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ABSTRACT

This article analyses the evolution of nutritional inequality in Spain
among cohorts born between 1840 and 1964. With male height data
(N =358,253), the secular trend of biological well-being and intergenera-
tional anthropometric inequalities are studied based on the coefficient of
variation, height percentiles and socioeconomic categories (students, liter-
ate non-students and illiterate). The results reveal that the nutritional
inequalities were very large in the mid-19" century. Anthropometric
inequalities diminished among those born between 1880 and 1919 and
increased again, although only moderately, from the cohorts of the
1920s. From the 1930s there was a cycle of sustained increase in height.
Despite nutritional improvement, the data suggest that nutritional inequal-
ities increased during the Franco regime, affecting the low-income popula-
tion segments particularly.
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RESUMEN

Este articulo analiza la evolucién de la desigualdad en el estado nutri-
cional neto en Espafia entre las cohortes nacidas entre 1840 y 1964. A par-
tir de estaturas masculinas (N = 358.253) se estudia la tendencia secular del
bienestar biolégico y la evolucién de las desigualdades antropométricas
utilizando el coeficiente de variacién, percentiles de estatura y categorias
socio-econémicas (estudiantes, alfabetizados -no estudiantes- y analfabe-
tos). Los resultados revelan que las desigualdades nutricionales fueron
muy acusadas a mediados del siglo XIX, hecho asociado al descuelgue
del segmento inferior de la distribucién de estaturas. Esas desigualdades
disminuyeron entre los nacidos entre 1880 y 1919 y aumentaron de
nuevo, aunque moderadamente, desde las cohortes de la década de
1920, conviviendo a partir los afios treinta con un ciclo sostenido de incre-
mento de la estatura. A pesar de dicho incremento, los datos sugieren que
las desigualdades nutricionales aumentaron con el franquismo, afectando
especialmente a las clases bajas.

Palabras clave: estatura, estado nutricional neto, desigualdad, Espaiia,
siglos XIX y XX

1. INTRODUCTION

By using a large sample of male heights covering different socio-
economic contexts, this article analyses the evolution of net nutrition
inequality in Spain. Two perspectives of socioeconomic analysis (macro
and micro) are combined in order to study the evolution of male anthropo-
metric inequalities over the long term. The objective is to determine which
socioeconomic scenarios contributed to increases or decreases in height
differentials and in which social segments the potential anthropometric
convergence or divergence took place. We will start with the hypothesis
that historical contexts with high environmental stress contributed to an
increase in anthropometric inequality in the absence of significant institu-
tionalised social provisions. In such contexts socioeconomic status would
condition, to a greater extent, access to an adequate diet in quantitative
and qualitative terms, as would the burden of disease and physical effort
in pre-adult ages. These aspects are usually highlighted by auxology as
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the two main factors of energy extractions which influence the net nutri-
tional status of an individual (Bogin 2001).

In recent decades, anthropometric measurements have become conso-
lidated in the field of social science as alternative or complementary indi-
cators to the classic indicators for analysing the different aspects of human
well-being. Specifically, adult height is a widely accepted proxy of the
nutritional health and biological standard of living of populations and eco-
nomic history studies in particular have incorporated this dimension of
human well-being in their contemplation of living conditions of past popu-
lations and their underlying factors (e.g., income, diet, physical effort or
the burden of disease) (Steckel 1995; Fogel 2004; Deaton 2007; Bozzoli
et al. 2009; Komlos and Kelly 2016; Galofré-Vila 2018). These factors affect
the growth cycle in a cumulative manner from pre-natal life to adulthood
as they condition the degree to which the genetically established anthropo-
metric potential of each individual is reached (Bogin 2001; Silventoinen
2003). The abovementioned factors also have a distributive dimension.
In fact, the potential residing in height records extends to the study of
this dimension as they are often accompanied by other socioeconomic
information.

The fundamental interest in the study of the socioeconomic differen-
tials of height is based on the association between height trends and eco-
nomic modernisation (Fogel and Costa 1997; Fogel 2004; Deaton 2008,
2013; Hatton 2014). Interestingly, the evolution of economic well-being
has not always matched that of physical well-being as demonstrated by
the debate on the phenomenon known as the «early-industrial-puzzle» or
«antebellum puzzle» (the reduction in height at the beginning of the indus-
trialisation process coinciding with an increase in wealth and income and
also inequality) (Craig 2016; Komlos and A'Hearn 2017; Komlos 2019).

Inequality as a specific dimension of living conditions is the field of
study within anthropometric research that is currently experiencing the
most growth, adopting very diverse approaches, both at macro- and micro-
levels: differences in height between individuals from different countries
and regions, between socioeconomic groups within the same country or
by fields of rural-urban residence (Alter et al. 2004; Boix 2015; Blum
2016). For example, it is a proven fact that a positive correlation exists
between the socioeconomic status of individuals and final adult height
(Komlos and Kriwy, 2002) and that, at a contextual level, there is a signifi-
cant correlation (negative) between the average height of the population
and certain indicators of economic inequality such as the Gini index in for-
mer societies (Boix and Rosenbluth 2014). Nevertheless, there is no
unequivocal evidence regarding the evolution of the differentials over time.

Some studies carried out in European countries have revealed a
decrease in the differentials between social classes which is associated
with economic progress and the diffusion of the welfare state in the final
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decades of the 20" century (Hauspie et al. 1996; Bodzsar and Susanne
1998). There is also evidence of convergence between territories in coun-
tries such as Spain or Italy throughout the 20" century, but not between
European countries (Martinez-Carrién 2012; Martinez-Carrién and
Maria-Dolores 2017). In fact it is obvious that, despite the economic pro-
gress and diffusion of the welfare state during the 20" century, consider-
able inequalities in the nutritional status still prevail today within the
most advanced industrialised societies, not to mention in developing coun-
tries (Komlos and Baur 2004; Bredenkamp et al. 2014).

In Spain, anthropometric research has revealed the principal trends in
male height since the end of the 18" century and their probable socio-
economic determinants'. There is also a growing number of studies that
analyse the height differentials from different perspectives: territorial dif-
ferences, fundamentally during the 20" century?, rural-urban differences,
differences between diverse rural contexts®, intra-urban differences®*, dif-
ferences in household composition (Ramon-Mufioz and Ramon-Mufioz
2017) and social class or educational differences’. These studies have con-
tributed to the analysis of inequality and its evolution during the socio-
economic modernisation processes, given the scarcity of sources on
household income distribution until the 1970s. The results obtained are
conclusive in some respects. Invariably, we always find large proprietors
or entrepreneurs, liberal professionals, white collar workers and students
among the tallest segments of the population; in the shorter segments
we find a varied group of unqualified workers, day labourers, servants,
etc.’. For example, it has been shown that in the 19" century, the groups
belonging to the socioeconomic elite classes recorded adult heights that
can be considered as «modern» (averages of over 170 cm in the case of
men) in comparison with averages that hardly exceeded 160 cm for the
male population as a whole (for instance, Camara and Garcia-Roman

! Martinez-Carrién (1994, 2016); Quiroga and Coll (2000); Camara and Garcia Roméan (2010);
Maria-Dolores and Martinez-Carrién (2011).

2 Quiroga (2001); Quintana-Domeque et al. (2012); Camara and Garcia-Roméan (2015);
Martinez-Carrién and Maria-Dolores (2017); Martinez-Carrién et al. (2018a, b); Linares-Lujan
and Parejo-Moruno (2019).

3 Martinez-Carrién and Moreno-Lazaro (2007); Moreno-Lazaro and Martinez-Carrién (2009,
2010); Ramon-Mufioz (2011); Martinez-Carriéon et al. (2014); Canabate and Martinez-Carrién
(2017); Pérez-Castroviejo (2016); Pérez-Castroviejo and Martinez-Carrién (2018); Puche et al.
(2018); Ramon-Mufioz and Ramon-Muiioz (2018).

4 Hernandez-Garcia et al. (2009); Martinez-Carrién and Camara (2015); Varea et al. (2018).

5 Quiroga (2003); Martinez-Carrién and Puche (2009); Puche (2011); Ayuda and Puche (2014,
2017); Linares and Parejo (2018); Garcia-Montero (2018); Cafiabate and Martinez-Carrién (2018);
Juif and Quiroga (2018).

¢ Martinez-Carrién (1986); Quiroga (2001); Martinez-Carrién and Pérez-Castejéon (2002);
Camara (2009); Hernandez-Garcia et al. (2009); Martinez-Carrién et al. (2013); Ayuda and Puche
(2014); Puche and Cafabate (2016); Garcia-Montero (2016, 2018); Ramon-Mufoz and
Ramon-Muioz (2016, 2017).
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2010; Fuster 2017). At the end of the 19" century, in the city of Murcia, the
differences in height in favour of university students were 7 and 8 cm with
respect to day labourers and servants, respectively. Servants were found at
the lowest level of the nutritional status with average heights of 159 cm. At
the beginning of the 20" century, a sample of male students from the
Complutense University of Madrid born in the second half of the 19" cen-
tury recorded an average height of 167.3 cm, when the average for the
Spanish male of 21 years of age was around 164.4 cm (Fuster, 2017).

Hereafter, this paper contains four sections. Section 2 describes the
height sample, presents the value of some anthropometric parameters as
well as the height distributions by a number of key variables and it also
details the indicators that are used to cope with inequality. Next, Section
3 presents trends in height and height differentials by birth cohorts and
socioeconomic groups. In Section 4, the main results obtained are dis-
cussed and Section 5 concludes.

2. DATA AND METHODOLOGY

The analyses carried out are based on an anthropometric sample of
more than 350,000 cases which constitutes the largest data sample used
to date for the Spanish case. These data correspond to nineteen municipal-
ities distributed over a good part of the Mediterranean region of Spain and
are located in the provinces of Castellén (Castellén de la Plana and
Villareal), Valencia (Alcira, Gandia, Requena and Sueca), Alicante
(Alcoy, Elche, Orihuela, Pego and Villena), Murcia (Yecla, Jumilla,
Murcia, Cartagena, Cieza and Torre Pacheco), Albacete (Almansa) and
Almeria (Vera). This selection of municipalities includes different eco-
nomic specialisations: from prominent industrial centres, such as Elche
and Alcoy, to municipalities with a distinct agricultural nature, such as
Sueca, Pego or Requena, also including tertiary or mixed centres such as
Castellén de la Plana or Orihuela.

The heights correspond to males aged between 19 and 21 who were
registered in the compulsory military recruitment system between 1860
and 1984, corresponding to the cohorts born between 1840 and 1964°.
The analyses include both the conscripts who were native to each munici-
pality and those born outside. The reason for not excluding the latter is
that, in the majority of municipalities, the immigrant component was mar-
ginal. In the cases where this component is more significant in certain per-
iods (such as in Elche or Alcoy during their industrial development), we
have determined that a significant proportion of the non-native conscripts

7 The full name of the document series containing this information is Actas de Clasificacion y
Declaracion de Soldados y Suplentes.
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were from the same region and that, in any event, the results obtained
hardly differ from the inclusion or exclusion of these subjects (results
not included and available on request).

Within the age bracket mentioned (19-21), we can observe a certain
margin of growth (particularly among populations exposed to different
factors of nutritional stress). This has led to most of the studies analysing
time series to opt for different height correction techniques in ages below
21 years (Martinez-Carrién and Moreno-Lazaro 2007; Camara 2009;
Ramon-Munoz 2009). In this study, the available data enable the applica-
tion of a standardisation based on the 50th percentile (Ramon-Mufioz
2009). As a result, 1.4 cm has been added to the heights of the individuals
of 19 years of age, and 0.4 cm to those of 20 years (Table 1). This result is,
in any case, very similar to that obtained in the studies mentioned using
other techniques.

The height distribution of our sample is approximately normal as we
can observe in Figure 1. The same analysis was carried out for different
periods (i.e., cohort groups) which rendered very similar results in terms
of the shape of the distribution and the descriptive statistics that are calcu-
lated (not shown; available on request). The standard deviations are within
the margins established for this anthropometric variable based on medical
examinations carried out in contemporary populations (Cole 2000).
Furthermore, there is no truncation of the data, a problem which has
been discussed by the anthropometric history literature, as the height mea-
surements in Spain during the period analysed were conducted before the
conscripts were declared as being fit or unfit for service. Those heights that
are clearly wrong in the records or tabulation were excluded from the ana-
lysis as were those lower than 110 cm and over 200 cm (residual percen-
tages in both cases).

Given that the main indicators used in this study are related to the het-
erogeneity of the sample distribution, it is appropriate to examine the
potential correlation between the standard error of the mean and the
standard deviation. Figure Al of the appendix shows that the variation
of both parameters is quite narrow over the whole period analysed but it
is important to note that the change in the standard deviation (this param-
eter together with the mean base the calculation of the coefficient of vari-
ation) does not correlate with the change in the standard error in a manner
that invites us to consider a statistical artefact when analysing the evolu-
tion of the coefficient of variation over time. For instance the two cycles
of increasing inequality that will be pointed out in the results section
match, (1) a noticeable relative decrease of the standard error of the
mean (19" century) and (2) a technical plateau of the standard error of
the mean (20" century). Overall, and given the small variations of the
standard deviation over time, this analysis suggests that the change in
the standard error of the mean over time is associated with the increase
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FIGURE 1
RELATIVE HEIGHT FREQUENCIES STANDARDISED AT 21 YEARS OF AGE
INCLUDED IN THE STUDY. BIRTH COHORTS, 1840-1964.
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Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.

TABLE 1
INCREASE IN THE HEIGHT OF THE CONSCRIPTS BORN BETWEEN
1876 AND 1890

Conscripts Height increase
Age Birth Difference
(in years) cohorts Measured P50 (cm) Age interval | (cm)
19 1876-1880 17,522 162.0 19a 20 1.0
20 1881-1885 18,517 163.0 20 a21 0.4
21 1886-1890 21,311 163.4 19 a 21 1.4

Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.
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in the sample size rather than with the measurement error (i.e., the quality
of the data in itself).

The analysis of inequality is a many-sided concept which can be
approached from different perspectives and encompassed in different indi-
cators. In our case, there are two underlying problems: (1) height is a phys-
ical trait which, therefore, not only depends on environmental factors but
also on genetic factors and (2) height has the property of being normally
distributed in statistical terms. In other words, (1) not all individuals of
the lower classes recorded short heights or vice versa and (2) it is expected
that specific segments or sub-populations will maintain a normal distribu-
tion, irrespective of whether the averages vary. Therefore, not all anthropo-
metric differences are interpretable in terms of inequality in the field of
nutritional health, that is, as an unfair and avoidable difference. With
these clarifications, two approaches are proposed to estimate socio-
economic inequality based on height.

First, an analysis of the height distribution from a cohort perspective is
carried out for which the conscripts have been divided into groups of con-
secutive 5-year birth cohorts. In this analysis, a measure of the central ten-
dency (the arithmetic average) is compared with a measure of relative
dispersion such as the coefficient of variation, resulting from dividing
the standard deviation by the arithmetic average (Blum 2016). In a seminal
work, Baten (2000) found a high correlation between the coefficient of
variation and the differences in average height of different social groups.
Based on this evidence, this statistical indicator of heterogeneity has
been used as a proxy measure of anthropometric and therefore socio-
economic inequality in historical perspective®. The logic behind this type
of analysis is simple: it seeks to determine whether the height cycles are
associated with significant variations in the distribution of this variable
(greater or lesser internal heterogeneity measured through the deviations
with respect to the mean). For example, as a hypothesis, it is expected
that the deterioration of living conditions reflected by a downward cycle
of height translates into an increase in the internal heterogeneity of the dis-
tribution of heights. The reason is that not all social segments would be
exposed equally to the mechanisms of this deterioration (e.g., economic
factors). Otherwise (an overall deterioration of living conditions), changes
in the dispersion of heights with respect to the average would not be
expected, given that the deviations would be proportional in all social
segments.

8 Baten and Blum (2012); Ayuda and Puche (2014); Baten and Mumme (2015); Blum (2013a,
2013b, 2014); Boix and Rosenbluth (2014), Guntupalli and Baten (2006); Komlos (2007); Moradi
and Baten (2005).
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Second, this analysis is complemented by another based on the com-
parison of socioeconomic groups between which differences in average
heights should theoretically exist. In this case, the analysis seeks to confirm
whether the hypothetical variations in the internal heterogeneity of the dis-
tribution of heights have a social correlative. To this end, the information
available regarding both literacy and occupation (whether individuals are
able to read and write and whether individuals’ occupation was recorded
as «students») has been used. In other words, we established three social
categories, illiterate, literate (not students) and students, which serve to
stratify the cohort height series.

This analysis is based on the evidence of the positive association
between socioeconomic status at a household level and access to
schooling, particularly higher education. As we know, the occupation
of «student» (dedication to study) until the end of the 20" century
was fairly representative of the elite and wealthier middle classes in
Spain (Fuster 2017). Admittedly, this association loses consistency
when we analyse cohorts whose life cycle developed within a context
of greater social mobility and/or democratisation regarding access to
formal higher education. It should also be mentioned that the informa-
tion regarding both the literacy and the occupation of the conscripts is
rather exceptional in the documentary sources until the 1880s (birth
cohorts born since the 1860s; Table Al of the Statistical appendix),
and these clarifications should be taken into account when interpreting
the results.

The calculations include the standard error of the mean in order to
construct confidence intervals. Also, the maximum and minimum
potential value for the variation coefficient (i.e., computed from the
lower and the upper limit of the mean respectively) are presented,
showing the high solidity of the parameters used in the analyses.
This information is included in Table A2 of the Statistical appendix
and the intervals are represented in certain results, where required.
In the rest of the results, the differences in height across birth-cohort
groups are always statistically significant at the 95 per cent confidence
level.

A final technical note refers to the territorial representativeness of the
information contained in different analyses. The cohort height series
that opens the results section includes a minimum of twelve municipalities
for each 5-year cohort group. As we can observe in Table A2 of the
Statistical appendix, it is usual for the territorial representativeness to be
higher for the majority of the cohort groups. The socio-occupational
tests do not include the municipalities of Murcia and Cartagena for
which this information was not gathered.
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FIGURE 2
MEAN MALE COHORT HEIGHT AND HEIGHT STANDARDISED AT AGE 21 (CM)
1840-1964.
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Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.

3. RESULTS. HEIGHT TRENDS AND DIFFERENTIALS
APPROACHING SOCIOECONOMIC INEQUALITIES IN NET
NUTRITION

Figure 2 shows the evolution of male cohort average height in the sam-
ple of municipalities studied. The trends obtained are shared, with some
nuances, by diverse series elaborated in Spain at a local, provincial or
regional level. The first noteworthy evidence refers to the absence of a
secular trend in the long term. That is, the cohort height trend in Spain
during the period analysed was not always upwards, and when it was,
the trend was not linear. This impression is confirmed by the rates of
changes in height across birth-cohort groups shown in Table 2.

The lack of progress of the anthropometric indicator during the central
decades of the 19" century is a well-known fact by Spanish anthropomet-
ric history but still noteworthy and transcendent for the debate regarding
the standards of living during the economic modernisation process in this
country. The cohorts of conscripts born between 1840 and 1889 invariably
recorded an average height of around 163 cm. Therefore, in this period of
practically half a century, the conscripts registered in the eastern region of
Spain hardly recorded positive changes in their net nutritional status.

The immediate factors indicated in previous studies relating to the stag-
nation of height are associated with the tortuous path of Spain’s economic
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TABLE 2

ANNUAL RATE OF CHANGE IN MEAN COHORT HEIGHT (%)

Recorded Standardised Annual rate of change based

Birth cohorts | average height | average height | on standardised height
1840-44 161.98 162.38

1845-49 162.56 162.96 0.09
1850-54 162.70 163.07 0.02
1855-59 161.80 162.49 -0.09
1860-64 162.39 162.91 0.06
1865-69 161.71 162.94 0.00
1870-74 161.56 162.96 0.00
1875-79 161.87 163.20 0.04
1880-84 162.65 163.32 0.02
1885-89 163.20 163.40 0.01
1890-94 163.41 163.60 0.03
1895-99 163.70 163.93 0.05
1900-04 164.01 164.21 0.04
1905-09 164.61 164.84 0.10
1910-14 165.05 165.27 0.07
1915-19 165.34 165.55 0.04
1920-24 164.90 165.10 -0.07
1925-29 164.97 165.20 0.02
1930-34 165.78 165.97 0.12
1935-39 166.40 166.57 0.09
1940-44 166.93 167.13 0.08
1945-49 167.40 167.60 0.07
1950-54 168.54 168.72 0.17
1955-59 170.30 170.48 0.26
1960-64 171.16 171.84 0.20

Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.

modernisation (Prados de la Escosura 2017). Therefore, from the 1850s,
there were episodes which constituted setbacks for the biological well-
being of the population. Among these episodes we can highlight the
upward trend of the prices of subsistence products associated with inter-
national wars, domestic financial crises, cycles of poor harvests, etc.
(Sanchez-Albornoz 1977; Maluquer de Motes 2014). In addition to the
inflationary spiral of the prices of basic goods, the deterioration of the
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net nutritional status revealed by the height series is also explained by the
increased morbidity, deducted from the increase in overall and infant
mortality (Pérez-Moreda et al. 2015), and the spread of child labour in
both the rural environment and the urban context (Borras-Llop 2002).
Anthropometric data show harsh working conditions and unhealthy envir-
onments for child growth in workshops, factories and mines, which caused
stunting (Martinez-Carrién et al. 2013).

A second distinguishable cycle can be observed among the cohorts born
approximately between 1890 and 1919. In this period, there was a moder-
ate increase in average height until the approximate threshold of 165 cm.
Finally, after the interruption of this trend between the cohorts of con-
scripts born during the 1920s, the beginning of what we could call the
«great Spanish leap forward» in terms of the biological standard of living
took place; corresponding to the cohorts born after 1930, particularly
those born after 1950. Between the cohorts of the 1930s (measured in
the 1950s) and those of the 1960s (measured in the 1980s), there was an
increase in average height of 5 cm. What happened among the cohorts
born in the 1920s?

If we analyse the degree of potential exposure to contexts of environ-
mental stress throughout the whole growth cycle, we can observe that
these cohorts were most exposed to the most dramatic episodes of
Spanish contemporary history in terms of living conditions (the Civil
War and the first decade of the post-war period) (Martinez-Carrién et al.
2012; Camara 2015; Puche et al. 2016). With respect to the harshness of
the environmental context, there was a high prevalence of deficiency and
consumptive diseases, such as avitaminosis and pulmonary tuberculosis
(Pérez-Moreda et al. 2015), or those related to food hygiene and the
water cycles such as typhoid fever and enteritis in childhood (Castell6-
Botia 2011). In addition, the implementation of a strong interventionist
food rationing system, which exacerbated the scarcity and lack of food,
the decrease in per capita income and the consumption of energy and
nutrients were just a few of the most relevant indicators of economic well-
being (Barciela 2013). All of this resulted in an increase in the prevalence
of malnutrition which is reflected in the increase in the percentage of con-
scripts who did not reach the minimum height necessary for recruitment
(Puche 2010; Cafiabate and Martinez-Carrién 2017).

Previous and subsequent cohorts to those born during the 1920s were
able to partially compensate the significant nutritional deficiencies asso-
ciated with the above-described contexts. Specifically, the average height
of the cohorts born after the 1950s (within a context of food security for
the majority of the population) reflects the rapid progress of the country
within the framework of nutritional and epidemiological transition
(Spijker et al. 2012; Martinez-Carrién 2016).
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From all of the above we can conclude that in the century and a half
covered by the study and until the last cohorts included were examined
(1984), there were two periods of crisis for the net nutritional status of
the male population of Spain’s eastern region. The first, during the central
decades of the 19" century, can be considered as a structural situation; the
second, associated with the generations born in the 1920s, can be consid-
ered as a more temporary situation; that is, derived from the political and
economic events of the 1930s and 1940s.

In Figure 3, the relationship between the cohort average height and the
internal heterogeneity of the sample of heights represented by the coeffi-
cient of variation is analysed. Two main results can be highlighted. The
first is the existence of a general pattern which reveals the incompatibility
between tall average heights (indicative of good net nutritional status con-
ditions) and high values of the coefficient of variation (indicative of rela-
tively high levels of inequality). In other words, a population cannot
reach a tall average height or one which is comparable with contemporary
standards when one or several of its segments diverge significantly from
the average. In the graphic representation, this is shown by the absence
of data in the top right panel.

The second result worth highlighting is that the correlation existing
between the two indicators (average height and the coefficient of variation)
is not linear, nor is it established in strictly diachronic terms. In other
words, although all of the cohorts born during the 19" century recorded
relatively low average heights, there is a remarkably wide range in the
values of the coefficient of variation and these values are not ordered in
time. In the 20 century we can observe the opposite scenario: a vertical
cluster, indicative of a significant improvement in the net nutritional status
with no notable variations occurring in the coefficient of variation.

Nonetheless, conclusions could be established based on a wider
chronological perspective: the values of the coefficient of variation stabil-
ise at low levels, coinciding with the first phase of sustained progress of
height (the cohorts born from the end of the 19" century; this can be
tested by comparing the composition by cohorts of the two clusters repre-
sented, namely the horizontal and the vertical).

Figure 4 complements the previous analysis, revealing that the decrease
of the coefficient of variation occurs continually between the cohorts born
in 1880 and 1919. Subsequently, this indicator had an upward trend,
although moderate and with the setbacks of the brief slump in height
among the cohorts of the 1920s and the sustained upward cycle of height
corresponding to the cohorts born after the 1930s.

Figure 5 displays the evolution of different percentiles of height distri-
bution across birth-cohort groups. It is notable that the tendencies are
practically parallel, which is confirmed by several gap and percentile
ratio analyses (not shown; available on request). However, there are two
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FIGURE 3
SCATTER PLOT. AVERAGE COHORT HEIGHT (CM) AND COEFFICIENT OF
VARIATION (PER CENT).
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FIGURE 4
EVOLUTION OF AVERAGE HEIGHT (CM) AND THE COEFFICIENT OF VARIATION
(PER CENT). BIRTH COHORTS 1840-64.
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FIGURE 5
EVOLUTION OF HEIGHT PERCENTILES. BIRTH COHORTS 1840-1964.
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interesting discrepancies in this general pattern. The first is the lower sen-
sitivity of the segment of tall heights during the period of exposure to the
war and early post-war period of the 20" century. The second is that the
low average height records of the central decades of the 19" century
and, intuitively, the high values of the coefficient of variation, are asso-
ciated with sagging in the lower height segment with respect to the propor-
tional distance that exists between the other percentiles.

The results shown in Figure 6 confirm this last impression. In this case,
when comparing the extremes of the distribution (highest 1 per cent and
lowest 1 per cent), we can observe that the advantage of the tallest segment
of the population remained practically unchanged with respect to the aver-
age. In contrast, the disadvantage of the shortest segment of the distribu-
tion was more notable among the cohorts born between 1840 and 1880.
We cannot ignore the fact that the average differences between the two
extremes of the distribution reached values higher than 34 cm during
part of the 19" century (34.6 cm in the group of cohorts corresponding
to 1870-74) and then reduced shghﬂy in subsequent stages and stabilised
during the second half of the 20" century at around 30 cm.

Finally, Figure 7 shows the evolution of average height in accordance
with the socio-occupational categories constructed (illiterate, literate non-
students and students). First, it is worth mentioning the clear and persist-
ent stratification of the net nutritional status in accordance with the
socioeconomic proxy used. As we can observe in the trajectory of the
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FIGURE 6
DIFFERENCES BETWEEN SEGMENTS OF THE HEIGHT DISTRIBUTION (CM) BY
BIRTH-COHORT GROUPS.
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confidence intervals of the mean, the differences between the groups are
not only statistically significant throughout the whole period analysed
but they increased considerably among the cohorts born in the 20"
century’.

In our opinion, particular attention should be paid to the trend followed
by the illiterate conscripts. Starting with considerable differences with
respect to literate conscripts and students during the central decades of
the 19" century, they underwent a convergence process between the end
of that century and the 1920s. Therefore, coinciding with the greater
potential exposure to the structural deficiencies of the war (1936-39) and
the post-war period during their most critical growth periods (childhood
and adolescence), the group diverged with respect to the rest of the male
population. In other words, if we were to identify a penalty associated
with the war and post-war period in anthropometric, and therefore nutri-
tional terms, this would undoubtedly be that experienced by the lower

° If we consider the period analysed as a whole, the average height of the literate conscripts
exceeded that of the illiterate conscripts by 3.4 cm (166.6 cm as opposed to 163.2 cm), a statistically
significant difference (¢ = -104.213; P = 0.000). Similarly, the difference between the average height
of the students (170.6 cm) and that of the other occupations (165.7 cm) was 4.9 cm (1 =-94.117;
P =0.000). Finally, the average height of the students was 4.3 cm taller than that of the illiterate
conscripts, whose average height, excluding the former, was 166.4 cm (¢ = -81.521; P = 0.000).
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FIGURE 7
COHORT AVERAGE HEIGHT BY SOCIO-EDUCATIONAL CATEGORY (CM).
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classes which are identified in this study through illiteracy. Therefore, the
differences between students and the illiterate conscripts which vary
between 4 and 5cm among the cohorts born during the 19" century
increase to 6 cm among the cohorts born at the beginning of the 1940s
and, taking into account the confidence intervals of the mean, could
vary between 6 and 8 cm among the successive cohorts. A similar trend
can be observed in the differences among the literate (non-student)
conscripts.

There is no doubt that these results could be due, in part, to the change
in the socioeconomic extraction of the conscripts making up each stratum
(e.g., students and/or illiterate). This means that, for example, the illiterate
population represents more impoverished segments of the population with
the passing of time. However, it is convenient to remark that the social
divergence observed in anthropometric terms cannot be interpreted as a
mere artefact of such a potential composition effect as the coefficient of
variation actually indicates an increase of the internal heterogeneity within
the height sample (this is displayed in Figure 4). Also, it seems appropriate
to insist that the divergence process occurred among the cohorts whose
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growth cycle developed in substantially better environmental conditions
that those experienced in preceding periods. In other words, by way of con-
clusion, the results shown in Figure 7 indicate that the progressive normal-
isation of the environmental conditions in terms of both food inputs
(upward trend) and the burden of disease (downward trend) contributed
in this phase of the 20" century to giving visibility to a dimension of net
nutritional inequality probably hidden in the previous century by the extra-
ordinary burden of environmental stress that was carried by the popula-
tion as a whole.

4. DISCUSSION

In this paper, trends and differentials of cohort height have been stud-
ied using a large sample of males from nineteen municipalities in eastern
Spain. The growth cycle of the cohorts of conscripts analysed covers the
period between 1840 (birth year of the first cohort of the study) and
1984 (year in which the last cohort of the study, born in 1964, was mea-
sured). The anthropometric differentials have been analysed using two
complementary approaches: the heterogeneity of the height sample in suc-
cessive groups of cohorts of conscripts (study of percentiles and coefficient
of variation) and average height differentials among three socio-
occupational groups: illiterate conscripts, literate conscripts and con-
scripts who declared their occupation as «student».

With respect to the first approach, evidence shows that the first phase of
the increase in male cohort height in the eastern region of Spain, after the
stagnation during the central decades of the 19" century, was associated
with a decrease in the coefficient of variation. The explanation for this
association seems to reside in the dynamics of the low percentiles
which, in fact, prove to be more eco-sensitive and are those which, ultim-
ately, determine the average height cycles. In contrast, the high percentiles
remain stable over time. For this reason, when the heights of the lower part
of the distribution increase, the internal heterogeneity of the sample
decreases (i.e., with respect to the mean), which can be interpreted as a
reduction of inequality. Subsequent increases in cohort height are not
associated with decreases in the coefficient of variation. The explanation
which can be given is, for now, hypothetical: the progressive standardisa-
tion of the environmental conditions would contribute to a statistical
standardisation of the values so that, probably, the composition of the
height distribution segments is increasingly more attributable to genetic
factors than socioeconomic factors. This hypothesis could be tested in
future research by comparing the relative weight of the social groups or
classes of the population as a whole, and of each segment of the anthropo-
metric distribution, with the difficulty involved in defining these groups or
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classes from a diachronic perspective. Focusing on the results of this study,
we could claim that the increases in average height were related to the
reduction in inequality during the first globalisation period and that this
relationship lost consistency in subsequent periods.

In line with previous studies, the trends and rates of variation of cohort
height reveal two critical periods for the nutritional status of the popula-
tion: the central decades of the 19" century (cohorts born between
approximately 1840 and 1880) and the environmental context related to
the Civil War and the early post-war period which particularly affected
the cohorts born during the 1920s.

With respect to the nutritional crisis of the 19" century, the underlying
factors have already been commented on: it was a period in which a suc-
cession of economic crises occurred, which, in specific cases, lowered the
standard of living to the subsistence level. The frequency of these crises
hardly gave the growth cycle of the above-mentioned birth cohorts the
chance to activate the compensatory mechanisms of physical growth dur-
ing the period preceding the end of the cycle (Beekink and Kok 2017).
Within this context, our results reveal an association between relatively
high values of the coefficient of variation and relatively low values of aver-
age height. In other words, there was a poor nutritional status that was
unequally distributed. In particular, we can observe that the internal het-
erogeneity of the sample and the low average height records are, to a
large extent, derived from the behaviour of the lower extremes of the dis-
tribution, undoubtedly identifiable with the most impoverished social sec-
tors in terms of nutrition (the differences between this segment of the
population and the highest segment were as high as 35 cm in the 19" cen-
tury). Based on a specific height threshold (165 cm) recorded during the
last quarter of the 19" century, the inequality in the distribution of heights
moderated and, in fact, reached its minimum levels among cohorts who
experienced a moderate average growth, namely those born between
1880 and 1919.

According to the socio-occupational differentials, the results reveal a
clear socio-anthropometric stratification in the 19" century. Then the
groups tended to converge from the end of this century and during the
first two decades of the 20" century (a period which economic historiog-
raphy has named «the first globalisation»). Finally, the differentials
increased during certain periods of the 20" century. This timing of the dif-
ferentials coincides with the observations of previous studies for other
countries and regions'®. Our findings suggest that the first globalisation
and the agricultural crisis at the end of the century (crisis agraria

10 Baten and Blum (2012, 2014); Blum (2013a, b); Boix and Rosenbluth (2014); van Zanden
et al. (2014); Ayuda and Puche (2014).
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finisecular) could have favoured the improvement in the net nutritional sta-
tus. The fall in prices of food products and the improvement in real wages,
accompanied by improvements in the production and distribution pro-
cesses of the food chain had a positive impact on the quantity and quality
of the nutrients available. It should be noted that the fall in the prices of
the most basic food products at the end of the 19" century essentially coin-
cided with the more significant decrease in the anthropometric differen-
tials. In this sense, one of our initial hypotheses is confirmed: periods of
poor nutritional health were accompanied by greater inequality and after
the phases of widespread improvement, the inequalities were smaller.

The nutritional crisis of the Civil War and the 1940s, experienced mainly
by the generations born in the 1920s and 1930s, is, undoubtedly, the largest
crisis in Spanish contemporary history; at least the largest recorded in
terms of net nutritional status indicators such as height. Our results indi-
cate that recovery from this severe nutritional crisis was not accompanied
by a reduction of inequality (when measured using both the coefficient of
variation and the differentials between socio-occupational groups). Thus,
the results do not verify our second hypothesis (i.e., that of the reduction
of inequality in a stage of relative improvement of nutritional conditions
and of the potential implementation of the welfare state provisions).
Therefore, cohorts of Spaniards who lived a good part of their growth
cycle under progressively better environmental circumstances experienced
unequal growth. Recent studies point in this direction and highlight that
malnutrition and inequality in the net nutritional status persisted beyond
the years of hunger (1940s), even into the early 1960s, especially in poorer
and backward areas of Spain (Cafiabate and Martinez-Carrién 2018;
Tormo et al. 2018). Therefore, in our opinion, the results obtained in this
work would not be completely attributable to the variation in the internal
composition of the socio-educational groups established, as the coefficient
of variation increased (moderately) among the cohorts born from the
1920s. In fact, in the cohorts corresponding to the period 1950-54, this
indicator reached a value that had not been recorded since 1880-84.

In this respect, it is worth analysing the real magnitude of the interven-
tion of the incipient welfare state in Spain (Espuelas-Barroso 2017) and
also exploring the socioeconomic differentials at a micro-level perspective
in greater depth (i.e., through other alternative estimates of socioeconomic
status than those used in this study). That said, and taking the results
obtained with caution due to the change in the internal composition of
the groups established (students and illiterate conscripts are obviously
not representative of identical socioeconomic strata with the passing of
time), we should not ignore the null convergence in height among the
birth cohorts brought up during the fascist autarchy. On the one hand,
the percentiles and the coefficient of variation reveal that the internal
homogenising process of the height sample (with respect to the mean)
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stopped during this period. On the other hand, and more clearly, the height
series by socio-educational categories did not experience any significant
convergence among the students and the rest of the literate population,
while beforehand the opposite case was true; there was a distinct diver-
gence due to the downward trend of the illiterate group. This result is in
line with the findings of previous studies which used other socioeconomic
categorisations (Ayuda and Puche 2014). We agree that the improvements
in the standard of living associated with economic progress could have
mainly benefited the middle classes and to a great extent marginalised
the lower classes. For example, Ayuda and Puche (2014) find that the
anthropometric differences between the group defined as HIS2 (Hisclass—
middle income class) and HIS5 (Hisclass—lower income class) not only
did reduce during the 20" century but doubled between 1910 and 1980.
Similar observations can be made between the socio-educational categor-
ies analysed in this study during the second half of the 20" century.

It is important to point out that the epidemiological context was evolv-
ing during this period towards a phase with a much lower burden of dis-
ease, which would lead the nutritional balance or net nutritional status
to depend to a greater extent on the inputs and to a lesser extent on outputs
which, in the past, were high for the population as a whole. This seems to
be testified in the studies that have addressed the relationship between
indicators of health and height (Pérez-Moreda et al. 2015). This takes us
to a central issue: that of the inequality in terms of nutrition which existed
in Spain during the Franco period, with large sections of the population
(particularly the poorer classes) with diets at subsistence levels until well
into the 1950s. Poverty and inequality therefore constituted a duo that
probably contributes to explaining the results obtained in this study.

Finally, we believe that it is interesting to compare the results obtained
(inequalities in nutritional health) with those produced in the economic
field. Broadly speaking, this comparison reveals that the factors of net
nutritional status reflected in the adult height only depend on economic
inequality to a certain point. Prados de la Escosura (2008) addresses the
evolution of inequality from the mid-19'" century to the year 2000, analys-
ing the gap between the average incomes of capital owners and workers
together with the dispersion within each group. In accordance with the
Gini index, economic inequality grew sharply until the end of the First
World War (a period in which we have found convergence in anthropomet-
ric terms), there was a marked reduction until the Civil War, after which it
grew notably until the mid-1950s (which seems to coincide with our
results). Therefore, in this respect, we must conclude that the inequality
in the net nutritional status is not correlative of economic inequality,
which is understandable based on the fact that not all of the contributing
factors to the net nutritional status depend on income and economic
growth. However, we should say that this is a field in which we believe
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more in-depth analysis is required in future studies given the probable dis-
similarity of the cohort patterns and trends of inequality in different envir-
onmental contexts, at both geographical and socioeconomic levels.

5. CONCLUSIONS

In terms of height trends the results of this paper largely support the
existing empirical evidence on the evolution of Spaniards’ net nutritional
status during the socioeconomic modernisation process. In the long run,
the large sample of heights from eastern Spain that has been used confirms
two crises of the net nutritional status. These crises were of different
nature, that is to say, they present clear contrasts in their causality.

The first one is observed among the birth cohorts of the central decades
of the 19" century. Even though the net nutritional status of the popula-
tion was poor at the time in Spain (and also among most European soci-
eties), the decades of 1840-1870 witnessed the stagnation of cohort
height and even drop cycles of this indicator in this country. The key factor
that has been underlined in this and previous studies is the synergy
between poor harvests, the increase in the prices of basic goods and the
subsistence crises together with the expansion of pre-adult labour in
poor and/or unhealthy conditions (including, among others, factories,
workshops and mines). As a consequence, the rise of morbidity which is
indicated by an increasing trend in mortality during this period also con-
tributed to the deterioration of the net nutritional status. Actually,
Spaniards’ height ranked among the shortest in Europe which probably
had a negative effect on labour productivity at the time.

The second period of deterioration of the net nutritional status princi-
pally affected the cohorts born during the decade of the 1920s. In this case,
the increasing evidence provided by recent research in Spanish anthropo-
metric history tends to point to the political and economic events which
occurred during the decades of the 1930s and 1940s as the mechanism
which triggered the stagnation of male cohort height. In this regard, we
believe that the severe deprivation related to the Spanish Civil War and,
especially, to the autarchic policies of the 1940s (the hunger years) leads
to stunting in broad segments of the Spanish population. The anthropo-
metric evidence is consistent with other indicators such as per capita
income, real wages and food consumption, all of which worsened during
that period.

Our work has also looked at height differentials associated with the
socioeconomic status approached by educational attainment which is in
close relation with income distribution at a society level (Bleakley et al.
2014; Lundborg et al. 2014). This has also been done over time (i.e., across
birth-cohort groups whose physical growth cycle took place during the
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different socioeconomic contexts described in this paper). In this regard,
evidence obtained confirms the ability of anthropometric history to ana-
lyse socioeconomic inequality. Also, and more importantly, our results
indicate that inequality may play a major role in the explanation of the
cycles of deterioration of the net nutritional status as displayed by the stag-
nation and/or decrease of cohort mean height. We found a solid associ-
ation between the major episodes of crisis of the net nutritional status
and the largest height differentials by social groups. For instance, the lar-
gest height gap between the poor (illiterate) and the well-off (students),
which also coincides with the highest values of the variation coefficient,
is associated with the structural crisis of the net nutritional status experi-
enced during the central decades of the 19" century. Also, the stagnation
or drop of cohort height had more to do with the negative performance of
the lowest percentiles of the height distribution which, again, is mainly
attributable to the situation of lower classes. A similar relationship
between height trends and height inequalities has been found among
cohorts born during the 1920s. On the contrary, mean height increased
more rapidly as the variation coefficient and height differentials by socio-
economic status moderated.

A last, but not unimportant, conclusion of this paper refers to the inter-
pretation of the impact of environmental conditions through the physical
growth cycle which extends from pre-natal life to adulthood. Our results
indicate that the influence of such environmental conditions on height
must be taken into account in a cumulative manner and not simply
departing from one of the critical periods for physical growth (i.e., early
infancy). Aside from infancy, in line with a growing body of literature
which emphasises the consequences of environmental disruptions on the
adolescent growth spurt (Bogin 2013; Hirvonen 2014; Beekink and Kok
2017; Depauw and Oxley 2018), this work demonstrates the major role
that pre-adolescent and adolescent living conditions may play in explain-
ing the results of the final height a cohort attains in adulthood. We believe
that this is particularly the case of developing societies and/or low-income
contexts at both macro- and micro-levels. In the case of Spain the effect of
the autarchic period on one of the two critical periods for physical growth
(pubertal growth) is apparent, thus hampering the potential growth attain-
able during adolescence and the late stage of physical development.
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STATISTICAL APPENDIX

TABLE Al
COMPOSITION OF THE SAMPLE BY BIRTH COHORT

Number of heights of literate

Cohorts | Municipa- | Total Number of heights according Number of heights according | conscripts with information
of lities number | to literacy to occupation about occupation

Birth Included Heights | Literate | Illiterate | Total Birth Included | Heights | Literate | Illiterate | Total
1840-44 15 7,565 42 136 178 4 960 964 4 38 42
1845-49 15 7,115 49 55 104 7 561 568 42 48
1850-54 15 4,734 31 30 61 4 404 408 27 31
1855-59 16 9,594 194 689 883 13 1,369 1,382 13 128 141
1860-64 18 10,863 1,551 3,303 4,854 107 5,747 5,854 78 1,177 1,255
1865-69 17 13,113 1,856 3,578 5,434 219 5,836 6,055 208 1,423 1,631
1870-74 17 15,798 2,235 4,055 6,290 335 7,392 7,727 247 1,606 1,853
1875-79 18 13,363 1,883 3,016 4,899 202 5,518 5,720 151 1,533 1,684
1880-84 18 13,493 1,949 2,898 4,847 186 4,507 4,693 175 1,333 1,508
1885-89 18 15,768 3,402 4,351 7,753 190 6,240 6,430 181 2,470 2,651
1890-94 18 18,852 6,161 5,955 12,116 233 8,724 8,957 228 4,183 4,411
1895-99 18 15,256 7,989 5,309 13,298 271 10,030 10,301 264 5,617 5,881
1900-04 18 15,344 9,348 4,444 13,792 240 9,327 9,567 236 6,017 6,253
1905-09 17 13,788 9,754 3,128 12,882 305 10,461 10,766 302 7,864 8,166
1910-14 17 12,991 10,577 2,129 12,706 430 10,404 10,834 428 8,512 8,940
1915-19 18 11,363 9,505 1,031 10,536 438 7,967 8,405 434 7,034 7,468
1920-24 17 15,721 13,753 1,379 15,132 643 11,422 12,065 637 10,435 | 11,072
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Gee

1925-29
1930-34
1935-39
1940-44
1945-49
1950-54
1955-59
1960-64
Total

18
18
18
18
18
18
16
12

17,354
18,193
15,316
16,929
18,732
20,842
22,815
13,351
358,253

15,477
16,206
14,382
16,095
16,816
12,499
13,604
10,385
195,743

1,428
1,394
767
363
136

37

28

24
49,663

16,905
17,600
15,149
16,458
16,952
12,536
13,632
10,409
245,406

731
795
903
1,411
1,736
1,960
3,023
2,485
16,871

13,458
14,562
12,969
14,343
15,269
12,660
12,631

6,844

209,605

14,189
15,357
13,872
15,754
17,005
14,620
15,654
9,329
226,476

727
787
900
1.394
1.699
1.866
2.874
2.330
16.173

12,275
13,333
12,281
13,808
14,367
10,497
10,577
6,221
152,798

13,002
14,120
13,181
15,202
16,066
12,363
13,451
8,551
168,971

Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.
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TABLE A2
DESCRIPTIVE STATISTICS OF THE SAMPLE BY 5-YEAR BIRTH COHORTS (1840-1964)

Standardised height (cm) Standard Coefficient of variation
Standard error of

Birth Lower Upper deviation the mean Upper
cohorts Mean 95% CI 95% CI N valid (cm) (cm) (%) Lower (%) (%)

1840-44 162.4 162.2 162.5 7.565 6.473 0.0744 3.99 3.99 3.98
1845-49 163.0 162.8 163.1 7.115 6.433 0.0763 3.95 3.95 3.94
1850-54 163.1 162.9 163.3 4.734 6.648 0.0966 4.08 4.08 4.07
1855-59 162.5 162.4 162.6 9.594 6.882 0.0703 4.24 4.24 4.23
1860-64 162.9 162.8 1630 10.863 6.581 0.0631 4.04 4.04 4.04
1865-69 162.9 162.8 163.1 13.113 6.780 0.0592 4.16 4.16 4.16
1870-74 163.0 162.8 163.1 15.798 6.985 0.0556 4.29 4.29 4.28
1875-79 163.2 163.1 163.3 13.363 6.945 0.0601 4.26 4.26 4.25
1880-84 163.3 163.2 163.4 13.493 6.334 0.0545 3.88 3.88 3.88
1885-89 163.4 163.3 163.5 15.768 6.157 0.0490 3.77 3.77 3.77
1890-94 163.6 163.5 163.7 18.852 6.156 0.0448 3.76 3.77 3.76
1895-99 163.9 163.8 164.0 15.256 6.151 0.0498 3.75 3.76 3.75
1900-04 164.2 164.1 164.3 15.344 6.093 0.0492 3.71 3.71 3.71
1905-09 164.8 164.7 164.9 13.788 6.113 0.0521 3.71 3.71 3.71
1910-14 165.3 165.2 165.4 12.991 6.039 0.0530 3.65 3.66 3.65
1915-19 165.5 165.4 165.7 11.363 5.957 0.0559 3.60 3.60 3.60
1920-24 165.1 165.0 165.2 15.721 6.195 0.0494 3.75 3.75 3.75
1925-29 165.2 165.1 165.3 17.354 6.178 0.0469 3.74 3.74 3.74
1930-34 166.0 165.9 166.1 18.193 6.124 0.0454 3.69 3.69 3.69
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LET

1935-39
1940-44
1945-49
1950-54
1955-59
1960-64

Total

166.6
167.1
167.6
168.7
170.5
171.8
165.4

166.5
167.0
167.5
168.6
170.4
171.7
165.4

166.7
167.2
167.7
168.8
170.6
172.0
165.5

15.316
16.929
18.732
20.842
22.815
13.351
358.253

6.222
6.170
6.346
6.518
6.436
6.486
6.847

0.0503
0.0474
0.0464
0.0452
0.0426
0.0561
0.0114

3.74
3.69
3.79
3.86
3.78
3.77
4.14

3.74
3.69
3.79
3.87
3.78
3.78
4.14

3.73
3.69
3.78
3.86
3.77
3.77
4.14

Note. The maximum (i.e., upper) and minimum (i.e., lower) values for the coefficient of variation are estimates that correspond to the calculation of this
parameter by using upper/lower limits of the confidence intervals of the mean respectively.

Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.
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ANTONIO D. CAMARA ET AL.

FIGURE A1l
EVOLUTION OF THE STANDARD ERROR OF THE MEAN AND THE STANDARD
DEVIATION (CM) ACROSS BIRTH-COHORT GROUPS.
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Source: Calculated with data from Actas de Clasificacién y Declaracién de Soldados y Suplentes.
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