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Abstract 
 

The Dutch Potato Famine of 1846/47 is one of the earliest historical famines for 
which individual records exist that can be used to study long-run mortality effects of 
nutritional conditions early in life. In this chapter we discuss the origins and extent of this 
famine, and we study the long-run effects of exposure to the Potato famine in utero or 
around birth vis-à-vis birth outside the exposure birth cohorts. We use historical 
individual records, merged with data on the occurrence of the Potato famine and with 
data on food prices and on the occurrence of epidemics. We provide results of simple 
non-parametric analyses based on a comparison of birth cohorts born before, during and 
after the famine. We also present results of parametric analyses in which we control for 
systematic differences in the composition of these birth cohorts. The non-parametric and 
parametric results agree and suggest long-run effects among those born in the famine. For 
men born and/or in utero for at least six months during the Potato Famine, the empirical 
results show a loss of residual lifetime at age 50 up to 3.1 years (in the non-parametric 
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analyses) and 4 years (in the parametric analyses). The empirical results for females are 
only marginally significant (at a statistical significance level of 10% but not 5%) and 
show a reduction of residual life expectancy at age 50 up to 1.8 years (in the non-
parametric analyses) and 2.5 years (in the parametric analyses). In addition, the 
parametric analyses suggest that especially the children of low social classes were 
affected by exposure to the Potato famine in early life. The empirical findings rely on our 
recent publication [10]. 

 
 

1. Introduction 
 
Many epidemiologic, economic and demographic studies have been successful in 

documenting associations between early life (nutritional) conditions and later life health. See 
Kuh and Hardy [1], Kuh and Ben-Shlomo [2], Koletzko et al. [3] and Gluckman et al. [4] for 
comprehensive reviews of life course epidemiologic research and the work of Case et al. [5] 
on early life (economic) determinants of adult outcomes. However, observed associations do 
not necessarily imply causal relationships, as early life (nutritional) conditions and health at 
older ages may be jointly affected by (unobserved) individual characteristics, like parental 
poverty or genetic endowment. 

Randomized experiments are considered as the superior methodology for assessing the 
causal effect of an intervention on an outcome of interest. Randomized experiments are a type 
of scientific design whereby individuals are randomly assigned to two or more groups. 
Because randomization makes the intervention independent of the outcome of interest, the 
difference in outcome between the treatment and control groups captures the average causal 
effect of the intervention on the outcome. However, randomized experiments imply in the 
current context that a randomly chosen population is, for example, restricted in access to food 
in early life and that this population is followed until death. This is clearly not feasible. 
Genuine experiments have been used in the development economics literature, but those 
studies examine the effects of minor variations in access to food, only follow the individuals 
for relatively short periods of time, or are still ongoing  (e.g. Martorell et al. [6]). All this may 
mask causal effects of (nutritional) conditions in early life on health later in life.  

Experimental animal research provides convincing evidence of long-term effects on 
health of adverse nutritional conditions in early life, but these research results may not 
translate directly to humans [7]. Therefore, researchers have instead to rely on non-
experimental data and address possible selection issues that complicate the comparison of the 
treatment en control groups. In view of this, economists have in recent years used “natural 

experiments” to unravel causality. These techniques use “natural events” (such as the 
occurrence of a famine, an epidemic, or meteorological changes) or macro-events (such as the 
introduction of a new law, or macro-economic changes) as sources of external variation. See 
for example Angrist and Krueger [8] for a pioneering study using a natural experiment to 
estimate the causal effects of finishing high school on wages. These events affect the causal 
factor of interest (here the early-life conditions), they are most likely exogenous from an 
individual point of view, and they do not have additional effects on society and health 
outcomes later in life. This is the approach followed in this chapter. We use exposure to the 
severe Potato famine that the Netherlands experienced in 1846-47 as a determinant of 
exposure to adverse nutritional conditions in early life. In addition, we investigate in which 
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ways the use of this specific natural experiment helps the understanding of the long-term 
health effects of early-life exposure to famines.  

The analyses are performed on a sample of about 1,900 participants of the Historical 
Sample of the Netherlands (HSN). For an extensive description of the HSN data, see [9] (see 
also Section 3 below). These individuals are born between September 1st, 1837 and 
September 1st, 1855 in three of the 11 Dutch provinces, and they are followed throughout life. 
The date of death is known for about 75% of these individuals. In the main analyses, all HSN 
participants born in the period running from September 1st, 1846 to December 1st, 1847 are 
considered as being exposed in early life to the Potato famine. This amounts to 116 
individuals, who were born or in utero for at least 6 months, during the most severe period of 
the Potato famine (running from September 1st, 1846 to September 1st, 1847). We will return 
to this in Section 3.3.  

Section 2 describes in more detail the Dutch Potato famine. Section 3 provides 
information on the data. These data were used in our recent publication on the long-run 
effects on longevity of early life exposure to the Dutch Potato famine [10]. Section 4 
summarizes the results of the study. Section 5 discusses the results and assesses in which 
ways the Dutch Potato famine is of use to assess the long-term effects of nutritional 
conditions in early life on later life mortality. We also outline avenues for future research, and 
we mention additional samples and data sets that will be available shortly and that may be 
useful for extensions of the literature so far. 

 
 

2. Causes and Short-Term Effects  

of the Dutch Potato Famine of 1846-47 
 
This section heavily relies on the extensive review of Ó Gráda et al. [11] on the Potato 

famine in Europe (and, more specifically, on chapter 8 of that book, by Paping and Tassenaar, 
on the Potato famine in the Netherlands).  

Compared to other European countries, the diet of the Dutch population at the beginning 
of the nineteenth century was varied and rich [12]. This reflects the fact that the Dutch 
agricultural and commercial sectors were highly efficient at the time (see [13] for a detailed 
description of the agricultural sector in the Netherlands at that time). The amount of available 
calories (coming mostly from bread made of rye and wheat, and of potatoes) reached on 
average 2,300 and the share of proteins from animals in the average diet was high1 compared 
to in other Western countries (see Figure 1 below).  

The share of the potatoes in the Dutch diet steadily increased from the beginning of the 
eighteenth century to half of the nineteenth century, initially for the less well-off but also later 
for all layers of the Dutch population. This trend was exarcabated by the steady growth of the 
Dutch population in the first half of the nineteenth century, which could probably not have 
been properly fed without the increasing role of potatoes. Potatoes were relatively easy to 
grow, did not require any processing to be eaten, and were a rich source of vitamin C, 
essential for the immune system. Furthermore, the potato yields were twice those of wheat, 
and potatoes were relatively cheap [14]. It may be clear from the famous 19th century painting 

                                                 
1 Equal to about 44% of the daily available calories, Knibbe [12]. 
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of Vincent van Gogh “The Potato eaters” (see figure 2 below) that potatoes were at that time 
an essential component of the daily food of lower social classes. 

 

 
Source: Kribbe [12]. 
 

Figure 1. Average daily consumption Calories and Proteins in the Netherlands per calendar year. 

 

Figure 2. The Potato eaters  (van Gogh, Vincent 1885 [15], Van Gogh Gallery, 2011). 
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Several grain and potato harvest failures hit the Netherlands (in 1817, 1830, 1838, 1841 
and 1845-47), and these could only be partly compensated by import increases. Most 
importantly, in the years 1845-1847, most potato harvests and grain crops in Europe failed 
due to potato diseases and bad weather conditions. The Potato famine claimed the vast 
majority of its victims in Ireland due to the heavy dependence on the potato, but also severely 
hit the Netherlands and the rest of Europe [14]. 

 

 

Figure 3. http://www.rennes.inra.fr/var/bio3p/storage/htmlarea/2980. 

The until then unknown fungus, the phytophtora infestans, was the direct cause of the 
Potato crop failures of 1845-47. Most probably, it entered Europe at the port of Ostend in 
1844 with a load of seed potatoes coming from the United States [16]. The hot and wet 
summer of 1845 gave the fungus the opportunity to spread rapidly over large parts of Europe. 
As soon as August 1845, alarming reports on the unknown Potato disease were coming from 
all over the Netherlands. First, the leaves were affected, showing up brown spots, and the 
disease spread within a few days to the tubers, making the potato putrid and not suitable for 
consumption anymore (see figure 3 below). The fungus was extremely damaging because no 
remedy was available for quite a long time and because all varieties of potatoes were affected 
by the disease [16].  

In 1845, about 70% of the potato crop was lost. The provinces of South-Holland and 
Zeeland were hit hardest by the disease but most other provinces, including Utrecht, were also 
heavily affected [17]. Rapid and effective political measures could prevent the Netherlands 
from a disaster. Stocks from previous years could be used to compensate for potato losses, 
financial aid was provided to the most affected populations, the government withdrew the ban 
on cereal and potato imports, and measures were taken to counter food exports. However, in 
1846, not only the potato harvests but also the rye and wheat crops (two important bread 
cereals) partly failed. In 1846-47, the potato crop and the rye crop yield were a little bit less 
than half of the normal yield, and the wheat crop yield was about two-thirds of a normal one. 
The measures taken in 1845 were resumed, but not sufficient to prevent a famine. The 
situation was aggravated by a long hot summer (with severe epidemics of high fevers, 
diarrhea, and malaria in coastal areas) and by a very cold winter in 1846-47. All this resulted 
in high prices of potatoes, grain and all alternative sources of food in 1846-47 (the prices of 
most food products more than doubled in the first half of 1847). This impeded the 
compensation for potatoes in e.g. rye or wheat bread, and led to substantially lower levels of 
calories intake (see figure 1), increased infant mortality in 1846-47  (see Table 1 below, 
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Statistics Netherlands, 2001 [18]) and urban riots in 1847 until the beginning of 1848 [19]. 
The most tragic period was between September 1846 and September 1847, as potatoes are 
usually harvested in September and early October. As one may expect, the famine had its 
strongest immediate impact on the lower class, and especially on the rural lower class 
(including farm labourers) which was heavily dependent on potatoes not only for 
consumption but also as a source of income. The urban lower class also suffered heavily in 
1847, because of high food prices [17]. The potato harvests from 1847 until 1851 were also 
affected by the Potato disease, but to a much lesser extent. In 1853-55, the calorie availability 
was also very low, when harvest failures coincided with high import prices caused by the 
Crimean War from 1853-56 [12]. Only after 1856 did the potato yield return to the pre-disase 
levels.  

The overall toll of the famine in the Netherlands is estimated to be between 15,000 
additional deaths (0.5% of the population [13]) and 50,000 additional deaths (2% of the 
population [20]). More specifically, infants, children and older individuals faced higher 
mortality rates. The excess mortality in 1846 was highest in the coastal areas (Zeeland, 
Friesland, South Holland, and Groningen), in urban areas (North Holland) and in Drenthe 
[20]. In 1847, the provinces of North Holland, South Holland, Groningen, Friesland, Zeeland, 
and Utrecht experienced sharp increases in mortality rates (Table 8.15, see [17]). However, it 
is difficult to conclude that all excess mortality can be attributed to the Potato famine, as the 
period 1845-1848 also witnessed malaria, cholera and influenza epidemics and stringent 
weather conditions [17]. Possibly, the toll of these epidemics and cold winters may be partly 
explained by the weakening of the general health due to insufficient food intakes in previous 
years. There is also evidence of reduced birth rates (by about 15% in September and October 
1846 [17]), which suggests that the reduced fertility rates (starting at the end of 1845) had 
something to do with the Potato blight.  

Statistics Netherlands [18] provides national data on birth and mortality rates for the 
period at hand (see Table 1, below). The figures show indeed a slight decrease in the number 
of births per 1,000 during the period 1846-48, a slight increase in infant mortality and an 
increase in the number of deaths per 1,000 during the period 1846-49. A crude calculation of 
the number of excess deaths can be performed using population numbers and imputed 
mortality rates assuming that the Potato famine did not have occurred. These imputed 
mortality rates, based on a linear interpolation of the death rates between 1844 and 1852, 
would approximately equal 24 in 1846-48. This provides an estimation of the excess 
mortality that is comparable to the one of [20] (see Table 1). Finally the Potato famine did not 
generate in the Netherlands an extremely large movement of migration outside the country as 
in Ireland [14]. However, an examination of the migration statistics of the nineteenth century 
shows an increase in the number of emigrants especially in 1847 (see Table 1) [21-23]. 

 
 

3. Data and Sample 
 

3.1. HSN Data 

 
We use data from the Historical Sample of the Netherlands (HSN) [24]. The HSN 

sample is based on a random sample of 0.25%-0.75% of all Dutch birth certificates for the 
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period 1812-1922. For the sampling procedure, the period 1812-1922 has been stratified in 
periods of ten calendar years, to ensure a regular spread of the HSN participants over the 
whole period. All selected 78,000 HSN individuals are followed as long as possible to 
construct their life histories. The date of death is known for more than 60% of the HSN 
participants. The data include, among other things, dates of birth, marriages, and death, 
parental and individual occupational characteristics, and literacy. These historical data are 
unique in international terms: the full sample of 78,000 individuals is representative of the 
whole Dutch population at that time, the data cover lifetimes of a large sample of individuals, 
and they provide individual and parental (socio-economic) information. In the near future, the 
data can be obtained from the HSN download service  (www.iisg.nl/hsn). However, this 
service is still under construction, and in the meantime the interested researcher is advised to 
contact hsn@iisg.nl. 

 
 

Table 1. National Dutch data on birth, death and emigration rates 

 
 1844 1845 1846 1847 1848 1849 1850 1851 1852 

Number births 
per 1,000* 34 34 31 28 30 34 34 34 35 

Number 
deaths per 
1,000* 

24 23 28 31 29 31 22 22 24 

Number of 
deaths under 1 
year of age 
per 1000 
living births* 

177 180 241 220 195 182 182 192 214 

Population* 3,002 3,034 3,068 3,078 3,071 3,074 3,084 3,118 3,153 

Excess 
mortality** / / 12,272 21,546 15,355  / / / 

Cumulative 
Excess 
mortality 

/ / 12,272 33,818 49,173  / / / 

Dutch oversee 
emigration*** 171 680 1,755 5,322 2,160 2,078 774 1,196 1,184 

*Source: Two hundred years Statistics, Statistics Netherlands, 2001 [18]. 
**Derived assuming number of deaths per 1,000 equal to 24 in 1846, 1847 and 1848. 
***Source: Swierenga, 1981 [21]. 
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3.2. Sample Used in the Present Study 

 
At the time of the study, HSN data were only available for three Dutch provinces 

(Friesland, Zeeland and Utrecht) (release HSN UZF.02). These three provinces were jointly 
representative of the Netherlands of that time, in terms of population density, economic 
activity and mortality patterns. The data cover the birth period 1812-1922 and include 
information on 13,718 individuals. For the purpose of this study, we selected all individuals 
born between September 1st, 1837 and September 1st 1855. We return to this in the next 
paragraph. This amounts to a total of 2,379 individuals. Information on death was missing for 
897 individuals. For 397 individuals, we had no information after birth, and, for this reason, 
these individuals were excluded from the analyses. The remaining sample counts 1,982 
individuals. The lifetime of the individuals with information after birth but without 
information on death (n = 500) is right-censored at the last date of observation, for instance at 
a last recorded date of marriage. The mean age at censoring is equal to 27.2 (standard 
deviation 9.6). After exclusion of individuals with missing information on the included 
covariates (n = 122, see subsequent subsections), we end up with a sample of 1,860 
individuals. It turns out that the excluded individuals have on average the same characteristics 
at birth to the extent that they are observed (gender, social class, literacy of the father, marital 
status of the mother; see subsections below for additional variables) as the rest of the sample. 

 
 

3.3. Exposed Cohorts and Comparison Cohorts 

 
Our exposure measure is based on time variation alone. Though there was regional 

variation in exposure, recall that the three provinces from which the data were sampled were 
all strongly affected by the Potato famine. First of all, all HSN participants born in the period 
running from September 1st, 1846 to September 1st, 1847 are considered as being exposed to 
the Potato famine. Secondly, individuals who were in utero for at least six months during the 
Potato famine but who were born after the famine are also all included in the “treatment” 

group of exposed cohorts. In total this gives us 116 HSN individuals born in the period 
ranging from September 1st, 1846 until December 1st, 1847. Of these 116 individuals, 88 have 
a known date of death.  

To keep the heterogeneity between the exposed and groups within limits, we exclude 
from our analyses the HSN individuals who were born before September 1st, 1837 or after 
September 1st

, 1855. Consequently, the comparison or “control” group consists of two sets of 

cohorts: those born before the famine (September 1st, 1837 until September 1st, 1846, n = 
1,000 of whom 754 individuals with a known date of death) and those born after the above-
defined famine exposure interval (December 1st, 1847 until September 1st, 1855, n = 866 of 
whom 640 individuals with a known date of death). See also Table 2 in the next subsection. 

Note that secular upward trends in life expectancy due to improvements in the 
environment may have occurred during the historical period at hand. In this case, those born 
after the famine may have benefited from longer (residual) life expectancies compared to 
preceding birth cohorts. Similarly, those born or conceived during the famine may have had 
longer (residual) life expectancy than those born before the famine. Because of that, 
differences in (residual) life expectancy between those exposed in early life to the famine and 
those conceived or born before or after the famine may be (partly) explained by these upward 
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secular trends in life expectancies. This will imply that comparing the survival of those born 
or conceived before the famine with the one of those born or conceived during the famine will 
underestimate the long-term effects of exposure in early life to the famine. Similarly, 
comparing the survival of those born or conceived during the famine with the one of those 
born or conceived after the famine will overestimate the true effects. It is important to note 
that, as far as the period 1837-1855 is concerned, no empirical evidence could be found of 
upwards trends in (residual) life expectancies.2 This is also confirmed by the relevant 
historical literature [19]. 

 
 

3.4. Additional Variables 

 
In addition to age and gender, our analyses are corrected for macro (economic) indicators 

and for parental and individual characteristics at birth.3 
Environmental factors that were concurrent to the Potato famine may indeed influence 

the results. During the Potato famine, food prices dramatically increased, which lead among 
others to urban riots, increased poverty levels, and increased infant mortality [17, 19]. The 
Netherlands also faced several malaria, cholera, and influenza epidemics. These epidemics 
may have weakened the general health of the Dutch population, in the shorter and in the 
longer term. For these reasons, beside an indicator for exposure to the Potato famine, various 
indicators for macro-conditions were included in the parametric analyses. Following van den 
Berg et al. [25] and a range of other studies  (e.g. Lindeboom et al. [10]), economic macro-
conditions were characterized using historical yearly time-series on Gross National Product, 
and historical regional time-series on potato and rye prices. Following Bengtsson and 
Lindström [26, 27], the disease environment is characterized by regional infant and child 
mortality rates based on our actual sample. A binary indicator of exposure in the birth year to 
the main epidemic (a Cholera epidemic in Utrecht in 1849) is also included in the statistical 
analyses. Finally, our analyses are also corrected for factors that may differ across the 
treatment and control groups. In addition to age and gender, our parametric analyses are 
corrected for the marital status of the mother, occupation of the father, literacy of the father, 
province and season of birth, and whether the individual was born in a city or not.  

With respect to the occupation of the father, the HSN data include the profession of the 
birth informer mentioned on the birth certificate of the HSN individuals. The father was the 
birth informer for 94.8% of the HSN individuals. HSN coded all occupations using the 5-digit 
coding scheme Historical International Standard Classification of Occupations (HISCO) 
developed by van Leeuwen et al. [28]. These codes were in turn classified into socioeconomic 
classes using the HISCLASS-scheme developed by van Leeuwen and Maas [29]. The 
HISCLASS classification consists of twelve social classes and each class clusters professions 
together with roughly the same workload, skill level and within the same economic sector.  

                                                 
2 We found similar results for slightly different calendar periods. 
3 Note that other individual characteristics later in life, such as parental socioeconomic status during childhood may 

be endogenous, as other factors such as parental lifestyle may both affect socioeconomic position of the 
parents and health of the HSN participant. 



 

Table 2. (a) Definition of exposed and comparison cohorts, and (b) Descriptive statistics of exposure, death 

 
(a) Definition of exposed and comparison cohorts Birth month 
Exposed cohorts Sept 1846-Nov 1847 
Comparison cohorts “before famine” Sept 1837-Aug 1846 
Comparison cohorts “after famine” Dec 1847-Aug 1855 

 
(b) Numbers 

MALES FEMALES 
Exposed cohorts Comparison cohorts Exposed cohorts Comparison cohorts 

Total (#): 56 966 60 900 
# only in utero 13  8 / 
#with date of death 47 733 41 661 
Mean(age of death) (uncensored obs.) 29.3 29.8 32.5 31.4 
% death under one 25 23 22 19 
% death above 40 36 37 41 38 

 
(c) Life table Males EXPOSED COMPARISON COHORTS 
Age Number 

surviving  to age 
x 

Number dying 
between  age x 
and end of 
interval 

Number 
censored 
between  age x 
and end of 
interval  

Probability of 
dying between age 
x and end of 
interval (in %)  

Number 
surviving  to 
age x 

Number 
dying 
between age x 
and end of 
interval 

Number 
censored 
between age x 
and end of 
interval 

Probability of dying 
between age x and 
end of interval (in 
%) 

0-1 56 12 0 21.4 966 225 1 23.3 
1-5 44 5 0 11.4 740 104 3 14.1 
5-10 39 3 0 7.7 633 33 7 5.2 
10-20 36 5 0 13.9 593 45 11 7.6 
20-30 31 4 6 12.9 537 44 144 8.2 
30-40 21 1 2 4.7 349 14 48 4.0 
40-50 18 1 1 5.5 287 24 12 8.4 
50-60 16 3 0 18.8 251 34 5 13.5 
60-70 13 6 0 46.1 212 61 0 28.8 
70-80 7 7 0 100 151 88 2 58.3 
80+ 0 0 0 - 61 61 0 100 



 

(d) Life table Females EXPOSED COMPARISON COHORTS 
Age Number 

surviving  to age 
x 

Number dying 
between  age x 
and end of 
interval 

Number 
censored 
between  age x 
and end of 
interval 

Probability of 
dying between 
age x and end of 
interval 

Number 
surviving  to 
age x 

Number dying 
between age x 
and end of 
interval 

Number 
censored 
between age x 
and end of 
interval 

Probability of 
dying between age 
x and end of 
interval 

0-1 60 13 0 21.7 900 177 0 19.7 
1-5 47 4 0 8.5 723 110 1 15.2 
5-10 43 4 0 9.3 612 28 3 4.6 
10-20 39 0 2 0 581 32 22 5.5 
20-30 37 1 12 2.7 527 33 156 6.2 
30-40 24 2 4 8.3 338 32 42 9.4 
40-50 18 1 1 5.5 264 22 12 8.3 
50-60 16 3 0 18.7 230 27 0 11.8 
60-70 13 4 0 30.1 203 55 1 27.1 
70-80 9 7 0 77.8 147 81 1 55.1 
80+ 2 2 0 100 65 64 1 100 
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The HISCO classification also allows determining whether the father of an HSN individual 
was a farmer or not. With respect to the literacy of the father, HSN uses the presence of a 
signature on the birth certificate as an indication of the literacy of the birth informer. The 
father is considered as literate (respectively, illiterate) if the father was the birth informer and 
he had (respectively, had not) signed the register. 

Table 2 provides descriptive sample statistics by gender and by exposure. Our observed 
average lifetime durations (about 30 years for males and 32 years for females) are lower than 
the ones mentioned in the relevant literature (e.g. [30]).1 Note however that these life 
expectancies are calculated after exclusion of the censored observations and, therefore, most 
probably underestimate the true survivals as the mean age of censoring equals 27.2. 
Moreover, almost all mothers are married, and approximately 60% of the fathers are not 
literate. As expected, most fathers belong to the lower classes (79%) and most individuals in 
our sample are born in a rural environment (about 80%). A comparison between exposed 
cohorts and comparison cohorts shows no differences in social class, literacy, farmer status, 
marital status of the mother, and whether residence at birth was in a city or not. Data from the 
life tables show that exposed individuals who have reached age 50 are more likely to die 
between 50 and 80 than individuals from the comparison groups. 

 
 

3.5. Statistical Methods 

 
Our analyses are performed by gender, as there are important gender differences in 

survival patterns, and empirical literature suggests differences across gender in the 
mechanisms linking early life conditions and health at older ages [31, 32]. We perform two 
types of statistical analyses. 

Non parametric methods. In the first set of analyses, we non-parametrically compare the 
(residual) life expectancies of the three sets of birth cohorts: the birth cohorts from before the 
famine, the exposed birth cohorts exposed to the famine around birth, and the birth cohorts 
from after the famine.2 

Parametric methods. In order to control for potential confounders and in order to 
properly deal with right-censoring of lifetime observations, we estimate Cox proportional 
hazard models with time-varying contextual covariates (see e.g. [33]), in which we interact a 
flexible age dependence function with contemporaneous contextual conditions and with 
contextual conditions in early life. This is to allow for the fact that the mechanisms linking 
current and early life macro-conditions to survival later in life may differ across age classes. 
Following the historical developments described in section 2, we run additional analyses on 

                                                 
1 The Human Mortality Database does not provide life tables for the Netherlands for cohorts born before 1850. The 

sample that we use is too small to extract a meaningful estimate of life tables for the exposed cohort and hence 
we do not report it here. 

2 In fact, to increase the power of the test, we exclude individuals from the comparison cohorts if they were born in 
a small time interval adjacent to the famine interval. Specifically, we exclude them if born in September 1844-
August 1846 or in December 1847-August 1848. Such individuals were potentially exposed to adverse 
nutritional conditions in utero (but for less than six months) or at early ages (under age 2), and, moreover, as 
we have seen, conditions in the winter of 1845/46 were unusually harsh. As a result, the comparison cohorts 
are smaller than in Table 2 (581 individuals born before the famine (instead of 754, equal to 77%) and 586 
individuals born after it (instead of 640, equal to 91%), with known date of death). In the parametric analysis 
there is no reason to adopt this procedure because the model specification can take account of this. 
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different strata of the population: (1) on children of low social classes (n=1,017, for 
HISCLASS>8) and on children of high social classes (n=547, for HISCLASS<8), and (2) on 
children of farmers (n=1,015) and on children of non-farmers (n=845) (see Table 2 for 
numbers of exposed and non-exposed individuals). Because of low numbers, we use data 
merged by gender in such stratified analyses.  

The estimation results can be used to estimate the number of life years that an exposed 
individual loses because of the Potato famine. (Residual) life expectancies are calculated 
using the estimated survival function for males and females with average individual 
characteristics (i.e. equal to the mean of the individual characteristics). First, we have 
computed the (residual) life expectancies of an individual born in 1846-47. Second, for this 
same individual, we have simulated his or her (residual) life expectancies as if this individual 
was not born during the Potato famine (by setting the effect (namely the parameters) of the 
Potato famine to zero). The number of years lost because of the Potato famine equals the 
difference between these two (residual) life expectancies. 

 
 

4. Results 
 
Non parametric analyses. The main results of the non-parametric analyses are reported in 

Table 3. Men born during the famine or exposed in utero to the famine for at least six months 
have significantly shorter remaining life expectancies at age 50 than men born after the 
famine (the differences in residual life expectancies equal about 3 years). They also face 
shorter life expectancies at age 50 than those born before the famine (equal to 1.4 year). 
These results are robust to slightly different calendar definitions of the control and treated 
groups. The differences in (residual) life expectancies of females are less clear than those of 
males. Only the females born after the famine beneficiate from longer life expectancy at age 
50 compared to the exposed individuals, but the results are only significant at a 10% 
statistical level. 

Parametric analyses. The results of the parametric analyses (available from the authors 
on request) are in agreement with the results of the non-parametric analyses. Males exposed 
to the famine in early life face a statistically significant reduction in remaining life expectancy 
at age 50. As in the non-parametric analyses, the result for females is less strong, and only 
marginally significant, at a statistical significance level of 10%. 

As suggested in section 2, the magnitude of the effects may differ across social classes 
and occupational statuses. In order to test for this, we run separate analyses for children of 
lower and of higher social classes and for children of farmers and of non-farmers. Our 
stratified analyses demonstrate that lower social classes were more affected by the Potato 
famine. Children of farmers and of non-farmers were similarly affected by the famine. Most 
probably, higher (rural and urban) social classes were able to buy themselves a way through 
the Potato famine. Table 4 reports the (residual) life expectancies that we have simulated 
based on the estimation results of the parametric analyses. Note that the total life expectancies 
by gender are in accordance with the relevant literature [30]. 
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Table 3. (Residual) life expectancies of cohorts exposed or not exposed to the famine
1 

 
 MALES FEMALES 

Date of birth Total Life 
Expectancy (#) 

Residual Life 
Expectancy at 
age 50 (#) 

Total Life 
Expectancy (#) 

Residual Life 
Expectancy at 
age 50 (#) 

exposed cohorts 29.3 (47) 17.4 (16) 32.5 (41) 20.7 (16) 

C
O
N
T
R
O
L
S 

comparison 

cohorts after 

famine 

30.9 (316) 
0.37 

20.5 (114) 
0.01 

31.0 (270) 
0.60 

22.5 (97) 
0.10 

Mean 

difference 

1.6 
[-10.1;6.9] 

3.1 
[2.1;10.3] 

1.5 
[-7.9;10.8] 

1.8 
[0.3;8.7] 

comparison 

cohorts before 

famine 

26.9 (306) 
0.68 

18.8 (87) 
0.04 

34.2 (275) 
0.38 

20.5 (104) 
0.20 

Mean 

difference 

2.4 
[-5.7;10.4] 

1.4 
[0.9;10.4] 

1.7 
[-10.8;7.4] 

-0.2 
[-7.8;1.2] 

1Figures into brackets are numbers of individuals per group and figures in bold are p-values and the 
95% confidence intervals of statistical tests for difference in means between individuals exposed to 
the Potato famine and controls. The life expectancies are calculated after exclusion of the censored 
observations and might therefore underestimate the true survivals. Source: Lindeboom, Portrait, 
van den Berg [10]. 
 
 

Table 4. Average total and residual life expectancies for a hypothetical individual with 

average demographic characteristics, by gender, farmer status, and social class, facing 

contextual conditions beyond infancy as if he were born in 1845/47 

 

 
Total life 
expectancy (LE) 
(in year) 

Residual LE 
at age 50 
(in year) 

Loss residual LE 
at 50 due to 
Potato famine at 
birth (in year) 

Male 
Female 
Child of farmer 
Child of non-farmer 
Child of low social class* 
Child of high social class** 

34.0 
36.9 
36.0 
34.6 
31.3 
41.1 

18.6 
21.1 
18.7 
19.6 
22.6 
21.4 

4.0 
2.5 
1.9 
2.4 
2.3 
-0.2 

*HISCLASS > 8: low social clases. 
**HISCLASS < 8: high social classes. 
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5. Discussion: What Have We Learnt on the 

Long-Term Effects of Nutritional Conditions 

in Early Life on Mortality at Older Ages? 
 

5.1. Interpretation of Our Results 

 
The empirical results show clear relationships between exposure in early life to the Potato 

famine and mortality later on, amounting to a few years of lifetime duration conditional on 
having reached adulthood. The associations are stronger for men than for women, and they 
are also stronger if the child was born into a low social class household. If the father was a 
farmer then the association is weaker. 

The stronger relationships in males than in females could be caused by biological 
differences between males and females who may differently adapt to early life nutritional 
conditions. For instance, boys are born with less mature respiratory systems than girls [34], 
which may explain their greater susceptibility to early life nutritional conditions than females. 
On the other hand, the weaker association with respect to females may also be explained by a 
so-called “male vulnerability” because males are the heterogametic sex: they have an 
unprotected Y chromosome and they therefore may be more vulnerable to adverse nutritional 
conditions in early life [35]. 

Note also that mostly children and individuals older than 50 died during the famine (see 
section 2). This precludes to a large extent mechanisms explaining the long-term effects by 
the absence of adults to take care of the children. 

It may be tempting to interpret the significant results of exposure to the Potato famine in 
early life on later survival as a causal effect of early nutrition. However, it is important to 
realize that several factors may frustrate the assessment of causal effects. Here, we focus on 
the most important ones for our study. 

First, selective mortality after birth or “dynamic selection” (i.e. the survival of the 
strongest individuals), if not appropriately controlled for in the analysis, may lead to 
attenuation of the measured famine effects. One could argue that a famine must therefore not 
be too severe, to avoid that selective mortality of the children born alive annuls or dominates 
long-run effects. Selective mortality may explain why the studies of Kannisto et al. [36] and 
Stanner et al. [37] do not show long-term effects of nutritional restrictions on mortality at old 
ages. In contrast to the famines in Finland from 1866-68 and in Leningrad from 1941-44, 
relatively few individuals died during the Dutch Potato famine (see section 2). The study 
based on the Dutch “Hunger Winter” under German occupation at the end of World War II of 
Painter et al. [38] establishes significant long-term effects on adult mortality, which may 
suggest that the “Hunger Winter” was either not so severe or not so long to cause high levels 

of selective mortality. 
Furthermore, for a famine to be of use in empirical analyses it ideally should satisfy 

several conditions. Notably, the beginning and the end of the famine should be well-defined, 
since this facilitates the construction of appropriate control and treatment groups. In our case, 
access to food was substantially lower during the Potato famine period, but outside this 
period, access to food was also sometimes problematic. For instance, (severe) food shortages 
were also witnessed during the winter of 1845-46 and during the Crimean war period of 
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1853-1856 [12]. It turns out that our conclusions are unaffected by omission of cohorts born 
in these periods. 

The composition of cohorts conceived during the famine may be different from that 
outside the famine period, because the fertility behaviour of the mothers is fundamentally 
different, or because the underlying ‘frailty distribution’ of the children differs. This makes it 
difficult to interpret the size of differences in later life health outcomes of this cohort as 
causal. With severe famines the rate of stillbirths may be higher, and this could influence the 
composition of the treatment group. Neonatal infant mortality rates were as high as 35% in 
Zeeland, the area that was most affected by the Potato famine. Higher social classes may have 
delayed the birth of their children during the Potato famine, which would lead to an 
unhealthier cohort of exposed new-borns. Opposite to this, lower social classes may have 
faced higher rates of infant mortality or a decreased reproductive ability throughout the 
famine, because of a worsening of their living conditions. This would have resulted in a 
selection of healthier survivors. In those cases, our results will under- or overestimate the true 
long-term effects. Using the HISCLASS-scheme developed by van Leeuwen and Maas [39], 
we distinguish between children of lower and higher social classes. Individuals exposed to the 
famine appear to belong on average to a slightly higher social class than those unexposed to 
the famine. This indicates that the results of our nonparametric analysis may somewhat 
underestimate the true long-term effects. 

In general, the start of a famine should be unanticipated from the individual point of 
view. An anticipated famine period could lead to selective behavioural responses, such as 
adaptation in fertility behaviour, emigration, or other compensatory measures prior to the start 
of the famine. Our data do not enable a detailed analysis, and so it is an open question to what 
extent anticipation led to changes in the composition of the exposed cohorts. 

Recall that the HSN data are based on a random sample of birth certificates for the period 
1812-1922. This data design results in a limited number of exposed individuals. These low 
numbers reduce the power of statistical tests. Moreover, they force us to combine the period 
in utero and the first year of life into a single indicator of exposure. This may have masked 
associations between exposure to famine in utero and later life health. To test for this, we re-
estimate our models for exposure in utero only (for at least 12 weeks). These additional 
analyses show significant long-term effects, which is in accordance to the literature. 

 
 

5.2. Avenues for Further Research 

 
The ways in which the effects of early life factors may be mediated through life are still 

not very well understood. Different mechanisms may be at work [2, 40]. First, the “critical 

period model” (also known as “fetal origins hypothesis” [41]) postulates that exposure to 
adverse (nutritional and pathogen) stimuli during the first stages of life may hinder the 
development of vital organs and the immune system, with irreversible negative effects on 
health at adult ages. In an extension of this theory, long-term effects of early exposures can be 
modified by later life events, like catch-up growth, namely periods of intense growth 
following periods of hindered growth [42]. The pathway is mainly biological. Second, the 
accumulation of risk model assumes that health at old ages is the result of exposures to risk 
factors not only in early life but also across lifetime. Third, the pathway model postulates that 
exposure to adverse environment in early life may put individuals on unfavourable life 
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trajectories. For instance, individuals born in poor families may be more likely to be ill and 
may also go less often to school [5, 43]. This may affect their future educational attainments, 
labour market skills, later earnings, and adult health [5, 44, 45]. There is a large literature 
demonstrating positive associations between adverse (nutritional) conditions in utero or 
during infancy and the development of chronic diseases at older ages [1, 2, 46]. Clearly, all 
mechanisms may operate simultaneously and may explain causal links between early life 
exposures and later life health. Future research is required to improve our understanding of 
the mechanisms linking nutritional exposures in early life and health and mortality at older 
ages. 

Historical samples do not generally provide measurements on health during life. 
However, the HSN research group is currently raising funds to merge the HSN sample with 
data from the military registries (in Dutch: militieregisters). These military registries are to a 
large extent available (but need to be digitalized), and are of good quality and representative 
of the Dutch male population [47]. These registries include data on all Dutch conscripts since 
the introduction of the military service in 1811. The data include among other things height at 
time of the examination (on average at age 19) and whether the conscript was exempted or 
adjourned. In future research, this information and the information on causes of death may be 
used as an indicator of adult health (for males), which will allow the investigation of the long-
term effects of early (nutritional) exposures on other aspects of adult health. 

As mentioned above, the size of the sample used in the current study is small, and the 
HSN sample has recently been enlarged to 78,000 individuals. Specifically, the Historical 
Sample of the Netherlands Data Set Life Courses (Release 2008.01) (HSN) gathers lifetime 
information on a random sample of approximately 78,000 Dutch individuals born in the 
period 1812-1922. In contrast to the sample used in the current study, this dataset includes 
individuals from all 11 Dutch provinces. This would clearly increase the number of exposed 
and non-exposed individuals. It would also possibly facilitate correcting for differences in 
exposure using geographical variations or differences in excess mortality across the 
provinces. 

In addition, the “HSN dataset Long Term Mortality Effects of Potato Crisis (LMP), 
release 2008.01” (HSN-release LMP 2008.01) offers interesting research possibilities. From 
1850, the Dutch population registers collect (socio-economic) information at each successive 
family situation of all Dutch citizens (moves, changes in marital status, child births). The 
HSN-release LMP 2008.01 uses data from these population registers and gathers vital 
information on siblings of 428 original HSN respondents born from 1843-54 in Zeeland, 
provided that the siblings were born between 1843 and 1854 and survived until 1/1/1850. 
Information on siblings increases the number of exposed and unexposed individuals and 
allows for a correction for family-specific conditions that could partly explain the Potato 
famine effects. This is ongoing work. 

Finally, the Life Course in Context (LCC) data collection project covers life histories of a 
sub-sample of 40,000 HSN individuals born between 1850 and 1922 [9]. Besides information 
provided by HSN, the LCC data include (socio-economic) information at each successive 
family situation of the sample member (moves, changes in marital status, child births). The 
data also provides information on all persons with whom the research person co-resided (until 
they left home). By combining information from the data-sources mentioned above, we could 
have access to information on the offspring of the exposed and non-exposed HSN individuals 
and investigate their life course trajectories as well. 
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To capture the severity of the famine, one could use geographical variation in addition to 
time variation. Our study does not take into account possible differences in magnitude of 
exposure across and within the three provinces and during the period September 1st, 1846 – 
September 1st, 1847. This is a potential weakness of the study. It would have been interesting 
to proxy differences in exposure across municipalities using local mortality rates [48] or have 
information on diet composition and calorie intake during the famine [12] or, even, to base 
our exposure category on recalled information on the severity of the famine. Clearly, the latter 
information is not available in historical samples. 

 
 

Conclusion 
 
The Dutch Potato Famine of 1846/47 is one of the earliest historical famines for which 

individual records exist that can be used to study long-run mortality effects of exposure early 
in life. These records include covariates that can be used to control for systematic differences 
in the composition of birth cohorts born before, during and after the famine. Alternatively, 
they can be used to study effect heterogeneity. The historical individual records have been 
merged to data on food prices and the occurrence of epidemics, in order to further control for 
fluctuations of conditions in society. We feel that this is important because, as with many 
other famines, the Potato famine is not sharply defined in time and space, and it went along 
with other disruptions, notably other crop failures and strong fluctuations in the prevalence of 
infectious diseases. 

The empirical results suggest strong long-run effects among those born in the famine, 
amounting to a few years of lifetime duration conditional on having reached adulthood, 
especially for men and for children born into a low social class household. 

Quantitatively, the effects are larger than what is typically found in studies of more recent 
famines  (see [49] for a comprehensive overview). This may be because, presumably, 
cardiovascular mortality was a more common death cause in the 19th century than it is 
nowadays, and we know that long-run effects are stronger on cardiovascular mortality than 
on, say, cancer mortality. 

In addition, many members of cohorts exposed to 20th century famines are still alive, so 
that questions on their long-run mortality are still open. 
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