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ABSTRACT 
 

Economic Conditions at the Time of Birth and Cognitive Abilities 
Late in Life: Evidence from Eleven European Countries* 

 
With ageing populations and a stronger reliance on individual financial decision-making 
concerning asset portfolios, retirement schemes, pensions and insurances, it becomes 
increasingly important to understand the determinants of cognitive ability among the elderly. 
Macro-economic recession and boom periods provide a unique opportunity to study the effect 
of changes in the early life economic environment on late life cognition. In European 
countries, about three to four economic recession and boom periods can be identified 
between 1900 and 1945. The timing of these periods differs between the countries, which 
makes a cross-country study design particularly powerful, as it is insensitive to country-
specific confounding factors. We use data from the Survey of Health, Aging and Retirement 
in Europe (SHARE) among elderly individuals. This survey is homogeneous across countries. 
We use almost 20,000 respondents from 11 countries. We examine several domains of 
cognitive functioning at ages 60+ and link them to the macro-economic deviations in the year 
of birth, controlling for current demographic, socioeconomic and health status. We find that 
being born during a recession or boom period significantly influences cognitive functioning 
late in life in various domains. The effects are particularly pronounced among the less 
educated. Boom periods positively influence numeracy and verbal fluency as well as the 
score on the omnibus cognitive indicator. The results are robust; controlling for current 
characteristics does not change effect sizes and significance. We conclude that cognitive 
functioning late in life is influenced by economic conditions in the year of birth, and we 
discuss possible causal pathways. 
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1. Introduction 

Many countries face a shift in the age composition of the population towards higher ages. 

Individuals aged above 60 face historically low mortality rates. At the same time, elderly 

individuals are more and more often expected to make their own decisions regarding 

retirement plans, health care and health insurance, and the portfolio allocation of their 

assets. If an individual’s cognitive abilities are impaired, then it is more likely that such 

decisions are sub-optimal. A number of recent studies show that cognitive impairment 

adversely affects investment behaviour among elderly individuals. Low cognitive ability, 

as captured by indicators of mathematical, verbal, and recall skills, leads to a lower 

propensity among elderly individuals to invest in stocks and similar assets (1). A low 

numerical ability leads to low levels of retirement saving and investment portfolios (2). 

Total household wealth and financial wealth decreases when families choose the less 

numerate spouse as the financial decision maker in the family (3). With elderly 

individuals facing increasingly complex and frequent financial decision problems, 

cognitive impairment may therefore lead to a substantial welfare loss for their household.  

Knowledge about the determinants of cognitive status among the elderly facilitates the 

identification of groups of elderly who are particularly at risk. This is also relevant from a 

health care policy point of view. After all, the costs of care for cognitively impaired 

individuals are high and are expected to increase in the upcoming decades.  

In the present paper we examine the role of economic conditions early in life on cognitive 

functioning at old ages. The literature on the developmental origins of diseases provides 

evidence that exposure to adverse stimuli during the first stages of life may hinder the 
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development of vital organs and the immune system, with irreversible negative effects on 

health at high ages (see the literature overview in the next section).  

Economic conditions in the parents’ household at birth and outcomes later in life are 

jointly dependent on unobserved confounders. We deal with this by using the state of the 

business cycle early in life as an indicator of economic conditions early in life. This 

follows (4-6), who focus on the effects of conditions at birth on mortality rates later in 

life. The underlying idea is that birth in a recession causes adverse economic conditions 

in many households. This may in turn lead to a low quality and/or quantity of nutrition, to 

adverse housing conditions, and to an enhanced stress level in the household. Birth in a 

boom year is expected to have the opposite effects. The business cycle is plausibly not 

affecting late-life health outcomes in other ways than through its effect on health and 

abilities around birth. An effect of the business cycle on late-life health outcomes is then 

evidence of a causal effect of early-life conditions on late-life health.1 

The current elderly were born in times where exposure to a recession was a more 

intrusive event than nowadays. Generous social safety nets were largely absent. Macro-

economic recession and boom periods thus provide a unique opportunity to study the 

effect of changes in the early life economic environment on late life cognition. In 

European countries, about three to four economic recession and boom periods can be 

                                                
1 (4) and (6) find significant causal effects on mortality and on cardiovascular mortality, 
respectively. Similar methodological approaches are used by (7), who demonstrates that 
survival at ages older than 50 is significantly affected by the season of birth, and by (8, 
9), who use variation in food prices early in life. These studies have in common that they 
exploit modest fluctuations in early-life conditions, and therefore the results are not 
driven by extreme events like severe famines or epidemics. 
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identified between 1900 and 1945. These include recessions during World War I and the 

Great Depression in the early 1930s. However, the timing of boom and recession periods 

and the general economic development differ between countries, which makes a cross-

country study design particularly powerful.  

We use data from the Survey of Health, Aging and Retirement in Europe (SHARE) 

among elderly individuals. This survey is designed to be homogeneous across countries. 

We use almost 20,000 respondents from 11 countries. We examine several domains of 

cognitive functioning at ages 60+ and link them to the macro-economic deviations in the 

year of birth, controlling for current demographic, socioeconomic and health status.  

We distinguish between different levels of education. On the one hand, the less educated 

may have had fewer resources to buffer against adverse economic conditions early in life, 

while they may benefit more from favorable conditions. This would make them more 

sensitive to the business cycle at birth. On the other hand, individuals born in poor 

families may be less likely to go to secondary school and learn how to keep their 

cognitive ability in shape, regardless of the business cycle at birth.  

2. Background 

Since the seminal studies of (10) and (11) about long-term effects of nutrition and 

infectious disease early in life on late life health and morbidity, an extensive literature has 

been documenting how the environment early in life influences adult health and 

socioeconomic outcomes. 
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Effects of fetal undernutrition (10) on metabolic adaptation in utero may affect the 

phenotype such that the risk of cardiovascular disease later in life is increased (12-14). 

Underlying this model is the idea that several critical periods early in life influence the 

development of humans. During these periods, developing systems permanently modify 

their settings in response to social and biological cues (15). This includes durable 

epigenetic changes that modify gene expressions. Along this way, adverse socioeconomic 

conditions (16) and a harsh family climate in childhood (17) are known to influence 

inflammation, measured in terms of interleukin-6 production, in adolescence and 

adulthood, plausibly through changes in gene expressions. Stress induced early in life 

may thus engender a proinflammatory phenotype. Over time, this takes an allostatic toll 

on the body, resulting in a higher risk of chronic diseases later in life (16-21).  

Rather than debilitation, such mechanisms may be seen as a predictive adaptive response 

to the future environment (14, 21). Humans, which constitute a long-lived species, should 

be protected against rapid developmental adaptation of metabolic traits to short-term 

changes in the environment. Changes may not be persistent over the whole life-course, so 

a complete adaptation could easily lead to a mismatch between the future environment 

and the developed metabolism (14, 22). Still, incomplete buffering may permanently 

modify the biology of the offspring (15). On the plus side, supportive family 

environments have been shown to be able to buffer the negative effects of low 

socioeconomic status on the development of a proinflammatory phenotype (23). 

Childhood exposure to disease may trigger another pathway. Early infectious exposure 

can lead to a chronic activation of inflammatory pathways which influence morbidity and 
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mortality in adulthood (24, 25) by increasing the risk for cardiovascular disease, type 2 

diabetes, the metabolic syndrome, late-life disability and mortality (26). Childhood 

exposure to measles and typhoid affect cardiac and respiratory functioning later in life 

(27), while the exposure to small pox epidemics in the first year of life increases 

mortality from respiratory diseases at old age (9).  

The human fetal brain is comparatively large and strongly glucose dependent. It is 

heavily protected during periods of shortage (12). During infancy and childhood the brain 

requires a large flow of energy of about half of resting metabolism (28), which may be 

compromised by nutritional and infectious disease stress (29). Early childhood may 

represent a particularly vulnerable time period, as the brain is undergoing rapid 

neurodevelopmental changes (30): adverse conditions during the brain development early 

in life may affect cognitive development and cognitive functioning later in life. Early life 

infections can compromise brain development among children, with some infections 

resulting in permanent impairment (e.g. the effect of malaria on the developing brain 

(31)). They can also influence cognitive decline through later life cardiovascular disease 

(32), or through the effects of inflammation on neurodegenerative disease such as 

dementia, Alzheimer’s disease or Parkinson (see (33, 34) and references therein). 

Accelerated telomere length shortening has been associated with ageing in general and 

cognitive decline in particular (35). Early-childhood adversity and distress may affect 

late-life cognitive decline through telomere length shortening (35). Two recent studies 

demonstrate an association between retrospectively reported childhood adversity and 

adult telomere length (36, 37). Childhood trauma is a significant risk factor for shorter 
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leukocyte telomere length in adulthood (38). Children in institutional care as compared to 

those put in foster care have shorter telomere length already during childhood (30). Early 

childhood is both a period of rapid telomere attrition as well as a crucial time point for 

the epigenetically established individual rate of telomere length attrition (39, 40).  

We now zoom into a few studies that explicitly relate cognitive functioning later in life 

with exogenous changes in nutrition and the environment in utero or in the first years of 

life. In fact, most of the outcomes in these studies are measured for prime-aged adults 

aged up to 60, which is not the sub-population of primary interest if one aims to study (as 

we do) mild cognitive impairments among individuals aged 60+. (41) finds no effects of 

exposure to the Dutch Hunger Winter famine during pregnancy on cognitive abilities at 

ages just below 60. (42) find an effect on a selective attention task but not on any other 

measure.2 Prenatal exposure to the 1918 influenza pandemic reduces educational 

attainment in the US population (48). The infant mortality rate and the death rates from 

typhoid, malaria, measles, influenza, and diarrhea are negatively correlated with 

cognitive functioning measured as delayed word recall in the HRS (49).  

Notice that famines and epidemics constitute severe shocks and hence may give rise to 

disproportionally large effects and/or to effect attenuation due to selective births. (50) 

finds that among individuals born in the Netherlands under adverse economic conditions 

                                                
2 Related to this are studies on effects of in-utero famine on severe mental disorders and 
disabilities at prime ages. An elevated risk of schizophrenia at adult ages has been found 
for both genders (e.g. (43-45) and the survey in (46)). The occurrence of Ramadan during 
the first month of pregnancy increases the risk of disability, in particular related to 
mental/learning disabilities, in the Muslim populations in Uganda and Iraq (47). 
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as captured by mild exogenous shocks, the decline in mental fitness after experiencing a 

negative life event at high ages, such as stroke, surgery, illness or death of a family 

member, is worse. That study focuses on cognitive decline rather than the level, and it 

uses the MMSE score as main outcome variable, which is more indicative of rather 

severe mental limitations than of common cognitive impairments. (51) experimentally 

study effects of mild psychological stress shortly after birth on cognitive outcomes at 

high ages among rats. They find that mild stress causes declines in memory functioning 

at high ages and they detect accompanying neurological changes. A recent study with 

human beings found that low socioeconomic status and poverty are associated with an 

increased allostatic load during childhood and to lower scores in young adults’ 

subsequent working memory (52). The relationship between early life abilities and 

cognitive functioning as well as Alzheimer pathology late in life has been demonstrated 

in the so-called “nun studies” (53, 54) using idea density, a measure of linguistic ability 

in early life. About 60 years later, low idea density at age 22 was significantly related 

with poor cognitive functioning as assessed by neuropsychological tests (53) and the 

severity of Alzheimer’s disease pathology in the neocortex (54).3 Clearly, our paper 

makes a significant contribution to the literature, in that we focus on individuals aged 60+ 

while at the same time allowing for a wide geographical and temporal range of 

idiosyncratic shocks in early-life conditions. Moreover, we include mild cognitive 

                                                
3 The mechanism behind this relationship is unknown (54). The hypothesis that a reduced 
neurocognitive reserve capacity has made those with low idea density early in life more 
vulnerable to the pathologies of Alzheimer disease later in life has not been verified. On 
the contrary, it seems that low linguistic ability early in life is an early expression of 
Alzheimers disease later in life (53).  
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impairment outcomes, which are of particular societal relevance because of the fraction 

of individuals affected. 

So far, we have mostly focused on biological causal effects of early-life conditions. A 

substantial literature provides evidence for the presence of short-run effects of economic 

conditions on the development of children’s cognitive skills (see (55) and the overview in 

(56)). Such a short-run effect may be magnified by its influence on the realized individual 

level of education, making the effect persistent over time (57). This would constitute an 

indirect pathway in which educational achievement plays a crucial role. 

3. Materials and Methods 

3.1. Data 

To measure cognitive functioning at age 60+ we use data from the Survey of Health, 

Ageing and Retirement in Europe (SHARE), which has become a widely used data 

source for the analysis of the living conditions of the elderly. The first wave of SHARE 

was conducted in 2004 and 2005 in eleven countries representing the main regions in 

Europe covering Northern Europe (Sweden, Denmark), Central Europe (Austria, 

Germany, the Netherlands, France, Switzerland, Belgium) and Southern Europe (Spain, 

Italy, Greece). Additionally, Israel participated in SHARE’s first wave in 2005 and 2006. 

In total, 31,115 persons were interviewed. The second wave, with 33,281 interviews, was 

conducted in most countries in 2006 and 2007. All countries of the first wave, with the 

exception of Israel, participated in the second wave. The Czech Republic, Poland and 

Ireland were added to the SHARE program in the second wave. 
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The following analysis relies on the first two waves of SHARE (Releases 2.4.0) and 

includes all countries that participated in both waves (i.e. Sweden, Denmark, Austria, 

Germany, the Netherlands, France, Switzerland, Belgium, Spain, Italy, Greece). This 

enables us to differentiate between age and cohort effects. We only use respondents who 

participated in the first wave of SHARE, or responded for the first time to the second 

wave, or were part of the refreshment sample of the second wave. This design prevents 

effects of repeated interviewing with respondents knowing the questions and their 

answers beforehand. (58) show that the average score of cognitive functioning improves 

between the first and the second wave which may be the result of panel attrition as well 

as of repeated interviewing. Since Austria does not have a refreshment sample, the 

respondents from the second wave who are included in this study are individuals who did 

not answer the questionnaire in the first wave. Altogether, this study comprises 18,262 

respondents aged 60+ born in the years 1900-1945 with known information about their 

cognitive status and born in one of the eleven countries. For Austria and Germany we 

restricted birth cohorts to the period 1900-1938 in order to omit a possible bias due to 

World War II. For Greece only the birth cohorts 1921-1945 are part of this study due to 

the lack of economic information before that period. Table 1 gives an overview of the 

study population by country and wave. About 47% of our sample is aged between 60 and 

69 years, whereas 15% are 80 years and older.  

 

Table 1 here 
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3.2. Measures of Cognitive Functioning in SHARE 

SHARE provides information on main domains of cognitive functioning identified in the 

cognitive psychology literature, namely orientation, memory, executive function and 

language. We examine five indicators of cognitive functioning in SHARE related to these 

domains and in addition construct a summary score.  

First, orientation in time is measured by four questions about current day of the month, 

month, year, and day of the week. Every correct answer leads to one point, with a 

maximum of four points. We dichotomize the indicator distinguishing those with three or 

less correct answers from those who did not give any incorrect answer. 

Second, recall ability is measured by a list of ten items where the respondent is asked 

which one he or she remembers within one minute. The items are: butter, arm, letter, 

queen, ticket, grass, corner, stone, book, and stick. Using recall ability as the dependent 

variable the number of correct recalls is counted. We use quintiles when combining the 

variable into the summary score: a maximum of four points are given when at least five 

items are recalled, followed by three points for four items, two points for three items, one 

point for two items, and zero points otherwise.  

Third, delayed recall ability is measured after the numeracy and verbal fluency tests, 

where respondents have to repeat the recall. In terms of the summary score the rating is 

less strict, and four points are given for at least four recalled items, three points for three 

items, and so on.  
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Fourth, numeracy ability is based on four questions. The construction of the numeracy 

score is based on (1). With the first question the respondent has to calculate 10% of 

1,000. If this question is answered incorrectly the respondent is asked the second question 

of how much half the price of a sofa that costs 300 Euros would be. If both questions are 

answered incorrectly zero points are assigned. One point is assigned if the first question 

is answered incorrectly, the second correctly. If the first question is answered correctly, 

the third question is asked which requires the calculation of the original price of a new 

car. The current price is 6,000 euro, and this is two-thirds of what it cost new. If this is 

answered correctly, too, a fourth question is asked about interest rates. In case the fourth 

question is answered correctly a maximum of four points is given, otherwise three points 

are assigned. We dichotomize the indicator distinguishing those with a maximum of one 

point from the rest. 

Fifth, verbal fluency is measured by the respondent naming as many different animals as 

he/she can think of within one minute. Values are assigned according to quintiles: zero 

points are assigned if less than 12 animals are named, one point for 12 to 15, two points 

for 16 to 18, three points for 19-23, and four points for 24 and more animals.  

Finally, we construct a summary score of cognitive functioning that ranges between 0 and 

20 and consists of the sum of the points assigned in the individual indicators. The 

summary score is divided into the two categories: above and below the median: 9,789 

individuals with scores between 0 and 14 are combined into the group “poor cognitive 

functioning”, and 8,473 individuals with scores between 15 and 20 comprise the group 

“good cognitive functioning”. We perform sensitivity analyses using different cut-points 
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for the individual indicators as well as for the summary score, but the results turn out to 

be insensitive.  

 

Figure 1 here 

 

Figure 1 shows the frequency distributions of the single items orientation in time (A), 

first recall (B), verbal fluency (C), numeracy (D), delayed recall (E), summary score (F). 

The single items are all significantly correlated (SC-Spearman correlation, p=0.00), the 

correlation is highest between immediate and delayed recall (SC=0.71), followed by 

verbal fluency and the recall items (SC first recall=0.51; SC delayed recall=0.47). 

Numeracy is closely related to verbal fluency and the recall items (ranging between 0.40 

and 0.47), while orientation in time is the least correlated with the other items. 

3.3. Economic Conditions at the Time of Birth 

Real GDP per capita is a widely used measure of aggregate economic conditions (4-6). 

To capture idiosyncratic shocks in economic conditions we use the cyclical component of 

the natural logarithm of real GDP per capita at the country-level, applying the Hodrick-

Prescott Filter (59) with a smoothing value of 500. The GDP data are based on (60). The 

cyclical component of the business cycle is transformed into one indicator with three 

categories. The category “recession” applies to those years that belong to the lowest 

quartile (=1st) of the country-specific cycle. The category “average” applies to the second 

and third quartile. The third category, “boom”, indicates years in the highest quartile 
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(=4th). We link the year of birth with the cyclical component of the same year (t). The 

year t covers most or all of the first year of life for those born at the beginning of the year, 

and the period in-utero including up to three months before conception for those born at 

the end of the year. We also run models were we include year t-1 and year t+1. 

Depending on the exact month of birth in year t, year t-1 covers fetal development in-

utero and the time before conception: for those born at the beginning of year t, it includes 

the time in-utero plus a maximum of 3 months before conception; for those born at the 

end of year t, it covers between 12 and 15 months prior to conception. Year t+1 covers 

most of the first year of life born at the end of year t, and the second year of life for those 

born at the beginning of year t. Notice also that any recession in the earliest years is 

sooner or later followed by a boom, and vice versa.  

Figures 2a-d show the cyclical component of GDP per capita for the eleven countries, 

while table 2 gives the exact boom and recession periods for each country. The average 

age of the respondents born during recession periods is 68.71 years, of those born during 

boom periods 71.09 years. This means that the results can not be driven by individuals 

born in booms having benefited more from secular improvements in society than 

individuals born in recessions.  

It is conceivable that less-frail individuals are over-represented in birth cohorts born 

under adverse conditions. Such selectivity would bias our results towards zero (i.e., we 

would under-estimate a positive effect of favorable conditions at birth on cognitive ability 

later in life). However, previous studies have found no systematic dependence of the size 
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and social-class composition of birth cohorts on the business cycle, in European countries 

in the pre-1945 years (see (6) for an overview and for additional references).  

 

Figures 2a to d here 

 

Table 2 here 

 

3.4. Empirical Strategy 

We use multilevel regression models with 2 levels (individual and country) and varying-

intercepts, to explore the effect of the business cycle on cognitive functioning for all 

countries combined. Individual characteristics as well as the indicator distinguishing the 

boom, average and the recession periods are fixed effects whereas the country-specific 

indicators are included as random effects. Depending on the indicator of cognitive 

functioning we use a logit (summary score, orientation in time, numeracy) or a linear link 

function (verbal fluency, first recall, delayed recall). The linear link function transforms 

the dependent variables by adding the number one to the score and taking the natural 

logarithm. 

We estimate equations of the form 
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where yict is a measure of cognitive functioning at age 60+ for individual i in country c 

born in year t, indcj is a fixed effects indicator for a recession, average or boom period in 

the country c and the years j=t, t-1, t+1. X is a matrix of fixed-effects individual level 

characteristics, Z a matrix of the random effects country-level dummies, β0, βj, γ, and δ 

are the respective parameters and εict is the error term.4 

We apply a nested modeling strategy. A set of first models includes as explanatory 

variables the indicator for the recession, average and boom periods in year t, age of the 

individual in five year age groups up to age 90+, sex and education, a dummy variable for 

birth in the years of World War I (WWI; note that this strongly overlaps with the 85-89 

age interval), as well as the country-specific dummy variables. Education is based on the 

International Standard Classification of Education (ISCED). Respondents with at least 

post-secondary education are assigned to the category high education whereas those with 

secondary education or less are assigned to low education. A third category comprises 

“refusal”, “don’t know”, “still in school”, and “other”. We then perform separate 

estimations by education.  

Having first-time respondents from the first as well as the second wave of SHARE means 

that we observe individuals from the same country with the same age who were in 

different stages of the business cycle at birth. This contrasts to a simple cross-sectional 

                                                
4 We also estimate level-1 regression-type models where country dummies are included 
as additional individual explanatory variables instead of as random effects. However, the 
results (not shown) are essentially the same as those reported here. The advantage of that 
approach is that the country effect does not have to be independent from the other 
covariates. 
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sample of individuals from a given country. With the latter type of sample, age effects are 

not identified from calendar time trends due to secular improvements in society, and a 

comparison between births from favourable and adverse years may be determined by age 

differences.  

A second set of models includes the business cycle indicator for the year before and after 

the birth year. Finally, in a third step a rich set of covariates covering current 

demographic and health aspects of the individuals is included. The family status gives 

information about whether respondents are living together with a partner or not, the 

number of children is grouped into five categories ranging from childless to four children 

and more. We use body mass index (BMI) and smoking behaviour to control for risk 

factors of cognitive functioning. Body-mass index differentiates between respondents 

with underweight (BMI below 18.5), normal weight (18.5-24.9), overweight (25.0-29.9), 

and obesity (30.0 and above), besides a category for refusals, don’t know, and missing 

answers. Smoking behaviour distinguishes between current smokers, previous smokers 

and never smokers, and a residual category of missing answers. 

Disability is measured in terms of limitations in the activities of daily living (ADL) 

differentiating between respondents with at least one limitation and those with none. We 

use the EURO-D scale to measure depression which ranges between from 0 (not 

depressed) to 12 (very depressed). We attribute depression symptoms to respondents with 

values five and above. We control for whether the items, other than the cognitive 

functioning variables, were answered by a proxy or by the respondent. 
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The morbidity part includes 14 dummy variables for chronic diseases. Respondents were 

asked whether a doctor ever told them that they have a certain disease or not. These 

diseases are heart attack, hypertension, high blood cholesterol, stroke, diabetes, chronic 

lung disease, asthma, arthritis, osteoporosis, cancer, stomach/duodenal/peptic ulcer, 

Parkinson disease, cataracts, and hip/femoral fracture. Table 3 gives an overview of the 

distribution of the covariates. 

 

Table 3 here 

 

The analyses require individuals to be alive at the time of their interview. Although the 

birth years are on average more recent than those used in typical long-run studies of 

early-life conditions (the vast majority of respondents being below age 75 at the time of 

the interview), it is of course a fact that a certain fraction of any birth cohort has died 

before the interview. This attrition plausibly leads to an overrepresentation of less frail 

(and more able) individuals within cohorts born under adverse conditions, which may 

bias our results towards zero (6).  

4. Results 

Table 4 presents our main results in the form of marginal probabilities. Rows correspond 

to the separate analyses of the six dependent variables, and the two columns depict the 

effects of an average and boom period relative to a recession period in the year of birth 

(t). For the two indicators of orientation in time and numeracy, and for the summary 
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score, negative signs of the marginal probabilities indicate lower odds of poor cognitive 

functioning. For the single indicators verbal fluency, 1st and delayed recall positive signs 

indicate better performance in cognitive functioning. The models control for the 

confounding effects of age, sex, education, WWI, and country. Below, when we refer to 

“boom periods” and “recession periods”, we tacitly omit the qualification that these are 

periods early in life rather than periods later in life. Clearly, we expect differences 

between those born in boom and recession years to be more pronounced than differences 

between either of these two groups on the one hand and those born in average years on 

the other. However, the latter group is larger in number, and in some cases, when the 

contrast boom vs. recession does not give rise to a significant effect, the contrast boom 

vs. (recession+average), and/or the contrast (boom+average) vs. recession, gives rise to 

effects that are significantly different from zero. 

 

Table 4 here 

 

In general, the effects of boom, average and recession periods in the year of birth (t) 

follow our expectations insofar that the former implicate lower risks of poor cognitive 

functioning late in life than the latter. Boom periods decrease the risk of poor cognitive 

functioning in terms of numeracy. The effect is particularly strong among the less 

educated (-0.116, p=0.038) but non-existent among the more educated. 
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Results are similar for the indicators of verbal fluency and first recall. Birth in a boom 

year increases late-life ability scores: in terms of verbal fluency by 2.4% (p=0.05) and of 

first recall by nearly 5% (p=0.183). Results in terms of second recall are inconsistent 

since they suggest a better performance for those being born in a recession period. 

However, the difference is not significant.  

Combining all indicators into the over-all summary or omnibus score reveals that being 

born during a boom period reduces the risk of poor cognitive functioning. The effect size 

is -0.123 (p=0.019) and stems from the less educated (-0.163, p=0.004). No effect exists 

among the more educated. 

The second set of models includes cyclical indicators for the year prior to birth (t-1) and 

the year after birth (t+1) in addition to the year of birth (t). In general, results for the year 

of birth (t) remain stable, though some comparisons between boom and recession birth 

years lose statistical significance. Turning to the year prior to birth, booms show no 

significant effects. Turning to the year t+1, orientation in time is positively influenced by 

boom periods (-0.134, p=0.064), while effects for the first and second recall are 

significant but contrary to our expectations. 

 

Table 5 here 

 

Effect sizes and significance of the business cycle indicator remain stable when current 

familial, social and health characteristics of the respondents are introduced into the 
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models. Table 6 demonstrates this for the summary score. Results are similar for the 

individual items (not shown). Directions and significance levels of the effects of the 

control variables follow our expectations, supporting the validity of our summary score 

of cognitive functioning. Living without a partner significantly increases the odds of poor 

cognitive functioning, which is also true for respondents with four and more children as 

compared to the childless. This result confirms the findings of early studies on the 

importance of social contacts for good mental health (61-63) as well as of the increasing 

risk of depression with an increasing number of children (63). BMI is negatively related 

to poor cognitive functioning, reflecting the loss of body weight with morbidity in 

general and poor mental health in particular (64, 65). The effect for smoking is non-

monotone, with previous smokers having the lowest risk, a result also reported in other 

studies (66). The presence of ADL limitations as well as of depressive symptoms 

increases the risk. A series of studies report positive correlations with severe dementia 

(67-70). Morbidity patterns show that heart attack, stroke, diabetes and chronic lung 

disease, as well as Parkinson disease and cataracts are associated with a significant 

increase in poor cognitive functioning, whereas cancer patients have a significant lower 

risk. 

 

Table 6 here 

 



 

 

23 

We also estimate the basic logit model for the over-all summary score for each country 

separately. In the light of the small sample size per country (Table 1), it is not surprising 

that most estimates of interest are insignificantly different from zero (not shown). For 7 

out of the 11 countries, the estimated effect of birth in a boom year (as compared to birth 

in a recession year) has the expected negative sign. In terms of coefficients size, the 

strongest effects are for Belgium, Germany and Sweden (all below -0.3). 

As noted in the Background section, education may act as an intermediary between early-

life conditions and late-life cognitive ability. The over-all effect of conditions at birth may 

then be under-estimated when conditioning on the level of education in the models, as we 

have done so far. We therefore also estimate models where education is omitted as an 

explanatory variable. The results (not shown) are essentially the same as those reported in 

the paper. This suggests that an indirect causal pathway through education is 

quantitatively unimportant in the cohorts we consider. It should be noted, however, that, 

in the birth interval we consider, the variation in education is not large. Moreover, in a 

formal analysis one would prefer to have an instrumental variable for education in order 

to deal with its possible endogeneity. 

5. Discussion 

The existence of an economic boom during the year of birth reduces the risk of poor 

cognitive functioning at age 60 and above. Recessions tend to impair late life cognitive 

functioning. In our study all four domains of cognitive functioning, represented by six 

indicators, follow this pattern. The low educated benefit particularly from favorable 
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periods early in life. Adding economic information for the year prior to birth and the year 

after birth to the model changes the results only marginally.  

While the mechanisms underlying the effect of boom and recession periods on late life 

cognition cannot be easily determined, a series of possible links exist that are closely 

related to the present knowledge about causal pathways from early-life conditions to late-

life health outcomes. Boom and recession periods plausibly differ in terms of the quality 

and quantity of nutrition as well as the psychological stress level in the household. In 

addition, differences in the extent of crowded housing and access to health care might 

create differences in disease exposure. Nutrition, disease exposure and stress early in life 

have all been connected to health outcomes late in life, including mental outcomes (recall 

the background literature discussion earlier in the paper).  

The economic effect on pre-natal and early natal nutrition is likely to be of major 

importance. Recessions before 1945 involved income loss for many households. As 

discussed earlier, biological cues transmitted early in life may permanently modify the 

metabolic development, affecting cognitive abilities later in life. The cardiovascular and 

obesity effects of reduced nutrition in utero have been shown to be stronger if the affected 

individuals are exposed to a more favorable environment later in childhood (71). The 

latter by construction applies to the business cycle, since any recession is sooner or later 

followed by a boom. 

In addition to direct nutritional effects, it is likely that economic hardships and the fear of 

hardships and the loss of employment and income in the near future increase the level of 

psychological stress in the household. Exposure to this in utero or shortly after birth may 
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be neurodegenerative in such a way that cognitive abilities decline at high ages (51). 

Alternatively, more adverse socioeconomic conditions (16) and a harsher family climate 

in childhood (17) may lead to a proinflammatory phenotype and an accelerated telomere 

shortening (35), resulting in a heightened risk of chronic (cardiovascular) health problems 

and cognitive limitations later in life (17-20).  

One major limitation of this study is that we cannot define the exact period of fetal or 

childhood development in relation to the GDP cycle. Information about GDP is given on 

an annual basis. Even if we would try to define the exposure to macro-economic 

fluctuations by the month of birth we cannot determine the exact month of the beginning 

or the end of the recession or the boom period. Therefore we decided to link the GDP 

information with three time periods (t, t-1, t+1) that are related to developmental stages, 

being aware that they are overlapping: the first period t-1 covers influences that occurred 

prior to conception and in-utero, the second period (t) combines developmental stages 

ranging from pre-conception to the first year of life, and the third (t+1) covers parts of the 

first and second years of life. All three periods yield significant results in our study which 

is consistent with the different pathways that may link the economic environment early in 

life with later life health. The overlapping nature of the three periods may be one 

explanation why some effects for period t become insignificant once we control for 

conditions in periods t-1 and t+1. 

Another limitation is that as yet no single causal mechanism from economic conditions 

early in life to health later in life has been identified. Given the possibility of various 

pathways, however, this can also be seen as an advantage of the economic indicator. It 
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highlights the importance of health, family and social policies directed towards women 

who want to become mothers, as well as towards pregnant mothers and young children. 

In times of economic hardship these groups need special support to avoid negative long-

term consequences on the cognitive abilities of the new generation. This would make the 

members of this new generation better prepared for financial decision-making at high 

ages, in a society where individual responsibility and opportunities for such decisions are 

larger than in the past.  
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Table 1: Distribution of respondents with information about their cognitive status by 
country and wave of SHARE 

Country Number Percent Wave I Wave II 
(refreshment 
sample) 

Austria 738 4.04 717 21 
Belgium 2,173 11.90 2,091 82 
Denmark 1,544 8.45 921 623 
France 1,834 10.04 1,504 330 
Germany 1,218 6.67 971 247 
Greece 1,781 9.75 1,405 376 
Italy 2,265 12.40 1,626 639 
Netherlands 1,840 10.08 1,544 296 
Spain 1,937 10.61 1,528 409 
Sweden 2,118 11.60 1,744 374 
Switzerland 814 4.46 504 310 
Total 18,262 100.00 14,555 3,707 
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Table 2: Boom and recession periods in the eleven SHARE countries 

Country Boom Recession 
Austria 1911-13, 1925-30, 1939 1915-21, 1932-35 
Belgium 1911-13, 1923-24,1926-30, 1937, 

1939 
1917-21, 1932, 1941-46 

Denmark 1911, 1913-14, 1923, 1929-1931, 
1935-1939 

1917-22, 1925, 1940-43, 1945 

France 1912-13, 1924-26,1928-30, 1936-
39 

1910, 1917-1921, 1932, 1941-45 

Germany 1910-13, 1927-29,1937-39 1915-17, 1919-20,1923-24, 1931-
34 

Greece 1921, 1936-1940 1920, 1931, 1942-1946 
Italy 1909, 1915-18, 1929, 1937-42 1902, 1904, 1920-1924, 1931, 

1934, 1944-46 
Netherlands 1912-13, 1926-30,1936-40 1908, 1916-20, 1934, 1942-46 
Spain 1901, 1927-35, 1943-44 1905, 1910, 1917-21, 1936-1939, 

1941 
Sweden 1899, 1907, 1913-16,1929-30, 

1936-1939 
1905, 1918-19, 1921-22,1932-33, 
1941-45 

Switzerland 1899, 1906, 1910-1912, 1925-30, 
1946 

1903, 1917-1922, 1936, 1941-
1944 
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Table 3: Descriptive statistics 

Variable Value Number Percent 
Gender Male 8,462 46.34 
 Female 9,800 53.66 
Age 60-64 4,031 22.07 
 65-69 4,486 24.56 
 70-74 3,965 21.71 
 75-79 3,002 16.44 
 80-84 1,821 9.97 
 85-89 679 3.72 
 90+ 278 1.52 
Education Low 15,153 82.98 
 High 2,864 15.68 
 Other/unknown 245 1.34 

Recession t 5,476 29.99 
Average t 6,551 35.87 

Business Cycle in year of birth (t) 

Boom t 6,235 34.14 

Recession t-1 5,292 28.98 
Average t-1 6,624 36.27 

Business Cycle in year before birth 
(t-1) 

Boom t-1 6,346 34.75 

Recession t+1 5,833 31.94 
Average t+1 6,371 34.89 

Business Cycle in year after birth 
(t+1) 

Boom t+1 6,058 33.17 
WWI (born during…) No 18,035 98.76 
 Yes 227 1.24 
Family Status spouse/partner 12,871 70.48 
 Single 5,391 29.52 
Number of children 0 1,671 9.15 
 1 2,266 12.41 
 2 4,497 24.62 
 3 2,493 13.65 
 4+ 1,947 10.66 
 no information 5,388 29.50 
Body-mass-index below 18.5 –underweight 248 1.36 
 18.5 - 24.9 – normal 6,734 36.87 
 25-29.9 – overweight 7,902 43.27 
 30 and above – obese 3,004 16.45 
 Missing 374 2.05 
Activities of daily living no ADL limitations 16,050 87.89 
 1+ ADL limitations 2,212 12.11 
Depression Symptoms No 13,617 74.56 
 Yes 4,645 25.44 
Smoking yes, currently 2,572 14.08 
 never smoked 10,344 56.64 
 Stopped 5,320 29.13 
 Missing 26 0.14 
Proxy respondent No 17,910 98.07 
 Yes 352 1.93 
Doctor told you had:    
   Heart Attack Yes 2,925 16.02 
   Hypertension Yes 6,210 34.01 
   High blood cholesterol Yes 4,132 22.63 
   Stroke Yes 843 4.62 
   Diabetes Yes 2,173 11.90 
   Chronic lung disease Yes 1,179 6.46 
   Asthma Yes 890 4.87 
   Arthritis Yes 4,467 24.46 
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   Osteoporosis Yes 1,729 9.47 
   Cancer Yes 1,212 6.64 
   Stomach/duod./peptic ulcer Yes 1,144 6.26 
   Parkinson Yes 150 0.82 
   Cataracts Yes 2,089 11.44 
   Hip/femoral fracture Yes 492 2.69 
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Table 4: Marginal effects of an average or boom birth year (year t) for the total 
population, and by education (recession is the reference category). 

Business Cycle  
                                                          in year of birth (t) 

Dependent variable  Avgt Boomt 

BASIC MODEL 

Summary score: all  -0.0374 -0.1226** 
  (0.0491) (0.0521) 
low education  -0.0429 -0.1632*** 
  (0.0532) (0.0565) 
high education  -0.0601 0.0828 

  (0.1391) (0.1478) 

Orientation in time: all  0.0028 -0.0397 
  (0.0553) (0.0586) 
low education  0.0107 -0.0356 
  (0.0591) (0.0624) 
high education  -0.0574 -0.0499 
  (0.1684) (0.1850) 

Numeracy: all  -0.0106 -0.0864 
  (0.0511) (0.0534) 
low education  -0.0221 -0.1156** 
  (0.0533) (0.0556) 
high education  0.1282 0.3378 
  (0.2065) (0.2265) 

Verbal fluency: all  0.0137* 0.0242*** 
  (0.0082) (0.0087) 
low education  0.0160* 0.0281*** 
  (0.0092) (0.0097) 
high education  0.0069 0.0031 
  (0.0181) (0.0200) 

Recall (1st): all  -0.0027 0.0465 
  (0.0330) (0.0349) 
low education  -0.0232 0.0335 
  (0.0361) (0.0380) 
high education  0.0673 0.0399 
  (0.0831) (0.0922) 

Recall (2nd): all  -0.0432 -0.0067 
  (0.0363) (0.0385) 
low education  -0.0393 -0.0089 
  (0.0395) (0.0416) 
high education  -0.1009 -0.0275 
  (0.0952) (0.1056) 

COMPLETE MODEL 

Summary score: all  -0.0333 -0.1295** 
  (0.0501) (0.0531) 

 

All cells contain marginal effects reported from logistic regression models (summary 
score, orientation in time, numeracy) or linear regression (verbal fluency, first and 
delayed recall). Standard errors are in parentheses. Basic models control for sex, age, 
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WWI, country and education (all) or split by education. The complete model in addition 
controls for family status, number of children, BMI, ADL, depression, smoking, chronic 
disease, proxy answer. *** p<=0.01;**p<=0.05;* p<=0.1 
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Table 5: Marginal effects of an average or boom birth year (year t), year prior to birth 
(year t-1), and year after the birth year (year t+1). Recession is the reference category. 

 Business Cycle 

                    in year of birth (t)            in year before birth (t-1)                in year after birth (t+1) 

Dependent 
variable 

 Avgt Boomt  Avgt-1 Boomt-1  Avgt+1 Boomt+1 

 

Summary score: 
all  -0.0565 -0.1485*  0.0390 -0.0142  0.0666 0.0836 

  (0.0562) (0.0797)  (0.0507) (0.0630)  (0.0539) (0.0652) 

low education  -0.0659 -0.1985**  0.0467 -0.0075  0.0654 0.0951 

  (0.0608) (0.0865)  (0.0546) (0.0682)  (0.0586) (0.0709) 

high education  -0.0721 0.0240  -0.1496 -0.0317  0.1410 0.1086 

  (0.1611) (0.2215)  (0.1481) (0.1784)  (0.1503) (0.1831) 

Orientation in 
time: all  0.0220 0.0384  0.1215** 0.0180  -0.1178* -0.1359* 

  (0.0628) (0.0882)  (0.0579) (0.0719)  (0.0608) (0.0733) 

low education  0.0145 -0.0025  0.1276** 0.0654  -0.1114* -0.1145 

  (0.0670) (0.0944)  (0.0619) (0.0770)  (0.0653) (0.0784) 

high education  0.0535 0.2183  0.0181 -0.2376  -0.1130 -0.1901 

  (0.1926) (0.2652)  (0.1756) (0.2145)  (0.1812) (0.2242 

Numeracy: all  -0.0029 -0.0511  -0.0220 -0.1001  0.0599 0.0628 

  (0.0572) (0.0813)  (0.0532) (0.0659)  (0.0560) (0.0676) 

low education  -0.0133 -0.0783  -0.0234 -0.0896  0.0555 0.0465 

  (0.0596) (0.0847)  (0.0554) (0.0687)  (0.0587) (0.0705) 

high education  0.1433 0.2605  -0.2168 -0.1612  0.0319 0.3197 

  (0.2420) (0.3380)  (0.2195) (0.2633)  (0.2252) (0.2781) 

Verbal Fluency: 
all  0.0155* 0.0243*  -0.0124 0.0037  -0.0007 -0.0090 

  (0.0093) (0.0133)  (0.0085) (0.0106)  (0.0090) (0.0110) 

low education  0.0168 0.0251*  -0.0118 0.0060  -0.0010 -0.0064 

  (0.0104) (0.0150)  (0.0095) (0.0119)  (0.0102) (0.0123) 

high education  0.0176 0.0266  -0.0096 -0.0110  -0.0116 -0.0331 

  (0.0209) (0.0293)  (0.0192) (0.0231)  (0.0194) (0.0242) 

Recall (1st): all  0.0156 0.0821  -0.0348 -0.0188  -0.0146 -0.0490 

  (0.0376) (0.0538)  (0.0343) (0.0427)  (0.0362) (0.0442) 

low education  -0.0077 0.0592  -0.0556 -0.0312  0.0087 -0.0206 

  (0.0410) (0.0589)  (0.0374) (0.0469)  (0.0399) (0.0484) 

high education  0.1360 0.2234*  0.0951 -0.0396  -0.1990** -0.2646** 

  (0.0961) (0.1352)  (0.0883) (0.1065)  (0.0892) (0.1113) 

Recall (2nd): all  -0.0261 0.0383  -0.0269 -0.0290  0.0177 -0.0458 

  (0.0414) (0.0593)  (0.0378) (0.0471)  (0.0399) (0.0487) 

low education  -0.0317 0.0102  -0.0445 -0.0257  0.0490 -0.0084 

  (0.0449) (0.0644)  (0.0410) (0.0513)  (0.0437) (0.0530) 

high education  -0.0160 0.2005  0.1099 -0.0733  -0.2046** -0.2966** 

  (0.1101) (0.1549)  (0.1011) (0.1220)  (0.1022) (0.1276) 

 

Summary score: 
all  -0.0534 -0.1585  0.0455 -0.0048  0.0564 0.0784 

  (0.0573) (0.0813)  (0.0517) (0.0642)  (0.0550) (0.0665) 
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All cells contain marginal effects reported from logistic regression models (summary score, 
orientation in time, numeracy) or linear regression (verbal fluency, first and delayed recall). 
Standard errors are in parentheses. Basic models control for sex, age, WWI, country and 
education (all) or split by education. The complete model in addition controls for family status, 
number of children, BMI, ADL, depression, smoking, chronic disease, proxy answer. *** 
p<=0.01;**p<=0.05;* p<=0.1 
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Table 6: Marginal effects of the explanatory variables on the summary score of cognitive 
functioning  

Variables ME Standard error 
Gender (RG: males)   
  Females -0.0177 (0.0419) 
Age (RG: 60-64)   
   65-69 0.5096*** (0.0586) 
   70-74 0.9042*** (0.0578) 
   75-79 1.3808*** (0.0684) 
   80-84 1.7838*** (0.0787) 
   85-89 2.3580*** (0.1277) 
   90+ 3.1173*** (0.2529) 
Education (RG: low)   
   High -1.2316*** (0.0536) 
   refusal/don’t know/still in school/other -0.0104 (0.1531) 

Business Cycle in the year of birth (t) (RG: Recessiont)   
Averaget -0.0333 (0.0501) 
Boomt -0.1295** (0.0531) 

WWI 0.1912 (0.2464) 
Family Status (RG: Spouse/Partner)   
   Single 0.2069*** (0.0476) 
Nr. of children (RG: 0)   
   1 -0.0066 (0.0779) 
   2 -0.0794 (0.0704) 
   3 -0.0256 (0.0776) 
   4+ 0.1742** (0.0826) 
   No information -0.1228* (0.0740) 

BMI (RG: below 18.5 –underweight)   
   18.5 - 24.9 – normal -0.3389** (0.1599) 
   25-29.9 – overweight -0.2457 (0.1605) 
   30 and above – obese -0.1755 (0.1645) 
   refusal/dk/miss 0.6375*** (0.2329) 
ADL (RG: no ADL limitations)   
   1+ ADL limitations 0.5186*** (0.0643) 
Depression Symptoms (RG: No)   
   Yes 0.4976*** (0.0446) 
Smoking (RG: Yes, currently)   
   Never -0.0221 (0.0542) 
   Stopped -0.2300*** (0.0575) 
   No information -0.2586 (0.5454) 
Proxy (RG: No)   
   Yes 1.1814*** (0.1990) 

Doctor told you had:   
   Heart Attack 0.1663*** (0.0507) 
   Hypertension 0.0154 (0.0401) 
   High blood cholesterol -0.0168 (0.0449) 
   Stroke 0.4891*** (0.0901) 
   Diabetes 0.1990*** (0.0570) 
   Chronic lung disease 0.1526** (0.0761) 
   Asthma -0.0200 (0.0854) 
   Arthritis 0.0090 (0.0446) 
   Osteoporosis -0.0123 (0.0646) 
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   Cancer -0.1315* (0.0702) 
   Stomach/duodenal/ 
   peptic ulcer -0.0511 (0.0739) 
   Parkinson 0.7580*** (0.2323) 
   Cataracts -0.1023* (0.0599) 
   Hip/femoral fracture 0.1124 (0.1174) 

Marginal effects are from a logistic regression model. Standard errors are in parentheses. 
*** p<=0.01;**p<=0.05;* p<=0.1;  
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Figure 1: Distribution of single items orientation in time (A), first recall (B), verbal 
fluency (C), numeracy (D), delayed recall (E), summary score (F) 
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Figure 2: Cyclical components of log real GDP per capita for the eleven SHARE 
countries  
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