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Sociología, Facultad de Ciencias Sociales, Universidad de Chile, Santiago, Chile, 4ALGORITMI Centre, School of
Engineering, University of Minho, Guimarães, Portugal, 5Mutual de Seguridad de la Camara Chilena de la Construcción,
Santiago, Chile, 6Carrera de Kinesiología, Escuela de Ciencias de la Salud, Universidad de Viña del Mar, Viña del Mar,
Chile, 7Faculty of Industrial Design Engineering Section, Applied Ergonomics and Design, Delft University of
Technology, Delft, the Netherlands and 8Research, Innovation and Enterprise, Solent University, Southampton, UK
*Corresponding author. Email: cviviani@ergocare.cl

(Received 25 July 2019; revised 30 October 2019; accepted 31 October 2019)

Abstract
Chile has experienced significant improvements in its economy; thus, a secular trend in height has been
observed in its population. Gender equality has also improved hand in hand with active policies addressing
the gender gap in several dimensions (work, education, health) and overall economic improvement. This
study examined changes in sexual height dimorphism in four samples of Chilean male and female working-
age subjects and attempted to establish associations with gender equality and welfare. Sexual height
dimorphism was calculated and compared with gender equality and overall welfare indicators between
1955 and 1995. Sexual height dimorphism reduction was seen to be strongly associated with greater gender
equality and some general welfare indicators, such as the infant mortality rate. Gross domestic product
per capita was not associated with sexual height dimorphism, but it showed significant associations with
gender equality indicators. Overall, the gender gap has been reduced in Chile, which can be observed
through improvements in gender equality indicators and a reduction in height dimorphism, mainly in
areas associated with women’s health. However, gender equality is still far behind in terms of female labour
participation and women in political power, which require attention and further improvements.

Keywords: Height; Dimorphism; Gender

Introduction
Height has been used in several studies to assess variations in social and environmental factors
of humans, such as education, access to health care, sanitary conditions, income level and social
class (Silventoinen et al., 2001; Cardoso & Caninas, 2010; Blum, 2014; Huang et al., 2015;
Krzyżanowska & Borysławski, 2015; Grasgruber et al., 2016; Borrescio-Higa et al., 2019). It
has been widely accepted that height can either increase or decrease in a given population, mainly
depending on the scarcity or abundance experienced by those particular populations, thus com-
municating the overall outcome of a society’s state of development (Tanner, 1986). For example,
height is often used to study the impact of living conditions during childhood, which, when
adverse, can decrease adult height (Cole, 2003). Additionally, changes in anthropometric dimen-
sions emphasize health-related living conditions that traditional monetary indicators cannot
entirely cover (Koepke et al., 2018).
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There are several factors that are related to human growth, some of the most relevant being
nutrition, exposure to infectious diseases and mother–child interaction (Cole, 2000). Even though
these relationships are complex in nature, they are often inter-dependent with other social
variables, such as having more education, better jobs and better opportunities in general (Enjezab
et al., 2015; Wronka, 2015; Blackstone, 2017; Kheirouri & Alizadeh, 2017).

It is estimated that approximately 20% of human growth is driven by the cumulative net nutri-
tional history of a population (Silventoinen, 2003; Deaton, 2007; Mcevoy & Visscher, 2009); there-
fore, not only biological preconditions but also socioeconomic and cultural factors, including
females’ situation in society, have to be taken into account to understand the mean height out-
come of a population and the potential changes in health-related well-being (Koepke et al., 2018).

These changes over time in height and other variables across populations are called secular
trends (Hauspie et al., 1996). Secular trends in anthropometric dimensions, such as height, have
been experienced by several populations (Hauspie et al., 1996; Barroso et al., 2005; Arcaleni, 2006;
Matton et al., 2007; Webb et al., 2008; Baynouna et al., 2009; Cardoso & Caninas, 2010;
Schwekendiek & Jun, 2010; Tomkinson et al., 2010; Bielecki et al., 2012; Dos Santos et al.,
2014). In the case of Chile, positive secular trends in height have been observed in school children
(Castellucci et al., 2015) and the general population (Borrescio-Higa et al., 2019), where improve-
ment in overall living conditions is the most likely cause. Secular changes have been shown to be
associated with overall social well-being indicators, such as gross domestic product (GDP) per
capita increments and child mortality decrements (Bozzoli et al., 2007; Borrescio-Higa et al.,
2019). Both indicators have accordingly improved in Chile; in fact, this country has experienced
the worldwide trend of developed countries, whereby undernourishment has been replaced by
obesity and a high prevalence of obesity-related chronic illnesses (Muzzo et al., 2004).

In general, it is assumed that women are shorter than males and that their secular height
increase is lower (Cole, 2003). It is believed that genetics plays only a part in the overall growth
of a person, since, for example, it has been observed that affluent children in developing countries
grow similarly to those in developed countries (Cole, 2000). Evolutionary theories (i.e. that males
are taller to compete over fewer females) have also been questioned, since it has been suggested
that other ecological factors can contribute more to height dimorphism, such as social gender
equality and the behaviours of certain societies that have a larger impact on height differences
between the sexes (Touraille, 2013). The impact of female living conditions on development
and overcoming poverty in patriarchal societies has been recognized as highly relevant, as in these
societies a potentially powerful reason for female discrimination is that investment in sons brings
greater market returns (Strauss & Thomas, 1995), meaning that, for example, sending a male child
to school or university will increase the chances of a family’s success (ComunidadMujer, 2018).
Therefore, in some cases, even female physical work in the household is not considered as deserv-
ing particular food support (Koepke et al., 2018). Chile has experienced several changes in gender
equality, starting in the last 20 years with an explicit policy of gender equality promotion that has
been mainly mediated by the role of women’s organizations at the end of the military regime,
which had the capacity to install in the public agenda the idea that real democracy was not possible
without promoting gender equality at the same time (PNUD, 2010).

Height can also highlight inequality within a society, and it has been used to show that when
there is a height divergence between different ethnic groups, there is probably an imbalance in
living conditions (Uvin, 1999). Moreover, since health inequality variables are intrinsically essen-
tial (Deaton, 2003), where humans groups have particular and diverse characteristics that can
impact health and well-being differently, so height dimorphism is a useful common outcome
indicator to address those differences. As an outcome measure, mean height allows comparisons
of different groups, such as between females and males (Koepke et al., 2018). Distribution of
height is used as an approximate determinant of inequality where monetary measurements are
hard to find or definitively do not exist, as this measure complements conventional inequality
indicators. Final average height and height inequality reflect a birth cohort’s net nutritional intake
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during childhood and youth; hence, it is a primary indicator of the nutritional and health statuses
of a population (Blum, 2014), so average values give a clear illustration of well-being, while
inequality measures highlight differences in living standards (Silventoinen, 2003; Blum, 2014;
Mark, 2014). Conventional income data from earlier time periods and from developing countries
are often weak in quality and low in availability – two reasons for the popularity of anthropometric
data among economic historians and development economists – and while a correlation between
income inequality and height inequality does exist, it is not perfect, since some important inputs
to biological living standards such as public health measures, for example, are often financed by
public funds or statutory insurance (Blum, 2014). Height inequality captures important biological
aspects of inequality and may lead to new insights while serving as a countercheck for conven-
tional indicators (Blum, 2014). Sexual height dimorphism has been used by many authors in order
to address gender inequality and its expression through anthropometrics, since it can measure
multiple contributions to the improvements in living conditions, both formal and informal
(Smith, 1999; Silventoinen et al., 2001; Silventoinen, 2003; Blum, 2014; Mark, 2014; Som et al.,
2014; Wronka, 2015).

Several indicators have been created to measure gender equality across nations, whereby some
countries, such as Sweden, Finland and Denmark, often rank high, while others, such as Yemen,
Afghanistan and Lesotho, rank low (Mark, 2014). From a regional perspective, Latin America
takes third place in gender parity (70.8%), after North America (72.5%) and Western Europe
(75.8%) (WEF, 2018). Chile has experienced substantial improvements in its economy and overall
living conditions in the last 30 years, with poverty rates famously decreasing and household
income, school and higher education assistance rates increasing, together with having a fairly
stable democratic system (PNUD, 2017). However, even though relevant development indicators
of the country have improved, Chile is still a very unequal country, especially when considering
gender differences in income, paid and formal work as well as financial independence (PNUD,
2010; ComunidadMujer, 2018; WEF, 2018).

The aim of this study was to analyse sexual height dimorphism across time in Chile based on
four samples and to establish possible explanations for the differences using two dimensions,
namely, gender equality and general welfare indicators.

Methods
Four samples were used. The data were published in 1974, 1990, 2012 and 2016. The first three
corresponded to data from school populations and the latter from workers, all of them collected by
independent research groups. All of the included samples were part of larger projects aiming to
obtain anthropometric measurements, with a focus on health or ergonomics and design. They all
obtained data through direct measurements performed by teams of two or three evaluators.

Samples

The 1974 sample was extracted from a study conducted in Santiago de Chile, with 1238 females
and 1347 males aged 6–20 years, to obtain anthropometric data to assess growth and health
(Avendaño et al., 1974). The average heights of those aged 17 and older were considered in
the current study (n= 288; 144 males and 144 females). Little additional information useful
for the current study was reported; however, regarding socioeconomic background, the authors
reported that 32% of the females and 33% of the males had fathers whose occupation was an
‘employee’ and a mother who was a ‘housewife’. The rest of the groups fell into the ‘operator–
housewife’ and ‘small business owner–housewife’ categories. No information on sampling strate-
gies was provided. Specific average heights can be seen in detail in Table 1.

The 1990 sample consisted of a total of 842 participants (415 females and 427 males) aged
between 6 and 18 years from the city of Concepción, with the aim of collecting child dimensions
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to design school furniture. In this study, the authors reported that 20% of the sample had a high
socioeconomic status, 46% were of middle socioeconomic status and 34% were of lower socioeco-
nomic status (Gutiérrez & Apud, 1992). The average height of those aged 17 and older was
considered in the current study (n= 64; 32 males and 32 females). It was reported that evaluators
spent considerable time practising until measurements were consistent and followed a standard-
ized procedure. Specific average heights can be seen in detail in Table 1.

The 2012 sample was a stratified representative sample of 1397 females and 1681 males with
ages ranging from 5 to 19 years (11.7 ± 3.5) collected in the Valparaíso region for designing school
furniture (Castellucci et al., 2015). The sample was composed of 26.5%, 63.2% and 10.3% of
participants from low, medium and high socioeconomic backgrounds, respectively. The 2012
sample was collected by the authors of the current paper. The average height of the subjects
who were between 17 and 18 years of age was used (n= 345; 171 males and 174 females).
Evaluators spent considerable time practising until measurements were consistent and followed
a standardized procedure. Specific average heights can be seen in detail in Table 1.

The 2016 sample was collected by the authors of this article as part of a larger research project
and included the collection of a total of 32 anthropometric measures with a focus on ergonomics.
Data were collected on 2946 workers (600 females and 2346 males) from two of the most popu-
lated regions of Chile (Valparaíso and Metropolitana) distributed across nine economic activity
sectors (agriculture and fishing; mining; manufacturing; electricity; construction; commerce;
transport and communications; financial services; and communal and personal services).

The measurement process was carried out by a team of six physiotherapists divided into two
teams. Before starting the survey, the measurement teams underwent a one-week training session,
including a theoretical approach to anthropometrics and practical instruction lectures. Specific
average heights can be seen in detail in Table 1.

Statistical analysis

First, data corresponding to the average height of subjects aged 17 and above were extracted from
the 1974, 1990 and 2012 samples. This was done since at those ages the subjects were probably
closer to their definitive adult height; girls usually reach adult height when they are close to

Table 1. Mean adult heights by birth year and corresponding sample

Birth cohort

Females Males

n Mean height (cm) SD n Mean height (cm) SD

1955a 57 154.9 4.6 57 169.4 5.2

1956a 57 154.9 4.6 57 168.6 5.3

1962d 66 157.2 5.9 390 169.1 6.3

1972d 102 158.7 6.3 567 170.4 6.5

1973b 32 157.9 5.9 32 171.1 6.8

1982d 141 160.2 6.0 712 171.9 6.6

1992d 141 160.2 6.0 661 172.1 6.0

1994c 71 159.0 5.5 69 170.4 6.2

1995c 103 160.6 6.8 102 171.1 6.5

aSample from 1974.
bSample from 1990.
cSample from 2012.
dSample from 2016.
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15 years old and boys at 17 years (Susman & Rogol, 2004; Papalia et al., 2009). Although it varies
among countries, the beginning of puberty and thus of the final growth spurt can be recognized as
being initiated by menarche in girls and secondary sexual characteristics in boys and lasting for
nearly 2 years (Cole, 2000, 2003; Wells, 2012; Ezzati & NCD-RisC, 2016). Chile has experienced a
reduction in the age of puberty appearance, mainly due to improvements in living conditions, as it
has been reported that well-nourished children from families with good socioeconomic conditions
experience the growth spurt earlier than malnourished children from families with poor living
conditions (Wronka, 2015). Most Chilean girls experience menarche at 13 years old and boys
experience the appearance of secondary sexual characteristics at 15 years old (Valenzuela &
Avendaño, 1979; Ivanovic & Ivanovic, 1988; Burrows et al., 2010). These findings have been
reported in other populations (Cole, 2000, 2003). Therefore, it could be considered that 17 years
is the age when both girls and boys in Chile attain their definitive height. Therefore, 17 and above
ages were used since that way the researchers could compare cohorts considering final adult
height, not worrying that heights of a particular cohort varied significantly after it was measured.
Sexual height dimorphism, as stated previously, can be attributed to multiple reasons, mainly due
to the improvements experienced in nutrition, health, education and work, so female living
conditions and corresponding potentialities are acknowledged as key issues for development
and overcoming poverty (UNICEF, 2018a). Trends in overall well-being, measured by mean adult
height, especially for females, can help to clarify the unprecedented increases in the standard
of living and development in Chile (Koepke et al., 2018). Sexual height dimorphism (DIM)
was calculated using the average heights of each age cohort according to the following formula,
as used by Wells (2012):

DIM � �Height male �Height female�=Height female × 100:

This allows percentage variation to be accounted for, using the male dimension as a reference.
Each percentage of sexual dimorphism calculated was then plotted against the corresponding year
of the birth of the sample in question. This was done for the 1974, 1990 and 2012 samples, since
only age and the number of subjects (not individual data) were available for a particular birth
cohort. In the case of the 2016 sample, for which age ranges were available together with individual
data, the year corresponding to the middle point of the range was selected. For each of those years,
gender inequality and overall society well-being indicators were retrieved from Chilean and
international official documents and websites. In some cases, specific year indicators were not
available; in those cases, the nearest year indicator was used (see Table 2).

Global indicators of welfare, such as the infant mortality rate (IMR) and gross domestic
product per capita (GDPc), were used to assess the association between sexual height dimorphism
and changes in state welfare. Gender inequality indicators are quite recent; therefore, they are
often not readily available, especially when looking further back in time, and the same occurs with
women-specific information on work and education and other basic demographic information
(Koepke et al., 2018). One of the latest indicators used is the Gender Inequality Index (GII).
The GII considers several dimensions that account for gender inequality, such as the Maternal
Mortality Ratio (MMR), Adolescent Birth Rate (ABR), share of seats in parliament (SSP), popu-
lation with at least some secondary education (PSE) and the labour force participation rate (LFPR)
(UNDP, 2018). The reproductive health dimension is an indexed value of maternal mortality
ratios and adolescent fertility rates. The empowerment and labour market dimensions utilize
the ratios of male to female parliament members, ratios of male to female population with at least
secondary education, and the ratio of male to female labour force participation. In the case of PSE
and LFPR, the net differences were calculated between female and male populations to assess net
variations (DIFPSE and DIFLFPR, respectively), where positive values indicate a larger male
participation and negative values indicate the opposite; thus, negative values convey more gender
equality on the dimension. Index values range from 0 to 1, with lower values representing
near-perfect gender equality and greater values representing greater levels of gender inequality
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(Mark, 2014; UN, 2018). The GII was calculated for those years where the data were available.
Since information was not available for all variables to calculate the GII, parts of the GII,
together with similar available indicators such as global fertility rates (GFR) and the birth
rate (BR), were also used. This choice was made because reproductive health is one of the
main dimensions that make up the GII, since it can somehow account for women’s control
over their bodies; it has been shown that in highly patriarchal societies women have more

Table 2. Data sources and technical considerations

Dimension Indicator Source Technical considerations

Gender
inequality

Global fertility rate
(GFR)

CELADE-CEPAL-UN
(2013)

The total number of children that would be born
to each woman if she were to live to the end of
her childbearing years and gave birth to children
in alignment with the prevailing age-specific
fertility rate.

Birth rate (BR) DEIS-MINSAL (2012) Number of live births occurring in the population
of a given geographical area during a given year,
per 1000 mid-year total population of the given
geographical area during the same year.

Gender Inequality Index
(GII)

Own elaboration for
years with available
information

Procedure and methods according to UNDP (2018).

Maternal mortality ratio
(MMR)

Koch et al. (2012) Number of women who died during pregnancy
and delivery per 100,000 live births. The data were
estimated according to a regression model that
used information on fertility, birth attendants and
HIV prevalence.

There were no data for 1955, and 1956 was
replaced by data from 1957.

Adolescent birth rate
(ABR)

CELADE-CEPAL-UN
(2004)

Percentage of women between 15 and 19 who
already had children or who were currently
pregnant.

World Bank (2019a) Data from 1955 extracted from CELADE-CEPAL-UN.
Data for 1956 were replaced by data from 1960.
The source of the other years was the World Bank.

Share of seats in the
parliament (SSP)

Own elaboration
based on Valenzuela
(1992)

Between 1973 and 1989 there was a military
dictatorship that closed the parliament.

Population with at least
some secondary
education (PSE)

Barro & Lee (2016) The percentage of population that had access to
higher education.

The year 1962 was replaced by 1960; 1962 was
replaced by 1972; 1973 was replaced by 1975; 1982
was replaced by 1980; and 1992 was replaced by
1990.

Labour force
participation rate (LFPR)

World Bank (2019e) The percentage of total population age 15� who
were employed.

The year 1962 was replaced by 1960.

The year 1972 was replaced by 1970.

Overall
welfare

Infant mortality rate
(IMR)

CELADE-CEPAL-UN
(2013)

Deceased children under one year of age for every
1000 live births in a given year.

Gross domestic product
per capita (GDPc)

World Bank (2019b) Dividing a country’s GDP for a particular period by
its average population for the year.
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children due to a lack of empowerment (Mark, 2014; Enjezab et al., 2015) and the use of
reproductive health services by women is a function of the availability of facilities and
gendered inequalities that influence women’s access to social and economic resources, freedom
of movement and decision-making power in matters that are significant to their well-being (Banda
et al., 2017).

Overall welfare indicators were IMR and GDPc, which have also been used to assess
societies’ progress and have been associated with height variations (Bozzoli et al., 2007;
Borrescio-Higa et al., 2019). Additional details of the sources and technical notes on the
indicators can be seen in Table 2.

After gender equality and welfare indicators were retrieved or calculated, a single point was
determined for each of the years selected. Finally, Spearman’s correlation coefficients were used
to compare sexual height dimorphism, gender inequality and the society’s overall welfare
indicators. In some cases, the complete series for GII were not calculated because of missing infor-
mation. In those cases, correlations were carried out with relevant subcomponents of the GII.
Since only nine points across time were retrievable, the contribution of each point to the correla-
tion was checked using a Bonferroni influence case analysis in order to check abnormal contri-
butions of a particular data point (Fox & Weisberg, 2011)

Results
Table 3 shows the values of the gender and well-being indicators by year. It was noted that indi-
cators reflecting a reduction in gender inequality (MMR, ABR, SSPF, PSEF, DIFPSE, LFPRF,
DIFLFPR, GII, BR, GFR) showed a tendency to decrease with time in Chile, showing an improve-
ment in gender equality. The same can be observed for overall living conditions indicators, where
GDPc has consistently increased and IMR has decreased since 1955. From Table 3, it is possible to
note that sexual height dimorphism (DIM) decreased from 9.4% in 1955 to 6.5% in 1995, indi-
cating an increase in average female height when compared with males.

Table 4 shows the results of the Spearman correlations. Sexual height dimorphism (DIM) was
found to be statistically significantly correlated with MMR (moderately high: 0.7857; p< 0.05),
ABR (moderately high 0.6667; p< 0.05), PSEF (strong: −0.8571; p< 0.05), BR (moderately high:
0.7833; p< 0.05), GFR (strong: 0.8167; p< 0.01) and IMR (strong: 0.8908; p< 0.01). All the

Table 3. Gender indicators, general well-being indicators and sexual height dimorphism, Chile, 1955–1995

Year MMR ABR SSPF PSEF PSEM DIFPSE LFPRF LFPRM DIFLFPR GII DIM BR GFR GDPc IMR

1955 N/A 80 0.006 20.5 21.2 0.59 N/A N/A N/A N/A 9.4 35.1 4.9 N/A 120.3

1956 270.7 88.4 0.006 N/A N/A N/A N/A N/A N/A N/A 8.8 36 5.4 N/A 118.3

1962 259.5 89.3 0.034 22.1 22.7 0.58 22.74 85.1 62.4 0.68 7.6 37.9 5.4 669.6 109.0

1972 113.5 85.1 0.06 26.5 26.8 0.28 21.66 79.5 57.8 0.61 7.3 28 4.0 1067 68.6

1973 113.6 82.8 0.093 26.2 26.2 −0.04 N/A N/A N/A N/A 8.4 27.5 3.6 1667.5 68.6

1982 51.8 67.1 N/A 27.1 26.9 −0.14 27.37 68.3 40.9 N/A 7.3 23.4 2.7 1884 23.7

1992 30.9 64.9 0.058 38.4 38.4 0.00 33.41 75.5 42.1 0.47 7.4 21.5 2.3 3288.55 14.1

1994 25.6 63.8 0.075 N/A N/A N/A 35 76.6 41.6 N/A 7.1 20.4 2.2 4045.6 14.1

1995 31.2 63.2 0.075 39.5 39.3 −0.18 33.93 75.2 41.2 0.45 6.5 19.4 2.2 5137.3 11.5

MMR: maternal mortality ratio; ABR: adolescent birth rate; SSPF: share of seats in parliament (% held by women); PSEF: population with at
least some secondary education, female; PSEM: population with at least some secondary education, male; DIFPSE: difference between PSEM
and PSEF; LPRFF: labour force participation rate, female; LPRFM: labour force participation rate, male; DIFLFPR: difference between LFPRM
and LFPRF; GII: Gender Inequality Index; DIM: height dimorphism(%); BR: birth rate; GFR: global fertility rate; GDPc: gross domestic product
per capita; IMR: infant mortality rate.
N/A: information not available.
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Table 4. Spearman’s correlation matrix

MMR ABR SSPF PSEF DIFPSE LFPRF DIFLFPR GII DIM BR GFR GDPc IMR

MMR 1

ABR 0.8809* 1

SSPF −0.5045 −0.4819 1

PSEF −0.9428* −0.7500 0.6000 1

DIFPSE 0.5428 0.6428 −0.8857* −0.8214* 1

LFPRF −0.8857* −0.8857 0.6668 0.9000* −0.8000* 1

DIFLPR 0.4857 0.6571 −0.8720 −0.7000 0.9000* −0.5428 1

GII 0.8000 1.0000 −0.8000 −1.0000** 1.0000* −0.8000 1.0000* 1

DIM 0.7857* 0.6667* −0.6265 −0.8571* 0.7500 −0.6571 0.7714 0.8000 1

BR 0.8809* 0.9500** −0.7229* −0.9285** 0.8571* −0.8857* 0.6571* 1.0000** 0.7833* 1

GFR 0.9047* 0.9333** −0.7590* −0.9285** 0.8571* −0.8857* 0.6571* 1.0000** 0.8167** 0.9833** 1

GDPc −0.8571* −1.0000** 0.5218* 0.9429** −0.8286* 0.8857* −0.6571* −1.0000** −0.7500 −1.0000** −1.0000** 1

IMR 0.9157** 0.8068** −0.7378* −0.9910** 0.8649* −0.8407* 0.6377* 1.0000** 0.8908** 0.9244** 0.9412** −0.9820** 1

MMR: maternal mortality ratio; ABR: adolescent birth rate; SSPF: share of seats in parliament (% held by women); PSEF: population with at least some secondary education, female; DIFPSE: difference between PSEM
and PSEF; LPRFF: labour force participation rate female; DIFLFPR: difference between LFPRM and LFPR; GII: Gender Inequality Index; DIM: height dimorphism; BR: birth rate; GFR: global fertility rate; GDPc: gross
domestic product per capita; IMR: infant mortality rate.
*p< 0.05, **p< 0.01.
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previously mentioned variables were correlated at least at moderately high levels with height
dimorphism. The net differences in DIFPSE (0.7500; p= 0.052) and DIFLFPR (0.7714; p= 0.07)
showed moderately high correlations; however, the significance levels were barely above the limits.
Table 4 shows that GDPc was positively correlated with indicators for which females improved
their participation, such as SSPF (moderate: 0.5218; p< 0.05), PSEF (strong: 0.9429; p< 0.01) and
LFPRF (0.8857; p< 0.05). GDPc was negatively correlated with indicators that experienced a
decrease with time or a decrease in the gap, such as GII (strong: −1.0000; p< 0.01) and some
of its components, such as ABR (strong: −1.000; p< 0.05), DIFPSE (strong: −0.8286; p< 0.05),
DIFLFPR (moderately high: −0.6571; p< 0.05). GDPc also showed negative correlations with BR
(strong: −1.0000; p< 0.01), GFR (strong: −1.0000; p< 0.01) and IMR (strong: −0.9820; p< 0.05).
IMR showed similar patterns, with it being positively correlated with GII (strong: 1.0000;
p< 0.01) and some of its components, such as MMR (strong: 0.9157; p< 0.01), ABR (strong:
0.8068; p< 0.01), DIFPSE (strong: 0.8649; p< 0.05) and DIFLFP (moderately high: 0.6377;
p< 0.05). IMR also showed a positive correlation with BR (strong: 0.9244; p< 0.01) and
GFR (strong: 0.9412; p< 0.01).

After the Bonferroni analysis, only one atypical observation was found, corresponding to SSPF
in 1973. After removal of that value, a new Spearman correlation was calculated, indicating that
SSPF was negatively correlated (strong: −0.9819805; p< 0.01) with height dimorphism. The over-
all results of the Bonferroni test are shown in Table 5.

Discussion
The Gender Inequality Index and height dimorphism

All of the gender equality indicators, except for GII, showed significant correlations with sexual
height dimorphism. This finding is contrary to that of Mark (2014), who found that height varia-
tion in females for 96 nations was negatively correlated with GII. In the current paper, a lack of

Table 5. Bonferroni test results

Indicator
Atypical case observation

number (year)
Standardized
Residual Test

Un/adjusted
p-value

Bonferroni
p

Spearman’s rho after
removing atypical value

MMR 3 (1962) −2.142852 0.08501 0.68008 —

ABR 1 (1955) 2.706137 0.035287 0.31758 —

SSPF 5 (1973) 4.86662 0.0046064 0.036852 −0.9819805**

PSEF 1 (1955) 2.286859 0.084148 0.58903 —

DIFPSE 1 (1995) 2.002923 0.11573 0.81011 —

LFPRF 9 (1995) −3.46417 0.040517 0.2431 —

DIFLFPR 9 (1995) −3.999309 0.028021 0.16813 —

GII 7 (1992) 8.768255 0.072293 0.28917 —

BR 3 (1962) −3.390857 0.01466 0.13194 —

GFR 3 (1962) −2.422569 0.051682 0.46514 —

GDPc 5 (1973) 3.771091 0.019586 0.1371 —

IMR 3 (1962) −2.505987 0.046153 0.41538 —

MMR: maternal mortality ratio; ABR: adolescent birth rate; SSPF: share of seats in parliament (% held by women); PSEF: population with at
least some secondary education, female; DIFPSE: difference between PSEM and PSEF; LPRFF: labour force participation rate, female; DIFLFPR:
difference between LFPRM and LFPRF; GII: Gender Inequality Index; DIM: height dimorphism (%); BR: birth rate; GFR: global fertility rate; GDPc:
gross domestic product per capita; IMR: infant mortality rate. *p< 0.05; **p< 0.01.

Journal of Biosocial Science 9

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932019000890
Downloaded from https://www.cambridge.org/core. TU Technische Universiteit Delft, on 23 Apr 2020 at 13:18:43, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0021932019000890
https://www.cambridge.org/core


information did not allow the full series of GII to be calculated. Historical female information
is often scarce, since very often even basic information is missing for the historical female
population, as in general women used to live in an informal and invisible economy (Koepke
et al., 2018). Although the GII was not correlated with sexual height dimorphism, all the other
variables were correlated in the expected way; therefore, the findings suggest that given the
information available, gender equality could provide an explanation for the reduction in sex-
ual height dimorphism observed in the study samples. In the case of Mark (2014), regarding
the relationships between female height variance and other general- and gender-specific
indicators, after factor analysis, it was found that the variance in height was best defined
by loading for gender inequality.

Other research has suggested that gender equality is a predictor of height for both males and
females (Lippa, 2009). In the current study, other health-related indicators, such as the maternal
mortality rate, adolescent birth rate, birth rate and global fertility rate, behaved accordingly, with a
reduction in sexual height dimorphism, indicating that in Chile, gender inequality reduction is
most likely to be a major cause of the reduction in sexual height dimorphism. It is worth men-
tioning that the sexual height dimorphism and gender-specific health indicator gap reduction is a
net one, meaning that it does not depend on the improvements associated with the male popula-
tion but only with the female population, thus providing more arguments for gender equality on
this dimension.

Height dimorphism and women’s health indicators

The results show that height dimorphism experienced a reduction in the studied samples. All
variables that were significantly correlated with height dimorphism behaved in the expected
way. For example, all of the women’s health-related dimensions that somehow account for gender
equality, such as the maternal mortality rate, adolescent birth rate, birth rate and the global fertility
rate, all showed positive significant correlations with height dimorphism (at least at moderate and
high levels). These results were expected, since gender inequality is often seen in places where
women die in pregnancy (or soon after) or where they become mothers earlier and have more
children, reflecting less control over their bodies and less access to health and contraception
(Blackstone, 2017; Kheirouri & Alizadeh, 2017; Morgan et al., 2017).

Women and adolescent girls of reproductive age experience a complex relationship between
gender inequality, poverty, pregnancy and childbirth that can expose them to increased risk
during childbearing (UNICEF, 2018b). A lack of autonomy to make decisions about one’s
own health care, low levels of education circumscribing the ability to make informed health
care decisions, limited control over financial resources and other factors make it difficult for
women to receive the quality care needed for healthy pregnancies and deliveries (WHO,
2014, 2018; UNICEF, 2018b). In fact, the United Nations Human Rights Council has stated
that maternal mortality and, similarly, women’s adverse reproductive health outcomes are a
reflection of gender inequality (UNHRC, 2011). Latin America has experienced a significant
reduction in MMR, from 135 maternal deaths per 100,000 live births in women aged 15–49
in 1990 to 68 deaths per 100,000 live births in 2015 (UNICEF, 2018b). In the current study,
it is likely that height dimorphism reduction was related to a greater increase in gender equality,
as represented by reproductive health and associated decision-making. In the case of Chile, for
example, the MMR decreased from 270.7 in 1956 to 22.8 in 2015 (DEIS-MINSAL, 2019a), the
birth rate dropped from 35.1 per 1000 to 12.8 for every 1000 in 2016 (DEIS-MINSAL, 2019b),
and the GFR experienced a dramatic decrease, whereby Chilean women had on average 1.7
children in 2016 versus 5.0 children in 1955, showing that the overall trend was quite close
to developed countries such as Finland – the country that has consistently scored better on
gender equality indicators (World Bank, 2019f).
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Height dimorphism and education

The study found that height and sexual dimorphism were negatively correlated with the percent-
age of population that had access to secondary education (PSEF female), meaning that the height
difference between females and males decreased when more women attended high school. The
differences between male and female participation in secondary education (DIFPSE) showed a
correlation but barely above significance levels (p= 0.052).

Women in developed countries usually postpone childbearing to pursue higher education and
work, reflecting more independence and gender equality when compared with countries where the
opposite happens (UNICEF, 2018b). Education is a dimension on which Chile has experienced
great improvements: for example, an increase in net assistance rates for secondary education in the
last two decades, especially for females, where female adolescents had 61.4% and male adolescents
58.5% net assistance rates in 1990, up to 74.8% and 71% in 2015, respectively (ComunidadMujer,
2018). Higher education has experienced even more dramatic improvements, with net assistance
rates from 1990 to 2015 ranging from 10.9% to 39.1% for females and from 13.3% to 36.3% for males
(ComunidadMujer, 2018). This reduction in the education gender gap is a worldwide trend, even
though in many countries 39.0% of women are still illiterate (WEF, 2018). It is known that better
education, especially for women, has an impact on them and their offspring (Osmani & Sen, 2003;
Maurer, 2010; Enjezab et al., 2015; Blackstone, 2017), thus affecting biological factors such as height
through a ‘health dynasty’ transmitted from one generation to another (Silventoinen, 2003; Oxley,
2016). The findings of the current study also show a similar correlation pattern between education
and female height obtained by previous studies (Mark, 2014; Koepke et al., 2018), thus indicating that
female average height is increasing and sexual height dimorphism is decreasing.

Height dimorphism, work and parliament seats

The share of seats in parliament of females (SSPF), after the Bonferroni analysis, showed a strong
negative correlation with sexual height dimorphism. This was also no surprise, since gender equal-
ity usually translates into having more women in parliament seats and managerial positions
(WEF, 2018). The labour force participation of females (LPRFF) and the differences compared
with males (DIFLFPR) showed a correlation but not within significance limits. This could be
due to the many missing historical data points. However, it is worth noting that rates of inactive
working age women in Chile have decreased, while male rates have been sustained. For example,
women experienced a labour participation increase from 37.4% in 1990 to 56.6% in 2015, while
male participation rates remained relatively constant, ranging from 80.6% to 79.7% from 1990 to
2015 (World Bank, 2019c, d). Despite the improvements, this shows quite a low participation rate,
being one of the lowest among OECD countries (INE, 2015).

The reasons why women are still significantly kept away from the work market in Chile have to
do with the fact that often women assume non-paid or informal work, mainly assuming unpaid
domestic work. In the case of Chile, despite a reduction from 85.7% in 1990 to 54.7% in 2015, women
still state that the reason for not working is related to domestic work and caring for others (INE,
2015; ComunidadMujer, 2018). In fact, Chilean girls aged between 5 and 17 years still spend 50%
or more of their time doing domestic chores than boys of the same age (MINDES-MINTRAB-
ILO, 2013). These reasons have also been reported by other authors, who have found that girls
perform more work than boys at home, both in terms of chores and caring for relatives (UNICEF,
2016, 2017; Koepke et al., 2018). This is a worldwide situation, whereby girls aged 5–9 years and
10–14 years spend 30% and 50% more of their time, respectively, on household chores than boys
of the same age (UNICEF, 2018a); thus, patriarchal influences start from a very young age for girls.
Women, and especially girls, are more hindered by the time spent on chores, since it stops them
from essential development activities such as having time to play, building social networks and
focusing on their education, thus reflecting gender inequality that may affect their physical and
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cognitive development (UNICEF, 2016). Work and parliament share of seats are areas where Chile
still has to catch up regarding gender equality, and the legislative power is currently discussing
policies to address these areas. Progress in this area, similar to health-related areas, is a net
improvement, showing a convergence towards more gender equality.

Height dimorphism and general welfare indicators

Regarding general welfare indicators, the only one that had a strong correlation with sexual height
dimorphism was infant mortality rate (IMR). Gross domestic product per capita (GDPc) showed a
strong correlation; however, the significance level was barely above the limits (p= 0.052). This
finding regarding GDPc and height has been found in previous studies, where the contribution
of GDPc to height variation was not significant but IMR was (Bozzoli et al., 2007; Borrescio-Higa
et al., 2019). Despite this fact, GDPc showed significant negative correlations with GII and some of
its components, such as MMR and ABR, and also had significant negative correlations with the
differences found in secondary education (DIFPSE), labour participation rates (DIFLFPR), birth
rate, global fertility rate and infant mortality rate. GDPc showed positive correlations with female
parliament representation (SSPF), secondary education (PSEF) and labour participation (LFPRF).
The infant mortality rate showed similar patterns, as it was positively correlated with GII and some
of its components, such as the maternal mortality rate, adolescent birth rate and DIFPSE and
DIFLFP, which also showed positive correlations with the birth rate and global fertility rate. The
previously stated patterns could suggest a closer relationship between gender equality and child
health indicators in Chile with GDPc, but not with height, which has been observed in other studies
(Silventoinen, 2003; Bozzoli et al., 2007; Mark, 2014).

Both the infant mortality rate and GDPc have experienced significant improvements in Chile.
In fact, the GDPc increase has led to Chile recently being labelled as a high-income economy by
the World Bank (World Bank, 2018a). The infant mortality rate has decreased dramatically since
1955 from 120.3 to 11.5 (DEIS-MINSAL, 2019b) in 1995, while GDPc has increased from 669.6
US$ in 1962 to 5137.3 US$ in 1995 (World Bank, 2018a). In the case of Chile, the infant mortality
rate has been mainly reduced through efforts focusing on free perinatal health services for women
bearing children and supplementary food and milk programmes directed at women and children,
even during the 1973–1989 period when democracy was interrupted (Borrescio-Higa et al., 2019).
These state-wide efforts, mainly focused on women and their relationship with their offspring,
probably translated into a reduction in gender inequalities, especially by providing childbearing
mothers with free, high-quality health care and nutrition, which have been pinpointed together
with education as fundamental pillars of gender equality (UNICEF, 2017), thus possibly explain-
ing why the maternal mortality rate, adolescent birth rate, birth rate and global fertility rate were
more strongly related than GDPc to height dimorphism.

Chile: height and gender equality overview

Chile has experienced great improvements in gender equality: it was ranked 54 of 159 countries in
2018 in terms of the Global Gender Gap and has reportedly closed 72% of its gender gap (WEF,
2018). Despite this progress, significant gender inequalities still persist in Chile, especially regard-
ing paid employment (ComunidadMujer, 2018; WEF, 2018). Women face several challenges from
when they are young girls that boys of the same age do not. This is mainly due to cultural norms
that discriminate or clearly harm girls. For example, female infanticide and preference for males in
terms of food and medical care have resulted in 50 million females being absent from India alone
(Mark, 2014), while other practices such as genital mutilation and child marriage focus on girls
(UNHRC, 2011; Mark, 2014; UNICEF, 2016, 2017).

Luckily, these practices do not occur in Chile, but discriminatory practices and education have
been present, since it was common for females born before the 1960s not to finish secondary
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education or to have to ask permission to attend university; it was assumed that they would be
housewives and be financially supported by a husband, hindering any chance of development and
independence (ComunidadMujer, 2018). Currently, women in Chile have higher labour partici-
pation rates than ever before and have actually surpassed male participation in higher education.
However, they still perform the majority of the housework and study for service-related careers
and are under-represented in engineering and science subjects (Arzola, 2011; Álvarez, 2015;
ComunidadMujer, 2018).

The relationship between mothers and their children, together with nutrition and health, has a
relevant impact on overall well-being, whereby mothers who have a stronger bond with their chil-
dren tend to have healthier outcomes and taller children (Cole, 2000). Similarly, increases in
mother’s height have been associated with a lower risk of poor child health (Bhalotra &
Rawlings, 2011). Deaton (2009) found that in India, where gender inequality has significantly
higher indicators, height dimorphism has increased in some cohorts, attributing the finding to
‘a differential access to whatever improvements there have been in health or food or both’.
Other authors have found a positive secular trend in Indian girls’ height, most likely stemming
from improvements in living conditions such as nutrition and access to health care among women
and girls (Agarwal et al., 1992). Therefore, it is possible that higher height dimorphism in the older
cohorts of the current study is related to gender inequalities, since it has been observed that dif-
ferential access to education, health and other welfare benefits can lead to height variations within
the same group, especially in developing countries (Som et al., 2014) such as Chile in the years
before 1990. Africa is the one exception: despite the poverty and adverse situation of women, they
are actually taller than older cohorts; however, this has been attributed to a likely mortality selec-
tion favouring taller women (Deaton, 2007). In the current study, birth year was considered the
criterion for analysing the data since growth is considered cumulative during the first 2 years of an
individual’s life; therefore, the birth year can be considered a proxy for a starting point in height
gain (Tanner, 1986, 1992; Cole, 2000, 2003).

As shown in Figure 1, the GII shows a clear trend of gender inequality reduction in Chile;
therefore, it would be interesting to compare height dimorphism using data from Chileans
exposed to higher gender equality. In 2018, empowered by the #metoo movement, Chile experi-
enced massive social movements demanding more gender equality policies, especially in educa-
tion and work dimensions (Ruiz & Miranda, 2018; Salvo, 2018). Further research could examine
height dimorphism, especially in cohorts born after 2011, when the government funded paid
maternal leave for all employed women.

Study limitations

The limitations of the current study include the lack of basic historical female data. It is worth
remembering that Chile was under a military regime from 1973 to 1989; therefore, some
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indicators prior to 1989 were not available (Ruiz & Boccardo, 2014). Even during democratic
periods, information was not available, showing that historically Chile did not address females
and their basic demographic data thoroughly, similar to what was found by Koepke et al.
(2018). The unavailability of raw data did not allow a more in-depth causal analysis to be
performed, but the averages used apparently showed a small sample, with each of the data points
corresponding to 3.076 observations. Since correlation models were used, causation could not be
attributed to a particular variable; however, the relationships and historical data collected suggests
that a relationship is highly probable. On the other hand, a strength of the current study was its use
of directly measured dimensions by trained health professionals following a standardized protocol
that ensured a high quality of data, and that was also more reliable than self-reported measures
(Viviani et al., 2018).

Conclusion

Gender equality has improved significantly in Chile, even though some gender differences are still
present. The current study found a reduction in the gap between female and male heights that was
correlated with a reduction in gender inequality. Women’s reproductive health indicators,
education and child mortality rate were found to be correlated with sexual dimorphism. The
GDP per capita did not show significant differences. Generally, variation in mean height is a proxy
for changing environmental conditions affecting growth and, therefore, final height attainment.
Accordingly, it seems that sexual height dimorphism can be used to complement the assessment of
gender equality in a way that some well-being global indicators may not consider, highlighting
more clearly gender inequalities (Uvin, 1999; Koepke et al., 2018).
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2012. MINDES-MINTRAB-ILO, Santiago de Chile.
Morgan R, Tetui M, Kananura RM, Ekirapa-Kiracho E and George AS (2017) Gender dynamics affecting maternal health

and health care access and use in Uganda. Health Policy and Planning 32, v13–v21.
Muzzo S, Burrows R and Cordero JRI (2004) Trends in nutritional status and stature among school-age children in Chile.

Nutrition 29(10), 867–872.
Osmani S and Sen A (2003) The hidden penalties of gender inequality: fetal origins of ill-health. Economics and Human

Biology 1(1), 105–121.
Oxley D (2016) Female heights and exonomic development. Theory and evidence. In Komlos J and Kelly RI (eds) The Oxford

Handbook of Economics and Human Biology. Oxford University Press, Oxford, p. 831.
Papalia D, Wendkos Old S and Duskin Feldman R (2009) Human Development (11th Edition). McGraw-Hill Higher

Education, New York.
PNUD (2010) Informe de Desarrollo Humano en Chile. Género: los desafíos de la igualdad. PNUD, Santiago de Chile.
PNUD (2017) Desiguales: Orígenes, cambios y desafíos de la brecha social en Chile. PNUD, Santiago de Chile.
Ruiz C and Boccardo G (2014) Los chilenos bajo el neoliberalismo. Nodo XXI/El Desconcierto.
Ruiz C and Miranda C (2018) El neoliberalismo y su promesa incumplida de emancipación: bases del malestar y de la ola

feminista. Anales de La Universidad de Chile 14, 189–201.
Salvo V (2018) Protestas feministas: los movimientos contra el abuso y la desigualdad de género que se han tomado la

escena mundial. El Mercurio Online (EMOL). URL: https://www.emol.com/noticias/Internacional/2018/05/16/906290/
Manifestaciones-feministas-Los-movimientos-contra-el-abuso-y-las-desigualdades-de-genero-que-se-han-tomado-la-escena-
internacional.html (accessed 25th May 2019).

Schwekendiek D and Jun S (2010) From the poorest to the tallest in East Asia : the secular trend in height of South Koreans.
Korea Journal 50(3), 151–175.

Silventoinen K (2003) Determinants of variation in adult body height. Journal of Biosocial Science 35, 263–285.
Silventoinen K, Kaprio J, Lahelma E, Viken RJ and Rose RJ (2001) Sex differences in genetic and environmental factors

contributing to body-height. Twin Research March, 24–29.
Smith RJ (1999) Statistics of sexual size dimorphism. Journal of Human Evolution 36(4), 423–459.
Som, S., Ulijaszek S, Pal M, Bharati S, Bharati P, Som S et al. (2014) Variation in height and BMI of adult Indians. Journal of

Biosocial Science 46(1), 47–65.
Strauss J and Thomas D (1995) Human resources: empirical modeling of household and family decisions. In Behram J and

Srinivasa T (eds) Handbook of Development Economics. Elsevier Science, Amsterdam, Vol. III, pp. 1883–2023.
Susman E and Rogol A (2004) Puberty and psychological development. In Lerner R and Steiberg L (eds) Hanbook of

Adolescent Psycology, 2nd Edition. John Wiley & Sons Inc, Hoboken, NJ, pp. 15–44.
Tanner J (1986) Growth as a mirror of the condition of society: secular trends and class distinctions. In Demirjian A (ed.)

Human Growth: A Multidisciplinary Review. Taylor and Francis, London.
Tanner J (1992) Growth as a measure of the nutritional and hygienic status of a population. Hormone Research 38(1),

106–115.
Tomkinson GR, Clark AJ and Blanchonette, P (2010) Secular changes in body dimensions of Royal Australian Air Force

aircrew (1971–2005). Ergonomics 53(8), 994–1005.
Touraille P (2013) Human Sex Differences in Height: Evolution due to Gender Hierarchy? In Ah-King M (ed.) Challenging

Popular Myths of Sex, Gender and Biology. Springer, Cham, pp. 65–75.

16 Hector Castellucci et al.

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932019000890
Downloaded from https://www.cambridge.org/core. TU Technische Universiteit Delft, on 23 Apr 2020 at 13:18:43, subject to the Cambridge Core terms of use,

https://www.emol.com/noticias/Internacional/2018/05/16/906290/Manifestaciones-feministas-Los-movimientos-contra-el-abuso-y-las-desigualdades-de-genero-que-se-han-tomado-la-escena-internacional.html
https://www.emol.com/noticias/Internacional/2018/05/16/906290/Manifestaciones-feministas-Los-movimientos-contra-el-abuso-y-las-desigualdades-de-genero-que-se-han-tomado-la-escena-internacional.html
https://www.emol.com/noticias/Internacional/2018/05/16/906290/Manifestaciones-feministas-Los-movimientos-contra-el-abuso-y-las-desigualdades-de-genero-que-se-han-tomado-la-escena-internacional.html
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0021932019000890
https://www.cambridge.org/core


UN (2018) Human Development Indices and Indicators: 2018 Statistical Update. United Nations, Washington, DC.
UNDP (2018)Human Development Indices and Indicators. 2018 Statistical Update. United Nations Development Programme,

Vol. 27, Washington, DC.
UNHRC (2011) Practices in Adopting a Human Rights-Based Approach to Eliminate Preventable Maternal Mortality and

Human Rights. A/ HRC/18/27. UNHRC, New York.
UNICEF (2016) Harnessing the Power of Data for Girls. UNICEF, New York. URL: www.data.unicef.org (accessed May 10th

2019).
UNICEF (2017)UNICEF Gender Action Plan, 2018–2021. International Organization, July 2017, 2018–2021. URL: https://doi.

org/10.1017/S0020818300009346 (accessed May 10th 2019).
UNICEF (2018a) Gender Equality Overview. URL: https://data.unicef.org/topic/gender/overview/ (accessed May 10th 2019).
UNICEF (2018b) Maternal Health. URL: https://data.unicef.org/topic/gender/maternal-health-gender/ (accessed 10th May

2019).
Uvin P (1999) Ethnicity and power in Burundi and Rwanda: different paths to mass violence. Comparative Politics 31(3),

253–271.
Valenzuela C and Avendaño A (1979) Antropometría y maduración sexual en escolares de un area de Santiago de Chile.

Boletín de la Oficina Sanitaria Panamericana 87(2), 113–131.
Valenzuela GU (1992) Historia política de Chile y su evolución electoral: Desde 1810 a 1992. Editorial jurídica de Chile,

Santiago de Chile.
Viviani C, Arezes PM, Bragança S, Molenbroek J, Dianat I and Castellucci HI (2018) Accuracy, precision and reliability in

anthropometric surveys for ergonomics purposes in adult working populations: a literature review. International Journal of
Industrial Ergonomics 65, 1–16.

Webb EA, Kuh D, Pajak A, Kubinova R, Malyutina S and Bobak M (2008) Estimation of secular trends in adult height,
and childhood socioeconomic circumstances in three Eastern European populations. Economics and Human Biology 6(2),
228–236.

WEF (2018) The Global Gender Gap Report 2018. WEF, Sologny/Geneva.
Wells JCK (2012) Sexual dimorphism in body composition across human populations: associations with climate and proxies

for short- and long-term energy supply. American Journal of Human Biology 24(4), 411–419.
WHO (2014) Trends in Maternal Mortality: 1990–2013. WHO, Geneva.
WHO (2018) Maternal Mortality Fact Sheets. WHO, Geneva. URL: https://www.who.int/news-room/fact-sheets/detail/

maternal-mortality (accessed 29th May 2019).
World Bank (2018a) World Bank Country and Lending Groups. URL: https://datahelpdesk.worldbank.org/knowledgebase/

articles/906519-world-bank-country-and-lending-groups (accessed 23rd May 2019).
World Bank (2018b) World Bank Open Data – Chile GDP (Current $USD). URL: https://data.worldbank.org/indicator/NY.

GDP.MKTP.CD?locations=CL&view=chart (accessed 25th December 2018).
World Bank (2019a) Adolescent Fertility Rate (Births per 1,000 Women ages 15–19). URL: https://data.worldbank.org/

indicator/SP.ADO.TFRT?locations=CL (accessed 3rd June 2019).
World Bank (2019b) GDP Per Capita (Current US$). URL: https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?

locations=CL (accessed 3d June 2019).
World Bank (2019c) Labor Force Participation Rate, Female (% of Female Population Ages 15–64) (Modeled ILO Estimate).

URL: https://data.worldbank.org/indicator/SL.TLF.ACTI.FE.ZS?locations=CL&view=chart (accessed 25th May 2019).
World Bank (2019d) Labor Force Participation Rate, Male (% of Male Population Ages 15–64) (Modeled ILO Estimate). URL:

https://data.worldbank.org/indicator/SL.TLF.ACTI.MA.ZS?locations=CL&view=chart (accessed 25th May 2019).
World Bank (2019e) Labor Force Participation Rate, Total (% of Total Population Ages 15�) (Modeled ILO Estimate). URL:

https://data.worldbank.org/indicator/sl.tlf.cact.zs (accessed 6th June 2019).
World Bank (2019f) Total Fertility Rates per Country. URL: https://data.worldbank.org/indicator/sp.dyn.tfrt.in (accessed 23rd

May 2019).
Wronka I (2015) Body height and socioeconomic status of females at different life stages. Journal of Biosocial Science 45(4),

471–480.

Cite this article: Castellucci H, Viviani C, Boccardo G, Arezes P, Bartsch Á, Martínez M, Aparici V, Molenbroek JFM, and
Bragança S. Gender inequality and sexual height dimorphism in Chile. Journal of Biosocial Science. https://doi.org/10.1017/
S0021932019000890

Journal of Biosocial Science 17

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932019000890
Downloaded from https://www.cambridge.org/core. TU Technische Universiteit Delft, on 23 Apr 2020 at 13:18:43, subject to the Cambridge Core terms of use,

www.data.unicef.org
https://doi.org/10.1017/S0020818300009346
https://doi.org/10.1017/S0020818300009346
https://data.unicef.org/topic/gender/overview/
https://data.unicef.org/topic/gender/maternal-health-gender/
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/SP.ADO.TFRT?locations%3DCL
https://data.worldbank.org/indicator/SP.ADO.TFRT?locations%3DCL
https://data.worldbank.org/indicator/SP.ADO.TFRT?locations%3DCL
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations%3DCL
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations%3DCL
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations%3DCL
https://data.worldbank.org/indicator/SL.TLF.ACTI.FE.ZS?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/SL.TLF.ACTI.FE.ZS?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/SL.TLF.ACTI.FE.ZS?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/SL.TLF.ACTI.MA.ZS?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/SL.TLF.ACTI.MA.ZS?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/SL.TLF.ACTI.MA.ZS?locations%3DCL&view%3Dchart
https://data.worldbank.org/indicator/sl.tlf.cact.zs
https://data.worldbank.org/indicator/sp.dyn.tfrt.in
https://doi.org/10.1017/S0021932019000890
https://doi.org/10.1017/S0021932019000890
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0021932019000890
https://www.cambridge.org/core

	Gender inequality and sexual height dimorphism in Chile
	Introduction
	Methods
	Samples
	Statistical analysis

	Results
	Discussion
	The Gender Inequality Index and height dimorphism
	Height dimorphism and women's health indicators
	Height dimorphism and education
	Height dimorphism, work and parliament seats
	Height dimorphism and general welfare indicators
	Chile: height and gender equality overview
	Study limitations
	Conclusion

	References


