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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.  
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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 𝛽̂. 

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.  
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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). 
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