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Early-life conditions and adult mortality decline among 

Dutch cohorts born in 1812-1921 

 

Mounting evidence suggests that early-life conditions have an enduring effect on an 

individual’s mortality risks as an adult. The contribution of improvements in early-life 

conditions to the overall decline in adult mortality, however, remains a debated issue. 

We provide an estimate of the contribution of improvements in early-life conditions to 

mortality decline after age thirty among Dutch cohorts born between 1812 and 1921. 

We use two proxies for early-life conditions: median height and early childhood 

mortality. We estimate that improvements in early-life conditions contributed more 

than five years or about a third to the rise in female life expectancy at age 30. 

Improvements in early-life conditions contributed almost three years or more than a 

quarter to the rise in male life expectancy at age 30. Height appears to be the more 

important of the two proxies for early-life conditions. 

 

Keywords: adult mortality, early-life conditions, height, infant mortality, early-

childhood mortality 
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Early-life conditions and adult mortality decline among 

Dutch cohorts born in 1812-1921 

 

1. Introduction 

Mounting evidence suggests that early-life conditions have an enduring effect on an 

individual’s mortality risks as an adult (e.g. Bengtsson and Mineau 2009). The 

contribution of improvements in early-life conditions to the overall decline in adult 

mortality, however, remains a debated issue. Whereas Costa (2004) and Crimmins 

and Finch (2006) argued that better early-life conditions made a major contribution to 

the decline in adult mortality, Barbi and Vaupel (2005) argued that period-specific 

influences were more important during the decline. While they admit that early-life 

factors may affect late-life mortality, they argue that the effect is modest.  

Diet and exposure to infectious disease are two key early-life conditions 

linked to adult mortality. There is disagreement about the relative importance of a 

better diet and a decline in the exposure to infectious disease. Whereas Fogel and 

Costa (1997) focused primarily on chronic malnutrition, Crimmins and Finch (2006) 

were more concerned with the question of ‘inflammation’. In the absence of 

information on the nutritional and disease environment in childhood, height and 

childhood mortality are often used as proxies. An individual’s height is perhaps the 

single best indicator of nutritional and disease environment in childhood (Elo et al. 

1992). Fogel and Costa (1997) argued that increased body size made a major 

contribution to the decline in adult mortality. Using data on Union Army veterans, 

Costa (2004) estimated that changes in frame size explain almost fifty percent of 

mortality decline among white men at older ages from 1914 to 1988. Finch and 

Crimmins (2004), on the other hand, argued that reductions in the exposure to 
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infectious disease in childhood made a major contribution to the decline in adult 

mortality. Using mortality before age 15 as a proxy for exposure to infectious disease, 

Crimmins and Finch (2006) showed that in Sweden, France, Switzerland and England 

mortality at age 70-74 is well predicted by mortality before age 15 in the same cohort. 

However, using historical data from England and Wales, Finland, the Netherlands, 

and Sweden, Myrskylä (2010) found that shocks in early-life conditions, proxied by a 

cohort’s infant mortality, are only weakly associated with a cohort’s later mortality. 

He concluded that period factors are more important. 

Costa (2004) and Crimmins and Finch (2006) may have overestimated the 

effect of early-life conditions. Costa (2004) used estimates of coefficients obtained in 

the cross-section to explain change over time, whereas Crimmins and Finch (2006) 

looked at macro-level correlations. Cross-sectional approaches to estimate 

longitudinal parameters may be biased (e.g. Mackenbach 2007; Maxwell and Cole 

2007), whereas correlations that are based on aggregate data may be higher than 

correlations based on individual-level data (e.g. Ostroff 1993). Myrskylä (2010), on 

the other hand, may have underestimated the effect of early-life conditions because he 

only used the cohort’s own mortality rates at ages 0 and 1-4 as a proxy for early-life 

conditions, and did not use anthropometric measures. 

We will use two cohort proxies for early-life conditions, childhood mortality 

as well as an anthropometric measure. Instead of using only aggregate data, it 

combines individual-level data on both sides of the equation with aggregate data on 

the right side. It uses a random sample of individuals born in the Netherlands between 

1812 and 1921 to analyze mortality decline among adults after age thirty until 2013. 

Female life expectancy at age 30 increased by almost fifteen years between cohorts 

born in 1812-29 and those born in 1910-21. We estimate that improvements in early-
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life conditions contributed more than five years, or about a third, to the rise in female 

life expectancy at age 30. Male life expectancy at age 30 increased slightly over ten 

years between cohorts born in 1812-29 and those born in 1910-21. We estimate that 

improvements in early-life conditions contributed almost three years, or more than a 

quarter, to the rise in male life expectancy at age 30. The much lower estimate for the 

effects of early-life improvements among men is likely to be the result of tobacco 

consumption. Height appears to be the more important of the two proxies for early-

life conditions. 

 

2. Early-life conditions and adult mortality 

2.1. Exposure to infectious disease 

Exposure to infectious disease may have a long-term impact. There are few studies, 

however, of the impact of a specific infectious disease in childhood on adult health 

and mortality. People who were infected with Helicobacter pylori in childhood are 

more likely to develop gastritis and peptic ulcer in adulthood (Susser 2001). 

Streptococcal infection has been linked to adult heart disease (Elo and Preston 1992). 

Brenes-Camacho and Palloni (2011) argued that malaria survivors in Costa Rica are 

more likely to die from stroke. Quaranta (2013) presented evidence for the impact of 

exposure to measles, scarlet fever and whooping cough epidemics in infancy on adult 

mortality in Sweden among cohorts born between 1813 and 1898. Cohen et al. (2010) 

only detected a very small effect of the 1918-1919 influenza pandemic on late-life 

mortality in 24 developed countries. But Myrskylä et al. (2013) found that exposure to 

the pandemic in the US did increase later mortality. 

In the absence of information on exposure to infectious disease in childhood, 

many studies use infant and early-childhood mortality as proxies (e.g. Barker and 
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Osmond 1986; Caselli and Capocaccia 1989; Ben-Shlomo and Smith 1991; Bengtsson 

and Lindström 2000; Catalano and Bruckner 2006; Crimmins and Finch 2006; 

Myrskylä 2010; Quaranta 2013). These studies support the hypothesis that exposure 

to childhood disease may cause permanent physical damage (“scarring”) leading to 

fatal outcomes later in life.  

Not all studies detected a significant effect of childhood mortality on adult 

mortality. Gagnon and Mazan (2009), for example, found little evidence for an effect 

of the infant mortality rate on mortality after age fifty in pre-industrial Québec. 

However, they did not study the effect of early-childhood mortality on adult mortality. 

Kermack et al. (1934) argued that the correlation between infant mortality and cohort-

specific adult mortality is less clear-cut than the correlation between child mortality 

and cohort-specific adult mortality. But Crimmins and Finch (2006) and Floud et al. 

(2011, p. 257) observed that this depends on the country.  

There are also processes, however, that may create a negative relationship 

between infectious disease in childhood and adult mortality: selection and acquired 

immunity (Elo and Preston 1992). According to the “hygiene hypothesis,” disease 

exposure in early childhood may be essential for normal immune maturation 

(Strachan 1989; Folkerts et al. 2000). There is some evidence for selection and 

acquired immunity. Covering a period from 1907 to 1978 in Italy, Caselli and 

Capocaccia (1989, p. 152) reported that higher mortality early in life was associated 

with higher adult mortality before age 45, whereas it was associated with lower 

mortality after age 45. Using historical time series for five European countries, 

Myrskylä (2010) found that high mortality at ages 1-4 may decrease mortality at ages 

up to 20. 
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2.2. Malnutrition 

Malnutrition in childhood may also have a long-term impact. Height at the end of 

childhood is often used as an indicator of an individual’s dietary history or gross 

nutrition. Height is inversely associated with coronary heart disease, stroke, and 

respiratory disease mortality among men and women. Whereas smoking related 

cancer mortality is not associated with height, the risk of death from cancer unrelated 

to smoking tends to increase with height, particularly for haematopoietic, colorectal 

and prostate cancers, except for stomach cancer mortality, which is inversely 

associated with height (Smith et al. 2000). Most studies report a negative correlation 

between height and adult mortality (e.g. Fogel 1994; Alter 2004, pp. 266-68). Su 

(2009), however, observed that being taller is related to a higher relative risk of 

mortality for Union Army veterans who survived past 1910. 

There has been a tendency to explain changes in height primarily as the result 

of changes in the availability of food (Oxley 2003). Height, however, is really a 

measure of net nutrition, i.e. the balance between the supply of nutrients, physical 

exertion and disease (Fogel 1991, pp. 446-7; Elo and Preston 1992, p. 203; Alter 

2004, p. 266). Bozzoli et al. (2009) reported evidence for a relationship between 

disease in early life and adult height among cohorts born in Western countries 

between 1950 and 1980. They found that pneumonia was the most likely disease to 

compromise ultimate growth. But Öberg (2015) suspects that environmental 

conditions confounded their results. Voth and Leunig (1996) instigated the debate 

over the impact of smallpox on height. Oxley (2003), however, argued that the 

negative correlation between smallpox marks and height is not causational, both being 

the result of urban residence. Adair and Guilkey (1997) have shown that diarrhoeal 

disease reduces growth in childhood. There may also be reverse causality, however, 
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malnutrition being a risk factor for infectious disease (Schaible and Kaufmann 2007). 

Thus, the two most-commonly used proxies for exposure to infectious disease and 

malnutrition, childhood mortality and height, respectively, may be correlated. 

In the absence of anthropometric measures, some use an exogenous variable, 

such as food prices in early childhood. Bengtsson and Lindström (2000) and Quaranta 

(2013), for example, used rye prices as a proxy for malnutrition. They did not find any 

impact of the price of rye around birth on mortality at ages 55-79 in Southern Sweden 

in 1760-1894. Van den Berg et al. (2009) used wheat prices in the year of birth, but 

the effect on adult mortality was not significant among Danish cohorts born in 1873-

1906. Perhaps, this result is not surprising, because in malnourished mothers, the 

quality and quantity of breast-milk is preserved at the expense of maternal health 

(Prentice et al. 1986). 

Others have investigated the long-term effect of famines. A study of the Dutch 

‘Potato Famine’ in the mid-1840s found higher rates of late-life mortality among 

cohorts born during the famine (Lindeboom et al. 2010). But Kannisto et al. (1997) 

did not find any evidence that famine in early childhood influenced mortality between 

ages 60 and 80 among cohorts born during the Great Finnish Famine of 1866-68. One 

possible explanation for the conflicting evidence of the long-term effect of famines on 

survival is that selection during famine altered the distribution of frailty across the 

population. Hence, Doblhammer et al. (2013) re-analyzed the Finnish data used by 

Kannisto et al. (1997). Simultaneously modeling the frailty distributions of cohorts, 

they showed that cohorts born during the Great Finnish Famine had a lowered life 

expectancy. 

According to Barker (1995) prenatal exposure to malnutrition raises the risks 

of coronary heart disease. Ekamper et al. (2014) reported an effect of exposure to 
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famine in early gestation on adult mortality up to the age of 63 years among those 

born during the 1944-1945 Dutch famine. No such effect was found for late gestation.  

But McEniry and Palloni (2010) found that exposure to malnutrition during late 

gestation had a significant effect on the risks of experiencing heart disease among 60- 

to 74-year old Puerto Ricans. 

 

2.3. Living standards  

As living standards improve, exposure to infectious disease (see 2.1) and malnutrition 

(see 2.2) may decline. Hence, several studies have investigated the influence of 

fluctuations in living standards. Van den Berg et al. (2006) and van den Berg et al. 

(2009) used the gross domestic product (GDP) per capita around birth as a measure of 

living standards. The two studies reported a negative effect of GDP per capita around 

birth on adult mortality in the Netherlands and Denmark. Janssen et al. (2006) 

reported a mostly negative correlation of the GDP per capita prevailing at earlier ages 

with adult mortality in seven European countries. 

 

2.4. Adverse childhood socio-economic position 

Adverse childhood socio-economic position may also influence adult mortality (e.g. 

Hayward and Gorman 2004). It may influence adult mortality either through exposure 

to infectious agents and malnutrition or through adult socio-economic position. In a 

study of Dutch cohorts born in 1850-1922, van Poppel and Liefbroer (2005) used the 

father’s occupation to measure childhood socio-economic position, but observed no 

effect on survival in later life. In a larger study of Dutch cohorts born in 1812-1912, 

however, van den Berg et al. (2006) found that women from a higher socio-economic 

background had significantly lower mortality in adulthood. 
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2.5. Inconsistent results 

Although many studies have reported that early-life conditions affect an individual’s 

mortality risk as an adult, there are also studies that did not find such an effect. 

Regarding infant and early-childhood mortality, one possible explanation is that some 

used infant mortality as a proxy for exposure to infectious disease, whereas others 

used early-childhood mortality (see section 2.1). Another possible explanation is that 

the exposure to infectious disease raises adult mortality through scarring, while 

lowering it through selection and acquired immunity. Whether one effect is stronger 

than the other may depend on the causes of death prevalent in adulthood. The effect of 

height is known to vary depending on the cause of death (e.g. Smith et al. 2000).  

Studies of the contribution of improvements in early-life conditions to the 

overall decline in adult mortality have also shown inconsistent results. 

Methodological inadequacies may account for some of the inconsistent results. A few 

studies used estimates of coefficients obtained in the cross-section to explain change 

over time (e.g. Costa 2004), whereas others have used time series (e.g. Crimmins and 

Finch 2006). Using childhood mortality rather than anthropometric measures as a 

proxy for early-life conditions may also have affected results (e.g. Myrskylä 2010). 

We will analyze adult mortality decline at the individual level as a function of two 

macro-level proxies for early-life conditions. 

 

3. Data and variables 

The data used in the analysis come from the Historical Sample of the Netherlands 

(HSN), Data Set Survival Dates Release 2013.01. The HSN is a national database 

with information on the complete life history of a half percent random sample (78,102 
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birth records) of men and women born in the Netherlands between 1812 –the first 

year for which vital registration is available for the whole country– and 1922. In all 

Dutch provinces, a random sample of births was drawn from the registration of births, 

which was stratified by period of birth and level of urbanization of the municipality 

(Mandemakers 2000).  

Several previous studies used an earlier release (e.g. van Poppel and Liefbroer 

2005; van den Berg et al. 2006; Lindeboom et al. 2010; Schenk and van Poppel 2011). 

The 2013 release includes a new version of the survival table which is based on 

information from the population registers until 30 April 30 2013. 

The collection of death certificates for adults in the HSN has been uneven. 

Hence, our analysis is based on individuals born after 1812 in the provinces of 

Friesland, Overijssel, Utrecht and Zeeland, on individuals born after 1843 in the city 

of Rotterdam and on individuals born after 1863 in the rest of the country (van den 

Berg et al. 2006; Kok et al. 2009). For some individuals there is no date of death, but 

only a last date of observation. Migration is a major cause of censoring 

(Mandemakers 2000). In our analysis there are 29,220 individuals who are known to 

have survived until age 30, at least. For 1,936 individuals (6.6 percent) only a date of 

last observation is available. 

To determine the extent to which the HSN is representative for the whole 

country, we compared the HSN with unpublished cohort life tables constructed by 

Statistics Netherlands. Individuals were divided into ten-year cohort blocks. The 

number of individuals born in 1812-19 and 1920-21 is relatively small. Hence, these 

two cohort blocks were combined with the nearest cohort blocks, 1820-29 and 1910-

19, respectively.  
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Figures 1 and 2 compare trends in cohort life expectancy at age 30 for women 

and men, respectively, in the HSN with those in official statistics. Our estimates 

indicate that life expectancy at age 30 among those born in 1812-29 was almost 35 

years for women and 34 for men. By 1910-21 life expectancy for women had risen to 

almost 50 and slightly over 44 for men. Statistics Netherlands did not publish life 

expectancy at age 30 for cohorts born before 1830. Thus, the comparison is limited to 

those born after 1830. Whereas there are few signs of bias among women, even 

among those born before 1863, the HSN consistently overestimates male life 

expectancy. Not all provinces are equally well represented in the HSN, however. To 

the extent that regional differences in mortality among men were larger than those 

among women, our estimates of male life expectancy may be biased.  

Life expectancy at age 30 rose much less among men than among women (see 

also Wolleswinkel-van den Bosch et al. 1998). Tobacco consumption was the main 

contributor to the increasing gap between men and women in life expectancy. The 

smoking epidemic in the Netherlands started among men born around 1850 and 

among women born after 1900 (Janssen and van Poppel 2015). 

[Figures 1 and 2 about here] 

In the multivariate analysis, the dependent variable is mortality after age 30. 

This decision is based on the observation that the age pattern of survival after age 30 

does not change much over time. Mortality after age 30 is modeled as a function of 

place of birth, socio-economic position in childhood, age, period, and proxies for 

early-life conditions. 

We used two cohort life table functions, infant mortality (1q0) and early-

childhood mortality (4q1), as proxies for exposure to infectious disease in early 

childhood by year of birth. In the HSN a special effort was made to collect all death 



 13 

certificates of individuals who died in childhood (Mandemakers 2000, p. 161). We 

estimated the life table functions from the HSN for each single year of birth. Our 

estimates for infant and early-childhood mortality are not sex-specific. There is no 

significant difference between boys and girls in mortality between the first and fifth 

birthday in the HSN database, the odds for a female dying relative to those of a male 

being 0.978. But, there is a very significant difference in infancy, the odds ratio for a 

female dying being only 0.803. Of course, even today female infants have lower odds 

of dying. Trends in infant mortality, however, are nearly identical for both sexes. 

Hence, we pooled boys and girls to obtain better estimates of annual infant mortality 

rates. Figure 3 shows trends in infant mortality (1q0) and early-childhood mortality 

(4q1). Infant and early-childhood mortality started to decline in the 1860s, but the 

decline slowed down in the 1870s. In the 1880s the rate of decline increased again.  

 [Figure 3 about here] 

We used the median height of conscripts as a proxy for the nutritional status of 

single-year birth cohorts by attributing the median height of conscripts measured in 

year t to all those born in year t-19. Brinkman, Drukker, and Slot (1988) published a 

time series of median heights (in mm) of Dutch conscripts from 1863 to 1940. These 

data were revised by Mandemakers and van Zanden (1993) by correcting for bias due 

to the under-representation of men from more wealthy families and by adjusting for 

small changes over time in the age at measurement. Drukker and Tassenaar (1997) 

extended the time series further back in time to include the conscription years 1818-

1863. There is no comparable source of information on the height of women. Among 

prisoners born between 1815 and 1865, however, trends in the height of men and 

women were similar (de Beer 2010). Data from England for criminals born between 

1812 and 1857 also show similar trends in the height of men and women (e.g. 
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Johnson and Nicholas 1995). A study of trends in sex differentials in adult height in 

the UK among individuals born between 1910 and 1942 also shows similar trends for 

men and women, even though there were greater increases for men than for women 

(Kuh et al. 1991). If among individuals born in the second half of the nineteenth 

century in the Netherlands there were also greater increases for men than for women, 

then we may have underestimated the effect of height on the mortality of adult 

women, although this should affect our predicted values of adult female life 

expectancy to a lesser extent. 

There is also a genetic component to height (Elo and Preston 1992, p. 202). 

We do not model the mortality experience of individuals as a function of their 

individual adult height, however, but as a function of the median adult height of men 

born in the same year as these individuals. Genetics is less likely to explain the 

increase in height across cohorts. 

Figure 3 shows that median height declined among those born before the 

1840s and started to increase again among those born in the 1850s. The cohort of 

1860-69 was the first to be taller than the cohort born in 1812-29. The continuous 

series of height data ends in 1921, because of World War II. Hence, the analysis is 

limited to people born in 1812-1921. 

There are regional differences in height (Drukker and Tassenaar 1997; 

Fredriks et al. 2000). Hence, we control for province of birth. The variables indicating 

birth in the provinces of North and South Holland do not include the two largest 

cities, Amsterdam and Rotterdam. Two additional variables indicate birth in these 

cities. There are no missing values for place of birth. 

There are also regional differences in infant and early-childhood mortality. In 

urban areas, for example, mortality was higher (e.g. van Poppel et al. 2005). Some 
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infectious diseases were more prevalent in certain provinces. Malaria, for example, 

did not disappear from the coastal marshes in the Netherlands until the 1950s 

(Knottnerus 2002). We do not have enough cases for reliable estimates of infant and 

early-childhood mortality by province. Hence, to show that there were regional 

differences, we have divided the eleven provinces of the Netherlands into four 

regions: the North (Groningen, Friesland and Drenthe); the East (Overijssel and 

Gelderland); the West (Utrecht, North and South Holland and Zeeland); and the South 

(North Brabant and Limburg). Figures 4(a) and 4(b) show trends in infant and early-

childhood mortality for each region by cohort block. They show that mortality was 

highest in the more urban West. They also show that differences in mortality were not 

constant over time. Hence, we will add interactions between infant and/or early-

childhood mortality and place of birth. 

[Figures 4(a) and 4(b) about here] 

Adverse childhood socio-economic position may influence adult mortality. 

After controlling for exposure to infectious agents and malnutrition, it may influence 

adult mortality through poor education (e.g. Hayward and Gorman 2004). We used 

the occupation of the father at birth to measure childhood socio-economic position. 

To define socio-economic groups, we used the Social Power scheme (hereafter 

SOCPO) developed by van de Putte and Miles (2005). The fundamental 

organizational principle of their scheme is the potential to influence one’s destiny 

through control of resources. We split their fourth category into farmers and others. 

Hence the categories used in the analyses are: 

1. Unskilled workers (reference category); 

2. Semi-skilled workers and the micro-scale self-employed; 

3. Manual skilled workers; and supervisors of semi- and unskilled workers;  
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4a. Manual super-skilled and non-manual skilled workers; supervisors of 

skilled workers; and local businessmen; 

4b. Farmers; 

5. Non-manual super-skilled workers; supra-local businessmen; executives and 

those with general policy tasks; and nobility; 

6. Without occupation; and unknown. 

Conditions in adulthood also influence mortality. Without a control for 

changes in these conditions, we may over-estimate the influence of early-life 

conditions on adult mortality. To control for unidentified exogenous period influences 

on adult mortality, we coded the person-years for period. The coding for period was 

composed of 31 blocks, the first block (1842-59) being the reference category. The 

blocks span five years, except for the first and last block (2005-13), because they 

contain fewer deaths. 

 

4. Analytic Approach 

A discrete-time hazard model is used to assess the effects of the independent variables 

on survival after age thirty. We have assumed that the hazard is constant within 

annual intervals. We estimated discrete-time hazard models using logistic regression. 

This kind of analysis can accommodate two common features of event histories: 

censored data and time-varying covariates (Allison 2010, pp. 236-240).  

The dependent variable in the statistical model is the annual log odds of dying. 

The unit of analysis is the “person-year”; that is, each person contributes as many 

units to the analysis as the number for which he/she is observed. Person-years below 

age thirty were omitted from the analysis. Records were right-censored at the end of 
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April 2013. Women and men contributed 620,509 and 579,238 person-years, 

respectively, to the analysis. 

The logistic regression model assumes that the observations are independent, 

but because observations from the same subject are likely to be correlated, this is not 

usually a reasonable assumption. We do not model the probability that an individual 

will die in year t, however, but the conditional probability that an individual will die 

in year t given that the individual is still alive in year t-1. In such a case there is no 

need to correct standard errors for clustering in individuals (Singer and Willett 2003, 

p. 384). 

There is synergy between disease and malnutrition in the stunting of growth. 

Thus, adult height is not only a function of diet, but also of infectious disease burden. 

Hence, our two indicators of the influence of early-life conditions, height and early-

child mortality, are correlated. The high level of collinearity between the cohort 

proxies is likely to result in unstable estimates. One solution is to omit one of the 

cohort proxies from the analysis. But the omission of variables may create another 

problem: endogeneity. Collinearity between the cohort proxies, however, does not 

affect the coefficients of other variables (Allison 1999, p. 48). Hence, we will focus 

on the combined effect of the cohort proxies. Although not a remedy for collinearity, 

a relatively large sample will dampen the inflation of variances caused by collinearity 

(O’Brien 2007, p. 675). 

Previous studies often de-trended the mortality time series to prevent bias by 

unobserved factors driving the trends. Studies that correlate fluctuations, however, 

assume that the determinants of short-term fluctuations in mortality are the same as 

those of secular trends in mortality (e.g. Myrskylä 2010, p. 823). We did not want to 

make such a strong assumption in a study of the decline in mortality. Moreover, we 
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believe to have left out few unobserved factors driving trends, because major trends in 

the predicted series of life expectancy at age 30 resemble those in the observed series 

(see below). Few unobserved factors driving trends having been left out, it is not 

imperative to de-trend time series. 

 

5. Results 

Table 1 presents descriptive statistics of the variables used in the multivariate 

analysis. Tables 2 and 3 each present two models of adult mortality above age thirty, 

two for each sex. Coefficients are presented as odds ratios or exponents of the raw 

logistic coefficients. The odds ratios are multiplicative effects on the odds of dying in 

any one-year interval. A coefficient of 1.00 represents no statistical effect, a 

coefficient greater than 1.00 represents a positive effect, and a coefficient less than 

1.00 represents a negative effect on the odds. 

[Table 1 about here] 

 

5.1. Women 

The first model in Table 2 presents the results for women without interactions. 

Childhood socio-economic position does not have a significant effect on adult female 

mortality. But place of birth does have a significant effect. Women born in the coastal 

provinces, i.e. in Groningen, Friesland, North and South Holland, excluding 

Amsterdam and Rotterdam, or Zeeland, had significantly lower mortality than women 

born in the inland province of Utrecht. 

[Table 2 about here] 

After controlling for change in the distribution of childhood socio-economic 

position across cohorts, median height has a significant and negative effect on 



 19 

mortality after age thirty. Contrary to Kermack et al. (1934), infant mortality (1q0) has 

a significant and positive effect, but early-childhood mortality (4q1) does not have a 

significant effect on adult mortality. 

The hypothesis, that net of nutrition exposure to infectious agents mainly 

affects adult mortality through scarring, rather than selection and acquired immunity, 

is consistent with our data. The proxies for early-life conditions are correlated, 

however. Hence, their coefficients should be interpreted with care. In this sub-section 

we consider their combined effect. 

The effect of early-life conditions may vary from one place of birth to the 

other (see Figures 4(a) and 4(b)). Hence, the second model adds interactions between 

early-childhood mortality (4q1) and place of birth. The addition of interactions 

between place of birth and height and place of birth and infant mortality did not result 

in a significant change in the log-likelihood. Hence, these have been omitted. 

Figure 5 presents observed and predicted values of cohort life expectancy at 

age 30. A comparison of the observed series (thin line) with the predicted series (thick 

line) in the second model indicates the extent to which the regression model is able to 

predict the timing of the onset and pace of adult female mortality decline. 

[Figure 5 about here] 

A simple way to interpret the regression coefficients of the cohort proxies is to 

simulate what life expectancy at age 30 would have been under constant early-life 

conditions. Hence, we computed a predicted series of cohort life expectancy at age 30 

that factors out improvements in early-life conditions that occurred after the birth 

cohort of 1812-29 from the predicted series of cohort life expectancy at age 30 in the 

second model. We call the result a ‘counterfactual-predicted series’ (thick dotted line 

in Figure 5). For each cohort, age-specific mortality rates were simulated by 
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computing the predicted probability for each woman that she will die at age x. These 

probabilities were summarized to obtain the predicted number of deaths for age group 

x. To obtain predicted age-specific mortality rates, the predicted number of deaths in 

age group x was divided by the observed number of person-years in age group x.  

If not for improved early-life conditions, our model predicts that life 

expectancy at age 30 would have increased less among women born after 1860. If 

median height and early-childhood mortality had not changed after 1812-29, then the 

second model predicts that life expectancy at age 30 among those born in 1910-21 

would have been 44.3 instead of 49.6, a difference of 5.3 years. Thus we estimate that 

about a third of the decline in female adult mortality is associated with increased 

height and a decline in early-childhood mortality. 

Figure 5 indicates that change in early-life conditions did not improve adult 

female life expectancy among cohorts born before the 1860s, even though height 

started to increase among those born in the 1840s. There are two reasons for this. 

First, we hold early-life conditions constant at their initial level among those born in 

1812-29. And second, initially height declined. 

 

5.2. Men 

The first model in Table 3 presents the results for men without interactions. Men 

whose fathers were farmers had significantly lower mortality in adulthood. Gagnon 

and Bohnert (2012) and Preston et al. (1998) also found evidence for lower mortality 

in adulthood among Canadian and African-American men born on farms. Similar to 

our results they did not find such an effect for women. It is not clear how a similar 

early-life environment could have produced different physiological effects on boys 

compared to girls (Preston et al. 1998, p. 1242). One explanation could be that males 
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who grew up on farms were more likely to become farmers themselves, an occupation 

that is associated with low mortality, whereas females who grew up on farms were 

less likely to become farmer’s wives (Preston et al. 1998, p. 1239). Except for the 

inland province of Gelderland, the effect of place of birth resembles that for women. 

[Table 3 about here] 

Height has a significant effect. Males who belong to taller cohorts had lower 

mortality in adulthood. Infant mortality (1q0) and early-childhood mortality (4q1), on 

the other hand, do not have a significant effect on adult mortality. Due to collinearity, 

however, variables that appear to have weak effects, may actually have quite strong 

effects as a group (Allison 1999, p. 48). Hence, in this sub-section we only consider 

the combined effect of the proxies for early-life conditions. 

The effect of early-life conditions may vary from one place of birth to the 

other (see Figures 4(a) and 4(b)). Hence, the second model adds interactions between 

early-childhood mortality and place of birth. The addition of interactions between 

place of birth and height and place of birth and infant mortality did not result in a 

significant change in the log-likelihood. Hence, these have been omitted. 

Figure 6 presents observed and predicted values of cohort life expectancy at 

age 30. A comparison of the observed series (thin line) with the predicted series (thick 

line) in the second model indicates the extent to which the regression model is able to 

predict the timing of the onset and pace of adult mortality decline among men. 

[Figure 6 about here] 

Figure 6 also presents a counterfactual-predicted series (thick dotted line). If 

not for improved early-life conditions, the second model predicts that life expectancy 

at age 30 would have increased less among men born after 1860 and even have 

declined among those born after 1890, possibly as a result of increased tobacco 
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consumption. The omission of tobacco consumption may have biased our estimates of 

the coefficients of the proxies for early-life conditions among men. If median height 

and early-childhood mortality had not changed after 1812-29, then our model predicts 

that life expectancy at age 30 among those born in 1910-21 would have been 41.0 

instead of 43.9, a difference of 2.9 years. Thus we estimate that more than a quarter of 

the decline in male adult mortality is associated with increased height and a decline in 

early-childhood mortality. 

 

5.3. The relative contribution of height and childhood mortality 

Height at the end of childhood is often used as an indicator of an individual’s dietary 

history. Height, however, is also a function of infectious disease history. Moreover, 

malnutrition is a risk factor for infectious disease (see section 2.2). Thus, our two 

proxies for exposure to infectious disease and malnutrition, early-childhood mortality 

and height, respectively, are correlated. Although not a remedy for collinearity, a 

relatively large sample will dampen the inflation of variances caused by collinearity 

(O’Brien 2007, p. 675). Hence, this sub-section investigates which of the proxies for 

early-life factors is most important.  

Figure 5 presents a counterfactual-predicted series for women that only 

assumes constant height (thin dotted line). This counterfactual-predicted series is 

closer to the counterfactual-predicted series that assumes constant early-life 

conditions (thick dotted line) than it is to the predicted series of cohort life expectancy 

at age 30 (thick solid line). This suggests that increased height made a larger 

contribution to the decline in female adult mortality than did the decline in infant and 

early-childhood mortality. 
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Figure 6 presents a counterfactual-predicted series for men that only assumes 

constant height (thin dotted line). This counterfactual-predicted series is much closer 

to the counterfactual-predicted series that assumes constant early-life conditions 

(thick dotted line) than it is to the predicted series of cohort life expectancy at age 30 

(thick solid line). Thus, increased height made a much larger contribution to the 

decline in male adult mortality than did the decline in childhood mortality. 

 

6. Conclusion and discussion 

The contribution of improvements in early-life conditions to the decline in adult 

mortality remains a much debated issue. We used a fairly large sample to estimate the 

contribution of improvements in early-life conditions to mortality decline after age 

thirty among Dutch cohorts born between 1812 and 1921. We estimate that 

improvements in early-life conditions contributed more than five years, or about a 

third, to the rise in female life expectancy at age 30 between cohorts born in 1812-29 

and 1910-21. Improvements in early-life conditions contributed almost three years, or 

more than a quarter, to the rise in male life expectancy at age 30. Thus, our estimates 

are closer to those of Costa (2004) than to those of Myrskylä (2010).  

There is also disagreement about the relative importance of a better diet and a 

decline in the exposure to infectious disease. Height is often used as a proxy for 

chronic malnutrition, whereas childhood mortality is often used as a proxy for the 

exposure to infectious disease, even though both proxies are a function of diet as well 

as exposure to infectious disease. Our results suggest that increased height made a 

larger contribution. One possible explanation for the smaller contribution of infant 

and early-childhood mortality is that selection and acquired immunity partly cancel 

the effect of scarring. 
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In our models mortality change is driven only by early-life conditions and 

period mechanisms, ignoring the role of later-life cohort factors, such as tobacco 

consumption. To the extent that these later-life cohort factors are not correlated with 

our proxies for early-life conditions, the period dummy variables are not net of all 

cohort influences. The omission of these later-life cohort factors, however, may also 

have caused bias in our estimates of the coefficients of the proxies for early-life 

conditions. Tobacco consumption is likely to influence our results for men in 

particular, who tended to smoke more. In the Netherlands the effects of smoking on 

sex differences in mortality are known to have been relatively large (Valkonen and 

van Poppel 1997). Janssen and van Poppel (2015) have shown that smoking is a 

cohort effect among those born in the nineteenth century, but also a period effect 

among those born in the twentieth century. Unfortunately, we were unable to control 

for tobacco consumption or a proxy for it, such as lung-cancer mortality rates, for all 

cohorts in each year (Preston, Glei and Wilmoth 2010). To the extent that trends in 

tobacco consumption are correlated with trends in height and early-childhood 

mortality, we may have underestimated the size of the contribution of improvements 

in early-life conditions to the decline in male adult mortality. It is less likely that we 

underestimated the size of the contribution of improved early-life conditions to the 

decline in female adult mortality as a result of tobacco consumption. The estimated 

loss in life expectancy at age 35 in 1970-89 attributable to smoking was less than half 

a year, as opposed to almost four years among men (Valkonen and van Poppel 1997, 

p. 304). 

In the Netherlands height has been shown to be a function of real income 

(Jacobs and Tassenaar 2004). To the extent that the increase in living standards in 

early childhood contributed to adult mortality decline not only through exposure to 
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infectious agents and malnutrition in early childhood, but also through other 

intermediate variables, our estimates of the coefficients of the proxies for nutrition 

and exposure to early-childhood disease may be biased. In such a case we are likely to 

have overestimated the effect of these proxies for early-life conditions. Education may 

be one such intermediate variable, because living standards in childhood may 

influence adult mortality through education. Trends in educational level in the 

Netherlands, however, do not resemble those in early-life conditions. Whereas early-

life conditions did not start to improve until the second half of the nineteenth century, 

elementary education, as measured by literacy, had already started to increase among 

women born more than half a century earlier. Moreover, illiteracy levels, as measured 

by the ability to sign one’s name, among men declined much earlier than those of 

women, whereas the timing of the onset of the decline in mortality is similar for both 

sexes (Boonstra 2008, p. 135). Of course, it is possible that better education of women 

influenced adult mortality of their children through improved early-life conditions. 

In the middle of the nineteenth century, the Dutch were among Europe’s 

shortest people (Steckel 1995). The increase in height was spectacular and today the 

Dutch population is among the tallest in the world (Schönbeck et al. 2013). Thus, the 

contribution of improvements in early-life conditions to the decline in adult mortality 

in the Netherlands may have been larger than that in other countries. 
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Table 1 Descriptive statistics for categorical variables used in the discrete-time hazard models of 

mortality: person-years of experience at ages 30+ by sex, Dutch cohorts born in 1812-1921 

 

Variable Percentage 

 Women Men 

Period:   

         1842-59 (ref.) 0.6 0.7 

1860-64 0.3 0.4 

1865-69 0.4 0.5 

1870-74 0.5 0.5 

1875-79 0.6 0.6 

1880-84 0.7 0.8 

1885-89 0.8 0.9 

1890-94 1.1 1.2 

1895-99 1.8 1.9 

1900-04 2.6 2.8 

1905-09 3.2 3.4 

1910-14 3.9 4.0 

1915-19 4.5 4.6 

1920-24 5.1 5.2 

1925-29 5.8 6.0 

1930-34 6.5 6.7 

1935-39 6.9 7.1 

1940-44 7.0 7.3 

1945-49 7.0 7.2 

1950-54 6.9 7.2 

1955-59 6.2 6.5 

1960-64 5.6 5.8 

1965-69 5.0 5.0 

1970-74 4.3 4.1 

1975-79 3.6 3.2 

1980-84 2.9 2.4 

1985-89 2.3 1.7 

1990-94 1.7 1.2 

1995-99 1.1 0.7 

2000-04 0.7 0.3 

2005-13 0.3 0.2 

Socio-economic status of father:  

Unskilled workers (ref.) 30.3 32.3 

Semi-skilled workers 10.8 10.4 

Skilled workers 19.1 18.0 

Farmers 13.5 14.3 

Middle-class 17.9 16.9 

Elite 4.9 4.7 

Unknown 3.6 3.4 

Place of birth:   

Friesland 10.9 10.6 

Groningen 5.0 5.2 

Drenthe 2.6 2.8 

Overijssel 8.1 8.1 

Gelderland 9.0 9.8 

Utrecht (ref.) 7.6 7.5 

North Holland 8.2 8.3 

Amsterdam 6.9 6.8 

South Holland 15.2 14.5 

Rotterdam 5.6 5.3 

Zeeland 6.5 7.1 

North Brabant 9.8 9.4 

Limburg 4.5 4.8 

Person years 620,509 579,238 
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Table 2 Discrete-time hazard model of mortality at ages 30+: Dutch women born in 1812-1921 

 

 Model 1 Model 2  

Variable e
b
 p-value e

b
 p-value   

       

Early-life conditions:       

Height 0.993 0.000 0.993 0.000   

1q0 × 100 1.015 0.004 1.014 0.005   

4q1 × 100 0.999 0.871 1.012 0.126   

      

Place of birth:       

Friesland 0.883 0.003 0.993 0.941   

Groningen 0.761 0.000 0.833 0.196   

Drenthe 0.884 0.058 1.546 0.011   

Overijssel 0.936 0.142 0.935 0.516   

Gelderland 0.943 0.190 1.259 0.039   

Utrecht (ref.) 1.000 - 1.000 -   

North Holland 0.887 0.009 1.170 0.172   

Amsterdam 0.994 0.908 1.059 0.632   

South Holland 0.881 0.002 1.026 0.786   

Rotterdam 1.034 0.532 1.086 0.469   

Zeeland 0.883 0.009 1.193 0.096   

North Brabant 0.982 0.676 1.168 0.139   

Limburg 0.957 0.416 1.339 0.034   

       

Interaction of 4q1 with place of birth:     

Friesland   0.989 0.138   

Groningen   0.992 0.563   

Drenthe   0.941 0.001   

Overijssel   0.999 0.904   

Gelderland   0.970 0.005   

Utrecht (ref.)   1.000 -   

North Holland   0.971 0.010   

Amsterdam   0.995 0.691   

South Holland   0.985 0.093   

Rotterdam   0.995 0.632   

Zeeland   0.973 0.001   

North Brabant   0.983 0.081   

Limburg   0.965 0.010   

      

Socio-economic status of father:      

Unskilled workers (ref.) 1.000 - 1.000 -   

Semi-skilled workers 0.953 0.132 0.950 0.115   

Skilled workers 0.970 0.247 0.968 0.220   

Farmers 1.016 0.601 1.011 0.705   

Middle-class 0.956 0.101 0.951 0.066   

Elite 0.908 0.057 0.917 0.092   

Unknown 1.007 0.892 1.011 0.834   

       

Age (linear) 0.982 0.000 0.981 0.000   

Age (quadratic) 1.001 0.000 1.001 0.000   
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Table 2 Discrete-time hazard model of mortality at ages 30+, continued 

 

 Model 1 Model 2   

Variable e
b
 p-value e

b
 p-value   

       

Period:       

1842-59 (ref.) 1.000 - 1.000 -   

1860-64 0.756 0.259 0.754 0.255   

1865-69 0.847 0.447 0.845 0.439   

1870-74 0.658 0.053 0.656 0.051   

1875-79 0.643 0.030 0.641 0.029   

1880-84 0.467 0.000 0.466 0.000   

1885-89 0.475 0.000 0.474 0.000   

1890-94 0.549 0.001 0.547 0.001   

1895-99 0.441 0.000 0.444 0.000   

1900-04 0.439 0.000 0.445 0.000   

1905-09 0.391 0.000 0.398 0.000   

1910-14 0.351 0.000 0.358 0.000   

1915-19 0.423 0.000 0.434 0.000   

1920-24 0.328 0.000 0.339 0.000   

1925-29 0.342 0.000 0.354 0.000   

1930-34 0.336 0.000 0.349 0.000   

1935-39 0.329 0.000 0.343 0.000   

1940-44 0.414 0.000 0.433 0.000   

1945-49 0.367 0.000 0.385 0.000   

1950-54 0.339 0.000 0.355 0.000   

1955-59 0.314 0.000 0.328 0.000   

1960-64 0.290 0.000 0.302 0.000   

1965-69 0.312 0.000 0.324 0.000   

1970-74 0.295 0.000 0.305 0.000   

1975-79 0.310 0.000 0.320 0.000   

1980-84 0.298 0.000 0.308 0.000   

1985-89 0.271 0.000 0.279 0.000   

1990-94 0.307 0.000 0.315 0.000   

1995-99 0.336 0.000 0.345 0.000   

2000-04 0.368 0.000 0.378 0.000   

2005-13 0.568 0.001 0.584 0.046   

       

-2Log Likelihood 108585.503 108552.247   
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Table 3 Discrete-time hazard model of mortality at ages 30+: Dutch men born in 1812-1921 

 

 Model 1 Model 2  

Variable e
b
 p-value e

b
 p-value   

       

Early-life conditions:       

Height 0.996 0.047 0.996 0.037   

1q0 × 100 1.000 0.967 0.999 0.919   

4q1 × 100 1.004 0.490 1.005 0.561   

      

Place of birth:       

Friesland 0.873 0.001 0.858 0.112   

Groningen 0.830 0.000 1.204 0.178   

Drenthe 0.903 0.109 1.035 0.840   

Overijssel 1.034 0.451 0.983 0.866   

Gelderland 0.891 0.009 1.104 0.358   

Utrecht (ref.) 1.000 - 1.000 -   

North Holland 0.860 0.001 0.790 0.042   

Amsterdam 0.997 0.957 0.984 0.895   

South Holland 0.869 0.001 0.917 0.042   

Rotterdam 0.974 0.643 0.822 0.103   

Zeeland 0.810 0.000 0.781 0.021   

North Brabant 0.943 0.190 0.967 0.758   

Limburg 0.948 0.318 1.099 0.478   

       

Interaction of 4q1 with place of birth:     

Friesland   1.001 0.858   

Groningen   0.958 0.003   

Drenthe   0.984 0.364   

Overijssel   1.004 0.613   

Gelderland   0.976 0.019   

Utrecht (ref.)   1.000 -   

North Holland   1.009 0.418   

Amsterdam   1.001 0.913   

South Holland   0.993 0.487   

Rotterdam   1.017 0.099   

Zeeland   1.003 0.724   

North Brabant   0.997 0.757   

Limburg   0.982 0.199   

      

Socio-economic status of father:      

Unskilled workers (ref.) 1.000 - 1.000 -   

Semi-skilled workers 0.960 0.213 0.958 0.192   

Skilled workers 1.017 0.531 1.016 0.569   

Farmers 0.887 0.000 0.887 0.000   

Middle-class 1.041 0.142 1.037 0.186   

Elite 0.994 0.901 1.017 0.752   

Unknown 1.101 0.056 1.103 0.051   

       

Age (linear) 1.023 0.000 1.021 0.000   

Age (quadratic) 1.000 0.000 1.000 0.000   
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Table 3 Discrete-time hazard model of mortality at ages 30+, continued 

 

 Model 1 Model 2   

Variable e
b
 p-value e

b
 p-value   

       

Period:       

1842-59 (ref.) 1.000 - 1.000 -   

1860-64 0.749 0.217 0.750 0.219   

1865-69 0.609 0.027 0.611 0.027   

1870-74 0.587 0.010 0.588 0.010   

1875-79 0.524 0.001 0.523 0.001   

1880-84 0.501 0.000 0.500 0.000   

1885-89 0.416 0.000 0.415 0.000   

1890-94 0.378 0.000 0.376 0.000   

1895-99 0.358 0.000 0.359 0.000   

1900-04 0.349 0.000 0.350 0.000   

1905-09 0.332 0.000 0.334 0.000   

1910-14 0.321 0.000 0.324 0.000   

1915-19 0.346 0.000 0.350 0.000   

1920-24 0.287 0.000 0.292 0.000   

1925-29 0.279 0.000 0.285 0.000   

1930-34 0.244 0.000 0.252 0.000   

1935-39 0.250 0.000 0.258 0.000   

1940-44 0.332 0.000 0.344 0.000   

1945-49 0.284 0.000 0.294 0.000   

1950-54 0.253 0.000 0.262 0.000   

1955-59 0.269 0.000 0.278 0.000   

1960-64 0.261 0.000 0.269 0.000   

1965-69 0.307 0.000 0.315 0.000   

1970-74 0.309 0.000 0.316 0.000   

1975-79 0.312 0.000 0.318 0.000   

1980-84 0.306 0.000 0.311 0.000   

1985-89 0.297 0.000 0.301 0.000   

1990-94 0.331 0.000 0.335 0.000   

1995-99 0.338 0.000 0.342 0.000   

2000-04 0.338 0.000 0.342 0.000   

2005-13 0.407 0.004 0.411 0.001   

       

-2Log Likelihood 106604.508 106576.690   
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Figure 1 Cohort life expectancy at age 30 in the HSN and official statistics: Women.  

Source: HSN and unpublished cohort life tables constructed by Statistics Netherlands. 
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Figure 2 Cohort life expectancy at age 30 in the HSN and official statistics: Men.  

Source: HSN and unpublished cohort life tables constructed by Statistics Netherlands. 
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Figure 3 Infant mortality (1q0), early-childhood mortality (4q1) and height of 

conscripts in mm by year of birth (right Y-axis) by year of birth, the Netherlands 

1812-1922. 

Source: HSN Data Set Life Courses Release 2013.01; Mandemakers and van Zanden 

(1993) and Drukker and Tassenaar (1997). 
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Figure 4(a) Infant mortality (1q0) by birth cohort and region, the Netherlands 1812-

1921. 

Source: HSN Data Set Life Courses Release 2013.01. 
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Figure 4(b) Early-childhood mortality (4q1) by birth cohort and region, the 

Netherlands 1812-1921. 

Source: HSN Data Set Life Courses Release 2013.01. 
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Figure 5 Observed, predicted and counterfactual predicted (“constant height” and 

“constant early-life conditions”) values of cohort life expectancy at age 30 in the 

HSN: Women.  

Source: Second model in Table 2. 
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Figure 6 Observed, predicted and counterfactual predicted (“constant height” and 

“constant early-life conditions”) values of cohort life expectancy at age 30 in the 

HSN: Men.  

Source: Second model in Table 3. 

 

 

 

 


