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Poor sanitation and overcrowding have severe impact on the disease en-
vironment. This study analyzes the impact of housing prices on physical
health, proxied by adult height, during the late 19th and the first half of
the 20th centuries. Using panel data on 14 advanced economies, the empiri-
cal results suggest that improved housing quality significantly contributed to
human stature by reducing overcrowding and creating better hygienic stan-
dards. To be precise, a one standard deviation increase in real house prices
translated to 1–1.2 cm taller adult heights—an amount which at that time
was associated with 1.2 to 2.1 years of additional life expectancy on average.
Also, 15 percent of the average height increase of 10 cm across all countries
can be attributed to housing quality. These findings are robust even when
income is controlled for.
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1 Introduction

Health, which is a crucial component of welfare, is heavily influenced by a person’s expo-
sure to disease environment and sanitation in the early years of life, and was especially
so during the 19th and early 20th centuries when knowledge about hygiene and disease
was not widespread. However, little attention has been paid to the possible relationship
between housing—as being an important part of someone’s environment—and that per-
son’s health between 1870 and 1965. This paper argues that sanitation and better living
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standards, and thus the ability to mitigate health hazards, are reflected in the quality of
housing which a person enjoys over their lifetime. The quality of housing can be proxied
by the value of a home, which was recently confirmed by Eichholtz et al. (2017) who
constructed rental price indices for seven major European cities over the past 500 years.
They concluded that most of the house price increases were due to improved housing
quality—which includes, for instance, heating, access to water and sewers—rather than
to rising market values or local monopoly behavior of landlords. At the same time,
average human height has increased as well in some of the decades and countries under
study, giving rise to this paper’s research question.

On the one hand, we would expect higher housing prices to reduce real income, ceteris
paribus, and the quality of nutrition and health spending. On the other hand, better
and healthier housing required investments that were paid via the rent or house prices.
It is an empirical question which of the two influenced health more strongly. This paper
hypothesizes that rising house prices, interpreted as house quality improvements, led to
taller final adult heights during the period between 1870 and 1965. A more expensive
house may be healthier than a less expensive one. This decreases the density of people
per room or house, which lowers the risk of the spread of infectious diseases such as
diarrhea or tuberculosis. Moreover, expensive houses feature better sanitary facilities
than houses of lower value, as demonstrated by Eichholtz et al.. Therefore, this paper
hypothesizes that less crowding and better sanitary standards such as clean bathrooms,
access to water, and wastewater disposal that have been established over the past two
centuries have contributed to the real house price increases in some countries, which are
depicted in figure 1, whereas in other countries, housing prices did not rise much before
the 1960s. Improvements in disease environment due to housing could have led to better
health and therefore rising adult heights.

So far, no study has interpreted house prices as an indicator of the quality of housing
and potential disease environments to study this relationship. But it has been criticized
that studies on human stature had frequently omitted the cost of housing, which likely
led to an overestimation of the influence of income (Komlos, 1998) or food consumption
(Margo and Steckel, 1983) on adult height. The purpose of this paper is therefore to shed
light on the relationship between housing quality and human stature while controlling
for several well-known determinants of height. To this end, this study uses real house
price and height data for a sample of 14 countries over the years 1870 to 1965. We end
the period in 1965 because thereafter, a strong an monotonous upward trend sets in,
which reduces the possibility to clearly identify height determinants, as their might be
unit root problems. Moreover, it has been argued that height gradually loses its health
indicator function because even lower income strata could afford a good condition of
health.

The next section will expand on the causal relationship between housing and health
as well as on historical developments in this area. That section will also motivate the
empirical research. Section 3 will discuss the data and methodology used to analyze
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Figure 1: Historical real house prices, 1870–1965 (1990=100).
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the research question before section 4 will eventually provide answers and discussions.
Section 5 concludes.

2 Literature review on housing and health

Because there is no widely accepted, unambiguous indicator of public health that was
recorded for all countries for the time before the 1950s, adult height can be drawn upon
as a proxy for the biological standard of living since much of it is determined by nutrition
and diseases that the person experienced during the first three years of childhood (Margo
and Steckel, 1983; Case and Paxson, 2008). Amongst others, height is positively related
with labor market outcomes and is thus an indicator of welfare and human development
(Strauss and Thomas, 1998; Deaton, 2003; Case and Paxson, 2008; Steckel, 2009).

Hence, height potential is strongly correlated with one’s socio-economic status. In fact,
Silventoinen (2003) estimates that 20 percent of the variation in height can be attributed
to changes in one’s environment. Since especially food consumption plays a major role
in household expenses, changes in height are foremost a consequence of changes in one’s
economic conditions (Komlos, 1987). Thus, height has become an established proxy for
the biological standard of living in the economic history literature (e.g., Komlos, 1985,
1993; Deaton, 2008; Baten and Blum, 2012; Baten et al., 2013; Baten and Blum, 2014;
Akachi and Canning, 2015). Height measures can be found in military or prison records,
for instance, and are nowadays readily available (Baten and Blum, 2012).

There is a consensus in the literature that housing is a key determinant of public health.
A number of studies (e.g., Dunn, 2002; Evans, 2003; Northridge et al., 2003; Diez Roux,
2003; Thomson et al., 2009; Egan et al., 2013) have found that housing which offers
healthier living conditions has positive impacts on both physical and mental health,
whereas housing in poorer living conditions has the opposite effect.

In general, two channels through which housing affects health can be identified (Shaw,
2004): first, the “hard” factors, e.g., temperature, humidity, ventilation, toxins, or home-
lessness; and second, the “soft” factors, e.g., the low social status attached to housing
debt, deprived neighborhoods, etc. Poor housing can lead to high blood pressure and
serum cholesterol, allergies and asthma, infectious and respiratory diseases, and similar
health problems.

The relationship between poor housing conditions and ill health holds true across various
geographical, cultural, and temporal contexts; and it is important to recall that illnesses
affect adult height mostly early in life; namely during childhood, when diseases use up
nutrients and lead to a negative net nutritional status which impairs growth. Diseases
after an adult has reached their final height do not affect the dependent variable in our

4



analysis anymore. Hence, height is always organized by birth cohorts.

Two possible sources of diseases, which are related to poor housing quality, will be dis-
cussed in the following: poor sanitation and overcrowding. Sanitation is an undisputed
determinant of public health; yet there were times when the effects of sanitation on
public health were unknown or difficult to handle. Poor hygiene during the industrial
revolution, for example, was mainly due to low wages, minimal investment in public
health services as well as uncontrolled and ill-planned city and slum growth (Evans,
2004), causing sanitation and living conditions in the European and American cities
to deteriorate significantly (Konteh, 2009). As a consequence, overcrowded, damp and
unclean houses and cities led to massive outbreaks of cholera, tuberculosis, diarrhea,
and whooping cough (Shaw, 2004). Evans (1988) elaborates on the six waves of cholera
that spread over Europe, where most of the sampled countries for the present study are
located. Three of these waves happened in the sampled time period (1863–74, 1881–96,
1899–1923) and could have been favored by poor quality of housing, e.g., poor hygienic
standards or overcrowding.

The British Parliament passed the first Public Health Act in 1848, which suggested that
health is determined by sanitation and revolutionized this field. Subsequently, munic-
ipal boards of health received the mandate to supervise and regulate public sanitation
(Tulchinsky and Varavikova, 2014) and thereby tried to contain the spread of diseases.
Similar developments have been witnessed in other parts of the world, e.g., with the
formation of the Massachusetts Sanitary Commission in 1850, Max von Pettenkoffer’s
public lectures on health in the 1870s in Munich, etc. (Tulchinsky and Varavikova, 2014).
However, these improvements took place very slowly, especially as rapid city growth in-
creased the problems at the same time. Better disease control improved health not much
before the 20th century (Easterlin, 1999).

Hatton and Bray (2010) studied heights of European men in the 19th and 20th centuries
and found an average increase of about 1 centimeter per decade. While the southern
European countries experienced accelerated growth between 1951 and 1976, northern
and middle-European men grew the most in the transwar period, after which growth
rates returned to more modest levels. The authors attribute the strong growth between
1911 and 1955 to a fall in the relative price of food as well as to a significant improvement
in urban sanitation.

The relationships between sanitation, housing quality, and health have been studied
empirically for today’s developing countries. Vyas et al. (2016), for instance, analyze the
height of Cambodian children from 2005 to 2010 and find that better sanitation accounts
for an increase in child height. In Cambodia, more than three-quarters of all households
defecated in the open as late as in 2005. This rate was reduced to two-thirds by 2010.
As soon as sanitation improved, i.e., open defecation was reduced, children started to
grow taller than before. Also in the 19th and early 20th centuries, open defecation
and shared privies have been identified to be the most common sources of infections
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as most houses during this period did not have their own sanitary arrangements. In
fact, according to Meeker (1971), deaths caused by infectious diseases in U.S. cities only
started to diminish after a sanitary revolution in the 1880s. This change was triggered
by a preceding severe yellow fever epidemic in Memphis, Tennessee; sparking an interest
in public health. Yet, it was only in the 1930s that (mostly tiny) bathrooms became the
standard in American homes (Cowan, 1976).

The link between housing quality and health was also studied longitudinally. Marsh et al.
(2000), for instance, conclude that adult ill health is more likely among people who lived
in poor housing conditions in their younger days. Likewise, Mendall et al. (1992) report
that a lack of hot water supply in earlier life favors the spread of helicobacter pylori,
a bacteria found in the digestive tract, which can cause gastritis, gastric ulcers, and
cancer. Coggon et al. (1993) analyze a sample of more than 8000 English men and
women who were born after 1900 and conclude that children living in houses without
hot water exhibited higher death rates from diseases as adults. Moreover, besides the
lack of household amenities and appropriate sanitation, both aforementioned studies
identify domestic overcrowding as one reason for the observed health hazards.

An important determinant of health is crowding in houses. Using infant mortality rates,
Cage and Foster (2002) compare overcrowding in Scotland during the first half of the
20th century and conclude that average room density led to much worse outcomes in
Glasgow than in Edinburgh where houses were less crowded. Likewise, analyzing data
from the Census of England and Wales on over 21 million births given by roughly 6
million women, Haines (1995) reports that infant and child mortality between 1890 and
1911 was considerably higher for households with a low number of rooms. In fact, the
detrimental effect on child mortality almost halved when the number of rooms per house
increased from 1 to more than 10. Even though the study does not clarify whether the
number of people per room diminished when the number of rooms rose, a study by Clark
(2002) reports that the average density per house in England and Wales decreased from
5.17 persons in 1870–1879 to 4.99 in 1900–1909. This suggests that height gains could
be (partly) due to more generous housing space per capita. In a study similar to that
by Haines, Kuh and Wadsworth (1989) examine a panel of English, Welsh and Scottish
people born in the same week in March 1946 and find that having lived in overcrowded
conditions (more than 1.5 people per room) up to age eleven led to 4 cm shorter adult
height compared to adults who had not experienced such conditions in childhood.

Our study hypothesizes that less overcrowding results in higher prices and therefore,
disease environments should be less demanding. There are two reasons for this argument.
First, infectious diseases are easily transmitted in overcrowded places. Hence, more
spacious houses per family, which tend to be costlier, should mitigate the spread of such
diseases. And second, sanitary facilities add space to a house. A bathroom requires at
least one additional room and the necessary infrastructure such as drain pipes, taps,
and boilers, has to be installed. Therefore, houses with better sanitary facilities should
be more expensive on average. However, better sanitation alone does not account for
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an improvement in health as it can hardly mitigate the spread of respiratory diseases
such as tuberculosis which are mostly transmitted through the air. Therefore, it is also
necessary to additionally take (over)crowding into consideration as one determinant of
housing quality. For the empirical part of this paper, however, it has to be noted that
the present analysis does not take into account that there were different house and room
sizes, as has been done by Cage and Foster (2002). Instead, it is simply assumed that
a room density of, say, 1.5 people per room harbors more health hazards than a lower
room density. Such a case would be reflected by a lower house price.

The idea that additional rooms, a bathroom or household amenities such as water supply
could increase house prices is not far-fetched and has been shown using a hedonic price
model estimated by, e.g., Margo (1996)—albeit for rental prices in a slightly different
time period (1830–1860). He analyzed rental announcements in the newspaper and found
that additional rooms and additional bathrooms increased the cost of renting in New
York. Among other variables, he determines the partial effects of the number of rooms
per dwelling, the presence of a bathroom, and the quality “modern” on logarithmic rent
prices per day. Modern rental units are dwellings that feature improvements such as
gas and water supply. Table 1 reports these regression coefficients, which show by how
much a certain characteristic can increase the daily rent price in percent. More recent
work by Eichholtz et al. (2017), who construct rental price indices for seven European
cities from 1500 to present, has confirmed that housing prices have increased because
of better housing quality (including increased housing space per capita, heating, water
supply, and the like) rather than because of rising market prices. Even though these two
studies construct rental price series, the logic that additional quality increases housing
costs also holds for house prices, as the price of a house can be viewed as the present
value of perpetual rent.

Table 1: Rental price premiums for certain dwelling characteristics.

Non-New York City New York City

Number of rooms (log) 0.775 0.746
(14.100) (22.651)

Bath 0.149 0.110
(1.582) (2.474)

Modern 0.078 0.129
(1.437) (3.371)

Note: t-values in parentheses
Source: Margo (1996)

Public health and living conditions actually deteriorated during the years of the indus-
trialization and only improved slowly during the late 19th and early 20th centuries.
Particularly in the 19th century, this was mainly due to massive and unplanned urban-
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ization, little investment spent on sanitation as a public good, and the mostly unknown
or ignored link between poor hygiene and ill health. At the same time, house prices
increased, raising the question whether there could be a causal relationship between the
two.

It is also well understood how housing quality, which entails appropriate sanitation,
household amenities, and low crowding that a person did or did not enjoy during his
or her early years, impairs their health and adult height. The question of interest is
therefore if the improvement in housing quality over the observed period had a measur-
able impact on human stature or if increasing house prices rather reduced a household’s
disposable income and therefore impaired health.

3 Data and method

To study the hypothesized relationship, nominal house price data is taken from Jordà
et al. (2017) and Knoll et al. (2017). These prices were deflated using the CPI and
are actual values that are not interpolated. In contrast, some control variables are
interpolated to get 5-yearly data and thus guarantee sufficiently large sample sizes. The
analyses are based on 5-yearly data.

Male height data is sourced from Baten and Blum (2012) and mostly based on military
data. The authors used several techniques to obtain a dataset of male adult height
that is representative of the countries under study. For instance, in cases where height
data of teenagers was used, the authors estimated the likely final, adult height of these
teenagers. Furthermore, potential biases arising from migrant populations were elimi-
nated by adjusting their heights by appropriate centimeter differentials, yielding data
that more accurately reflected adult heights in the country of destination. Moreover,
since it has been shown that men tend to overestimate their stature, self-reported heights
were corrected using the method proposed by Hatton and Bray (2010). In general, dif-
ferent biases pertaining to, for instance, the incarceration in prison or slave trade were
taken care of with great effort.

House prices are used as proxies for increasing housing quality, i.e., less crowding in
houses and better sanitation, which is hypothesized to have a positive influence on adult
height. Figures 2 and 3 depict this relationship and suggest a positive correlation. The
correlations between height and house prices at the country level are graphed in figure
5 in the appendix.

It may be objected that the housing markets may have been influenced by strong market
power of house owners or landlords who could set prices above the fair value of a house,
especially in the earlier half of the studied period. However, the historical housing
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Figure 2: House price residuals against height residuals.
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Data sources: Jordà et al. (2017); Knoll et al. (2017) for house
prices and Baten and Blum (2012) for adult height.

literature does not agree with this hypothesis: Morgan and Daunton (1983), in contrast,
report that tenants in England gained even more legal power than landlords towards the
late 19th century. Even though legal power is not necessarily the same as market power,
it could be argued that landlords could have faced legal action if they had required
horrendous rents and house prices. Furthermore, Eichholtz et al. (2017) report that
rental markets in Europe were not dominated by monopolistic landlords.

Figure 3 reveals some moderate outliers: Belgium, the Netherlands, and Norway. These
countries display relatively high house prices between 1865 and 1905 for given height
levels (for greater detail, please refer to figure 4). The original sources that Knoll et al.
use for that period rely on urban house price data from Brussels, Amsterdam, and
Oslo, and therefore, explanations for the national house price developments may be
found by taking a look at the economic developments in these three capitals. In the
case of Amsterdam, house prices may have been driven upwards because of a strong
increase in the population of Amsterdam in the second half of the 19th century, while
the supply of housing remained more or less constant (Eichholtz, 1997). In Oslo, house
price surges may be traced back to the booming construction sector starting in the
decade 1890–1900 (Eitrheim and Erlandsen, 2005). Lastly, for the case of Brussels, De
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Bruyne (1956) mentions that the upward development in house prices in the decades
around 1900 coincide with a boom in the Brussels economy. In a nutshell, the inverse
relationship between house prices and health at the country-level are likely driven by the
exceptional house price developments in the aforementioned capitals. However, section
4 will demonstrate that the overall positive relationship between the two variables is not
affected by these outliers.

Figure 3: House prices and height across countries and years.

80858590 9095
00050510

6570 7075 75808085
8590

90959500
0005 90959500

0510

15
5

16
0

16
5

17
0

17
5

18
0

0 20 40 60 80 100
House price index

Australia Belgium Canada Denmark
Finland France Germany Japan
Netherlands Norway Sweden Switzerland
UK UK

Note: A more detailed representation of the outliers can be
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Merging the datasets by Jordà et al., Knoll et al. and Baten and Blum results in a final
sample of 14 countries. This sample contains Austria, Belgium, Canada, Switzerland,
Germany, Denmark, Finland, France, Japan, the Netherlands, Norway, Sweden, the
United Kingdom, and the United States of America. Even though the data are available
to present, this study deliberately looks only at the period 1870–1965 since after that,
houses have started to become also a financial asset besides providing shelter. There-
fore, it cannot be guaranteed that house price increases after 1965 have only reflected
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improvements in quality and not higher demand.

Another factor contributing to welfare is nutrition. This link is twofold. First, better
nutrition is a result of higher income because higher-quality foodstuffs become available.
And second, the composition of the nutrition determines health and human stature
(Hatton, 2013). In fact, a person’s net nutritional status in the first few years of life
determines most of their adult non-genetically determined height (Komlos, 1987, 1993;
Case and Paxson, 2008; Sunder, 2013; Baten and Blum, 2014). More specifically, the
intake of animal proteins such as from cattle, which (among other things) favor the
development of antibodies and amino acids to fight infectious diseases (Grigg, 1995;
Baten, 1999), and calcium have proven to be important determinants of physical growth
(De Beer, 2012). By contrast, a person who supplies physically demanding labor over a
long term is shorter than a less physically-hard working person because the first uses up
more nutrients.

Even though these nutrients can be supplied by a variety of foodstuffs, cattle per capita
is used here to proxy protein and calcium intake for two reasons; on one hand because
cattle were kept in all the sampled countries and on the other hand because they can
supply both meat (protein) and milk (calcium), as opposed to pigs, for example, which
cannot be milked. Data on protein intake are sourced from Baten and Blum (2014).

Furthermore, income is used as a control variable for two reasons. First, individuals
tend to self-select into renting or owning depending on their income or social class,
which might affect their health1. Macintyre et al. (2003) survey owners and renters of
social dwellings in west Scotland and find that owners lead healthier lives than renters.
Luginaah et al. (2010) find similar results for owners and renters in Ghana. Consequently,
this implies that, because individuals with higher incomes tend to be homeowners rather
than renters, the first may be taller than the latter. Moreover, Evans (1988) reports that
income is negatively correlated with cholera death numbers.

Second, house prices can have a positive and a negative impact on human stature. The
positive impact has already been explained in detail. The negative impact can arise
because more expensive housing cuts disposable household income and thus impairs
access to health services, healthier housing conditions, and quality nutrition. Adjei and
Kyei (2013), for instance, conclude that poor-quality housing and sanitation conditions
in Ghana are determined by low household income levels. The inclusion of income should
eliminate these problems and permit comparison of households with identical income.
At the end of the day, however, the question whether the positive or negative effect will
predominate is mainly an empirical issue. Since the data for laborers’ real wage are
scanty, real GDP per capita growth is used to proxy income.

A number of control variables are used to preclude omitted variable bias. Population

1For an extensive overview of further possible explanations, see Dietz and Haurin (2003).

11



density is used as another control variable as it may be healthier to live in cities that
are less densely populated because the lower risk of spread of infectious diseases. Long-
term interest rates by Jordà et al. (2017) are included too: they should proxy the cost
of buying a house and make sure that this cost is not captured by the house price
variable.

The inclusion of other variables measuring inequality would have been desirable. How-
ever, since democracy values did not vary a lot over the observed time and countries,
they could not be considered explicitly because of the fixed effects regression. The same
is of course true for the proportions of mountainous areas in a country, which have an
effect on the variety of foods and animals that can be grown and consumed. Table 2
provides an overview of the included variables.

Fixed effects method is employed because it is reasonable to believe that there are un-
observable country characteristics that would lead to endogeneity problems if omitted.
Moreover, this methodology filters out the genetically determined growth potential in
each society and permits analysis of the remaining 20 percent of body height growth
that is non-genetic (Silventoinen, 2003). To control for aggregate trends around the
globe, birth half-centuries are used as time dummies, which allows to differentiate be-
tween certain birth cohorts. Moreover, standard errors are heteroskedasticity-robust and
clustered around countries to safeguard against potential serial correlation.

Table 2: Descriptive statistics, 1870–1965.

Variable Obs. Mean SD Min. Max.

Height 280 171.53 4.90 156.57 182.2
House prices 221 49.66 23.75 0.75 104.90
Population density 280 88.62 87.63 0.23 362.81
Cattle (p.c.) 250 0.54 0.53 0.01 3.24
Cattle (p.c., ln) 250 -0.96 0.91 -4.41 1.18
Interest rate 274 4.49 1.67 2.21 16.40
GDP growth (p.c.) 280 0.10 0.16 -0.53 1.23

4 Results

The following analysis focuses on examining the relationship between housing quality
and a person’s biological standard of living. The data are actual observations; only the
cattle variable has been interpolated because otherwise the sample would have shrunk
significantly due to missing values. This should not be problematic, however, since cattle
is not of central importance.
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The results of the baseline regression are reported in table 3. All regressions are carried
out with time fixed effects based on birth half centuries and with standard errors that
are clustered by country. The first column contains the regression results including
only house prices and time fixed effects. The results in the adjacent columns (2) to
(5) show that adding more control variables does not change the relationship between
house prices and final adult height qualitatively or quantitatively. In the first four
columns, the coefficient of house prices is significant at the 1 percent level. A one-point
increase in the real house price index thus leads to a gain in final adult height by 0.04
to 0.05 cm. The coefficient of per capita GDP growth is also positive and statistically
significant. This coefficient captures the effect of disposable household income net of
food expenditures, housing financing costs, and other housing-related expenses, which
are already controlled for separately by the other variables. Since the inclusion of income
does not alter the effect that housing quality has on height, it can be concluded that
even though theoretically, increasing house prices may adversely affect household income,
this effect cannot be witnessed here. In two countries with identical income, the person
with the higher-quality—and thereby more expensive—house is on average taller and
therefore healthier.

Population density turns out to be positively related to height. This seems counterin-
tuitive as one would think that densely populated places are more hazardous to health
than ones with lower population density. However, this result could also be interpreted
differently: a person living in a loosely populated country might not easily have access to
a doctor or a pharmacist, whereas a person living in a densely populated country might
have a variety of health services available in their neighborhoods, which would result in
a positive relationship with human stature.

Cattle per capita and long-term interest rates do not behave as expected. As for the
cattle variable, it has been argued that it is just a rough proxy for the quality of one’s
nutrition. However, even though quantitatively, cattle was the most important provider
of meat and milk, the composition of protein-rich nutrition could have changed over time
(Baten and Blum, 2014) and therefore, cattle per capita may not capture protein and
calcium consumption adequately. Nevertheless, at the end of the day, cattle and interest
rates are not of central interest in this paper but were only included to safeguard against
omitted variable bias.

Heights in the sampled countries rose by 10 cm over the period 1870–1965, while at the
same time, average real house price indices gained roughly 30 points. According to the
regression results in the first row in table 3, each of these points came along with a height
increase of roughly half a millimeter. In total, the presented house price increases, which
represent improving housing quality, were thus responsible for a gain in final adult height
of roughly 30 ∗ 0.05 = 1.5 cm across the sampled countries. This seems economically
insignificant. However, Baten and Komlos (1998) report that a height differential of 1
cm in 1860–1900 translated to 1.8 years of life expectancy. For 1950, 1 cm was equivalent
to 1.2 years. Since this table shows results for the period between 1870 and 1965, it can
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be concluded that an increase of 1.5 cm came along with an additional life expectancy
of between 1.2 and 2.7 years, on average, which is anything but insignificant.

Table 3: Housing and health, fixed effects: regression of height.

(1) (2) (3) (4) (5)

Conventional coefficients
House prices 0.05*** 0.05*** 0.04*** 0.04*** 0.04***

(0.006) (0.000) (0.001) (0.001) (0.001)
Beta coefficients
House prices 1.19*** 1.09*** 1.00*** 1.05*** 1.02***

(0.006) (0.000) (0.001) (0.001) (0.001)
Conventional coefficients
Population density 0.04*** 0.05*** 0.05*** 0.04***

(0.000) (0.000) (0.000) (0.000)
Cattle p.c. -3.10 -3.78* -3.71*

(0.154) (0.062) (0.064)
Interest rate 0.32** 0.30**

(0.013) (0.019)
GDP p.c. growth 1.11*

(0.052)
Time fixed effects Yes Yes Yes Yes Yes
Constant 166.81 163.82 161.33 159.41 159.65
Observations 221 221 209 207 207
Adj. R2 0.66 0.79 0.79 0.81 0.81

Note: p-values in parentheses. Standard errors are clustered by country. ***,
**, and * refer to significance levels of 1%, 5%, and 10%, respectively. Time
fixed effects are based on birth half centuries. Constants are significant at the
1% level.

While it is difficult to imagine how much a one-point increase in the real house price
index is, running the regressions with standardized house prices might be more insightful.
Therefore, table 3 also reports the beta coefficients of house prices in the second row,
which show how strongly final adult height is affected when house prices change by one
standard deviation. This can be viewed as a rather extreme case. The findings suggest
that such an increase in real house prices leads to a gain in final adult height of between 1
cm and 1.20 cm. According to Baten and Komlos (1998), such an increase was equivalent
to 1.2 to 2.1 more years of life expectancy.

As a final robustness check, the regressions were run without Japan, as after looking
at figure 3, it could be suspected that Japan drives the results. However, by omitting
Japan, the effect of house prices on height increases only marginally, i.e., by less than
0.02 mm per one-point increase, or 0.4 mm per standard-deviation increase in the house
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price index.

5 Conclusion

The literature on the biological standard of living in a historical context is vast and
significant effort has been devoted to exploring the determinants of adult height. This
paper made a contribution to this strand of the literature by quantifying two charac-
teristics of housing quality—sanitation and crowding—which have, so far, only been
vaguely subsumed under the term “disease environment”. Taking this approach, this
paper examined the influence of housing quality on human stature in the period from
1870 to 1965. After witnessing some severe epidemics especially in Europe, this pe-
riod was marked by increasing awareness concerning the implications of sanitation for
health, which was accompanied by improving sanitary standards and living conditions
at home. This paper is the first to approximate housing quality with real house prices
to study their effect on adult height. This approach stood to reason since house price
developments reflected housing quality more than did higher demand (Eichholtz et al.,
2017).

Across all model specifications, the coefficient of housing is statistically significant. This
result implies that countries with better housing quality had taller populations. Possible
explanations for this relationship are sanitary facilities that were added to the homes and
more housing space per capita, which were both reflected by higher real house values.
The average contribution of a one-point gain in house prices to adult height was 0.05
mm, or 1.5 cm over the studied period. A one-standard-deviation increase in real house
prices came along with a 1.00–1.20 cm taller adult height. This was roughly equivalent
to 1.2 to 2.1 more years of life expectancy (Baten and Komlos, 1998). Moreover, even as
income is controlled for, this effect remains unchanged. This result implies that house
prices do not adversely affect health via decreased household income.

This paper also acts on the suggestion by Komlos (1998) who criticizes that in past
research, the effect of rising income on height was likely confounded with the effect of
increasing housing costs. Hence, the impact of income on height was probably overes-
timated whenever housing costs were omitted from the analyses. Similarly, Margo and
Steckel (1983) point to the possibility that increasing housing costs could have impaired
access to high-quality nutrition, resulting in shorter adult height. This present study
tackles these two points of criticism by separately controlling for house prices besides pro-
tein intake and income in order to disentangle these effects and isolate the contribution
of housing quality to height.

Of the total 10 cm increase in average height across all the sampled countries, 1.5 cm
could be attributed to increasing housing quality. This seems negligible at first sight but
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is a relatively large fraction of the total height increase in light of other, groundbreak-
ing achievements during that period: one should not ignore the significant advances in
medicine, food storing, or technological change, which without doubt improved living
conditions so much that they accounted for the largest portion of these 10 cm. Against
this backdrop, a contribution of housing quality to height of 15 percent is clearly im-
pressive.
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Appendix

Figure 4: House prices and height in Belgium, the Netherlands, and Norway.
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Note: Japan is depicted as a reference point. The numbers in the graph refer
to the 5-year periods which are represented by each data point (e.g., 8085 is the
period 1880–1885).
Data sources: Jordà et al. (2017); Knoll et al. (2017) for house prices and Baten
and Blum (2012) for adult height.
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Figure 5: Correlation between real house prices and height by country, 1870–1965.
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Baten, J. (1999). Ernährung und wirtschaftliche Entwicklung in Bayern, 1730–1880
[Nutrition and Economic Development in Bavaria, 1730–1880]. Chicago: University
of Chicago Press.

Baten, J. and M. Blum (2012). Growing Tall but Unequal: New Findings and New Back-
ground Evidence on Anthropometric Welfare in 156 Countries, 1810–1989. Economic
History of Developing Regions 27 (1), 66–85.

Baten, J. and M. Blum (2014). Why are you tall while others are short? Agricultural
production and other proximate determinants of global heights. European Review of
Economic History 18 (2), 144–165.

Baten, J. and J. Komlos (1998). Height and the Standard of Living. Journal of Economic
History 58 (3), 866–870.

Baten, J., M. Stegl, and P. van der Eng (2013). The biological standard of living and
body height in colonial and post-colonial Indonesia, 1770–2000. Journal of Bioeco-
nomics 15 (2), 103–122.

Cage, R. A. and J. Foster (2002). Overcrowding and infant mortality: a tale of two
cities. Scottish Journal of Political Economy 49 (2), 129–149.

Case, A. and C. Paxson (2008). Stature and Status: Height, Ability, and Labor Market
Outcomes. Journal of Political Economy 116 (3), 499–532.

Clark, G. (2002). Shelter From The Storm: Housing And The Industrial Revolution,
1550–1909. Journal of Economic History 62 (2), 489–511.

Coggon, D., D. J. P. Barker, H. Inskip, and G. Wield (1993). Housing in early life and
later mortality. Journal of Epidemiology and Community Health 47, 345–348.

Cowan, R. S. (1976). The “Industrial Revolution” in the Home: Household Technology
and Social Change in the 20th Century. Technology and Culture 17 (1), 1–23.

De Beer, H. (2012). Dairy products and physical stature: A systematic review and
meta-analysis of controlled trials. Economics and Human Biology 10 (3), 299–309.

19



De Bruyne, J.-P. (1956). L’évolution des prix des immeubles urbains de l’agglomération
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