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ABSTRACT ARTICLE HISTORY

Body height and body mass index (BMI) are associated with Received 03 September 2021
later life outcomes in present and historical populations. We Accepted 08 July 2022
examine the case study of the Swiss Alpine canton of Glarus, KEYWORDS

which was highly industrialised at the beginning of the 20th Body height; estimated BMI;

century. Our study links conscription registers to genealogical generalized additive models
registers at the individual level in Switzerland for the first time. (GAM); survival analysis;
We analyse whether body height, BMI, socioeconomic position iodine deficiency

(HISCLASS), region of residence, fitness to serve (as a proxy for
health status in a military context), and goitre status (as a proxy
for iodine deficiency) in young adulthood are associated with
lifespan. We transcribed conscription records of 1073 men born
between 1905 and 1907 and recruited between 1925 and 1927
(coverage birth cohorts 96%). Of the 827 young men residing
within the canton, we were able to identify 635 (76.8%) in the
cantonal genealogical register. Using body height, chest circum-
ference, and upper arm circumference, we estimated BMI. We
find socioeconomic differences for height and estimated BMI at
conscription age. Young men with a recorded goitre were taller.
We also present a positive association between body height and
lifespan, with small men being particularly disadvantaged. In
a small subsample of two municipalities, we estimated the
heritability of height to be 65%.

1. Introduction

Adult height is the result of a dynamic and complex additive growth process (Tanner,
1990; Wells, 2017; Wells & Stock, 2011). A good childhood environment is beneficial
to growth. Changes in the size, shape, and capability of the human body are used to
measure developments of the standard of living (Floud et al,, 2011) and, in particular,
variation in average height over time and between subpopulations is attributed to
differences in living conditions (Cole, 2003; Deaton, 2007; Gausman et al., 2018;
Harris, 2003; Komlos, 2009; McEvoy & Visscher, 2009; Steckel, 2009). Adult height is

CONTACT Kaspar Staub @ kaspar.staub@iem.uzh.ch

*Joel Floris and Kaspar Staub shared last/senior authorship
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/1081602X.2022.2100806

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any med-
ium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


http://orcid.org/0000-0003-0856-1294
http://orcid.org/0000-0002-8480-6495
http://orcid.org/0000-0002-3951-1807
https://doi.org/10.1080/1081602X.2022.2100806
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/1081602X.2022.2100806&domain=pdf&date_stamp=2022-07-25

2 (&) E.ZIEGLERETAL.

also positively correlated with better lives and later life outcomes (socioeconomic
status, education, income, well-being, and offspring health; Perkins et al., 2016). The
findings on the association between adult height and adult mortality, however, are
mixed (Perkins et al., 2016).

The most notable change in average height over time and between subpopulation is
the steady increase in height in the Western world since the 19th century (NCD Risc
Factor Collaboration (NCD-RisC), 2016; Baten & Blum, 2014; Hatton & Bray, 2010; van
Zanden et al., 2014). A complex set of environmental improvements in living conditions,
nutrition, hygiene, disease environment, greater health/socioeconomic equality, and
reduced physical workload are listed among the influencing factors (Bogin, 1999;
McEvoy & Visscher, 2009; Stulp & Barrett, 2016). Another strand of the height literature
shows that taller men evaluate their live more favourably (Deaton & Arora, 2009), that
taller men have better education outcomes (Magnusson et al., 2006), and that shorter
men are less likely to be married (Herpin, 2005). There is a known positive correlation
between height and income, but the relationship is non-linear (Hlbler, 2016).
Determinants of height include both genetic and environmental factors. Moreover,
there is a moderately positive assortative mating for height (Stulp & Barrett, 2016)
and the relationship between male height and reproductive success is curvilinear or
positive (Stulp et al., 2015, 2012). Although genetic factors are responsible for 80 to 90%
of the difference in height between individuals in affluent populations (Visscher et al.,
2010), historical evidence for the heritability of height is sparse and it is unclear whether
the heritability of height in families has increased in the course of rising living standards
over the last 150 years because the influence of the environment has decreased. In
addition, the link between height of parents and height of their offspring is not
necessarily only caused by genetics: People inherit many non-biological traits from
their parents, such as religion, wealth, social status, occupation, housing environment,
and lifestyles, which have an influence on growth patterns and adult height. In eco-
nomic history, the attention on intergenerational transmission has been laid on social
mobility (Clark, 2014; Favre, 2019; Favre et al., 2018), poverty (Horrell et al., 2001), health
(Andreella et al., 2016), and inequality (Hallsten & Kolk, 2020).

The association between adult height and mortality is neither unambiguously
positive nor negative. As with the wage height premium and reproductive success,
the relationship is non-linear (Waaler, 1984). Total mortality decreases with increasing
height in men, while the relation between body mass index (BMI) and mortality is J-
or U-shaped (Engeland et al., 2003). Taller people, on average, are less likely to die
from cardiovascular diseases (CVD) but are, in contrast, more likely to die from certain
cancers (The Emerging Risk Factors Collaboration, 2012). In addition, the socioeco-
nomic gradient in height does not necessarily correspond to the socioeconomic
gradient in mortality (Oberg, 2014). While socioeconomic differences in average
height can be observed everywhere and at all times (even if they have become
smaller in the 20th century; Komlos, 2009; Panczak et al., 2017), there is an ongoing
debate about whether socioeconomic-related mortality differences diverge, converge
or remain constant over time (Bengtsson & van Poppel, 2011). In Sweden, socio-
economic mortality differences seem to appear late (only after 1950; Bengtsson &
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Dribe, 2011), while in Geneva there seems to be a systematic and constant below-
average mortality among elites, despite generally decreasing differences between
classes (Schumacher & Oris, 2011).

For Switzerland, the present-day association between height and mortality was exam-
ined using four health surveys conducted between 1977 and 1993 which were linked to the
Swiss National Cohort (Rohrmann et al., 2017): In men, mortality risk generally decreased
with increasing height. But in contrast to the aforementioned literature on causes of deaths,
there was no association with dying more frequently from cancer for taller men, and shorter
height was not associated with cardiovascular mortality. The anthropometric history of
Switzerland over the last 200 years has been extensively reviewed (Triib et al., 2020; Staub
et al, 2016, 2014; Schoch, Staub, and Pfister 2012). The results are in line with the general
anthropometric literature: increasing average height since the end of the 19th century and
clearly visible but decreasing social gradient in height, while at the same time life expec-
tancy at birth, GDP per capita, and real wages increased. Due to the lack of longitudinal
data, however, no study has yet explored the historical association between adult height
and adult mortality in Switzerland, as it has been done for other historical populations
(Marco-Gracia & Puche, 2021; Tassenaar & Karel, 2016; Thompson et al., 2020).

We explore the relationship between adult height, BMI, iodine deficiency, and life
expectancy in the Swiss alpine canton of Glarus. Firstly, Glarus is interesting because,
despite being a small and remote canton as well as in contrast to many other more
agricultural-alpine regions, it was highly industrialised and relatively prosperous in terms
of GDP per capita at the beginning of the 20th century (Stohr, 2018). In particular, Glarus
benefited from its proximity to the large and economically strong canton of Zurich.
Secondly, the canton of Glarus as the object of study represents a member state with far-
reaching autonomy and its own constitution within a country. It sets our research apart
from other studies of individual towns or several villages in a region. Third, iodine
deficiency was endemic in Glarus at the beginning of the 20th century. Due to iodine
deficiency, very short stature was widespread in Alpine regions, and associated with
hypothyroidism and mental retardation (Arcaleni 2006; Papageorgopoulou et al., 2012).
The most common iodine deficiency disorders include goitre at all ages, as well as delayed
physical development in growing children (Papageorgopoulou et al., 2012). Widespread
surveys among Swiss conscripts showed that in some alpine districts, the prevalence of
palpable goitre was as high as 82% (Biirgi et al., 1990; Papageorgopoulou et al,, 2012;
Stiner, 1924). Ecological studies have shown that at the beginning of the 20th century, the
average body height of conscripts was shorter in Swiss districts in which the occurrence of
goitres was high (Biirgi et al., 1990; Staub & Riihli, 2013). But iodine-deficient thyroid tissue
releases growth factors (e.g., IGF), so that early and mild forms of iodine deficiency (as
defined among others by diffusely enlarged thyroid glands) can lead to increased body
growth (Wan Naraimoon et al,, 1996). In the case of Switzerland, the question of the
association between goitre as a proxy for iodine deficiency and adult height among
conscripts has not yet been answered based on individual data. Understanding these
relationships better is relevant especially for alpine countries, where iodine deficiency is
an important aspect of health history (Staub & RUhli, 2013). Fourth and finally, the
availability of data in the Glarus archives is unique for Switzerland: they include not
only the conscription registers with different body measurements (as in other cantons),
but also one of the most complete genealogical registers in Switzerland (Kubly-Miller
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1912). We use a sample of young men born between 1905 and 1907 and conscripted
between 1925 and 1927 to analyse the relationship between height and BMI at conscrip-
tion and adult mortality. The study aims to see if a difference in stature at conscription
translates into a difference in longevity.

2. Material and methods
2.1. The Swiss canton of glarus

The Alpine canton of Glarus comprises essentially the drainage basin of the Linth river.
Towards the north the canton expands to the Linth plain. In the south Glarus is connected
to its neighbouring cantons by Alpine passes. The canton is divided into four valleys (from
North to South): Lower Main Valley, Upper Main Valley, Linthal Valley, and Sernftal Valley
(Figure 1). In 1920, there were 29 municipalities, evenly distributed among the four
valleys. The number of inhabitants varied between 219 and 5027 people (with a total
population of 33,834). The most populous municipality, the main town of Glarus, is
located in the Upper Main Valley (Figure 1). The settlements in the two main regions
are located at an average altitude of 439.1 metres above sea level (masl) (Lower Main
Valley) and 525.0 masl (Upper Main Valley). The average altitude of the villages in the two
mountain valleys Linthal (661.4 masl) and Sernftal (755.6 masl) is higher.

Region
[ Lower Main Valley
[ZJ Upper Main Valley
[ Linthal
I Sernftal
Share industrial workers
Tertile 1 (low)
* Tertile 2 (medium)
* Tertile 3 (high)

LOWER MAIN b)
VALLEY

UPPER MAIN
VALLEY

LINTHAL
SERNFTAL

Figure 1. A) Topographical map of the Canton of Glarus(source: www.geo.gl.ch). B) Municipalities,
regions, and share of industrial workers in 1920. The polygons represent the 29 municipalities
coloured in grey scales according to the four main regions (Lower Main Valley, Upper Main Valley,
Linthal valley, and Sernftal valley). The circles represent the main places of the municipalities, and their
size is proportional to the population size in the 1920 census (min = 219, max = 5027). The colours of
the circles indicate the share of industrial workers (in tertiles) in 1920.
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The Linth was initially central to the economic development of the canton as
a waterway. The location in the Linth plain was important, as the canton thus borders
on the trade route from Zurich to Chur, which was one of the European north-south
connections. The Linth also enables energy production and is thus closely linked to the
history of industrialisation in the area. The textile industry has shaped the region since the
18th century, but the region was already trade-oriented before industrialisation (livestock
export, mercenary trade, textile cottage industry; Rohr, 2005; Siegenthaler, 1985). The
economic development of the canton and the sectoral change from 1820 to 1950 can be
characterized on the basis of employment figures as follows: Between 1820 and 1840, the
factory production of cotton fabrics became established and included all stages of
production; between 1840 and the 1860s the factory system replaced cottage industry;
between 1870 and 1900 textile printing lost its economic importance, but spinning and
weaving, the non-textile industries and the tertiary sector partially compensated for the
losses of the main industrial sector; Around 1900, the canton had about the same number
of employees as in 1870; After 1900, employment increased again, due to a renewed
stabilisation of spinning/weaving and the strengthening of industries outside the textile
sector (Siegenthaler, 1985). Between 1920 and 1940, employment in all stages of produc-
tion in the textile industry continued to decline, while industrial production in the metal,
construction and machinery industries grew in importance (Rohr, 2005).

In 1920, 65.1% of the workers were employed in the secondary or manufacturing
sector, 15.3% in the primary sector, and 19.6% in the tertiary sector of the economy
(Eidgendssisches Statistisches Bureau, ed, 1923). Figure 1B and Appendix Table S1 show
the distribution of the sectoral workforce in the four valleys. While workers in the
industrial sector represent the majority of workers in all valleys, this is particularly
pronounced in the Linthal valley with 71.4% industrial workers and in the Upper Main
Valley with 69.6%. The Sernftal and Lower Main Valley, on the other hand, also have
a significant proportion of workers employed in agriculture (27.8% and 26.0%, respec-
tively). The per capita GDP of the canton of Glarus was CHF 2747 in 1920, ranking it fifth
among the 25 Swiss cantons (Stohr, 2018). The GDP figure emphasises the importance of
the industrial production.

Industrialisation, not surprisingly, did not simply mean prosperity. The distribution of
wealth was uneven across the population, especially in the 19th century. Sectoral change,
population pressure, and poverty led to strong waves of emigration in the 19th century.
The federal statistics on net migration include external migration as well as intercantonal
internal migration without differentiation. The loss of emigration decreased significantly
after the turn of the century: between 1900 and 1910, the annual average migration loss
was 90 persons (2.8 per 1000 inhabitants); between 1910 and 1920, the loss was 55 per-
sons (1.7 per 1000 inhabitants); between 1920 and 1930, net migration was slightly
positive (Eidg. Statistisches Bureau, ed, 1934). Around 1900 Swiss internal migration
became more important than emigration. The canton of Glarus increasingly came under
the influence of the large economic area of Zurich and accordingly the main stream of
internal migration led to Zurich (Rey, 2003). In 1900, 82% of the resident population were
born in a municipality in Glarus; in 1930 the figure was 71%. In 1900 14% of the resident
population were born in a Swiss canton (1930: 21%) and 4% (1930: 8%) were born outside
of Switzerland. In particular, Swiss citizens from the cantons of Zurich, Schwyz, and
St. Gallen lived in the canton of Glarus (Eidg. Statistisches Bureau, ed, 1934).
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The anthropometric data in Glarus point to two phenomena, firstly with regard to
industrialisation and secondly with regard to the development of the standard of living.
The positive secular height trend began in Glarus in the 1870s (birth years, Appendix
Figure S1). In order to trace the secular trend in the height of young men in the canton of
Glarus, it is possible to refer to mean values and frequency tables published sporadically
by the authorities since 1876 (Appendix Figure S1). Young men in Glarus were markedly
shorter than the Swiss average at the end of the 19th century, but caught up during the
first half of the 20th century. Young men being shorter than the Swiss average might be
explained by the early industrialisation process in the region. Anthropometric studies
predominantly conclude that health and nutritional status deteriorated during industria-
lisation (Blum & Eoin, 2019). The secular trend and young men catching up point to the
improvement of the standard of living at the end of the 19th century and the turn of the
20th century. At the demographic level the improvement of the standard of living is
visible in the decreasing infant mortality rate between 1870 and 1914 (1871/1875: 207.1,
1911/1914: 88.3; Historische Statistik der Schweiz (HSSO)., 2012). But at the same time at
the anthropometric level, the decline in infant mortality may have led to a weakening of
the selection effect on average height (Bozzoli et al., 2009).

The rising standard of living between 1870 and 1920 is visible in all cantons of
Switzerland. But the alpine cantons, which include the canton of Glarus, fall behind in
comparison to the urban and non-high-mountain cantons: the Alpine regions experi-
enced increasing economic marginalisation and slower modernisation of the public
health system (Lorenzetti & Meffre, 2005). For instance, around 1900, the density of
midwives in Glarus, Uri and Graubilinden was associated with a lower infant mortality
rate than in other cantons; In 1920, however, infant mortality in the three cantons was
above the national average, although the midwife/inhabitant ratio remained more favour-
able (Lorenzetti & Meffre, 2005).

2.2. Data sources

For the first time for Switzerland, we link conscription data and genealogical records at the
individual level (for a graphical representation of the study, see Appendix Figure S2).

2.2.1. Conscription records

Since 1875, every 19-year-old male Swiss citizen has been drafted into military service
(Kurz, 1985). The anthropometric data were recorded during the medical examination for
military fitness, regardless of whether the person was fit for military service or not (Triib
et al., 2020; Schoch, Staub, and Pfister 2012). The decision on fitness for military service (fit
for service, deferred or exempted) is a context-specific health indicator as to whether
a conscript can perform a longer period of military service without serious health pro-
blems. The decision was based on physical and medical examinations and formal require-
ments, such as a minimum height. Those whose physical condition was considered
insufficient, but with the potential to improve, were declared subject to re-examination
and their conscription deferred to a subsequent draft. The medical examination at
recruitment was prescribed in detail in military instruction manuals (Armee, 1875). The
standardised procedure did not change over time (Triib et al., 2020): it started with the
measurement of height, followed by chest circumference, and mid-upper arm
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circumference. Weight was only measured from 1875 to 1879 and then again after 1932.
Height was recorded with a portable device. Participants stood flat on their bare feet with
the heels together and heels and the back of head touching the measuring rod. For chest
circumference, the measuring tape was set around the naked chest in a horizontal line just
below the nipples. The measurement was taken after exhalation and before inhalation.
Mid-upper arm circumference was measured in the middle of the extended right upper
arm. The registers, which were compiled with great attention to detail and careful hand-
writing during recruitment, also contain information on the young men'’s date of birth,
first and last names (including the father’s name), occupation, place of citizenship, place of
residence, and information on goitre status (goitre vs. no goitre, as assessed by the
military doctors). This latter examination for goitres was also carried out in a highly
standardised manner throughout Switzerland according to a precisely formulated proto-
col, which comprised three pages. It described step by step and in detail how the
examining doctor and conscript had to position themselves exactly, what and how the
doctor had to palpate the thyroid gland in different positions, as well as a clear definition
of the different types of goitre (diffuse vs. nodule), including threshold values in the case
of differences, etc (Armee, 1875). Our earlier work has shown that these recruitment
sources in the late 19th and early 20th centuries are almost a complete coverage of the
birth cohorts (Schoch, Staub, and Pfister 2012). A socio-economic or similar selection bias
is therefore very unlikely.

The conscription registers have been archived in the Glarus State Archives for the
recruitment years between 1876 and 1932. However, at this stage it remains unclear how
completely the recruitment registers have been preserved in the archives or are accessible
at all. Therefore, for reasons of feasibility, three consecutive recruitment years from the
1920s were chosen, which were accessible. The complete data of 1073 conscripts who
were recruited for the first time from 1925 to 1927 were transcribed from the military
control books. Permission to access the data was granted by the Glarus State Archives and
data protection contracts were signed.'

We used the occupation of the conscript as an indicator of socioeconomic status. We
coded the occupations of the conscripts according to the Historical International Standard
Classification of Occupations (HISCO) code (van Leeuwen et al., 2002). We then used the
Historical International Social Class (HISCLASS) scheme to assign the HISCO code to twelve
social classes. We finally collapsed the twelve social classes to five classes: Unskilled
workers (HISCLASS codes 10, 11, 12, and 13), Skilled workers (7 and 9), Farmers (8),
Lower middle class (3,4,5 and 6), and Elite (1 and 2).

Weight was not measured at conscription between 1880 and 1932. We used the
measurements of height, chest circumference, and upper arm circumference (all mea-
surements in cm) of the conscripts to estimate their BMI. We used an estimation method
that we developed, tested, and validated on a dataset of Zurich conscripts from the 1930s
(Trib et al., 2020). The multiple regression equation with all variables (BMICAH formula:
BMI = 8.04 + 0.17*chest + 0.61*arm + —0.10*height), provides an accurate estimation of
mean BMI and the best performance of individual estimations in a 10% range around the
true value (94.8% of values within the range). The method also allows an accurate
estimation of the lower and upper ends of the BMI distribution.
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2.2.2. Genealogical register

The canton of Glarus has one of the most complete genealogical registers in Switzerland.
It is the uniquely detailed and extensive genealogical dataset that Johann Jakob Kubly-
Miiller created from 1896 to 1923 (Kubly-Miller 1912). The register was updated until
2006 and contains a complete coverage of the Swiss canton of Glarus dating back to the
16th century (Evans et al., 2018). The register (32 books, ca. 14,000 pages) contains data
for all the citizens of the canton, date/place of birth, date of marriage(s) and death, as well
as names of partner(s), parents and children. Links between parents and children are
established in the register. Great care was taken to include unmarried people, children
who died at early age, and illegitimate offspring. The books are accessible as photographs,
but only a small part of the data has so far been transcribed. As part of a larger research
project at the Universities of Zurich and Exeter, all relevant information from this register
(including kinships) for the last 300 years was digitised for two Glarus municipalities,
Linthal and EIm. We transcribed the date of death of all men recruited from 1925 to 1927.
For the two municipalities of Linthal and Elm, the already digitised kinship (brothers)
information was incorporated into the dataset via an already existing dataset (Evans et al.,
2018).

2.2.3. Record linkage

Individual tracing of the young conscripts in the genealogical register was done using the
variables of place of citizenship, first name and surname (also of the father), and date of
birth (if available). The genealogical register accessible in digital copies is arranged
according to civic places and surnames. Individuals were searched and matched by
hand using the variable order mentioned above. Individuals were matched only if the
identification was unique. Overall, 635 conscripts with citizenship within the canton (out
of 827) could be linked to the genealogical register (matching success 76.8%).

2.3. Statistical analysis

First, we computed multi-variable linear ordinary least squares regressions to examine the
associations between each of the two dependent variables, body height and estimated
BMI, and independent variables. Multicollinearity was tested using variance inflation
factor. All variance inflation factors were smaller than 1.2 and thereby considered non-
collinear. The regression results are presented as coefficient plots and in the tables in the
appendix.

Second, univariable and multivariable Cox proportional hazards regression models
were performed to assess the effects of height quartiles and BMI deciles, respectively,
on lifespan. Height was divided into quartile and combined in three groups: <163 cm (Q1),
163-171 cm (Q2 & Q3) and >171 cm (Q4). Because of the somewhat narrower distribution,
estimated BMI was divided in deciles and also combined into three groups: <19.7 kg/m?
(1st Dec), 19.7-23.7 kg/m? (2nd-9th Dec) and >23.7 kg/m? (10th Dec). Multivariate Cox
proportional hazards regression was adjusted for HISCLASS, region, fitness to serve, age
group, and goitre status.

Third, we used a general additive model (GAM) framework to assess the non-linear
associations between the dependent variable lifespan and the independent variables.
GAM models allow not only to assess linear effects, but also to estimate the non-linear
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effect of selected continuous independent variables on the dependent variable via
general smoothed terms (Wood, 2017). In our models we used smooth terms for height
(cm) and estimated BMI (kg/mz) and linear terms for HISCLASS, region, fitness to serve,
age group and goitre status. Lifespan was rounded to the nearest whole year and can be
described by a Poisson distribution. However, since lifespan was over-dispersed resulting
from a larger variance than the mean, we chose the negative binomial distribution to
model lifespan (Rigby & Stasinopoulos, 2005). We tested all linear terms for multicolli-
nearity by calculating the variance inflation factor and the smoothed terms by measuring
the concurvity. All variance inflation factors were smaller than 1.2 and the concurvity
indices were smaller than 0.09. Thereby all variables are considered non-collinear. We
performed two separated models: one with height as smooth term and another with BMI.
The linear terms were the same in both models.

Fourth, we applied quantitative genetic ‘animal models’, a specific type of mixed model
that contains an additive genetic random effect connected to a pedigree that describes
the pairwise relatedness of all individuals in our sample (Lynch & Walsh, 1998a; Wilson
et al,, 2010), to estimate the heritability of height (i.e. the proportion of the variance in
height attributable to additive genetic variance) in the small subsample for the two
municipalities of Elm and Linthal for which multi-generational genealogical data is avail-
able (Evans et al., 2018). As these models are notoriously data-hungry, to maximise the
accuracy and precision of our estimate, we also used height data for men conscripted in
Glarus in 1877-1878. As these data are only available for ElIm and Linthal, they were
excluded from all other analyses. We fitted Maternal ID as an additional random effect to
account for potential household effects increasing resemblance among brothers (N = 17),
and municipality (EIm or Linthal), recruitment year (1877-1878 or 1925-1927) and their
interaction as fixed effects. Models were fitted in ASRemlI-R 4.1 (Butler, 2020). The herit-
ability was calculated as the additive genetic variance divided by the phenotypic variance
(after accounting for the variance explained by the fixed effects).

All statistical analyses were performed using Stata (Version 14.2) and R Version 4.0.5.
The ‘gamlss’ R package (Rigby & Stasinopoulos, 2005) was used to estimate the general-
ised additive models, while ‘survival’ (Therneau, 2021) was used to perform the Cox
regression models. We used ggplot2 (Wickham, 2016) to produce the figures of the
GAM and Cox Regression models and Stata to produce the coefficient plots of the
ordinary least squares regressions.

3. Results

Of the 1073 young men included in the analysis, the majority of them (94.3%) had been
born between 1905 and 1907 and all of them were conscripted in the years 1925 to 1927.
Based on the boys born alive reported by the cantonal authorities for the years 1905-1907
and the figures in the recruitment registers, we estimate a birth cohort coverage of 96.0%.

The composition of the data set is shown in Table 1. The vast majority (92.5%) of young
men were 19 or 20 years old at recruitment (mean: 20.13 years), which corresponds to the
regular conscription age. About three quarters of the young men (70.1%) had a place of
citizenship within the canton. While 29.9% of the young men lived outside the canton,
21.2% lived in the Lower Main Valley, 23.7% in the Upper Main Valley (including the
cantonal capital, Glarus), 12.7% in the Linthal Valley, and 12.5% in the Sernftal Valley. In
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the dataset, 22.3% of the men belonged to the unskilled workers class, 40.8% to the skilled
workers class, 18.6% to the farmers class, 12.5% to the lower middle class, and 5.8% to the
elite class. Goitre was diagnosed in 35.4% of cases. Among men who lived outside the
canton, goitre was present in only 5.3% of cases. In the four valleys of the canton, the
prevalence of goitre varied between 41.9 and 55.3% (the latter in the Lower Main Valley).
After the medical examination, 63.3% of the young men were deemed fit for military
service.

On average, the young men were 167.58 cm tall (SD 6.75, 95% Cl 167.17 to 167.98;
Table 2). The distribution ranged between 138 cm and 189 cm and is approximately
symmetrical (Appendix Figure S3), even if slightly skewed to the left (skewness —0.24). The
mean estimated BMI was 21.76 kg/m?, and varied between 16.64 kg/m? and 27.45 kg/m?.
Again, the distribution is approximately symmetrical. According to the WHO categoriza-
tion, 2.6% were underweight (BMI <18.5 kg/mz) and 2.3% overweight (BMI 25.0-29.9 kg/
m?), obesity (BMI = 30.0 kg/mz) did not occur. There is hardly any difference in the
descriptive statistics between the full sample and the sample comprising Canton of
Glarus citizens only (Tables 1 and 2). The 635 conscripts with cantonal citizenship (out
of a total of 827 conscripts) reached an average age of 72.62 years (SD 14.36, range 22.70
to 102.25). Thus, for this quasi cohort, life expectancy at age 20 was 55.01 years (95% ClI
53.7 to 56.4). The comparison with whole Switzerland for the same birth cohorts (data
source Human Mortality Database) shows a very similar value (55.7 years). The period life
expectancy at birth in Switzerland in 1900 and that of Glarus, which corresponds to the
Swiss average, is above the Western European average and is only exceeded by the
Netherlands and Sweden (Floris et al., 2019).

Ordinary least squares (OLS) estimations show a difference of 2.51 cm (95% Cl 1.44
to 3.59) in mean body height between the skilled workers and the unskilled workers
and a difference of 5.86 cm (9%% Cl 3.02 to 7.89) between the elite and the unskilled
workers (Figure 2A and Appendix Table S2). Conscripts living in the Lower Main
Valley and in the Linthal Valley were on average 1.89 cm (95% Cl —3.10 to —0.69) and
0.79 cm (95% Cl —-2.21 to 0.64) shorter than those in the Upper Main Valley
(reference group). Conscripts unfit for service were shorter. In contrast, young men
with a goitre were 1.20 cm (95% Cl 0.28 to 2.13) taller than young men without
a goitre. The OLS regression for estimated BMI (Figure 2B and Appendix Table S2)
indicates that men in the lower middle class were not only taller but also 0.49 kg/m?

Table 2. Descriptive statistics numerical variables (histograms displayed in Appendix Figure S3).
GL = Canton of Glarus.

Continuous variable Data N Mean SD Min Max
Height (cm) Full sample 1073 167.58 6.75 138 189
GL citizens 827 167.63 6.72 138 189
Chest circumference (cm) Full sample 1073 86.46 4,92 67 105
GL citizens 827 86.47 4.96 70 101
Upper arm circumference (cm) Full sample 1073 25.86 1.94 18 36
GL citizens 827 25.84 1.94 18 36
BMI est. (kg/mz) Full sample 1073 21.76 1.63 16.64 27.45
GL citizens 827 21.74 1.64 16.64 27.45
Age (y) Full sample 1072 20.13 0.65 18 32
GL citizens 826 20.14 0.70 18 32
Lifespan (y) GL citizens 635 72.62 14.36 22.7 102.15

Cohort life expectancy at age 20 (y) GL citizens 635 55.01 17.32 2.7 82.15
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Figure 2. Coefficient plots visualising the results of the OLS regressions explaining A) mean height and
B) mean estimated BMI. The error bars indicate 95% confidence intervals. GL = Canton of Glarus. Full
results: See Appendix. Table S2

(95% Cl —0.82 to —0.17) thinner than unskilled workers. In contrast to height, there
are no clear regional differences in estimated BMI. Not only the men unfit but also
those fit for auxiliary service and those who were deferred were thinner. Again,
young men with a goitre were not only taller, they also had a 0.30 kg/m? (95% Cl
0.19 to 0.66) higher estimated BMI. The result does not change significantly if we
analyse only men with citizenship within the canton.

The multivariable Cox proportional hazards regression models showed that belonging
to the fourth quartile of the height distribution (>171 ¢cm) was associated with increased
lifespan compared to the first quartile (HR = 0.76, 95% Cl 0.60 to 0.96, adjusted Kaplan
Meier curves presented in Figure 3A). The other independent variables — HISCLASS,
region, fitness to serve, age group, and goitre status — were not clearly associated with
lifespan (Appendix Table S3). For the first or tenth decile of estimated BMI, we found no
significant association with lifespan compared to the second through the ninth deciles,
which results were confirmed by the GAM models (Appendix Table S4). The significant
(p = 0.027) smoothed effect of height on lifespan is shown in Figure 4A. While the positive
association is evident across the entire distribution, it is particularly strong for short men.
The smoothed effect of estimated BMI on lifespan (Figure 4B) shows a tendency towards
the expected n-shape (because particularly high and low BMI values are associated with
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Figure 3. Kaplan Meier curves for survival probabilities showing the results of the multivariable Cox
proportional hazards regression models for categorised height (A) and estimated BMI (B). Full results
are presented in Appendix. Table S3
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Figure 4. Results from the GAM models explaining variance in lifespan. Only the effect of the
smoothed terms height (A) and estimated BMI (B) are shown in the plots, the full results (including
HISCLASS, region, fitness to serve, age, and goitre status) can be found in Appendix Table S4. Grey
areas indicate 95% confidence intervals.
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increased mortality; Waaler, 1984), but is not significant (p = 0.629). Overall, the height
GAM model explained 4.9% of the variance in lifespan, and the estimated BMI model
explained 4.0%.

In the subsample for the two municipalities — EIm (in the Sernftal Valley) and Linthal -
for which kinship had already been established, the heritability of height was estimated to
be 65% (SE + 18%) (likelihood ratio test: x3.=3.69, p = 0.021) (Appendix Table S5).
Although the number of men in our sample who lived in the same household was
small (low statistical power), there was no statistical evidence of maternal/common
environmental effects contributing to similarity in height among relatives.

4. Discussion

The young men born in Glarus between 1905 and 1907 were on average 167.6 cm tall at
conscription and reached an average age of 72.6 years. The average height corresponds
approximately to the Swiss average for these birth cohorts (Floris et al., 2019). There
were, however, differences within the canton. In the Linthal Valley, the region with the
highest proportion of industrial workers, young men tended to be slightly shorter.
However, young men were also shorter in the Lower Main Valley region, where the
proportion of the agricultural population and the prevalence of goitre was higher. Due
to the small data set, it remains open whether the differences are more related to
location characteristics or more related to occupation/class characteristics (Schoch,
Staub, and Pfister 2012).

In general, socioeconomic differences in height and BMI of conscripts in the 19th and
first half of the 20th century for the whole of Switzerland and individual cantons are just as
well documented as regional differences (Triib et al., 2020; Schoch, Staub, and Pfister
2012; Staub et al., 2010). The magnitude of the socioeconomic difference in height (about
5 cm between unskilled workers and elite) lies in the range of those previous Swiss studies
and the international literature (Oberg, 2014). Young men from the lower middle class
and the elite class had lower estimated BMI than unskilled workers. Body fat and over-
weight hardly occur in this historical period and can therefore not explain the socio-
economic differences (Staub et al., 2016). The explanations are rather to be found in the
work-related physical activity and the associated larger muscle masses in lower social
classes (Schoch, Staub, and Pfister 2012).

We find that young men with goitre were on average taller in Glarus, while at the
ecological level for the whole of Switzerland, districts with a low goitre prevalence
showed by average a taller population (Papageorgopoulou et al., 2012; Staub & Rihli,
2013). However, this ecological association might be more complex and maybe the
phenomenon of ecological fallacy plays a role here, when (mis)conclusions are made
about the individual from the perspective of aggregated groups (Wakefield & Lyons,
2010). It could therefore be that aggregation at district level for the whole of
Switzerland blurs important differentiations at lower levels within a selected alpine region
like Glarus. In addition, it is not only the high or low prevalence of iodine deficiency and
goitre but also other reasons (and thus confounding factors) related to socio-economic
background and the standard of living in general that could be the driving reasons for the
Western Swiss districts to be taller by average and the Eastern Swiss districts to be shorter
(Staub, 2010). On an individual level, the connection between iodine deficiency and
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growth does not seem to be entirely clear either, and probably depends on age as well as
the duration of iodine deficiency. Particularly in childhood, the evidence on this associa-
tion is mixed, depending on the study design and measurement methods. What is clear,
however, is that if the iodine deficiency has not lasted very long, the thyroid gland will
diffusely enlarge and an overproduction of hormones will occur in order to compensate
(Zimmermann, 2009; Zimmermann et al., 2007). It is precisely in this phase that the
positive correlation between goitre and body height found in this study makes sense.
Unfortunately, the individual information from the recruitment source does not allow this
differentiation into early vs. chronic or mild vs. severe phases of iodine deficiency.

In linking individual conscription data (anthropometrics and other health data) with
lifespan information from genealogical registers, we find a positive effect of body height
on lifespan for Switzerland in a historical setting, with particularly short men being
disadvantaged. The difference, however, is rather small (2-3%). Due to limited sample
sizes and temporally and spatially divergent study areas in most similar studies,
a comparison with the literature is difficult. But the small difference confirms to some
extent the findings of a study of conscripts from rural Spain, which found a decreasing
and disappearing difference in life expectancy between taller and shorter conscripts for
early 20th century birth cohorts (Marco-Gracia & Puche, 2021). We cannot say with our
three sample years how the relationship changes over time, but we can say that the effect
is still visible in the 1900 birth years. The rather small effect we found is probably also due
to the fact that our models can only capture part of the relevant factors and because, as is
suggested in the literature, height and mortality probably reflect different aspects of
health status (Oberg, 2014). First, our cofactors were collected at age 19 or 20 years, and
these cofactors may change across the course of a lifetime, as it has recently been
suggested for conscripts born in the middle of the 19" century in the Dutch city of
Maastricht (Thompson et al., 2020). Second, it would be important to analyse causes of
death. Third, genetics might play an important role. This could only be approximated if all
kinship in the genealogical register could be digitised and included in the models. Our
calculation of the heritability of body height (65%) in the villages of EIm and Linthal shows
the potential of such kinship aspects. The estimated 65% heritability of height is similar to
modern samples from developing countries (50-60%) but lower than the 80% typically
reported in affluent societies, probably due to less stable conditions and thus a stronger
environment effect (Perkins et al., 2016; Roberts et al., 1978; Wells & Stock, 2011).

Our study does have some limitations. First, our study only analyses data from three
consecutive years of recruitment. However, the existing sample is not considered too
small, as the post-hoc calculated power in all models was very close to 1. It is clear,
however, that the addition of more recruitment years since 1875 would allow interesting
cross-temporal assessments (Marco-Gracia & Puche, 2021). For reasons of feasibility
(especially concerning the linkage with the complexly structured genealogical register),
however, this must be reserved for future follow-up studies. Second, we only have males
in our dataset. Unfortunately, other archival sources that might contain body measure-
ments of women (e.g., birth records from maternity hospitals or passport registers
(Koepke et al., 2018) are not available. Third, the record linkage was not perfect: we
could not uniquely identify about 20% of the conscripts with citizenship in Glarus in the
genealogical register, and making a manual search is much more difficult for smaller
communities. Fourth, as we were only able to transcribe three consecutive conscription
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years and link them to the genealogical register, increasing the sample size in future
studies would allow modelling at the municipality level rather than at the region level for
spatial resolution. In this way, socio-demographic parameters of the individual munici-
palities could be better addressed than at the level of the four regions. Fifth, the calcula-
tion of heritability was limited to a very small sample of two communities. Sixth, more
details regarding the available variables would have been desirable in some cases, in
particular for the differentiation of goitres into diffusely enlarged thyroid glands versus
nodules (this coded information has not yet been transcribed from the archival sources),
or related to HISCLASS, such as the occupation of the father. Earlier studies for the city of
Basel at the end of the 19 century, however, showed that there is a good correspon-
dence between the social classes of the conscripts and their fathers (Schoch, Staub, and
Pfister 2012). Seventh, we did not include age at marriage, number of offspring, birth
years of children, birth order, number of relatives in a given village, or sibship size as in
other studies (Beekink & Kok, 2017; Kok et al., 2018; Manfredini et al., 2010; Marco-Gracia &
Puche, 2021; Mazzoni et al., 2017; Oberg, 2015; Quanjer & Kok, 2020, 2019; Ramon-Mufoz
& Josep-Maria, 2017; Thompson et al., 2020) which would allow modelling of life history
trade-offs, for example, increased height and longevity vs. earlier reproduction (Gluckman
et al,, 2009; Jaggqi et al., 2022).

We analysed two indicators of the standard of living in Glarus, a alpine region char-
acterised by early and strong industrialisation. The article shows a snapshot of the
standard of living of young men (birth years 1905-1907) whose standard of living in
general was improving (greater average height and longer life expectancy). We see
differences in height by social and regional origin and still a positive relationship between
height and life expectancy. We point out that the influence of the health and disease
environment on body size goes beyond the burden of infectious diseases by showing that
chronic deficiency states are also related to growth. However, the example of iodine
deficiency, which was endemic in the Alpine regions, also shows that the relationship
between hormone status and growth is complex and requires further research.
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