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CHAPTER 1 

1. INTRODUCTION 

1.1. MOTIVATION AND RESEARCH QUESTIONS 

Good health is one of the many attributes of a desirable life. In economic terms, 

consumers pursue good health and other objectives, while subject to budget and time 

constraints. The interaction between objectives pursued and constraints observed is 

traditionally described by quantities demanded at a given price of goods. In the healthcare 

market, the quantity of healthcare demanded is largely determined by the health status of 

the consumer while the price consumers face is usually partially covered by insurance thus 

giving space for complex interactions. 

This thesis focuses on two aspects of these interactions. First, since the demand for 

healthcare is determined by the health status of individuals, it is important to understand 

the determinants of health. The common determinants of health have been widely studied 

in medical sciences, epidemiology and health economics; however, a less investigated, but 

rapidly expanding line of research suggests a relationship between the economic 

circumstances at birth and health. The literature has documented both, negative and 

positive effects of adverse economic conditions around the time of birth on infant health 

(e.g., Deheija and Lleras-Muney, 2004), childhood health (e.g., Angelini and Mierau, 2014) 

and a range of late-life mortality and morbidity outcomes (see, for instance, Doblhammer 

et al., 2013; van den Berg et al., 2006, 2009, 2011, 2013; Lindeboom et al., 2010). Even the 

Netherlands Scientific Council for Government Policy in its latest policy brief on health 

prevention calls for emphasis on the early-life period as interventions early in life have the 

greatest potential for health gains (Broeders et al., 2018). However, the sometimes 

contradicting findings from the literature on the effects of early-life circumstances warrant 

further research into the mechanisms behind these relationships, which is carried out in 
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this thesis.  

Second, health insurance, which covers the cost of healthcare, creates incentives for 

moral hazard and selection. It is well established in the economic literature that moral 

hazard and adverse selection create inefficiencies in health insurance markets and, these 

effects must be taken into account in the optimal design of insurance policies. However, 

addressing the inefficiencies caused by either moral hazard or adverse selection often 

exacerbates the problems caused by the other factor. For example, individual mandate for 

health insurance reduces adverse selection, but having insurance, in turn, decreases the 

effective price of health care to the consumers, thus creating incentives for moral hazard. 

This trade-off is an important concern for health care policy; therefore, it is crucial to 

disentangle these two effects and establish their relative magnitudes (Chiappori and 

Salanie, 2000, Chiappori, 2000, Finkelstein and Poterba, 2004). In this thesis I address one 

such trade-off created by a policy tool that is introduced to reduce moral hazard in the 

Netherlands – a voluntary deductible for basic health insurance. 

The rest of this chapter is set up as follows. The following two sections describe each 

of the two lines of research in detail and explain the research questions addressed in this 

thesis. Next, section 1.2. summarizes the main findings of each chapter and discusses their 

policy implications. 

1.1.1. EARLY-LIFE ECONOMIC CIRCUMSTANCES AND HEALTH  

In medical sciences, it is well-established that deprivation during gestation is an 

important early origin of adult cardiac and metabolic disorders due to fetal programming 

that permanently shapes the body’s structure, function, and metabolism and contributes 

to adult disease (Barker, 1995). This has led to the formulation of the developmental 

origins and fetal programming hypotheses, which state that certain diseases at older ages 

can be caused by deprivation in utero or around birth (see overviews in Kuh and Shlomo, 

2004; Kuh and Hardy, 2002).   

The above-mentioned research finds that various indicators of prenatal and early 

life conditions are associated with health and mortality later in life. However, the indicators 

of individual early life conditions often suffer from possible endogeneity, since individual 

socioeconomic circumstances and late life health can be caused by similar, yet unobserved 

characteristics. Therefore, the economic literature contributes to this research by using 



Introduction 

Page | 3  

clearly exogenous indicators of conditions at birth, such as unexpected periods of hunger 

and war, or for less extreme cases - the state of the business cycle or level of 

unemployment, to capture the effect of early life circumstances on later life health (see, for 

instance, van den Berg et al., 2006, 2009, 2011, 2013, Angelini and Mierau, 2014, Cutler et 

al., 2016, and the overviews in Almond and Currie, 2011 and van den Berg and Lindeboom, 

2014). This thesis also uses the unemployment level as an approximation of the economic 

conditions in the given year. To ensure variation in the unemployment data, we use 

provincial unemployment level as our main explanatory variable. 

The natural starting point for this thesis is the immediate health effects of economic 

conditions at birth, that is, infant health. The existing research on the link between the state 

of the economy at birth and infant health provides conflicting results. Some studies 

demonstrate that children’s health improves during economic downturns (Dehejia and 

Lleras-Muney, 2004; Aparicio and González, 2014, Angelini and Mierau, 2014) while others 

find no effect (van den Berg and Modin, 2013) or show that economic downturns lead to 

an increase in the likelihood of babies being less healthy (Kaplan et al., 2017; Margerison-

Zilko et al., 2011; Bhalotra, 2010; Bozzoli and Quintana-Domque, 2014).  

I consider several mechanisms by which an economic downturn might affect babies’ 

health. First, a decrease in income due to an economic downturn can lead to changes in 

health-related consumption by pregnant women, including changes in the quality and 

quantity of nutrition, but also changes in unhealthy consumption such as smoking or 

alcohol. Second, economic downturns might affect the decision to become pregnant 

differently for different population groups, thus affecting the socioeconomic cohort 

composition of the babies born in a given year (Dehejia and Lleras-Muney, 2004; Aparicio 

and González, 2014, Angelini and Mierau, 2014). Additionally, it is well established in the 

medical and epidemiological literature that male fetuses and infants are more sensitive to 

harsh conditions than female fetuses (e.g. Bruckner et al., 2009); however, the economic 

literature on business cycle fluctuations and infant health, to the best of my knowledge, has 

not accounted for such gender differences. Subsequently, the first research question 

considered in this thesis is as follows: 

What is the effect of provincial unemployment on infant health and how does this effect 

differ between genders? (Chapter 2) 
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After establishing the effects in childhood, I turn to adult health outcomes. Despite 

the extensive literature documenting the relationship between early-life conditions and 

late-life outcomes, this literature focuses predominantly on general or cause-specific 

mortality as outcome measures (van den Berg et al., 2006, 2015, 2016). Since mortality is 

an end-state phenomenon, its analysis necessarily relies on cohorts that were born quite 

long ago.  The increasing availability of biomarker data from large cohort studies provides 

an opportunity to study health effects other than mortality. Taking into account that 

cardiovascular diseases (CVD) are still the leading cause of death in Europe and around the 

world (Nichols et al., 2014), I can use biomarker data to construct a measure of the 10-year 

risk of fatal cardiovascular event. Accordingly, the next research question I address is as 

follows: 

What is the effect of provincial unemployment at birth on adult CVD risk and how does 

this effect differ between genders? (Chapter 3) 

The literature exploring the mechanisms behind these effects suggests that 

malnutrition, changes in cohort composition and health behaviors of the parents could be 

potential explanations of the effects (e.g. Dehejia and Lleras-Muney, 2004; van den Berg et 

al., 2006, 2009, 2011). In addition, some recent findings suggest that stress caused by 

economic problems might have direct health effects on pregnant women and fetuses 

(Alessie et al., 2018, Olafsson, 2016, Bruckner et al., 2014). Maternal stress can cause fetal 

distress which, in turn, is an indication for cesarean delivery (Bruckner et al., 2014). 

Moreover, male fetuses are known to be more sensitive to maternal stress (Catalano et al., 

2005 and 2010). Consequently, my next research question is the following: 

Does stress caused by economic downturns affect the pregnant women severely enough 

to increase the probability of cesarean deliveries for male babies? (Chapter 4) 

1.1.2. MORAL HAZARD AND SELECTION IN HEALTH INSURANCE 

The last chapter of this thesis focuses on the consumer incentives created by the fact 

that in healthcare markets insurance companies instead of patients themselves bear the 

risk of medical expenses. It is well-known that health insurance may lead to moral hazard 

behavior – individuals use more healthcare when facing lower out-of-pocket health care 

costs. To counteract moral hazard, policy makers and health insurers often use various cost 

sharing options, such as co-payments and deductibles. In Switzerland, US, and the 
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Netherlands, a voluntary deductible is offered to the consumer on top of a mandatory 

deductible in return for a premium rebate (Winssen et al., 2015; Zweiffel and Manning, 

2000). A voluntary deductible likely leads to some selection, as healthy individuals choose 

a higher deductible and less healthy individuals opt for no deductible which ultimately 

leads to a transfer of costs from the healthy individuals to the unhealthy (Nyman, 1999). 

As a result, requests in the Dutch press have been made to abandon the voluntary 

deductible since it undermines the solidarity principle of health insurance and drives up 

the health insurance costs for those people who use a lot of care (NPO, 2017). Given this 

debate, the final research question of this thesis is the following: 

 Does the voluntary deductible in the Netherlands reduce moral hazard in healthcare 

utilization or act as a selection tool for low-risk individuals? (Chapter 5) 

1.2. SUMMARY AND POLICY RECOMMENDATIONS 

Chapter two of this thesis studies the gender-specific impact of macroeconomic 

conditions around birth on infant health. First, using population data from Statistics 

Netherlands that are available for the period between 1959 and 1994, I investigate the 

effect of provincial unemployment levels on birth rates. Next, I focus on whether the 

decreasing fertility changes the cohort composition of mothers. For this purpose, I use a 

sample of over 50,000 respondents born between 1950 and 1994 from Lifelines – a large 

scale cohort study among people currently living in the three northern provinces of the 

Netherlands. Finally, to answer the main research question of this chapter, using the 

Lifelines data, I investigate how provincial unemployment affects the birthweight of babies. 

My results show that high provincial unemployment rates decrease fertility and 

change the cohort composition of mothers with low socio-economic status mothers being 

less likely to become pregnant during high unemployment periods. Even though the cohort 

composition improves, high provincial unemployment rates still lead to a lower 

birthweight in boys. The negative impact of high unemployment on birthweight is 

particularly strong for boys born to older mothers and for babies born to smoking mothers. 

These results have direct policy implications. Since infant health has been shown to 

have long-term impact on a host of outcomes later in life, such as accumulation of human 

capital, labor market outcomes, marital status and welfare dependency, my results clearly 
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point to the population groups that deserve particular attention during economic hardship. 

Supporting older or low socio-economic status mothers during pregnancy could have long-

term impact on health and socio-economic status of their children. This is supported by the 

latest policy brief on health prevention by the Netherlands Scientific Council for 

Government Policy which recommends focusing on early-life interventions as they might 

have the greatest potential for health gains (Broeders et al., 2018). Moreover, as opposed 

to findings from US or Spain (Dehejia and Lleras-Muney, 2004; Aparicio and González, 

2014), the effects in the Netherlands are not large enough to cause clinically low 

birthweight, possibly, owing to the protective effects of the Dutch unemployment benefits.  

Chapter 3 of this thesis investigates the impact of economic conditions at birth on 

adult health by studying the effect of regional unemployment rates at the time of birth on 

gender-specific cardiovascular disease (CVD) risk in adulthood. I operationalize CVD risk 

by constructing the Systematic COronary Risk Evaluation (SCORE) index (Conroy et al., 

2003) using biomarker data from Lifelines, which provides us with 75,566 respondents 

aged between 18 and 65. In addition I investigate whether the results can be explained by 

cyclical changes in cohort composition. 

I find that women exposed to unfavorable business-cycle conditions at birth are at 

an increased risk for fatal CVD events in adult life. I interpret this as evidence that 

unfavorable conditions in the household at birth cause an elevated CVD risk in prime and 

late adulthood among women. For men, CVD risk, on average, is unaffected by early-life 

exposure to recessions. However, this does not necessarily mean that causal effects of 

adverse economic conditions at the individual level are absent. Instead, the business cycle 

might not be capturing fluctuations in economic conditions well, due to improving social 

safety nets over the 20th century. 

The policy implications of these results are threefold. First, since policy 

interventions aimed at preventing late-life CVD rely on predictors of CVD such as the CVD 

risk SCORE that we examine, the collection of the relevant biomarker data can be targeted 

at individuals born under adverse conditions. Second, the recent policy focus on adult 

lifestyle as measure for preventing CVD might be insufficient, since the results of this 

chapter show that some causes of CVD may occur already before birth. For preventing CVD 

in future generations, it is important to consider the effects of early life conditions on health 
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later in life. Third, if being born in an economic downturn has a negative effect on later life 

health and risk of mortality, then the total lifetime earnings for the affected individuals are 

reduced. This underlines the long-term benefits of policies that help young children and 

pregnant women during economic hardship and can be seen as a justification for 

macroeconomic stabilization policies.  

In chapter 4, I investigate one of the potential mechanisms behind the health effects 

of economic conditions, that is, maternal stress. This chapter examines whether stress 

caused by economic downturns affects the pregnant women severely enough to increase 

the probability of Cesarean Deliveries (CD) for male babies. As in the previous two 

chapters, for this analysis I also use data from Lifelines cohort study. I select a subsample 

of individuals from Lifelines study who are born in the Netherlands between 1970 and 

1993. In addition, I select a subsample of individuals who are born in the weekends and 

Dutch public holidays to more precisely estimate the effect of unemployment level on 

unplanned CDs, since only the unplanned CDs can be caused by fetal distress in reaction to 

maternal stress and planned CDs are not routinely scheduled during weekends and 

holidays. 

The results show that the probability of CD for male babies increases when 

unemployment levels rise. This result suggests that maternal stress might be one of the 

mechanisms how early life economic conditions affect health. The maternal response to 

increased unemployment levels may elicit clinical signs of distress in male fetuses upon 

which medical staff may intervene. In addition, the results do not seem to be driven by 

differential selection into fertility.  

The policy implications of this result are the following. I have shown that economic 

downturns cause stress for pregnant women that is strong enough to cause health effects 

in their babies. While macroeconomic stabilization policies would address the root cause 

for stress, it is worthwhile to consider investing in programs that help pregnant mothers 

to manage and reduce stress during economic hardship. This could also, to some extent, 

help to counteract the negative health effects later in the child’s life that were discussed in 

Chapters 2 and 3. Moreover, since CD is a costly medical procedure, an increase in the male 

CD rates represents not only a health effect but also a direct cost of economic downturns. 

In that sense, such a stress management program could even create savings within the 
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healthcare sector. Taken together with the results of Chapters 2 and 3, these results show 

that both, men and women, are affected by the economic conditions at birth, although, 

possibly, at different points in their lives and in different ways. 

Chapter 5 investigates whether the voluntary deductible in the Dutch health 

insurance system reduces moral hazard or acts as a cost reduction tool for low-risk 

individuals using the LISS panel data (Longitudinal Internet Studies for the Social sciences). 

The panel is based on a true probability sample of Dutch households drawn from the 

population register by Statistics Netherlands and consists of approximately 4500 

households. In the Dutch institutional setting, insurance companies are not allowed to risk-

rate the insurance premiums which means that existence of asymmetric information is 

inevitable. Nevertheless, since van Winssen et al. (2015) find that the uptake of the 

voluntary deductible is much lower than would be profitable for the consumers, it is an 

open question whether the consumers, in fact, use their private information. To answer 

this, I test, first, if individuals with voluntary deductible use less healthcare, and, second, 

whether there are any individual characteristics that are correlated with both insurance 

coverage and healthcare utilization of an individual. As proposed by Finkelstein and 

McGarry (2006), the existence of such characteristics can be treated as evidence of 

asymmetric information. Next, I estimate the moral hazard effect of the voluntary 

deductible. The economic theory predicts that individuals who choose a voluntary 

deductible and experience a negative health shock, consume less  health care than they 

would without the voluntary deductible. Hence, empirically I test for the moral hazard as  

the effect of having a voluntary deductible on healthcare utilization, conditional on 

individual’s health status and preferences. We use four types of healthcare utilization – 

visits to a specialist, visits to the general practitioner (GP), visits to mental care providers 

and days spent in hospital. In my models I account for the fact that both, the choice of the 

deductible and healthcare utilization could be correlated to some unobserved individual 

characteristics, by treating the voluntary deductible as endogenous. Moreover, due to the 

distribution of my outcome variables, I explicitly model both, the probability of having any 

visit or hospital day and the actual number of visits / days. 

I find that asymmetric information is important for the uptake of voluntary 

deductible and healthcare utilization in the Netherlands. I present evidence of adverse 
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selection with regard to the utilization of care for physical health, but advantageous 

selection for mental health care. Moreover, I show that voluntary deductible reduces moral 

hazard in the Netherlands, especially in the decision to have any doctor’s visits (extensive 

margin) as compared to the number of visits (intensive margin). Overall, my results show 

that different types of healthcare utilization exhibit different levels of moral hazard. 

From a policy perspective, these results contribute to the discussion on the optimal 

insurance design. Clearly, even though a voluntary deductible creates incentives for 

adverse (or in the case of mental health care – advantageous) selection, it is an effective 

tool to reduce moral hazard in health care utilization in the Netherlands.  
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CHAPTER 2 

2. ECONOMIC DOWNTURNS AND INFANT HEALTH1 

2.1. INTRODUCTION 

Health insults early in life and even in utero persist through the lifetime and even 

a minor exposure early in life can increase the risk of chronic diseases later in life (Barker, 

1995; van den Berg et al., 2006). Moreover, infant health is an important determinant of a 

host of outcomes later in life such as accumulation of human capital, labour market 

outcomes, marital status and welfare dependency (Behrman and Rosenzweig, 2004; 

Almond et al., 2010; Brandt et al., 2010; Cruces et al., 2012; Nilsson, 2017). In addition, 

poor infant health is transmitted to the next generation (Currie and Moretti, 2007). In this 

sense infants born with poor health are set on a lifetime trajectory of inferior outcomes 

that can potentially spill over to the next generations. 

Important determinants of infant health are the socio-economic status and income 

of the family (Currie, 2009; Catalano et al. 2011). To understand the relationship between 

health at various stages of the life-cycle and economic conditions around birth, a number 

of studies have analysed how life-course health outcomes are affected by the state of the 

business cycle at the time of birth since the state of the business cycle represents 

exogenous variation in the economic conditions families face (van den Berg et al., 2006, 

2009 & 2010). 

                                                        
1 This chapter has been published as Alessie, R., Angelini, V., Mierau, J.O. and Viluma, L., 2018. Economic 
downturns and infant health. Economics & Human Biology, 30, pp.162-171. 

This study benefitted from comments received at the Essen Summer School in Health Economics 2015, 
Healthwise Congress 2015, HAPS seminar “How to get to 100 - and enjoy it”, and SOM PhD conference, 2016.  
Special thanks to Tom Wansbeek for advice on econometrics. 
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Focusing especially on infant health Dehejia and Lleras-Muney (2004) and 

Aparicio and González (2014) demonstrate that fewer babies are born with low 

birthweight during economic downturns than during booms in the United States and Spain 

respectively. Angelini and Mierau (2014) document that recessions are associated with 

higher levels of childhood health in European countries and van den Berg and Modin 

(2013) find no relationship between economic conditions and birthweight in Sweden. By 

contrast, Kaplan et al. (2017) and Margerison-Zilko et al. (2011) show that elevated levels 

of unemployment led to an increase in the likelihood of babies being born with low 

birthweight in Memphis, TN and the National Longitudinal Survey of Youth 1979, 

respectively. In the context of developing countries, Bhalotra (2010) and Bozzoli and 

Quintana-Domque (2014), among others, has shown that recessions have a negative 

impact on infant health.  

Additionally, it is well established in the medical and epidemiological literature 

that male foetuses and infants are more sensitive to harsh conditions than female foetuses 

(e.g. Bruckner et al., 2009) – possibly due to differences in intra-uterine growth strategies 

(Eriksson et al., 2010). It has been documented in the US and various European countries 

that increased unemployment levels and business cycle fluctuations can lead to changes in 

sex ratios, male fetal deaths and low birthweight in males (Catalano and Serxner, 1992; 

Catalano, 2003; Catalano et al., 2005, 2010 & 2012; Catalano and Bruckner, 2005 & 2006). 

Remarkably, some studies suggest selection against least fit males in utero during 

economic downturns, which results in better average health of surviving infants (Catalano 

et al., 2010 & 2012). Interestingly, the economic literature on business cycle fluctuations 

and infant health, to the best of our knowledge, has not accounted for such gender 

differences. 

There are three broad mechanisms by which an economic downturn might affect 

babies’ health. First, economic downturns might affect the decision to become pregnant 

differently for different population groups, thus affecting the cohort composition of the 

babies born in a given year. Indeed, the positive relationship between being born in a 

recession and babies’ health documented by, for instance, Dehejia and Lleras-Muney 

(2004) and Aparicio and González (2014) can be partially explained by different fertility 

responses across women with different skill levels. Moreover, Orsini and Avendano (2015) 
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show that age-related selection into motherhood why the relationship between business 

cycle fluctuations and infant mortality in the United States differs by race and period. Aside 

from the fertility decision, the state of the business cycle may influence the probability of 

spontaneous abortions differently across groups, thereby also affecting the cohort 

composition (see, for instance, Bruckner et al. 2016). 

The second mechanism concerns the fact that, conditional on the decision to 

become pregnant, a decrease in income due to an economic downturn can lead to changes 

in health-related consumption by pregnant women, including changes in the quality and 

quantity of nutrition, but also changes in unhealthy consumption such as smoking or 

alcohol. Exploring this mechanism, Ruhm (2000, 2003) shows that recessions are 

associated with a positive change in health behaviour. Margerison-Zilko (2014), however, 

shows that economic contractions are associated with an increased risk of alcohol use 

among pregnant women. 

Third, economic downturns can lead to changes in the environment that, in turn, 

affect the foetus. Focusing on the beneficial effects, Chay and Greenstone (2003) show that 

pollution decreases during recessions. Reassessing and extending the analyses of Ruhm 

(2000 and 2003) who shows that the health behaviour improves during recessions, Miller 

et al. (2009) highlight that a lion’s share of the mortality gains experienced during 

recessions can be traced back to a decrease in traffic accidents. Focusing on negative 

effects, Bruckner et al. (2014) using data from California and Pedersen et al. (2005) with 

Swedish data show that maternal stress – a risk factor for foetal development (Kuh and 

Hardy, 2002) – increases during economic downturns. 

Against the background of the above literature we use this paper to analyse the 

relationship between economic downturns and babies’ health using individual level data 

from the Netherlands for cohorts born between 1950 and 1994. The Netherlands is an 

interesting country for exploring the mechanisms behind this for several reasons. First, the 

Netherlands is a small and homogeneous country with high income. Second, female labour 

force participation in the Netherlands has been strikingly low throughout the 20th century 

(see Figure 2.1) due to Christian-conservative beliefs (Becker, 2000) and started to 

increase only in the late ’80s while, for example in the US, female labour participation has 

been steadily increasing since the ’50s. Third, a generous social security scheme was 
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introduced in the Netherlands in 1949 which is right before our period of analysis (see 

Becker, 2000 for a discussion of the Dutch welfare state and employment). 

 

Figure 2.1. Female labour participation rate, for selected countries (1950-1994)  

 

Data source: Compiled from Statistics Netherlands (www.cbs.nl), US Bureau of Labor Statistics 
(www.bls.gov), and World Bank (databank.worldbank.org) 

 

For our analysis, we use Lifelines – a large-scale cohort study and biobank. 

Lifelines provides us with a sample of over 50,000 respondents born between 1950 and 

1994 who are currently residing in one of the three northern provinces of the Netherlands. 

While the participants of Lifelines currently reside in the northern Netherlands, they can 

have been born in other parts of the Netherlands. Nevertheless, a lion’s share of our sample 

was actually born in the northern Netherlands. To circumvent any inference problems 

arising from this data structure we employ various techniques to deal with the clustering 

of data. Combining Lifelines data with provincial unemployment data from Statistics 

Netherlands allows us to analyse the relationship between unemployment at the provincial 

level and birthweight – a standard measure of babies’ health. Importantly, Lifelines also 

provides us with information on the age of the mother at birth as well as on her health 

behaviour – smoking in particular. We exploit this information to analyse who gives birth 
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during economic downturns and how health behaviour of pregnant women is related to 

unemployment levels. 

Using the data outlined above in combination with various econometric 

techniques allows us to conclude that an increase in the unemployment rate leads to a 

decrease in the birthweight of boys. While statistically significant, the effect is small in the 

sense that a 5 percentage point increase in the unemployment causes a 30 gram decline in 

boys’ birthweight. This implies that the birthweight remains within the normal range and, 

accordingly, we do not find an increase in the likelihood of being born with low birthweight 

(<2500 grams). While in line with the findings of Kaplan et al. (2017) and Margerison-Zilko 

et al. (2011), our results contrast the findings of Dehejia and Lleras-Muney (2004), Aparicio 

and González (2014) and Angelini and Mierau (2014) who documented a positive 

relationship between adverse economic conditions surrounding birth and infant health.  

The remainder of the paper is set up as follows. The next section provides a 

discussion of the relationship between economic downturns and babies’ health within the 

context of the intertemporal fertility model and its implications for the Dutch setting. 

Section 3 describes the study population and the empirical methods. Section 4 discusses 

our empirical results and the final section concludes. 

2.2. ECONOMIC DOWNTURNS AND INFANT HEALTH 

Within the context of the intertemporal fertility model (Becker, 1960, 1965), we 

consider three possible mechanisms how economic conditions affect infant health. First, 

economic downturns may affect the decision to become pregnant differently in different 

population groups, thus changing the cohort composition and the resulting distribution of 

babies’ health. Second, an economic downturn can decrease the income of households and 

in turn affect the consumption patterns of those women who have become pregnant. Third, 

economic downturns can lead to changes in the environment that, in turn, affect the foetus. 

In what follows, we discuss the role of the first two mechanisms within the Dutch setting. 

The third mechanism (i.e., stress) is less influenced by the institutional setting, therefore 

we refer the reader to our earlier discussion in the introduction. 
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2.2.1. EFFECT ON FERTILITY DECISION 

To study the fertility decision, we use the framework provided by Becker (1960, 

1965) who considers children as normal goods. We assume that changes in the 

unemployment rate affect the wages of women and their family members. Also, women are 

assumed to be primarily responsible for raising children in the household. 

In the framework of Becker (1960), the effect of unemployment on fertility can be 

divided in income and substitution effects. The income effect means that a decline in the 

woman’s wage lowers income, decreasing the demand for children along with other 

normal goods. The substitution effect arises because children are relatively time intensive, 

and thus, a decrease in wages lowers the relative cost of children and increases the demand 

for children. If the wages of other family members decrease, the total family income 

declines without affecting the value of the woman’s time. This reduces the demand for 

children. 

As discussed above, the female labour force participation rate in the Netherlands 

has been very low historically. Therefore, from a population perspective, an increase in 

unemployment levels leads to a relatively small average decrease in the women’s wages 

and accordingly the relative cost of children. Thus, the substitution effect is expected to be 

comparatively small. The income effect is dampened by the social security provisions. 

Thus, the direction of the total change in fertility during periods of high unemployment 

remains to be tested empirically, but we expect that the size of the effect might be relatively 

small. 

Furthermore, if an increase in the unemployment level leads to a transitory 

decrease in wages, in the standard life-cycle model setting, the total lifetime income and 

accordingly lifetime demand for children of the family should not be affected by 

unemployment rates. Unemployment can, however, affect the timing of fertility. If capital 

markets are perfect, women’s fertility decisions will not depend on the path of wages of the 

household. However, if capital markets are imperfect, couples will postpone fertility to 

periods when income is high, since households can use the timing of births to smooth 

consumption. Thus, we hypothesize that credit-constrained, lower SES families would 

postpone fertility during periods of high unemployment, while less credit-constrained, 

higher SES families would be less inclined to do so. 
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2.2.2. EFFECT ON CONSUMPTION OF HEALTH-RELATED GOODS 

The effect of unemployment levels on the consumption of health-related goods can 

also be separated into substitution and income effects. Health-related activities, such as 

exercising or prenatal care, are time-intensive, and therefore a decrease in a woman’s wage 

would reduce the relative cost of time and might lead to an increase in participation in 

health-related activities. However, decreases in family income would also lead to a lower 

consumption of all (normal) goods, including health-related goods such as high-quality 

food and prenatal vitamins, but could also reduce the consumption of health-damaging 

goods such as cigarettes and alcohol. Ruhm (2000 and 2003) using US data, shows that 

recessions are associated with a positive change in health behaviour. 

Given the low female labour participation, we expect that the substitution effect 

would be small in the Dutch setting. The income effect is also likely to be small, due to the 

generous unemployment benefits. The sign of the effect depends on whether it is the 

healthy or the unhealthy consumption that decreases more when unemployment 

increases. 

2.3. DATA & METHODS 

To test our predictions empirically, we analyse the relationship between the 

regional unemployment level and birth outcomes in the Netherlands. In particular, we 

combine the individual data from the Lifelines cohort study with regional unemployment 

data from Statistics Netherlands. 

2.3.1. LIFELINES 

 Lifelines is a large population-based cohort study and biobank carried out in the 

three north-eastern provinces of the Netherlands. The study was established as a resource 

for research on complex interactions between environmental, phenotypic and genomic 

factors in the development of chronic diseases and healthy ageing (see Stolk et al., 2008, 

and Scholtens et al., 2015, for a detailed description of the study). Initially, all GPs in the 

three northern provinces invited their patients aged 25-49 to participate. Those who 

agreed to participate were asked to provide the contact details of their family members so 

that they could also be invited. In addition, all adults residing in the three northern 
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provinces could volunteer to participate by self-registering through the Lifelines website. 

Overall, Lifelines covers more than 10% of the population in the provinces of Groningen, 

Friesland and Drenthe. Klijs et al. (2015) have studied the representativeness of the 

Lifelines sample. Their conclusion is that the sample is broadly representative of the 

population. 

For our purpose, Lifelines provides us with a sample of 80,821 respondents born 

in the Netherlands between 1950 and 1994. Lifelines also contains respondents born 

before 1950 and after 1994; however, for the former we do not have unemployment data 

and the latter were administered a different survey due to their age. 

The Lifelines questionnaire contains health and life histories, including 

information surrounding the respondents’ birth, such as their birthweight, which is 

reported by 57,500 respondents. Given the important role attributed to birthweight for a 

host of outcomes later in life (Behrman and Rosenzweig, 2004) birthweight is a commonly 

used indicator of babies’ health (Dehejia and Lleras-Muney, 2004). Since birthweight is 

self-reported by the respondent, we take measures to increase the reliability of these data. 

First, we use the fact that the Lifelines has asked the respondents to report their 

birthweight in two occasions. Since some of the answers of the first wave had unlikely 

values, in the second occasion the respondents were asked to pay a particular attention to 

this question. Therefore, we compare the answers for consistency and we use the second 

wave answer if they are different. Second, we exclude all observations that are medically 

infeasible (that is, extremely high (> 6000g) or extremely low (< 500g)). Even though 

birthweight is self-reported, the birthweight and incidence of low birthweight in the 

remaining sample (see Table 2.1b) are similar to the population averages of the 

Netherlands. For example, in 1989 the average birthweight in the Netherlands was 3,372 

grams with just over 5% of the babies born weighting less than 2,500 grams (CBS, 2007). 

In our sample the average birthweight in 1989 is 3,351 grams with 7% of the babies being 

born with low birthweight. This suggests that the mean of the remaining measurement 

error in our dependent variable likely is close to zero, however we are unable to test 

whether this measurement error is correlated either to birthweight or unemployment 

levels. Such correlation could potentially bias our estimation results (see Wooldridge, 

2010, chapter 4.4.). 
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Clearly, Lifelines participants are not able to recall information about their birth 

from their own memory. Instead, they have had to learn this information from their parents 

or other sources either already before the survey or at the time of taking the survey. 

Therefore, the high number of individuals who did not report their birthweight likely were 

not able to acquire this information, for example, because their parents are dead or ill or 

because any written records are lost. In Table 2.1a we compare some descriptive statistics 

for the individuals who answered ‘Don’t know’ when asked about their birthweight 

(N=21,055) with those who were excluded from the final sample due to infeasible 

birthweight value (N=2,759), those with missing answer (N=2,154) and those who 

reported feasible birthweight (N=54,853). As could be expected, the individuals who did 

not know their birthweight are, on average, somewhat older, born to older mothers and 

more likely to have at least one parent who has been born in another country than our 

main sample. Similarly, the sample that reported infeasible values is also on average older 

and born to older mothers. Accordingly, they might have faced difficulties in acquiring the 

information about their birth. In contrast, the individuals who did not answer the question 

at all are, on average, less educated than our main sample. Moreover, men are much less 

likely to be able to report their (correct) birthweight than women. Arguably, since women 

are likely to give birth themselves at some point in life, they might be more interested in 

acquiring and retaining information about their own birth than men as it might prove 

useful for them due to genetic reasons. In sum, the individuals that are excluded from our 

sample are on average, older, born to older mothers, more likely to be male and have lower 

SES. As discussed in the introduction, these population groups might be more sensitive to 

economic downturns than our main sample. In that case our estimates of the effect of 

unemployment level on birthweight might be biased towards zero and can be considered 

as a lower bound for the true effect. 

 To assess the potential changes in cohort composition and health behaviour 

during economic downturns, we need background information about respondents’ 

parents. Even though Lifelines contains rich information about the respondents 

themselves, the information about their parents is limited. Nevertheless, Lifelines provides 

us with two useful pieces of information on the respondent’s mother that we use as proxies 

for socioeconomic status. First, we are able to calculate the mothers’ age at the time of 
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childbirth from her date of birth. The mother’s age, apart from having a biological effect on 

child health, might also serve as a proxy for SES of the parents, since early motherhood is 

associated with lower SES (Hobcraft and Kierman, 2001). Second, Lifelines contains a 

question whether the respondent’s mother smoked during the pregnancy and whether she 

stopped before or during pregnancy, decreased smoking or continued smoking as before. 

Smoking in general and especially smoking during pregnancy is highly correlated with low 

SES (see, for example, reviews in Cutler and Glaeser, 2005; or Cutler and Lleras-Muney, 

2006), thus, using this information, we are able to  assess  whether  mothers  change  their  

behaviour during economic downturns (decrease or stop smoking) or the (socioeconomic) 

cohort composition changes (that smokers are less or more likely to get pregnant). This 

approach leaves us with a sample size of 54,306 for the analysis with mother’s age and 

sample size of 54,334 for the analysis including mother’s smoking status. As with 

birthweight, respondents are likely to suffer from recall loss when it comes to detailing 

events surrounding their birth. However, only a small fraction (less than 1%) of those who 

reported their birthweight were unable to provide information about their mother’s 

smoking (see Table 2.1a) while those who did not know their birthweight also did not 

report if their mother smoked during pregnancy. It seems that those who were able to e.g. 

ask their mother about their birth weight have also asked about her smoking. 

Finally, by linking the data with birth certificates from the Municipal Personal 

Records Database (in Dutch: Gemeentelijke Basis Administratie), we can obtain information 

on the province of birth of each respondent. Although the study is based in the north-

eastern Netherlands and the three north-eastern provinces (Groningen, Drenthe and 

Friesland) are overrepresented, our data includes respondents born in all twelve Dutch 

provinces. All data and their descriptive statistics are summarized in Tables 2.1b and 2.1c; 

in Table 2.1d we display the descriptive statistics by province. 
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Table 2.1a: Comparison of descriptive statistics for observations with and without 
missing values 

  
Missing values in the 
 dependent variable 

Missing values in the 
independent variable 

Variable 
Main 

sample 
Don't 
know 

Missing 
value 

Infeasible 
answer 

No 
mother’s 

age 

No 
mother’s 
smoking 

Male 0.357 0.546 0.411 0.394 0.426 0.368 

 0.479 0.498 0.492 0.489 0.495 0.483 

Birth year 1969.6 1965.9 1969.8 1967.0 1969.9 1970.3 

 9.885 9.547 9.929 9.019 9.295 9.232 

Age of mother at 
birth 

27.76 29.32 27.85 28.06 - 26.59 

 5.151 5.891 5.526 5.549 - 4.493 

Immigrant parent 0.029 0.037 0.032 0.027 0.040 0.034 

 0.169 0.189 0.176 0.162 0.197 0.183 

Primary education 0.011 0.028 0.104 0.022 0.022 0.017 

 0.105 0.164 0.305 0.145 0.148 0.131 

Secondary education 0.660 0.711 0.646 0.723 0.766 0.661 

 0.474 0.453 0.478 0.447 0.424 0.473 

Higher education 0.328 0.260 0.251 0.254 0.212 0.320 

 0.470 0.439 0.434 0.435 0.409 0.467 

       

Observations 54853 21055 2154 2759 547 519 

Note: Means and standard errors (in italics) of selected variables for the main sample compared to the the 
individuals with missing values in the dependent variable due to answer “don’t know”, missing answers, and 
infeasible answers as well as compared to the individuals with missing values in the independent variables – 
mother’s age and smoking status. 
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Table 2.1b: Descriptive statistics 

Variable Observations Mean Std. Dev. Min Max 

Birthweight (grams) 54853 3412.982 732.7671 500 6000 

Low birthweight (less than 2500 g) 54853 0.063078 0.243105 0 1 

Provincial unemployment (%) 54853 4.762 3.117 0.5 13.8 

Year of birth 54853 1969.559 9.884822 1950 1994 

Male 54853 0.357082 0.479144 0 1 

Mother’s age 54306 27.76163 5.151489 10 56 

Mother smoked during pregnancy 54334 0.185556 0.388752 0 1 

Mother never smoked before pregnancy 54334 0.543822 0.498081 0 1 

Stopped before pregnancy 54334 0.165955 0.372044 0 1 

Decreased/stopped during pregnancy 54334 0.11917 0.323992 0 1 

Smoked as before 54334 0.066386 0.248957 0 1 

Age of the mother at birth <25 54306 0.371082 0.483099 0 1 

Age of the mother at birth 25-35 54306 0.54296 0.498156 0 1 

Age of the mother at birth >35 54306 0.085957 0.280304 0 1 

Table 2.1c: Number of observations per province 

Province Observations % of the total 

Friesland 20,726 37.8% 

Groningen 15,662 28.6% 

Drenthe 9,581 17.5% 

Zuid-Holland 2,112 3.9% 

Overijssel 1,876 3.4% 

Noord-Holland 1,874 3.4% 

Gelderland 1,230 2.2% 

Utrecht 709 1.3% 

Noord-Brabant 607 1.1% 

Zeeland, Flevoland and Limburg 476 0.9% 

Total  54,853 100% 

Note: The three Northern provinces are marked in bold.  



 

 

 

Table 2.1d. Descriptive statistics (means and standard deviations) of variables across provinces 
 

Province 
Fries-
land 

Gronin
-gen 

Dren-
the 

Over-
ijssel 

Noord-
Holland 

Gelder
-land 

Zuid-
Holland 

Noord-
Brabant 

Ut-
recht 

Zee-
land 

Lim-
burg 

Flevo-
land Total 

              

Male 0.359 0.361 0.358 0.343 0.332 0.334 0.352 0.367 0.334 0.427 0.387 0.325 0.357 

Std. Dev. 0.480 0.480 0.479 0.475 0.471 0.472 0.478 0.482 0.472 0.497 0.488 0.470 0.479 

Birthweight 3424.2 3405.9 3409.8 3394.4 3410.9 3415.5 3402.5 3431.9 3405.5 3461.1 3363.2 3441.4 3413.7 

Std. Dev. 743.42 731.64 721.13 726.72 735.31 705.13 726.49 669.09 744.26 660.07 825.52 594.23 732.96 
Low 
birthweight 0.062 0.064 0.063 0.062 0.065 0.056 0.068 0.053 0.057 0.040 0.084 0.065 0.063 

Std. Dev. 0.241 0.246 0.243 0.241 0.247 0.229 0.253 0.225 0.232 0.198 0.279 0.248 0.243 

Unemployment 4.712 5.182 6.218 3.548 2.040 2.728 1.889 3.024 1.924 2.749 2.516 7.803 4.763 

Std. Dev. 2.905 3.190 2.840 2.969 2.048 2.509 1.912 2.397 1.972 1.433 2.476 3.153 3.117 

Age of mother 27.91 27.55 27.63 28.24 27.88 27.86 27.86 28.32 27.99 27.50 28.25 27.70 27.77 

Std. Dev. 5.268 5.043 5.147 5.091 5.130 4.929 5.207 4.768 4.991 5.061 5.578 4.401 5.156 
Mother 
smoked 0.171 0.198 0.200 0.172 0.199 0.163 0.181 0.142 0.213 0.169 0.222 0.236 0.186 

Std. Dev. 0.377 0.398 0.400 0.378 0.399 0.369 0.385 0.349 0.410 0.377 0.417 0.426 0.389 

Age 40.60 40.48 40.70 42.39 43.57 42.63 43.75 42.66 42.37 44.19 44.44 29.52 40.96 

Std. Dev. 9.869 9.822 10.017 9.760 8.968 9.013 8.926 8.960 8.946 8.031 8.457 5.099 9.818 

Education low 0.011 0.010 0.015 0.006 0.013 0.007 0.011 0.005 0.009 0.000 0.004 0.016 0.011 

Std. Dev. 0.103 0.100 0.122 0.080 0.113 0.086 0.102 0.071 0.092 0.000 0.067 0.127 0.104 
Education 
medium 0.677 0.683 0.707 0.518 0.580 0.495 0.537 0.473 0.556 0.451 0.520 0.577 0.660 

Std. Dev. 0.468 0.465 0.455 0.500 0.494 0.500 0.499 0.500 0.497 0.500 0.501 0.496 0.474 

Education high 0.312 0.307 0.277 0.476 0.405 0.497 0.452 0.518 0.436 0.549 0.476 0.407 0.328 

Std. Dev. 0.463 0.461 0.448 0.500 0.491 0.500 0.498 0.500 0.496 0.500 0.501 0.493 0.470 
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2.3.2. UNEMPLOYMENT  

We draw provincial unemployment data from Statistics Netherlands. These are available 

from 1950 onward, which creates the lower bound for the birth year of our respondents. 

Over the period between 1950 and 1994, the Netherlands went through all phases of the 

business cycle multiple times, which is also reflected in the unemployment data (Figure 

2.2). In the post-World War II years (and after the so-called Hunger Winter), the 

Netherlands enjoyed a period of substantial economic prosperity with low associated 

unemployment rates. Toward the end of the `70s and for much of the early `80s, the 

Netherlands were hit by a strong recession due to the second oil crisis. This recession was 

particularly severe in the north-eastern Netherlands where unemployment peaked at well 

over 10% at the depth of the recession. In the early `90s alongside the world-wide 

economic boom, unemployment rates dropped substantially all over the Netherlands. 

Figure 2.2. Provincial unemployment rates in the Netherlands (1950-1994)  

 
Data source: Statistics Netherlands (www.cbs.nl) 

2.4. METHODS  

Most of the literature, such as Dehejia and Lleras-Muney (2004) and Aparicio and González 

(2014) use data aggregated at state and year of birth level in their analysis. We, however, 

0

2

4

6

8

10

12

14

1
9

5
0

1
9

5
2

1
9

5
4

1
9

5
6

1
9

5
8

1
9

6
0

1
9

6
2

1
9

6
4

1
9

6
6

1
9

6
8

1
9

7
0

1
9

7
2

1
9

7
4

1
9

7
6

1
9

7
8

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

%

Groningen

Friesland

Drenthe

Overijssel

Gelderland

Flevoland

Utrecht

North Holland

South Holland

Zeeland

North Brabant

Limburg

http://www.cbs.nl/


Economic downturns and infant health 

Page | 25 

exploit individual level data. Therefore, to analyse the relationship between birthweight 

and regional unemployment level, we use the following model: 

𝑌𝑖𝑝𝑡 = 𝛼 + 𝛽1𝑢𝑝𝑡 + 𝛾𝑚𝑖 + 𝜃𝑡 + 𝜌𝑝 + 𝑢𝑖𝑝𝑡,  (2.1) 

where 𝑌𝑖𝑝𝑡  denotes birthweight of baby i born in province p in year t, upt is the 

unemployment rate in province p and year t, mi is a dummy variable taking value 1 if male 

and 0 if female, ρp is a province fixed effect, and θt is a year of birth fixed effect. 

 While above we have referred generically to birthweight as our outcome variable, 

for the purpose of our analysis we focus on two realizations of birthweight. That is, 

following Dehejia and Lleras-Muney (2004), we focus on birthweight in grams and on the 

incidence of low birthweight (<2500g). For birthweight in grams, we estimate the model 

(2.1) by OLS. In the case of low birthweight the outcome variable 𝑌𝑖𝑝𝑡  becomes a dummy 

variable such that the estimated model is a linear probability model. As a robustness check, 

we also estimate our models by probit regressions. The average marginal effects of the 

probit model are virtually identical to the OLS coefficients. However, we present only the 

results of the linear probability model because for it we can address the issue of the small 

number of clusters as discussed below. The probit results are available on request. 

Our main explanatory variable – the unemployment level – is measured at the 

province level; therefore, the error terms are likely to be correlated within province and 

cluster-robust standard errors are required for statistical inference. The province fixed 

effects included in the model control for a part of the within-province correlation but 

perhaps not all of it. In addition, since there are only 12 provinces in the Netherlands (the 

three provinces with smallest number of observations, Zeeland, Flevoland and Limburg 

were grouped together so effectively we have 10 provinces), the use of the Dutch provincial 

unemployment level data leads to the issue of “few clusters” which means that the 

estimated variance matrix of the OLS estimator is likely to be downwards biased (Cameron 

and Miller, 2015). Therefore, we employ a bias-correction by Bell and McCaffrey (2002), 

which was named CR2VE in Cameron and Miller (2015, sections VI.B. and VI.D.), to the 

standard cluster robust variance estimates. CR2VE correction proposes scaling the 

province specific vector of residuals �̂�𝑝 so that �̃�𝑝 =  (𝐼𝑁𝑝 − 𝐻𝑝𝑝)
−0.5

 �̂�𝑝 , where 𝐻𝑝𝑝 =

𝑋𝑝(𝑋′𝑋)−1𝑋′𝑝  and 𝑁𝑝 the size of the sample in province 𝑝. In addition, we face the problem 

that the number of observations varies considerably across provinces which basically 
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implies that the effective number of clusters is reduced further (see Imbens and Kolesar, 

2015). We therefore base the Wald tests on a 𝑡(𝜈∗)-distribution where the degrees of 

freedom 𝜈∗are determined by the data as proposed by Imbens and Kolesar (2015).  

Further, we exploit the individual data provided to us through Lifelines and extend 

the model in (2.1) by including individual specific regressors. First, taking into account the 

possible differences between men and women, we allow the effect of unemployment 

depend on the gender. Therefore, we include interaction terms between dummies 

indicating each gender and the provincial unemployment level. Effectively, we split the 

effect of unemployment on birthweight by gender, while keeping other covariates and fixed 

effects non gender-specific. Also, we enrich the model by including the age of the mother 

when the child was born and a dummy variable indicating whether the mother smoked 

during pregnancy as additional explanatory variables. Doing so enables us to control for 

potential changes in the composition of the birth cohort due to high unemployment. 

Moreover, we allow the effect of the unemployment rate on health outcomes to depend on 

the individual characteristics so that we can assess to what extent the effect is stratified 

over different subgroups of the population. 

Finally, we follow a similar empirical approach to analyse changes in cohort 

composition directly. In that case the outcome variable is the probability of a mother being 

in a given age or smoking status group while the main explanatory variable is not 

interacted with gender, since we assume that babies’ gender is assigned randomly and 

should not affect the cohort composition of mothers. Even though studies have shown that 

the secondary sex-ratios can be affected by maternal conditions (e.g. Almond et al., 2010; 

Nilsson, 2017), it seems plausible that in the 20th century Dutch setting the business cycle 

fluctuations are comparatively mild shocks that are not likely to cause actual foetal deaths. 

2.5. EMPIRICAL RESULTS 

2.5.1. PROVINCIAL UNEMPLOYMENT AND FERTILITY DECISION 

Our theoretical predictions suggest that, in the Dutch setting, the direction of the 

change in fertility during economic downturns is ambiguous. Since Lifelines does not cover 

the whole population, we cannot analyse birth rates with our data. Nevertheless, in Table 

2.2, we use population data from Statistics Netherlands that are available for the period 
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between 1959 and 1994, to show the effect of provincial unemployment levels on birth 

rates. The table contains OLS coefficients for a regression of provincial birth rate on 

provincial unemployment levels. Column 1 provides the results without any covariates, 

column 2 includes a linear time trend to account for decreasing fertility over time, column 

3 includes both time trend, and province fixed effects. The results in columns 1, 2 and 3 

show that when provincial unemployment levels increase by 1 percentage point (p.p.) the 

provincial birth rate in the Netherlands decreases by respectively 0.72, 0.35 and 0.39 births 

per 1000 population. This effect is highly significant. 

Table 2.2. Provincial unemployment and birth rate 
 

Next, we focus on whether the decreasing fertility changes the cohort composition of 

mothers. For this purpose, we use the information available in the Lifelines about 

respondent’s mother, that is – mother’s age and smoking behaviour during pregnancy. 

Table 2.3 shows the linear probability model results. We regress dummy variables 

indicating the mother’s age or smoking status on provincial unemployment level and 

province and year fixed effects. The first three rows of Table 2.3 show the effect of 

provincial unemployment level on the probability of the mother being in a given age group. 

The effect is insignificant in all three age groups indicating that mother’s age composition 

does not vary with the business cycle. The fourth row of Table 2.3 shows the effect of 

provincial unemployment on the probability that the mother smoked during pregnancy. 

  (1) (2) (3) 

Provincial unemployment -0.718*** -0.348*** -0.390*** 

 0.064 0.050 0.038 

    

Observations 622 622 622 

R-squared 0.354 0.696 0.790 

Linear time trend No Yes Yes 

Province FE No No Yes 

Note: OLS coefficients. Standard errors clustered at the province level are reported  in italics 
under the coefficients. P-values are calculated from t-tests based on a t distribution with 9 
degrees of freedom  (*** p<0.01, ** p<0.05, * p<0.1). The dependent variable is the number of 
live births in a given province per 1,000 average population. Data source: Statistics Netherlands 
(www.cbs.nl)  
 

http://www.cbs.nl/


Chapter 2 
 

Page | 28 

The effect is negative and significant at 5% level. If the unemployment level increases by 1 

p.p., the probability that the mother smoked during pregnancy decreases by 0.7 p.p. 

Table 2.3: Cohort composition by mothers’ characteristics 

 Dependent variables 
Effect of 

provincial 
unemployment 

level 

Standard 
error 

Observations 
IK degrees of 

freedom, 
unemployment 

 Mothers' characteristics 

(1) Age <25 -0.00171 0.00295 54,306 6.5 

(2) Age 25-35 0.000169 0.00235 54,306 6.5 

(3) Age >35 0.00154 0.00206 54,306 6.5 

      

(4) Smoked during pregnancy -0.00747** 0.00276 54,334 6.5 

      

 Detailed smoking     

(5) Never smoked 0.0170*** 0.00281 54,334 6.5 

(6) Stopped before pregnancy -0.00198 0.00124 54,334 6.5 

(7) Decreased/stopped during -0.00435 0.00293 54,334 6.5 

(8) Smoked as before -0.00311* 0.00143 54,334 6.5 

Note: Linear probability model regression results. CR2VE standard errors are clustered at the 
province level. The Imbens Kolesar degrees of freedom used in the t-tests for the key variables are 
reported in the last column (*** p<0.01, **p<0.05, * p<0.1). The specification includes birth year 
and province fixed effects. 

 

In rows 5-8 we unpack this effect by looking in more detail at the probabilities that 

the mother had never smoked before pregnancy, that she stopped before becoming 

pregnant, that she decreased smoking or stopped during pregnancy and that she continued 

smoking as before. The results show that the decrease in smoking is driven by a significant 

increase in the group that had never smoked before pregnancy and a corresponding 

decrease in the group that continued smoking as before. This result suggests that instead 

of mothers changing behaviour in response to a decrease in income, it is the type of 

mothers who choose to get pregnant during periods of high unemployment that differs 

from those who have children when unemployment is low.  

Smoking in general and especially smoking during pregnancy has been found to 

correlate with low SES (see, for example, reviews in Cutler and Glaeser, 2005; or Cutler and 
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Lleras-Muney, 2006). Since we cannot control for SES directly, it is likely that our smoking 

variable also partially captures differences in SES. In that case, these results are in line with 

our theoretical prediction that low SES mothers would reduce their fertility more than high 

SES mothers during economic downturns leading to an “improved” cohort composition. 

Moreover, this result is also in agreement with the previous literature that attribute a part 

of the positive effect of economic downturns on babies’ health to changes in the type of 

mothers that give birth during recessions. In the following section we explore whether 

these improvements in the cohort composition lead to better health outcomes of the babies 

born during economic downturns. 

2.5.2. PROVINCIAL UNEMPLOYMENT AND BABIES’ HEALTH 

In this section, we investigate how provincial unemployment affects the birthweight 

of babies. Our main estimation results are displayed in Table 2.4. The first column provides 

the OLS estimate of the empirical model in equation (2.1). The first column reveals that 

provincial unemployment  level  has a  statistically  significant  negative  effect  on  

birthweight   in  male babies. The result is significant at a 10% level. The effect in female 

babies has a negative coefficient, as expected, but is not statistically significant.2 

In the second column we consider whether an increase in unemployment leads to 

an increase in the probability of being born with low birthweight (below 2500 grams). 

While the sign of the coefficients is in the expected direction (i.e., positive), we find that 

higher unemployment levels are not associated with significantly increased probability of 

having clinically defined low birthweight in neither male or female babies. This indicates, 

that on average, the effect of unemployment level on birthweight is too small to cause 

medical issues for babies born in economic downturns. 

Returning to Table 2.4, in columns 3 and 4 we enrich the model by controlling for 

mother’s age at the time of birth. The results show that the age at which a mother gives 

birth has a significant effect on birthweight and on the probability of low birthweight. 

Interestingly, while older mothers on average have babies with higher birthweight, the 

probability of having a baby with low birthweight increases for older mothers. Naturally, 

                                                        
2 Estimating the impact of provincial unemployment without stratifying by gender provides no significant results 
(available on request). 
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Table 2.4: Birthweight and provincial unemployment level, effect by gender 

  (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES 
Birth-
weight 

Low 
birth-

weight 
Birth-
weight 

Low 
birth-

weight 
Birth-
weight 

Low 
birth-

weight 
Birth-
weight 

Low 
birth-

weight 

              
  

Male* unemp-
loyment -5.918* 0.002 -5.682 0.002 -7.579** 0.002 -7.126* 0.002 

 2.856 0.001 3.045 0.001 2.869 0.001 2.959 0.001 

Female* 
unemp-
loyment -3.641 0.002 -3.585 0.002 -5.158 0.002 -4.904 0.002 

 2.726 0.001 2.740 0.001 2.719 0.001 2.680 0.001 

Male 203.3*** -0.011* 202.1*** -0.010* 201.2*** -0.011* 200.2*** -0.01* 

 13.25 0.005 13.51 0.004 12.68 0.005 12.88 0.004 

Age of mother 
25-35   68.82*** -0.009***   60.55*** -0.007*** 

   7.180 0.002   6.646 0.002 

Age of mother 
35+   97.47*** 0.007**   83.07*** 0.01*** 

   10.83 0.002   10.72 0.002 

Mother 
smoked     -108.2*** 0.020*** -99.27*** 0.02*** 

     8.524 0.0029 8.194 0.003 

Observations 54,853 54,853 54,306 54,306 54,334 54,334 54,334 54,334 

 
Imbens-Kolesar (IK) data-determined 
degrees of freedom:  

 

male*unemp-
loyment 
 6.7 6.7 6.7 6.7 6.8 6.8 6.7 6.7 

female* 
unemp-
loyment 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 

Note: OLS regression results. CR2VE standard errors clustered at the province level are reported in italics under 
the coefficients. The Imbens Kolesar degrees of freedom used in the t-tests for the key variables are reported at 
the bottom of the table (*** p<0.01, **p<0.05, * p<0.1). The reference group for age of mother is mothers 
younger than 25. The specification includes birth year and province fixed effects. 
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the impact of maternal age on birthweight may reflect both biological and socio-economic 

factors – an issue that we do not pursue in this paper. Even though controlling for the age 

of the mother does not change the sign and the size of the effect of unemployment on 

birthweight or the incidence of low birthweight, the coefficients become insignificant. In 

the following sections we will investigate whether the loss of significance happened 

because of a lack of statistical power or because maternal age is correlated to the 

unemployment levels. 

Another potential mechanism driving the relationship between unemployment 

and babies’ health is changes in health-related behaviour. In this regard, Currie et al. 

(2009), amongst others, show that smoking during pregnancy increases the probability of 

low birthweight. In the previous section we discovered that the proportion of mothers who 

smoke decreases during periods of high unemployment. In columns 5 and 6 we explore 

how controlling for maternal smoking during pregnancy influences the effect of 

unemployment on birthweight. As expected, we find that smoking during pregnancy has a 

large and statistically significant negative effect on babies’ health – lowering birthweight 

and elevating the probability of low birthweight. Also, controlling for smoking status 

increases the coefficient and significance of the effect of provincial unemployment on 

birthweight of male babies.  

Finally, in columns 7 and 8 we include both, mother’s age and smoking status in 

the regressions. Controlling for mother’s age slightly reduces the coefficients of 

unemployment compared to columns 5 and 6. Nevertheless, the effect of unemployment 

on birthweight in males remains significant at a 10% level.  

To sum up, in our sample economic downturns on average have a negative effect 

on male babies’ health and no effect on female babies’ health, which differs from the recent 

literature that found a positive effect in selected developed countries. Moreover, the size 

of the negative effect in male babies is too small to cause clinically low birthweight with all 

the medical consequences of it. 

The next section discusses the heterogeneity in our results. In particular, we allow 

the effects of unemployment to depend on maternal age and mothers’ smoking behaviour 

during pregnancy to identify any vulnerable groups.  
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2.5.3. MATERNAL AGE AND SMOKING BEHAVIOUR 

In Table 2.5 we observe the heterogeneity revealed by the interaction between the 

age of the mother and the unemployment level at birth. Columns 1 and 2 show the results 

in the whole sample. First, we observe that, compared to Table 2.4, the effect of mothers’ 

age on birthweight has increased. Second, for babies born to mothers under the age 25 (the 

reference category) unemployment has no effect on birthweight, while for babies born to 

older mothers, unemployment has a significant negative effect on birthweight and this 

effect increases with mother’s age. Moreover, for boys born to a mother aged 25-35, 

unemployment significantly increases the probability of having clinically low birthweight. 

In columns 3 to 6 we split the sample by gender. The results show that the effect of 

unemployment on birthweight is the most pronounced in boys born to older mothers, 

while in girls the effect is statistically insignificant. 

In Table 2.6, we explore the heterogeneity in the effect of unemployment on 

birthweight revealed by including an interaction term between unemployment and 

maternal smoking in the regression. Columns 1 and 2 show the results for the whole 

sample. Even though mother’s smoking and provincial unemployment both have a 

significant negative effect on birthweight, for babies born to smoking mothers, 

unemployment has additional negative effect on health. In columns 3 to 6 we again split 

the sample by gender. The results show that the effect of unemployment on birthweight 

does not statistically differ between boys and girls born to smoking mothers. However, 

controlling for smoking and the interaction terms reveals that high unemployment levels 

increase the probability of clinically low birthweight in boys born to non-smoking mothers 

and even more in boys born to smoking mothers. 
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Table 2.5: Birthweight and provincial unemployment level, nonlinearities by 

mother’s age 

  (1) (2) (3) (4) (5) (6) 

 All Males Females 

VARIABLES 
Birth-
weight 

Low birth- 
weight 

Birth-
weight 

Low birth- 
weight 

Birth-
weight 

Low birth- 
weight 

       
Unemployment -0.0372 0.0009 0.256 0.0033* -0.764 -0.0004 

 2.869 0.0015 13.01 0.0015 7.070 0.0019 
Age of mother  
25-35 * 
unemployment -5.309** 0.0015** -9.174* 0.0017* -3.196 0.0014* 

 1.372 0.0005 4.348 0.0008 2.598 0.0006 
Age of mother  
35+ * 
unemployment -9.233** 0.0012 -24.74** 0.0025 -1.347 0.0006 

 2.268 0.0007 7.215 0.0017 3.535 0.0014 

Male 192.3*** -0.0122     

 8.639 0.0019     
Age of mother  
25-35 93.20*** -0.0155*** 115.9*** -0.0125** 80.49*** -0.0172*** 

 12.31 0.0033 21.09 0.0041 12.45 0.0041 
Age of mother  
35+ 137.5*** 0.0016 273.3*** -0.0143 68.33*** 0.009 

 17.75 0.0035 40.65 0.0164 13.56 0.0097 

       

Observations 54,306 54,306 19,354 19,354 34,952 34,952 

IK degrees of freedom: 

unemployment 6.7 6.7 6.8 6.8 6.7 6.7 
Age of mother 25-
35* 
unemployment 4.7 4.7 4.7 4.7 4.8 4.8 
Age of mother 
35+* 
unemployment 4.9 4.9 4.8 4.8 4.9 4.9 

Note: OLS regression results. CR2VE standard errors clustered at the province level are reported in italics under 
the coefficients. The Imbens Kolesar degrees of freedom used in the t-tests for the key variables are reported at 
the bottom of the table (*** p<0.01, **p<0.05, * p<0.1). The reference group for age of mother is mothers 
younger than 25. The specification includes birth year and province fixed effects. 
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Table 2.6: Birthweight and provincial unemployment level, nonlinearities by 
mother’s smoking behaviour 

  (1) (2) (3) (4) (5) (6) 

 All Males Females 

VARIABLES 
Birth-
weight 

Low birth-
weight 

Birth-
weight  

Low birth-
weight  

Birth-
weight  

Low birth-
weight  

       
Unemployment -5.321 0.0022 -10.46 0.0052*** -3.040 0.0007 

 2.920 0.00137 7.634 0.0014 5.900 0.0016 

Mother smoked* 
unemp 

-6.819** 0.001 -7.536** 0.0013* -6.497* 0.0007 

 1.664 0.0006 2.010 0.0005 2.553 0.0008 

Male 189.7*** -0.0119***     

 8.666 0.002     

Mother smoked -74.50*** 0.0153*** -65.87* 0.0057 -80.09*** 0.0206*** 

 11.32 0.0029 30.64 0.0079 13.86 0.0032 

       

Observations 54,306 54,306 19,354 19,354 34,952 34,952 

IK degrees of freedom: 

Unemployment 6.5 6.5 6.6 6.6 6.5 6.5 

Mother smoked* 
unemp 

4.6 4.6 4.5 4.5 4.6 4.6 

Note: OLS regression results. CR2VE standard errors clustered at the province level are reported in italics under 
the coefficients. The Imbens Kolesar degrees of freedom used in the t-tests for the key variables are reported at 
the bottom of the table (*** p<0.01, **p<0.05, * p<0.1). The specification includes birth year and province fixed 
effects. 

 

2.6. CONCLUSIONS 

In this paper, we revisit the relationship between the business cycle and babies’ 

health using Lifelines – a large cohort study and biobank from the northern Netherlands. 

Our results show that in periods of high unemployment, health of male babies and fertility 

of mothers decrease. On average, the size of the effect we find is small and it causes 

birthweight fluctuations within the normal range. That is, if the unemployment rate 

increases by, say, 5 percentage points, male birthweight declines by about 30 grams. 
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Accordingly, an increase in the unemployment level on average does not lead to an increase 

in the probability of clinically low birthweight, which would cause a number of medical 

issues. In that sense, it seems that the generous Dutch unemployment benefits protect the 

health of the babies. Nevertheless, the sub-sample analysis reveals that in some population 

groups the negative effects are large enough to cause medical problems. Particularly, boys 

born to older women and to smoking women are at risk for low birthweight when 

unemployment levels are high at the time of birth. If the policy objective is to improve birth 

outcomes, these results clearly point to the groups that deserve particular attention during 

economic hardship. 

Considering selection into pregnancy, we find evidence that fertility decreases 

when unemployment is high. This is in line with the prediction that, given the low female 

labour participation, increases in unemployment levels do not affect women’s wages and 

time value and therefore only the decrease in income plays a role in the fertility decision. 

We also find suggestive evidence that the less healthy, and likely more credit-constrained 

population groups decrease the fertility more when unemployment is high. 

In sum, we establish that even though the mothers who give birth during 

recessions are healthier and possibly have higher SES, the negative income and 

environmental effects on babies’ health outweigh the positive selection effects and the 

overall impact of economic downturns on babies’ health is negative in the Netherlands.  
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CHAPTER 3 

3. ECONOMIC CONDITIONS AT BIRTH AND CARDIOVASCULAR 

DISEASE RISK IN ADULTHOOD: EVIDENCE FROM POST-1950 

COHORTS3 

3.1. INTRODUCTION 

An expanding body of literature has documented negative effects of adverse 

economic conditions around the time of birth on a range of late-life mortality and morbidity 

outcomes (see, for instance, Doblhammer et al., 2013; van den Berg et al., 2006, 2009, 2011, 

2013; Lindeboom et al., 2010). Insights from various fields have led to the formulation of 

fetal programming hypothesis – alternatively referred to as the critical period, biological 

imprint, biological embedding or developmental origins hypothesis – which suggests that 

certain exposures early in life permanently and irreversibly alter the structure and/or 

function of organs, tissues and systems (Rasmussen et al., 2001; Kuh and Hardy, 2002; Kuh 

and Ben-Shlomo, 2004; Case et al., 2005; Wadhwa et al., 2009; Barker, 1995). According to 

this literature, in-utero deprivation is an important source of, amongst others, 

cardiovascular disease (CVD) (Barker, 1995). While in his seminal work, Barker (1995) 

suggests maternal malnutrition as the main mechanism linking economic conditions at 

birth and health outcomes, other authors also highlight the importance of changes in other 

health-related consumption and time use (Deheija and Lleras-Muney, 2004), and stress 

                                                        
3 This chapter is based on Alessie, R., Angelini, V., Mierau, J.O., van den Berg, G., and Viluma, L., 2019. Economic 
conditions at birth and cardiovascular disease risk in adulthood: Evidence from post-1950 cohorts. Social 
Science and Medicine, (forthcoming). 
 
This study benefitted from comments received at CINCH Academy, 2017, RES Junior Symposium, 2017, SOM 
PhD conference, 2017, Healthwise congress, 2016, EuHEA conference, 2016, IBEO workshop, 2016, and 
NIDI/RUG conference, 2015. I thank Tom Wansbeek for his helpful suggestions. 
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(Alessie et al., 2018). In addition, changes in cohort composition may play a role. If low 

socioeconomic status (SES) families postpone fertility during periods economic hardship 

more than high SES families, the average health of  the individuals that are born might even 

improve (Deheija and Lleras-Muney, 2004, Alessie et al., 2018). 

This paper adds to the existing literature by studying the effect of economic 

conditions at the time of birth on cardiovascular health in adulthood in post-1950 cohorts. 

To avoid endogeneity problems with the use of measures of economic conditions in the 

individual household, many studies, including ours, exploit exogenous variation in 

contextual conditions, such as the state of the business cycle at birth, as an indicator of the 

economic conditions that the households face (see, for instance, van den Berg et al., 2006, 

2009, 2011, 2013, Angelini and Mierau, 2014, Cutler et al., 2016, and the overviews in 

Almond and Currie, 2011 and van den Berg and Lindeboom, 2014). This literature focuses 

predominantly on over-all or cause-specific mortality as outcome measures, because 

mortality data is objective, reliable and readily available. However, since mortality is an 

end-state phenomenon, these analyses necessarily examine cohorts born before World 

War II. There are several reasons why the findings from this time frame might not be 

applicable to the current cohorts.  

First, it is possible that the extent to which an economic downturn leads to adverse 

economic conditions within households may be smaller for cohorts born after World War 

II. Western European countries have established social safety nets that include relatively 

generous unemployment benefits and welfare payments for those without work. This 

could mean that the business cycle has become a weaker indicator for economic shocks in 

the household.  

Second, the nature of the effects of economic conditions might have changed. Since 

the social safety nets protect households from sudden income losses and, hence, 

deprivation and malnutrition, other mechanisms become important instead. For instance, 

an economic downturn may increase stress, fear of job loss, or lower opportunity costs of 

pregnancy. The consequences of these exposures might be different from the effects of 

business cycle fluctuations without the social safety nets. 

Third, compared to pre-war birth cohorts, in modern cohorts female labor force 

participation in adulthood tends to be higher. This may alter the effect of business cycle 
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fluctuations in more recent birth cohorts, through increased stress exposure of the 

mothers. In addition, the long-run effects on cohorts of daughters may depend on their own 

exposure to labor market fluctuations later in their life. All this may lead to changes in the 

size of average long-run effects of business cycles across eras. Moreover, the increase in 

the female labor participation suggest possible gender differences in these changes in the 

relationship between the business cycle at birth and adult health in recent cohorts. 

However, the size and direction of the changes remains an empirical question that we 

address in this paper. 

Another reason to expect different effects among men and women is the well-

documented gender differences in effects of the conditions early in life. Biological evidence 

documents gender-differences in fetal sensitivity (Catalano et al., 2005) which may be 

driven by different intra-uterine growth strategies between male and female fetuses (see, 

Eriksson et al., 2010). Focusing on the effects of the business cycle, studies with cohorts 

born a long time ago tend to find smaller over-all effects among women than among men, 

at least in terms of mortality outcomes (see the above references; some studies focus 

mainly or solely on men). However, Yeung et al. (2014) report that effects on CVD mortality 

are stronger among women than among men.  

In sum, the current paper contributes to the literature by studying the gender-

specific effects of the state of the business cycle at birth on cardiovascular disease (CVD) 

risk in adulthood in post-World War II birth cohorts. Since CVD is the leading cause of death 

in Europe and around the world (Nichols et al., 2014), it is essential to understand the 

various causes of CVD over the human lifecycle. Moreover, the early-life conditions 

literature since its inception has shown that early-life conditions are an important 

determinant of CVD (see the above references). Indeed, the fetal programming hypothesis 

(Barker, 1995) was formulated specifically in terms of CVD. As discussed above, since our 

focus is on cohorts born after World War II, the ordinarily used mortality outcomes are not 

suitable for our analysis. Even actual CVD is not very common among individuals from 

these cohorts, as they are still relatively young.  To proceed, we operationalize CVD risk, 

using biomarker data. Biomarkers enable the observation of a quantitative outcome 

variable at ages when mortality and morbidity cannot yet be observed. The fact that 

reliable and consistent biomarkers exist for predicting CVD is an additional advantage of 
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using CVD risk as an outcome. Notice, however, that the literature on the developmental 

origins of late-life health puts CVD in the same range of outcomes as type-2 diabetes, 

mental health and cognitive impairments (see again the above references and, e.g., Lumey 

et al., 2011), suggesting that CVD biomarkers are also informative on the risks of those 

health outcomes. 

The use of biomarker data has an additional advantage. Policy interventions aimed 

at preventing high-age CVD have to rely on predictors of CVD such as the biomarkers we 

examine. If a relation with economic conditions early in life exists then the collection of the 

relevant biomarker data among adults can be targeted to those born under adverse 

conditions. 

The biomarker data we use are collected as part of the Lifelines – a large-scale 

study covering over 75,000 individuals born between 1950 and 1992 (see Scholtens et al., 

2015). The Lifelines baseline interviews and biomarker data collection, on which we base 

our analysis, was performed in the northern part of the Netherlands between 2006 and 

2013. The raw variables (such as blood cholesterol levels and systotic blood pressure) are 

used to compute the so-called Systematic COronary Risk Evaluation (SCORE) index. The 

latter was developed and validated by the European Society of Cardiology to estimate 

gender- and age-specific 10-year absolute risks of a fatal CVD event (see, Conroy et al., 

2003, for a detailed description).  

We use spatial and temporal fluctuations in the unemployment rate (taken from 

Statistics Netherlands) as exogenous indicators of economic conditions early in life. One 

advantage of this measure, as opposed to GDP, is that it is available at the level of a province 

for our full observation window. At the time, the Netherlands had 11 provinces, and most 

individuals in the sample were born in the three that constitute the area from which the 

original sample was drawn in 2013. Combining the biomarker-based SCORE index with 

provincial level unemployment data enables us to analyse the relationship between 

adverse conditions at birth and CVD risk later in life.  

The remainder of the paper is set up as follows. Section 2 describes the data and  

section 3 outlines our empirical strategy. Section 4 presents and discusses our results and 

the final section concludes. 
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3.2. DATA 

For the purpose of our analysis we combine individual health data from Lifelines 

with data on regional unemployment from Statistics Netherlands. In what follows we 

describe each in turn and explain the construction of our key variables of interest. 

3.2.1. LIFELINES 

Lifelines is a large population-based cohort study and biobank carried out in the 

northern part of the Netherlands that was established as a resource for research on 

complex interactions between environment, phenotypic and genomic factors in the 

development of chronic diseases and healthy ageing. The study adopted three recruitment 

strategies: recruitment of an index population, aged 25 to 49, via general practitioners 

(GP), subsequent inclusion of their family members, and online self-registration. Patients 

who were unable to read Dutch or who had limited life expectancy due to severe illness 

were excluded by the GP and not invited for participation. The participants visited one of 

the Lifelines research sites for a physical examination. Also, blood and urine samples were 

collected, and participants completed extensive questionnaires. The baseline data were 

collected for 167,729 participants, aged from 6 months to 93 years. Controlling for 

differences in the demographic composition, the Lifelines adult study population is broadly 

representative for the adult population of the northern Netherlands (see Klijs et al., 2015, 

and Scholtens et al., 2015, for a detailed description of the study).  

Furthermore, since we are working with retrospective data to discover the effect of 

the conditions at the time of birth on the current health of the participants, we must 

consider two potential sources of bias. First, we are concerned with survivorship bias 

because we only observe the individuals who have survived till the moment of data 

collection and are in good enough health to participate. The biological programming 

framework predicts that the effect of adverse early life conditions on current health is 

negative. If those who are the most affected, do not survive or are unable to participate, our 

estimates may be biased towards zero. However, the mortality effects of adverse early life 

conditions have been shown to present only late in life – after the age of 65 (van den Berg 

et al., 2011). Since our sample contains only participants younger than 65, survivorship 

bias seem unlikely. Another concern is the possibility of selective abortion – the individuals 
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that have been affected the most by adverse circumstances might not even be born. Such 

effects, if present, could also cause bias towards zero in our estimates. However, in the 

context of the Netherlands after 1950, spontaneous abortions due to fluctuations in the 

business cycle seem implausible. To sum up, survivorship bias and selective abortion are 

unlikely issues in our dataset, but in case they are present, our estimates could be 

considered as conservative or as the lower bound of the true effect. 

For the purposes of this paper, Lifelines supplies us with a sample of 95,422 

individuals born between 1950 and 1992.4 For our analysis, we select only individuals born 

in the Netherlands, which reduces the sample size to 80,820. Further, we exclude any 

observations that do not contain all of the information necessary to calculate our main 

outcome variable (the CVD risk SCORE) such as smoking status, age, gender, total 

cholesterol and blood pressure. Our final sample consists of 76,566 individuals. 

By linking the Lifelines data to birth certificate data from the Municipal Personal 

Records Database (in Dutch: Gemeentelijk Basisadministratie), we obtain information on 

Table 3.1: Sample size per province 

Province Frequency Percent 

Friesland 27,864 36.39 

Groningen 22,112 28.88 

Drenthe 13,757 17.97 

Zuid-Holland 2,955 3.86 

Noord-Holland 2,788 3.64 

Overijssel 2,684 3.51 

Gelderland 1,775 2.32 

Utrecht 1,045 1.36 

Noord-Brabant 899 1.17 

Limburg 350 0.46 

Zeeland 182 0.24 

Flevoland 155 0.2 

Total 76,566 100 

                                                        
4 Lifelines also contains respondents born before 1950 and after 1992. For the former, however, we do not have 
regional unemployment data, while the latter were administered a different survey due to their age. We are using 
the Lifelines Baseline sample for ages 18 to 63 (release 201303, made available in 2014). 
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the province of birth of each sample member. Owing to the high quality of both data 

sources, no observations are lost in the matching process. While Lifelines contains 

individuals born all over the Netherlands, births from the three northern provinces are 

naturally overrepresented. Table 3.1 presents the sample sizes per province. 

For our purpose, the most important feature of the Lifelines cohort study is that it 

includes biomarkers concerning cardiovascular disease (CVD) risk, which we can use to 

construct the Systematic COronary Risk Evaluation (SCORE) index. The SCORE index was 

developed and validated by the European Society of Cardiology to estimate the 10-year risk 

of a fatal CVD event. The European Society of Cardiology recommends using SCORE system 

for assessing individuals’ CVD risk in clinical practice in European countries (Pieopoli et 

al., 2016). In contrast to an actual fatal CVD event (e.g., a major heart attack), the advantage 

of a surrogate endpoint such as the SCORE index is that we are able to consider relatively 

younger individuals who are more representative of current cohorts. 

The SCORE index is constructed according to an algorithm (see the Appendix and 

Conroy et al., 2003) that uses age, gender, smoking status, blood cholesterol levels and 

blood pressure as inputs to estimate the 10-year absolute risk of a fatal CVD event. We can 

draw all the constituent parts of the SCORE index from the Lifelines data and are, therefore, 

able to associate the CVD risk to each individual in our sample. A detailed overview of the 

CVD risk and in its distribution is contained in Table 3.2 as well as Figure 3.1. Both the table 

and the figure highlight that CVD risk exhibits a strong gender specific pattern. Moreover, 

we note that CVD risk is strongly skewed, with most individuals displaying limited CVD risk 

– an issue that we address in the analysis of our results. 

In addition, to tentatively assess selection effects we exploit the fact that Lifelines 

contains some socioeconomic indicators of the family into which the individual was born, 

albeit the information is limited. In this respect we use the age of the respondent’s mother 

when he/she was born and whether or not she was smoking during the pregnancy. Both 

indicators have been shown to have a strong relationship with a family’s socioeconomic 

status5  – with families from lower socioeconomic groups tending to have children earlier 

and being more likely to smoke (Cutler and Glaeser, 2005; Cutler and Lleras-Muney, 2006). 

                                                        
5 Naturally, the impact of these indicators need not only run through the socioeconomic status of the parents but 
may also have direct effects in their own right. Smoking during pregnancy in particular has been associated to a 
plethora of adverse health outcomes for babies. 
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The summary statistics of these and our other variables of interest are provided in Table 

3.3. 

Table 3.2: Detailed descriptive statistics for CVD risk score (%) 

  All Males Females 

Percentiles    

1%      1.07*10-4 0.003      7.15*10-5 

25% 0.035 0.376 0.015 

50% 0.174 0.478 0.085 

75% 0.582 1.075 0.268 

99% 3.604 4.765 1.908 

Observations 76566 31411 45155 

Mean 0.470 0.809 0.235 

Std. Dev. 0.778 1.025 0.399 

Skewness 3.995 3.073 3.758 

Kurtosis 30.29 19.13 24.70 

Figure 3.1: Histograms of absolute 10-year risk of fatal cardiovascular disease 

event for men and women. 
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Table 3.3: Descriptive statistics  

Variable Observations Mean Std. Dev. Min Max 

Provincial unemployment rate (%) 76566 4.620 3.031 0.500 13.80 

Male 76566 0.410 0.492 0 1 

Age at the first visit 76566 42.42 9.526 20.00 63.04 

Birth year 76566 1968 9.562 1950 1992 

CVD risk score (%) 76566 0.470 0.778 0 14.12 

 

3.2.2. UNEMPLOYMENT DATA 

 We proxy the early life conditions by using provincial unemployment data from 

Statistics Netherlands. The unemployment rate provides us with a contextual variable that 

serves as a proxy of the socioeconomic conditions under which the individual was born 

without suffering from the endogeneity of individual level socioeconomic indicators. 

Provincial level unemployment data are available from 1950 onward, which creates the 

lower bound for the birth year in the data. We display the development of unemployment 

between 1950 and 1992 in Figure 3.2. 

Figure 3.2: Provincial unemployment level in the Netherlands, 1950-1992 

 

Source: Statistics Netherlands (www.cbs.nl) 
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During our sample period, the Netherlands went through all phases of the business cycle 

multiple times. After World War II, the Netherlands enjoyed a period of substantial 

economic growth with low associated unemployment rates. At the end of the 1970s and 

for much of the early 1980s, the Netherlands were hit by a strong recession due to the 

second oil crisis. This recession was particularly strong in the northern Netherlands where 

unemployment peaked at well over 10% at the height of the recession. In the early 1990s 

alongside the world-wide economic boom, unemployment rates dropped significantly all 

over the country. While the data display a clear common trend among the provinces, we 

also observe substantial differences in both levels and trends of unemployment between 

the provinces. Implying that province-level unemployment data provides us with 

additional variation from which to identify our relationship of interest. 

3.3. METHODS 

 Our main interest lies in the relationship between unemployment in the birth year 

and CVD risk later in life. To this end, we start with a simple linear specification with CVD 

risk as the outcome variable and the provincial unemployment level in the birth year as 

main explanatory variable. To account for the structure of the data, we also include a birth 

year and a province fixed effect. We allow the effect of unemployment at birth to be gender 

specific to account for potential gender differences in the relationship between early-life 

conditions and health later in life. 

Beyond a direct impact on the SCORE index, age can act as a risk factor or as modifier 

of the other risk factors – the levels of cholesterol and blood pressure increase with age 

and increase earlier in life in men than in women. Since we already account for birth year 

fixed effects in the model, there is a risk of multicollinearity if we include also age in the 

model. However, since the Lifelines data were gathered over a 7-year period (2006-2013), 

sample members with identical ages can have a variety of different birth years.  

Since it is well known in the econometrics that the effects of age on health are highly 

non-linear, it is important to allow for this non-linearity in the model. Commonly it is done 

by including a polynomial of age or dummy variables for age categories. However, the 

coefficients of a polynomial are difficult to interpret while categorizing age omits a lot of 

available information. An approach that does not have these problems is using a series of 
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linear splines, joined at “knot points”, to model the effects of age. We control for age in the 

model by including linear splines with knots at 30, 40, 50 and 60 years. This means that we 

allow different linear slopes for age from 20 to 30 years, 30 to 40, 40 to 50, 50 to 60 and 

beyond 60 years of age.  

To sum up, we estimate the following specification: 

𝐶𝑉𝐷𝑖𝑝𝑡 = 𝛼 + 𝛽1𝑢𝑝𝑡 ∗ 𝑚𝑖 + 𝛽2𝑢𝑝𝑡 ∗ 𝑓𝑖 + 𝛽3𝑚𝑖 + ∑ 𝛽4
𝐾
𝑘=1 𝑠𝑖𝑝𝑡 + 𝜃𝑡 + 𝜌𝑝 + 휀𝑖𝑝𝑡 (3.1) 

where  𝐶𝑉𝐷𝑖𝑝𝑡  denotes ten-year fatal CVD event risk for individual i born in province p in 

year t; upt is the unemployment rate in province p and birth year t, mi is a dummy variable 

taking value 1 if male and 0 if female, while fi takes the opposite value; sipt stands for a linear 

spline with K knots in age of the individual i born in province p and year t; ρp is a province 

fixed effect, and θt is a year-of-birth fixed effect. We estimate the specification in (1) by 

ordinary least squares (OLS). 

Since we are interested in the gender specific effects of unemployment at birth, we 

have included two interaction terms in the specification – one that interacts unemployment 

level with a dummy that takes value 1 if the individual is male and 0 if female and one that 

in interacts unemployment level with a dummy that takes value 1 if the individual is female 

and 0 if male. Accordingly, to avoid multicollinearity, we do not include the “main” effect of 

unemployment in the model. This approach allows us to interpret our main parameters of 

interest, 𝛽1 and 𝛽2, directly. 𝛽1 represents the marginal effect of unemployment at birth in 

males while 𝛽2 represents the effect in females.   

Since our main explanatory variable – the unemployment level – is measured at the 

province level, the error terms are likely to be correlated within provinces. Therefore, 

cluster-robust standard errors are required for statistical inference. The province fixed 

effects partially control for the within-province correlation, but perhaps not completely. In 

addition, since there are only 12 provinces  in the Netherlands, the number of clusters is 

small (due to the small sample sizes, the three provinces with smallest number of 

observations – Limburg, Flevoland and Zeeland – were grouped together so effectively we 

have 10 clusters) which means that the estimated variance matrix of the OLS estimator is 

likely to be downwards biased (Cameron and Miller, 2015). Therefore, we apply the bias-

correction of Bell and McCaffrey (2002), which was named CR2VE by Cameron and Miller 

(2015, p.342 and p. 346), to the standard cluster-robust variance estimates. CR2VE 
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correction implies scaling the province specific vector of residuals �̂�𝑝 so that �̃�𝑝 =

 (𝐼𝑁𝑝 − 𝐻𝑝𝑝)
−0.5

 �̂�𝑝 , where 𝐻𝑝𝑝 = 𝑋𝑝(𝑋′𝑋)−1𝑋′𝑝  with 𝑋𝑝 being an 𝑁𝑝 × 𝐾 matrix, where 𝐾 

is the number of variables included in the model, and 𝑁𝑝 is the size of the sample in 

province 𝑝. Stacking 𝑋𝑝 over 𝑃 provinces yields 𝑋. In addition, since the number of 

observations varies considerably across provinces, the effective number of clusters is 

reduced even further (Imbens and Kolesar, 2016). To address the unbalanced cluster sizes, 

we base the Wald tests on a 𝑡(𝜈∗)-distribution where the degrees of freedom 𝜈∗are 

determined by the data as proposed by Imbens and Kolesar (2016). According to a Monte 

Carlo study performed by Cameron and Miller (2015), the null hypothesis is rejected too 

often if we use the “standard formula” for cluster robust standard errors when the number 

of clusters is small. However, the use of CR2VE residual and of the data-determined degrees 

of freedom leads to a considerable improvement in inference. That is, the actual size of the 

t-test (the probability of Type I error given the sample size) is close to the nominal size of 

the test (the desired significance level 𝛼). 

3.4. RESULTS 

 We present our main estimation results in Table 3.4. Column 1 contains the OLS 

estimate of the model specified in Equation (3.1) with the cluster robust standard errors 

determined as outlined above. The results suggest that while the impact of unemployment 

on women’s CVD risk is significant at the 1% level – even after taking into account the 

CR2VE standard errors – the impact on men does not differ significantly from zero.6 More 

precisely, for women a 1 percentage point increase in the provincial unemployment level 

leads to a 0.02 percentage point increase in the risk of experiencing a fatal CVD event in the 

coming 10 years. While this effect may seem relatively small, comparing it to the effect of 

ageing indicates that, for instance, for a 45-year-old woman born when the unemployment 

rate was elevated by 1 percentage point, the CVD risk is equivalent to that of an identical 

woman who is 6 months older but born when the unemployment rate was not elevated. 

                                                        
6 Regardless of the early-life conditions, men do have a higher CVD risk than women, as is reflected by the 
substantial point estimate of the gender dummy. 
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Table 3.4: CVD risk and unemployment level at birth by gender. 

  (1) (2) 
 SCORE SCORE 

  CVD death risk % CVD death risk % 
 

  

female x unemp 0.021*** 0.021*** 
 0.002 0.002 

male x unemp -0.006 -0.006 
 0.013 0.013 

Male 0.679*** 0.681*** 
 0.058 0.057 

Age of mother at birth  -3.5*10-4 

  0.001 

Mother smoked during pregnancy  0.034*** 

  0.006 

Linear spline in age YES YES 

Province fixed effects YES YES 

Birth year fixed effects YES YES 

   

Observations 76,566 76,566 

IK degrees of freedom:  

   female x unemp 6.8 6.8 

   male x unemp 6.9 6.9 

   

Test male*unemp - female*unemp *** *** 

Note: OLS regression results. CR2VE standard errors clustered at the province level are reported in 
italics under the coefficients. The Imbens-Kolesar degrees of freedom used in the t-tests for the key 
variables are reported at the bottom of the table (*** signifies p<0.01, ** signifies p<0.05, and * 
signifies p<0.1). 
 

In addition to the biological programming, the impact of early-life conditions on 

later life outcomes may be due to selection effects. While Lifelines does not include 

information about the individual socioeconomic conditions into which a child was born, 

we do have knowledge of the age of the respondent’s mother when he/she was born and 

whether or not she was smoking. Both indicators have been shown to have a strong 

relationship with a family’s socioeconomic status (SES) – with family’s from lower 

socioeconomic groups tending to have children earlier and being more likely to smoke. 

Even though these variables cannot control for all the variation in parental SES, if parental 



Chapter 3 
 

Page | 50 

SES explains the relationship between unemployment level at birth and CVD risk, we will 

observe a change in the coefficients of unemployment when we include these available 

parental characteristics in the model. Therefore, we add the two indicators to our main 

specification and report the estimation results in column (2) of Table 4. The results indicate 

that while age of the mother is not associated with elevated CVD risk, being born to a 

mother who smoked is strongly associated to heightened CVD risk later in life. However, 

after accounting for these two variables, the magnitude of the impact of unemployment at 

birth on CVD risk later in life is essentially unaffected. This result leads us to believe that 

selection effects do not rationalize our results. This is also in line with other literature on 

long-term health effects of conditions at birth that finds that the composition of new-borns 

does not vary systematically over the business cycle (see e.g. Kåreholt, 2001; van den Berg 

et al. 2009 and 2011, and an overview in Van den Berg and Modin, 2013). 

We have performed a range of sensitivity analyses to verify whether the results are 

robust with respect to aspects of the model specification (results available upon request). 

In general, the key results are not qualitatively affected by modifications of the 

specification; that is, sign and significance remain preserved. For example, the results are 

robust to adding other biomarkers from blood samples to the SCORE index (such as glucose 

levels and inflammation markers). Results by subintervals of the birth-year window 

suggest that the effects for females are somewhat stronger for more recent birth cohorts 

within our observation window. This points to the importance of female labor force 

participation which started to increase at the national level in the Netherlands only after 

1970. Whether this is connected to increased stress exposure is a topic for further research.  

 One exception to the general robustness is found when birth-year fixed effects in 

the model specification are replaced by a second-degree polynomial in the year of birth. 

Apparently, the polynomial is not able to capture the effects of the major restructuring of 

the economy in the early 1980s, or the combination of a low-degree polynomial and an age 

spline is not sufficiently flexible to fit secular time and age patterns in the data. Also, low-

degree polynomials may be less suitable than birth-year fixed effects if the 

operationalization of the definition of unemployment changes over calendar time or if 

there are institutional changes in the ease with which transitions into out-of-the-labor-

force states such as disability and early retirement can be made. As a final sensitivity 
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analysis, we estimated models for actual CVD occurrence. As expected, due to the low 

occurrence of CVD, none of the estimated effects is significantly different from zero. The 

signs of the effects are in line with our results. 

3.5. CONCLUSIONS 

 We find that women exposed to unfavorable business-cycle conditions at birth are 

at an increased risk for fatal CVD events in adult life, among relatively young cohorts of 

women born after World War II. We interpret this as evidence that unfavorable conditions 

in the household at birth cause an elevated CVD risk in adult women. The fact that studies 

using data from much earlier birth cohorts did not unambiguously find strong evidence for 

such an effect among women may reflect a gradual increase in the size of this causal effect 

over the past century. This is supported by the finding that the effect is stronger among 

females born later in our observation window.  

For men, CVD risk, on average, is unaffected by early-life exposure to recessions. As 

explained in the paper, this does not necessarily entail that causal effects of adverse 

economic conditions at the individual level are absent. Instead, the business cycle might 

not be capturing fluctuations in economic conditions well, due to improving social safety 

nets over the 20th century.  

There are several possible explanations for the gradual increase in the causal effect 

in women, and the gender differences in general. First, this gradual increase in women 

coincides with the increase in female labor force participation, so it is easy to perceive that 

these two trends might be related and that the effects of exposure in utero might be 

intensified by the stress of labor participation later in life. Second, compared to pre-war 

cohorts, smoking and obesity has increased among women from post-war cohorts. There 

is a consensus in the medical literature that at younger ages (under 50) smoking and type 

2 diabetes increases CVD risk in women significantly more than in men (Maas and 

Appelman, 2010). These risk factors might also magnify the effects of the early life 

conditions leading to larger and increasing effects in women under the age of 64. However, 

whether any of these explanations are true remains a topic for further research. 

To conclude, relatively recent birth cohorts are potentially more representative of 

current and future cohorts. And the usage of biomarkers allows us to detect elevated health 
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risks well before health events occur. Taken together, this means that the results point at 

increased risks of actual CVD in the near future for women born when unemployment was 

high. 

 

 

APPENDIX: CALCULATING 10-YEAR RISK ESTIMATES FOR FATAL CARDIOVASCULAR 

DISEASE (SCORE)  

(Conroy et al., 2003)  
 
Step 1: Calculate the underlying risks for coronary heart disease and for non-coronary 

cardiovascular disease separately for the person's age now and for their age in ten years’ 

time, using the values for α and p shown in Table A1. The underlying survival probability, 

S0, is given by:  

S0(age) = exp { - (exp(α))(age-20)p} 

S0(age+10) = exp { - (exp(α))(age-10)p}       

 
Table A1: Coefficients for Step 1  

  CHD NON-CHD CVD 
  α p α p 
LOW RISK Men −22.1 4.71 −26.7 5.64 
 Women −29.8 6.36 −31.0 6.62 
HIGH RISK Men −21.0 4.62 −25.7 5.47 
 Women −28.7 6.23 −30.0 6.42 

 

Step 2: Using the coefficients in Table A2, calculate the weighted sum, w, of the risk 

factors cholesterol, smoking and systolic blood pressure. Two weighted sums will have to 

be calculated, one for coronary heart disease and one for non-coronary cardiovascular 

disease. Smoking is coded as 1 for current and 0 for non-smoker, so no value for smoking 

has to be entered if the person is a non-smoker. Cholesterol is measured in mmol/L and 

SBP is measured in mmHg. The weighting for each risk factor is denoted by β.  

w = βchol(cholesterol-6) + βSBP(SBP-120) + βsmoker(current)    
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Table A2: Coefficients for Step 2  
 CHD NON-CHD CVD 
CURRENT SMOKER 0.71 0.63 
CHOLESTEROL (MMOL/L) 0.24 0.02 
SYSTOLIC BP (MMHG) 0.018 018 0.022 

 

Step 3: Combine the underlying risks for coronary heart disease and for non-coronary 

cardiovascular disease, at the person's age and at their age ten years from now (four 

calculations) which were calculated in step 1 with the weighted sum of a person's risk 

factors from step 2 for the two end-points, coronary heart disease and non-coronary 

cardiovascular disease, to get the probability of survival at each age for each cause.  

S(age) = {S0(age)}exp(w) 

S(age+10) = {S0(age+10)}exp(w)       

Step 4: For each cause, calculate the 10-year survival probability based on the survival 

probability for the person's current age and their age in 10  years’ time: 

 S10(age) = S(age+10) / S(age)      

Step 5: Calculate the 10 year risk for each end-point as  

Risk10 = 1 – S10(age)         

Step 6: Combine the risks for coronary heart disease and non-coronary cardiovascular 

disease by adding them:  

CVDRisk10(age) = [CHDRisk(age)] + [Non-CHDRisk(age)]    
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CHAPTER 4 

4. DO CESAREAN DELIVERY RATES RISE WHEN THE ECONOMY 

DECLINES? A TEST OF THE ECONOMIC STRESS HYPOTHESIS7  

4.1. INTRODUCTION 

A growing body of research supports the Barker’s hypothesis (Barker, 1995), that 

adverse economic conditions around the time of birth have a negative effect on a variety of 

health outcomes over the lifetime (Alessie et al., 2017, Olafsson, 2016; Dehejia and Lleras-

Muney, 2004; Case et al., 2005; van den Berg et al., 2006, 2009, 2011, 2013; Angelini and 

Mierau, 2014). The studies exploring the mechanisms behind these effects suggest 

malnutrition, changes in cohort composition and health behaviors of the parents as 

potential explanations of the effects (e.g. Dehejia and Lleras-Muney, 2004; van den Berg et 

al., 2006, 2009, 2011). In addition, some recent findings suggest that stress caused by 

economic problems might have direct health effects on pregnant women and fetuses 

(Alessie et al., 2017, Olafsson, 2016, Bruckner et al., 2014). To test this economic stress 

hypothesis, Bruckner et al. (2014) investigate the relationship between business cycles and 

the number of cesarean deliveries (CD) by a time series analysis using data on the monthly 

count of male CD in California from 1989 to 2007 and total state employment. They find 

that male CD increases above its expected value when employment declines, as male 

fetuses are more sensitive to adverse conditions in utero. 

 This paper also examines whether stress caused by economic downturns affects 

the pregnant women severely enough to increase the probability of Cesarean Deliveries 

(CD) for male babies. My paper adds to the findings of Bruckner et al. (2014) and the 

                                                        
7 This study benefitted from comments received from the audiences at the EUHEA conference 2018, iHEA 
conference 2017, and the NIDI/RUG workshop on Socioeconomic differences and health in 2016. I thank Rob 
Alessie, Viola Angelini and Jochen O. Mierau for their helpful input in developing this study. 
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related literature in several ways. 

First, similarly to Bruckner et al. (2014), this paper provides evidence on the 

importance of stress as a transition mechanism between ambient economic conditions 

early in life and health outcomes. The literature provides ample evidence that macro-

economic conditions may prove stressful enough to affect health and behavior. Responses 

to economic downturns include stressful economic (e.g., job loss, difficulty paying bills) and 

noneconomic (e.g., family problems, change of residence) life events. Additionally, 

following economic downturns, mental health and self-reported health, reportedly, 

worsens even among those who do not lose jobs (Ferrie et al., 1995; Vahtera et al., 1997).  

Likewise, reductions in cognitive ability and ability to perform simple daily tasks have been 

observed in individuals facing financial pressures (Andreoni et al, 2017; Mani et al, 2013). 

In sum, this suggests that economic downturns may lead to substantial maternal stress. In 

turn, biologically, feeling stressed may increase corticosteroid production in pregnant 

mothers and this can cause non-reassuring fetal heart rate or “fetal distress” (Owen and 

Matthews, 2003; Matthews et al., 2002). Following obstetric care guidelines, a physician 

who observes fetal distress during pregnancy or labor may decide to perform a CD 

(Bruckner et al., 2014; Hendrix and Chauhan, 2005).  

Second, this study adds to the growing evidence on gender specific health effects 

of early life conditions. Reportedly, male fetuses greater than 20 weeks of gestation react 

more sensitively than female fetuses to maternal corticosteroids (Owen and Matthews, 

2003; Matthews et al., 2002; Van den Berg and Modin, 2013; Catalano et al., 2005 and 

2010). In a related line of literature, evidence from California, Sweden, and Germany shows 

that the secondary sex ratio (e.g. the ratio of male live births vs. female live births) falls 

following declines in the economy (Catalano, 2003; Catalano et al., 2005 and 2010; Almond 

and Mazumder, 2011). If stress has a similar effect on the risk of male fetal loss as on the 

risk of fetal compromise, then, following stressful events, CD in male fetuses may increase 

more than in female fetuses. 

 Third, I use individual level data containing information on the date and manner 

of birth from a large-scale cohort study from the Northern Netherlands, called Lifelines. 

This has two advantages compared to the aggregate approach of Bruckner et al. (2014). 

Most importantly, it allows me to increase the precision of the estimates by using a sample 
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of individuals born only in the weekends or holidays. Since CDs caused by fetal distress in 

reaction to maternal stress cannot be planned beforehand, this paper considers only the 

effect of unemployment level on unplanned CD. By design, Bruckner et al. (2014) are not 

able to distinguish between unplanned and planned CD in their data, which means that a 

large part of the observed CDs are driven by factors other than stress.8 This may lead to 

underestimation of the effect and large standard errors. To address this issue, I exploit the 

fact that a planned CD in the Netherlands is routinely scheduled during regular working 

hours, e.g. on weekdays. Hence, I select a subsample of individuals who are born in the 

weekends and Dutch public holidays, which lets me exclude the planned CDs from the 

analysis and, possibly, obtain estimates that are more precise. 

 Another advantage of the individual level data is that it lets me investigate if the 

results are driven by selective fertility. Previous literature has shown that the relationship 

between unemployment rates and infant health can partially be explained by changes in 

cohort composition or health-related behaviors (e.g. Dehejia and Lleras-Muney, 2004, 

Alessie et al., 2017). Along this line of thought, it is conceivable that the relationship 

between unemployment rates and the probability of CD might also be driven by changes in 

the cohort composition of the pregnant women. I exploit the parental information available 

in the Lifelines, namely the mother’s age and smoking status during pregnancy, as well as 

parental immigrant status to provide suggestive evidence that my results are not driven by 

selective fertility during economic downturns.  

  Finally, Netherlands might be a particularly interesting country for investigating 

the effects of maternal stress due to its distinctive institutional setting. The Dutch 

obstetrical care system is unique in that it is characterized by a well-defined distribution 

between primary and secondary care, which results in low CD rates overall9 (Amelink-

Verburg and Buitendijk, 2010). In general, since CD is costlier than a vaginal delivery, the 

medical specialists and hospitals might respond to financial incentives and recommend 

more CDs when facing financial pressures, for example, during recessions. However, the 

delivery guidelines in the Netherlands limit the opportunities for supplier-induced demand 

or delivery on demand. Another institutional feature of the Netherlands is its generous 

                                                        
8 For example, previous CD, physical incompatibility between mother's pelvis and the baby, breach position, etc. 
9 See the Appendix A for a detailed description of the Dutch obstetric care system. 
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unemployment insurance that limits the effects of job loss on income and consumption of 

pregnant women.10   

The rest of this chapter is set up as follows. In the following section, I present the 

data. Section 4.3 describes my empirical strategy and methods. In section 4.4, I present and 

discuss the results, and the final section concludes. 

4.2. DATA 

To test my hypothesis that stress caused by high unemployment levels at the time 

of birth increases the probability of CD in male babies more than in female babies 

empirically, I analyze the relationship between provincial unemployment level and the 

individual probability of CD in the Netherlands. In particular, I combine the individual data 

from the Lifelines cohort study with the unemployment data from Statistics Netherlands. 

4.2.1.  LIFELINES 

 Lifelines is a large population-based cohort study and biobank carried out in the 

three north-eastern provinces of the Netherlands. The study was established as a resource 

for research on complex interactions between environmental, phenotypic and genomic 

factors in the development of chronic diseases and healthy ageing (see Stolk et al. (2008) 

and Scholtens et al., (2015), for a detailed description of the study).  

4.2.2.  SAMPLE SELECTION 

 For my purposes I select a sample of individuals from Lifelines study who are born 

in the Netherlands between 1970 and 1993 and have provided the information about their 

birth. Lifelines also contains respondents born before 1970; however, before 1970 the CD 

rates in the Netherlands and in the world in general were very low and they started to 

increase only in the early 1970s due to introduction of the electronic fetal monitoring 

(EFM) technology. EFM allowed monitoring the heart rate of the fetus continuously before 

and during labor to detect deteriorating fetal wellbeing and intervene before neurological 

damage takes place in the fetus (Elferink-Stinkens et al., 1995). The upper limit of the birth 

year is caused by the fact that Lifelines only provides answers from individuals older than 

                                                        
10 See Becker (2000) for a discussion of the Dutch welfare state and employment. 
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18 at the time of interview. The outcome variable is based on the answers to the question:  

“How were you born?” with answer options: “Normal vaginal delivery / Cesarean section 

/ Operative vaginal delivery (with vacuum or forceps) / Don’t know”. Less than 1% of the 

sample is excluded due to the answer “don’t know”. This results in an initial sample of 

31,863 individuals. 

 Next, I am mainly interested in the effect of unemployment level on unplanned CD, 

since only the unplanned CDs can be caused by fetal distress in reaction to maternal stress. 

In my data, I am not able to distinguish between unplanned and planned CD which means 

that a large part of the observed CDs are driven by other factors than stress (e.g. previous 

CD, physical incompatibility between mother's pelvis and the baby, etc.). This may lead to 

underestimation of the effect and large standard errors. To address this issue, I exploit the 

fact that a planned CD is normally scheduled during regular working hours, e.g. on 

weekdays. Hence, I select a subsample of individuals who are born in the weekends and 

Dutch public holidays, which are New Year, Easter, Queen’s day, Ascension Day, Pentecost 

and Christmas. I perform the analysis in both, the full sample and the weekend / holiday 

subsample with the expectation that the weekend/holyday subsample yields larger 

coefficients and more precise estimates.  

 Finally, since this paper attempts to establish whether the effect of unemployment 

might be (partially) explained by cyclical changes in the cohort composition, I need to 

include proxies of socio-economic status (SES) in my model. Unfortunately, even though 

Lifelines provides ample information on the SES of the individual itself, the information on 

the SES of the family into which the individual is born is very limited. Nevertheless, three 

pieces of information on parental characteristics are availabl, such as mother’s age at 

childbirth and smoking status during pregnancy as well as whether parents were born 

outside the Netherlands. The mother’s age, apart from having a biological effect on the 

probability of CD (Ecker et al., 2001), might also serve as a proxy for SES of the parents, 

since early motherhood is associated with lower SES (Hobcraft and Kierman, 2001). 

Second, smoking in general and especially smoking during pregnancy has been shown to 

be correlated with SES (see, for example, reviews in Cutler and Glaeser, 2005; or Cutler and 

Lleras-Muney, 2006). Third, families where at least one parent was born outside the 

Netherlands have, on average, lower SES and higher healthcare utilization levels 
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(Reijneveld, 1998; Stronks et al., 2001). Even though these variables do not cover all 

possible changes in cohort composition, they provide suggestive evidence on the 

importance of changes in cohort composition during economic downturns. Excluding 

observations with missing values in these maternal characteristics leaves me with 28,010 

observations in the sample with all births and 7,573 observations in the subsample with 

only weekend and holiday births. 

 Understandably, the most data is missing from the variable denoting mother’s 

smoking status as this is very specific information that many respondents are not able to 

provide about their mothers. In general, the missing values stem from individuals who are 

on average, slightly older, less educated and more likely to be male than my final sample 

(see Appendix B for the descriptives). Due to male fetal sensitivity, I would expect that the 

effects of economic downturns are larger in males. Also, low SES families might be more 

sensitive to the effects of economic downturns. If the education level of the individuals in 

the sample is correlated to the SES of their parents, I would also expect larger effects of the 

unemployment at birth on the probability of CD in the sample with missing values. Hence, 

it is possible that the estimates from my main sample are downwards biased and can be 

considered conservative.  

 Figure 4.1 presents the proportion of births via CD per year of birth and gender 

from the sample with all births. We can observe an increasing trend in the CD rates over 

time which echoes the global trends in CD rates in this time period. The large fluctuations 

in the CD rates in the last periods in Figure 4.1 can be attributed to the smaller sample size 

in these birth years.  

 The proportion of CD births over time in the sample with weekend and holiday 

births is depicted in Figure 4.2. The slope of the trend in weekend CD rates in the sample 

seems flatter than in the total CD rates (Figure 4.1), which is in line with the findings by 

Elferink-Stinkens et al. (1995). They show that, in the Netherlands, the large increase in CD 

comes mostly from the increase in planned CD and not from emergency CD caused by fetal 

distress. 

 In addition, all other descriptive statistics for both samples are summarized in 

Table 4.1a and Table 4.1b. Due to the Lifelines study design – the participants volunteer to  
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Figure 4.1: Cesarean Delivery Rates in the Lifelines Sample, all days 1970-1993 

 

Figure 4.2: Cesarean Delivery Rates in the Lifelines Sample, only births on 
weekends and public holidays, 1970-1993 
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participate via their family doctor – Lifelines contains more women than men in the sample. 

Also, in the weekend and holiday sample (Table 4.1b) a bigger proportion of women report 

being   born via CD than men; however, this difference is not statistically significant. As 

expected, the proportion of CD is higher in the whole sample than in the weekend and 

holiday subsample, since the whole sample includes also the planned CDs. In all other 

descriptive characteristics, the two samples are very similar. 

Table 4.1a: Descriptive statistics, sample born 1970-1993, all births 

Variable Obs Mean Std. Dev. Min Max 

Provincial unemp. 28010 6.216 3.578 0.9 13.8 

Male 28010 0.392 0.488 0 1 

Cesarean delivery 28010 0.042 0.201 0 1 

female 17040 0.042 0.201 0 1 

male 10970 0.043 0.202 0 1 

Birth year 28010 1978.5 6.274 1970 1993 

Age mom <20 28010 0.024 0.152 0 1 

Age mom 20-25 28010 0.256 0.437 0 1 

Age mom 25-30 28010 0.433 0.495 0 1 

Age mom 30-35 28010 0.213 0.410 0 1 

Age mom 36+ 28010 0.074 0.261 0 1 

Mother smoked 28010 0.263 0.440 0 1 

Immigrant parent 28010 0.034 0.182 0 1 

  

 Since the Lifelines itself does not contain information about the place of birth, I link 

the Lifelines data with the birth certificate information from the Municipal Personal 

Records Database (in Dutch: Gemeentelijke Basis Administratie) to obtain information on 

the province of birth of each respondent. Since the Lifelines study is based in the north-

eastern Netherlands, the three north-eastern provinces (Groningen, Drenthe and 

Friesland) are overrepresented. Yet, the data includes respondents born in all twelve Dutch 

provinces.  



Do cesarean delivery rates rise when the economy declines? A test of the economic stress hypothesis 

Page | 63 

Table 4.1b: Descriptive statistics, sample born 1970-1993, weekend and holiday 
births 

Variable Obs Mean Std. Dev. Min Max 

Provincial unemp. 7573 6.116 3.550 0.9 13.8 

Male 7573 0.395 0.489 0 1 

Cesarean delivery 7573 0.028 0.165 0 1 

female 4584 0.029 0.169 0 1 

male 2989 0.026 0.159 0 1 

Birth year 7573 1978.2 6.174 1970 1993 

Age mom <20 7573 0.025 0.156 0 1 

Age mom 20-25 7573 0.265 0.441 0 1 

Age mom 25-30 7573 0.432 0.495 0 1 

Age mom 30-35 7573 0.207 0.406 0 1 

Age mom 36+ 7573 0.070 0.256 0 1 

Mother smoked 7573 0.267 0.443 0 1 

Immigrant parent 7573 0.035 0.184 0 1 

 

4.2.3.  PROVINCIAL UNEMPLOYMENT  

 I link the province and year of birth information to the provincial unemployment 

rates in the given year. The unemployment rate provides me with a contextual variable that 

serves as a proxy of the economic conditions under which the individual was born without 

suffering from the endogeneity of individual level socioeconomic indicators. Provincial 

unemployment data is drawn from Statistics Netherlands and presented in Figure 4.3. 

During my period of interest, the Netherlands went through all phases of the business 

cycle. At the end of the 1970s and for much of the early 1980s, the country suffered a strong 

recession due to the second oil crisis. This recession was particularly strong in the northern 

provinces of the Netherlands where unemployment exceeded 10% at the peak of the 

recession. In the early 1990s, unemployment rates dropped significantly all over the 

country. The data displays variation over time and between provinces, which provides me 

with additional variation from which to identify my relationship of interest. 
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Figure 1: Provincial unemployment rates in the Netherlands, 1970-1993 
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affect both genders similarly. 𝛽1 and 𝛽3 together show the effect in males. Accordingly, the 

coefficient 𝛽3 measures the excess effect in male infants compared to females that can be 

attributed to the influence of stress; hence, 𝛽3 is my main parameter of interest.  

Further, I extend the model in several ways. First, since both the provincial 

unemployment rates and CD rates exhibit an upwards trend in the period between 1970 

and 1993 (see Figure 4.1, 4.2 and 4.3), I account for time trends by including a linear birth 

year trend and a second order polynomial in birth year in the specification. Second, I add 

province fixed effects to account for institutional differences between provinces (for 

example, some provinces have academic hospitals, where most of the complex cases are 

transferred to, which means that these provinces naturally have higher CD rates). Third, to 

check whether the results are sensitive to how the birth year is specified, I include birth 

year fixed effects and province-specific time trends in the model. Finally, I include the 

mother’s characteristics available in the data, e.g. mother’s age at the time of childbirth, 

whether the mother smoked during pregnancy and parents’ immigration status. Since 

these characteristics are likely to be correlated to the socio-economic status of the family, 

including them provides suggestive evidence on selection effects. All analyses are 

performed first in the whole sample and then in the weekend and holiday subsample. 

 The model is estimated by Probit and the standard errors are clustered at 

province level because the main explanatory variable is at a province level. Since there 

are only 12 provinces in the Netherlands11, the number of clusters is small which means 

that the estimated standard cluster robust standard errors from the Probit estimator can 

be downwards biased (Cameron and Miller, 2015; Esarey and Menger, 2017). According 

to Esarey and Menger (2017), pairs cluster bootstrapped t-statistics (PCBSTs) is an 

appropriate method to deal with the few cluster problem in my data. This method (as 

studied by Bertrand et al., 2004; Cameron et al., 2008; Harden, 2011), modifies the 

standard bootstrapping procedure to sample clusters with replacement, rather than 

individual observations with replacement, and to sample the test statistic t instead of �̂�. 

In the results section, I provide the p-values resulting from these t-statistics in addition to 

the standard cluster robust standard errors. Unfortunately, PCBSTs is not possible with 

                                                        
11 The three provinces with smallest number of observations, Limburg, North Brabant and Zeeland, were 
grouped together so effectively I have 10 clusters. 
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my full specification including province and birth year fixed effects due to lack of 

variation in outcomes in some province/birth year combinations. Since our estimates are 

essentially unchanged by adding province fixed effects (see columns (2) and (4) in Tables 

2a and 2b), I apply the PCBSTs procedure to the specifications without the province fixed 

effects in both, the full sample and the weekend and holiday subsample. Even though the 

PCBSTs results in slightly less significant results than standard cluster robust inference, 

my main conclusions are not changed by applying PCBSTs in the reduced specification, 

which suggests that the small number of clusters might not dramatically change the 

validity of standard cluster robust inference. 

4.4. RESULTS 

My main results are presented in Tables 4.2a and 4.2b with Table 4.2a 

representing the results from the whole sample and Table 4.2b representing the results 

from the weekend and holiday subsample. Column (1) of Table 4.2a contains the Probit 

estimate of the basic model with the clustered standard errors and without any of the 

extensions. The results show a strong correlation between unemployment level and the 

probability of CD in women. The interaction term between provincial unemployment and 

gender has the expected positive sign but is not significant, meaning that the gender 

differences in the effect of unemployment level on the probability of CD are not significant 

in this specification. However, this specification does not account for time trends. In 

Column (2), I include a linear trend in birth year and in Column (3), I include a second order 

polynomial of birth year in the regression. Even though the coefficients of the 

unemployment level and the interaction between unemployment and gender have the 

expected positive signs and are significant using the standard cluster robust standard 

errors, the results are insignificant if I account for the small number of clusters using the 

PCBSTs. Further adding province fixed effects and different time specifications do not 

change this result. It is interesting to note, however, that the size of the coefficient for the 

interaction term is remarkably stable in all specifications.  

  



Do cesarean delivery rates rise when the economy declines? A test of the economic stress hypothesis 

Page | 67 

Table 4.2a: Cesarean delivery and unemployment at the year of birth, 1970-1993 

  (1) (2) (3) (4) (5) (6) (7) 

 CD CD CD CD CD CD CD 

Provincial 
unemployment 0.0419*** 0.0116** 0.0089 0.0078*** 0.0041 -0.0009 0.0038 

 (0.0022) (0.0047) (0.0080) (0.0023) (0.0050) (0.0236) (0.0216) 

 0.000 0.1713 0.4880 - - - - 

Male -0.0374** -0.0432*** -0.0442*** -0.0436*** -0.0449*** -0.0459*** -0.0461*** 

 (0.015) (0.0158) (0.0167) (0.0158) (0.0166) (0.0163) (0.0165) 

 0.0106 0.0059 0.0073 - - - - 

Interaction: 
male*unemp-
loyment 0.0072 0.0091* 0.0090* 0.0092* 0.0091* 0.0093* 0.0093* 

 (0.0045) (0.0051) (0.0051) (0.0050) (0.0050) (0.0051) (0.0051) 

 0.3398 0.3283 0.3312 - - - - 

Birth year    0.0223*** 0.0330** 0.0242*** 0.0380***   

  (0.0028) (0.0164) (0.0019) (0.0135)   

  0.0015 0.3113 - -   
Birth year 
squared   -0.0004  -0.0005   

   (0.0005)  (0.0005)   

   0.5466  -   

Province FE    YES YES YES YES 

Birth year FE      YES YES 

Province trends 
in birth year       YES 

Constant -2.010*** -45.87*** -67.08** -49.67*** -76.89*** -2.048*** -1.956*** 

 (0.0410) (5.512) (32.44) (3.735) (26.69) (0.222) (0.124) 

 0.00 0.0014 0.2980 - - - - 

Average marginal effect of unemployment:   

in males 0.0044*** 0.0019*** 0.0016*** 0.0015*** 0.0012*** 0.0008 0.0012 

 (0.0005) (0.0003) (0.0006) (0.0005) (0.0004) (0.0023) (0.0020) 

in females 0.0037*** 0.0010** 0.0008 0.0007*** 0.0004 -0.0001 0.0003 

 (0.0003) (0.0005) (0.0008) (0.0002) (0.0004) (0.0021) (0.0019) 

Observations 28,010 28,010 28,010 28,010 28,010 28,010 28,010 

Pseudo R2 0.0158 0.0203 0.0204 0.0232 0.0235 0.0245 0.0257 

Log-likelihood -4830 -4808 -4807 -4793 -4792 -4788 -4781 

AIC 9668 9626 9626 9598 9596 9594 9580 

Note: The table presents results from a probit model analyzing cesarean delivery and unemployment at the year 
of birth, 1970-1993, with different specifications for province and birth year fixed effects. The dependent 
variable is binary; value 1, if person was born with a CD. Standard errors are clustered at province level and are 
presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1. The numbers in italics under the standard errors 
present the alternative p-values for the test of H0: 𝛽𝑖 = 0 from Pairs cluster bootstrapped t-statistics (PCBSTs) 
procedure with 10,000 bootstrap replications for specifications where the procedure was feasible. The PCBSTs 
results are acquired using the STATA command clusterbs. 
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Table 4.2b: Cesarean delivery and unemployment at the year of birth, 1970-1993, 
weekend and holiday births 

  (1) (2) (3) (4) (5) (6) (7) 

 CD CD CD CD CD CD CD 

Provincial 
unemployment 0.0302*** 0.0099 0.0085 0.0058 0.0041 0.0208 0.0091 

 (0.0072) (0.0131) (0.0136) (0.0117) (0.0118) (0.0504) (0.0631) 

 0.0101 0.5479 0.6082 - - - - 

Male -0.179** -0.183** -0.183** -0.183** -0.183** -0.188** -0.188** 

 (0.0750) (0.0780) (0.0787) (0.0796) (0.0804) (0.0818) (0.0828) 

 0.0312 0.0366 0.0382 - - - - 
Interaction 
male*unemploy
ment 0.0183** 0.0195** 0.0194** 0.0198** 0.0198** 0.0203** 0.0205** 

 (0.0093) (0.0098) (0.0100) (0.0100) (0.0100) (0.0100) (0.0102) 

 0.0712 0.0784 0.0781 - - - - 

Birth year    0.0148*** 0.0208 0.0170*** 0.0239   

  (0.0056) (0.0186) (0.0049) (0.0179)   

  0.0324 0.3235 - -   
Birth year 
squared   -0.0002  -0.0003   

   (0.0007)  (0.0007)   

   0.7363  -   

Province FE    YES YES YES YES 

Birth year FE      YES YES 
Province trends 
in birth year       YES 

Constant -2.086*** -31.24*** -43.16 -35.15*** -48.70 -1.651*** -1.465*** 

 (0.0558) (10.94) (36.64) (9.648) (35.25) (0.400) (0.482) 

 0.000 0.0251 0.2992 - - - - 

Average marginal effect of unemployment        

in males 0.0029*** 0.0018** 0.0017* 0.0015** 0.0014 0.0025 0.0018 

 (0.0007) (0.0009) (0.0010) (0.0008) (0.0009) (0.0029) (0.0038) 

in females 0.0020*** 0.0007 0.0006 0.0004 0.0003 0.0014 0.0006 

  (0.0006) (0.0009) (0.0009) (0.0008) (0.0008) (0.0033) (0.0041) 

Observations 7,573 7,573 7,573 7,573 7,573 7,573 7,573 

Pseudo R2 0.0121 0.0141 0.0141 0.0218 0.0218 0.0294 0.0371 

Log-likelihood -958.8 -957.0 -956.9 -949.5 -949.4 -942.0 -934.6 

AIC 1925.6 1924 1925.8 1909 1910.8 1902 1887.2 

Note: The table presents results from a probit model analyzing cesarean delivery and unemployment at the year 
of birth, 1970-1993, with different specifications for province and birth year fixed effects for the subsample 
born in the weekends and holidays. The dependent variable is binary; value 1, if person was born with a CD. 
Standard errors are clustered at province level and are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
The numbers in italics under the standard errors present the alternative p-values for the test of H0: 𝛽𝑖 = 0 from 
Pairs cluster bootstrapped t-statistics (PCBSTs) procedure with 10,000 bootstrap replications for specifications 
where the procedure was feasible. The PCBSTs results are acquired using the STATA command clusterbs. 
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As discussed above, only a fraction of the CD in the total sample are unplanned CD 

and could be affected by stress caused by increased unemployment levels. Therefore, the 

effect is likely underestimated and the standard errors are too big in this sample. Table 

4.2b presents the results from the weekend and holiday subsample, which contains only 

unplanned CD. As before, column (1) shows a strong correlation between unemployment 

level at birth and the probability of CD both, in males and females. In columns (2) to (3) I 

control also for the time trend by including linear birth year and second order polynomial 

in birth year. Controlling for the time trend renders the main effect of unemployment 

(effect in females) insignificant. This indicates that unemployment levels do not have an 

effect on CD that would affect both genders similarly, including any physiological effects, 

“delivery on demand” and changes in the behavior of obstetric care specialists and 

hospitals.  Given the setup of the Dutch obstetric care system and the generally low CD 

rates the non-existence of effect seems plausible. Moreover, some of these effects might be 

cancelling each other out.   

 However, the effect in males remains significant. The average marginal effects 

show that a one percentage point (p.p.) increase in provincial unemployment level at birth 

on average increases the probability of a CD in males by 0.17 p.p. to 0.18 p.p.. Taking into 

account the low incidence of CD in the weekends in this time period (2.6% of all weekend 

and holiday births), this corresponds to a 6.9% increase in the probability of CD at the 

mean.  My main parameter of interest is the gender difference in the effect of 

unemployment represented by the interaction term. The interaction term in columns (2) 

and (3) has the expected positive sign and is statistically significant at 5% level using the 

standard cluster robust standard errors and at 10% using the PCBSTs. As discussed before, 

this interaction term likely represents the effect of maternal stress. Since male fetuses 

reportedly react more sensitively than female fetuses to maternal stress (e.g. Catalano et 

al., 2005 and 2010), the viability of male fetuses may be threatened more than that of 

female fetuses and this may lead to more CD following stressful events in male fetuses than 

female fetuses. With the effect in females accounted for, the interaction term between being 

male and unemployment rate likely isolates the gender specific effect of stress on the 

probability of CD in males. 

A priori, I suspected that the coefficients might be underestimated in the whole 
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sample compared to the weekend and holiday subsample. Comparing the results in Table 

4.2b to the Table 4.2a, we observe larger coefficients and smaller p-values in the weekend 

and holiday sample, confirming this argument.  

In columns (4) to (7) of Table 4.2b I extend the model by adding province fixed 

effects, birth year fixed effects and province trends in time to check that the results are not 

sensitive to the way the model is specified. Remarkably, the interaction term, denoting the 

difference in the effect of unemployment on the probability of CD between males and 

females remains very stable in all specifications. The main effect or the effect in females is 

remains insignificant in these two specifications. Unfortunately, due to the data limitations, 

it was not possible to calculate the PCBSTs for these extended models. Nevertheless, since 

the results do not seem to be affected by the way the fixed effects are specified, I do not 

expect that using PCBSTs would change my conclusions. 

Next, it is also possible that instead of a direct effect of the business cycle on male 

CD, we are observing a selection effect, e.g. that the women who give birth during periods 

of high unemployment are more likely to need a CD than the women who give birth during 

periods of low unemployment. Even though Lifelines provides very little information about 

the parents of the individual, I exploit the three pieces of information that I have – mother’s 

age at childbirth and whether she smoked during pregnancy as well as the parents’ 

immigration status. It is conceivable that these characteristics could be correlated to the 

socio-economic status of the mother – with women from lower socio-economic status 

tending to have children earlier and being more likely to smoke and families with at least 

one parent who is born outside the Netherlands having, on average, lower SES. To account 

for the potential selection effects I add these three indicators to the specifications already 

considered in Table 4.2a and 4.2b.  

Tables 4.3a and 4.3b present the results in the whole sample and the weekend and 

holiday subsample, respectively. The results in Table 4.3a in indicate that, in the whole 

sample, the probability of CD increases with mother’s age and it is higher for smoking 

mothers and immigrant families, as expected. After accounting for the parental 

characteristics, the magnitude of the impact of unemployment level on the probability of 

CD is slightly reduced. However, the interaction term between unemployment and being 

male, denoting the excess effect in males becomes statistically insignificant in all  
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Table 4.3a: Cesarean delivery and unemployment at the year of birth, controlling 
for mother’s characteristics, 1970-1993, all births 

 (1) (2) (3) (4) (5) (6) (7) 

VARIABLES CD CD CD CD CD CD CD 

Provincial 
unemployment 0.0403*** 0.0127*** 0.0094 0.0088*** 0.0043 -0.0022 0.0051 

 (0.0023) (0.0047) (0.0082) (0.0023) (0.0051) (0.0231) (0.0215) 

Male -0.0307** -0.0360** -0.0375** -0.0365** -0.0385** -0.0397** -0.0399** 

 (0.0148) (0.0164) (0.0179) (0.0156) (0.0171) (0.0173) (0.0176) 
Interaction: male * 
unemp 0.0067 0.0085 0.0084 0.0086 0.0085 0.0088 0.0088 

 (0.0050) (0.0057) (0.0057) (0.0055) (0.0055) (0.0056) (0.0056) 

Age mother <20 -0.393*** -0.367*** -0.367*** -0.371*** -0.372*** -0.372*** -0.376*** 

 (0.102) (0.103) (0.105) (0.101) (0.104) (0.100) (0.101) 

Age mother 20-25 -0.373*** -0.358*** -0.362*** -0.358*** -0.363*** -0.364*** -0.366*** 

 (0.0352) (0.0353) (0.0390) (0.0342) (0.0376) (0.0381) (0.0381) 

Age mother 25-30 -0.282*** -0.286*** -0.290*** -0.289*** -0.294*** -0.294*** -0.293*** 

 (0.0385) (0.0424) (0.0467) (0.0429) (0.0465) (0.0473) (0.0472) 

Age mother 30-35 -0.163*** -0.179*** -0.181*** -0.182*** -0.184*** -0.185*** -0.186*** 

 (0.0452) (0.0516) (0.0535) (0.0522) (0.0539) (0.0557) (0.0555) 

Mother smoked 0.0869*** 0.0916*** 0.0893*** 0.0920*** 0.0891*** 0.0891*** 0.0886*** 

 (0.0196) (0.0203) (0.0194) (0.0228) (0.0220) (0.0214) (0.0214) 

Immigrant parent 0.128** 0.122** 0.120** 0.117** 0.114* 0.113* 0.112* 

 (0.0512) (0.0561) (0.0580) (0.0595) (0.0609) (0.0615) (0.0620) 

Birth year  0.0206*** 0.0340** 0.0226*** 0.0394***   

  (0.0030) (0.0174) (0.0020) (0.0143)   
Birth year squared   -0.0005  -0.0006   

   (0.0006)  (0.0005)   
Province FE   YES YES YES YES 

Birth year FE     YES YES 
Province trends 
in birth year     YES 

Constant -1.778*** -42.33*** -68.89** -46.28*** -79.48*** -1.825*** -1.731*** 

 (0.0129) (5.949) (34.24) (3.949) (28.26) (0.215) (0.120) 

Average marginal effect of unemployment:     
in males 0.0042*** 0.0019*** 0.0016*** 0.00156*** 0.0012*** 0.0006 0.0013 

 (0.0006) (0.0004) (0.0006) (0.0005) (0.0004) (0.0022) (0.0020) 

in females 0.0035*** 0.0011** 0.0008 0.00076*** 0.0004 -0.0002 0.0004 

 (0.0003) (0.0005) (0.0008) (0.0002) (0.0004) (0.0020) (0.0018) 

Observations 28,010 28,010 28,010 28,010 28,010 28,010 28,010 

Pseudo R2 0.0228 0.0266 0.0268 0.0296 0.0299 0.0308 0.0321 

Log-likelihood -4795 -4777 -4776 -4762 -4761 -4756 -4750 

AIC 9608 9572 9570 9542 9540 9530 9518 
Note: The table presents results from a probit model analyzing cesarean delivery and unemployment at the year 
of birth, 1970-1993, with different specifications for province and birth year fixed effects. The dependent 
variable is binary; value 1, if person was born with a CD. Standard errors are clustered at province level and are 
presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1. The reference category for mother’s age is older than 
35. 
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Table 4.3b: Cesarean delivery and unemployment at the year of birth, controlling 
for mother’s characteristics, 1970-1993, weekend and holiday births 

 (1) (2) (3) (4) (5) (6) (7) 

 CD CD CD CD CD CD CD 

Provincial 
unemployment 0.0288*** 0.0112 0.0091 0.0068 0.0043 0.0222 0.0134 

 (0.0076) (0.0134) (0.0136) (0.0121) (0.0118) (0.0496) (0.0641) 

Male -0.180** -0.183** -0.182** -0.183** -0.183** -0.187** -0.188** 

 (0.0738) (0.0769) (0.0778) (0.0783) (0.0793) (0.0806) (0.0810) 
Interaction: male * 
unemp 0.0173* 0.0183* 0.0182* 0.0187* 0.0186* 0.0191* 0.0193* 

 (0.0094) (0.0100) (0.0101) (0.0102) (0.0103) (0.0102) (0.0103) 

Age mother <20 -0.312 -0.298 -0.301 -0.298 -0.301 -0.297 -0.301 

 (0.324) (0.324) (0.326) (0.320) (0.322) (0.312) (0.312) 

Age mother 20-25 -0.222*** -0.214*** -0.217*** -0.217*** -0.221*** -0.219*** -0.233*** 

 (0.0582) (0.0567) (0.0601) (0.0528) (0.0569) (0.0590) (0.0622) 

Age mother 25-30 -0.149 -0.153* -0.157* -0.160* -0.164* -0.166* -0.162* 

 (0.0925) (0.0878) (0.0885) (0.0846) (0.0859) (0.0865) (0.0894) 

Age mother 30-35 -0.0831 -0.0970 -0.0996 -0.102 -0.105 -0.102 -0.108 

 (0.0679) (0.0687) (0.0646) (0.0743) (0.0700) (0.0751) (0.0764) 

Mother smoked -0.0413 -0.0388 -0.0403 -0.0398 -0.0415 -0.0373 -0.0292 

 (0.0408) (0.0391) (0.0378) (0.0431) (0.0416) (0.0415) (0.0412) 

Immigrant parent 0.177** 0.180** 0.179** 0.187** 0.186** 0.190** 0.187** 

 (0.0762) (0.0756) (0.0771) (0.0760) (0.0766) (0.0793) (0.0821) 

Birth year  0.0131** 0.0221 0.0154*** 0.0255   

  (0.0061) (0.0180) (0.0054) (0.0172)   
Birth year squared   -0.0004  -0.0004   

   (0.0007)  (0.0007)   
Province FE    YES YES YES YES 

Birth year FE      YES YES 
Province trends in 
birth year    YES 

Constant -1.928*** -27.73** -45.53 -31.86*** -51.74 -1.489*** -1.290*** 

 (0.0787) (12.07) (35.49) (10.56) (34.00) (0.404) (0.476) 

Average marginal effect of unemployment 

in males 0.0027*** 0.0018** 0.0016 0.0015** 0.0014 0.0024 0.0019 

 (0.0007) (0.0009) (0.0010) (0.0007) (0.0009) (0.0029) (0.0038) 

in females 0.0019*** 0.0007 0.0006 0.0004 0.0003 0.0015 0.0009 

 (0.0005) (0.0009) (0.0009) (0.0008) (0.0008) (0.0033) (0.0042) 

Observations 7,573 7,573 7,573 7,573 7,573 7,573 7,573 

Pseudo R2 0.0158 0.0173 0.0174 0.0251 0.0252 0.0327 0.0405 

Log-likelihood -955.2 -953.8 -953.7 -946.3 -946.2 -938.8 -931.3 

AIC 1928.4 1925.6 1927.4 1910.6 1910.4 1895.6 1880.6 
Note: The table presents results from a probit model analyzing cesarean delivery and unemployment at the year 
of birth, 1970-1993, with different specifications for province and birth year fixed effects for the subsample 
born in the weekends and holidays. The dependent variable is binary; value 1, if person was born with a CD. 
Standard errors are clustered at province level and are presented in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
The reference category for mother’s age is older than 35. 
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specifications even with the standard cluster robust standard errors, although the size of 

the coefficient is affected only marginally. 

The results from the weekend and holiday subsample in Table 4.3b show that 

mother’s age has a smaller effect than in the full sample. The mother’s smoking status has 

no significant effect on the probability of CD in the weekends. The coefficients even have 

the opposite sign compared to the results in Table 4.3a. It is possible that the age of the 

mother and smoking status are risk factors for CD that the physicians take into account 

when deciding on the optimal manner of birth, thus they affect the probability of a planned 

CD more than the probability of an unplanned CD during the weekend. However, parents’ 

immigrant status has a larger and more significant effect in the weekend subsample than 

in the whole sample. Nevertheless, in the weekend and holiday subsample the effect of the 

interaction term between unemployment level and gender remains unaffected by adding 

the mother’s characteristics to the model. In sum, the effect of stress caused by 

unemployment increases on the probability of CD cannot be explained by selection into 

fertility based on the available parental characteristics. 

4.5. CONCLUSIONS 

In this paper, I analyze the effect of provincial unemployment level on the 

probability of being born via Cesarean Delivery (CD) using data from Lifelines – a large 

cohort study from the north of the Netherlands. I am especially interested in the effect on 

male CD since a general effect of unemployment on the probability of CD might be driven 

by both – physiological responses to economic downturns and the reactions by obstetric 

care providers, while any excess effect in males is most likely driven by a biological 

response to economic stress. 

I find that the probability of CD in females does not increase when the economy 

declines. However, male CD increases in excess of female CD when unemployment levels 

rise. This finding is in line with the results of Bruckner et al. (2014) and supports the 

general hypothesis on male fetal sensitivity to stressors in utero. The maternal response to 

increased unemployment levels may elicit clinical signs of distress in male fetuses upon 

which medical staff may intervene. In addition, the results do not seem to be driven by 

selection into fertility. Since CD is a costly medical procedure, an increase in the male CD 
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rates represents not only a health effect but also a direct cost of economic downturns. Since 

CD is only a proxy for fetal distress and not a health outcome by itself, future research 

should examine whether the increased probability of CD also leads to adverse short and 

long-term health outcomes as well as attempt to quantify the effect of maternal stress at 

birth on health outcomes. 
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APPENDIX  

A: CESAREAN DELIVERY IN THE NETHERLANDS 

The Dutch obstetrical care system originates from the 1950s and differs from 

other developed countries in the world. (Amelink-Verburg and Buitendijk, 2010). 

Traditionally it has a high rate of home deliveries and a low Cesarean delivery rate. The 

system is characterized by a well-defined distribution between primary and secondary 

care. The underlying idea of the Dutch obstetrical care is that pregnancy, delivery and 

puerperium are all natural processes. An independent midwife and a general practitioner 

(GP) are responsible for a healthy pregnancy. Women are referred to and obstetrician only 

in the specific, pre-defined cases. Referrals for other reasons are not allowed and insurance 

plans do not cover doctor fees in these instances.  In addition, women are not allowed to 

contact directly an obstetrician (Daysal et al., 2012). Women in primary care can choose if 

they will deliver at home or in the hospital under responsibility of their own midwife or GP 

(Kwee et al., 2007). 

Secondary care is delivered in hospitals and is organized in a way that might 

respond to financial incentives. The medical specialists are organized in small professional 

units. The majority of medical specialists (roughly 63% in 1986) are paid on a fee-for-

service basis. Unlike the incomes of salaried specialists, their earnings are not included in 

a hospital’s budget. Fee-for-service specialists often pay the hospital in which they work 

for the use of certain facilities (e.g., personnel in the outpatient setting, supporting 

physicians, space). Fees for specialist care are determined in negotiations among the health 

insurers and the National Association of Medical Specialists and approved by Central 

Agency for Health Care Tariffs (COTG). A well-known drawback for the fee-for-service 

payment system is overprovision of care, especially in a case of low-risk procedures, that 

do not have clearly defined indications. Indications for acute CD are lack of progress in the 

labor or fetal distress, both of which are not precisely defined and depend on the 

judgement of the physician (Elferink-Stinkens et al., 1995).  This makes provision of CD 

likely to respond to economic stimulae. 

Since the 1970ies the Cesarean section rates in the Netherlands have been rising 

constantly, although the incidence has been lower than in most other countries. The large 

increase of the Cesarean section rates coincided with the introduction of the use of 
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electronic fetal monitoring (EFM) in the early seventies. EFM allowed to monitor the heart 

rate of the fetus continuously before and during labor to detect deteriorating fetal 

wellbeing and intervene before neurological damage takes place in the fetus.  Before EFM 

was invented, the fetal heart rate could be monitored intermittently with the use of a 

stethoscope. Although the predictive value of an EFM is far from 100%, the obstetrician 

cannot ignore a deteriorating EFM, which might have led to more interventions, such as CD 

and operative vaginal delivery (Elferink-Stinkens et al., 1995). Nevertheless, Elferink-

Stinkens et al. (1995) showed that in the Netherlands the large increase in CD comes mostly 

from the increase in planned CD and not from emergency CD caused by fetal distress. 

 

B: COMPARISON OF EXCLUDED AND INCLUDED OBSERVATIONS 

  Excluded obs. due to missing values Final sample 

Variable Obs Mean Std. Dev. Obs Mean Std. Dev. 

Provincial unemp. 3811 4.999 3.045 28010 6.216 3.578 

Male  3853 0.479 0.500 28010 0.392 0.488 

Cesarean delivery 3853 0.032 0.177 28010 0.042 0.201 

Birth year 3853 1975.8 5.376 28010 1978.5 6.274 

Primary education 3846 0.024 0.152 27982 0.010 0.101 

Secondary education 3846 0.701 0.458 27982 0.604 0.489 

Higher education 3846 0.262 0.440 27982 0.373 0.484 

Mother smoked 334 0.198 0.399 28010 0.263 0.440 

Immigrant parent 3853 0.041 0.199 28010 0.034 0.182 

Note: This table compares the descriptive statistics of the main analysis sample (N=28010) and the 
observations that were excluded from the analysis due to missing values (N=3853). 

 

 



Moral hazard and selection for voluntary deductibles 

 

Page | 77 

 

 

 
 
 

CHAPTER 5 

5. MORAL HAZARD AND SELECTION FOR VOLUNTARY 

DEDUCTIBLES12 

5.1. INTRODUCTION 

 It is well-known that comprehensive (health) insurance may lead to moral hazard 

– change in health behavior in response to lower out-of-pocket health care costs. Various 

cost sharing options are used by policy makers and health insurers to counteract moral 

hazard, such as co-payments and deductibles. In Switzerland, US, and the Netherlands, a 

voluntary deductible is offered to the consumer on top of a mandatory deductible in return 

for a premium rebate (Winssen et al., 2015; Zweifel and Manning, 2000). Naturally, a 

degree of selection occurs if the deductible is voluntary. Healthy individuals choose a 

higher deductible and less healthy individuals opt for no deductible which ultimately leads 

to a transfer of costs from the healthy individuals to the unhealthy (Nyman, 1999). 

Requests in the Dutch press have been made to abandon the voluntary deductible since it 

undermines the solidarity principle of health insurance and drives up the health insurance 

costs for those people who use a lot of care (NPO, 2017). Given this debate, we use  LISS 

panel data from years 2009 – 2016 to investigate whether the voluntary deductible in the 

Netherlands serves its purpose to reduce moral hazard or acts as a cost reduction tool for 

low-risk individuals.  

Although we study this question in the institutional setting of the Dutch health care 

system, the results may also interest policy makers in other countries with mandatory 

private health insurance and voluntary deductibles, such as Switzerland, Germany and the 

                                                        
12 This study is joint work by Rob Alessie, Viola Angelini, Jochen O. Mierau and Laura Viluma. 



Chapter 5 

Page | 78 

US. Moreover, our results contribute to the wider discussion on the optimal insurance 

design. 

As discussed in Einav and Finkelstein (2018), credible reduced form empirical 

studies, which often rely on few modeling assumptions, are a very powerful tool in 

retrospectively answering the question whether moral hazard exists. The current 

empirical evidence for the existence of moral hazard effects for a voluntary deductible in a 

managed competition health care system setting, such as the Netherlands, is mixed. 

Analyzing the Dutch insurance market, Crus et al. (2018) find substantial selection effects 

of the voluntary deductible; however, they do not model moral hazard effects. A 

comparable health insurance system is that of Switzerland, where moral hazard effects 

have been studied. Schellhorn (2001) does not find any significant effects of the deductible 

on the number of doctor visits using data from the Swiss Health Survey, which covers all of 

Switzerland. On the other hand, Gardiol et al. (2005), using data from a large insurance 

company, and Gerfin and Schellhorn (2006) using data from the Swiss Health Survey, find 

significant negative effects of the size of the deductible on health care costs.  

There are a number of issues that complicate the empirical separation of moral 

hazard and selection effects and that this paper addresses. First, a well-known 

methodological issue in this type of research is establishing causality. Commonly, we would 

observe that individuals who opt for a deductible, use less healthcare. However, it is 

unclear, if and how much of this relationship is due to the incentive effect we call moral 

hazard on the one hand and self-selection of healthier individuals into the insurance 

contracts with a voluntary deductible on the other hand. Econometrically, even after 

controlling for health status and other individual characteristics, it is possible that some 

unobserved characterists are correlated to both, the deductible decision and healthcare 

utilization (Finkelstein, 2014). The majority of the literature on the effects of insurance 

coverage that uses observational data solve this problem by the use of various bivariate 

parametric models that jointly model the selection decision and the healthcare utilization 

outcome (for example, Cameron et al. 1988; Jones et al. 2006; Schellhorn, 2001; Bolhaar et 

al., 2012; Kiil and Arendt, 2016). Even though bivariate models are identified by functional 

form due to non-linearity, most studies supplement the identification using an 

instrumental variable for insurance coverage (Bratti and Miranda, 2001). Following the 
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literature, our paper also estimates bivariate models for selection into deductible and 

healthcare utilization using an instrumental variable for the endogenous voluntary 

deductible. Similar to Schellhorn (2001), we use the availability of supplementary 

insurance cover as an instrument since, in the Netherlands, supplementary insurance 

covers health services that are not covered by the basic health insurance, but does not 

directly affect the treatment choices or out-of-pocket payments within the services covered 

by the basic insurance. Moreover, the choice for supplementary insurance is strongly 

correlated with the choice of the deductible.  

Second econometric issue in our analysis is related to the type of healthcare 

utilization measures that we use. We consider four measures in our analysis – visits to a 

specialist, visits to the general practitioner (GP), visits to mental care providers and days 

spent in hospital. Notably, the mental care utilization has not been analyzed before in the 

context of voluntary deductible (as in Schellhorn, 2001; Gardiol et al., 2005; and Gerfin and 

Schellhorn, 2006). The distribution of these outcome variables consists of a large number 

of individuals having had zero visits or days in hospital and the rest are distributed 

continuously. Due to this setup, in our analysis, we consider models that explicitly model 

both, the probability of having any visit or hospital day and the actual number of visits/ 

days. We show that it is important to allow for the two relationships, as the moral hazard 

effects differ between the two types of decisions. 

Third, the analysis of moral hazard is made even more complex due to the 

multidimensional nature of the selection effects. Textbook models predict that in case of 

asymmetric information between the insurance company and the customers, individuals 

with high risks and high expected health care utilization buy health insurance with more 

coverage what results in adverse selection (Rotschild and Stiglitz, 1976). The literature 

contains plenty of evidence for adverse selection (e.g. Jones et al., 2006; Cameron et al., 

1988; Bolhaar et al., 2012). However, some evidence also points to existence of 

advantageous selection (Finkelstein and McGarry, 2006; Cutler et al., 2008; Bolhaar et al., 

2012). Advantageous selection happens when risk is negatively related to other factors 

that positively influence the demand for insurance. To examine the presence of such 

factors, we employ a test for multidimensional asymmetric information as suggested by 

Finkelstein and McGarry (2006) and show evidence of adverse selection for the utilization 
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of physical health care and advantageous selection for the utilization of mental health care. 

As mentioned above, for our analysis we use data from the LISS panel (Longitudinal 

Internet Studies for the Social sciences) from years 2009 - 2016. The panel is based on a 

true probability sample of Dutch households drawn from the population register by 

Statistics Netherlands and consists of approximately 4500 households. An advantage of the 

survey data is that it contains rich socio-demographic, socio-economic and subjective 

health information that is generally not observed by the insurer in the Netherlands, but can 

drive the choices of the consumer. Moreover, this dataset allows us to directly control for 

individual risk aversion, which, according to economic theory, is an important determinant 

of demand for insurance.  In addition, the panel structure of the data allows us to avoid 

reverse causality issues, as we can use independent variables that are determined before 

the period of healthcare utilization. 

The following section discusses the and regulatory framework and the Dutch health 

insurance system. Section 3 introduces the theoretical concepts of asymmetric 

information, adverse or advantageous selection, and moral hazard. Section 4 describes the 

data and section 5 discusses the methodological issues. Then, in section 6 we present our 

results and the final section concludes. 

5.2. REGULATORY FRAMEWORK 

To examine the interdependence between moral hazard and adverse selection we 

use data from the Netherlands. In the Netherlands, insurance companies operate under the 

Health Insurance Act, introduced in 2006 as a step towards regulated competition. This 

law obligates individuals to take out basic health insurance from a private health insurer. 

The health insurers are obliged to accept everybody for basic insurance and premiums are 

based on community rating (e.g. the insurance premium is the same for all individuals 

regardless of their health status and other characteristics). Insurers can compete on price 

and selective contracting. In 2018, the individuals can choose among 46 health insurers 

and more than 900 different plans.  

The basic health insurance covers a pre-defined benefit package and the general 

practitioner (GP) acts as a gatekeeper for specialist care. With a referral from the GP, all 

medically necessary curative specialist care, including mental health care and hospital care 
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is covered by the basic health insurance. Long-term care is not covered by basic health 

insurance but under the Long-term care act (WLZ) instead. Supplementary insurance can 

be purchased to cover services that are not covered by basic health insurance, such as 

dental care, physical therapy, eyeglasses, plastic surgery, etc. 

Adults are required to pay a mandatory deductible of EUR 385 (2018) per year 

from which GP-care, obstetric and maternity care are exempted (The mandatory 

deductible size has increased over years. In 2009: € 155; 2010: € 165; 2011: € 170; 2012: 

€ 220; 2013: € 350; 2014: € 360; 2015: € 375; 2016, 2017 and 2018: € 385.).  On top of 

the mandatory deductible, individual adults can opt for a voluntary deductible of EUR 100, 

EUR 200, EUR 300, EUR 400 or EUR 500 per individual per year.  

The law states that the offered premium rebate must be equal for each insured 

with the same deductible level within the same health insurance product. In 2014, the 

premium rebate for the highest deductible level varied between insurance policies from 

EUR 180 to EUR 300 per individual per year and the average premium rebate was EUR 240 

per individual per year. According to Winssen et al. (2015) 50% of the Dutch population 

would profit from a maximum deductible but only 11% actually had it in 2014. Although 

the law does not dictate insurers to exclude the same healthcare services (i.e., GP-care, 

obstetric and maternity care) from the voluntary deductible as from the mandatory 

deductible, all insurers do this.  

Additionally, all insurers contribute to a risk equalization fund, and are 

compensated for the risk profile of their insured from that fund. Under prefect risk 

equalization, insurers would have perfect knowledge of the risk profile of their insured, 

and would be compensated accordingly. In reality, the risk equalization is not perfect, so 

insurers can offer large premium rebates in exchange for a higher deductible as a self-

selection mechanism. 

5.3. THEORETICAL FRAMEWORK 

5.3.1. ASYMMETRIC INFORMATION AND ADVERSE SELECTION 

Loosely following the intuition of Finkelstein and McGarry (2006) we consider a 

simplified version of the Dutch insurance market where two insurance policies are 

available – one with a voluntary deductible (low coverage) and one without a voluntary 
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deductible (high coverage). The individuals can differ on two dimensions – their risk type 

and their risk preferences (risk aversion). Since the insurer is not allowed to risk-rate the 

premiums, the individuals possess private information about their risk type and risk 

preferences. In a one dimensional setting, high risk type individuals would buy high 

coverage insurance and low risk individuals would buy low coverage insurance, resulting 

in correlation between coverage and healthcare utilization, which is referred to as “adverse 

selection” (Zweifel and Manning, 2010). The existence of such correlation has been used as 

evidence for asymmetric information (Chiappori and Salanie, 2000). In the case of 

multidimensional heterogeneity, this correlation might not exist even in presence of 

asymmetric information. If also risk aversion affects the choice of insurance coverage, 

more risk averse people would buy high coverage insurance and the less risk averse 

individuals would buy low coverage insurance. Combining these two dimensions can yield 

unpredictictable results. For example, if high risk individuals are on average less risk 

averse than low risk individuals, we might observe zero correlation between insurance 

coverage and health care utilization. Moreover, if the difference in risk aversion is large 

enough, this might even result in negative correlation, indicating “advantageous selection” 

as shown by Bolhaar et al. (2012). This idea is easy to extend to a model with more than 

two dimensions of individual heterogeneity.  

Finkelstein and McGarry (2006) propose a simple test for multidimensional 

asymmetric information. They argue that any available information that is not used by the 

insurer can indicate asymmetric information if it correlates to both, insurance coverage 

and health care utilization. If an individual characteristic has similar signs for both 

correlations, there should be adverse selection and/or moral hazard while opposite signs 

indicate the presence of advantageous selection. We employ this method to test for 

asymmetric information in Section 6.2. In addition, we investigate the existence of selection 

effect by testing whether healthier and less risk averse people are more likely to opt for a 

voluntary deductible. 

5.3.2. MORAL HAZARD 

Moral hazard is usually defined as excess demand for health investments due to 

having health insurance (Pauly, 1968). This leads policy makers to introduce mechanisms 

that reduce moral hazard in medical care consumption, such as co-payments or 



Moral hazard and selection for voluntary deductibles 

 

Page | 83 

deductibles.  

The uptake of health insurance lowers the price of health care and reduces other 

consumption by the insurance premium. This means that households with (more) 

insurance will maintain a higher health level than without insurance. Also, insurance 

creates an ex post transfer of income from the healthy to the ill and this may increase 

utilisation through an income effect on the demand for health care, and, in addition, it gives 

access to expensive health care that would not otherwise be affordable (Pauly, 1968; 

Nyman, 1999; Nyman and Maude-Griffin, 2001). So individuals who choose less insurance 

coverage (or higher voluntary deductible) and experience a negative health shock, 

consume less  health care than they would without the voluntary deductible (see Bolhaar 

et al., 2011 for a detailed discussion).  

In our setting, we investigate moral hazard by testing whether people who opt for a 

deductible use less health care given their health status. To allow for the endogenous 

selection into the voluntary deductible, in our empirical approach, we employ a linear 

regression with endogenous treatment and an exclusion restriction. 

5.4. DATA  

For the purpose of this study we use data from the LISS panel (Longitudinal Internet 

Studies for the Social sciences). The panel is based on a true probability sample of Dutch 

households drawn from the population register by Statistics Netherlands. It consists of 

4500 households, comprising bout 8000 individuals. Households that could not otherwise 

participate are provided with a computer and internet connection. In terms of observable 

background characteristics, the LISS panel is representative of the Dutch population. 

The core study of LISS panel contains several questionnaires, each administered on 

a yearly basis. This paper combines information from Health study and the study 

“Measuring Higher Order Risk Attitudes of the General Population” (further “Risk 

Attitudes”). The Health questionnaire contains information on medical history, lifestyle, 

healthcare utilization and health insurance information of the participants. The socio-

economic and demographic information is updated each month. In addition, we include a 

risk aversion measure from Risk Attitudes study. 

For our analysis we pool seven waves of the Health section of the LISS panel. This 
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covers years from 2009 to 2016 with the exception of 2014 when the Health questionnaire 

was not administered. In the waves before 2009, the questions related to health insurance 

in the Health questionnaire were formulated differently and are, therefore, not useful for 

our analysis. This gives us 38,551 observations to start with. The “Risk Attitudes” 

questionnaire was administered to a random sample of 3457 members of the LISS panel in 

2009. We assume that the risk aversion stays constant in the time period covered by our 

data and assign this risk attitude information to each panel member in every wave they 

have participated in the Health study. We drop observations with missing values in our 

variables of interest and exclude all persons younger than 18, since children do not have a 

deductible in the Dutch health insurance system.  This approach leaves us with a final 

sample of 14,089 observations, comprising of 2939 individuals over 7 waves. 

5.4.1. HEALTHCARE UTILIZATION 

 We use four different types of health care as outcome variables from the LISS data. 

As a measure of primary health care utilization we use the yearly number of visits to a 

general practitioner (GP). The primary health care is usually not included in the mandatory 

or voluntary deductibles in the Netherlands, but a referral from a GP is necessary to access 

secondary health care which is included in the deductible. A measure of secondary 

healthcare utilization that we use is the yearly number of visits to a medical specialist. The 

tertiary healthcare utilization measure is the number of days spent in hospital when last 

hospitalized in the last 12 months. This variable is zero if a person has not been 

hospitalized. Finally, since mental health and mental health care often follows different 

patterns that physical health (see e.g. Blanchflower and Oswald, 2017, Bolhaar et al., 2012), 

we include a separate measure of the number of visits to the mental care providers in the 

last 12 months. 

 All four of our utilization suffer from the common self-reporting problems. 

However, according to a study by Dalziel et al. (2018), the recall period of 12 months seems 

to produce the least biased health care utilization numbers compared to other recall 

periods and the bias is more likely to be downwards.   

5.4.2. VOLUNTARY DEDUCTIBLE 

 Our main variable of interest is whether a person has opted for a voluntary 
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deductible. For our analysis we use a binary variable indicating having the voluntary 

deductible. Initially, 12.25% of our sample did not answer the question about the voluntary 

deductible or answered “don’t know”. However, we exploit two characteristics of the Dutch 

insurance market to reduce the number of missing values. First, the default choice in any 

insurance contract is to have no voluntary deductible. Hence, a person needs to actively 

opt-in for the voluntary deductible and also choose the size of the deductible. So the 

persons who do not know if they have a voluntary deductible most likely do not have it. 

Second, another option to not have to make an active choice about the voluntary deductible 

is to let the insurance contract roll-over from the previous year with the same conditions. 

Therefore, for all missing values, we first check if the person had the voluntary deductible 

the previous year and, if they have not changed the insurer, we impute the previous year’s 

value for voluntary deductible. For those, who have a missing value also in the previous 

year, we impute a zero, meaning no voluntary deductible. Table 5.1 summarizes the 

proportion of people who opted for a voluntary deductible in each wave. Still, in our 

sample, the proportion of people with a voluntary deductible is slightly higher than in the 

total population (see Romp and Merkx, 2016). This suggests that our approach of assigning 

the missing values to having no deductible does not lead to underestimation of the number 

of people who have a voluntary deductible. 

Table 5.1: Proportion of individuals with a voluntary deductible. 

 Voluntary deductible, % 

Year No Yes 

2009 87.34 12.66 

2010 83.86 16.14 

2011 82.56 17.44 

2012 80.6 19.4 

2013 83.57 16.43 

2015 79.93 20.07 

2016 81.93 18.07 

Total 82.99 17.01 

5.4.3. CONTROL VARIABLES 

Theory and literature (e.g. Winssen et al., 2016) predict that risk aversion is a 
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potentially important determinant of the uptake of voluntary deductible in the 

Netherlands. The LISS data allows us to model risk aversion explicitly. We include a risk 

aversion measure from the Risk Attitudes study in our analysis. Following Noussair et al. 

(2013), we measure an individual’s risk aversion as the number of safe choices he/she 

made out of the five decisions involving a sure payoff and a risky lottery. The sure payoff 

in the five games was 20, 25,30,35, and 40 euro, respectively. The risky option in all cases 

was an equiprobable lottery to receive either 5 or 65 euro. We assume that risk aversion is 

constant over the 7 waves included in this study. 

We model the risk type of the individuals by the lagged health status variables. We 

argue that the lagged health status is more relevant than the current health because, in the 

Netherlands,  the insurance decisions are made at the end of the previous year. We include 

a binary variable indicating good or very good self-assessed health as a measure of 

subjective health. Another binary variable indicates whether a person has any chronic 

conditions, representing an arguably more objective measure of risk type. Finally, we 

include a measure of mental health, computed from the five-question Mental Health 

Inventory (MHI-5) questionnaire included in the LISS Health study that can be used to 

screen for depressive symptoms and anxiety (Yamazaki et al., 2005).  The score for the 

MHI-5 is computed by summing the scores of each question item (answers range in the 

frequency of experiencing a symptom from 1 – all of the time, to 6 – never) and then 

transforming the raw scores to a 0–100-point scale, where 100 indicates perfect mental 

health.  

Another dimension of the individual heterogeneity is the socio-demographic and 

socio-economic characteristics. This information about the sample comes from the 

Background variables of the LISS panel that are updated every month. Similar to the health 

status variables, we match each wave of the Health data with the Background variables of 

November from the year before when the insurance decisions are made. All data and their 

descriptives are summarized in Table 5.2. In addition, a full list of variables with a detailed 

description can be found in Appendix 5A. 



 

 

Table 5.2: Descriptive statistics, whole sample and subsamples with and without voluntary deductible 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

  All With voluntary deductible No voluntary deductible t-test     

Variable Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean Std. Dev. diff Min Max 

Specialist visits 14,089 1.379 4.778 2,396 1.062 6.651 11,693 1.444 4.292 0.000 0 210 

GP visits 14,089 2.258 5.108 2,396 1.810 4.085 11,693 2.350 5.288 0.000 0 302 

Mental care visits 14,089 0.501 3.887 2,396 0.469 3.004 11,693 0.508 4.044 0.659 0 268 

Days in hospital 14,089 0.521 4.264 2,396 0.302 2.803 11,693 0.565 4.504 0.006 0 270 

Vol.deduct 14,089 0.17 0.376 2,396 1.000 0.000 11,693 0.000 0.000 - 0 1 

Vol.deduct. size 14,089 49.94 125.96 2,396 293.66 147.38 11,693 0.000 0.000 0.000 0 500 

Mandatory deduct. 14,089 249.47 95.77 2,396 256.53 95.81 11,693 248.02 95.70 0.000 155 385 

Total deduct. 14,089 296.5 165.08 2,396 533.07 219.36 11,693 248.02 95.70 0.000 155 385 

Risk aversion 14,089 3.404 1.680 2,396 3.221 1.689 11,693 3.442 1.676 0.000 0 5 

Male 14,089 0.494 0.500 2,396 0.541 0.498 11,693 0.484 0.500 0.000 0 1 

Age 14,089 53.05 15.90 2,396 48.90 15.04 11,693 53.90 15.93 0.000 18 92 

Educ.low 14,089 0.347 0.476 2,396 0.263 0.440 11,693 0.364 0.481 0.000 0 1 

Educ.mid 14,089 0.324 0.468 2,396 0.306 0.461 11,693 0.328 0.469 0.042 0 1 

Educ.high 14,089 0.329 0.470 2,396 0.431 0.495 11,693 0.308 0.462 0.000 0 1 

Employed 14,089 0.522 0.500 2,396 0.644 0.479 11,693 0.497 0.500 0.000 0 1 

Married 14,089 0.75 0.433 2,396 0.724 0.447 11,693 0.755 0.430 0.001 0 1 

Log income 14,089 7.839 0.504 2,396 7.891 0.533 11,693 7.828 0.497 0.000 0.912 12.385 

Good health 14,089 0.221 0.415 2,396 0.313 0.464 11,693 0.202 0.401 0.000 0 1 

MHI5 14,089 79.45 13.63 2,396 79.65 13.49 11,693 79.41 13.66 0.620 16.67 100 

Chronic cond. 14,089 0.332 0.471 2,396 0.225 0.418 11,693 0.354 0.478 0.000 0 1 

Smokes 14,089 0.192 0.394 2,396 0.210 0.408 11,693 0.188 0.391 0.018 0 1 
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5.5. METHODS 

The aim of this paper is to estimate the adverse (advantageous) selection and moral 

hazard effects of having a voluntary deductible. In the Dutch institutional setting, insurance 

companies are not allowed  to  risk-rate  the  insurance  premiums  which  means  that  the 

existence of asymmetric information is inevitable. Individuals are free to choose the size of 

the voluntary deductible and the insurance company cannot refuse them. Nevertheless, 

since van Winssen et al. (2015) find that the uptake of the voluntary deductible is much 

lower than would be profitable, it is an open question whether the consumers, in fact, use 

their private information. Accordingly, in the rest of this paper, when we refer to 

asymmetric information, we mean the individual’s use of private information in insurance 

coverage decisions and healthcare utilization. 

We start with a descriptive analysis, establishing that differences in healthcare 

utilization exist between people with and without a deductible. Independent sample t-tests 

are performed to compare the two groups. However, as shown by to Finkelstein and 

McGarry (2006), mere existence of a difference might not show the full extent of the 

asymmetric information if there are multiple dimensions of asymmetric information. In 

that case, as discussed in the theoretical framework, we can reject the null hypothesis of 

symmetric information if, conditional on the information used by the insurer in setting 

insurance prices, we observe some other characteristic that is correlated with both 

insurance coverage and healthcare utilization of an individual.  Since the Dutch insurers 

are not allowed to risk-rate the premiums, any individual characteristics that are 

correlated with both insurance coverage and healthcare utilization would be an indication 

of asymmetric information. Similar to Bolhaar et al. (2012), to perform this test we model 

selection into the deductible with a linear probability model13 in equation (5.1): 

𝑑𝑖𝑡 = 𝒙𝒊𝒕
′ 𝜷 +  휀𝑖𝑡     (5.1) 

where 𝑑𝑖𝑡  is a binary variable indicating that the person i has opted for a voluntary 

deductible in year t, 𝒙𝒊𝒕 is a (column) vector of individual characteristics that are measured 

before the decision to take the deductible, 𝜷 is a (column) vector of parameters, and 휀𝑖𝑡  is 

                                                        
13 As a robustness check, we also estimate the model by probit regression. The average marginal effects of the 
probit model are virtually identical to the LPM coefficients. 
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the error term, which is assumed to be conditionally mean independent of 𝒙𝒊𝒕. The model 

is estimated by OLS and the standard errors are clustered at the individual level. Any 

significant coefficient 𝛽𝑘  means that the uptake of the deductible is not random, and we can 

interpret it as an indication of selection effects. 

In addition, we model healthcare utilization by four OLS regressions as in equation 

(5.2): 

𝑦𝑖𝑡  =  𝒙𝒊𝒕
′ 𝜸 + 𝑢𝑖𝑡    (5.2) 

where 𝑦𝑖𝑡  is a count variable indicating the number of visits to the specialist/GP/ mental 

care provider or days in hospital for person i in year t, 𝜸 is a vector of parameters and 𝑢𝑖𝑡  

denotes the error term. Due to the panel structure of our data, we cluster the standard 

errors on the individual level. In addition, we report the correlation coefficient ρ for 

correlation between the residuals 휀𝑖𝑡  and 𝑢𝑖𝑡  for each of the four dependent variables in 

(5.2). and Similar to Bolhaar et al. (2012), taking the results of  (5.1) and (5.2) together we 

can deduce asymmetric information. In our case, opposite signs for 𝛽𝑘  and 𝛾𝑘 mean that an 

individual characteristic that is associated to a lower probability of having a deductible, 

increases the healthcare utilization, which suggests adverse selection and/or moral 

hazard.  Accordingly, the same signs for 𝛽𝑘  and 𝛾𝑘 would mean advantageous selection.  

Having established the nature of the selection effects above, we turn to estimating 

moral hazard effects while controlling for sources of selection – risk type, risk preferences, 

and SES. As discussed in the theoretical background, moral hazard is expressed as the effect 

of having a voluntary deductible on healthcare utilization, conditional on individual’s 

health status and preferences. First we treat the uptake of the deductible as exogenous to 

healthcare utilization after controlling for risk type, risk aversion, and personal 

characteristics. Second, we allow for endogeneity in the model.  

We begin by modelling the effect of having a voluntary deductible on healthcare 

utilization by a Cragg hurdle or two-part model. Hurdle models allow us to explicitly model 

both, the probability of having any visit or hospital day (selection part) and the actual 

number of visits/ days (amount part). In addition, as opposed to Tobit model, it allows 

different direction of effect on the probability and amount of visits/hospital days 

(Wooldridge, 2010). Hurdle models are characterized by the relationship  

𝑦𝑖𝑡 =  𝑠𝑖𝑡ℎ𝑖𝑡
∗  ,      (5.3) 
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where yit is the observed value of the dependent variable. The selection variable, sit , is 1 if 

the dependent variable is not bounded and 0 otherwise. In our model, the lower limit that 

binds the dependent variable is 0 so the “selection” part of the model is  

𝑠𝑖𝑡  =  {
1  if  𝜇𝑠𝑑𝑖𝑡 + 𝒙𝒊𝒕

′ 𝜽 + 𝜔𝑖𝑡  >  0 

0  otherwise                                 
 

where 𝑑𝑖𝑡  is a binary variable indicating that the person i has opted for a voluntary 

deductible in year t, 𝜇𝑠 represents the moral hazard effect in the selection equation e.g. in 

the decision to have any hospital visits, 𝒙𝑖𝑡  is a vector of other explanatory variables, 𝜽 is a 

vector of coefficients, and 𝜔𝑖𝑡  is the error term. The continuous latent variable ℎ𝑖𝑡
∗  is 

observed only if 𝑠𝑖𝑡  = 1. Since the distributions of our outcome variables are skewed, the 

outcome or “amount” part of the model in our case is the exponential model, as proposed 

in Cragg (1971):  

ℎ𝑖𝑡
∗  =  𝑒𝑥𝑝 (𝜇𝑎𝑑𝑖𝑡 + 𝒙𝒊𝒕

′ 𝜸 + 𝜈𝑖𝑡) 

where 𝜇𝑎 represents the moral hazard effect in the amount equation, assuming that 𝑑𝑖𝑡  is 

exogenous, and 𝜈𝑖𝑡  is an error term. Crucially, we assume that 

(𝜔𝑖𝑡 , 𝜈𝑖𝑡)′| 𝑑𝑖𝑡 , 𝒙𝒊𝒕
′ ~ 𝑁𝐼𝐷 ((0

0
), (

1 0
0 𝜎𝜈

2)). 

The selection model is estimated by Probit while the amount model is estimated by OLS 

regression of ln(𝑦𝑖𝑡) on 𝑑𝑖𝑡  and 𝒙𝒊𝒕
′  for observations with 𝑦𝑖𝑡   > 0 (Wooldridge, 2010). 

The approach described above does not account for the potential endogeneity of the 

voluntary deductible variable, as it assumes no correlation between the error terms. Even 

though we control for important variables, such as risk aversion, health status and socio-

economic status, there still might be some unobserved variables correlated to the 

voluntary deductible choice and healthcare utilization variables. To allow for the 

endogeneity of the voluntary deductible variables, we apply bivariate models and use an 

instrumental variable for the deductible choice. The literature has approached the choice 

of a valid instrumental variable for insurance coverage in various ways. Some studies have 

used various socioeconomic characteristics as instrumental variables (Harmon and Nolan 

2001; Buchmueller et al. 2004; Höfter 2006), but this approach might not be ideal as these 

variables can be correlated to health care utilization as shown by Doorslaer et al. (2004) 

and Fletcher and Frisvold (2009). Others, such as Jones et al. (2006) and Bolhaar et al. 

(2012) use lagged information on access to employer-provided health care or insurance as 
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an instrumental variable for private health insurance in countries with public health 

insurance. In the literature specifically focusing on the effect of deductibles, Schellhorn 

(2001) employs a bivariate Poisson GMM approach with endogenous treatment. They use 

availability of supplementary insurance cover and three dummies that categorize regions 

with a similar premium level along with the predicted choice of the deductible as 

instruments for the deductible choice. Similar to Schellhorn (2001), we argue that, in the 

Netherlands, having a supplementary health insurance is exogenous to the utilization of 

basic healthcare. The Dutch supplementary insurance covers health services that are not 

covered by the basic health insurance, such as physiotherapist visits, dental care, 

eyeglasses, etc., but it does not directly affect the treatment choices or out-of-pocket 

payments within the services covered by the basic insurance. Therefore, it should not 

directly influence the number of visits to physicians. Yet, the choice for supplementary 

insurance is strongly correlated with the choice of the deductible. Both are influenced by 

unobservable personal health and risk preferences. Therefore, we employ availability of 

supplementary insurance as an instrumental variable for the voluntary deductible. 

In order to mirror the results from the Cragg hurdle model, we employ a bivariate 

probit for the choice to have any physician visits and a log-linear regression with 

endogenous treatment for the number of visits. First, we model the choice to have any 

physician visits. We apply the bivariate probit model to two binary dependent variables, 

𝑦𝑖𝑡 , which stands for having any physician visits / hospital stays,  and 𝑑𝑖𝑡 , which stands for 

having a voluntary deductible. We allow for correlation between the corresponding error 

terms. Given the observed covariates 𝒙𝒊𝒕
′ , we can write the bivariate model in terms of a 

latent variable specification:  

{
𝑦𝑖𝑡

∗  =  𝛿𝑠𝑑𝑖𝑡 + 𝒙𝒊𝒕
′ 𝜸𝟏  +  𝑢𝑖𝑡

𝑑𝑖𝑡
∗  =  𝜋𝑧𝑖𝑡 + 𝒙𝒊𝒕

′ 𝜸𝟐  +  𝑣𝑖𝑡   
  (5.4) 

where 𝛿𝑠 is the coefficient for the effect of the voluntary deductible, which in our case can 

be interpreted as the causal effect of moral hazard, 𝜸𝟏 and 𝜸𝟐 are vectors of coefficients for 

the covariates 𝒙𝒊𝒕
′ and 𝑧𝑖𝑡  is the instrument.  The observed values are then: 

𝑦𝑖𝑡 = {
 1 𝑖𝑓 𝑦𝑖𝑡

∗ > 0

  0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
   (5.5) 

𝑑𝑖𝑡 = {
 1 𝑖𝑓 𝑑𝑖𝑡

∗ > 0

 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
.   (5.6) 
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We assume that the error terms are drawn from a standard bivariate normal 

distribution with zero means, unit variances and correlation coefficient 𝜌: 

(𝑢𝑖𝑡 , 𝑣𝑖𝑡)~ 𝑁 ((0
0
), (

1 𝜌
𝜌 1

)).  (5.7) 

Assuming that the model is correctly specified, ρ = 0 implies that 𝑑𝑖𝑡  is exogenous with 

respect to 𝑦𝑖𝑡 . Consistent estimation of the unknown parameters in the model can be 

achieved using the method of maximum likelihood. Given our data structure, we cluster the 

standard errors on the individual level. 

To model the number of visits, we apply a log-linear regression with endogenous 

treatment to the observations where 𝑦𝑖𝑡  > 0. The model is composed of an equation for the 

outcome 𝑦𝑖𝑡   and an equation for the endogenous treatment 𝑑𝑖𝑡 . The endogenous variable 

𝑑𝑖𝑡  for voluntary deductible is modelled as in equations (5.4) and (5.6). The healthcare 

utilization 𝑦𝑖𝑡  is a linear model: 

ln (𝑦𝑖𝑡)  =  𝛿𝑎𝑑𝑖𝑡 + 𝒙𝒊𝒕
′ 𝜸𝟏  +  𝑢𝑖𝑡  

The error terms are drawn from a standard bivariate normal distribution with zero means, 

unit variances and correlation coefficient 𝜌, the same as in equation (5.7). We interpret 𝛿𝑎 

as the causal effect of moral hazard in the amount model. We estimate the model by quasi-

maximum likelihood, and we cluster the standard errors on the individual level. 

Both, 𝛿𝑠 and 𝛿𝑎 show the incentive effect of voluntary deductible conditional on 

individual characteristics. According to theory, when facing the same health shock, persons 

with a voluntary deductible would use less healthcare than persons without a voluntary 

deductible. Accordingly, we expect negative signs for 𝛿𝑠 and 𝛿𝑎. 

5.6. RESULTS 

5.6.1. DESCRIPTIVE STATISTICS 

First, we investigate the descriptive statistics in Table 5.2. Columns 1-3 present the 

number of observations, means and standard deviations of all variables in the whole 

sample. Columns 4-6 present the same statistics for the subsample that has opted for the 

voluntary deductible and columns 7-9 present these statistics for those who have no 

voluntary deductible. Column 10 provides the p-value of a t-test comparing the means of 

the two subsamples and columns 11 and 12 present the minimum and maximum values in 
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the whole sample for each variable. We start by looking at the four different health care 

utilization measures included in this analysis. As expected, we observe that the individuals 

who select a voluntary deductible have on average a lower number of visits to the 

specialist, GP, mental care providers, and days spent in hospital than those who do not have 

a voluntary deductible. For visits to the specialist, GP, and days spent in hospital, the 

difference is statistically significant at a 5% level. For the visits to mental care providers, 

the difference is not significant, but has the same sign as other healthcare utilization 

variables. The raw data  shows  that  indeed  less  insurance  coverage is associated  with 

significantly lower health care utilization. We consider this the first sign of asymmetric 

information for visits to the specialist, GP, and days spent in hospital. For the visits to 

mental care providers, we see no signs of asymmetric information. 

Next, we compare the characteristics of the individuals with and without the 

voluntary deductible. People who opt for voluntary deductible are less risk averse, more 

often male, younger, higher educated, more likely employed, are less likely to be married, 

have higher incomes, better self-assessed health, are less likely to have chronic diseases, 

more likely to smoke. These differences are statistically significant suggesting that 

individuals who opt for a deductible are different from those who do not. 

5.6.2. MULTIDIMENSIONAL ASYMMETRIC INFORMATION  

Since the Dutch insurers are not allowed to risk-rate the premiums, any individual 

characteristics that are correlated with both insurance coverage and healthcare utilization 

can be considered an indication of asymmetric information (Finkelstein and McGarry, 

2006). Hence, we model self-selection into having a voluntary deductible and healthcare 

utilization more formally in Table 5.3.  

Column 1 of Table 5.3 presents the coefficients of the pooled OLS regressing the 

voluntary deductible on individual characteristics as in equation (5.1). As expected, the 

results show that more risk averse individuals are significantly less likely to select the 

voluntary deductible. Also, older individuals, married people and individuals with chronic 

conditions are less likely to opt for the voluntary deductible. On the other hand, the 

probability of having the voluntary deductible is higher for males, highly educated and 

healthy individuals. This is in line with the results of Winssen et al. (2015) who also found 

that these are the population groups who can benefit the most from opting for a voluntary  
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Table 5.3: OLS estimates to test for selection and multidimensional asymmetric 
information 

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

  Health care utilization 

VARIABLES 
Voluntary 
deductible 

Specialist 
visits GP visits 

Mental care 
visits 

Days in 
hospital 

Risk aversion -0.0098*** -0.0074 -0.0159 0.0335 -0.0022 
 (0.0032) (0.0300) (0.0302) (0.0270) (0.0220) 

Male 0.0253** -0.3039*** -0.7317*** -0.0684 0.0111 
 (0.0100) (0.0876) (0.1176) (0.0754) (0.0675) 

Age 0.0028 -0.0473** -0.0301 0.0412* -0.0137 
 (0.0018) (0.0210) (0.0224) (0.0211) (0.0172) 

Age2 -0.00005*** 0.0007*** 0.0006** -0.0006** 0.0002 
 (0.0000) (0.0002) (0.0002) (0.0002) (0.0002) 

Employed 0.0162 -0.2083** -0.2521* -0.3178** -0.2554** 
 (0.0116) (0.1053) (0.1300) (0.1553) (0.1300) 

Educ.mid -0.0036 -0.2363* -0.2758** 0.0633 -0.0958 
 (0.0118) (0.1259) (0.1250) (0.1249) (0.0845) 

Educ.high 0.0489*** -0.1696 -0.2332 0.2320 -0.0155 
 (0.0134) (0.1114) (0.1420) (0.1478) (0.1082) 

Married -0.0363*** -0.0268 -0.0029 -0.0889 -0.1266 
 (0.0140) (0.1629) (0.1304) (0.0898) (0.1089) 

Good health 0.0598*** -0.3616*** -0.4396*** -0.0579 -0.1255*** 
 (0.0131) (0.0615) (0.0700) (0.0599) (0.0466) 

MHI5 -0.0006* -0.0190*** -0.0339*** -0.0425*** -0.0129** 
 (0.0003) (0.0051) (0.0056) (0.0074) (0.0060) 

Chronic cond. -0.0507*** 1.2380*** 1.1802*** 0.1978* 0.6009*** 
 (0.0101) (0.1269) (0.1226) (0.1026) (0.1011) 

Smokes 0.0132 -0.0231 -0.1939 0.0535 -0.0793 
 (0.0130) (0.1126) (0.1318) (0.1064) (0.0763) 

Log income 0.0160 -0.0640 -0.3427*** -0.1665 0.0547 

 (0.0127) (0.1316) (0.1103) (0.1070) (0.0906) 

Constant 0.0602 4.0785*** 8.0109*** 4.6716*** 1.6114** 

 (0.1077) (1.3272) (1.1307) (0.8390) (0.7839) 
Average 
marginal 
effect of age -0.0023*** 0.0225*** 0.0320*** -0.0215*** 0.0023 

 (0.0004) (0.0049) (0.0048) (0.0045) (0.0039) 

ρ (residuals)  0.0012 -0.0026 -0.0082 -0.0109 

Observations 14,089 14,089 14,089 14,089 14,089 

R-squared 0.044 0.0409 0.0608 0.0346 0.0109 

Standard errors are clustered at household level and presented in parentheses. The specification 
includes year dummies. *** p<0.01, ** p<0.05, * p<0.1 
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deductible. 

To investigate if any individual characteristics are correlated with both insurance 

coverage and healthcare utilization, we analyze columns 2 to 5 of Table 5.3, which show 

the results from pooled OLS regressions with the four healthcare utilization measures as 

outcomes. Taken together with Column 1, these results show that being male and having 

good self-assessed health is associated with higher probability of having a voluntary 

deductible and lower utilization of specialist, GP and also (only good health) hospital care. 

The opposite is true for having a chronic condition – we see lower probability of having a 

voluntary  deductible  and  higher  utilization  of  all  types  care.   This  suggests   adverse 

selection and/or moral hazard in the utilization of specialist, GP and hospital care. The 

variable indicating the mental  health  status of the  individual  (MHI5)  shows  that  better 

mental health is associated with lower probability of having a voluntary deductible and 

also lower utilization of all types of care, including mental health care. This suggests 

advantageous selection on mental care – the healthier individuals select more insurance 

coverage even after controlling for risk aversion. Interestingly, the average marginal effects 

of age show adverse selection with regard to visits to specialist and GP, but again, 

advantageous selection with regard to mental care visits. To sum up, the test proposed by 

Finkelstein and McGarry (2006) indicates the presence of multidimensional private 

information. In case of the utilization of mental health care, some dimensions lead to 

adverse selection and some – to advantageous selection. As a result, the raw difference in 

mental health care utilization between individuals with and without a deductible is not 

significant (as seen in Table 5.2). 

5.6.3. HEALTH CARE UTILIZATION 

Since our utilization variables are corner solution response with a corner at 0 (see 

the distributions in Table 5.4), we use Cragg log-normal hurdle model for our analysis of 

healthcare utilization. The Hurdle model results in Table 5.5 show two sets of coefficients 

for each model. The “Selection” columns show the coefficients of the effect on the 

probability of having a positive number of visits. The columns titled “Amount” show the 

effect of variables on the number of visits, conditional on it being greater than zero. 

Controlling for sources of asymmetric information, such as the risk aversion and risk type, 

a significant negative relationship between the dummy for voluntary deductible and 
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utilization variables could be considered as first evidence of moral hazard. 

The results in columns 1 and 2 show that having a voluntary deductible is negatively 

associated with the probability of having any specialist visits, but has no effect on the 

number of visits. Similarly, in columns 3 and 4 having a voluntary deductible is negatively 

associated with the probability of having any GP visits, but has no effect on the number of 

visits and also people with a voluntary deductible  are less likely to go to a hospital but the 

number of days spent there is not affected by the voluntary deductible. Mental care visits 

(columns 5 and 6) do not follow the general pattern, since the voluntary deductible is 

associated with the number of visits and not the probability of having any visits.  

Table 5.4: Distribution of the outcome variables 

  Specialist visits GP visits Mental care visits Days in hospital 
Value Freq. Cum.% Freq. Cum.% Freq. Cum.% Freq. Cum.% 

0 8,377 59.46 4,306 30.56 13,233 93.92 12,583 89.31 

1 1,951 73.31 3,140 52.85 127 94.83 538 93.13 

2 1,433 83.48 2,275 69.00 99 95.53 299 95.25 

3 729 88.65 1,397 78.91 72 96.04 144 96.27 

4 540 92.48 1,111 86.80 70 96.54 92 96.93 

5 313 94.71 671 91.56 95 97.21 119 97.77 

6 227 96.32 441 94.69 65 97.67 52 98.14 

7 79 96.88 112 95.49 24 97.84 66 98.61 

8 118 97.71 197 96.88 65 98.3 33 98.84 

9 25 97.89 26 97.07 12 98.39 12 98.93 

10 110 98.67 197 98.47 75 98.92 26 99.11 

11 12 98.76 8 98.52 2 98.94 8 99.17 

12 35 99.01 78 99.08 40 99.22 26 99.35 

13 9 99.07 4 99.11 2 99.23 6 99.40 

14 6 99.11 11 99.18 4 99.26 20 99.54 

15 31 99.33 31 99.40 13 99.35 3 99.56 

16 6 99.38 7 99.45 8 99.41 5 99.60 

17 3 99.40 1 99.46 1 99.42 4 99.62 

18 4 99.43 2 99.47 2 99.43 3 99.65 

19 2 99.44 2 99.49 1 99.44 1 99.65 

20 24 99.61 32 99.72 24 99.61 3 99.67 

21 2 99.62 0 99.72 1 99.62 10 99.74 

22 2 99.64 0 99.72 2 99.63 0 99.74 

23 1 99.65 1 99.72 1 99.64 1 99.75 

24 2 99.66 4 99.75 11 99.72 0 99.75 

25 13 99.75 3 99.77 3 99.74 5 99.79 

>25 35 100.00 32 100.00 37 100.00 30 100.00 

Total 14,089 100 14,089 100 14,089 100 14,089 100 
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Table 5.5: Voluntary deductible and healthcare utilization. Log-linear Hurdle 
model results. 

 (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES Specialist visits GP visits Mental care visits Days in hospital 

 Selection Amount Selection Amount Selection Amount Selection Amount 
         

Vol.deduct. -0.1693*** 0.0096 -0.1494*** -0.0155 0.0024 -0.1885** -0.1292*** -0.0783 
 (0.0382) (0.0347) (0.0369) (0.0239) (0.0599) (0.0938) (0.0496) (0.0704) 

Risk aversion 0.0051 -0.0039 0.0077 0.0045 0.0011 0.0512** 0.0059 -0.0238 
 (0.0099) (0.0079) (0.0103) (0.0064) (0.0170) (0.0222) (0.0109) (0.0158) 

Male -0.1988*** -0.0422 -0.4757*** -0.1543*** -0.1444*** 0.0037 -0.0074 -0.0065 
 (0.0349) (0.0276) (0.0343) (0.0216) (0.0545) (0.0802) (0.0366) (0.0552) 

Age -0.0173*** -0.0104** -0.0122* -0.0049 0.0033 0.0246* -0.0226*** -0.0070 
 (0.0063) (0.0050) (0.0067) (0.0039) (0.0110) (0.0134) (0.0065) (0.0106) 

Age2 0.0003*** 0.0001** 0.0003*** 0.0001*** -0.0002 -0.0003** 0.0003*** 0.0001 
 (0.0001) (0.0000) (0.0001) (0.0000) (0.0001) (0.0001) (0.0001) (0.0001) 

Employed -0.0846** -0.0740** -0.0673 -0.0644** -0.0300 -0.0332 -0.0055 -0.1644** 
 (0.0407) (0.0326) (0.0423) (0.0261) (0.0647) (0.1027) (0.0443) (0.0709) 

Educ.mid 0.0074 -0.0774** 0.0278 -0.0445 0.1209* -0.0457 -0.0585 -0.1411** 
 (0.0417) (0.0360) (0.0446) (0.0273) (0.0707) (0.1079) (0.0450) (0.0678) 

Educ.high 0.0611 -0.0751** 0.0637 -0.0827*** 0.1956*** 0.1634 -0.0169 -0.1383* 
 (0.0448) (0.0352) (0.0472) (0.0284) (0.0742) (0.1221) (0.0451) (0.0708) 

Married -0.0622 0.0174 0.0571 -0.0080 -0.0388 0.0332 0.0145 -0.1275* 
 (0.0456) (0.0354) (0.0448) (0.0292) (0.0634) (0.1100) (0.0499) (0.0725) 

Good health -0.2508*** -0.1574*** -0.2450*** -0.1610*** -0.1002 -0.1394 -0.1900*** -0.0125 
 (0.0376) (0.0302) (0.0356) (0.0224) (0.0651) (0.0945) (0.0461) (0.0672) 

MHI5 -0.0038*** -0.0051*** -0.0083*** -0.0067*** -0.0264*** -0.0088*** -0.0035*** -0.0030 
 (0.0012) (0.0010) (0.0012) (0.0007) (0.0016) (0.0023) (0.0013) (0.0020) 

Chronic cond. 0.6417*** 0.2657*** 0.4101*** 0.2278*** 0.2089*** -0.0511 0.3508*** 0.1810*** 
 (0.0372) (0.0268) (0.0387) (0.0229) (0.0566) (0.0807) (0.0376) (0.0546) 

Smokes -0.0995** 0.0114 -0.1249*** -0.0619** 0.0356 0.0587 -0.0392 0.0025 
 (0.0404) (0.0346) (0.0410) (0.0280) (0.0649) (0.0943) (0.0453) (0.0685) 

Log income 0.0437 -0.0582** -0.0564 -0.0692*** -0.1046* -0.1018 0.0106 -0.0511 
 (0.0386) (0.0294) (0.0399) (0.0267) (0.0607) (0.0934) (0.0410) (0.0739) 

Constant -0.3193 1.9152*** 1.7457*** 1.9413*** 1.4595*** 2.3309*** -0.7448** 1.7944*** 
 (0.3100) (0.2634) (0.3354) (0.2216) (0.4891) (0.7228) (0.3396) (0.6493) 
         

Observations 14,089 14,089 14,089 14,089 14,089 14,089 14,089 14,089 

Pseudo R2 0.0848 0.0848 0.0855 0.0855 0.1000 0.1000 0.0361 0.0361 

Log-likelihood -14316 -14316 -17273 -17273 -4502 -4502 -6651 -6651 

Average  
marginal 
effect 
vol.deduct. 

-0.0570*** 0.0274 -0.0479*** -0.0445 0.0002 -1.1461** -0.0218*** -0.2811 

Note: Standard errors are clustered at household level and presented in parentheses. The specification includes 

year dummies. *** p<0.01, ** p<0.05, * p<0.1 
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The significant association with GP visits seems surprising at first sight, since the GP 

visits are excluded from the deductible. However, since the GP acts as a gatekeeper for 

other  kinds  of  care  that  are  subject  to  the  deductible,  it  is  possible  that  having  the 

deductible reduces those visits to the GP that would be made with intention to acquire a 

referral to a specialist. Interestingly, risk aversion does not seem to be significantly 

associated with health care utilization, except for number of mental care visits, even though 

it was a significant determinant of selection into voluntary deductible. As expected, 

healthcare utilization seems to be mostly driven by the health status of the individuals. 

5.6.4. MORAL HAZARD 

The analysis above does not account for the potential endogeneity of  voluntary 

deductible. Even though we include numerous control variables, the self-selection in 

voluntary deductible and healthcare utilization could be correlated to some unobserved 

characteristics.  

Table 5.6 presents the bivariate probit results, including an exclusion restriction. 

Columns 1 to 4 present the first stage results, which indicate that supplementary insurance 

is a relevant instrument for voluntary deductible, since the coefficients are very significant. 

Columns 5 to 8 present the main results, where the outcome is the probability of having 

any physician visits / days in the hospital. These columns are comparable to the the 

“selection” columns from the Cragg hurdle model in Table 5.5.  

The parameter ρ, at the bottom part of Table 5.6, measures the correlation of the 

residuals of the first and second stage models. For all four models, this correlation is highly 

significant, indicating that endogeneity is an important concern. 

Turning to the coefficients, we observe a significant negative effect of having a 

voluntary deductible on the probability of visiting a specialist, a GP, mental care specialist 

or being hospitalized. The average marginal effects are presented at the bottom of Table 

5.6 and show that the effects of the voluntary deductible are large. Having a voluntary 

deductible decreases the probability of any specialist visits by 31 percentage points (p.p.), 

any GP visits by 23 p.p., any mental care specialist visits by 5.5 p.p. and any hospitalizations 

by 16 p.p.. 

Table 5.7 presents the results of the log-linear regression with endogenous 

treatment variable, including an exclusion restriction.   Again, columns 1 to 4 present the 
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first stage results, which once more indicate that supplementary insurance is a relevant 

instrument for having the voluntary deductible. Columns 5 to 8 show the main results, 

where the outcome is the logarithm of the number of physician visits / days in the hospital. 

These columns are comparable to the the “amount” columns from the Cragg hurdle   model  

in  Table  5.5.  The  parameter rho shows that  the residuals of the first and second stage 

equations are correlated for the number of specialist visits, GP visits and days in hospital, 

indicating endogeneity. The residuals are not correlated for the mental care visits. 

Next, we consider the effect of having the voluntary deductible. The coefficients 

show that having a voluntary deductible reduces the number of specialist visits by 

approximately 19.7% and the number of GP visits by approximately 27.1%, ceteris paribus. 

The effect on the number of mental care visits is not statistically significant. Interestingly, 

the coefficient of voluntary deductible is positive in the model for the number of days spent 

in hospital (column 8). This means that conditional on having any hospitalization, people 

with a deductible spend 155% longer time in hospital. Since they are less likely to get 

hospitalized, these individuals seem to avoid the hospitalizations for less severe issues and 

go to the hospital only for more serious health problems. 

In sum, our results show that accounting for the endogeneity of voluntary deductible 

is important for this analysis. Altogether, it seems that the voluntary deductible helps to 

reduce moral hazard, especially on the extensive margin. 

 



 

 

Table 5.6: Voluntary deductible and the probability of having any physician visits. Bivariate probit results. 

  (1) (2) (3) (4) (5) (6) (7) (8) 

 1st stage (Voluntary deductible) Outcome (P(Y>0)) 

VARIABLES 

Specialist 

visits GP visits 

Mental care 

visits 

Days in 

hospital 

Specialist 

visits GP visits 

Mental care 

visits 

Days in 

hospital 

                  

Sup. insurance -0.4493*** -0.4361*** -0.4273*** -0.4253***      

 (0.0438) (0.0454) (0.0462) (0.0469)      

Vol.deduct.     -1.0292*** -0.6844*** -0.6416** -1.228*** 

     (0.1271) (0.1706) (0.2550) (0.1448) 

Risk aversion -0.0430*** -0.0430*** -0.0423*** -0.0402*** -0.0041 0.0023 -0.0067 -0.0096 
 

(0.0126) (0.0128) (0.0127) (0.0127) (0.0100) (0.0104) (0.0172) (0.0108) 

Male 0.0684* 0.0615 0.0635 0.0719* -0.1649*** -0.4524*** -0.1206** 0.0273 
 

(0.0398) (0.0399) (0.0400) (0.0400) (0.0345) (0.0350) (0.0549) (0.0349) 

Age 0.0228*** 0.0231*** 0.0221*** 0.0237*** -0.0145** -0.0106 0.0060 -0.0157** 
 

(0.0079) (0.0080) (0.0079) (0.0079) (0.0061) (0.0066) (0.0109) (0.0065) 

Age2 -0.0003*** -0.0003*** -0.0003*** -0.0003*** 0.0003*** 0.0002*** -0.0002** 0.0002** 
 

(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

Employed 0.0665 0.0721 0.0757 0.0658 -0.0638 -0.0577 -0.0179 0.0235 
 

(0.0482) (0.0483) (0.0482) (0.0483) (0.0403) (0.0419) (0.0633) (0.0426) 

Educ.mid -0.0067 -0.0030 -0.0006 -0.0022 0.0043 0.0253 0.1147* -0.0545 
 

(0.0515) (0.0516) (0.0519) (0.0514) (0.0404) (0.0435) (0.0697) (0.0425) 

Educ.high 0.1837*** 0.1831*** 0.1919*** 0.1885*** 0.1010** 0.0892* 0.2243*** 0.0536 
 

(0.0541) (0.0543) (0.0540) (0.0538) (0.0439) (0.0473) (0.0717) (0.0441) 

Married -0.1386** -0.1367** -0.1363** -0.1401** -0.0911** 0.0359 -0.0643 -0.0356 
 

(0.0550) (0.0552) (0.0558) (0.0553) (0.0450) (0.0450) (0.0636) (0.0488) 

Good health 0.1814*** 0.1851*** 0.1858*** 0.1889*** -0.1807*** -0.2080*** -0.0476 -0.0792 
 

(0.0450) (0.0450) (0.0449) (0.0448) (0.0391) (0.0373) (0.0693) (0.0495) 

MHI5 -0.0019 -0.0022* -0.0024* -0.0024* -0.0041*** -0.0084*** -0.0259*** -0.004*** 



 

 

 
(0.0013) (0.0013) (0.0013) (0.0013) (0.0011) (0.0012) (0.0017) (0.0012) 

Chronic cond. -0.2012*** -0.2061*** -0.2108*** -0.2103*** 0.5628*** 0.3761*** 0.1597** 0.2273*** 
 

(0.0464) (0.0466) (0.0466) (0.0460) (0.0397) (0.0395) (0.0648) (0.0477) 

Smokes 0.0295 0.0267 0.0295 0.0330 -0.0829** -0.1154*** 0.0437 -0.0143 
 

(0.0495) (0.0500) (0.0499) (0.0495) (0.0403) (0.0413) (0.0638) (0.0425) 

Log income 0.0757 0.0736 0.0716 0.0728 0.0553 -0.0465 -0.0884 0.0297 

 (0.0504) (0.0502) (0.0509) (0.0516) (0.0379) (0.0396) (0.0603) (0.0407) 

          

Constant -1.4377*** -1.4102*** -1.3844*** -1.4338*** -0.2373 1.7446*** 1.4112*** -0.6134* 

 (0.4297) (0.4253) (0.4307) (0.4364) (0.3063) (0.3320) (0.4853) (0.3362) 

          

Observations 14,089 14,089 14,089 14,089 14,089 14,089 14,089 14,089 

ρ (rho)     0.506 0.307 0.389 0.689 

chi2 (rho=0)     29.26 8.71 5.11 19.14 

p-value 

(rho=0)     0.000 0.003 0.024 0.000 

Log-likelihood         -14407 -13775 -8769 -10611 

Average  

marginal effect 

vol.deduct.     

-0.3143*** -0.2337*** -0.0552** -0.163*** 

Note: Standard errors are clustered at household level and presented in parentheses. The specification includes year dummies.  

*** p<0.01, ** p<0.05, * p<0.1 

 

  



 

 

Table 5.7: Voluntary deductible and the number of physician visits, if positive number of visits. Log-linear regression 
with endogenous treatment (estimated by quasi maximum likelihood) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

 
1st stage (Voluntary deductible) Outcome (ln(Number of visits/days)) 

VARIABLES 
Specialist 

visits 
GP visits 

Mental care 

visits 

Days in 

hospital 

Specialist 

visits 
GP visits 

Mental care 

visits 

Days in 

hospital 

                  

Sup. insurance -0.3445*** -0.3898*** -0.6990*** -0.2140**      

 (0.0670) (0.0513) (0.1382) (0.0865)      

Vol.deduct.     -0.1870** -0.2714*** -0.3524 1.5449*** 

     (0.0854) (0.0602) (0.3123) (0.1116) 

Risk aversion -0.0343** -0.0434*** -0.0622* -0.0786*** -0.0053 0.0021 0.0491** 0.0064 
 

(0.0174) (0.0140) (0.0368) (0.0266) (0.0079) (0.0064) (0.0230) (0.0194) 

Male -0.0279 0.0558 -0.1359 -0.1329 -0.0426 -0.1496*** -0.0003 0.0207 
 

(0.0575) (0.0452) (0.1370) (0.0939) (0.0276) (0.0217) (0.0818) (0.0658) 

Age 0.0117 0.0127 0.0410 -0.0032 -0.0102** -0.0047 0.0254* -0.0085 
 

(0.0115) (0.0088) (0.0265) (0.0179) (0.0050) (0.0039) (0.0135) (0.0112) 

Age2 -0.0002 -0.0002** -0.0005* 0.0000 0.0001** 0.0001*** -0.0003** 0.0002 
 

(0.0001) (0.0001) (0.0003) (0.0002) (0.0000) (0.0000) (0.0001) (0.0001) 

Employed 0.2183*** 0.0945* 0.2801* 0.3486*** -0.0653** -0.0595** -0.0257 -0.2597*** 
 

(0.0725) (0.0544) (0.1576) (0.1203) (0.0326) (0.0265) (0.1047) (0.0821) 

Educ.mid -0.0875 -0.0075 -0.1300 -0.0138 -0.0805** -0.0454* -0.0494 -0.1341* 
 

(0.0724) (0.0579) (0.1826) (0.1015) (0.0360) (0.0275) (0.1089) (0.0771) 

Educ.high 0.1385* 0.2263*** 0.0261 0.1429 -0.0694** -0.0693** 0.1643 -0.2028** 
 

(0.0735) (0.0595) (0.1795) (0.1135) (0.0353) (0.0288) (0.1224) (0.0814) 

Married -0.1041 -0.0837 0.0110 0.1050 0.0130 -0.0128 0.0346 -0.1337 
 

(0.0786) (0.0621) (0.1824) (0.1254) (0.0356) (0.0294) (0.1109) (0.0862) 

Good health 0.0747 0.1154** 0.3054* 0.0484 -0.1536*** -0.1511*** -0.1246 -0.0549 
 

(0.0701) (0.0522) (0.1709) (0.1171) (0.0302) (0.0226) (0.0978) (0.0870) 



 

 

MHI5 -0.0023 -0.0017 0.0001 -0.0016 -0.0052*** -0.0069*** -0.0088*** -0.0024 
 

(0.0019) (0.0015) (0.0032) (0.0029) (0.0009) (0.0008) (0.0023) (0.0023) 

Chronic cond. -0.2196*** -0.2057*** -0.1378 -0.1795** 0.2566*** 0.2159*** -0.0554 0.2354*** 
 

(0.0599) (0.0500) (0.1320) (0.0898) (0.0267) (0.0232) (0.0824) (0.0634) 

Smokes 0.0454 0.0764 0.2245 -0.0862 0.0137 -0.0563** 0.0702 0.0259 
 

(0.0734) (0.0570) (0.1515) (0.1174) (0.0345) (0.0281) (0.0959) (0.0814) 

Log income -0.0645 -0.0156 -0.3979** -0.1664 -0.0611** -0.0706*** -0.1201 0.0121 

 (0.0688) (0.0538) (0.1717) (0.1112) (0.0294) (0.0267) (0.0989) (0.0857) 

Constant -0.2428 -0.6636 1.8779 0.7897 1.9740*** 2.0009*** 2.4867*** 0.9775 

 (0.6123) (0.4597) (1.3783) (0.9610) (0.2622) (0.2215) (0.7831) (0.7514) 

          

Observations 5,712 9,783 856 1,506 5,712 9,783 856 1,506 

rho     0.142 0.205 0.101 -0.850 

chi2 (rho=0)     8.469 24.47 0.298 68.51 

p-value (rho=0)     0.004 0.000 0.585 0.000 

sigma     0.750 0.693 0.956 1.043 

lambda     0.106 0.142 0.0968 -0.886 

SE lambda     0.0360 0.0282 0.177 0.0627 

Log-likelihood         -8487 -14060 -1539 -2476 

Note: Standard errors are clustered at household level and presented in parentheses. The specification includes year dummies. *** p<0.01, ** p<0.05, * p<0.1 
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5.7. CONCLUSIONS 

This paper investigates whether the voluntary deductible in the Dutch health 

insurance system reduces moral hazard or acts as a premium reduction tool for low-risk 

individuals using LISS panel data from the Netherlands. 

The raw data shows that indeed less insurance coverage is associated with 

significantly lower health care utilization except for mental health care. The test for 

multidimensional asymmetric information by Finkelstein and McGarry (2006)  indicates 

that while the three types of physical health care utilization exhibit adverse selection, the 

mental health care utilization is subject to advantageous selection. 

In more detail, the results of the analysis of selection into deductible show that risk 

averse individuals are significantly less likely to opt for the voluntary deductible. Also, 

older individuals, married people and individuals with chronic conditions are less likely to 

opt for the voluntary deductible, while the probability of having the voluntary deductible 

is higher for males, highly educated and healthy individuals. These findings are in line with 

the results of Winssen et al. (2015) who showed that these population groups benefit the 

most from a voluntary deductible 

Further, we analyze the moral hazard effects of voluntary deductible in healthcare 

utilization, first treating the self-selection into having the voluntary deductible as 

exogenous and then accounting for the endogeneity. We show that a voluntary deductible 

is an effective tool for reducing moral hazard in the Dutch health insurance system. 

Moreover, our results indicate that it is important to model both, the decision to use any 

healthcare and the decision about the amount of healthcare use, as the effects differ 

between the two decisions. While having a voluntary deductible reduces the probability of 

having any healthcare utilization for the for outcome measures that we use, the effects on 

the amount of utilization differ. 

Remarkably, the sizes of the effects are large, which is common in the literature (e.g. 

Gardiol et al., 2005).  Having a voluntary deductible decreases the probability of any 

specialist visits by 31 p.p., any GP visits by 23 p.p., any mental care specialist visits by 5.5 

p.p. and any hospitalizations by 16 p.p.. Considering the amount of health care utilization 

having a voluntary deductible reduces the number of specialist visits by approximately 
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19.7% and the number of GP visits by approximately 27.1%. It seems that mental 

healthcare utilization responds to incentives in a different way than physical healthcare 

since the effect on the number of mental care visits is not statistically significant.  

Interestingly, the voluntary deductible has a positive effect on the number of days spent in 

hospital, conditional on having any hospitalization. Individuals with a deductible spend 

155% longer time in hospital than those without.It seems that individuals who opt for a 

voluntary deductibile avoid the hospitalizations for less severe issues and go to the hospital 

only for more serious health problems. Another possibility is that they postpone the 

hospitalization until the moment that the health problem becomes much more severe. 

To sum up, even though a voluntary deductible creates incentives for adverse (or in 

the case of mental health care – advantageous) selection, it is an effective tool to reduce 

moral hazard in health care utilization. These effects seem universal on the extensive 

margin (having any physician visits / hospitalizations) but differ between the types of 

healthcare on the intensive margin (amount of utilization). 
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APPENDIX: LIST OF VARIABLES 

Variable name Description 

Health care utilization 
(outcomes): 

 

Specialist visits Nr of specialist visits in last 12 months 

GP visits Nr of GP visits in past 12 months 

Mental care visits Nr of mental care visits in past 12 months 

Days in hospital Days spent in hospital when last hospitalized in last 12 months 

Deductible  

Vol.deduct Has voluntary deductible 

Vol.deduct size Size of the voluntary deductible 

Man.deduct Size of the mandatory deductible 

Total deduct Total deductible size 

Soc-dem variables from November one year earlier (right before the insurance for the following year 
is chosen): 

Risk aversion 
Risk aversion(1-5) calculated as nr.  of safe choices in 5 lottery 
games 

Male Male 

Age Age 

Educ.low Up to intermediate secondary education 

Educ.mid Secondary or vocational education 

Educ.high College or university 

Employed Employed 

Married Married 

Log income Log of household income 

Lagged health variables:  

Good health Very good or excellent SAH 

MHI5 
Mental health inventory in scale 0 to 100. 100 means perfect 
health. 

Chronic cond. Has a chronic condition 

Smokes Currently smokes 
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SAMENVATTING IN HET NEDERLANDS 

Gezondheid is een van de vele dingen die mensen in het leven verlangen. In 

economische termen streven consumenten naar goede gezondheids- en andere 

doelstellingen, terwijl ze onderhevig zijn aan budget- en tijdsbeperkingen. De 

wisselwerking tussen nagestreefde doelstellingen en geconstateerde beperkingen wordt 

traditioneel beschreven door de hoeveelheden die bij een bepaalde goederenprijs worden 

geëist. In de gezondheidszorgmarkt wordt de hoeveelheid gevraagde gezondheidszorg 

grotendeels bepaald door de gezondheidstoestand van de consument, terwijl de prijs 

waarmee de consument wordt geconfronteerd, meestal door zorgverzekering wordt 

gedekt, waardoor er ruimte is voor complexe interacties. 

Dit proefschrift richt zich op twee aspecten van deze interacties. Ten eerste, omdat 

de vraag naar gezondheidszorg wordt bepaald door de gezondheidsstatus van mensen, is 

het belangrijk om de determinanten van gezondheid te begrijpen. De algemene 

gezondheidsdeterminanten zijn al eerder uitgebreid bestudeerd in de medische 

wetenschappen, epidemiologie en gezondheidseconomie. Maar, een vrij nieuwe 

onderzoekslijn suggereert een verband tussen de economische omstandigheden bij 

geboorte en gezondheid, die ik verder onderzoek met behulp van een unieke dataset. Ten 

tweede creëert de zorgverzekering, die de kosten van de gezondheidszorg dekt, prikkels 

voor moreel risico en averechtse selectie. Voor het optimaal ontwerpen van 

verzekeringspolissen moet rekening worden gehouden met moreel risico en selectie-

effecten. Empirische meting van deze effecten is echter nog steeds een uitdaging en vereist 

verder onderzoek. De volgende twee paragrafen beschrijven elk van deze twee 

onderzoekslijnen verder. 
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Vroege levenseconomische omstandigheden en gezondheid 

In de medische wetenschappen is het duidelijk dat ontbering tijdens de 

zwangerschap een belangrijke vroege oorsprong is van hart- en stofwisselingsstoornissen 

bij volwassenen als gevolg van foetale programmering die permanent de structuur, functie 

en metabolisme van het lichaam vormt en bijdraagt aan volwassen ziekte (Barker, 1995). 

Het bovengenoemde onderzoek toont aan dat verschillende indicatoren van prenatale en 

vroege levensomstandigheden later in het leven in verband worden gebracht met 

gezondheid en sterfte. De indicatoren die in deze disciplines worden gebruikt, hebben 

echter vaak last van mogelijke endogeniteit, omdat individuele sociaaleconomische 

omstandigheden vroeg in het leven en de gezondheid later in leven kunnen worden 

veroorzaakt door vergelijkbare, maar niet-waargenomen kenmerken. Daarom draagt de 

economische literatuur , inclusief dit proefschrift, bij aan dit onderzoek door duidelijk 

exogene indicatoren te gebruiken voor de omstandigheden rond de geboorte, zoals 

onverwachte periodes van honger en oorlog, of voor minder extreme gevallen - de toestand 

van de economie of het niveau van werkloosheid, om het effect van vroege 

levensomstandigheden op latere gezondheid vast te leggen . 

Hoofdstuk 2 van dit proefschrift bestudeert de impact van macro-economische 

omstandigheden rond geboorte op de gezondheid van baby's. Allereerst onderzoek ik met 

bevolkingsgegevens van het CBS het effect van provinciale werkloosheid op 

geboortecijfers. Vervolgens richt ik me op de vraag of de afnemende vruchtbaarheid de 

cohortsamenstelling van moeders verandert. Ik gebruik hiervoor een steekproef van meer 

dan 50.000 respondenten geboren tussen 1950 en 1994 van Lifelines - een grootschalige 

cohortstudie uit de drie noordelijke provincies van Nederland. Ten slotte, ook met behulp 

van Lifelines-gegevens, onderzoek ik hoe provinciale werkloosheid het geboortegewicht 

van baby's beïnvloedt. 

Mijn resultaten tonen aan dat hoge provinciale werkloosheidspercentages de 

vruchtbaarheid doen afnemen en de cohortsamenstelling van moeders veranderen, 

waarbij moeders met een lage sociaaleconomische status minder snel zwanger zullen 

worden tijdens perioden van hoge werkloosheid. Hoewel de cohortsamenstelling 

verbetert, leidt een hoge provinciale werkloosheid nog steeds tot een lager 

geboortegewicht bij jongens. De negatieve impact van hoge werkloosheid op het 
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geboortegewicht is met name sterk voor jongens van oudere moeders en voor baby's van 

rokende moeders. 

Hoofdstuk 3 van dit proefschrift onderzoekt de invloed van de economische 

omstandigheden bij de geboorte op de lange termijn door de impact van de regionale 

werkloosheidscijfers op het moment van de geboorte op het risico op cardiovasculaire 

aandoeningen (CVD) op volwassen leeftijd te onderzoeken. Ik operationaliseer het CVD-

risico door de Systematic COronary Risk Evaluation (SCORE) -index op te stellen met 

behulp van biomarkerdata van Lifelines, die ons 75.566 respondenten tussen 18 en 65 jaar 

oplevert. Daarnaast onderzoek ik of de resultaten verklaard kunnen worden door cyclische 

veranderingen in de cohortcompositie. 

Ik vind dat vrouwen blootgesteld aan hoge provinciale werkloosheidspercentages 

bij de geboorte een verhoogd risico hebben op fatale CVD-gebeurtenissen in het volwassen 

leven. Ik interpreteer dit als bewijs dat ongunstige economische omstandigheden in het 

huishouden bij de geboorte een verhoogd cardiovasculair risico veroorzaken bij vrouwen. 

Voor mannen wordt het risico van CVD gemiddeld niet beïnvloed door blootstelling aan 

recessies in het vroege leven.  

 In hoofdstuk 4 onderzoek ik een van de mogelijke mechanismen achter de 

gezondheidseffecten van economische omstandigheden, dat wil zeggen, maternale stress. 

Dit hoofdstuk onderzoekt of economische recessies kunnen zulke stress voor zwangere 

vrouwen veroorzaken die ernstig genoeg is om de kans op geboorte door keizersnee (CD) 

voor mannelijke baby's te vergroten. Net als in de vorige twee hoofdstukken, gebruik ik 

voor deze analyse ook gegevens uit de cohortstudie van Lifelines. Ik selecteer een 

steekproef van personen uit de Lifelines- studie die tussen 1970 en 1993 in Nederland zijn 

geboren.  

De resultaten laten zien dat de kans op CD voor mannelijke baby's toeneemt als de 

werkloosheid stijgt. Dit resultaat suggereert dat maternale stress een van de mechanismen 

kan zijn hoe vroege levensomstandigheden de gezondheid beïnvloeden. De maternale 

respons op verhoogde werkloosheidscijfers kan klinische symptomen van onwelzijn bij 

mannelijke foetussen oproepen waarop medisch personeel kan ingrijpen. Bovendien lijken 

de resultaten niet te worden aangedreven door differentiële vruchtbaarheid. 
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Moreel risico en selectie in zorgverzekering 

Hoofdstuk 5 onderzoekt of het vrijwillige eigen risico in het Nederlandse 

zorgstelsel moreel risico vermindert of fungeert die als een kostenbesparingsinstrument 

voor laagrisicopersonen.  Ik bestudeer dit vraag met behulp van de LISS-paneldata 

(Longitudinale internetstudies voor sociale wetenschappen). Het panel is gebaseerd op 

een echte kanssteekproef van Nederlandse huishoudens door het Centraal Bureau voor de 

Statistiek en bestaat uit ongeveer 4500 huishoudens. Ten eerste onderzoek ik 

asymmetrische informatie met behulp van een toets die wordt voorgesteld door 

Finkelstein en McGarry (2006) en schat ik de selectie voor vrijwillig eigen risico door een 

eenvoudig probit- model. Vervolgens schat ik het moreel risico-effect van vrijwillig eigen 

risico op vier soorten gebruik van gezondheidszorg: bezoeken aan een specialist, bezoeken 

aan de huisarts (GP), bezoeken aan zorgverleners in de geestelijke gezondheidszorg en 

dagen in het ziekenhuis. In mijn modellen verklaar ik dat beide, de keuze van het vrijwillig 

eigen risico en gezondheidszorggebruik konden worden gecorreleerd met sommige niet-

geobserveerde individuele kenmerken. Bovendien, als gevolg van de verdeling van mijn 

uitkomstvariabelen, model ik beide, de kans op een bezoek of ziekenhuisdag en dan het 

daadwerkelijke aantal bezoeken / dagen. 

Ik vind dat asymmetrische informatie belangrijk is voor de opname van vrijwillig 

eigen risico en gebruik van gezondheidszorg in Nederland. Vervolgens presenteer ik bewijs 

van averechtse selectie met betrekking tot het gebruik van zorg voor fysieke gezondheid, 

maar een voordelige selectie voor geestelijke gezondheidszorg. Tot slot laat ik zien dat 

vrijwillig eigen risico het moreel risico in Nederland vermindert, vooral in de beslissing om 

doktersbezoeken af te leggen in vergelijking met het aantal bezoeken. Over het algemeen 

laten mijn resultaten zien dat verschillende soorten zorggebruik verschillende niveaus van 

moreel risico vertonen. 

 


