, self-employed (760); managerial staff, professionals
(3,208); intermediate (4,359); employees (2,605); and unemployed (484). As the

unemployed category only contained five males, they were excluded from the

analyses.

Response variable: ‘General’ handedness (binary). The minimal model obtained

is comprised of the variables sex and age only (11,412 individuals). The effect

of occupational category is not significant (x2 ¼ 2:23, df ¼ 4, p ¼ :7), even when

the sexes were analysed separately (x2 ¼ 2:55, df ¼ 4, p ¼ :6 for men and x2 ¼ 2:56,
df ¼ 4, p ¼ :6 for women).

Table 3. Hand preference characteristics of the populations studied. N refers to sample size

‘General’ handedness % left-handers
(N)

Throwing handedness % left-handers
(N)

GAZEL cohort
Men 10.55%  (10,437) 9.00%  (10,890)
Women 9.35%  (3,517) 7.77%  (3,759)

SU.VI.MAX cohort
Men 10.38%  (4,720) –
Women 9.41%  (7,175) –
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Study 2: GAZEL cohort

Educational level and handedness
The categories correspond to the number of years of education: primary school

(832 individuals); secondary school, first level (3,986); secondary school,

second level (3,065); secondary school, third level (1,053); and superior studies
(5,111).

Figure 1. Frequency of left-handers according to educational level. (a) In the SU.VI.MAX cohort.

Educational level categories were pooled into a binary variable, representing the success at the final

exam of high school. In both men and women, the frequency of left-handers was higher among

individuals who passed the exam. The effect of handedness in a logistic regression with educational level

being the response variable is significant only for women (men: p ¼ :15; women: p ¼ :02). Sample sizes

are indicated above the boxes. (b) In the GAZEL cohort. Educational level categories were pooled into

a binary variable, representing success at the final exam of high school. The effect of ‘general’

handedness in a logistic regression with educational level being the response variable is not significant,

although close to significant in women (p ¼ :1). Sample sizes are indicated above the boxes.
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Response variable: Handedness (binary). The minimal model obtained comprises

the variables age and sex only (14,047 individuals). The effect of educational level is not

significant (throwing handedness: x2 ¼ 2:72, df ¼ 4, p ¼ :6; ‘general’ handedness:
x2 ¼ 1:87, df ¼ 4, p ¼ :8).

Response variable: Success at the final exam of high school (binary). As the

interaction between age and sex was found to have a significant effect (x2 ¼ 41:96,
df ¼ 1, p , :00001), the sexes were analysed separately. For either men or women, the
minimal model is comprised of the variable age only. Throwing handedness has no

significant effect (x2 ¼ 0:03, df ¼ 1, p ¼ :9 for both men and women).
For comparison with the SU.VI.MAX study, similar analyses were also performed with

‘general’ handedness (Figure 1b). Because of interaction effects, sexes were again

analysed separately. No effect of handedness was found in men (x2 ¼ 0:81, df ¼ 1,
p ¼ :4). Among women, the effect of handedness was marginally significant: the

frequency of left-handerswasmarginally higher amongwomenwho passed the exam (10

vs. 8.5%, x2 ¼ 2:71, df ¼ 1, p , :1, 0.93% of the variance explained, odds ratio 1.10).

Occupational category and handedness
The five categories are: managerial staff, professionals (4,481); intermediate,

administrative (4,092); intermediate, technical (6,155); intermediate, trade (864); and
employees, workers (3,680).

Response variable: Handedness (binary). The minimal model obtained comprised all

the single terms plus the interaction between age and occupational category, which was

significant (x2 ¼ 11:40, df ¼ 4, p ¼ :02) and reflected changes over time. It explains

0.33% of the variance (13,742 individuals). When sexes are analysed separately, it

appears that the effect of this interaction is present in men (x2 ¼ 10:49, df ¼ 4,
p ¼ :03). For example, the frequency of left-handers in the highest category

(‘managerial staff, professionals’) increases and becomes the greatest of all categories

in the youngest generations (men born after 1946).

In comparison to the SU.VI.MAX cohort, the same analyses were also performed with

‘general’ handedness (N ¼ 13; 096) and similar results were obtained.

Income and handedness
Information on incomewas available for men andwomen of the GAZEL cohort. The nine

categories in 1989 ranged from less than 5,000 Francs to more than 25,000 Francs and

the 10 categories in 2002 ranged from less than 991 e to more than 6,098 e. Using

average values, the variables were transformed into numerical variables. Then, we

compiled the data from 1989 to 2002 to obtain the approximate average income

in Francs.

Response variable: Throwing handedness. The maximal model included sex, age,

income (averaged from data in 1989 and 2002) and the number of persons in the

household (averaged from data in 1989 and 2002), plus two- and three-way interactions.

The minimal model includes the variables age, sex, income, and the interaction between
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age and income (x2 ¼ 5:6, df ¼ 1, p ¼ :018). The predicted values of the frequency of
left-handers in the minimal model increase as a function of income, as represented

on Figure 2.

Response variable: Average income for the years 1989 and 2002. In the minimal

model, three significant interactions remained (12,433 individuals): between age and

throwing handedness (F ¼ 4:35, df ¼ 1, p ¼ :037); between age and sex (F ¼ 9:80,
df ¼ 1, p ¼ :002); and between sex and number of persons in the household

(F ¼ 168:39, df ¼ 1, p , :00001).
When sexes were analysed separately, the minimal model for men contained age,
handedness, number of persons in the household. The relationship between age and

handedness was significant (F ¼ 5:18, df ¼ 1, p ¼ :02). The model explained 1.75%

of the variance. Figure 3 shows the predictions of the model: left-handers have

a higher average income, when controlling for age and number of persons in

the household.

For women, handedness has no significant effect (F ¼ 1:50, df ¼ 1, p ¼ :2).

Ownership and handedness
The nine categories of ownership ranged from 1,525 e to 457,347 e. Using these values,

the variable was transformed into a numerical variable.

Response variable: Total value of ownership in 2002. The minimal model contains

the variables age, sex, number of persons in the household, the interaction between sex

Figure 2. Predicted values of the frequency of left-handers in the GAZEL cohort, as a function of

income in 1989, in the minimal model, which includes sex, age, income, number of persons in

household, the interaction between income and age, and between income and number of persons in

household (response variable: throwing handedness). The boxes show the limits of the middle half of

the data, the lines inside the boxes represent the medians. The whiskers are drawn to the nearest value

not beyond a standard span from the quartiles (1.5 £ (inter-quartile range)); points beyond (outliers)
are drawn individually.
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and age and between sex and number of persons (11,895 individuals). Handedness did

not have a significant effect ( p ¼ :6).

Position of the individual in the company and handedness
There are three different possible types of position in the EDF–GDF Company: ‘workers’

represents the lowest; ‘control’ is intermediate; and ‘managerial staff’ is the highest.

They can be used as a simple measure of socio-economic status. In this sample, 14% of

men and 26% of women belong to the ‘execution’ category, whereas 31% of men and 8%

of women belonged to the ‘managerial staff’ category (total sample size: 10,592 men

and 3,536 women).

The minimal model is constituted by the single terms age, sex and position (13,064
individuals). Left-handers are less frequent in low positions (7.4%) and high positions

(8.2%), and more frequent in middle positions (9.3%) (x2 ¼ 10:15, df ¼ 2, p ¼ :006).
The significance of the result is due to the difference in frequency of left-handers

between the low and middle positions (pairwise comparisons). When the middle and

high positions are pooled into a single category and the variable position in the company

is used as the response variable in a logistic regression, the effect of handedness is

significant (x2 ¼ 5:36, df ¼ 1, p ¼ :02; 2.78% of the variance explained, odds ratios:

1.08 for men, 1.18 for women). Left-handers are underrepresented in low positions and
overrepresented in higher positions.

Leadership of the individual in the company and handedness

Response variable: Throwing handedness. The minimal model obtained contains only

the terms age, sex and their interaction. Leadership has no significant effect (p ¼ :7).

Figure 3. Average income (1989 and 2002) as a function of average number of persons in household, in

men of the GAZEL cohort: observed data and predictions of the minimal model (response variable:

income, controlling for age). Points: observed data for left-handers (open circles) and right-handers

(crosses). Lines: fitted values for left-handers (continuous line) and right-handers (dotted line). One

point (a right-handed man with 13.5 persons in household on average) is not represented.
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Response variable: Leadership (binary). The variable leadership was transformed

into a binary variable: ‘had at least sometimes a leadership position’ or ‘had never’. The

minimal model contains only the terms age and sex. Handedness did not have a

significant effect ( p ¼ :5).

Discussion

This report examined the hypothesis that handedness is associated with socio-economic

status. Our main results are summarized in Table 4.

Educational level
In the present study, in both SU.VI.MAX and GAZEL cohorts, left-handedness was

associated with a higher probability of passing the final exam of high school among

women (see Figure 1 and Table 4).

There have been several previous attempts to relate handedness to educational level.
Depending on the studies, left-handers seemed to have an advantage (Lansky, Feinstein,

& Peterson, 1988; Noroozian, Lofti, Gassemzadeh, Emami, & Mehrabi, 2002) or a

disadvantage (Resch et al., 1997). The discrepancy in these results could have various

causes, for example the cross-cultural variability in educational systems, in social effects

on handedness, or in gender effects on educational attainment.

Similar to the present study, several studies have revealed a gender effect on the

relationship between handedness and school performance (Annett & Kilshaw, 1983;

Faurie et al., 2006; Sanders, Wilson, & Vanderberg, 1982).

Occupation and income
In the GAZEL cohort, a significant increase of the frequency of left-handers with

increasing income is observed for both sexes, especially in men (see Figures 2 and 3, and
Table 4). With respect to position in the company, left-handers are more frequent in high

and middle positions, as compared to the low positions.

These aspects of socio-economic status were rarely considered in previous studies

on handedness. (Lansky, Feinstein, & Peterson, 1988) found that among males, left-

handers have a higher occupational status than expected by chance. Denny and

O’Sullivan (2007) found a significant positive effect of left-handedness on male earnings

and a negative effect on female earnings. (Ruebeck, Harrington, & Moffitt, 2007) also

found an income advantage for left-handed men, but not for females.

Conclusions

We cannot conclude from our results that there is a causal relationship between

handedness and educational level or income. However, the present study shows that
associations, although rather weak, clearly exist.

Several limitations of this study are worth noting. The SU.VI.MAX cohort is

constituted of volunteers of the general population, whereas in the GAZEL cohort,

several professional categories were not represented, as all the subjects are workers in

the EDF–GDF Company. The rate of response to the self-administered questionnaire
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in 2003 (74.8%) and in 2004 (69.7%) can be considered satisfactory. However, a

selection bias cannot be totally excluded.

The strong points of this study should also be stressed. The study was based on two

independent cohorts, which enables comparison. The sample sizes are very large,

which enables us to tease out relatively small effects. In addition, the present study

included both men and women, and as the sexes were analysed both together and
separately, we were able to evaluate gender effects and explore sex-related differences

regarding the relationship between handedness and socio-economic status. Our samples

represent a fairly wide spectrum of the general population, and our analyses included

several relevant confounding variables, thus reducing potential biases.

Globally, our findings reveal a complex association between handedness and socio-

economic status. Although the effects are quite small, our results support the hypothesis

that left-handers have a socio-economic status advantage, countervailing their costs.

Left-handedness frequency is significantly higher: (1) among women of higher
educational level; (2) among categories of higher income; and (3) among individuals

who have a higher position in the company.

The observed relationship could be due to brain differences between left- and right-

handers. Another possibility is that socio-economic status and hand preference may

be related through cultural influences. It is likely that individuals with a high status

were themselves raised in families of high socio-economic status. These families may

have been more tolerant of individuality – such as left-handedness. They may also have

sent their children to schools that were more tolerant of left-handedness. Thus, a higher
incidence of left-handedness in individualswith higher socio-economic statusmay be the

result of a more liberal developmental environment. Therefore, left-handers could

be found in the higher status categories, not because of any special ability – but because

theywere brought up in amore tolerant environment. However, with the GAZEL cohort,

we had the opportunity to collect information on hand preference for throwing, which is

not likely to be influenced by familial and social pressures, like writing handedness.

The models explain a small proportion of the variance. However, the associations

found are interesting from an evolutionary point of view, as reproductive value is not
independent of socio-economic status. Is this advantage likely to act as a sufficient

selective pressure to maintain the polymorphism of handedness in Western societies?

The advantage of left-handers in fighting interactions, which has an important effect in

traditional societies (Faurie & Raymond, 2005), is probably no longer significant in

Western societies, where the type of violence has dramatically changed. In the present

study, we show that left-handers have higher average incomes. This could constitute an

important reproductive advantage (Buss, 1999; Elder, 1969; Kaplan & Hill, 1986;

Pérusse, 1993). The incidence of left-handedness has been found to be very high in
some social categories, as artists and musicians (Peterson, 1979; Quinan, 1922),

mathematicians (Annett & Manning, 1990; Peters, 1991), and sport competitors

(Raymond et al., 1996). The extent to which the reproductive advantage of these

categories (e.g. Faurie, Pontier, & Raymond, 2004) contributes to persistence of the

polymorphism remains to be formally investigated.
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Dellatolas, G., Luciani, S., Castresana, A., Rémy, C., Jallon, P., Laplane, D., et al. (1993). Pathological

left-handedness. Brain, 116, 1565–1574.

Denny, K., & O’Sullivan, V. (2007). The economic consequences of being left-handed: Some

sinister results. Journal of Human Resources, 42, 353–374.

Deutsch, D. (1978). Pitch memory: An advantage for the left-handed. Science, 199, 559–560.

Elder, G. H., Jr. (1969). Appearance and education in marriage mobility. American Sociological

Review, 34, 519–533.

Faurie, C., Pontier, D., & Raymond, M. (2004). Student athletes claim to have more sexual partners

than other students. Evolution and Human Behavior, 25, 1–8.

Faurie, C., & Raymond, M. (2004). Handedness frequency over more than 10,000 years.

Proceedings of the Royal Society of London B, 271, S43–S45.

Faurie, C., & Raymond, M. (2005). Handedness, homicide and negative frequency-dependent

selection. Proceedings of the Royal Society of London B, 272, 25–28.
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