
Institute of Evolutionary Medicine (IEM)

Swiss Public Health Conference 2017
Workshop “Personalisierte Medizin als Ausdruck evolutiver Variabilität”

Variability in height and body shape 
since the 19th century
Kaspar Staub

Basel, 22. November 2017

1



Institute of Evolutionary Medicine (IEM)

2

Background & Aim

- Public health surveillance: Based on ongoing, systematic collection, analysis, and 
interpretation of data.

- Continuous monitoring of nutritional status and body shape will remain a 
cornerstone in future non-communicable diseases (NCD) strategies.

- Aim: Extend the time context of body shape-monitoring from the most up-to-date 
data not only until the 1990s but further back covering the last 140 years.

- Approach: The distribution (and not only the population mean) of a 
morphological feature best reflects the range of existing phenotypes and variability. 

- In order to accurately monitor changes in body shape over a longer time, comparable 
data are essential. Example: Swiss conscripts over the last 140 years.
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Data: Conscription in Switzerland 1875 until today

- Standardized and universal recruitment 
procedure since 1875 (remained unchanged).

- All young men are called to conscription in the 
year they turn 19.

- High coverage: Population of conscripts is 
>90% identical with Swiss resident male 
population at age ca. 19.

- Body measurements (taken by medics) for all 
conscripts (irrelevant if capable to serve or not).

- 2004-2014: 65% of conscripts agreed to having 
blood samples taken. 

1903

2010
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Height: +15cm in 140y, no more increase since 20-30y

− Average height: +15cm in 140 years, start in the 
1870s

− From low Southern-European level to Central-
European level by WW1

− Large regional differences

− Plateau: No more height increase since 2-3 decades

− Height distribution shifted to the right on the x-axis

− > 175 cm - 1878/79: 5.48%, 2008/09: 71.13%

− 19th century: ca. 6% < 150cm, height was slightly 
left-skewed (-0.8), SD was 7.5cm, and very short 
men were over-represented!

− Main reasons: Widespread iodine deficiency and 
low living standard?

Staub/Rühli, Gen Comp Endocrinol, 2013
Staub et al., Ann Hum Biol, 2014 4

skewness (!0.60, !0.20, respectively), mark the transition
towards the modern distributions f, g and h, with scarcely any
skewness (!0.03 to 0.07) (Figure 3). Accordingly, the
distributions from the 19th century show hyper-kurtosis
(2.17–2.44), in contrast with the modern distributions
(0.04–0.91).

The interquartile ranges stayed stable, at "8–9 cm, among
all distributions (Table 1), indicating that diachronic changes in
the shape of the distributions did not occur in the centre of the
distributions. The Q–Q plots for each of the eight distributions,
a–h, provide a precise illustration of this phenomenon (Figure
4). In 19th century Switzerland the average height of conscripts
differed significantly from normal distribution. Not only the
three distributions a–c, from the 1870s–1890s, but also
distribution d, from 1909/1910 (birth year 1890/1991), show
a heavy left/lower tail compared with the corresponding
normal distribution (red line), whereas the upper ends of the

distributions are close to the latter. Short and very short men
have been markedly over-represented in the earlier populations
(e.g. in 1884 5.1% out of 22 413 conscripts instead of the
expected 2.3% based on the normal distribution, were under
150 cm in height). The 1927–1932 distribution (e) already
shows signs of a lighter left tail and in f (1972) the heavy left
tail has disappeared. The two most recent distributions, g and h
(1993/1994 and 2008/2009), display an almost symmetrical
normal distribution.

Discussion and comment

Since the start of the secular height increase, in the late 19th
century, there has been a change not only in mean height and
the position of the distribution but, also, more pronouncedly
in the shape of the height distribution. In skewness and
kurtosis, height distribution shows a clear trend towards

Figure 3. Changes in skewness and kurtosis among the eight analysed distributions. The (green) diamond marks the result for 1972 (open intervals,
#199 cm and $149 cm).

Figure 2. Three selected height distributions
a, e and h, each of them compared with the
theoretical normal distribution that has the
same average but a ‘modern’ standard
deviation, of 6.5 cm. The dark/red columns in
distribution a (1878/1879) indicate heaping
at numbers ending in 5 or 0, such as 145
and 150, and also at the minimum height
requirement at the time, 156 cm.

4 K. Staub et al. Ann Hum Biol, Early Online: 1–8
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trend slowed down, markedly; annual growth rates in average
height in Switzerland are now back at the pre 1870s level (Fig. 1)
(Staub et al., 2011).

3.2. Discussion: possible contributing (endocrine) explanations for the
secular height trend

The primary causes of the secular trend usually include a com-
plex cluster of possible co-acting determinants. The secular height
trend of 19-year-old men also reflects the fact that the velocity of
an individual’s growth has evolved: during the 19th century, a 19-
year-old had yet to achieve his maximal height, whereas this is no
longer the case. However, since the secular height trend is reflected
in the average heights (female as well as male) derived from Swiss
passport applications and prison records since the late 19th cen-
tury, a faster individual growth tempo alone does not entirely ex-
plain the secular height trend (Staub et al., 2011), nor do changes at
the genetic level (Lango Allen et al., 2010; McEvoy and Visscher,
2009; Visscher et al., 2010). Significant contributing factors, how-
ever, have been found in positive assortative pair mating and re-
cently also in epigenetics (Bogin, 1999).

It is well known that environmental improvements in the stan-
dard of living, chiefly in regard not only to rising income and the
quality and quantity of nutrition but also to hygiene and the dis-
ease environment (housing conditions, decrease in the prevalence
and virulence of infectious diseases, immunization, clean water,
food control laws, etc.), not to mention a decrease in the physical
workload particularly during childhood, also played a key role.
Average height as biological indicator for wellbeing (Komlos,
2009; Steckel, 2009) increased in tandem with improvements in
other economic and biological measures of the standard of living
(GDP per capita, real wages, life expectancy, infant mortality) dur-

ing the period of industrialization and prosperity after the 1880s
(Bergier, 1990; Studer, 2008).

The start of the secular height trend in Switzerland was early as
the 1870s, coinciding as it did with the first economic phase of
globalization, which began when the railway system became inter-
national, enabling the massive importation of cheaper food prod-
ucts. But while the price of food ceased to be volatile and instead
decreased, wages continued to rise. However, a larger share of
the family budget was available for the purchase of foodstuffs
(meat and dairy products). Also starting in the 1870s, Swiss city
governments instituted significant public-health reforms regarding
sanitation, sewage systems, and potable-water lines, and public
discourses about the importance of hygiene and nutrition were
published in the popular Swiss press (Staub, 2010).

However, the secular height trend has yet to be satisfactorily
explained, as does its slowdown since the 1970s (birth years),
which has its parallel in northern as well as elsewhere in central
Europe. It is not yet clear, whether, due to the stable environment
of central and northern European countries, the genetic endpoint
of the population has been reached, at a mean level of 178–
180 cm (Staub, 2010; Staub et al., 2011). In the paragraphs that fol-
low, selected environmental co-determinants of the secular height
trend are discussed in depth and in chronological order, since they
had step by step a particular strong influence on the endocrine sys-
tem and consequently also promoted human growth.

3.2.1. Iodine deficiency as co-determinant for low Swiss average height
in the 1880s

Hypothyroidisim (a condition that can be endemic, genetic, or
sporadic) is caused by an untreated thyroid-hormone deficiency;
it causes mild to severe impairment of physical and mental devel-
opment. Endemic hypothyroidism is due to an iodine deficiency,
which can cause goiter (enlargement of the thyroid gland),

Fig. 1. The secular trend in average height of conscripts in Switzerland as well as the cantons Geneva and Appenzell AR since the late 19th century, compared with male
average height in Spain, Italy, Belgium and France.

K. Staub, F.J. Rühli / General and Comparative Endocrinology xxx (2013) xxx–xxx 3

Please cite this article in press as: Staub, K., Rühli, F.J. ‘‘From growth in height to growth in breadth’’: The changing body shape of Swiss conscripts since the
late 19th century and possible endocrine explanations. Gen. Comp. Endocrinol. (2013), http://dx.doi.org/10.1016/j.ygcen.2013.03.028
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Weight/BMI: Increase, plateau only in the last 4-6y
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Abbildung 13: A) BMI-Mittelwert nach Altersgruppen und Rekrutierungsjahr 1952-2015; B) Prävalenz 
Übergewicht /Adipositas bei 19-20 Jahre alten Stellungspflichtigen seit 2004 
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BMI: From under-nutrition to over-nutrition

− Weight and BMI became 
increasingly right-skewed.

− Underweight in the 19th

century vs. overweight in the 
21st century.

− BMI relations between the 
upper and the lower end of the 
socio-economic strata 
changed inversely from the 19th

century to modern times. 

6

Year <18.5 18.5-24.9 25.0-29.9 >=30.0
1875-79 12.1% 86.1% 1.6% 0.1%

1933-39 4.9% 91.3% 3.7% 0.1%

1994 5.5% 80.3% 11.8% 2.5%

2014 4.4% 71.5% 18.4% 5.7%

Staub et al., Eur J Clin Nutr, 2010; Staub et al., Obes Facts, 2016
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Evolutionary aspects…

- The body of young men adapted differently to varying living 
conditions (life history theory): 

1. Less investment in height and weight under conditions of 
under-nutrition and food uncertainty (before 1870s).

2. More investment in height under more stable nutritional 
conditions (1870s-1970s).

3. Development of obesity during conditions of plateaued 
height growth, over-nutrition, and decreasing physical 
activity (the last 20-30 years).

- Phenotypical plasticity (adaptively responding to the 
environment).

- Thrifty-Gene Hypothesis: Mismatch between evolved biology 
of human body and modern life. The survival advantages of the 
ability to store fat in the unstable agrarian society became 
a disadvantage in modern and stable consumer society.

7Staub et al., Obes Facts, 2016
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BMI distribution became broader at both ends
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8Staub et al., Evol Med Public Health, in review
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- For some metabolic parameters today: Underweight is as bad as overweight
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Groups at risk: Small area clusters of obesity

Panczak et al., BMC Obesity, 2016 9

between conscripts coming from communities of differ-
ent urbanicity levels were less pronounced.

Obesity prevalence across postcodes
Figure 2 shows postcode level estimates of ORs of obesity
among conscripts from unadjusted (Model 1) and Fig. 3
shows the adjusted model with spatially unstructured com-
ponent (Model 2). Adjustment for individual and area level
covariates did not cause major changes in the spatial pat-
terning of estimates. In both models there was a heterogen-
eity of ORs between postcodes. Some large scale spatial
patterns emerged from the maps indicating SW-NE belt of
elevated OR s in Central and North Switzerland (stretching
mainly throughout postcodes located in the cantons of Ba-
sel Stadt and Basel Land, Solothurn, Aargau and northern
parts of Bern and Zurich) [75]. Postcodes with ORs below
1.0 were concentrated in NE Switzerland (the cantons of
Zurich and Thurgau) and scattered through the rest of the
country. Posterior probability estimates were relatively low
throughout whole country. DIC indicated Model 2 as hav-
ing better fit compared to Model 1 (Table 1).

Figure 4 shows postcode level estimates of ORs of
obesity from unadjusted (Model 3) and Fig. 5, the ad-
justed model with spatially unstructured and structured
components (Model 4). Similarly as in two previous
models, adjustment for individual and area level covari-
ates did not cause major changes in the spatial pattern-
ing of estimates. The heterogeneity of ORs increased
with postcode-level estimates ranging from 0.61 to 1.93,
further accentuating strong spatial structure of the
results. There was a clear concentration of ORs above 1
in central and north Switzerland. Additional, smaller
pockets of postcodes with higher ORs emerged around
cities of Geneva, Fribourg and Lausanne. Lower estimates
of ORs were observed in the North-East (cantons Thur-
gau, Schaffhausen, St. Gallen, Appenzell Ausserrhoden,
Appenzell Innerrhoden) and East (canton Grisons)
Switzerland as well as south of the Alps (in the cantons of
Valais and Ticino). In contrast to the results from
models without structured components, posterior
probability estimates were higher in North, Central
and Western part of the country.
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Fig. 1 Crude prevalence of obesity across age and socioeconomic characteristics of conscripts, Switzerland 2010–12. Vertical red solid line
indicates 5.8 % overall proportion of obesity

Panczak et al. BMC Obesity  (2016) 3:10 Page 5 of 12

not designed for public health investigations. However,
they offer a high level of resolution for national scale re-
search whilst still maintaining privacy of individuals. Add-
itionally, they remain in use in official health statistics as a
basis for formulation of MedStat regions [83] and can
therefore in the future be linked to other Swiss health re-
lated data such as the Swiss database of hospital dis-
charges (Medizinische Statistik der Krankenhäuser).
Obesity prevalence among Swiss conscripts 2010-2012

(5.8 %) was slightly higher compared to the prevalence
(3.6 %) detected among the small group of 165 men aged
15 to 29 years examined for the 2011 Swiss salt survey
(however, 6.1 % of the same young men showed a
substantially increased waist circumference (>102 cm)
[34, 35]. Obesity prevalence (BMI ≥ 30 kg/m2) of 1,503
young men aged 15-24 participating in SHS in 2012 was
3.2 % and thus also lower compared with the conscripts,
possibly due to the fact that SHS data were self-reported
[25]. The levels of obesity (BMI ≥ 30 kg/m2) were slightly
lower in Switzerland (5.8 %) compared to other European
countries with mandatory conscription in 2010/2011
(Germany 8.5 %, Denmark 8.7 %, Austria 8.4 %) [52, 84].
In Austria, obesity prevalence among the conscripts varies

between 6.9 % and 9.6 % between the three major regions
of the country [52]. To our knowledge, this current study
is the first in Switzerland, and generally the first based on
conscription data, to analyse small-area variation in obes-
ity prevalence on national level. For Switzerland, the high-
est resolution of regional analyses to date were cantons,
major regions or districts [14, 55]. Lastly, the study con-
firms results of earlier studies on Switzerland and other
countries showing higher BMI among individuals of lower
socio-economic position [18–20].
Future studies could offer even higher spatial resolution

of the analyses and use the main city of residence or even
full residential addresses geocoded to point data instead of
the data aggregated to postcodes. Furthermore, more con-
scription years could be included, which would allow use of
spatio-temporal models [63, 85]. Future studies could ex-
plore non-linear methods of modelling continuous covari-
ates and alternative, non-contiguity-based spatial weights
such as road network connectivity as suggested by recent
studies on mortality and life expectancy in Switzerland [61,
86]. They should also aim at capturing highest possible level
of spatial reference of place of residence of the study partici-
pants in order to further investigate complex spatial

Fig. 5 Estimated adjusted odds ratios (AORs) of obesity from Model 4 (AOR), (using spatially unstructured and structured effects) . The squares are placed
in the median population centres of the postcodes from which conscripts came from; the hue of the square is shaded according to the estimated OR in a
given postcode, and its size is proportional to the square root of the number of conscripts from 2010–12 period. Background choropleth map (green
hues) represents posterior probability of an increased risk of obesity. Sources of geodata: Amtliche Vermessung Schweiz/swisstopo

Panczak et al. BMC Obesity  (2016) 3:10 Page 9 of 12

- SEP of neighborhood is important as well
- Small area clusters: Patterns do not follow administrative boundaries 
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Discussion
- Limitations: Conscription data depict only young men with Swiss citizenship!

- Multifactorial causes for changes in height and body shape: Genetics, 
epigenetics, environment, behavior, etc., but also evolutionary aspects.

- Focus on shape and position of distributions (variability) adds information 

- Groups at risk can change over time, and they do not necessarily follow 
administrative categories (cantons, etc.) > Need for personalization

- Hypothesis: Advances in medicine > reduced premature mortality and 
increased probability of reaching reproductive age (>99%) > Relaxed natural 
selection > accelerated genetic change, higher variability, accumulation of 
harmful mutations, altered genes affecting energy balance and metabolism?

- BMI is not ideal (weight by muscle or fat?), additional information is needed…

10
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Outlook beyond BMI I: Waist circumference

11
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− After a successful pilot study in 
2016 waist circumference will be 
introduced as additional standard 
measurement in the conscription 
process of the Swiss Armed 
Forces from 2018 onwards.
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Outlook beyond BMI II: 3D Full Body Scans

Figure 1 Raw scan outputs of five selected test subjects showing the full range of observed body
shapes. Subject (A) was the thinnest (scanned BMI = 16.85 kg/m2) and subject (E) was the heaviest
(BMI = 29.48 kg/m2). Subject (B) represented the ‘‘healthy’’ body shape type with a BMI of 20.95 kg/m2.
Subjects (C and D) had a similar BMI (27.94 vs. 27.73 kg/m2), but in contrast to subject (C), subject (D)
represented the athletic body shape type (reporting 17 h of sport per week). The faces of the subjects have
been pixelated and anonymised.

which indicates that most of the study probands were in good general health. Overall, the
participants covered a wide spectrum of existing body shape variation in young men. The
low-quality raw scan outputs (Fig. 1) show the thinnest ((A), scanned BMI = 16.85 kg/m2)
and the heaviest ((E), BMI= 29.48 kg/m2) participant, aswell as exemplary twoparticipants,
whose BMI was similar (27.94 vs. 27.73 kg/m2), but in contrast to subject (C) subject
(D) represented the more athletic body shape type (reporting 17 h of sport per week).

Data collection
The participants underwent three measurement steps in separate rooms within a total
maximum time of 20 min each: (a) filling in a basic questionnaire, (b) scan measurements
(scans), and (c) manual measurements (hand/tape measurements).

(a) Questionnaire data
In the first step, the participants filled in a basic questionnaire about their age (rounded
to full years), their current physical activity level (expressed as total hours of sports per
week), and the number of visits to a physician during the last year (as a crude proxy for
their health status) (Table 1).

(b) Scan measurements
In the second step scan measurements (SM = 3D body scans) were performed on the
participants using a mobile Body Scanner Vitus Smart XXL and the software AnthroScan
Professional (both from Human Solutions GmbH, Kaiserslautern, Germany), both
integrated into a converted truck (the scanliner) of the Swiss Armed Forces Logistics
Organisation (Armasuisse). The same Vitus Smart XXL scanner device is currently
successfully used in different epidemiological studies in Germany (Bretschneider et al.,

Koepke et al. (2017), PeerJ, DOI 10.7717/peerj.2980 5/22
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− Not only conscripts: Assess body shape in toto via 3D full body scans
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