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Time Preferences, Illness, and Death 

Lisa Norrgren  

Abstract 
This paper investigates the predictive power of time preferences on the risk of early mortality and 

illness in adulthood. Using a unique Swedish cohort of 12,956 individuals born in 1953, 

interviewed in 1966, and followed with register data up to 2018, the paper finds that patient 

adolescents are 17–21% less likely to die before age 65. Patient adolescents have fewer 

hospitalizations and diagnoses in their adult life and are less likely to be diagnosed with conditions 

associated with lifestyle risk factors. Patient adolescents are also more in favor of sports activities 

and school rules on smoking. The investigated channels for the relationship between time 

preferences and future health include lifestyle, mother’s time preferences, and the adolescent’s 

education attainment and future income. Controlling for education and income reduces the 

coefficient for time preferences on early mortality by one-fourth. 

 

Introduction 
The top global causes of death are cardiovascular diseases, such as ischemic heart disease and 

stroke. WHO (2017) describes that most of these diseases can be prevented with population-wide 

strategies addressing lifestyle factors such as inactivity, diet, smoking, and drinking. However, to 

create effective strategies nationwide, it helps to understand why people have these lifestyles to 

begin with. Why do people choose consumption and habits that are bad for their long-term health?   

A possible driver, among many, is time preferences, i.e., the relative weight an individual gives to 

future utility compared with present utility. There is little empirical knowledge of the relationship 

between time preferences and long-term health outcomes, due to lack of data. Yet, in the short run, 

we know that time preferences correlate with exercise (Leonard and Shuval, 2017) and smoking 

habits (Harrison et al., 2018). We also know that when food prices go down, people with high 

discounting rates are more likely to get a high BMI (Courtemanche, Heutel, and McAlvanah, 2015). 

One way to interpret these results is that people with higher discounting rates (who are more 

impatient) are less likely to choose costly habits and forgo utility in the present in order to obtain 

better future health.  
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This paper uses a unique dataset from Sweden called the Stockholm Birth Cohort (SBC), with time 

preference data from 1966, to investigate the relationship between time preferences and long-term 

health. Golsteyn, Grönqvist, and Lindahl (2014) use an earlier version of the dataset to investigate 

the link between adolescents’ time preferences and future labor outcomes. Notable, however, is 

that they also find a relation between adolescents’ time preferences and mortality before age 49, 

which is weakly significant (at the 10% level). In the present paper, I have access to a newly 

updated version of the SBC data, which include more participants and follow them for a longer 

period. This longer period is important, since the causes of death vary between different age 

groups.1  

In total, the new data I have access to contain time preferences of 12,956 adolescents born in 1953. 

Adolescents (aged 12 or 13 at the time) were asked whether they preferred US$ 110 (SEK 100) 

immediately or US$ 1,100 (SEK 1,000) five years later.2 This enables me to investigate the link 

between time preferences and early mortality for almost everyone in this age group in Stockholm. 

The results are striking – patient adolescents who prefer the delayed higher rewards are 

significantly less likely to die before age 65. When controlling for socioeconomic variables, they 

have a level of mortality that is one-fifth lower than the mean in this age group. Adding controls 

for cognitive ability and background health to the regression, patient adolescents are still less likely 

to die before age 65 and have a mortality rate that is one-sixth lower than the sample mean.   

Further, access to hospital discharge registers and the Swedish Cause of Death Register, which 

Golsteyn, Grönqvist, and Lindahl (2014) did not have, allows my paper to generate a new 

understanding of time preferences and lifetime health. Using this data, I find that patient 

adolescents have fewer hospitalizations and fewer diagnoses overall in adulthood, compared with 

their less patient peers. They are also less likely to be diagnosed with diseases associated with 

lifestyle risk factors and alcohol use in their adult life.  

                                                 
1 While the majority of deaths in ages 15–44 in Sweden are due to suicide or unintentional injury or poisoning, tumors 

and cardiovascular diseases are the top killers in ages 45–74 (Statistics Sweden, 2018). 
2 The numbers in parentheses are the actual values in Swedish kronor (SEK) in 1966. US dollars are expressed in 2019 

prices. In 1966, the inflation rate in Sweden was 6.6% (Statistics Sweden, 2021).   
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Time preferences cannot be randomly assigned to people in experiments, as preferences are part of 

who they are. Hence, cohort datasets with preferences combined with objective long-run hospital 

data are perhaps the best possible strategy to analyze time preferences and long-term health. 

Although I cannot claim causality, the rich available diagnosis and survey data in the SBC can 

suggest plausible channels of the results. In the cross-sectional data, I find that patient adolescents 

in the sample are more positive to banning smoking at schools and more interested in sports 

activities. Furthermore, the SBC dataset contains additional time preference information on a sub-

sample of 3,651 primary caretakers (mostly mothers) of the adolescents. Using this data, I show 

that patient mothers are less likely to allow their children to smoke at home.  

Other suggested channels between time preferences and future health are educational attainment 

and future earnings. In regressions, this paper finds that part of the relation between time 

preferences and early mortality is mediated by these labor variables. When educational attainment 

and future earnings are added as controls, the correlation between time preferences and early 

mortality is reduced by 25%.  

 

Literature on Time Preferences and Long-Term Health 
Most existing studies investigating time preferences and health are cross-sectional in nature. Fuchs 

(1982), Van der Pol (2011), and Cen et al. (2021), for example, all find significant correlations 

between time preferences and intertemporal self-reported health status. While these types of 

findings are very interesting, the cross-sectional datasets do not allow researchers to determine 

whether time preferences affect health outcomes or health status influences preferences. Yet, 

datasets that follow individuals over time are rare in this field, which makes longitudinal studies 

hard to come by. In this section, I will go through the longitudinal studies that exist today on the 

topic of time preferences and health.  

Thirumurthy et al. (2015) ask HIV-infected participants in Kenya hypothetical time preference 

questions. They find that having a high discount rate correlates with a higher mortality rate 48 

weeks after enrollment in a medication program. One potential channel for this relationship is 

different levels of medical adherence, but the paper suffers from both a small sample size (N=220, 

of whom 13 passed away) and possible reverse causality. The authors would have needed to gather 

cohort data before the patients fell ill or be able to control initial sickness levels in order to rule out 
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the possibility that illness alters the individual preference for money now versus money later when 

the experiment took place. Looking at the predictive power of time preferences on health, it is 

therefore problematic to use cross-sectional data (see the discussions in Fuchs, 1982; Van der Pol, 

2011; or Cen et al., 2021) or short follow-up periods. 

Golsteyn, Grönqvist, and Lindahl (2014) use an earlier version of the SBC dataset with mortality 

data up to 2001 (N=11 907). Their focus is on labor outcomes, and they find significant 

relationships between adolescents’ time preferences and key future economic variables such as 

education choices and lifetime income. In addition, they find indications that adolescents’ time 

preferences predict future likelihood of being obese (BMI>30) at military enlistment, as well as 

weak evidence that it increases the risk of suffering an early death. As for this latter analysis, their 

last year of observation is at age 48. Yet, this relationship is only significant at the 10% level and 

disappears when controlling for educational attainment. 

Although this is not their focus, the study by Golsteyn, Grönqvist, and Lindahl (2014) is, to my 

knowledge, the only existing paper with results on long-term health and time preferences as we 

think of the concept in economics. The rest of this review will therefore consist of literature from 

closely related fields. Cadena and Keys (2015), for example, create a dummy variable for 

participants in the National Longitudinal Survey of Youth (NLSY) in the U.S. who interviewers 

categorized as “impatient or restless” in waves from 1980 to 1985. This is not a common way to 

measure time preferences in economics, but the authors find that the measure correlates positively 

with the participants’ reported number of hangovers in the last 30 days, measured in 1983 

(N=10,038), and reported smoking, measured in 1998 (N=7,268). In a footnote, the authors 

describe that it also correlates significantly with BMI, but that the significance disappears when 

adding controls to the regression.   

Self-control is a concept related to time preferences that became famous with the so-called 

“marshmallow experiments” conducted by Mischel, Shoda, and colleagues. The researchers study 

how many minutes young children can wait to get two marshmallows (or other treats) instead of 

just the one marshmallow they have in front of them. The data collection took place at a 

kindergarten in the Stanford University area from 1968 to 1974 with experiment designs differing 

in terms of waiting time and treatment assistance to resist temptation (Mischel et al., 2011). In 
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follow-up studies with 131 and 80 children from the original experiments, Ayduk et al. (2000) find 

no correlation between experimental results and later use of cocaine or crack (at age 27) and Ayduk 

et al. (2008) find no direct correlation with having features of borderline personality disorder (at 

age 39). Continuing with self-control and health, Watts, Duncan, and Quan (2018) describe their 

paper as a “conceptual” replication of Mischel and Shoda’s work and use data from a sample of 4-

year-old children at 10 different sites in the U.S. Here, the early self-control results do not correlate 

significantly (at the reported 5% level) with mothers’ answers regarding their children’s 

depressiveness and antisocial behavior in first grade and at age 15.   

Lastly, Moffitt et al. (2011) gather self-control data from 3–11-year-old children in New Zealand 

(N=1,037) using various techniques. Their data contains self-reported hyperactivity, lack of 

persistence, and inattention, as well as observational ratings by researchers, teachers, and parents. 

Later, at age 32, information is gathered on metabolic abnormalities, airflow limitation, C-reactive 

protein, and periodontal and sexually transmitted diseases. Their results show that children with 

less self-control in their sample have a significantly higher value on this later combined measure 

of health problems. Children with less self-control are also more likely to have started smoking at 

age 15 and have a higher risk of substance dependence as adults. However, they do not display 

significantly higher rates of depression.   

To summarize, there is some evidence in the literature that measures of children's self-control 

correlate with health problems later in life. These associations are significant when investigating 

smoking, but the evidence is mixed when it comes to substance abuse and high BMI. Yet, the two 

papers investigating psychological outcomes in terms of depression, and borderline personality 

disorder, find no evidence of self-control being a risk factor. Important for this paper is that with 

age 48 as the last year of observation, Golsteyn, Grönqvist, and Lindahl (2014) find a weakly 

significant correlation between adolescents’ time preferences and early mortality. Thirumurthy et 

al. (2015), too, find evidence in this direction, using a smaller sample of HIV patients in Kenya. 

Although there are some interesting studies in this area, more research is needed in order to 

understand the connection between time preferences and long-term health.  
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Data  

The original data for this study consists of all 15,117 children born in 1953 who lived within 

defined areas in the Stockholm region in 1963. In 1966, when the children in the cohort were 12–

13 years old, sociology researchers visited all schools in Stockholm and a set of larger surrounding 

municipalities to gather data from the cohort members. At the schools, the students were asked to 

participate in interviews, questionnaires, and tests administered by teachers and researchers. One 

of the questions was: If you had to choose between US$ 110 (SEK 100) immediately and US$ 1,100 

(SEK 1,000) in five years, what would you choose?3  

Data collection with register data for the same individuals continued until 1986 when the project 

was closed and the data was unidentified. The story of the dataset could have ended here, but 

Stenberg and Vågerö (2006) were later able to match individuals in the original dataset with an 

additional later longitudinal set of register data. 4 In the present study, I use a newly updated 

matching of the sample by Almquist et al. (2019), containing longer follw up periods and more 

matched individuals.5 From the original 15,117 children in the cohort, today I have access to time 

preference data on 12,956 adolescents combined with hospital discharge register data up to 2016 

and the national causes of death register up to 2018, when the sample turned 63 and 65 years old, 

respectively.6 This rich dataset, named the Stockholm Birth Cohort (SBC), enables me to 

investigate the predictive power of time preferences on early mortality and illness later in life. In 

addition, in 1968, a representative sample of 4,021 caretakers, mainly mothers, were targeted for 

more data collection. Interviews took place in the participants’ homes, and through the matching 

of Almquist et al. (2019) the present study has access to time preference data from 3,478 of these 

mothers.7     

                                                 
3 The numbers in parentheses are the actual values in Swedish kronor (SEK) in 1966. The US dollar amounts are 

expressed in 2019 prices. 
4 See Stenberg and Vågerö (2006) for more information on the data collection. Codebooks with information on the 

gathered data are available at https://www.stockholmbirthcohort.su.se/about-the-project  
5 See Almquist et al. (2019) for a description of this new matching and updated sample. This new dataset is superior 

to the former matching since it contains longer data and more individuals have been matched. One hundred twenty-

five out of 167 individuals who died early and were lost in the former matching have now been tracked down and 

included. 
6 Few students refused to be part of the study and the number of absentees when the researchers visited was seen as 

normal. In total, 9% of the original cohort did not take part in the school questionnaire study. An additional 5% of the 

targeted sample are missing due to incomplete answers to specific questions, or because of incomplete matching, 

thought to be caused mostly by emigration. 
7 This sample consists of 93% mothers. Two percent are fathers, other relatives, or other adults who have the primary 

care of the child. The remaining 5% of interviewed adults have missing information on their relation to the child.   
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Time Preferences 
The main explanatory variable in this paper is time preferences in a broad sense, including both 

time-consistent and time-inconsistent preferences. Research has not found any systematic 

differences in results from time preference measures with real or hypothetical monetary rewards 

(see for example Matusiewicz et al., 2013; Brañas-Garza et al., 2020). In the contemporary 

behavioral economics literature, individual time preferences are usually measured by asking 

participants to choose between different monetary levels of X now or Y later. As an example, 

“Would you rather receive 100 euro today or 153.8 euro in 12 months?” is one of the hypothetical 

measures that Falk et al. (2018) use in their worldwide data collection on preferences. In the SBC 

data collection in 1966, researchers asked a similarly structured question: “If you had to choose 

between receiving SEK 100 now and SEK 1,000 in five years, what would you choose?”8 Yet, the 

answers to the question are formulated a bit differently than we are used to today. Instead of just 

answering that they prefer option X or Y, the participants were offered five response alternatives: 

definitely the immediate, probably the immediate, not being able to choose, probably the delayed, 

and definitely the delayed. To mimic modern versions of this question, I create a binary version of 

the variable called chose delayed reward. This variable is classified as 1 if the adolescent probably 

or definitely chose the later larger amount. This binary categorization is the same as Golsteyn, 

Grönqvist, and Lindahl (2014) use in their analysis, and the reason for using it is to reduce noise 

driven by things other than time preferences (such as general assertiveness in decisions). In 

robustness analysis, however, all five response alternatives are included and presented. 

Table 1 shows the full distribution of answers to this question and the main analysis of this paper 

covers all 12,956 adolescents who answered this question. A large majority of participants (78%) 

chose the later larger option, which is regarded as the patient choice, implying a lower discount 

rate.  

 

 

 

 

 

                                                 
8 To see the original Swedish wordings of this question, please go to https://www.stockholmbirthcohort.su.se and look 

at the information in Code book 1.   

https://www.stockholmbirthcohort.su.se/
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Table 1. Time preferences.  

Adolescents´ time preferences: If you had to choose between receiving 

SEK 100 now or SEK 1,000 in 5 years, what would you choose? 

 Frequency Percent 

Definitely SEK 100 now 807 6.23         

Probably SEK 100 now 851 6.57        

Cannot choose 1,195         9.22        

Probably SEK 1,000 in 5 years 4,568        35.26        

Definitely SEK 1,000 in 5 years 5,535        42.72       

Total 12,956       100 
With rounded numbers of US$ in 2019 Swedish prices in parentheses, the 

adolescents were asked to choose between SEK 1,100 (US$ 110) immediately or 

11,000 (US$ 1,100) five years later.  

 
 

 

Diseases and Mortality 
To measure health, the main outcomes in this paper are early mortality and the total number of 

hospitalizations and diagnoses in adulthood. Table 2 shows that 1,229 (462) of the 12,956 

participants died before age 65 (50). Separating mortality by gender, 467 women (7.3%) and 762 

men (11.6%) in the sample died before turning 65. This is similar to national numbers for Sweden.9  

At the end of each period of care at a Swedish hospital, a final medical record is created. It includes 

all diagnoses relevant for the patient during that hospital visit. In Sweden, regional taxes finance 

the healthcare system and protocols and data sources vary within the country. I have access to 

hospital diagnosis data from 1973 in the Stockholm area and from 1983 nationwide. To handle the 

difference in data coverage I use address data, available for the years 1971, 1975, and 1978–1983 

to restrict the sample to the 9,913 individuals who lived in the Stockholm region in all these years. 

Using this smaller sample, with 2016 being the last year of observation, Table 2 shows that the 

mean participant had 10 diagnoses recorded during six hospitalizations from age 20 to age 63, 

including hospital visits for childbirth. 

In addition to these aggregated hospitalization and diagnosis data, I also have information on 

specific diagnosis codes. However, individual health data is sensitive information. To protect the 

participants’ anonymity, the SBC must include at least 50 observations for a group of diseases to 

                                                 
9 In Sweden, 8.9% of women and 13.9% of men who died in 2019 were ages 0–64 (Statistics Sweden, 2020). This is 

comparable to the 7.3% mortality for women and 11.6% mortality for men in ages 12-64, which exclude earlier 

mortality.  
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be included as an outcome variable in this paper. Using this restriction on specific diagnoses, Table 

2 shows that 6% and 2% of participants were diagnosed with abuse of or dependence on alcohol 

and drugs, respectively, from age 20 to age 63. Grouping different acute heart conditions together, 

the table also shows that 5% of the sample in this period were diagnosed with at least one such 

condition.10 

Stanaway et al. (2018) is a medical paper that systematically lists diseases associated with health 

risk behaviors. To my knowledge, it is the most rigorous categorization available of diseases 

associated with behavioral risk factors. I use their lists of diagnoses associated with tobacco, 

alcohol, and drug use, low physical activity, high BMI, and sexual risk-taking to create indexes of 

conditions associated with lifestyle risk factors.11 Stanaway et al. (2018) categorize both mortal 

and non-mortal diagnoses in the ICD9 and ICD10 systems. These systems were used at Swedish 

hospitals from 1987 (age 34 for the participants). Table 2 shows that in ages 34–63, 34% (4,345 

out of 12,792) had been diagnosed with at least one condition associated with lifestyle risk factors. 

The full list of diseases included for each behavioral risk factor is presented in Appendix G. Some 

diseases are associated with more than one lifestyle risk factor (death by kidney cancer is, for 

example, associated with both tobacco use and a high BMI), but please note that not all deaths in 

the index are caused by lifestyle factors. While alcohol increases the risk of dying from drowning, 

far from everyone who drowns has consumed alcohol. Worth noting also is that the indexes include 

conditions associated with lifestyle risk factors but not mortality directly from these factors. the 

index, therefore, excludes participants who die directly from alcohol poisoning or drug overdoses. 

This is problematic and can cause downward bias in the estimates. Yet, I still choose to use 

Stanaway et al.’s categorization since it is the best one currently available.  

Studying participants’ cause of death, the present paper uses the first-listed diagnoses, reported by 

physicians as the “terminal cause of death” to the National Board of Health and Welfare (in 

                                                 
10 The definition of an acute heart condition comes from Doyle (2011), who classifies acute myocardial infarction, 

cardiac dysrhythmias, and heart failure as heart conditions where patients are advised to seek immediate care at their 

nearest hospital. 
11 In the SBC data, 47 and 11 individuals die in conditions associated with drug use and sexual risk-taking, respectively. 

As these figures are lower than 50, data for these indexes are not presented in Table 2. 
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Swedish: Socialstyrelsen).12 Table 2 shows that from age 34 to age 63, the most common terminal 

cause of death in the SBC sample is cancer, followed by circulatory disease.13 These diseases also 

cause large shares of deaths under age 70 worldwide, and WHO (2015) lists lifestyle factors as 

being important drivers of both of these diagnoses.  

                                                 
12 More detailed information on frequencies of different forms of mortality is available in the Appendix Table A1. 

While some of the deceased in the sample only have one diagnosis as cause of death, most have more than one 

diagnosis. The number of diagnoses a person has could depend on the degree of illness, but also on how well physicians 

knew their patient, whether the physician had a time constraint, whether the cause of death was clear, and whether an 

autopsy was performed. 
13 ICD is an acronym for International Statistical Classification of Diseases and Related Health Problems. I use ICD9 

and ICD10 to categorize the cause of death, used in Sweden in 1987–1996 and 1997–2016, respectively.  
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Table 2. Mortality, hospitalization, and diagnoses.  

 

Mortality, all causes 

 

 

 

Mean 

Standard 

deviation 

 

Frequency 

Sample 

size 

Before age 50  0.036 0.19 462 12,956 

Before age 65  0.095 0.23 1229 12,956 
 

Ages 34–63 Cause-specific mortality  
     

All cancers  0.027 0.16 356 12,956 

  Lung cancer  0.004 0.07 55 12,956 

All circulatory conditions  0.015 0.12 191 12,956 

  Ischemic conditions  0.008 0.09 106 12,956 
 

Ages 34–63 Mortality associated with 
  

Lifestyle risk factors     0.046 0.21 585 12,956 

  Alcohol use  0.025 0.16 325 12,956 

  Tobacco use  0.036 0.19 458 12,956 

  High BMI  0.025 0.16 324 12,956 

  Low physical activity 
 

 0.015 0.12 196 12,956 

 

Age 20–63  Hospitalization/diagnoses   

 

Max 

 

Mean 

Standard 

deviation 

Frequency 

having > 0 

Sample 

size 

Total number of hospitalizations  293 5.68 9.82           8,450 9,913 

Total number of diagnoses  1097 10.21 23.51 8,444 9,913 

Acute heart conditions  45 0.14      1.03           509 9,913 

Abuse of/dependence on: 

   Alcohol 

 

157 

 

0.40     

 

3.71           

 

563 

 

9,913 
   Psychoactive substances other than  

   nicotine/alcohol (e.g., cannabis/cocaine) 
134 0.13     2.11          199 9,913 

 

Age 34–63  Illness (non-mortal) associated with: 
  

Lifestyle risk factors    880 2.30     11.46           4,345 12,792       

  Alcohol use 637 1.43     8.66           3,033 12,792       

  Tobacco use 426 1.27     6.07           3,351 12,792       

  Drug use 151 0.14    1.91           312 12,792       

  High BMI 274 1.06     5.00           3,014 12,792       

  Low physical activity 96 0.35     2.05           1,417 12,792       

  Sexual risk-taking 43 0.05     0.68          237 12,792       
The last point of mortality data is measured on January 30th, 2018. The cause of death categorization is made 

using ICD 9 from 1987 to 1996 and ICD 10 from 1997 to 2016. It contains information on cause of death for 

1,131 individuals who passed away between the ages of 34 and 63. Diagnoses associated with lifestyle risk 

factors are categorized in ICD 9 and ICD 10 by Stanaway et al. (2018). At the end of each period of care at a 

Swedish hospital, a final medical record is created. It includes all diagnoses relevant for the patient during that 

hospital visit. This table presents the full data from hospitalization records in the Stockholm area in the years 

1973–2016 and nationwide in 1983–2016. Variables on total number of hospitalizations, diagnoses, and acute 

heart conditions only include participants who were alive in 1973 and lived in the Stockholm region in 1971, 

1975, and 1978–1983, when data on addresses where gathered. Acute heart conditions consist of acute 

myocardial infarction, cardiac dysrhythmias, and heart failure, classified as 410, 427, and 428 in ICD9, 

defined by Doyle (2011). I expand the measure by also including the corresponding ICD8 and ICD10 codes 

for the conditions. For the full set of ICD codes, see Appendix G.  
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Control Variables and Sample Selection 
The top section of Table 3 contains descriptive statistics for the full sample, including control 

variables for socioeconomic factors and gender. The sample contains an almost equal distribution 

of boys and girls, and the fathers and mothers of the participants were on average 31 and 28 years 

old when they had their child. In 16% of the families, secondary school was the highest completed 

level of education among the parents, and in 9% of families, at least one of the parents had studied 

at university level. Comparing the parents, the fathers’ incomes are on average more than five times 

as high as the mothers’. In the sample, 6,295 mothers and 1,943 fathers have income levels reported 

as 0, indicating either that they do not have any income or that this information is missing. In 

addition to linear controls for parental income, dummy variables for “no reported income” are 

therefore also included in the main regressions. For 107 mothers and 498 fathers, the dataset has 

missing information on the parents’ age when their child was born. Following the convention in 

the literature, missing values for these control variables are coded as the variable mean, with 

dummies for missing values in regressions.14 Comparing the sample with and without information 

on parental age, I see that adolescents’ time preferences, month of birth, and gender are almost 

identical (see Table A3 in Appendix). Yet, the level of parental education is different: the sample 

with information on parental age has a higher value on parental completion of upper secondary 

school. There is, however, no difference between the groups when it comes to reported parental 

education at the university level.   

The SBC dataset contains additional data on cognitive ability for most of the sample as well as 

additional information that can be interpreted as participants’ health at baseline. Table 3 shows 

results from a spatial cognitive ability test with adolescents’ results ranging from zero to 39 points. 

In the task, designed by Härnqvist (1967), participants are asked to mentally fold figures. This 

design makes it similar to the nonverbal Raven progressive matrices test that measures abstract 

reasoning and general human intelligence. The Härnqvist spatial cognitive ability test has been 

used before as a measure of fluid intelligence (see Golsteyn, Grönqvist, and Lindahl, 2014) and an 

illustration of one of its test questions is available in Figure A1 in Appendix A. Concerning baseline 

health, the SBC has information on parental mortality as well as adolescents’ absence from school. 

                                                 
14 This substitution is also done in Golsteyn, Grönqvist, and Lindahl (2014). In robustness regressions in this paper 

(Table B4 in the Appendix), the sample is instead restricted to include only individuals with non-missing information 

on the parents' age when they had their child (n=12,365). 
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The latter data is collected from the students’ teachers and contains information on all absence 

hours with a valid excuse recorded for the adolescent in the spring semester in their 6th year of 

elementary school. As seen in Table 3, the average absence is 42 hours, but the variance is large. 

One student who participated in the SBC data collection has missing information on this variable. 

This student’s teacher noted that the total absence could not be counted, since the student was 

absent the entire semester. The reason for this absence is not noted. Continuing, parental longevity 

is a predictor of offspring's all-cause mortality, and the link is thought of as genetic as well as 

environmental and behavioral (Atkins et al., 2016). In the SBC, 16% of fathers and 9% of mothers 

die before turning 65, as seen in Table 3. However, these numbers could be underestimations, as 

they may not include all parents who are missing or have died abroad.   

Focusing on lifestyle factors, the dataset contains information on opinions about smoking and 

sports interests. With the maximum total sports interest score being 50 and the minimum 10, 

participants were asked what they thought about different sports activities. With scores in 

parentheses, the possible answers were very interesting (5), interesting (4), dull (2), and very dull 

(1). The listed activities included, among other things, gymnastics, bicycle racing, and winter 

sports. Lastly, the researchers asked the 13-year-olds and their mothers individually whether they 

thought that students should be allowed to smoke at school. They also asked the mothers whether 

their 15-year-old child was allowed to smoke at home. Most mothers, 64%, did not allow their 

children to smoke at home. This might sound like a low figure, but this was the 1960s and the sale 

of tobacco products to children and adolescents under the age of 18 was not banned in Sweden 

until 1997. 

The Stockholm Birth Cohort measure of mothers’ time preferences differs from the measure used 

for adolescents. The choices were still between money immediately and in five years, but the 

hypothetical numbers were ten folded. 15 Detailed information about their choices is available in 

Appendix A. Most of the existing literature finds that children's and their parents' time preferences 

                                                 
15 Expressed in rounded US$ numbers in 2019 Swedish prices and original SEK numbers in 1966 in parentheses, the 

adolescents were asked whether they would prefer US$ 110 (SEK 100) immediately or US$ 1,100 (SEK 1,000) in five 

years. Mothers were instead asked a question where the hypothetical incentives were US$ 1,100 (SEK 1,000) 

immediately or US$ 11,000 (SEK 10,000) in five years.   
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are connected.16 Yet, it is far from clear how important these intergenerational time preferences are 

for larger outcomes outside the lab.  

From the original cohort, a representative sample of 3,870 individuals with available addresses 

were contacted in 1985 for a follow-up study conducted together with Swedish National Radio 

called “the culture and leisure survey” (Sehlstedt, 2006). One of the included questions concerned 

smoking habits. After the matching by Almquist et al. (2019), the SBC contain information tobacco 

use in 1985 (age 32) from 2,575 of these individuals, linked with time preference answers in 1966. 

Table 3 shows that 52% of the respondents reported using tobacco in some form. Although smoking 

was still a symbol of status and independence, the attitudes to smoking had started to change in 

Sweden at that point. As an example, Magnusson and Nordgren (1994) show that in 1969, 46% of 

Swedish physicians reported smoking daily, while in 1988 the number was down to only 15%.   

Available register data from Statistics Sweden include information on education and income from 

the full cohort, measured from 1990 (age 37). Table 3 presents this data from 1993 when the 

participants were 40 years old. At this age, relatively few participants had died (n=236), and most 

people in our sample were in the labor market and had finished their schooling. Yet comparing data 

before and after 1993, the overall educational attainment does increase. As robustness, education 

and income levels from other years are therefore used. These years are in 1998 (age 45) and 1990 

(age 37), which is the first year this data is available in this form. 1990 was also the first year of a 

large financial crisis in Sweden, which could help explain why some people in the sample returned 

to school in these years.17  

  

                                                 
16 Chowdhury, Sutter, and Zimmermann (2018), Brenøe and Epper (2019), and Gauly (2017) find stable positive 

relationships, Kosse and Pfeiffer (2012) find significant relations in some timeframes but not in others, while Bettinger 

and Slonim (2007) do not find any significant relationship between parents’ and children’s time preferences. 
17 One hundred eight-five individuals in the sample obtained their first post-secondary degree between the ages of 37 

and 45. In the same years, the number of people who attained degrees at doctoral level increased by 40% (from 116 

participants to 163). 
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Table 3. Descriptive statistics. 
 

Explanatory variables 
 

Mean 

Standard 

deviation 

 

Min 

 

Max 

Sample 

size 

Adolescents: chose delayed reward 0.78 0.41 0 1 12,956 

Month of birth 6.29 3.36 1 12 12,956 

Female  0.49 0.5 0 1 12,956 

Father’s age when child was born 31.19 6.34 16 75 12,956 

Mother’s age when child was born 28.34 5.7 15 48 12,956 

Parent upper secondary school 0.16 0.37 0 1 12,956 

Parent university level 0.09 0.28 0 1 12,956 

Father’s total income 24.90 21.39 0 444 12,956 

Mother’s total income 4.50 6.99 0 115 12,956 

Father died before age 65 0.16 0.37 0 1 12,956     

Mother died before age 65 0.09 0.29 0 1 12,956     

Absence from school 41.59 44.93 0 625 12,955 

Ability at age 13 22.73 7.12 0 39 12,920     
 

Additional variables in further analysis 
     

Score: Sports interests 35.34 8.29 10 50 12,913     

Adolescent’s opinion: Not smoke at school 0.56 0.5 0 1 12,923     

Mothers chose delayed reward in 1968 0.65 0.5 0 1 3,478     

Rules by mothers: Adolescent not allowed 

to smoke at home in 1968 

0.64 0.5 0 1 3,174     

Used tobacco in 1985 (age 32) 0.52     0.50           0 1 2,575       

Attained education in 1993 (age 40) 3.95 1.45 1 7 12,287     

Disposable income in 1993 (age 40) 15.91 33.29 -1.83 3182 12,324     
Parent university level refers to whether at least one of the parents have any post-secondary education. Income 

is stated in tens of thousands of SEK and can be negative in a certain year due to, e.g., tax reasons. For 107 

and 498 mothers and fathers, respectively, missing observations on age when their child was born are 

substituted with the variable means of the sample. Parental income is measured in 1963. 6,295 mothers and 

1,943 fathers have income information reported as 0 or missing and are all treated as zero income. In 

regressions, zero income and missing information on parental age at a child’s birth are controlled for with 

dummies. Absence from school measures all registered absence hours with a valid excuse recorded for the 

adolescent in the spring semester of the 6th year of elementary school. Ability at age 13 is a variable consisting 

of the adolescent´s total score on a spatial intelligent test. Attained education is measured on a scale from 1 

(less than 9 years) to 7 (at doctoral level). Disposable income is stated in tens of thousands of SEK. 
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Empirical Strategy  

This paper tests the hypothesis that adolescents’ time preferences predict future health outcomes. 

The main measures of health are early mortality and lifetime illness. The probability of early death 

for individual i is measured before age 50 and 65 and is presented as the outcome in equation 1 

below.  

 

𝑃𝑟𝑜𝑏. 𝐷𝑒𝑎𝑡ℎ𝑖 = 𝛽0 + 𝛽1 𝑇𝑖𝑚𝑒 𝑝𝑟𝑒𝑓𝑖 + 𝜷𝒙𝒙𝒊 + 𝜖𝑖       (1) 

In equation 1, 𝑇𝑖𝑚𝑒 𝑝𝑟𝑒𝑓𝑖 is individual i’s time preferences and 𝒙𝒊 is the corresponding vector of 

individual-specific characteristics. Equation 1 is estimated with a probit model since mortality is a 

binary outcome. To ease the interpretation, this paper displays the average marginal effects of the 

coefficients in the model. In addition to the binary outcomes, estimates are also done with survival 

data models, which utilize the full information on if a person dies and when. Firstly, the paper 

includes graphs of the non-parametric Kaplan–Meier survival estimates (Kaplan and Meier, 1958) 

and secondly, the Appendix contains tables of hazard rates from the Cox model (Cox, 1972).  

The individual’s illness levels, seen in equation 2, are measured using register data on the total 

number of diagnoses or the total number of hospitalizations through the participant’s adult life.   

 

𝐼𝑙𝑙𝑛𝑒𝑠𝑠𝑖 = 𝛾0 + 𝛾1 𝑇𝑖𝑚𝑒 𝑝𝑟𝑒𝑓𝑖 + 𝜸𝒙𝒙𝒊 + 휀𝑖        (2) 

The illness model includes the same sets of explanatory variables as in equation 1, but due to the 

large variation in the outcome, participants' total number of diagnoses and hospitalizations from 

age 20 to age 63 are regressed using OLS, with Poisson regressions available in Appendix. In this 

period, part of the sample become terminally ill, receive a lot of medical treatment, and pass away. 

Since my hypothesis is that early death is related to time preferences, this systematic pattern for 

some individuals with high hospitalization rates followed by mortality (excluding them from 

further observations) is important to deal with. Results using diagnosis and hospitalization data are 

therefore presented in two versions: first using the full dataset of all individuals alive at age 20, and 

then restricted to include only those who survived through the full period of observation, until age 

63.       
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The hypothesis behind this paper is that adolescents’ time preferences influence their lifestyle 

choices, which in turn affect their long-term health. This hypothesis is in line with theoretical 

modelling by Galama and Kippersluis (2019). Yet, the link between time preferences and health 

may also go through other, not mutually exclusive, channels. Income and education might also 

mediate the relation, and background characteristics could potentially affect both time preferences 

and health, as illustrated in Figure 1.18 The potential mediating factors are discussed more in the 

next section, but starting with the issue of confounders, the adolescents’ gender and month of birth, 

as well as an extensive set of socioeconomic factors, are controlled for in the regressions. The 

socioeconomic controls include the adolescents’ fathers’ and mothers’ age when their child was 

born, fathers’ and mothers’ total income, and the highest educational level of any of the parents. 

Other family and socioeconomic factors controlled for in the Appendix are number of siblings, 

number of older/younger brothers and sisters separately, parental marital status, as well as 

municipality and school fixed effects. 

 

 

Figure 1 

 

                                                 
18 Golsteyn, Grönqvist, and Lindahl (2014) find that adolescents’ time preferences predict future income and 

educational attainment using SBC data. At the same time, the theory of Galama and Kippersluis (2019) predicts that 

wealth, income, and education increase the marginal value of health and induce a healthy lifestyle.  
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In addition to these socioeconomic factors, the SBC dataset allows me to test whether the 

adolescents’ cognitive ability (measured at the same time as the time preferences) and health 

background are confounders in the relationship between time preferences and future health. 19 

Andersson et al. (2016), who study risk preferences, advise researchers to control for cognitive 

ability in preference studies, since this factor correlates with mistake-making in the preference task. 

Further, Golsteyn, Grönqvist, and Lindahl (2014) find that individuals’ cognitive ability in the SBC 

is correlated with their answers in the time preference question. Moving to background health, 

earlier literature using cross-sectional data or data with short follow up periods, like Fuchs (1982), 

Van der Pol (2011), Thirumurthy et al. (2015), and Cen et al. (2021), cannot determine whether 

time preferences predict health status or health status predicts time preferences. The longitudinal 

design of my study largely addresses concerns of reverse causality. Yet, if an adolescent is 

terminally ill or has parents who died early, this could potentially affect both their time preferences 

and their risk of early death. To tackle this, additional regressions exclude individuals who die 

before age 40 and include control variables for parental early mortality and adolescents’ absence 

from school that could be due to illness. 

 

Supporting Analysis of Potential Mechanisms  
The reader should be reminded that this is not an experimental paper and that while I can test 

whether time preferences predict future health, I cannot claim causality. Yet, it is still valuable to 

discuss the channels that could mediate potential results. Previous literature, like Courtemanche, 

Heutel, and McAlvanah (2015), Van der Pol, Hennessy, and Manns (2017), Leonard and Shuval 

(2017), and Harrison et al. (2018) to mention a few, finds that time preferences correlate with habits 

that can affect future health, such as smoking and exercising. This lifestyle channel in the relation 

between time preferences and future health is also strengthened by predictions from theoretical 

work by Galama and Kippersluis (2019). In the present paper, the described “lifestyle channel” is 

therefore treated as the main proposed channel between time preferences and long-term health, and 

it is investigated in two ways: firstly by looking at the participants’ disease history and testing 

whether time preferences matter for the risk of suffering from conditions associated with lifestyle 

                                                 
19 Figure 1 presents potential confounders and mediators that the author finds the most relevant when studying time 

preferences. One could imagine that other individual characteristics or life outcomes (such as risk preferences, criminal 

activity, and incarceration) could bias or mediate a potential relation. Such suggested variables have either 

unfortunately not been available in the historical data or are considered to be outside the scope of this study. 
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risk factors, and secondly by looking at self-reported smoking at age 32 and the adolescents’ sports 

interests and opinions about rules for smoking. In this latter analysis, mothers’ time preferences 

are also used to investigate whether family preferences matter in this context.  

There can, however, be other channels besides lifestyle risk factors through which time preferences 

affect long-term health. In the SBC, adolescents’ time preferences predict future income and 

educational attainment (Golsteyn, Grönqvist, and Lindahl, 2014), and research in health economics 

finds strong correlations between educational attainment and health (Grossman, 2015).20 Already 

in a paper from 1982, Fuchs discussed the potential mediating effect of educational attainment in 

the relationship between time preferences and future health. Yet, my paper is the first with access 

to long-term data to test whether educational attainment or future income are channels in this 

context. This is done using the framework of Baron and Kenny (1986).21 The equations below 

illustrate the procedure where 𝜶 are the intercepts, 𝜷 the coefficients for individual i’s time 

preferences, and 𝛿1 the coefficient for the mediating factor (future educational attainment or future 

income in this case). For simplicity, control variables are ignored for now. 

 

𝐹𝑢𝑡𝑢𝑟𝑒 𝐻𝑒𝑎𝑙𝑡ℎ = 𝛼1 + 𝛽1𝑇𝑖𝑚𝑒 𝑃𝑟𝑒𝑓𝑖 + 휀𝑖      (3) 

𝐹𝑢𝑡𝑢𝑟𝑒 𝐻𝑒𝑎𝑙𝑡ℎ = 𝛼2 + 𝛽2𝑇𝑖𝑚𝑒 𝑃𝑟𝑒𝑓𝑖 + 𝛿1𝑀𝑒𝑑𝑖𝑎𝑡𝑜𝑟𝑖 + 𝜖𝑖   (4) 

𝑀𝑒𝑑𝑖𝑎𝑡𝑜𝑟𝑖 = 𝛼3 + 𝛽3𝑇𝑖𝑚𝑒 𝑃𝑟𝑒𝑓𝑖 + 𝜇𝑖      (5) 

  

If the mediator is exogenous, given that I control for time preferences this means that there is zero 

covariance between the residuals 𝜖𝑖 and 𝜇𝑖. If this strong assumption holds, then 𝛽1 −  𝛽2 can be 

interpreted as the mediating role of the tested variable in the relationship between time preferences 

and heath. This can be deduced by substituting equation (5) in equation (4), which gives us 𝛽1 −

 𝛽2 =  𝛿1 𝑥 𝛽3. Measurement error, which is common in self-reported data, could bias the 

mediation effect downward. This is, however, less of a concern when using high-quality Swedish 

register data. Yet, the assumption of exogeneity does not hold if another variable affects both future 

                                                 
20 While a strong correlation between education and health has been established in the literature, papers using 

compulsory school reforms as instrumental measures of education find conflicting results; see Grossman (2015) for an 

overview. The difference between increased quantity and quality of schooling in these reforms are frequently discussed 

and Fischer et al. (2021) show that more compulsory education in a Swedish reform significantly reduces mortality 

and increases health, once changes in the academic tracks and peer groups are controlled for.  
21 For an accessible summary of the method, see Adermon, Lindahl, and Waldenström (2018). 
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health and future education, even after controlling for time preferences. An omitted variable like 

that would lead to an overestimation of 𝛿1 and bias the mediating effect of future education upward. 

The extensive controls already mentioned are therefore very important for this identification. 

Nevertheless, the paper is humble to the fact that coefficients could be biased due to other 

unobserved characteristics that might affect education and income, as well as time preferences. 

Continuing with the validity of the main results, this paper measures participants’ health using 

mortality and hospital data, where participants’ total numbers of hospitalizations and diagnoses are 

seen as overall measures of bad health. Since one’s condition must be reasonably serious to be 

admitted to a hospital, selection into treatment is less of a concern in the medical records that I use, 

compared with using data from family doctors or other forms of primary care. Even so, the 

participants’ propensity to seek medical treatment could still bias the results. To tackle this concern 

of potential selection bias, I categorize diagnoses specifically for acute heart conditions, where the 

patients cannot treat themselves and immediate medical care is advised. If adolescents’ time 

preferences also predict future suffering from acute heart conditions, it strengthens the idea that 

time preferences predict actual future health. 22 

 

 

  

                                                 
22 Doyle (2011) uses acute heart conditions as a way to reduce selection into specific hospitals and argues that for 

these conditions, all people experiencing symptoms are advised to immediately turn to their nearest hospital for care. 
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Main Results 

This first part of the results section investigates the connection between time preferences and early 

death. Figure 2 presents graphs for the full sample and gender-specific samples, using unrestricted 

Kaplan-Meier survival estimates (Kaplan and Meier, 1958). Starting at the top of Figure 2, there is 

no visible difference in mortality based on time preferences when the full sample is young and 

survival rates are high. At around age 40, when mortality rates increase, the two lines separate and 

participants who chose the delayed reward as adolescents die at a lower rate. At the right end of 

the graph, a bit more than 9% have died before age 65 in the more patient group. This can be 

compared with an 11% mortality rate in the group of participants who were less patient as 

adolescents. 

A bit more than 11% of the men who chose the delayed reward as adolescents have passed away 

before age 65. This number is 15% among the less patient men. For women, the overall mortality 

in the investigated age group is lower than for men. The difference in mortality linked to time 

preferences is also much smaller for women in this investigated age span. 
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Figure 2 

 

Table 4 investigates the results in regressions with and without controls. It displays the probit 

average marginal effects, with probit coefficients and OLS results available in the Appendix. 
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Columns 1–3 look at mortality by age 50, while columns 4–6 use all mortality before age 65 (the 

last year of observation in the data). Looking at mortality before 65, the table displays a consistent 

significant correlation between adolescents’ time preferences and early mortality. Column 6 

includes the full set of controls and shows that those who chose the delayed reward have a 0.02 

lower probability of dying before age 65. The coefficient of negative 2 percentage points for time 

preferences here is large, in fact more than one-fifth of the total mortality by age 65, which is 9.5%. 

The results for time preferences and early mortality are stable when adding controls for numbers 

of siblings, numbers of older/younger brothers and sisters, municipalities, and all 116 headmasters 

(proxy for schools), shown in Tables B6 and B7 in the Appendix.23 The stability of coefficient size, 

particularly when adding school and municipality controls, suggests that the controls in the main 

regressions already to a high degree capture potential bias from socioeconomic elements. 

In Table B8 in the Appendix, the binary time preference measure is broken down into its original 

form with one binary variable for each option. Using the alternative to “definitely choose the 

immediate payout” as a reference, all other answers have a consistent negative coefficient sign. 

Students reporting to probably or definitely choose the delayed payment are less likely to die early. 

The similarities between these two coefficients speak in favor of the binary categorization of time 

preferences in this paper. 

Looking at mortality by age 50 in Table 4, the coefficient size is approximately one-sixth of the 

outcome mean. Still, the coefficient is significant at the 10% level when controlling for 

gender/socioeconomic factors (columns 2 and 3) and not significant at all in the regression without 

controls (column 1). These results are very much in line with Golsteyn, Grönqvist, and Lindahl 

(2014), who use OLS as their preferred model and find at the 10% significance level that time 

preferences predict the risk of dying before age 49. 

In relation to the outcome mean, the coefficient sizes for time preferences are similar when looking 

at mortality before age 50 and before age 65. But why do the significance levels differ in Table 4 

when comparing mortality at different ages? One reason could be that few die before age 50, 

                                                 
23 The results are also robust when using a smaller sample with access to more detailed information on each parent’s 

education (Table B3 in the Appendix). The municipalities controlled for in the municipality fixed effects are Upplands-

Väsby, Vallentuna, Österåker, Järfälla, Huddinge, Botkyrka, Salem, Haninge, Tyresö, Täby, Danderyd, Sollentuna, 

Nacka, Sundbyberg, Solna, Lidingö, Märsta, and Stockholm Municipality. Schools are controlled for using information 

on which headmaster a participant has.  
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causing a lack of statistical precision in the regressions. Another thing to keep in mind is that people 

who die at different ages also die of different causes. It is plausible that time preferences drive 

some causes of death but not all. The link between time preferences and cause-specific mortality 

is discussed in more detail later in this paper, but it is worth mentioning already that 18% of the 

mortality between age 34 and age 49 in this sample is caused by injury, poisoning, or external 

causes. This number is lower, only 8%, between age 50 and age 63. Instead, cancer and circulatory 

disease cause a higher fraction of mortality, 41% and 22%, in this older age span, compared with 

18% and 9% in the younger (age 34–49). 

Comparing columns 4 and 6 in Table 4, the coefficient size for time preferences is larger when 

adding controls. Why? Showcased more thoroughly in Appendix D, I find that the gender control 

drives this increase, as women in this sample live longer and are slightly less likely to give patient 

answers in response to our time preference question. These time preference results for gender are 

in line with the findings of Falk et al. (2018), who show that women are on average less patient 

than men across the world, but that the difference is small. 
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Table 4. Time preferences and early death. Probit average marginal effects. 

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

VARIABLES Death by 

50 

Death by 

50 

Death by 

50 

Death by 

65 

Death by 

65 

Death by 

65 

Adolescents:       

  Chose delayed reward -0.0045 -0.0069* -0.0062* -0.016*** -0.021*** -0.020*** 

 (0.0038) (0.0039) (0.0037) (0.0061) (0.0061) (0.0060) 

       

  Sex (female)  -0.021*** -0.021***  -0.045*** -0.045*** 

  (0.0034) (0.0033)  (0.0052) (0.0052) 

  Month of birth   -0.00064   -0.0014* 

   (0.00046)   (0.00076) 

Fathers:       

  Age at child’s birth   -0.00065*   0.000032 

   (0.00037)   (0.00058) 

  Income   -0.00017   -0.00018 

   (0.00012)   (0.00020) 

Mothers:       

  Age at child’s birth   -0.00030   -0.0014** 

   (0.00037)   (0.00063) 

  Income   -0.00021   -0.000027 

   (0.00029)   (0.00047) 

Parent(s):       

  Upper secondary school   -0.0035   -0.020*** 

     (0.0046)   (0.0077) 

  University   -0.0094   -0.021* 

   (0.0079)   (0.012) 
Missing parental income             

and age at child’s birth 
   

Inc. 

   

Inc. 

Observations 12,956 12,956 12,956 12,956 12,956 12,956 

Pseudo R-squared 0.0003 0.0105 0.1021 0.0008 0.0103 0.0341 

Outcome mean 0.036 0.036 0.036 0.095 0.095 0.095 

Chose delayed reward

Outcome mean
 -0.13 -0.19 -0.17 -0.17 -0.22 -0.21 

Chose delayed reward is a dummy variable where 1 indicates that the adolescent ”probably” or “definitely” 

preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group consists of adolescents who 

”probably” or “definitely” preferred the earlier amount or were indifferent. Parent(s): upper secondary school and 

parent(s): university are binary variables where 1 indicates that at least one of the parents has upper secondary and 

university education as their highest attained level of education, respectively. Fathers’ and mothers’ total incomes 

are in thousands of SEK. Missing information on parental income is treated as zero income. Missing observations 

on parents’ age when the child was born are substituted with the variable means of the sample. In columns 3 and 

6, missing income and missing information on parental age at a child’s birth are controlled for with dummies. 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

Table 5 addresses concerns about the validity of the results in Table 4 by investigating whether 

background health and cognitive ability are confounding the results. In Table 5, column 1 shows 

the main results of this paper in a restricted sample, excluding individuals who died before age 40. 

Looking at the outcome mean in column 1, this restriction reduces the mean mortality to 7.7%, 
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compared with 9.5% in the full sample. Consequently, the coefficient for adolescents who chose 

the delayed reward is reduced from -0.020 (Table 4, column 6) to -0.018 (Table 5, column 1). The 

stability, and even increase, of the coefficient size in relation to the outcome mean speaks against 

concerns that terminally ill adolescents would drive the main results.   

Columns 2 and 3 add adolescents’ school absence hours with a valid excuse and parental early 

mortality as controls. The stability of results in these columns further strengthens the idea that 

reverse causality – that early mortality would drive time preferences – is not a large concern in this 

setting. Column 3 in Table 5 also confirms earlier findings by Atkins et al. (2016) that parental 

longevity is a predictor of offspring's all-cause mortality.  

Lastly, columns 4 and 5 include information on the adolescents’ cognitive ability, which is 

significantly and strongly related to early mortality. The mean value in the adolescents’ ability test 

is 23, with a standard deviation of 7. Column 4 shows that one more point in this test is associated 

with a 0.2 percentage point lower mortality rate by age 65. A standard deviation difference in 

cognitive ability would therefore have a coefficient of the same size as the time preference measure, 

which is now reduced to -0.014, i.e., -1.4 percentage points. 

Adding information on cognitive ability as well as the variables for background health to the 

regression reduces the coefficient size for choosing the delayed amount, in absolute terms 

(comparing columns 1 and 5). The coefficient divided by the outcome mean is now -0.17, or 

roughly one-sixth of the average mortality in the sample. This means that the prediction power of 

time preferences is still large and significant, even with this extensive set of controls.  

In Appendix I, I use the procedure by Oster (2019) to test how large the effects of unobservable 

characteristics would have to be for the β for chose delayed reward to equal zero. Using Oster’s 

suggested assumptions for the theoretical Rmax, Table I2 shows that the effects of unobservables 

must be at least 30 times as large as the effect of all included observable characteristics to erase the 

relationship between time preferences and death before age 65.24 This is a high number, considering 

the large amounts of high-quality controls that are already included. 

                                                 
24 For more robustness results using the Oster (2019) procedure, see both Table I1 and I2 in the Appendix. Table I1 

presents biased adjusted β at different levels of effects from unobserved factors relative to the effect of observed 
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Table 5. Time preferences and early death. Probit average marginal effect. 

Adding ability, school absence, and parental mortality.  

Sample alive at age 40 

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

VARIABLES Death by 65 Death by 65 Death by 65 Death by 65 Death by 65 

      

Chose delayed  -0.018*** -0.017*** -0.018*** -0.014** -0.013** 

reward 

 

(0.0056) (0.0056) (0.0056) (0.0056) (0.0056) 

Absence from   0.00019***   0.00016*** 

school  (0.000049)   (0.000049) 

Father died    0.025***  0.023*** 

before age 65   (0.0060)  (0.0060) 

Mother died   0.019**  0.017** 

before age 65   (0.0076)  (0.0076) 

Ability at age 13    -0.0023*** -0.0022*** 

    (0.00034) (0.00033) 
      
Socioeconomic 

/gender controls 
Inc. Inc. Inc. Inc. Inc. 

Observations 12,702 12,701 12,702 12,668 12,667 

Pseudo R-squared 0.0121 0.0142 0.0156 0.0188 0.0233 

Outcome mean 0.077 0.077 0.077 0.077 0.077 
Chose delayed reward

Outcome mean
 -0.23 -0.22 -0.23 -0.18 -0.17 

The table only includes individuals alive at age 40 in 1993 when income and educational attainment 

are measured. Chose delayed reward is a dummy variable where 1 indicates that the adolescent 

”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Absence from 

school measures all registered absence hours with a valid excuse recorded for the adolescent in the 

spring semester of the 6th year of elementary school. Ability at age 13 is a variable consisting of the 

adolescent´s total score on a spatial intelligent test. Socioeconomic/gender controls include month of 

birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total income, and information on 

university and upper secondary schooling for the parent with the highest level of education. It also 

includes dummy variables for missing observations of parents’ income and their age when their child 

was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

While the probit model tests whether time preferences are associated with mortality before age 65 

and 50, the Cox model (1972) utilizes the full information of the timing of death. Table B11 in 

Appendix B presents Cox hazard ratios using gender and socioeconomic controls (column 2) and 

additional controls for cognitive ability and background health (column 3). The results are 

consistent with the main findings using probit models. Table B11 column 2 shows that patient 

children have a 21% lower risk of dying at a given point in time. Adding the health and cognitive 

controls, column 3 shows that patient adolescents have a 17% lower risk of mortality in the period, 

                                                 
factors, δ. Table I2 presents the δ that makes the chose the delayed reward β become equal to zero. Both Tables I1 and 

I2 report results using the Rmax, suggested by Oster (2019), as well as more conservative Rmax values. 
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compared with more impatient peers. The Cox results show that the predictive power of time 

preferences on early mortality is stable to the choice of econometric model.  

 

Time Preferences and Illnesses 

Table 6 displays results for adolescents’ time preferences, hospitalizations, and diagnoses (ages 

20–63). Due to the data access, the sample is, as explained earlier, restricted to participants who 

lived in Stockholm at the beginning of the period. Some of the included participants died before 

age 63. As a test of the robustness, results are presented in two versions, and the regressions in 

columns 2 and 4 are restricted to only include participants who live until at least age 63. 

The results show that adolescents’ time preferences consistently predict the number of 

hospitalizations and diagnoses throughout the participants’ life. Looking at the full sample 

(columns 1 and 3), adolescents who chose the delayed reward have 0.6 fewer hospitalizations and 

1.5 fewer diagnoses in their adult life, compared with the reference group of less patient peers.25 

Compared with the outcome means of 5.7 hospitalizations and 10.2 diagnoses, these coefficients 

are economically relevant.  

The participants who survive the full period have fewer hospitalizations and diagnoses on average, 

as seen for the restricted samples in columns 2 and 4. This helps explain why the time preference 

coefficients are stable in sign, but reduced in size, in these samples.  

Table B14 in Appendix B also looks at time preferences, hospitalizations, and diagnoses, but with 

fewer or no controls. In these results, the predictive power of choosing the delayed reward is 

stronger and the significance levels higher. It is therefore reasonable to deduce that the full set of 

controls in Table 6 reduce bias, which also reduces the size of the time preference coefficient, in 

absolute terms. Table B15 in Appendix B presents consistent negative signs for time preference 

coefficients on future hospitalizations and diagnosis, using Poisson regressions. Further, the 

consistent negative sign in results for acute heart conditions, presented in Table B16 strengthens 

the idea that patient adolescents enjoy better future health.  

                                                 
25 Table B13 investigates the robustness of results in Table 6 using: 1) a sample not restricted to participants living in 

the Stockholm region in 1971–1983 and 2) a sample excluding extreme observations, i.e., participants with a hundred 

or more hospitalizations or diagnoses. The coefficients are consistent in signs (negative), yet smaller in size in absolute 

terms in both robustness samples. Outcome means are generally lower compared with Table 6, and the significance 

levels are sometimes increased and sometimes decreased, depending on the regression. 
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Table 6. Time preferences (age 12 or 13), hospitalizations, and diagnoses (ages 20–63). 

OLS coefficients. 
 

 

VARIABLES 

(1) 

Number of 

Hospitalizations 

(2) 

Number of 

Hospitalizations 

(3) 

Number of 

Diagnoses 

(4) 

Number of 

Diagnoses 

     

Chose delayed reward -0.58** -0.34* -1.47** -0.84* 

    (0.26) (0.20) (0.60) (0.47) 
      
Constant 8.42*** 7.28*** 15.9*** 13.3*** 
 (0.67) (0.58) (1.56) (1.29) 

     
Full set of controls Inc. Inc. Inc. Inc. 

Observations 9,885 9,116 9,885 9,116 

R-squared 0.029 0.042 0.013 0.018 

Outcome mean 5.67 4.87 10.18 8.23 
Chose delayed reward

Outcome mean
 -0.10 -0.07 -0.14 -0.10 

                         Sample: Alive in 1973 Alive in 2016 Alive in 1973 Alive in 2016 
The sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, and 

1978–1983. The outcome variable in columns 1 and 2 is the number of hospitalizations, and in columns 3 and 

4 it is the number of diagnoses, from 1973 to 2016. At the end of each period of care at a Swedish hospital, a 

final medical record is created. It includes all diagnoses relevant for the patient during that hospital visit. This 

table presents the full data from hospitalization records in the Stockholm region 1973–2016 and nationwide 

1983–2016. Chose delayed reward is a dummy variable where 1 indicates that the adolescent ”probably” or 

“definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group consists of 

adolescents who ”probably” or “definitely” preferred the earlier amount or were indifferent. The full set of 

controls includes month of birth, sex, parents‘ age at their child’s birth, fathers’ and mothers’ total income, and 

information on university and upper secondary schooling for the parent with the highest level of education. It 

also includes information on the adolescents’ cognitive ability at age 13, absence from school, their fathers’ 

and mothers’ mortality by age 65, as well as dummy variables for missing observations of parents’ income and 

their age when their child was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  
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Potential Mechanism and Channels 
This section presents results on potential, not mutually exclusive channels for the relationship 

between time preferences and future health. The main discussed channel is lifestyle factors, 

investigated using data on specific diagnoses and information on lifestyle factors when the 

adolescents grew up, gathered from both mothers and adolescents. After this, the paper looks closer 

at education and income as potential mediators, and drivers of the results.  

Lifestyle Factors  
Table 7 gathers results on specific diagnoses through the participants’ adult life. All regressions in 

the table include a full set of gender, socioeconomic, cognitive and background health controls. 

Columns 1 and 2 look at the likelihood of being diagnosed with dependence on or abuse of alcohol 

or drugs. In columns 3–9, the outcomes are groups of conditions that Stanaway et al. (2018) classify 

as associated with various lifestyle factors. At the top of Table 7, Panel A includes participants if 

they were alive at the beginning of the data period (age 20 in columns 1 and 2 and age 34 in columns 

3–9), and the lower Panel B uses a restricted dataset that only includes participants who were alive 

the full period of observation (until age 63). 

Columns 1A and 1B in Table 7 show that patient adolescents are less likely to be diagnosed with 

alcoholism later in life. The coefficient sizes are large; around one-fifth of the outcome means. 

Columns 2A and 2B display a consistent negative sign for the correlation between choosing the 

delayed reward and later being diagnosed with dependence on or abuse of drugs. Yet, these results 

are not significant.  

The conditions associated with lifestyle risk factors (columns 3–9 in Table 7) are categorized by 

Stanaway et al. (2018) and classified in ICD systems used in Sweden from 1987 (age 34 for the 

sample). Columns 3A and 3B show that participants who chose the delayed reward at age 13 are 

less likely to be diagnosed with any type of lifestyle-related health condition in adulthood (ages 

34–63), compared with their less patient classmates. These results are highly significant, and they 

are stable in both samples. Moving on to specific lifestyle factors, the patient adolescents are also 

less likely to be diagnosed with conditions specifically associated with alcohol and tobacco use 

(columns 4–5, A and B). Looking at conditions associated with drug use, high BMI, low physical 
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activity, and sexual risk-taking (columns 6–9), signs are consistently negative, but the results are 

not significant.26 

Further results on time preferences and cause-specific mortality, where mortality due to other 

causes are treated as random right censoring, are presented in Appendix C. Described by Palme 

and Sandgren (2008), this procedure gives consistent Cox hazard rates for each specific cause of 

death if there is no correlation in the probability of death in the different causes. This is unlikely, 

as the same risk factors can for example drive the probability of both circulatory diseases and 

cancer. Nevertheless, the cause-specific Cox model (independence between causes) and the 

original Cox models (the same model for all causes) can be interpreted as bounds for the hazard 

rate estimates. In Appendix C, Tables C1 and C2 show that patient adolescents are up to 44% and 

46% less likely to die of circulatory and ischemic conditions, respectively.27 These are important 

diagnoses to look at as 1.5% of the full sample pass away due to circulatory diseases before age 

63.  

Looking at causes of death associated with lifestyle risk factors, Table C2 shows that the size of 

hazard rates varies. The range spans from similar levels as all-cause mortality (18%) up to a 24% 

lower risk of mortality for conditions associated with high BMI and a 34% lower risk of mortality 

for conditions associated with low physical activity.28 These large numbers for mortality in these 

conditions are a bit surprising, as Table 7 shows no significant relation between time preferences 

and non-mortal future health conditions associated with low physical activity and high BMI. When 

it comes to mortality caused by cancer, the regressions do not display any significant results.  

 

 

 

 

                                                 
26 The results in Table 7 are stable when using OLS with binary outcomes, but the results disappear in Poisson 

regressions. This is seen in Table B18 and B19 in the Appendix. This suggests that time preferences can be used to 

predict the likelihood of ever being diagnosed with lifestyle-related health conditions, but that it cannot be used to tell 

how many times a person will be diagnosed with them. Yet, future research is needed in order to draw any stronger 

conclusion on this.  
27 The investigated period is ages 34-63, for which I have coded cause of mortality data. 
28 The cause-specific regressions on conditions associated with various lifestyle risk factors, as well as mortality due 

to circulatory and ischemic conditions, have no issues with the proportional hazard assumption. 
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Table 7. Diagnoses related to lifestyle. Probit average marginal effects. 
 Age 20-63  

Have ≥ 1 diagnosis of: 

 Age 34-63 

Have ≥ 1 diagnosis associated with: 

 (1A) 
Dependence 

on/abuse of  
Alcohol 

(2A) 
Dependence 

on/abuse of  
Drugs 

 (3A) 

Lifestyle 

Risk 

Factors 

(4A) 

Alcohol 

Use 

(5A) 

Tobacco 

Use 

(6A) 

Drug    

Use 

(7A) 

High 

BMI 

(8A) 

Low 

Physical 

Activity 

(9A) 

Sexual 

Risk-

Taking 

Panel A: Sample alive in 1973 or 1987 
Chose delayed -0.011** -0.0034  -0.030*** -0.027*** -0.020** -0.0045 -0.0073 -0.0066 -0.0033 

reward (0.0054) (0.0032)  (0.010) (0.0090) (0.0094) (0.0032) (0.0091) (0.0067) (0.0026) 

           

Observations 9,885 9,885  12,756 12,756 12,756 12,756 12,756 12,756 12,756 

Pseudo R2 0.057 0.044  0.012 0.018 0.008 0.052 0.006 0.007 0.076 

Full set controls Inc. Inc.  Inc. Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.06 0.02  0.35 0.24 0.27 0.02 0.24 0.11 0.02 
Chose delayed reward

Outcome mean
 -0.18 -0.17  -0.09 -0.11 -0.07 -0.23 -0.02 -0.06 -0.17 

 

Panel B: Sample alive in 2016 

Chose delayed -0.0091* -0.0041  -0.024** -0.023** -0.017* -0.0021 -0.0060 -0.0057 -0.0029 

reward 

 

(0.0049) (0.0025)  (0.010) (0.0090) (0.0095) (0.0027) (0.0093) (0.0068) (0.0026) 

Observations 9,116 9,116  11,840 11,840 11,840 11,840 11,840 11,840 11,840 

Pseudo R2 0.050 0.038  0.009 0.016 0.007 0.042 0.005 0.007 0.093 

Full set controls Inc. Inc.  Inc. Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.04 0.01  0.32 0.22 0.24 0.01 0.23 0.10 0.02 
Chose delayed reward

Outcome mean
 -0.23 -0.41  -0.08 -0.10 -0.07 -0.21 -0.03 -0.06 -0.15 

In columns 1 and 2, A and B, the sample is restricted to only participants who lived in the Stockholm region in 1971, 1975, and 

1978–1983. The outcome variables are binary and are constructed using diagnosis data from 1973 to 2016. At the end of each 

period of care at a Swedish hospital, a final medical record is created It includes all diagnoses relevant for the patient during that 

hospital visit. In this paper, I have access to the full information from hospitalization records in the Stockholm region in 1973–

2016 and nationwide 1983–2016. For columns 3–9 A and B, the binary outcome variables are constructed using nationwide 

diagnosis data from 1987 to 2016. The categorization is made using ICD 9 from 1987 to 1996 and ICD 10 from 1997 to 2016. 

The index for Conditions Associated with Lifestyle Risk Factors is a combination of indexes for conditions associated with 

alcohol use, high BMI, tobacco use, low physical activity, sexual risk-taking, and drug use. Chose delayed reward is a dummy 

variable where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 

immediately. The reference group consists of adolescents who ”probably” or “definitely” preferred the earlier amount or were 

indifferent. The full set of controls includes month of birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total 

income, and information on university and upper secondary schooling for the parent with the highest level of education. It also 

includes information on the adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ mortality 

by age 65, as well as dummy variables for missing observations of parents’ income and their age when their child was born. 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

Continuing the investigation of lifestyle risk factors as the channel of the results, the Stockholm 

Birth Cohort also contains information on whether the adolescents are allowed to smoke at home, 

whether they think that smoking should be allowed in schools, and whether they like sports 

activities. These factors could be important for the adolescents’ habit formation and future 

behavior. Results on sports interests are presented using OLS in Table 8 and results on attitudes to 

smoking in Table 9 using probit average marginal effect. In the regressions, I add available 



33 

 

information on the mothers’ time preferences as an explanatory variable. Mothers’ preferences 

could potentially influence their children’s attitudes, especially since their attitudes are measured 

when the children live at home. Adding mothers’ time preferences reduces the sample, which can 

be seen in some of the columns in Tables 8 and 9. 

Table 8 shows that more patient adolescents have a stronger interest in sports activities. This is the 

case for both the full sample and the smaller sample (with access to the mothers’ time preferences) 

(columns 1–2). Yet, the exact coefficient size is not stable in the two samples, and this cannot be 

explained by the changes in the outcome mean. Further, the results for mothers’ time preferences 

are insignificant (column 3) and adding this variable does not alter the positive relationship between 

adolescents’ sports interests and time preferences.    

 

Table 8. Attitudes to sports. OLS coefficients.  
 (1) 

OLS 

(2) 

OLS 

(3) 

OLS 

 

VARIABLES 

Score:  

Sports interests 

Score:  

Sports interests 

Score:  

Sports interests 

Adolescents chose 0.79*** 1.36*** 1.35*** 

delayed reward  (0.17) (0.34) (0.34) 

Mothers chose    0.30 

delayed reward  

 

  (0.29) 

Constant 41.1*** 39.7*** 39.5*** 

 (0.51) (0.95) (0.97) 

Full set of controls Inc. Inc. Inc. 

Observations 12,903 3,435 3,435 

R-squared 0.084 0.080 0.080 

Outcome mean 35.35 34.96 34.96 
Chose delayed reward

Outcome mean
 0.02 0.04 0.04 

The dependent variable is the total score on questions regarding sports interests, listing 

activities such as gymnastics, bicycle race, winter sport, basketball, running, etc. 

(max=50 points). Adolescents: chose delayed reward is a dummy variable where 1 

indicates that the adolescent “probably” or “definitely” preferred SEK 1,000 in 5 years 

over SEK 100 immediately. Mothers: chose delayed reward where 1 indicates that the 

mother answered “No, perhaps not” or “No, definitely not” when asked whether she 

would choose SEK 1,000 immediately over SEK 10,000 in 5 years. The full set of 

controls includes month of birth, sex, parents’ age at child’s birth, fathers’ and mothers’ 

total income, and information on university and upper secondary schooling for the 

parent with the highest level of education. It also includes information on the 

adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ 

mortality by age 65, as well as dummy variables for missing observations of parents’ 

income and their age when their child was born. Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Moving to Table 9, column 1 shows that patient adolescents to a higher degree think that smoking 

should not be allowed at schools. This coefficient remains similar in size but is only weakly 

significant as the sample size decreases in column 2. Focusing on Table 9 column 3, there is no 

evidence that mothers’ time preferences matter for their children’s opinions on smoking at school. 

Yet, it is the mothers’, and not the adolescents’, time preferences that correlate significantly with 

rules for smoking at home. Column 4 shows that more future-oriented mothers are less likely to let 

their 15-year-old child smoke at home. 29 This result contributes to the literature on parental time 

preferences and the smoking behavior of their children. While Brown and Van der Pol (2014) find 

no direct correlation between mothers’ investment planning horizon and their children’s smoking 

behavior, the results of Hübler and Kucher (2016) go in the opposite direction. They find that 

parents’ self-reported patience correlates with their children’s smoking habits.30 Lastly, column 5 

presents results using self-reported information on tobacco use, gathered from a subsample of 

adolescents in 1985 (age 32). At this point in time, 52% of the sample used tobacco and the results 

do not show any indication that time preferences predict this behavior. 

To summarize the results on time preferences and lifestyle factors, the results using early data 

suggest that patient individuals are more in favor of rules and interests that promote health. Yet, in 

this sample consisting of individuals born in 1953 in Stockholm, choosing the delayed reward as 

an adolescent is not significantly related to the available measure of tobacco use at age 32.31 

Focusing on the diagnosis results, this paper finds that adolescents’ time preferences not only 

predict early mortality and hospitalizations in general, they are also relevant when looking at the 

likelihood of getting diagnosed with specific conditions related to lifestyle risk factors. Worth 

noting, however, is that Table H2 in the Appendix shows multiplicity-adjusted p-values for the 

prediction power of time preferences and the different outcomes related to lifestyle factors in this 

paper. In general, the predictive power of time preferences on sports interests, smoking rules, and 

                                                 
29 While this paper finds that mothers time preferences are relevant for rule setting for smoking at home, I find no 

indication that they would matter for early mortality of their child (not shown) and the sample size is too small to draw 

conclusions from this. See Appendix H for power analysis. 
30 The question asked to mothers in Brown and Van der Pol (2014) is the following: “In planning your savings and 

spending, which of the following time periods is most important to you?” Hübler and Kucher (2016) measure parental 

patience with the following question: “How would you describe yourself: Are you generally an impatient person, or 

someone who always shows great patience?” 
31 Tobacco use is a binary variable where 1 indicates all forms of tobacco usage, including occasional smoking and the 

use of the popular Swedish snuff. However, the results for the time preferences and tobacco use remain non-significant 

in regressions looking at the 34% of the sample who report smoking cigarettes daily (not shown).      
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future diagnoses and remain statistically significant, but there are exceptions. Results on 

dependence on or abuse of alcohol and diagnoses associated with drug use or sexual risk-taking 

are no longer significant or have a drastically reduced significance after adjustments using the List, 

Shaikh, and Xu (2019) procedure. Table H2 also presents P-values adjusted using the more 

conservative Bonferroni procedure. In this analysis, also the results for having a diagnosis 

associated with tobacco use are unstable.   

 

Table 9. Attitudes to smoking. Probit average marginal effects.  
 (1) (2) (3) (4) (5) 

 

 

 

VARIABLES 

Opinion: Should 

not be allowed to 

smoke at school, 

adolescents 

Opinion: Should 

not be allowed to 

smoke at school, 

adolescents 

Opinion: Should 

not be allowed to 

smoke at school, 

adolescents 

Rules: Not 

allowed to 

smoke at home, 

mothers 

Use 

Tobacco 

age 32 

Adolescents chose 0.041*** 0.039* 0.040* -0.028 0.015 

delayed reward  (0.011) (0.020) (0.021) (0.021) (0.024) 

Mothers chose    -0.014 0.058***  

delayed reward  

 

  (0.018) (0.018)  

Full set of controls Inc. Inc. Inc. Inc. Inc. 

Observations 12,886 3,438 3,438 3,142 2,552 

Pseudo R-squared 0.006 0.011 0.011 0.014 0.031 

Outcome mean 0.56 0.56 0.56 0.65 0.52     
Chose delayed reward

Outcome mean
 0.07 0.07 0.07 -0.04 0.03 

In columns 1–3, the dependent variable is a dummy variable where 1 indicates that the adolescent answered “No, with 

hesitation” or “No, definitely not” when asked whether students should be allowed to smoke at school. Column 4 has a 

dummy variable as dependent variable where 1 indicates that the mother answered no to the question on whether their child 

was allowed to smoke at home. Mothers who answered that “She/he does not smoke” (referring to their child) or “Do not 

know” were excluded. In Column 5, the dependent variable is whether the respondent reported using tobacco at age 32. 

Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent “probably” or “definitely” 

preferred SEK 1,000 in 5 years over 100 immediately. Mothers: chose delayed reward is a dummy variable where 1 indicates 

that the mother answers “No, perhaps not” or “No, definitely not” when asked if she would choose 1,000 over SEK 10,000 

in 5 years. The full set of controls includes month of birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total 

income, and information on university and upper secondary schooling for the parent with the highest level of education. It 

also includes information on the adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ 

mortality by age 65, as well as dummy variables for missing observations of parents’ income and their age when their child 

was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

 

Education and Income  
Lifestyle factors are the main proposed channel between time preferences and early mortality. Yet, 

in the following sections, I look closer at the adolescents’ future education and income. These 

variables could be related to lifestyle factors, as well as to time preferences and health. In Table 

10, income and educational levels are measured at age 40, forcing me to restrict the sample to 
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include only those who are alive at this age.32 For reference, Table 10 column 1 shows the main 

results of this paper in this restricted sample. Columns 2–4 show that having a higher income and 

higher education are both in themselves significantly correlated with lower mortality before age 

65. Yet, the coefficient sign for time preferences remains stable, whereas the time preferences 

coefficient is reduced by about one-fourth of its original size when both future education and 

income are included. While the results could be biased, making it unwise to focus on the exact 

coefficient levels, this reduction can be interpreted as a mediation effect. This interpretation is 

supported by the literature as time preferences predict the composition of individuals with high 

income and high education (shown in Golsteyn, Grönqvist, and Lindahl, 2014), and educational 

attainment is found to correlate with health outcomes (see Grossman 2015 for an overview).  

 

  

                                                 
32 The age is set so that most participants have finished their educations, yet relatively few people in the sample (n= 

254) die at age 40 or earlier. The coefficients of time preferences on early death are robust using income and 

educational data from 1990 and 1998; see Appendix Tables D18 and D19. The significance levels, however, are 

lowered using data from 1990, which is the first year of available data and the first year of an economic crisis in 

Sweden. The coefficient for education on early mortality is consistent through all years, and so is the coefficient for 

income, with the exception of 1998. In this year, the coefficient sizes and significance levels of income on health are 

lowered. 
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Table 10 Time preferences and early death. 

Probit average marginal effect. 

Adding ability, future education, and income.  

Sample alive at age 40 

VARIABLES (1) (2) (3) (4) 

 Death by 65 Death by 65 Death by 65 Death by 65 

Chose delayed reward -0.013** -0.010* -0.012** -0.0097* 

 (0.0056) (0.0057) (0.0056) (0.0056) 

     

Attained education   -0.018***  -0.015*** 

in 1993 (age 40)  (0.0020)  (0.0020) 

Disposable income    -0.0036*** -0.0028*** 

in 1993 (age 40)   (0.00048) (0.00047) 

     

Full set of controls Inc. Inc. Inc. Inc. 

Observations 12,667 12,246 12,283 12,246 

Pseudo R-squared 0.023 0.036 0.036 0.044 

Outcome mean 0.077 0.078 0.078 0.078 
Chose delayed reward

Outcome mean
 -0.17 -0.13 -0.15 -0.12 

The table only includes individuals alive at age 40 in 1993 when income and educational 

attainment are measured. Adolescents: chose delayed reward is a dummy variable where 1 

indicates that the adolescent “probably” or “definitely” preferred SEK 1,000 in 5 years over 

SEK 100 immediately. Ability at age 13 is a variable consisting of the adolescent´s total 

score on a spatial intelligent test. Attained education is measured on a scale from 1 (less 

than 9 years) to 7 (at doctoral level). Disposable income is stated in tens of thousands of 

SEK. The full set of controls includes month of birth, sex, parents’ age at their child’s birth, 

fathers’ and mothers’ total income, and information on university and upper secondary 

schooling for the parent with the highest level of education. It also includes information on 

the adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ 

mortality by age 65, as well as dummy variables for missing observations of parents’ 

income and their age when their child was born. Robust standard errors in parentheses *** 

p<0.01, ** p<0.05, * p<0.1 
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Conclusions 

This paper finds that adolescents who have a lower discounting rate than their peers are less likely 

to suffer from early mortality in adulthood. The difference is large. The coefficient for preferring 

the delayed reward is roughly one-sixth of the mortality rate in the sample. In Cox models, students 

who say that they would probably or definitely prefer a delayed over an immediate reward have a 

17% lower risk of dying at a given point before age 65. The patient group also have fewer 

hospitalizations and medical diagnoses, and they are less likely to be diagnosed with diseases 

associated with lifestyle risk factors as adults. One interpretation of these results is that people with 

lower discounting (who are more patient) are more likely to make healthy choices to secure their 

long-term health. This interpretation is strengthened by the results that patient adolescents are more 

interested in sports and more likely to think that smoking should be banned at schools. The results 

are also in line with theoretical predictions on time preferences and health investments by Galama 

and Kippersluis (2019).  

In this paper, time preferences are measured when participants are 12–13 years old and the 

outcomes are measured over five decades later. Are individual time preferences stable for that 

long? To my knowledge, there are no papers with long enough data to answer that question. Yet, 

Meier and Sprenger (2015) study the temporal stability of measured time preferences over a 1-year 

period (N= 203). They find that 50% of their participants have stable discounting, but that 

instability in choice also exists. Based on their finding, I speculate that time preferences changed 

over time for at least part of my sample. However, some habits are hard to change once you have 

started, even if your preferences change. It is therefore possible that part of the predictive power of 

adolescents’ time preferences on future health is explained by consistent preferences, while another 

part could be explained by habits formed when the sample was young and the time preferences 

measured. 

Other investigated channels between time preferences and future health are income and educational 

attainment, which mediate one-fourth of the link between time preferences and future health. The 

paper also finds that parental time preferences correlate significantly with household rules on 

smoking. These results and sizes of the relations could be time and context dependent. Readers 

should, for example, keep in mind that children in Sweden were allowed to buy cigarettes at the 

time. 
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The overall mortality in the investigated age group is lower for females than for men. It is possible 

that we would see greater differences in mortality by time preferences among women if we 

followed them for a longer period. But that will have to be explored by future papers. Another 

finding that should be investigated further is the results on smoking. While papers like Cadena and 

Keys (2015) and Harrison et al. (2018) find significant correlations between smoking and patience, 

this paper does not. Why is this? I can only make an educated guess: one reason could be the 

different times and contexts. This investigated cohort grew up in a period when every other man 

used tobacco. Smoking also grew rapidly for women during these decades, as cigarettes were 

marketed as a symbol of liberation and equality (Magnusson & Nordgren, 1994). Although this 

paper finds strong links between time preferences and future health, the views on smoking at the 

time could explain the lack of significant results on tobacco use.  

The papers by Epper et al. (2020) and Golsteyn, Grönqvist, and Lindahl (2014) show that time 

preferences are an important variable when looking at individual earnings and incomes. The unique 

Stockholm Birth Cohort enables me to continue their work of looking at time preferences outside 

the lab setting and investigate their role in relation to important outcomes for real people. This 

paper is the first to have access to preference and long-run hospital data to analyze the relationship 

between time preferences and mortality before age 65. The results are clear: a simple time 

preference question among adolescents in 1966 (long before the famous marshmallow 

experiments) has the power to predict participants’ future mortality and health status in adulthood. 

The results are strong and significant when adjusting the p-values for multiple hypothesis testing 

and including numerous high-quality control variables.33 Using the Oster (2019) procedure to 

investigate unobserved selection, it is seen that very large external effects from unobservables, not 

included in this paper, are needed to erase the relation between time preferences and future health.34 

The predictive power of time preferences could be of interest for future work on the timing of costs 

in the health incurrence market. Brot-Goldberg et al. (2017) show that patients’ out of pocket 

expenses for medical care cause them to under-consume healthcare, relative to what would be 

optimal in a dynamic setting. Allowing for heterogeneous time preferences could expand the scope 

                                                 
33 For results tables with adjusted p-values, see Appendix H.  
34 Using the Rmax, suggested by Oster (2019), Table I2 in Appendix I shows that the effects from unobservables must 

be 30 times as large as the effects from all included observable characteristics to erase the link between time preferences 

and death before 65. The equivalent numbers for participants’ total number of hospitalizations and diagnoses are 3 

times and 5 times, respectively.   
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of this research field further, to explore determinants of individual variance in healthcare utilization 

in insurance systems with deductibles.  

The main contribution of this paper is the new results on the role of time preferences on long-term 

health. Combined with the findings by Falk et al. (2018), which shows that time preferences vary 

both internationally and within national populations, the conclusions of this paper motivate a policy 

discussion on how to design health interventions. Tailoring interventions to fit the members of 

society that have high discount rates (who are less patient) could potentially lead to more cost-

effective solutions. The results also suggest that future research should study immediate costs and 

gains of health care investments in order to target the future wellbeing of this impatient group. 

Examples of paths to explore include making medicines taste better, increasing taxes on unhealthy 

foods, and incentivizing exercise.  
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Appendix 
 

Index 

A. Detailed Descriptive Statistics     (p. 44) 

B. Robustness       (p. 47) 

C. Results on Time Preferences and Cause Specific Mortality (p. 70) 

D. Gender Aspects       (p. 72) 

E. Test of Cox Assumptions      (p. 75) 

F. ICD Codes         (p. 83) 

G. Power Calculations       (p. 94) 

         H.         Adjust for Multiple Hypothesis Testing     (p. 95) 

        I.        Unobservable Selection (Oster 2019)     (p. 97) 

    

 

 

A. Detailed Descriptive Statistics 
 

Table A1. Mortality and cause of death.  

Cause of Death 
 Age of Death 

 - All Causes 

 Frequency   Frequency 

All cancers 356        < 20 34 

 Stomach cancer 15    20–29 86 

 Colon and rectal cancer 44    30–39 116 

 Liver cancer 17    40–49 226 

 Lung cancer 55    50–59 426 

 Skin cancer 14    60–64 341 

 Breast cancer 42    Total 1229 

 Prostate cancer 7    

 

Circulatory 

 

191 

 Death by Conditions 

Associated with: 

 Ischemic  106  Frequency 

 Cerebrovascular 27 Lifestyle risk factors    590 

Respiratory 35   Alcohol use 325 

 COPD 15   Tobacco use 463 

Metabolic 21   Drug use 47 

 Diabetes 3   Having a high BMI 324 

    Low physical   

   Activity 

196 

    Sexual risk-taking 11 
The full data contains matched information on 12,956 individuals born in 1953. The last 

point of mortality data is measured on January 30, 2018. The cause of death categorization 

is made using ICD 9 from 1987 to 1996 and ICD 10 from 1997 to 2016. The data contains 

information on cause of death for 1,131 individuals who passed away between the ages of 

34 and 63. Stanaway et al. (2018) categorize diagnoses associated with lifestyle risk factors 

using the ICD9 and ICD10 system, used at Swedish hospitals from 1987, when the SBC 

sample were 34 years old. See Appendix G for an extensive list of ICD codes.  
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Table A2. Time preferences for adolescents and their mothers. 

Adolescents´ time preferences: If you had to choose between SEK 100 

immediately or SEK 1,000 in five years, what would you choose? 

 Frequency Percent 

Definitely SEK 100 immediately 807 6.23         

Probably SEK 100 immediately 851 6.57        

Cannot choose 1,195         9.22        

Probably SEK 1,000 in 5 years 4,568        35.26        

Definitely SEK 1,000 in 5 years 5,535        42.72       

Total 12,956       100 

 

Mothers´ time preferences: If you could choose between 1,000 SEK 

immediately and 10,000 SEK in five years, would you choose 1,000 

SEK immediately? 

 Frequency Percent 

Yes, definitely 705      20.27        

Yes, perhaps 307         8.83        

Do not know 203         5.84        

No, perhaps not 276 7.94        

No, definitely not 1,987        57.13       

Total 3,478       100 
With rounded numbers of US$ in 2019 Swedish prices in parentheses, the 

adolescents were asked about SEK 1,100 (US$ 110) immediately or SEK 11,000 

(US$ 1,100) in 5 years, while the mothers were asked about SEK 11,000 (US$ 1,100) 

immediately or SEK 110,000 (US$ 11,000) in 5 years.  

 

 

Table A3. Balance table. 

  (1) (2) (3) 

Variable 
Sample Without Information 

on Parents’ Age 

Sample With Information 

on Parents’ Age Difference 

Adolescents: chose 

delayed reward 0.795 0.779 -0.016 

 (0.404) (0.415) (0.017) 

Female 0.506 0.494 -0.012 

 (0.500) (0.500) (0.021) 

Month of birth 6.220 6.296 0.076 

 (3.406) (3.361) (0.142) 

Parent upper  0.178 0.255 0.078*** 

secondary school (0.383) (0.436) (0.018) 

Parent university 0.073 0.089 0.016 

 (0.260) (0.285) (0.012) 

Observations 591 12,365 12,956 
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Table A4. Thoughts on smoking and sport interests.  

Question to adolescents: Do you think that students should be allowed 

to smoke at school? 

 Frequency Percent 

Yes, definitely 1,462        11.31 

Yes, with hesitation 1,608        12.44 

Don´t know 2,603        20.14 

No, with hesitation 1,343        10.39 

No, definitely not 5,907        45.71 

Total 12,923       100 

   

Question to mothers: Is your daughter/son allowed to smoke at home? 

 Frequency Percent 

No 2,047        62.16 

Yes, with some restrictions 87 2.64 

Yes 409        12.42 

Yes, if she/he wanted to 631 19.16 

She/he does not smoke 38 1.15    

Do not know 81         2.46   

Total 3,293       100 

   

Questions to adolescents: Total number of points on questions about 

sport interests 

 Frequency Percent 

10–20 695 5.38         

21–30 2,896        22.43        

31–40 5,282        40.90        

41–50 4,040        31.29       

Total 12,913       100 
The sports interest index is composed of responses to questions about participation in 

voluntary gymnastics, in a bicycle race, in high jump, in a winter sport, working as a 

sports coach, playing basketball for a club, doing cross-country running, visiting an 

athletics event, sailing, and taking part in an athletic discipline. With scores in 

parentheses, the answer alternatives are: very interesting (5), interesting (4), dull (2) 

very dull (1).  
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Figure A1. 

 

B. Robustness 
 

Table B1. Time preferences and early death – probit coefficients.  

 (1) 

Probit 

(2) 

Probit 

(3) 

Probit 

(4) 

Probit 

(5) 

Probit 

(6) 

Probit 

VARIABLES Death by 

50 

Death by 

50 

Death by 

50 

Death by 

65 

Death by 

65 

Death by 

65 

Adolescents:       

  Chose delayed reward -0.057 -0.089* -0.087* -0.094*** -0.13*** -0.12*** 

 (0.049) (0.050) (0.052) (0.036) (0.036) (0.037) 

  Sex (female)  -0.27*** -0.29***  -0.27*** -0.28*** 

  (0.043) (0.046)  (0.031) (0.032) 

  Month of birth   -0.0090   -0.0084* 

 

Fathers: 

  (0.0065)   (0.0046) 

  Age at child’s birth   -0.0091*   0.00020 

   (0.0052)   (0.0036) 

  Income   -0.0024   -0.0011 

 

Mothers: 

  (0.0017)   (0.0012) 

  Age at child’s birth   -0.0042   -0.0086** 

   (0.0053)   (0.0039) 

  Income   -0.0030   -0.00016 

 

Parent(s): 

  (0.0041)   (0.0029) 

  Upper secondary school   -0.050   -0.12*** 

     (0.065)   (0.047) 

  University   -0.13   -0.13* 

   (0.11)   (0.072) 

Constant -1.76*** -1.62*** -1.16*** -1.24*** -1.09*** -0.78*** 

 (0.043) (0.049) (0.15) (0.031) (0.036) (0.10) 
Missing parental income             

and age at child’s birth 
   

Inc. 

   

Inc. 

Observations 12,956 12,956 12,956 12,956 12,956 12,956 

Outcome mean 0.036 0.036 0.036 0.095 0.095 0.095 

Pseudo R-squared 0.0003 0.0105 0.1021 0.0008 0.0103 0.0341 
Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent “probably” or 

“definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Parent(s): upper secondary school and 

parent(s): university are binary variables where 1 indicates that at least one of the parents has upper secondary 

school and university education, respectively. Fathers’ and mothers’ total incomes are in thousands of SEK. 

Missing information on parental income is treated as zero income. Missing observations on parents’ age and when 

the child was born are substituted with the variable means of the sample. In regressions, missing income and 

missing information on parental age at a child’s birth are controlled for with dummies. Robust standard errors in 

parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table B2. Time preferences and early death – OLS coefficients.  

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

VARIABLES Death by 

50 

Death by 

50 

Death by 

50 

Death by 

65 

Death by 

65 

Death by 

65 

Adolescents:       

  Chose delayed reward -0.0046 -0.0072* -0.0073* -0.016** -0.022*** -0.021*** 

 (0.0041) (0.0041) (0.0040) (0.0065) (0.0065) (0.0064) 

  Sex (female)  -0.021*** -0.021***  -0.045*** -0.046*** 

  (0.0033) (0.0032)  (0.0052) (0.0051) 

  Month of birth   -0.00062   -0.0014* 

 

Fathers: 

  (0.00047)   (0.00076) 

  Age at child’s birth   -0.00059   0.000039 

   (0.00036)   (0.00060) 

  Income   -0.00011   -0.00016 

 

Mothers: 

  (0.000074)   (0.00015) 

  Age at child’s birth   -0.00026   -0.0014** 

   (0.00043)   (0.00067) 

  Income   -0.00028   -0.000090 

 

Parent(s): 

  (0.00031)   (0.00047) 

  Upper secondary school   -0.0039   -0.019*** 

     (0.0041)   (0.0067) 

  University   -0.0076   -0.020** 

 

 

  (0.0058)   (0.0100) 

Constant 0.039*** 0.052*** 0.081*** 0.11*** 0.13*** 0.19*** 

 (0.0036) (0.0044) (0.010) (0.0058) (0.0069) (0.017) 
Missing parental income             

and age at child’s birth 
   

Inc. 

   

Inc. 

Observations 12,956 12,956 12,956 12,956 12,956 12,956 

Outcome mean 0.036 0.036 0.036 0.095 0.095 0.095 

R-squared 0.000 0.003 0.058 0.001 0.006 0.026 
Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent “probably” or 

“definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Parent(s): upper secondary school and 

parent(s): university are binary variables where 1 indicates that at least one of the parents has upper secondary 

school and university education as their highest level of attained education, respectively. Fathers’ and mothers’ 

total incomes are in thousands of SEK. Missing information on parental income is treated as zero income. Missing 

observations on parents’ age when the child was born are substituted with the variable means of the sample. In 

columns 3 and 6, missing income and missing information on parental age at a child’s birth are controlled for with 

dummies. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table B3. Time preferences and early death.                                                                                                    

Robustness, Restricted sample I. – probit average marginal effect.                                                                             

Control for marital status  

 (1) (1) (1) (2) (2) (2) 

VARIABLES Death by 

50 

Death by 

50 

Death by 

50 

Death by 

65 

Death by 

65 

Death by 

65 

Adolescents:       

  Chose delayed reward -0.0066 -0.0066 -0.0066 -0.027** -0.027** -0.027** 

 (0.0074) (0.0074) (0.0074) (0.012) (0.012) (0.012) 

  Sex (female) -0.024*** -0.024*** -0.024*** -0.053*** -0.053*** -0.053*** 

 (0.0067) (0.0067) (0.0067) (0.010) (0.010) (0.010) 

  Month of birth -0.000072 -0.000063 -0.000065 0.0011 0.0011 0.0011 

 

Fathers: 

(0.00091) (0.00091) (0.00091) (0.0015) (0.0015) (0.0015) 

  Age at child’s birth -0.00084 -0.00084 -0.00084 -0.0022* -0.0022* -0.0022* 

 (0.00074) (0.00073) (0.00073) (0.0011) (0.0011) (0.0011) 

  Income 0.00017 0.00016 0.00017 0.00021 0.00021 0.00021 

   (0.00014) (0.00014) (0.00014) (0.00026) (0.00026) (0.00026) 

  Education -0.0027* -0.0026* -0.0026* -0.0047* -0.0047* -0.0046* 

 

Mothers: 

(0.0015) (0.0015) (0.0015) (0.0024) (0.0024) (0.0024) 

  Age at child’s birth -0.00087 -0.00088 -0.00087 -0.0013 -0.0013 -0.0013 

 (0.00083) (0.00083) (0.00083) (0.0013) (0.0013) (0.0013) 

  Income -0.00051 -0.00052 -0.00053 -0.0014 -0.0015 -0.0015 

 (0.00064) (0.00065) (0.00065) (0.00099) (0.00100) (0.00100) 

  Education -0.00050 -0.00052 -0.00055 -0.0037 -0.0037 -0.0037 

 (0.0018) (0.0018) (0.0018) (0.0028) (0.0028) (0.0028) 

Mother is married  -0.0049   -0.0034  

  (0.0098)   (0.017)  
Mother is married and the   -0.0054   -0.0056 
husband has the same 

surname as the child 
  (0.0093)   (0.015) 

 

Missing parental income             

and age at child’s birth 

 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

Observations 3,292 3,292 3,292 3,292 3,292 3,292 
This table includes only participants with full information in a more detailed measure on parental education. The 

table reports the probit average marginal effect. Out of the 3,292 mothers, 2,909 are married. 2,810 of the mothers 

are married to someone who has the same last name as their child. Adolescents: chose delayed reward is a dummy 

variable where 1 indicates that the adolescent “probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 

100 immediately. Fathers’ and mothers’ total incomes are in thousands of SEK. Missing information on parental 

income is treated as zero income. Missing observations on parents’ age when the child was born are substituted 

with the variable means of the sample. In regressions, missing income and missing information on parental age at 

a child’s birth are controlled for with dummies. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * 

p<0.1 
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Table B4. Time preferences and early death. 

Robustness, Restricted sample II – probit average marginal effect. 

 (1) (2) 
VARIABLES Death by 50 Death by 65 

Adolescents:   

  Chose delayed reward -0.0038 -0.017*** 

 (0.0034) (0.0060) 

  Sex (female) -0.015*** -0.040*** 

 (0.0030) (0.0052) 

  Month of birth -0.00055 -0.0012* 

 

Fathers: 

(0.00043) (0.00075) 

  Age at child’s birth -0.00036 0.00027 

 (0.00035) (0.00059) 

  Income -0.00012 -0.00015 

 

Mothers: 

(0.00011) (0.00020) 

  Age at child’s birth -0.00047 -0.0016** 

 (0.00039) (0.00067) 

  Income -0.00016 0.00021 

 

Parent(s): 

(0.00031) (0.00049) 

  Upper secondary school -0.0039 -0.020*** 

   (0.0042) (0.0076) 

  University -0.011 -0.022* 

 (0.0075) (0.012) 
Missing parental income             

and age at child’s birth 
 

Inc. 

 

Inc. 

Observations 12,365 12,365 
This table includes only participants with full information on parents’ age 

when the child was born. The table reports the probit average marginal effect. 

Adolescents: chose delayed reward is a dummy variable where 1 indicates that 

the adolescent “probably” or “definitely” preferred SEK 1,000 in 5 years over 

SEK 100 immediately. Fathers’ and mothers’ total incomes are in thousands 

of SEK. Missing information on parental income is treated as zero income. 

Missing observations on parents’ age when the child was born are substituted 

with the variable means of the sample. In regressions, missing income and 

missing information on parental age at a child’s birth are controlled for with 

dummies. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * 

p<0.1 
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Table B5. Siblings data. 

Number of siblings: 0 1 2 3 4 5 6 7 8 or more 

Frequency: 1,569        4,829        3,593        1,791        701 269         106         49         38 

 

 

 

Table B6. Time preferences and early death. Sibling controls. – probit average marginal effect.  

 (1a) (1b) (1c) (2a) (2b) (2c) 

VARIABLES Death by 

50 

Death by 

50 

Death by 

50 

Death by 

65 

Death by 

65 

Death by 

65 

Adolescents:       

  Chose delayed reward -0.0062* -0.0055 -0.0055 -0.020*** -0.019*** -0.019*** 

       

 

(0.0037) (0.0037) (0.0037) (0.0060) (0.0060) (0.0060) 

Number of siblings  0.0012   0.0030  

  (0.0011)   (0.0019)  

Number of older sisters   0.00013   0.0027 

   (0.0023)   (0.0038) 

Number of younger sisters   -0.00033   0.0047 

   (0.0024)   (0.0039) 

Number of older brothers   0.0030   0.0037 

   (0.0021)   (0.0036) 

Number of younger brothers   0.0021   0.00083 

   (0.0023)   (0.0039) 

       
Socioeconomic/gender controls Inc. Inc. Inc. Inc. Inc. Inc. 

Observations 12,956 12,945 12,945 12,956 12,945 12,945 

Outcome mean 0.036 0.036 0.036 0.095 0.095 0.095 
The table reports the probit average marginal effect. Adolescents are asked what they would choose if they could 

receive SEK 100 immediately or SEK 1,000 in 5 years. Those who answered that they would definitely choose 

the immediate reward are the reference in this table. The set of socioeconomic/gender controls include month of 

birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total income, and information on university and 

upper secondary schooling for the parent with the highest level of education. It also includes dummy variables for 

missing observations of parents’ income and their age when their child was born. Robust standard errors in 

parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Stata does not allow fixed effects estimations in probit models since they create biased results in 

the model. Regressions with municipality and school fixed effects (Table B7) are therefore 

regressed using OLS. Columns 1 and 4 include the same full set of controls as in the main results 

in Table 4 in the paper but are regressed here with OLS instead of probit average marginal effect. 

Columns 2 and 5 include additional school principal fixed effects, and columns 3 and 6 add 

municipality fixed effects.  

 

Table B7.  

Time preferences and early death. Municipality and school fixed effects – OLS.  

 (1) 

OLS 

(2) 

OLS 

(3) 

OLS 

(4) 

OLS 

(5) 

OLS 

(6) 

OLS 

VARIABLES Death by 

50 

Death by 

50 

Death by 

50 

Death by 

65 

Death by 

65 

Death by 

65 

Adolescent chose -0.0073* -0.0064 -0.0067* -0.021*** -0.021*** -0.020*** 

delayed reward (0.0040) (0.0040) (0.0040) (0.0064) (0.0065) (0.0064) 

       

Constant 0.081*** 0.097*** 0.095*** 0.19*** 0.21*** 0.21*** 

 (0.010) (0.012) (0.012) (0.017) (0.020) (0.019) 
       
Municipality fixed 

effects 

  Inc.   Inc. 

School fixed effects  Inc.   Inc.  

Socioeconomic 

/gender controls 

Inc. Inc. Inc. Inc. Inc. Inc. 

Observations 12,956 12,956 12,956 12,956 12,956 12,956 

R square 0.058 0.067 0.059 0.026 0.035 0.028 
Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent 

“probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Municipality 

fixed effects use information on what municipality the adolescents’ school is located in. School fixed 

effects use information on which headmaster a participant has. The full set of socioeconomic/gender 

controls includes month of birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total 

income, and information on university and upper secondary schooling for the parent with the highest 

level of education. It also includes dummy variables for missing observations of parents’ income and 

their age when their child was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * 

p<0.1 
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Table B8. Early death and time preferences (all categories).  

 (1) (2) (3) (4) 

VARIABLES Death by 50 
Probit average  

marginal effect 

Death by 65 
Probit average  

marginal effect 

Death by 50 

Probit  

Death by 65 

Probit 

Reference timing:  

Definitely immediate 

    

   Probably immediate -0.0076 -0.0079 -0.11 -0.048 

 (0.0082) (0.014) (0.12) (0.083) 

   Indifferent -0.0073 -0.00041 -0.10 -0.0025 

 (0.0076) (0.012) (0.11) (0.076) 

   Probably delay -0.014** -0.023** -0.20** -0.14** 

 (0.0062) (0.010) (0.088) (0.064) 

   Definitely delay -0.0090 -0.022** -0.13 -0.13** 

 (0.0060) (0.010) (0.085) (0.063) 

     

Constant   -1.09*** -0.77*** 
   (0.16) (0.11) 
Socioeconomic 

 /gender controls 
 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

Observations 12,956 12,956 12,956 12,956 

Pseudo R-squared 0.103 0.034 0.103 0.034 

Outcome mean 0.036 0.095 0.036 0.095 
The table reports the probit coefficients and probit average marginal effects. Adolescents are asked 

what they would choose if they could receive SEK 100 immediately or SEK 1,000 in 5 years. Those 

who answered that they would definitely choose the immediate reward are the reference in this table. 

Socioeconomic/gender controls include month of birth, sex, parents’ age at their child’s birth, 

fathers’ and mothers’ total income, and information on university and upper secondary schooling 

for the parent with the highest level of education. It also includes dummy variables for missing 

observations of parents’ income and their age when their child was born. Robust standard errors in 

parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table B9.  

Time preferences and early death,  

Adding ability, school absence, and parental mortality – probit 

Sample alive at age 40 

 (1) 

Probit 

(2) 

Probit 

(3) 

Probit 

(4) 

Probit 

(5) 

Probit 

VARIABLES Death by 65 Death by 65 Death by 65 Death by 65 Death by 65 

      

Chose delayed  -0.12*** -0.12*** -0.12*** -0.097** -0.096** 

Reward 

 

(0.039) (0.039) (0.039) (0.039) (0.040) 

Absence form   0.0013***   0.0011*** 

School  (0.00034)   (0.00035) 

Father died   0.18***  0.16*** 

before age 65   (0.042)  (0.042) 

Mother died   0.13**  0.12** 

before age 65   (0.054)  (0.054) 

Ability at age 13    -0.016*** -0.015*** 

    (0.0024) (0.0024) 

Constant -0.93*** -0.98*** -1.01*** -0.61*** -0.73*** 

 (0.11) (0.11) (0.11) (0.12) (0.12) 
Socioeconomic 

/gender controls 
Inc. Inc. Inc. Inc. Inc. 

Observations 12,702 12,701 12,702 12,668 12,667 

Pseudo R-squared 0.0121 0.0142 0.0156 0.0188 0.0233 

Outcome mean 0.077 0.077 0.077 0.077 0.077 
The table reports the probit coefficients and only includes individuals alive at age 40 in 1993 when 

income and educational attainment are measured. Adolescents: chose delayed reward is a dummy 

variable where 1 indicates that the adolescent “probably” or “definitely” preferred SEK 1,000 in 5 

years over SEK 100 immediately. Absence from school measures all registered absence hours with a 

valid excuse that the adolescent had in the spring term of the 6th year of elementary school. Ability at 

age 13 is a variable consisting of the adolescent´s total score on a spatial intelligent test. 

Socioeconomic/gender controls include month of birth, sex, parents’ age at their child’s birth, fathers’ 

and mothers’ total income, and information on university and upper secondary schooling for the parent 

with the highest level of education. It also includes dummy variables for missing observations of 

parents’ income and their age when their child was born. Robust standard errors in parentheses *** 

p<0.01, ** p<0.05, * p<0.1 
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Table B10.  

Time preferences and early death,  

Adding ability, school absence, and parental mortality - OLS 

Sample alive at age 40 

 (1) 

OLS 

(2) 

OLS 

(3) 

OLS 

(4) 

OLS 

(5) 

OLS 

VARIABLES Death by 65 Death by 65 Death by 65 Death by 65 Death by 65 

      

Chose delayed  -0.018*** -0.018*** -0.018*** -0.014** -0.014** 

Reward 

 

(0.0060) (0.0060) (0.0060) (0.0060) (0.0060) 

School sick   0.00021***   0.00019*** 

Absence  (0.000061)   (0.000061) 

Father died   0.029***  0.026*** 

before age 65   (0.0072)  (0.0071) 

Mother died   0.021**  0.019** 

before age 65   (0.0090)  (0.0090) 

Ability at age 13    -0.0024*** -0.0023*** 

    (0.00036) (0.00036) 

Constant 0.15*** 0.14*** 0.14*** 0.20*** 0.18*** 

 (0.016) (0.016) (0.016) (0.018) (0.018) 

      
Socioeconomic 

/gender controls 
Inc. Inc. Inc. Inc. Inc. 

Observations 12,702 12,701 12,702 12,668 12,667 

R-squared 0.007 0.008 0.009 0.010 0.013 

Outcome mean 0.077 0.077 0.077 0.077 0.077 
The table reports the OLS coefficients and only includes individuals alive at age 40 in 1993 when 

income and educational attainment are measured. Adolescents: chose delayed reward is a dummy 

variable where 1 indicates that the adolescent “probably” or “definitely” preferred SEK 1,000 in 5 

years over SEK 100 immediately. Ability at age 13 is a variable consisting of the adolescent´s total 

score on a spatial intelligent test. Socioeconomic/gender controls include month of birth, sex, parents’ 

age at their child’s birth, fathers’ and mothers’ total income, and information on university and upper 

secondary schooling for the parent with the highest level of education. It also includes dummy 

variables for missing observations of parents’ income and their age when their child was born. Robust 

standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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In the Cox model, the outcome ℎ1𝑖(𝑡) is the mortality hazard (risk of mortality) for individual i, 

and ℎ0(𝑡) is the baseline risk:  

ℎ1𝑖(𝑡) = ℎ0(𝑡)exp (𝛾𝑇𝑖𝑚𝑒 𝑝𝑟𝑒𝑓𝑖 + 𝝆𝒙𝒙𝒊)       (2) 

𝑇𝑖𝑚𝑒 𝑝𝑟𝑒𝑓𝑖 and 𝒙𝒊 are individual i’s time preferences and a vector of controls. In the Cox model, 

a hazard rate equal to 1 is interpreted as a factor having “no effect” on the mortality hazard. A 

variable estimate greater (smaller) than 1 indicates a larger (smaller) risk of dying at any point in 

time over the investigated period. The Cox model assumes that the hazard rate is constant over the 

investigated period, which is not trivial to assume in this sample. It becomes non-trivial since all 

participants in the SBC are born in the same year, which inhibits me from conditioning the effect 

given a participant’s age without controlling for time. Instead of looking at mortality controlling 

for age, I therefore test the stability of the results by restricting the sample. If the assumption of 

constant hazard rate holds, then we should see stable coefficient sizes in different age groups of the 

sample. While the main Cox regressions in Table B12 include all individuals, robustness versions 

therefore exclude the minority of deaths that occur before the participant have turned 40 and 50 

years old, respectively. 

 

Looking at Table B12, the patient adolescents have, depending on the model specifications, a 15.9–

21% lower risk of dying at any point in time (ages 40-65 or 50-65), compared with their less patient 

peers.  

 

To interpret the hazard ratio as the risk of dying at any point, we have to assume that the hazard 

ratio is constant over time. This can be tested in at least three different ways. Plots comparing 

Kaplan–Meier observed survival curves with predicted Cox curves, and results using Schoenfeld 

residuals (all displayed in Appendix E), show that this proportional hazard assumption holds. 

However, this assumption can also be investigated graphically, by scaling the survival probability 

with natural logarithms and investigating whether the curves for individuals of the different 

“treatments” are parallel over time (Cleves et al. 2010).35 This is done in Figure E2 in the Appendix. 

                                                 
35 The survival probability is scaled by –ln(-ln(survival probability)) on the y axis, and the analysis time on the x axis 

is scaled by ln. This follows from the general proportional hazard function ℎ(𝑡|𝒙) = ℎ0(𝑡)exp (𝒙𝛽𝑥), and with S(t) 

being the Kaplan-Meier estimation of the survival function, this leads to  𝑆(𝑡|𝒙) = 𝑆0
exp (𝒙𝛽𝑥), which gives 

− ln(− 𝑙𝑛(𝑆(𝑡|𝒙))) = − ln(− ln (𝑆0(𝑡)))) − 𝒙𝛽𝑥. If the proportional-hazard assumptions hold, the plotted curve 
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A potential explanation for problems with the constant hazard assumption using this method is the 

low mortality rates in the decades before ages 40 and 50. This could generate noise and low 

statistical power when investigating the relationship at each point in continuous time. The results 

of time preferences on early mortality in these lower age groups should therefore be viewed with 

caution. Restricting the sample to include only individuals who are alive at age 40 or age 50 

generate highly stable Cox hazard ratios. This is shown in Table B12, where patient children have 

a 16.9–18.8% lower risk of dying at any point in time between the ages of 41 and 65 and 51 and 

65, respectively. To conclude, these Cox results show that choosing delayed rewards at age 12 and 

13 have a stable predictive power on the likelihood of early death after age 40 and before age 65. 

 

Table B11. Time preferences and early death – Cox model. 

 (1) (2) (3) 

VARIABLES Hazard Rate 

Death by 65 

Hazard Rate 

Death by 65 

Hazard Rate 

Death by 65 

    
Chose delayed reward 0.841*** 0.790*** 0.833*** 
 

 
(0.0554) (0.0525) (0.0559) 

Socioeconomic 

/gender controls 
 Inc. Inc. 

Controls for ability 

/health background 
  Inc. 

Observations 12,956 12,956 12,919 
Mean mortality 0.095 0.095 0.095 
The table reports the hazard rate in a Cox model of survival time ages 13–65. Chose delayed reward 

is a dummy variable where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 

1,000 in 5 years over SEK 100 immediately. The reference group consists of adolescents who 

”probably” or “definitely” preferred the earlier amount or were indifferent. The full set of 

socioeconomic/gender controls includes month of birth, sex, parents’ age at their child’s birth, 

fathers’ and mothers’ total income, and information on university and upper secondary schooling 

for the parent with the highest level of education. It also includes dummy variables for missing 

observations of parents’ income and their age when their child was born. The “controls for 

ability/health background information” include information of the adolescents’ cognitive ability at 

age 13, absence from school, and their fathers’ and mothers’ mortality by age 65. Robust standard 

errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

 

                                                 
should be roughly parallel. When control variables are included, Cox estimates instead of Kaplan-Meier estimates are 

used. See Cleves et al. (2010) for more information.     
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Table B12. Time preferences and early death. Restricted sample – Cox model. 

 (1) (2) (3) (4) 

VARIABLES Hazard Rate  

Death by 65 

Sample alive at 40 

Hazard Rate  

Death by 65 

Sample alive at 40 

Hazard Rate  

Death by 65 

Sample alive at 50 

Hazard Rate  

Death by 65 

Sample alive at 50 

     
Chose delayed reward 0.819*** 0.831** 0.812** 0.819** 

 

 

(0.0602) (0.0622) (0.0690) (0.0708) 

Full set of controls  Inc.  Inc. 

Observations 12,702 12,667 12,455 12,421 
The table reports the hazard rate in a Cox model of survival time. Columns 1–2 and 3–4 are restricted to only include 

participants alive at age 40 and age 50, respectively. Chose delayed reward is a dummy variable where 1 indicates that 

the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group 

consists of adolescents who ”probably” or “definitely” preferred the earlier amount or were indifferent. The full set of 

controls includes month of birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total income, and 

information on university and upper secondary schooling for the parent with the highest level of education. It also includes 

information on the adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ mortality by 

age 65, as well as dummy variables for missing observations of parents’ income and their age when their child was born. 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table B13.  

Time preferences (age 12 or 13), hospitalizations, and diagnoses (ages 20–63). 

Robust samples 
 

 

VARIABLES 

(1) 

OLS 

Number of 

Hospitalizations 

(2) 

OLS 

Number of 

Hospitalizations 

(3) 

OLS 

Number of 

Diagnoses 

(4) 

OLS 

Number of 

Diagnoses 

Panel A: Sample not restricted to     

living in the Stockholm region 1971, 

1975, 1978–1983. 

   

Chose delayed reward -0.39* -0.23 -1.03** -0.60 

     (0.22) (0.17) (0.50) (0.39) 
       
Constant 8.48*** 6.96*** 15.8*** 12.6*** 
 (0.64) (0.55) (1.45) (1.14) 
     

Full set of controls Inc. Inc. Inc. Inc. 

Observations 12,885 11,840 12,885 11,840 

R-squared 0.028 0.041 0.014 0.019 
Outcome mean 5.62 4.80 9.90 7.98 
     
Panel B: Sample excluding individuals     

with > 100 diagnoses/hospitalizations.    

Chose delayed reward -0.55*** -0.40** -0.81** -0.46 

 (0.21) (0.19) (0.33) (0.28) 

     

Constant 7.91*** 6.56*** 12.7*** 10.5*** 

 (0.56) (0.48) (0.93) (0.83) 

     

Full set of controls Inc. Inc. Inc. Inc. 

Observations 9,871 9,109 9,795 9,072 

R-squared 0.041 0.053 0.034 0.040 

Outcome mean 5.46 4.77 8.62 7.40 

Sample: Alive in 1973 Alive in 2016 Alive in 1973 Alive in 2016 
The outcome variable in columns 1 and 2 is the number of hospitalizations, and in columns 3 and 4 the number 

of diagnoses, from 1973 to 2016. The hospitalization and diagnosis data contain full information on 

hospitalizations in the Stockholm area and nationwide from 1973 and 1983, respectively. Chose delayed reward 

is a dummy variable where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 

years over SEK 100 immediately. The reference group consists of adolescents who ”probably” or “definitely” 

preferred the earlier amount or were indifferent. The full set of controls includes month of birth, sex, parents’ 

age at their child’s birth, fathers’ and mothers’ total income, and information on university and upper secondary 

schooling for the parent with the highest level of education. It also includes information on the adolescents’ 

cognitive ability at age 13, absence from school, their fathers’ and mothers’ mortality by age 65, as well as 

dummy variables for missing observations of parents’ income and their age when their child was born. Robust 

standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
 



62 

 

Table B14. Time preferences (age 12 or 13), hospitalizations, and diagnoses           

(ages 20–63). Different controls 
 

 

VARIABLES 

No controls 

(1) 

OLS 

Number of 

Hospitalizations 

(2) 

OLS 

Number of 

Hospitalizations 

(3) 

OLS 

Number of 

Diagnoses 

(4) 

OLS 

Number of 

Diagnoses 

Chose delayed reward -1.14*** -0.88*** -2.26*** -1.58*** 

     (0.27) (0.21) (0.61) (0.47) 

       
Constant 6.57*** 5.56*** 12.0*** 9.49*** 

 (0.25) (0.19) (0.55) (0.43) 

Observations 9,913 9,138 9,913 9,138 

R-squared 0.002 0.002 0.002 0.002 

Outcome mean 5.68 4.88 10.2 8.25 

     

Gender controls     

Chose delayed reward -0.86*** -0.57*** -2.00*** -1.27*** 

     (0.26) (0.21) (0.60) (0.48) 

       

Constant 5.31*** 4.18*** 10.8*** 8.04*** 

 

 

(0.26) (0.22) (0.60) (0.51) 

Gender control Inc. Inc. Inc. Inc. 

Observations 9,913 9,138 9,913 9,138 

R-squared 0.015 0.026 0.004 0.007 

Outcome mean 5.68 4.88 10.2 8.25 

     

Socioeconomic 

/gender controls 

    

Chose delayed reward -0.80*** -0.52** -1.88*** -1.16** 

     (0.26) (0.21) (0.60) (0.48) 

       

Constant 7.04*** 6.21*** 13.3*** 11.4*** 

 (0.61) (0.52) (1.46) (1.16) 

Socioeconomic/ 

gender controls 
 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

Observations 9,913 9,138 9,913 9,138 

R-squared 0.018 0.032 0.006 0.011 

Outcome mean 5.68 4.88 10.2 8.25 

                         Sample: Alive in 1973 Alive in 2016 Alive in 1973 Alive in 2016 
Sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, and 1978–

1983. The outcome variable in columns 1 and 2 is the number of hospitalizations, and in columns 3 and 4 the 

number of diagnoses, from 1973 to 2016. At the end of each period of care at a Swedish hospital, a final 

medical record is created. It includes all diagnoses relevant for the patient during that hospital visit. This table 

presents the full data from hospitalization records in the Stockholm region. 1973–2016 and nationwide 1983–

2016. Chose delayed reward is a dummy variable where 1 indicates that the adolescent ”probably” or 

“definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group consists of 

adolescents who ”probably” or “definitely” preferred the earlier amount or were indifferent. The 

socioeconomic /gender controls include month of birth, sex, parents’ age at their child’s birth, fathers’ and 

mothers’ total income, and information on university and upper secondary schooling for the parent with the 

highest level of education. It also includes a dummy variable for missing observations of parents’ income and 

their age when their child was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  
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Table B15. Time preferences (age 12 or 13), hospitalizations, and diagnoses (ages 20–63). 

Poisson coefficients. 
 

 

VARIABLES 

(1) 

Number of 

Hospitalizations 

(2) 

Number of 

Hospitalizations 

(3) 

Number of 

Diagnoses 

(4) 

Number of 

Diagnoses 

     

Chose delayed reward -0.093** -0.063 -0.13** -0.094* 

    (0.042) (0.038) (0.053) (0.052) 
      
Constant 2.19*** 2.04*** 2.86*** 2.70*** 
 (0.11) (0.12) (0.15) (0.15) 
     
Full set of controls Inc. Inc. Inc. Inc. 

Observations 9,885 9,116 9,885 9,116 

                         Sample: Alive in 1973 Alive in 2016 Alive in 1973 Alive in 2016 
The sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, and 1978–

1983. The outcome variable in columns 1 and 2 is the number of hospitalizations, and in columns 3 and 4 it is the 

number of diagnoses, from 1973 to 2016. At the end of each period of care at a Swedish hospital, a final medical 

record is created. It includes all diagnoses relevant for the patient during that hospital visit. This table presents the 

full data from hospitalization records in the Stockholm region 1973–2016 and nationwide 1983–2016. Chose 

delayed reward is a dummy variable where 1 indicates that the adolescent ”probably” or “definitely” preferred 

SEK 1,000 in 5 years over SEK 100 immediately. The reference group consists of adolescents who ”probably” or 

“definitely” preferred the earlier amount or were indifferent. The full set of controls includes month of birth, sex, 

parents‘ age at their child’s birth, fathers’ and mothers’ total income, and information on university and upper 

secondary schooling for the parent with the highest level of education. It also includes information on the 

adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ mortality by age 65, as 

well as dummy variables for missing observations of parents’ income and their age when their child was born. 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1  

 

Doyle (2011) is a paper in health economics that uses hospitalization for an acute heart condition 

to reduce selection into specific hospitals. Doyle argues that for these conditions, people 

experiencing symptoms are advised to immediately turn to their nearest hospital for care. Based on 

this argument, I look at diagnosis of acute heart conditions to investigate time preferences and 

future health, reducing any potential bias from selection into treatment. As presented in Table B16 

column 1, only 5% of the full sample suffer from acute heart conditions between the ages of 20 

and 63. The weakly significant coefficient of almost a one percentage point difference for choosing 

the delayed reward can therefore be seen as large in this setting. In column 3, results are presented 

using the Poisson model, utilizing not only whether a person has suffered from an acute heart 

condition, but also how many times it has happened. Here, choosing the delayed reward is 

negatively and significantly related to suffering from an acute heart conditions. Although the 

coefficient sign is stable and negative throughout Table B16, the significance levels are unstable. 
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Restricting the sample to include only those who survive until 2016 reduces the significance 

dramatically (see columns 2 and 4). One potential explanation is that severe cases of heart 

conditions with fatal outcomes are part of driving the results.    
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Table B16. Time preferences and acute heart conditions – age 20–63. 

Probit marginal effects at mean and Poisson. 
 

VARIABLES 
(1) 

Binary 

Acute Heart 

Conditions  

(2) 

Binary 

Acute Heart 

Conditions  

(3) 

Poisson 

Acute Heart 

Conditions  

(4) 

Poisson 

Acute Heart 

Conditions  
Socioeconomic + 

Gender controls 
    

Chose delayed reward -0.011** -0.0051 -0.50*** -0.42* 

 (0.0052) (0.0052) (0.18) (0.23) 
Socioeconomic 

 /gender controls 
 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

Observations 9,913 9,138 9,913 9,138 

Outcome Mean 0.05 0.04 0.14 0.11 

Pseudo R-squared 0.029 0.032 0.044 0.045 

     
Full set of controls     
Chose delayed reward -0.0092* -0.0037 -0.47*** -0.39* 

 (0.0052) (0.0052) (0.18) (0.23) 
Socioeconomic 

 /gender controls 
 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

Controls for ability 

/health background 
 

Inc. 

 

Inc. 

 

Inc. 

 

Inc. 

Observations 9,885 9,116 9,885 9,116 

Outcome Mean 0.05 0.04 0.14 0.11 

Pseudo R-squared 0.037 0.039 0.058 0.056 

Sample: Alive in 1973 Alive in 2016 Alive in 1973 Alive in 2016 
Columns 1–2 report the probit marginal effects at mean. Column 3–4 report poison coefficients. The 

sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, and 

1978–1983. Acute heart conditions consist of acute myocardial infarction, cardiac dysrhythmias, and 

heart failure, classified as 410, 427, and 428 in ICD9 and corresponding codes in ICD8 and ICD10. 

For the full set of ICD codes, see Appendix F. The outcome variables are constructed using diagnosis 

data from 1973 to 2016. The diagnosis data contain full information on hospitalizations in the 

Stockholm area and nationwide from 1973 and 1983, respectively. Adolescents: chose delayed reward 

is a dummy variable where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 

1,000 in 5 years over SEK 100 immediately. The reference group consists of adolescents who 

”probably” or “definitely” preferred the earlier amount or were indifferent The full set of 

socioeconomic/gender controls includes month of birth, sex, parents’ age at their child’s birth, fathers’ 

and mothers’ total income, and information on university and upper secondary schooling for the parent 

with the highest level of education. It also includes dummy variables for missing observations of 

parents’ income and their age when their child was born. The controls for ability/health background 

include information on  the adolescents’ cognitive ability at age 13, absence from school, and their 

fathers’ and mothers’ mortality by age 65. Robust standard errors in parentheses *** p<0.01, ** 

p<0.05, * p<0.1 
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Table B17. Diagnoses related to lifestyle – probit.  
Panel A 
Sample alive         

in 1973 or 1987 

Age 20-63  
Have ≥ 1 diagnosis of 

dependence on/abuse of: 

  

Age 34-63  

Have ≥ 1 diagnosis associated with: 

 (1A) 

Alcohol 

(2A) 

Drugs 

: (3A) 

Lifestyle 

Risk 

Factors 

(4A) 

Alcohol 

Use 

(5A) 

Tobacco 

Use 

(6A) 

Drug Use 

(7A) 

High 

BMI 

(8A) 

Low 

Physical 

Activity 

(9A) 

Sexual 

Risk-

Taking 

Chose delayed -0.10** -0.073  -0.083*** -0.088*** -0.063** -0.083 -0.024 -0.035 -0.077 

Reward (0.050) (0.069)  (0.028) (0.030) (0.029) (0.058) (0.030) (0.036) (0.061) 

           

Observations 9,885 9,885  12,756 12,756 12,756 12,756 12,756 12,756 12,756 

Pseudo R2 0.057 0.044  0.012 0.018 0.008 0.052 0.006 0.007 0.076 

Full set controls Inc. Inc.  Inc. Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.06 0.02  0.35 0.24 0.27 0.02 0.24 0.11 0.02 

Panel B 
Sample alive    

in 2016 

Age 20-63  
Have ≥ 1 diagnosis of 

dependence on/abuse of: 

  

Age 34-63  

Have ≥ 1 diagnosis associated with: 

 (1B) 

Alcohol 

(2B) 

Drugs 

: (3B) 

Lifestyle 

Risk 

Factors 

(4B) 

Alcohol 

Use 

(5B) 

Tobacco 

Use 

(6B) 

Drug Use 

(7B) 

High 

BMI 

(8B) 

Low 

Physical 

Activity 

(9B) 

Sexual 

Risk-

Taking 

Chose delayed -0.11* -0.14  -0.070** -0.080** -0.055* -0.056 -0.020 -0.032 -0.076 

reward 

 

(0.057) (0.084)  (0.030) (0.032) (0.031) (0.071) (0.032) (0.038) (0.067) 

Observations 9,116 9,116  11,840 11,840 11,840 11,840 11,840 11,840 11,840 

Pseudo R2 0.050 0.038  0.009 0.016 0.007 0.042 0.005 0.007 0.093 

Full set controls Inc. Inc.  Inc. Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.04 0.01  0.32 0.22 0.24 0.01 0.23 0.10 0.02 

For columns 1–2 A and B, the sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, 

and 1978–1983. The outcome variables are binary and are constructed using diagnosis data from 1973 to 2016. At the end of 

each period of care at a Swedish hospital, a final medical record is created. It includes all diagnoses relevant for the patient 

during that hospital visit. In this paper, I have access to the full information from hospitalization records in the Stockholm 

region1973–2016 and nationwide 1983–2016. For columns 3–9 A and B, the binary outcome variables are constructed using 

nationwide diagnosis data from 1987 to 2016. The categorization is made using ICD 9 from 1987 to 1996 and ICD 10 from 1997 

to 2016. The index for Conditions Associated with Lifestyle Risk Factors is a combination of indexes for conditions associated 

with alcohol use, having a high BMI, tobacco use, low physical activity, sexual risk-taking, and drug use. Chose delayed reward 

is a dummy variable where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 

100 immediately. The reference group consists of adolescents who ”probably” or “definitely” preferred the earlier amount or 

were indifferent. The full set of controls includes month of birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ 

total income, and information on university and upper secondary schooling for the parent with the highest level of education. It 

also includes information on the adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ 

mortality by age 65, as well as dummy variables for missing observations of parents’ income and their age when their child was 

born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table B18. Diagnoses related to lifestyle – OLS.  

Panel A 
Sample alive         

in 1973 or 1987 

OLS Age 20-63  
Have ≥ 1 diagnosis of 

dependence on/abuse of: 

 OLS 

Age 34-63 

Have ≥ 1 diagnosis associated with: 

 (1A) 

Alcohol 

(2A) 

Drugs 

: (3A) 

Lifestyle 

Risk 

Factors 

(4A) 

Alcohol 

Use 

(5A) 

Tobacco 

Use 

(6A) 

Drug Use 

(7A) 

High 

BMI 

(8A) 

Low 

Physical 

Activity 

(9A) 

Sexual 

Risk-

Taking 

Chose delayed -0.0115* -0.00366  -0.030*** -0.027*** -0.020** -0.0047 -0.0070 -0.0064 -0.0046 

Reward (0.00587) (0.00357)  (0.010) (0.0093) (0.0097) (0.0036) (0.0093) (0.0070) (0.0032) 

           

Observations 9,885 9,885  12,756 12,756 12,756 12,756 12,756 12,756 12,756 

R-squared 0.024 0.009  0.015 0.020 0.009 0.012 0.006 0.005 0.013 

Full set controls Inc. Inc.  Inc. Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.06 0.02  0.35 0.24 0.27 0.02 0.24 0.11 0.02 

Panel B 
Sample alive    

in 2016 

OLS Age 20-63  
Have ≥ 1 diagnosis of 

dependence on/abuse of: 

 OLS 

Age 34-63 

Have ≥ 1 diagnosis associated with: 

 (1B) 

Alcohol 

(2B) 

Drugs 

: (3B) 

Lifestyle 

Risk 

Factors 

(4B) 

Alcohol 

Use 

(5B) 

Tobacco 

Use 

(6B) 

Drug Use 

(7B) 

High 

BMI 

(8B) 

Low 

Physical 

Activity 

(9B) 

Sexual 

Risk-

Taking 

Chose delayed -0.0096* -0.0049  -0.025** -0.023** -0.017* -0.0020 -0.0057 -0.0056 -0.0042 

reward 

 

(0.0054) (0.0031)  (0.011) (0.0093) (0.0098) (0.0030) (0.0095) (0.0070) (0.0032) 

Observations 9,116 9,116  11,840 11,840 11,840 11,840 11,840 11,840 11,840 

R-squared 0.017 0.005  0.011 0.016 0.007 0.006 0.006 0.005 0.014 

Full set controls Inc Inc.  Inc Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.04 0.01  0.32 0.22 0.24 0.01 0.23 0.10 0.02 

For columns 1–2 A and B, the sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, 

and 1978–1983. The outcome variables are binary and are constructed using diagnosis data from 1973 to 2016. The diagnosis data 

contain full information on hospitalizations in the Stockholm area and nationwide from 1973 and 1983, respectively. For columns 

3–9 A and B, the binary outcome variables are constructed using nationwide diagnosis data from 1987 to 2016. The categorization 

is made using ICD 9 from 1987 to 1996 and ICD 10 from 1997 to 2016. The index for Conditions Associated with Lifestyle Risk 

Factors is a combination of indexes for conditions associated with alcohol use, having a high BMI, tobacco use, low physical activity, 

sexual risk-taking, and drug use. Chose delayed reward is a dummy variable where 1 indicates that the adolescent ”probably” or 

“definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group consists of adolescents who ”probably” 

or “definitely” preferred the earlier amount or were indifferent. The full set of controls includes month of birth, sex, parents’ age at 

their child’s birth, fathers’ and mothers’ total income, and information on university and upper secondary schooling for the parent 

with the highest level of education. It also includes information on the adolescents’ cognitive ability at age 13, absence from school, 

their fathers’ and mothers’ mortality by age 65, as well as dummy variables for missing observations of parents’ income and their 

age when their child was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. 

 

 

 

  



68 

 

Table B19. Diagnoses related to lifestyle – Poisson. 

Panel A 
Sample alive         

in 1973 or 1987 

Poisson Age 20-63  
Have ≥ 1 diagnosis of 

dependence on/abuse of: 

 Poisson 

Age 34-63 

Have ≥ 1 diagnosis associated with: 

 (1A) 

Alcohol 

(2A) 

Drugs 

: (3A) 

Lifestyle 

Risk 

Factors 

(4A) 

Alcohol 

Use 

(5A) 

Tobacco 

Use 

(6A) 

Drug Use 

(7A) 

High 

BMI 

(8A) 

Low 

Physical 

Activity 

(9A) 

Sexual 

Risk-

Taking 

Chose delayed 0.021 0.26  -0.057 -0.026 -0.15 -0.12 -0.16 -0.16 -0.43 

reward (0.19) (0.29)  (0.085) (0.11) (0.097) (0.24) (0.10) (0.14) (0.30) 

           

Observations 9,885 9,885  12,756 12,756 12,756 12,756 12,756 12,756 12,756 

Pseudo R2 0.088 0.116  0.047 0.066 0.031 0.083 0.028 0.021 0.044 

Full set controls Inc. Inc.  Inc. Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.39 0.13  2.29 1.42 1.26 0.14 1.06 0.35 0.046 

Panel B 
Sample alive    

in 2016 

Poisson Age 20-63  
Have ≥ 1 diagnosis of 

dependence on/abuse of: 

 Poisson 

Age 34-63 

Have ≥ 1 diagnosis associated with: 

 (1B) 

Alcohol 

(2B) 

Drugs 

: (3B) 

Lifestyle 

Risk 

Factors 

(4B) 

Alcohol 

Use 

(5B) 

Tobacco 

Use 

(6B) 

Drug Use 

(7B) 

High 

BMI 

(8B) 

Low 

Physical 

Activity 

(9B) 

Sexual 

Risk-

Taking 

Chose delayed 0.0020 0.20  -0.090 -0.075 -0.13 0.080 -0.16 -0.14 -0.10 

reward 

 

(0.23) (0.45)  (0.086) (0.12) (0.10) (0.34) (0.11) (0.16) (0.25) 

Observations 9,116 9,116  11,840 11,840 11,840 11,840 11,840 11,840 11,840 

Pseudo R2 0.105 0.157  0.043 0.062 0.031 0.097 0.03 0.029 0.058 

Full set controls Inc Inc.  Inc Inc. Inc. Inc. Inc. Inc. Inc. 

Outcome mean 0.24 0.071  1.63 1.01 0.98 0.084 0.87 0.29 0.033 

For columns 1–2 A and B, the sample is restricted to include only participants who lived in the Stockholm region in 1971, 1975, 

and 1978–1983. The outcome variables are binary and are constructed using diagnosis data from 1973 to 2016. The diagnosis 

data contain full information on hospitalizations in the Stockholm area and nationwide from 1973 and 1983, respectively. For 

columns 3–9 A and B, the binary outcome variables are constructed using nationwide diagnosis data from 1987 to 2016. The 

categorization is made using ICD 9 from 1987 to 1996 and ICD 10 from 1997 to 2016. The index for Conditions Associated 

with Lifestyle Risk Factors is a combination of indexes for conditions associated with alcohol use, having a high BMI, tobacco 

use, low physical activity, sexual risk-taking, and drug use. Chose delayed reward is a dummy variable where 1 indicates that 

the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group 

consists of adolescents who ”probably” or “definitely” preferred the earlier amount or were indifferent. The full set of controls 

includes month of birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total income, and information on university 

and upper secondary schooling for the parent with the highest level of education. It also includes information on the adolescents’ 

cognitive ability at age 13, absence from school, their fathers’ and mothers’ mortality by age 65, as well as dummy variables for 

missing observations of parents’ income and their age when their child was born. Robust standard errors in parentheses *** 

p<0.01, ** p<0.05, * p<0.1. 
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Table B20. Attitudes to smoking – probit.  
 (1) (2) (3) (4) (5) 

 

 

 

VARIABLES 

Opinion: Should 

not be allowed to 

smoke at school, 

adolescents 

Opinion: Should 

not be allowed to 

smoke at school, 

adolescents 

Opinion: Should 

not be allowed to 

smoke at school, 

adolescents 

Rules: Not 

allowed to 

smoke at home, 

mothers 

Use 

Tobacco 

age 32 

Adolescents: chose 0.10*** 0.10* 0.10* -0.076 0.038 

delayed reward  

 

(0.027) (0.053) (0.053) (0.057) (0.062) 

Mothers: chose    -0.036 0.16***  

delayed reward  

 

  (0.046) (0.050)  

Constant 0.18** 0.44*** 0.46*** 0.081 1.03*** 

 (0.081) (0.15) (0.15) (0.17) (0.18) 

Full set of controls Inc. Inc. Inc. Inc. Inc. 

Observations 12,886 3,438 3,438 3,142 2,552 

Outcome mean 0.006 0.011 0.011 0.014 0.031 

Pseudo R-squared 0.56 0.56 0.56 0.65 0.52     
In columns 1–3, the dependent variable is a dummy variable where 1 indicates that the adolescent answered “No, 

with hesitation” or “No, definitely not” when asked whether students should be allowed to smoke at school. 

Column 4 has a dummy variable as dependent variable where 1 indicates that the mother answered no to the 

question of whether their child was allowed to smoke at home Mothers who answered that “She/he does not 

smoke” (referring to their child) or “Do not know” were excluded. In Column 5, the dependent variable is 

whether the respondent reported using tobacco at age 32. Adolescents: chose delayed reward is a dummy variable 

where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 

immediately. Mothers: chose delayed reward is a dummy variable where 1 indicates that the mother answers 

“No, perhaps not” or “No, definitely not” when asked if she would choose SEK 1,000 immediately over SEK 

10,000 in 5 years. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

 

 

 

 

 

 

 



70 

 

 

 

 

Table B21 Time preferences and early death.  

Adding future education and income – probit coefficients. 

Sample alive at age 40 

VARIABLES (1) (2) (3) (4) 

 Death by 65 Death by 65 Death by 65 Death by 65 

Chose delayed reward -0.096** -0.072* -0.087** -0.069* 

 (0.040) (0.040) (0.040) (0.040) 

     

Attained education   -0.13***  -0.10*** 

in 1993 (age 40)  (0.014)  (0.014) 

Disposable income    -0.026*** -0.020*** 

in 1993 (age 40)   (0.0034) (0.0034) 

     

Constant -0.73*** -0.52*** -0.43*** -0.34** 

 (0.12) (0.13) (0.13) (0.13) 

     

Full set of controls Inc. Inc. Inc. Inc. 

Observations 12,667 12,246 12,283 12,246 

Pseudo R-squared 0.023 0.036 0.036 0.044 

Outcome mean 0.077 0.078 0.078 0.078 
The table reports the probit coefficients and only includes individuals alive at age 40 in 

1993 when income and educational attainment are measured. Chose delayed reward is a 

dummy variable where 1 indicates that the adolescent ”probably” or “definitely preferred 

SEK 1,000 in 5 years over SEK 100 immediately. Ability at age 13 is a variable consisting 

of the adolescent´s total score on a spatial intelligent test. Attained education is measured 

on a scale from 1 (less than 9 years) to 7 (at doctoral level). Disposable income is stated in 

tens of thousands of SEK. The full set of controls includes month of birth, sex, parents’ age 

at their child’s birth, fathers’ and mothers’ total income, and information on university and 

upper secondary schooling for the parent with the highest level of education. It also includes 

information on the adolescents’ cognitive ability at age 13, absence from school, their 

fathers’ and mothers’ mortality by age 65, as well as dummy variables for missing 

observations of parents’ income and their age when their child was born. Robust standard 

errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table B22. Time preferences and early death. 

Adding future education and income – probit average marginal effect. 

Robustness, attained education, and disposable income at age 37.  

 (1) 

Sample 

Alive at 37 

(2) 

Sample 

Alive at 37 

(3) 

Sample 

Alive at 37 

(4) 

Sample 

Alive at 37 

VARIABLES Death by 65 Death by 65 Death by 65 Death by 65 
Adolescents:     
 Chose delayed reward -0.013** -0.0092 -0.011** -0.0082 
 (0.0057) (0.0058) (0.0058) (0.0057) 

 Attained education   -0.019***  -0.017*** 

 in 1990 (age 37)  (0.0020)  (0.0021) 

 Disposable income    -0.0042*** -0.0033*** 

 in 1990 (age 37)   (0.0010) (0.00099) 

     
Full set of controls Inc. Inc. Inc. Inc. 

Observations 12,716 12,324 12,357 12,324 
The table only includes individuals alive at age 37 in 1990 when income and educational attainment 

are measured. Adolescents: chose delayed reward is a dummy variable where 1 indicates that the 

adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. 

Ability at age 13 is a variable consisting of the adolescent´s total score on a spatial intelligent test. 

Attained education is measured on a scale from 1 (less than 9 years) to 7 (at doctoral level). 

Disposable income is stated in tens of thousands of SEK. The full set of controls includes month of 

birth, sex, parents’ age at their child’s birth, fathers’ and mothers’ total income, and information on 

university and upper secondary schooling for the parent with the highest level of education. It also 

includes information on the adolescents’ cognitive ability at age 13, absence from school, their 

fathers’ and mothers’ mortality by age 65, as well as dummy variables for missing observations of 

parents’ income and their age when their child was born.  Robust standard errors in parentheses *** 

p<0.01, ** p<0.05, * p<0.1. 
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Table B23. Time preferences and early death. 

Adding future education and income – probit average marginal effect. 

Robustness, attained education, and disposable income at age 45.  

 (1) 

Sample 

Alive at 45 

(2) 

Sample 

Alive at 45 

(3) 

Sample 

Alive at 45 

(4) 

Sample 

Alive at 45 

VARIABLES Death by 65 Death by 65 Death by 65 Death by 65 

Adolescents:     
  Chose delayed reward -0.012** -0.0094* -0.011** -0.0090* 
 (0.0053) (0.0055) (0.0055) (0.0055) 

  Attained education   -0.016***  -0.015*** 

  in 1998 (age 45)  (0.0019)  (0.0021) 

  Disposable income    -0.0014* -0.00094 

  in 1998 (age 45)   (0.00072) (0.00062) 

     

Full set of controls Inc. Inc. Inc. Inc. 

Observations 12,570 12,093 12,121 12,093 
The table only includes individuals alive at age 45 in 1998 when income and educational attainment are 

measured. Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent 

”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Ability at age 13 

is a variable consisting of the adolescent´s total score on a spatial intelligent test. Attained education is 

measured on a scale from 1 (less than 9 years) to 7 (at doctoral level) Disposable income is stated in 

tens of thousands of SEK. The full set of controls includes month of birth, sex, parents’ age at their 

child’s birth, fathers’ and mothers’ total income, and information on university and upper secondary 

schooling for the parent with the highest level of education. It also includes information on the 

adolescents’ cognitive ability at age 13, absence from school, their fathers’ and mothers’ mortality by 

age 65, as well as dummy variables for missing observations of parents’ income and their age when 

their child was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. 
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C. Results on Time Preferences and Cause Specific Mortality 
 

Table C1. Time preferences and cause-specific mortality – Cox model.  

Death by age 63 due to (1) (2) (3) (4) (5) 
following condition: 

VARIABLES 
All Cause 

Hazard Rate 

Circulatory 

Hazard Rate 

Ischemic 

Hazard Rate 

Cancer 

Hazard Rate 

Lung Cancer 

Hazard Rate 
Adolescents:      
  Chose delayed reward 0.821*** 0.561*** 0.537*** 0.898 0.867 
 (0.0583) (0.0881) (0.113) (0.112) (0.273) 
  Sex (female) 0.560*** 0.357*** 0.192*** 1.071 1.140 
 (0.0355) (0.0576) (0.0489) (0.115) (0.315) 
      
Full set of controls Inc. Inc. Inc. Inc. Inc. 
Observations 12,919 12,919 12,919 12,919 12,919 
Mean mortality 0.084 0.015 0.008 0.027 0.004 
The table reports the hazard rate in a Cox model. This table only includes mortality in disease groups that include 

more than 50 patients. Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent 

”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group consists 

of adolescents who ”probably” or “definitely” preferred the earlier amount or were indifferent. Sex is a dummy 

variable for gender, where 1=female; this variable coefficient is displayed for comparative purposes. In addition to 

gender, the full set of controls includes month of birth, parents’ age at their child’s birth, fathers’ and mothers’ total 

income, and information on university and upper secondary schooling for the parent with the highest level of 

education. It also includes information on the adolescents’ cognitive ability at age 13, absence from school, their 

fathers’ and mothers’ mortality by age 65, as well as dummy variables for missing observations of parents’ income 

and their age when their child was born. Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. 
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Table C2. Time preferences and dying from lifestyle conditions – Cox model. 
Death by age 63 

due to conditions 

 

(1) 

 

(2)  

 

(3)  

 

(4)  

 

(5)  

associated with: 

VARIABLES                                   

Lifestyle 

Risk Factors 

Hazard Rate 

Alcohol Use 

Hazard Rate    

Tobacco Use 

Hazard Rate 

High BMI 

Hazard Rate 

Low Physical 

Activity 

Hazard Rate 
Adolescents:      
  Chose delayed  0.827** 0.712*** 0.814* 0.763** 0.665** 
   reward 

 
(0.0793) (0.0896) (0.0878) (0.0957) (0.106) 

  Sex (female) 0.629*** 0.491*** 0.650*** 0.711*** 0.679*** 
 (0.0533) (0.0578) (0.0620) (0.0799) (0.0993) 
      
Full set of controls Inc. Inc. Inc. Inc. Inc. 
Observations 12,919 12,919 12,919 12,919 12,919 
Mean mortality 0.046 0.025 0.036 0.025 0.015 
The table reports the hazard rate in a Cox model. The index for Conditions Associated with Lifestyle Risk Factors 

is a combination of indexes of conditions associated with alcohol use, having a high BMI, tobacco use, low 

physical activity, sexual risk taking, and drug use. This table only includes indexes for lifestyle risk factors that 

include more than 50 patients. Adolescents: chose delayed reward is a dummy variable where 1 indicates that 

the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The 

reference group consists of adolescents who ”probably” or “definitely” preferred the earlier amount or were 

indifferent. Sex is a dummy variable for gender, where 1=female; this variable coefficient is displayed for 

comparative purposes. In addition to gender, the full set of controls includes month of birth, parents’ age at their 

child’s birth, fathers’ and mothers’ total income, and information on university and upper secondary schooling 

for the parent with the highest level of education. It also includes information on the adolescents’ cognitive 

ability at age 13, absence from school, their fathers’ and mothers’ mortality by age 65, as well as dummy 

variables for missing observations of parents’ income and their age when their child was born. Robust standard 

errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. 
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D. Gender Aspects 
 

Table D1. Adolescents’ time preferences by gender. 

If you had to choose between SEK 100 immediately or SEK 1,000 in five years, 

what would you choose? 

 Female Sample  Male Sample 

 Frequency Percent  Frequency Percent 

Definitely 100 SEK immediately 401 6.26          406 6.19         

Probably 100 SEK immediately 511 7.98         340 5.19        

Cannot choose 773 12.07         422 6.44        

Probably 1,000 SEK in 5 years 2,370        37.02         2,198        33.54        

Definitely 1,000 SEK in 5 years 2,347        36.66        3,188        48.64       

Total 6,402       100  6,554       100 
1,100 SEK (US$ 110) immediately or 11,000 SEK (US$ 1,100) in 5 years, expressed in rounded 

numbers in 2019 Swedish prices.  

 

Table D2. Mortality by gender. 

 Female Sample  Male Sample 

 Frequency Percent  Frequency Percent 

Death by 50 163         2.55        299 4.56       

Death by 65 467 7.29        762 11.63       
This sample consists of a total of 12,956 individuals, 6,402 women and 

6,554 men.  

 

 

Table D3. Time preferences and early death – Cox model, split sample by gender. 

 (1) (2) (3) (4) 

VARIABLES Female Sample 

Hazard Rate 

Death by 65 

Female Sample 

Hazard Rate  

Death by 65 

Male Sample 

Hazard Rate 

Death by 65 

Male Sample 

Hazard Rate  

Death by 65 

     

Adolescents  0.848 0.881 0.745*** 0.795*** 
  Chose delayed reward (0.0860) (0.0905) (0.0650) (0.0701) 
Full set of controls  Inc.  Inc. 

Observations 6,402 6,388 6,554 6,531 
The table reports the hazard rate in a Cox model of survival time. Adolescents’ Chose delayed reward is a 

dummy variable where 1 indicates that the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 

years over SEK 100 immediately. The full set of controls includes month of birth, sex, parents’ age at their 

child’s birth, fathers’ and mothers’ total income, and information on university and upper secondary schooling 

for the parent with the highest level of education. It also includes information on the adolescents’ cognitive 

ability at age 13, absence from school, their fathers’ and mothers’ mortality by age 65, as well as dummy 

variables for missing observations of parents’ income and their age when their child was born.  Robust standard 

errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. 
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Table D4. Time preferences and early death, split on gender.  

Probit average marginal effect.  

 (1) (2) (3) (4) 

VARIABLES Female Sample 

Death by 50 

Female Sample 

Death by 65 

Male Sample 

Death by 50 

Male Sample 

Death by 65 

Adolescents:     

  Chose delayed reward -0.0025 -0.012 -0.011* -0.029*** 

 

 

(0.0043) (0.0072) (0.0060) (0.0097) 

  Month of birth -0.00082 -0.000049 -0.00042 -0.0027** 

 (0.00058) (0.00095) (0.00072) (0.0012) 

Fathers:     

  Age at child’s birth -0.00026 0.00087 -0.0010* -0.00084 

 (0.00046) (0.00073) (0.00057) (0.00090) 

  Income -0.00019 -0.000032 -0.00012 -0.00041 

 (0.00014) (0.00023) (0.00020) (0.00031) 

Mothers:     

  Age at child’s birth 0.00013 -0.0014* -0.00080 -0.0014 

 (0.00045) (0.00080) (0.00059) (0.00099) 

  Income -0.000031 0.000042 -0.00045 -0.00016 

 (0.00029) (0.00055) (0.00052) (0.00075) 

Parent(s):     

  Upper secondary school 0.00038 -0.013 -0.0084 -0.026** 

   (0.0053) (0.0096) (0.0075) (0.012) 

  University -0.0063 -0.0059 -0.013 -0.036* 

 (0.0095) (0.014) (0.012) (0.019) 
Missing parental income             

and age at child’s birth 
 

Inc. 

 

Inc. 

 

Inc. 

  

Inc. 

Observations 6,402 6,402 6,554 6,554 

Pseudo R-squared 0.0810 0.0181 0.1067 0.0345 
Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent ”probably” 

or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Parent(s): upper secondary 

school and Parent(s): university are binary variables where 1 indicates that at least one of the parents has 

upper secondary school and university education as their highest level of attained education, respectively. 

Fathers’ and mothers’ total incomes are in thousands of SEK. Missing information on parental income is 

treated as zero income. Missing observations on parents’ age when the child was born are substituted with 

the variable means of the sample. In regressions, missing income and missing information on parental 

age at a child’s birth are controlled for with dummies. Robust standard errors in parentheses *** p<0.01, 

** p<0.05, * p<0.1 
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Table D5. Time preferences and early death, split on gender.  

Probit average marginal effect. 

 (1) (2) (3) (4) 

VARIABLES Female Sample 

Death by 50 

Female Sample 

Death by 65 

Male Sample 

Death by 50 

Male Sample 

Death by 65 

     

Adolescents chose  -0.0012 -0.0078 -0.0087 -0.024** 

delayed reward 

 

(0.0043) (0.0071) (0.0060) (0.0097) 

Absence form  0.000077** 0.00014** 0.000056 0.00024*** 

School (0.000037) (0.000067) (0.000053) (0.000081) 

Father died 0.0072 0.015* 0.0048 0.025** 

before age 65 (0.0050) (0.0086) (0.0067) (0.010) 

Mother died 0.012** 0.016 -0.011 0.0076 

before age 65 (0.0057) (0.010) (0.0095) (0.014) 

Ability at age 13 -0.00024 -0.0017*** -0.0011*** -0.0033*** 

 (0.00030) (0.00048) (0.00033) (0.00053) 
Socioeconomic / 

Gender controls  
 

Inc. 

 

Inc. 

 

Inc. 

  

Inc. 

Observations 6,388 6,388 6,531 6,531 

Pseudo R-squared 0.0892 0.0252 0.1116 0.0460 
The table only includes individuals alive at age 40 in 1993 when income and educational attainment are 

measured. Adolescents: chose delayed reward is a dummy variable where 1 indicates that the adolescent 

”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. Absence from 

school measures all registered absence hours with a valid excuse that the adolescent had in the spring 

term of the 6th year of elementary school. Ability at age 13 is a variable consisting of the adolescent´s 

total score on a spatial intelligent test. Socioeconomic/gender controls include month of birth, sex, 

parents’ age at their child’s birth, fathers’ and mothers’ total income, and information on university and 

upper secondary schooling for the parent with the highest level of education. It also includes dummy 

variables for missing observations of parents’ income and their age when their child was born. Robust 

standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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E. Test of Cox Assumptions   

Cox assumptions of models investigating all-cause mortality 
 

 

 

Figure E1. Plots of Kaplan-Meier observed survival curves and predictive curves using Cox. 

 

 

Table E1. Test of proportional-hazards assumption using Schoenfeld residuals 

 Rho Chi2 Prob>chi2 

Adolescents:                                                 

Chose delayed reward 

-0.01815 0.41 0.5245 

This table presents a test of whether the log hazard-ratio function is constant over time. The null 

hypothesis in this test is a zero slope. The proportional-hazards assumption does not hold if this null 

hypothesis is rejected.   
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Figure E2. Log-log plots of survival. 

 

 

The closeness of plots using Kaplan–Meier observed survival curves and Cox predictive curves in 

Figure E1 shows no indication of proportional-hazards assumption violations. Neither does the test 

of proportional-hazards assumption using Schoenfeld residuals in Table E1. The log-log plots in 

Figure E2, however, are not parallel. This is not in line with the proportional-hazards assumption 

and could be due to the continuous-time and few individuals dying early, generating noise.   
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Cox assumptions of models investigating cause-specific mortality  

 

Looking at the results for circulatory and ischemic conditions, where the regression results are 

precise enough to generate significant results, the plots using Kaplan-Meier observed survival 

curves and Cox predictive curves are very close, as seen in Figure E3. Neither the close curves, nor 

the Schoenfeld residuals in Table E2 show any indication of proportional-hazards assumption 

violations. For these outcomes, the log-log plots in Figure E4 are also parallel, which is in line with 

the proportional-hazards assumption.  

 

  

Circulatory Cancer 

  

Ischemic Lung cancer 

Figure E3. Plots of Kaplan-Meier observed survival curves and predictive curves using Cox. 
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Table E2, Test of proportional-hazards assumption using 

Schoenfeld residuals.  

Explanatory variable is Adolescents: Chose delayed reward 

Dependent variable Rho                     Chi2   Prob>chi2 

Death by:    

   Circulatory 0.02532          0.12                  0.7264 

       Ischemic 0.09256          0.91        0.3407 

   Cancer -0.01405          0.07             0.7909 

       Lung cancer -0.10017              0.55         0.4574 

This table presents a test of whether the log hazard-ratio function is constant 

over time. The null hypothesis in this test is a zero slope, and if this null 

hypothesis is rejected, this means that the proportional-hazards assumption 

does not hold.   
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Circulatory Cancer 

  

Ischemic 

 

Lung cancer 

Figure E4. Log-log plots of survival. 

 

 

 

Moving on to mortality caused by conditions associated with lifestyle risk factors, the plots in 

Figure E5 using Kaplan-Meier observed survival curves and Cox predictive curves are also very 

close. The log-log plots in Figure E6 are roughly parallel, and the Schoenfeld residuals in Table E3 

do not show any indication of proportional-hazards assumption violations.  
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Lifestyle risk factors 

  

Alcohol use Having a high BMI 

  

Tobacco use Low physical activity 

Figure E5. Plots of Kaplan-Meier observed survival curves and predictive curves using Cox. 
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Table E3. Test of proportional-hazards assumption using 

Schoenfeld residuals.  

Explanatory variable is Adolescents: Chose delayed reward 

Dependent variable rho                     chi2   Prob>chi2 

Death by diseases associated 

with: 

   

Lifestyle risk factors 0.03239               0.62         0.4314 

  Alcohol use  -0.00198                   0.00         0.9715 

  Tobacco use 0.06730               2.10         0.1476 

  Having a high BMI 0.06446             1.37         0.2424 

  Low physical activity 0.04581              0.41         0.5213 

This table presents a test of whether the log hazard-ratio function is constant 

over time. The null hypothesis in this test is a zero slope, and if this null 

hypothesis is rejected, this means that the proportional-hazards assumption does 

not hold.   
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Lifestyle risk factors 

  

Alcohol use Having a high BMI 

 
 

Tobacco use  Low physical activity 

Figure E6. Log-log plots of survival. 

 

  



86 

 

F. ICD Codes  
 

Table F1 ICD codes for acute heart conditions and diagnoses of dependence on/abuse of 

alcohol and drugs. 

Direct diagnoses of dependence 

on/abuse of alcohol and drugs 

 

ICD10 

 

ICD9 

 

ICD8 

   Alcohol abuse and dependence 

syndrome 

F100, F101, F102 
 

305A 303 
 

3030 3031 3032 

3039 

   Abuse and dependence 

syndrome, psychoactive 

substances other than nicotine and 

alcohol, e.g., cannabis and 

cocaine. 

F12.0 F12.1 F12.2 F13.0 

F13.1 F13.2 F14.0 F14.1 

F14.2 F15.0 F15.1 F15.2 

F16.0 F16.1 F16.2 F18.0 

F18.1 F18.2 F19.0 F19.1 

F19.2 

304  

305X 
 

 

 
 

3040 3041 3042 

3043 3044 3045 

3046 3047 3032 

3039 3048 

3049   

    

Acute heart conditions* ICD10 ICD9 ICD8 

   Acute myocardial infarction I21 I22 I51.3 M21.9 410* 410 411 426 429 

   Cardiac dysrhythmias  I47.1 I47.2 I47.9 427* 4279 4272 9681 

   Heart failure I50 I46.9 428* 4270 428 429 7824 
* Acute heart conditions consist of acute myocardial infarction, cardiac dysrhythmias, and heart failure, classified 

as 410, 427, and 428 in ICD9. Doyle (2011) makes this definition, and I expand the measure by also including the 

corresponding ICD8 and ICD10 codes for the conditions. 

 

 

Table F2. ICD codes for cause of death. 

 ICD10 ICD9 

All cancer C 14-20 

   Stomach cancer C16 151 

   Colon cancer C18 153 

   Liver cancer C22 155 

   Lung cancer 
C34 

162C 162D 162E 162F 162W 162X 

199B 

   Skin cancer C43 172 

   Breast cancer C50 174 

   Prostate cancer C61 185 

Circulatory I 39-45 

   Ischemic  I20 - I25 410-413 4140 4141 4148 4149 4230 

4269 4292 4295 4296 4298 

   Cerebrovascular I60- I69 430-434 436 I67 438 

Respiratory J 0340 46-51 

    COPD J40- J49 490 492 494 496 4789 4910 -4912 

4918 4930 4931 4939 

Metabolic E 24-27 

   Diabetes E11 E10 250 

 ICD9 was used at Swedish hospitals from 1987, when the SBC sample were 34 years old. 
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Table F3. ICD lists for causes of death/ non-fatal cause list associated with lifestyle risk factors 

from Stanaway et al. (2018) 

 

Tobacco related diagnoses 

  

 Causes of Death Non-fatal cause 

Cause ICD10 ICD9 ICD10 ICD9 

Drug-susceptible 

tuberculosis 

A15-A19.9, B90-B90.9, 

K67.3, K93.0, M49.0, 
N74.1, P37.0 

010-019.9, 137-137.9, 

138.0-138.9, 730.4-730.6 

A10-A14, A15-A18.89, A19-

A19.9, B90-B90.9, K67.3, 
K93.0, M49.0, N74.0-N74.1, 

P37.0 

010-019.9, 137-137.9, 320.4, 

730.4-730.6 

Multidrug-resistant 

tuberculosis without 

extensive drug 

resistance 

U84.3   U84.3   

Extensively drug-

resistant tuberculosis 

        

Lower respiratory 

infections 

A48.1, A70, B97.4-B97.6, 

J09-J15.8, J16-J16.9, J20-
J21.9, P23.0-P23.4, U04-

U04.9 

079.6, 466-469, 470.0, 

480-482.8, 483.0-483.9, 
484.1-484.2, 484.6-484.7, 

487-489 

A48.1, A70, B96.0-B96.1, 

B97.21, B97.4-B97.6, J09-
J18.2, J18.8-J18.9, J19.6-

J22.9, J85.1, P23-P23.9, 

U04-U04.9, Z25.1 

079.82, 466-469, 470.0, 480-

484, 484.1-490.9, 510-511.9, 
513.0-513.9, 770.0, V01.82, 

V04.7, V04.81, V12.61 

Lip and oral cavity 

cancer 

C00-C08.9, D10.0-D10.5, 

D11-D11.9 

140-145.9, 210.0-210.6, 

235.0 

C00-C07, C08-C08.9, 

Z85.81-Z85.810 

140-145.9, V76.42 

Nasopharynx cancer C11-C11.9, D10.6 147-147.9, 210.7-210.9 C11-C11.9 147-147.9 

Other pharynx cancer C09-C10.9, C12-C13.9, 

D10.7 

146-146.9, 148-148.9 C09-C10.9, C12-C13.9 146-146.9, 148-148.9 

Esophageal cancer C15-C15.9, D00.1, D13.0 150-150.9, 211.0, 230.1 C15-C15.9, Z85.01 150-150.9 

Stomach cancer C16-C16.9, D00.2, D13.1, 
D37.1 

151-151.9, 211.1, 230.2 C16-C16.9, Z12.0, Z85.02-
Z85.028 

151-151.9, 209.23, V10.04 

Colon and rectum 

cancer 

C18-C21.9, D01.0-D01.3, 

D12-D12.9, D37.3-D37.5 

153-154.9, 209.1, 209.5, 

211.3-211.4, 230.3-230.6, 

569.0 

C18-C19.0, C20, C21-C21.8, 

Z12.1-Z12.13, Z85.03-

Z85.048, Z86.010 

153-154.9, 209.1-209.17, 

V10.05-V10.06, V76.41, 

V76.5-V76.52 

Liver cancer C22-C22.9, D13.4 155-155.9, 211.5 C22-C22.4, C22.7-C22.9 155-155.9 

Liver cancer due to 

hepatitis B 

        

Liver cancer due to 

hepatitis C 

        

Liver cancer due to 

alcohol use 

        

Liver cancer due to 

NASH 

        

Liver cancer due to 

other causes 

      

Pancreatic cancer C25-C25.9, D13.6-D13.7 157-157.9, 211.6-211.7 C25-C25.9, Z85.07 157-157.9 

Larynx cancer C32-C32.9, D02.0, D14.1, 

D38.0 

161-161.9, 212.1, 231.0, 

235.6 

C32-C32.9, Z85.21 161-161.9, V10.21 

Tracheal, bronchus, and 

lung cancer 

C33-C34.9, D02.1-D02.3, 
D14.2-D14.3, D38.1 

162-162.9, 212.2-212.3, 
231.1-231.2, 235.7 

C33, C34-C34.92, Z12.2, 
Z80.1-Z80.2, Z85.1-Z85.20 

162-162.9, 209.21, V10.1-
V10.20, V16.1-V16.2, 

V16.4-V16.40 

Breast cancer C50-C50.9, D05-D05.9, 
D24-D24.9, D48.6, D49.3 

174-175.9, 217-217.8, 
233.0, 238.3, 239.3, 610-

610.9 

C50-C50.629, C50.8-
C50.929, Z12.3-Z12.39, 

Z80.3, Z85.3, Z86.000 

174-175.9, V10.3, V16.3 

Cervical cancer C53-C53.9, D06-D06.9, 

D26.0 

180-180.9, 219.0, 233.1, 

622.1-622.2, 622.7 

C53-C53.9, Z12.4, Z85.41 180-180.9, V10.41, V72.32 

Prostate cancer C61-C61.9, D07.5, D29.1, 

D40.0 

185-185.9, 222.2, 236.5 C61-C61.9, Z12.5, Z80.42, 

Z85.46 

185-185.9, V10.46, V16.42, 

V76.44 

Kidney cancer C64-C65.9, D30.0-D30.1, 

D41.0-D41.1 

189.0-189.1, 189.5-189.6, 

223.0-223.1 

C64-C64.2, C64.9-C65.9, 

Z80.51, Z85.52-Z85.54 

189-189.1, 189.5-189.6, 

209.24 

Bladder cancer C67-C67.9, D09.0, D30.3, 

D41.4-D41.8, D49.4 

188-188.9, 223.3, 233.7, 

236.7, 239.4 

C67-C67.9, Z12.6-Z12.79, 

Z80.52, Z85.51 

188-188.9, V10.51, V16.52, 

V76.3 

Acute lymphoid 

leukemia 

C91.0 204.0 C91.0-C91.02 204.0-204.02 
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Chronic lymphoid 

leukemia 

C91.1 204.1 C91.1-C91.12 204.1-204.12 

Acute myeloid leukemia C92.0, C92.3-C92.6, 
C93.0, C94.0, C94.2, 

C94.4-C94.5 

205.0, 205.3, 206.0, 207.0 C92.0-C92.02, C92.3-
C92.62, C93.0-C93.02, 

C94.0-C94.02, C94.2-

C94.22, C94.4-C94.5 

205.0-205.02, 205.3-205.32, 
206.0-206.02, 207.0 

Chronic myeloid 

leukemia 

C92.1 205.1, 206.1, 207.1 C92.1-C92.12 205.1-205.12, 206.1-206.12, 
207.1 

Other leukemia C91.2-C91.9, C92.2, 

C92.7-C92.9, C93.1-C93.9, 
C94.1, C94.3, C94.6-C95.9 

204.2-204.9, 205.2, 205.8-

205.9, 206.2-207, 207.2-
208.9 

    

Ischemic heart disease I20-I25.9 410-414.9 I20-I21.6, I21.9-I25.9, 

Z82.4-Z82.49 

410-414.9, V17.3 

Ischemic stroke G45-G46.8, I63-I63.9, I65-
I66.9, I67.2-I67.3, I67.5-

I67.6, I69.3 

433-435.9, 437.0-437.1, 
437.5-437.8 

G45-G46.8, I63-I63.9, I65-
I66.9, I67.2-I67.848, I69.3-

I69.4 

433-435.9, 437.0-437.2, 
437.4-437.9 

Intracerebral 

hemorrhage 

I61-I62, I62.1-I62.9, I68.1-
I68.2, I69.1-I69.2 

431-432.9, 437.2 I60-I62, I62.9, I67.0-I67.1, 
I69.0-I69.298 

430-432.9, 437.3 

Subarachnoid 

hemorrhage 

I60-I60.9, I62.0, I67.0-

I67.1, I69.0 

430-430.9   

Atrial fibrillation and 

flutter 

I48-I48.9 427.3 I48-I48.92 427.3-427.32 

Aortic aneurysm I71-I71.9 441-441.9   

Peripheral artery 

disease 

I70.2-I70.8, I73-I73.9 440.2, 440.4, 443.0-443.9 I70.2-I70.92, I73-I73.9 440.2-440.29, 440.4-440.9, 

443-443.2, 443.8-443.9 

Chronic obstructive 

pulmonary disease 

J41-J44.9 491-492.9, 496-499 J41-J42.4, J43-J44.9 491-492.9, 496-499 

Asthma J45-J46.9 493-493.9 J45-J46.0, Z82.5 493-493.92, V17.5 

Peptic ulcer disease K25-K28.9, K31, K31.1-
K31.6, K31.8  

531-534.9 K25-K28.9 531-534.91 

Gallbladder and biliary 

diseases 

K80-K83.9 574-576.9 K80-K80.81, K81-K83.9, 

K87-K87.1 

574-576.9 

Alzheimer disease and 

other dementias 

F00-F03.9, G30-G31.1, 
G31.8-G31.9 

290-290.9, 294.1-294.9, 
331-331.2  

F00-F03.91, F06.2, G30-
G31.1, G31.8-G32.89 

290-290.9, 294.0-294.9, 331-
331.2, 331.6-331.7, 331.82, 

331.89-331.9 

Parkinson disease G20-G20.9 332-332.0   G20-G20.9 332-332.0 

Multiple sclerosis G35-G35.9 340-340.9 G35-G35.0 340-340.9 

Diabetes mellitus type 2 E11-E11.1, E11.3-E11.9     

Diabetes mellitus   E08-E08.11, E08.3-E08.9, 

E12-E12.1, E12.3-E13.11, 

E13.3-E14.1, E14.3-E14.9, 
R73-R73.9 

249-249.31, 249.5-249.91, 

362.01-362.07, 790.2-790.29 

Cataract   H25-H26.9, H28-H28.8 366-366.9 

Age-related macular 

degeneration 

  H35.3-H35.389 362.5-362.57 

Rheumatoid arthritis M05-M06.9, M08.0-M08.8 714-714.3, 714.8-714.9 M05-M05.9, M08-M09.8 714-714.9 

Pedestrian road injuries V01-V04.9, V06-V09.9   V01-V04.99, V06-V09.9 E811.7, E812.7, E813.7, 
E814.7, E815.7, E816.7, 

E817.7, E818.7, E819.7, 

E822.7, E823.7, E824.7, 
E825.7, E826.0, E827.0, 

E828.0, E829.0 

Low back pain   V10-V19.9 E800.3, E801.3, E802.3, 

E803.3, E804.3, E805.3, 
E806.3, E807.3, E810.6, 

E811.6, E812.6, E813.6, 

E814.6, E815.6, E816.6, 
E817.6, E818.6, E819.6, 

E820.6, E821.6, E822.6, 

E823.6, E824.6, E825.6, 
E826.1 

Cyclist road injuries V10-V19.9   V20-V29.9 E810.2-E810.3, E811.2-

E811.3, E812.2-E812.3, 
E813.2-E813.3, E814.2-

E814.3, E815.2-E815.3, 
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E816.2-E816.3, E817.2-

E817.3, E818.2-E818.3, 

E819.2-E819.3, E820.2-
E820.3, E821.2-E821.3, 

E822.2-E822.3, E823.2-

E823.3, E824.2-E824.3, 
E825.2-E825.3 

Motorcyclist road 

injuries 

V20-V29.9   V30-V79.9, V87.2-V87.3 E810.0-E810.1, E811.0-

E811.1, E812.0-E812.1, 
E813.0-E813.1, E814.0-

E814.1, E815.0-E815.1, 

E816.0-E816.1, E817.0-
E817.1, E818.0-E818.1, 

E819.0-E819.1, E820.0-

E820.1, E821.0-E821.1, 
E822.0-E822.1, E823.0-

E823.1, E824.0-E824.1, 

E825.0-E825.1 

Motor vehicle road 

injuries 

V30-V79.9, V87.2-V87.3   V80-V80.929, V82-V82.9 E810.4-E810.5, E811.4-

E811.5, E812.4-E812.5, 

E813.4-E813.5, E814.4-
E814.5, E815.4-E815.5, 

E816.4-E816.5, E817.4-

E817.5, E818.4-E818.5, 
E819.4-E819.5, E820.4-

E820.5, E821.4-E821.5, 

E822.4-E822.5, E823.4-
E823.5, E824.4-E824.5, 

E825.4-E825.5, E826.3-

E826.4, E827.3-E827.4, 
E828.4, E829.4 

Other road injuries V80-V80.9, V82-V82.9   V00-V00.898, V05-V05.99, 

V81-V81.9, V83-V86.99, 

V88.2-V88.3, V90-V98.8 

E800-E800.2, E801-E801.2, 

E802-E802.2, E803-E803.2, 

E804-E804.2, E805-E805.2, 
E806-E806.2, E807-E807.2, 

E810.7, E820.7, E821.7, 

E826.2, E827.2, E828.2, 
E830-E838.9, E840-E849.9, 

E929.1 

Other transport injuries V00-V00.8, V05-V05.9, 
V81-V81.9, V83-V86.9, 

V88.2-V88.3, V90-V98.8 

E800-E807, E830-E838, 
E840-E849 

W00-W19.9 E880-E886.99, E888-E888.9, 
E929.3 

Falls W00-W19.9 E880-E886, E888 W20-W31.9, W35-W38.9, 
W40-W43.9, W45.0-W45.2, 

W46-W46.2, W49-W52 

E916-E921.99, E928.1-
E928.6 

Other exposure to 

mechanical forces 

W20-W31.9, W35-W38.9, 

W40-W43.9, W45.0-
W45.2, W46-W46.2, W49-

W52 

E916-E921 W52.0-W62.9, W64-W64.9, 

X20-X29.9 

E905-E906.99 

Non-venomous animal 

contact 

W52.0-W62.9, W64-W64.9 E906 H65-H70.93 381-383.9 

Otitis media H70-H70.9 381-383.9 X85-X92.9, X96-X98.9, 

Y00-Y04.9, Y06-Y08.9, 

Y87.1-Y87.2 

E961-E964, E965.5-E965.9, 

E967-E969 

Physical violence by 

other means 

X85-X92.9, X96-X98.9, 

Y00-Y04.9, Y06-Y08.9, 

Y87.1 

E961-E964, E967-E969 V01-V04.99, V06-V09.9 E811.7, E812.7, E813.7, 

E814.7, E815.7, E816.7, 

E817.7, E818.7, E819.7, 

E822.7, E823.7, E824.7, 

E825.7, E826.0, E827.0, 

E828.0, E829.0 

Diagnoses related to low physical activity 

 Causes of Death Non-fatal cause 

Cause ICD10 ICD9 ICD10 ICD9 
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Colon and rectum 

cancer 

C18-C21.9, D01.0-D01.3, 

D12-D12.9, D37.3-D37.5 

153-154.9, 209.1, 209.5, 

211.3-211.4, 230.3-230.6, 

569.0 

C18-C19.0, C20, C21-C21.8, 

Z12.1-Z12.13, Z85.03-

Z85.048, Z86.010 

153-154.9, 209.1-209.17, 

V10.05-V10.06, V76.41, 

V76.5-V76.52 

Breast cancer C50-C50.9, D05-D05.9, 

D24-D24.9, D48.6, D49.3 

174-175.9, 217-217.8, 

233.0, 238.3, 239.3, 610-

610.9 

C50-C50.629, C50.8-

C50.929, Z12.3-Z12.39, 

Z80.3, Z85.3, Z86.000 

174-175.9, V10.3, V16.3 

Ischemic heart disease I20-I25.9 410-414.9 I20-I21.6, I21.9-I25.9, 
Z82.4-Z82.49 

410-414.9, V17.3 

Ischemic stroke G45-G46.8, I63-I63.9, I65-

I66.9, I67.2-I67.3, I67.5-

I67.6, I69.3 

433-435.9, 437.0-437.1, 

437.5-437.8 

G45-G46.8, I63-I63.9, I65-

I66.9, I67.2-I67.848, I69.3-

I69.4 

433-435.9, 437.0-437.2, 

437.4-437.9 

Diabetes mellitus type 2 E11-E11.1, E11.3-E11.9     

Diabetes mellitus 

 

  E08-E08.11, E08.3-E08.9, 

E12-E12.1, E12.3-E13.11, 
E13.3-E14.1, E14.3-E14.9, 

R73-R73.9 

249-249.31, 249.5-249.91, 

362.01-362.07, 790.2-790.29 

Diagnoses related to high BMI 

 Causes of Death Non-fatal cause 

Cause ICD10 ICD9 ICD10 ICD9 

Esophageal cancer C15-C15.9, D00.1, D13.0 150-150.9, 211.0, 230.1 C15-C15.9, Z85.01 150-150.9 

Colon and rectum 

cancer 

C18-C21.9, D01.0-D01.3, 

D12-D12.9, D37.3-D37.5 

153-154.9, 209.1, 209.5, 

211.3-211.4, 230.3-230.6, 

569.0 

C18-C19.0, C20, C21-C21.8, 

Z12.1-Z12.13, Z85.03-

Z85.048, Z86.010 

153-154.9, 209.1-209.17, 

V10.05-V10.06, V76.41, 

V76.5-V76.52 

Liver cancer due to 

hepatitis B 

        

Liver cancer due to 

hepatitis C 

        

Liver cancer due to 

alcohol use 

        

Liver cancer due to 

other causes 

      

Gallbladder and biliary 

tract cancer 

C23-C24.9, D13.5 156-156.9 C23, C24-C24.9 156-156.9 

Pancreatic cancer C25-C25.9, D13.6-D13.7 157-157.9, 211.6-211.7 C25-C25.9, Z85.07 157-157.9 

Breast cancer C50-C50.9, D05-D05.9, 
D24-D24.9, D48.6, D49.3 

174-175.9, 217-217.8, 
233.0, 238.3, 239.3, 610-

610.9 

C50-C50.629, C50.8-
C50.929, Z12.3-Z12.39, 

Z80.3, Z85.3, Z86.000 

174-175.9, V10.3, V16.3 

Uterine cancer C54-C54.9, D07.0-D07.2, 
D26.1-D26.9 

182-182.9, 233.2 C54-C54.3, C54.8-C54.9, 
Z85.42, Z86.001 

182-182.9 

Ovarian cancer C56-C56.9, D27-D27.9, 

D39.1 

183-183.0, 220-220.9, 

236.2 

C56-C56.2, C56.9, Z80.41, 

Z85.43 

183-183.0, 183.8-183.9, 

V10.43, V16.41 

Kidney cancer C64-C65.9, D30.0-D30.1, 

D41.0-D41.1 

189.0-189.1, 189.5-189.6, 

223.0-223.1 

C64-C64.2, C64.9-C65.9, 

Z80.51, Z85.52-Z85.54 

189-189.1, 189.5-189.6, 

209.24 

Thyroid cancer C73-C73.9, D09.3, D09.8, 

D34-D34.9, D44.0 

193-193.9, 226-226.9 C73, Z85.850 193-193.9 

Non-Hodgkin 

lymphoma 

C82-C86.6, C96-C96.9 200-200.9, 202-202.9 C82-C85.29, C85.7-C86.6, 

C96-C96.9 

200-200.9, 202-202.98 

Multiple myeloma C88-C90.9 203-203.9 C88-C90.32 203-203.9 

Acute lymphoid 

leukemia 

C91.0 204.0 C91.0-C91.02 204.0-204.02 

Chronic lymphoid 

leukemia 

C91.1 204.1 C91.1-C91.12 204.1-204.12 
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Acute myeloid leukemia C92.0, C92.3-C92.6, 

C93.0, C94.0, C94.2, 

C94.4-C94.5 

205.0, 205.3, 206.0, 207.0 C92.0-C92.02, C92.3-

C92.62, C93.0-C93.02, 

C94.0-C94.02, C94.2-
C94.22, C94.4-C94.5 

205.0-205.02, 205.3-205.32, 

206.0-206.02, 207.0 

Chronic myeloid 

leukemia 

C92.1 205.1, 206.1, 207.1 C92.1-C92.12 205.1-205.12, 206.1-206.12, 

207.1 

Other leukemia C91.2-C91.9, C92.2, 
C92.7-C92.9, C93.1-C93.9, 

C94.1, C94.3, C94.6-C95.9 

204.2-204.9, 205.2, 205.8-
205.9, 206.2-207, 207.2-

208.9 

    

Ischemic heart disease I20-I25.9 410-414.9 I20-I21.6, I21.9-I25.9, 

Z82.4-Z82.49 

410-414.9, V17.3 

Ischemic stroke G45-G46.8, I63-I63.9, I65-
I66.9, I67.2-I67.3, I67.5-

I67.6, I69.3 

433-435.9, 437.0-437.1, 
437.5-437.8 

G45-G46.8, I63-I63.9, I65-
I66.9, I67.2-I67.848, I69.3-

I69.4 

433-435.9, 437.0-437.2, 
437.4-437.9 

Intracerebral 

hemorrhage 

I61-I62, I62.1-I62.9, I68.1-
I68.2, I69.1-I69.2 

431-432.9, 437.2 I60-I62, I62.9, I67.0-I67.1, 
I69.0-I69.298 

430-432.9, 437.3 

Subarachnoid 

hemorrhage 

I60-I60.9, I62.0, I67.0-

I67.1, I69.0 

430-430.9   

Hypertensive heart 

disease 

I11-I11.9 402-402.9 I11-I11.2, I11.9 402-402.91 

Atrial fibrillation and 

flutter 

I48-I48.9 427.3 I48-I48.92 427.3-427.32 

Asthma J45-J46.9 493-493.9 J45-J46.0, Z82.5 493-493.92, V17.5 

Gallbladder and biliary 

diseases 

K80-K83.9 574-576.9 K80-K80.81, K81-K83.9, 

K87-K87.1 

574-576.9 

Alzheimer disease and 

other dementias 

F00-F03.9, G30-G31.1, 
G31.8-G31.9 

290-290.9, 294.1-294.9, 
331-331.2 

F00-F03.91, F06.2, G30-
G31.1, G31.8-G32.89 

290-290.9, 294.0-294.9, 331-
331.2, 331.6-331.7, 331.82, 

331.89-331.9 

Diabetes mellitus type 1 E10-E10.1, E10.3-E10.9, 
P70.2 

775.1   

Diabetes mellitus 

 

  E08-E08.11, E08.3-E08.9, 

E12-E12.1, E12.3-E13.11, 

E13.3-E14.1, E14.3-E14.9, 

R73-R73.9 

249-249.31, 249.5-249.91, 

362.01-362.07, 790.2-790.29 

Chronic kidney disease 

due to diabetes mellitus 

type 2 

E11.2     

Chronic kidney disease 

due to hypertension 

I12-I13.9 403-404.9 I12-I13.9 403-404.93 

Chronic kidney disease 

due to 

glomerulonephritis 

N03-N06.9 581-583.9 N03-N06.9, N08-N08.8 581-583.9 

Chronic kidney disease 

due to other causes 

N02-N02.9, N07-N08.8, 

N15.0, Q61-Q62.8 

589-589.9, 753-753.3 N02-N02.9, N07-N07.9, 

Q60-Q63.2, Q63.8-Q63.9, 

Q64.2-Q64.9 

753.0-753.4, 753.6-753.9 

Cataract   H25-H26.9, H28-H28.8 366-366.9 

Osteoarthritis   M16-M17.9   

Low back pain       

Gout   M10-M10.19, M10.3-M10.9 274-274.9, 712.0-712.09 

Diagnoses related to sexual risk taking 

 Causes of Death Non-fatal cause 

Cause ICD10 ICD9 ICD10 ICD9 

HIV/AIDS - Drug-

susceptible Tuberculosis 

B20.0     

HIV/AIDS - Multidrug-

resistant Tuberculosis 
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without extensive drug 

resistance 

HIV/AIDS - Extensively 

drug-resistant 

Tuberculosis 

      

HIV/AIDS resulting in 

other diseases 

B20.1-B23.9, B24.0 042-044.9 B20.1-B23.8, B24-B24.0, 

B97.81, C46-C46.52, C46.7-
C46.9 

176-176.9 

Syphilis A50-A53.9, I98.0, K67.2, 

M03.1, M73.1 

090-097.9 A50-A53.9, I98.0, K67.2, 

M73.1-M73.8 

090-097.9 

Chlamydial infection A55-A56.8, K67.0 099 A55-A56.8, K67.0, N74.4 099.41, 099.5 

Gonococcal infection A54-A54.9, K67.1, M73.0 098-098.9 A54-A54.9, K67.1, M73.0, 
N74.3 

098-098.9 

Trichomoniasis   A59-A59.9 131-131.9 

Genital herpes   A60-A60.9 054.1, 054.11-054.19 

Other sexually 

transmitted infections 

A57-A58, A63-A63.8, B63 099.0-099.9 A57-A58, A63-A64.0, B63, 

N70-N71.9, N73-N74, 

N74.2, N74.8 

099-099.40, 099.49, 099.50-

099.9, 613-615.9 

Cervical cancer C53-C53.9, D06-D06.9, 
D26.0 

180-180.9, 219.0, 233.1, 
622.1-622.2, 622.7 

C53-C53.9, Z12.4, Z85.41 180-180.9, V10.41, V72.32 

Alcohol related diagnoses 

 Causes of Death Non-fatal cause 

Cause ICD10 ICD9 ICD10 ICD9 

Drug-susceptible 

tuberculosis 

A15-A19.9, B90-B90.9, 

K67.3, K93.0, M49.0, 
N74.1, P37.0 

010-019.9, 137-137.9, 

138.0-138.9, 730.4-730.6 

A10-A14, A15-A18.89, A19-

A19.9, B90-B90.9, K67.3, 
K93.0, M49.0, N74.0-N74.1, 

P37.0 

010-019.9, 137-137.9, 320.4, 

730.4-730.6 

Multidrug-resistant 

tuberculosis without 

extensive drug 

resistance 

U84.3   U84.3   

Extensively drug-

resistant tuberculosis 

        

Lower respiratory 

infections 

A48.1, A70, B97.4-B97.6, 

J09-J15.8, J16-J16.9, J20-

J21.9, P23.0-P23.4, U04-
U04.9 

079.6, 466-469, 470.0, 

480-482.8, 483.0-483.9, 

484.1-484.2, 484.6-484.7, 
487-489 

A48.1, A70, B96.0-B96.1, 

B97.21, B97.4-B97.6, J09-

J18.2, J18.8-J18.9, J19.6-
J22.9, J85.1, P23-P23.9, 

U04-U04.9, Z25.1 

079.82, 466-469, 470.0, 480-

484, 484.1-490.9, 510-511.9, 

513.0-513.9, 770.0, V01.82, 
V04.7, V04.81, V12.61 

Lip and oral cavity 

cancer 

C00-C08.9, D10.0-D10.5, 
D11-D11.9 

140-145.9, 210.0-210.6, 
235.0 

C00-C07, C08-C08.9, 
Z85.81-Z85.810 

140-145.9, V76.42 

Nasopharynx cancer C11-C11.9, D10.6 147-147.9, 210.7-210.9 C11-C11.9 147-147.9 

Other pharynx cancer C09-C10.9, C12-C13.9, 

D10.7 

146-146.9, 148-148.9 C09-C10.9, C12-C13.9 146-146.9, 148-148.9 

Esophageal cancer C15-C15.9, D00.1, D13.0 150-150.9, 211.0, 230.1 C15-C15.9, Z85.01 150-150.9 

Colon and rectum 

cancer 

C18-C21.9, D01.0-D01.3, 

D12-D12.9, D37.3-D37.5 

153-154.9, 209.1, 209.5, 

211.3-211.4, 230.3-230.6, 

569.0 

C18-C19.0, C20, C21-C21.8, 

Z12.1-Z12.13, Z85.03-

Z85.048, Z86.010 

153-154.9, 209.1-209.17, 

V10.05-V10.06, V76.41, 

V76.5-V76.52 

Liver cancer due to 

alcohol use 

        

Larynx cancer C32-C32.9, D02.0, D14.1, 

D38.0 

161-161.9, 212.1, 231.0, 

235.6 

C32-C32.9, Z85.21 161-161.9, V10.21 

Breast cancer C50-C50.9, D05-D05.9, 

D24-D24.9, D48.6, D49.3 

174-175.9, 217-217.8, 

233.0, 238.3, 239.3, 610-
610.9 

C50-C50.629, C50.8-

C50.929, Z12.3-Z12.39, 
Z80.3, Z85.3, Z86.000 

174-175.9, V10.3, V16.3 

Ischemic heart disease I20-I25.9 410-414.9 I20-I21.6, I21.9-I25.9, 

Z82.4-Z82.49 

410-414.9, V17.3 
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Ischemic stroke G45-G46.8, I63-I63.9, I65-

I66.9, I67.2-I67.3, I67.5-

I67.6, I69.3 

433-435.9, 437.0-437.1, 

437.5-437.8 

G45-G46.8, I63-I63.9, I65-

I66.9, I67.2-I67.848, I69.3-

I69.4 

433-435.9, 437.0-437.2, 

437.4-437.9 

Intracerebral 

hemorrhage 

I61-I62, I62.1-I62.9, I68.1-

I68.2, I69.1-I69.2 

431-432.9, 437.2 I60-I62, I62.9, I67.0-I67.1, 

I69.0-I69.298 

430-432.9, 437.3 

Hypertensive heart 

disease 

I11-I11.9 402-402.9 I11-I11.2, I11.9 402-402.91 

Alcoholic 

cardiomyopathy 

I42.6 425.5 I42.6 425.5 

Atrial fibrillation and 

flutter 

I48-I48.9 427.3 I48-I48.92 427.3-427.32 

Cirrhosis and other 

chronic liver diseases 

due to alcohol use 

        

Pancreatitis K85-K86.9 577-577.9, 579.4 K85-K86.9 577-577.9 

Epilepsy G40-G41.9 345-345.9 G40-G41.9, Z82.0 345-345.91 

Alcohol use disorders F10-F10.9, G31.2, G72.1, 
P04.3, Q86.0, R78.0, X45-

X45.9, X65-X65.9, Y15-

Y15.9 

291-291.9, 303-303.9, 
305.0, 357.5, 790.3, E860 

F10-F10.99, G31.2, R78.0, 
X45-X45.9, X65-X65.9, 

Y15-Y15.9, Z81.1 

291-291.9, 303-303.93, 305-
305.03, 571.0-571.1, 571.3, 

790.3, E860-E860.19, V11.3 

Diabetes mellitus    E08-E08.11, E08.3-E08.9, 

E12-E12.1, E12.3-E13.11, 

E13.3-E14.1, E14.3-E14.9, 
R73-R73.9 

249-249.31, 249.5-249.91, 

362.01-362.07, 790.2-790.29 

Diabetes mellitus type 2 

 

E11-E11.1, E11.3-E11.9    

Pedestrian road injuries V01-V04.9, V06-V09.9   V01-V04.99, V06-V09.9 E811.7, E812.7, E813.7, 
E814.7, E815.7, E816.7, 

E817.7, E818.7, E819.7, 

E822.7, E823.7, E824.7, 
E825.7, E826.0, E827.0, 

E828.0, E829.0 

Cyclist road injuries V10-V19.9   V10-V19.9 E800.3, E801.3, E802.3, 

E803.3, E804.3, E805.3, 
E806.3, E807.3, E810.6, 

E811.6, E812.6, E813.6, 

E814.6, E815.6, E816.6, 
E817.6, E818.6, E819.6, 

E820.6, E821.6, E822.6, 

E823.6, E824.6, E825.6, 
E826.1 

Motorcyclist road 

injuries 

V20-V29.9   V20-V29.9 E810.2-E810.3, E811.2-

E811.3, E812.2-E812.3, 
E813.2-E813.3, E814.2-

E814.3, E815.2-E815.3, 

E816.2-E816.3, E817.2-
E817.3, E818.2-E818.3, 

E819.2-E819.3, E820.2-

E820.3, E821.2-E821.3, 
E822.2-E822.3, E823.2-

E823.3, E824.2-E824.3, 

E825.2-E825.3 

Motor vehicle road 

injuries 

V30-V79.9, V87.2-V87.3   V30-V79.9, V87.2-V87.3 E810.0-E810.1, E811.0-

E811.1, E812.0-E812.1, 

E813.0-E813.1, E814.0-
E814.1, E815.0-E815.1, 

E816.0-E816.1, E817.0-

E817.1, E818.0-E818.1, 
E819.0-E819.1, E820.0-

E820.1, E821.0-E821.1, 

E822.0-E822.1, E823.0-
E823.1, E824.0-E824.1, 

E825.0-E825.1 
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Other road injuries V80-V80.9, V82-V82.9   V80-V80.929, V82-V82.9 E810.4-E810.5, E811.4-

E811.5, E812.4-E812.5, 

E813.4-E813.5, E814.4-
E814.5, E815.4-E815.5, 

E816.4-E816.5, E817.4-

E817.5, E818.4-E818.5, 
E819.4-E819.5, E820.4-

E820.5, E821.4-E821.5, 

E822.4-E822.5, E823.4-
E823.5, E824.4-E824.5, 

E825.4-E825.5, E826.3-

E826.4, E827.3-E827.4, 
E828.4, E829.4 

Other transport injuries V00-V00.8, V05-V05.9, 

V81-V81.9, V83-V86.9, 
V88.2-V88.3, V90-V98.8 

E800-E807, E830-E838, 

E840-E849 

V00-V00.898, V05-V05.99, 

V81-V81.9, V83-V86.99, 
V88.2-V88.3, V90-V98.8 

E800-E800.2, E801-E801.2, 

E802-E802.2, E803-E803.2, 
E804-E804.2, E805-E805.2, 

E806-E806.2, E807-E807.2, 

E810.7, E820.7, E821.7, 
E826.2, E827.2, E828.2, 

E830-E838.9, E840-E849.9, 

E929.1 

Falls W00-W19.9 E880-E886, E888 W00-W19.9 E880-E886.99, E888-E888.9, 

E929.3 

Drowning W65-W70.9, W73-W74.9 E910 W65-W70.9, W73-W74.9 E910-E910.99 

Fire, heat, and hot 

substances 

X00-X06.9, X08-X19.9 E890-E899, E924 X00-X06.9, X08-X19.9 E890-E899.09, E924-
E924.99, E929.4 

Poisoning by carbon 

monoxide 

X47-X47.9 E862, E868-E869 J70.5, X47-X47.9 E862-E862.99, E868-

E869.99 

Poisoning by other 

means 

X46-X46.9, X48-X48.9 E856-E857, E861, E863-

E865, E867 

X40-X44.9, X49-X49.9, 

Y10-Y14.9, Y16-Y19.9 

E850.3-E858.99, E866-

E866.99 

Unintentional firearm 

injuries 

W32-W34.9 E922 W32-W34.9 E922-E922.99, E928.7 

Venomous animal 

contact 

X20-X29.9 E905     

Non-venomous animal 

contact 

W52.0-W62.9, W64-W64.9 E906 W52.0-W62.9, W64-W64.9, 

X20-X29.9 

E905-E906.99 

Environmental heat and 

cold exposure 

L55-L55.9, L56.3, L56.8-
L56.9, L58-L58.9, W88-

W94.9, W97.9, W99-

W99.9, X30-X32.9, X39-
X39.9 

E900-E902, E926 L55-L55.9, L58-L58.9, 
W88-W94.9, W97.9, W99-

W99.9, X30-X32.9, X39-

X39.9 

E900-E902.99, E926-
E926.99, E929.5 

Exposure to forces of 

nature 

X33-X38.9 E907-E909 X33-X38.9 E907-E909.9 

Other unintentional 

injuries 

W39-W39.9, W77-W77.9, 

W81-W81.9, W85-W87.9, 
X50-X54.9, X57-X58.9 

E903-E904, E923, E925, 

E927-E928 

W39-W39.9, W77-W77.9, 

W81-W81.9, X50-X58.9 

E903-E904.99, E913.2-

E913.39, E923-E923.99, 
E927-E928.09, E928.8-

E928.89 

Self-harm by firearm X72-X74.9 E955 X72-X74.9 E955-E955.9 

Self-harm by other 

specified means 

X60-X64.9, X66-X71.9, 

X75-X84.9, Y87.0 

E950-E954, E956-E959 X60-X64.9, X66-X67.9, 

X69-X71.9, X75-X75.9, 

X77-X84.9, Y87.0 

E950-E954, E956-E958.0, 

E958.2-E959 

Physical violence by 

firearm 

X93-X95.9 E965 X93-X95.9 E965-E965.4 

Physical violence by 

sharp object 

X99-X99.9 E966 X99-X99.9 E966 

Sexual violence   Y05-Y05.9 E960-E960.1 

Physical violence by 

other means 

 

X85-X92.9, X96-X98.9, 
Y00-Y04.9, Y06-Y08.9, 

Y87.1 

E961-E964, E967-E969 X85-X92.9, X96-X98.9, 
Y00-Y04.9, Y06-Y08.9, 

Y87.1-Y87.2 

E961-E964, E965.5-E965.9, 
E967-E969 
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Drug related diagnoses 

 Causes of Death Non-fatal cause 

Cause ICD10 ICD9 ICD10 ICD9 

HIV/AIDS - Drug-

susceptible Tuberculosis 

B20.0   B20.0   

HIV/AIDS - Multidrug-

resistant Tuberculosis 

without extensive drug 

resistance 

        

HIV/AIDS - Extensively 

drug-resistant 

Tuberculosis 

        

HIV/AIDS resulting in 

other diseases 

B20.1-B23.9, B24.0 042-044.9 B20.1-B23.8, B24-B24.0, 

B97.81, C46-C46.52, C46.7-
C46.9 

176-176.9 

Acute hepatitis B B16-B16.9, B17.0, B19.1, 

P35.3 

070.2-070.3 B16-B16.9, B17.0, B18.0-

B18.1, B19.1-B19.11 

070.2-070.31, 070.42, 070.52 

Acute hepatitis C B17.1, B19.2 070.7 B17.1-B17.11, B18.2, B19.2-
B19.21 

070.41, 070.44, 070.51, 
070.7-070.71 

Liver cancer due to 

hepatitis B 

        

Liver cancer due to 

hepatitis C 

        

Cirrhosis and other 

chronic liver diseases 

due to hepatitis B 

        

Cirrhosis and other 

chronic liver diseases 

due to hepatitis C 

        

Opioid use disorders F11-F11.9, P96.1, R78.1 304.0, 305.5 F11-F11.99, R78.1 304.0-304.03, 305.5-305.53, 

E850.0-E850.29 

Cocaine use disorders F14-F14.9, R78.2 304.2, 305.6 F14-F14.99, R78.2 304.2-304.23, 305.2-305.23, 
305.6-305.63 

Amphetamine use 

disorders 

F15-F15.9 304.4, 305.7 F15-F15.99 304.4-304.43, 305.7-305.73 

Cannabis use disorders   F12-F12.99 304.3-304.33 

Other drug use 

disorders 

F13-F13.9, F16-F16.9, 
F18-F19.9, P04.4, R78.3-

R78.5 

292-292.9, 304.1, 304.5-
304.8, 305, 305.1, 305.3-

305.4, 305.8-305.9, 760.7 

F13-F13.99, F16-F19.99, 
P96.1, R78.3-R78.9 

292-292.9, 304, 304.1-
304.13, 304.5-304.93, 305.1-

305.13, 305.3-305.43, 305.8-

305.93 

Self-harm by firearm X72-X74.9 E955 X72-X74.9 E955-E955.9 

Self-harm by other 

specified means 

X60-X64.9, X66-X71.9, 

X75-X84.9, Y87.0 

E950-E954, E956-E959 X60-X64.9, X66-X67.9, 

X69-X71.9, X75-X75.9, 
X77-X84.9, Y87.0 

E950-E954, E956-E958.0, 

E958.2-E959 

Stanaway et al. (2018) categorize diagnoses associated with lifestyle risk factors using the ICD9 and ICD10 system, used at 

Swedish hospitals from 1987, when the SBC sample were 34 years old. 
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Table X List of cause of death conditions associated lifestyle risk factors.       

Alcohol use (n=325) Tobacco use (n=458) Drug use (n=47) 
Drug-susceptible tuberculosis Drug-susceptible tuberculosis HIV-AIDS – Drug-susceptible Tuberculosis 

Multidrug-resistant tuberculosis without extensive drug 

resistance 

Multidrug-resistant tuberculosis without 

extensive drug resistance 

HIV/AIDS - Multidrug-resistant Tuberculosis without 

extensive drug resistance 

Extensively drug-resistant tuberculosis Extensively drug-resistant tuberculosis HIV/AIDS - Extensively drug-resistant Tuberculosis 

Lower respiratory infections Lower respiratory infections HIV/AIDS resulting in other diseases 
Lip and oral cavity cancer Lip and oral cavity cancer Acute hepatitis B 

Nasopharynx cancer Nasopharynx cancer Acute hepatitis C 

Other pharynx cancer Other pharynx cancer Liver cancer due to hepatitis B 
Esophageal cancer Esophageal cancer Liver cancer due to hepatitis C 

Colon and rectum cancer Stomach cancer Cirrhosis and other chronic liver diseases due to hepatitis B 

Liver cancer due to alcohol use Colon and rectum cancer Cirrhosis and other chronic liver diseases due to hepatitis C 
Larynx cancer Liver cancer Opioid use disorders 

Breast cancer Liver cancer due to hepatitis B Cocaine use disorders 

Ischemic heart disease Liver cancer due to hepatitis C Amphetamine use disorders 
Ischemic stroke Liver cancer due to alcohol use Other drug use disorders 

Intracerebral hemorrhage Liver cancer due to NASH Self-harm by firearm 

Hypertensive heart disease Liver cancer due to other causes Self-harm by other specified means 
Alcoholic cardiomyopathy Pancreatic cancer  

Atrial fibrillation and flutter Larynx cancer Having a high BMI (n=324) 
Cirrhosis and other chronic liver diseases due to alcohol use Tracheal, bronchus, and lung cancer Esophageal cancer 

Pancreatitis Breast cancer Colon and rectum cancer 

Epilepsy Cervical cancer Liver cancer due to hepatitis B 
Alcohol use disorders Prostate cancer Liver cancer due to hepatitis C 

Diabetes mellitus type 2 Kidney cancer Liver cancer due to alcohol use 

Pedestrian road injuries Bladder cancer Liver cancer due to other causes 
Cyclist road injuries Acute lymphoid leukemia Gallbladder and biliary tract cancer 

Motorcyclist road injuries Chronic lymphoid leukemia Pancreatic cancer 

Motor vehicle road injuries Acute myeloid leukemia Breast cancer 

Other road injuries Chronic myeloid leukemia Uterine cancer 

Other transport injuries Other leukemia Ovarian cancer 
Falls Ischemic heart disease Kidney cancer 

Drowning Ischemic stroke Thyroid cancer 

Fire, heat, and hot substances Intracerebral hemorrhage Non-Hodgkin lymphoma 
Poisoning by carbon monoxide Subarachnoid hemorrhage Multiple myeloma 

Poisoning by other means Atrial fibrillation and flutter Acute lymphoid leukemia 

Unintentional firearm injuries Aortic aneurysm Chronic lymphoid leukemia 

Venomous animal contact Peripheral artery disease Acute myeloid leukemia 
Non-venomous animal contact Chronic obstructive pulmonary disease Chronic myeloid leukemia 

Environmental heat and cold exposure Asthma Other leukemia 

Exposure to forces of nature Peptic ulcer disease Ischemic heart disease 
Other unintentional injuries Gallbladder and biliary diseases Ischemic stroke 

Self-harm by firearm Alzheimer disease and other dementias Intracerebral hemorrhage 

Self-harm by other specified means Parkinson disease Subarachnoid hemorrhage 
Physical violence by firearm Multiple sclerosis Hypertensive heart disease 

Physical violence by sharp object Diabetes mellitus type 2 Atrial fibrillation and flutter 

Physical violence by other means Rheumatoid arthritis Asthma 

 Pedestrian road injuries Gallbladder and biliary diseases 

Sexual risk-taking (n=11) Cyclist road injuries Alzheimer disease and other dementias 

HIV-AIDS – Drug-susceptible Tuberculosis Motorcyclist road injuries Diabetes mellitus type 1 
HIV/AIDS - Multidrug-resistant Tuberculosis without 

extensive drug resistance 
Motor vehicle road injuries Chronic kidney disease due to diabetes mellitus type 2 

HIV/AIDS - Extensively drug-resistant Tuberculosis Other road injuries Chronic kidney disease due to hypertension 

HIV/AIDS resulting in other diseases Other transport injuries Chronic kidney disease due to glomerulonephritis 

Syphilis Falls Chronic kidney disease due to other causes 

Chlamydial infection Other exposure to mechanical forces  
Gonococcal infection Non-venomous animal contact Low physical activity (n=196) 

Other sexually transmitted diseases Otitis media Colon and rectum cancer 
Cervical cancer Physical violence by other means Breast cancer 

  Ischemic heart disease 

  Ischemic stroke 

  Diabetes mellitus type 2 

The categorization of condition is created by Stanaway, J.D. et al. (2018)  
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G. Power calculations 
 

To calculate statistical power, the process assumed to generate data must be specified. If we focus 

on the main analysis in the study, it is assumed to look as follows: 

Early death(i) = a + v(1)Chose delayed rewards(i) + v(x)X + e 

where i represents the individual, a is the constant, and e is the error term. X is vector of control 

variables. To make a calculation of the statistical power, information on the effect size and variance 

and covariance between the variables is required. The covariance between variables X and 

choosing the delayed reward are unknown and variables X are therefore ignored in these power 

calculations to simplify the calculations. The variance in a variable is calculated using the formula: 

𝑠2 =
∑(𝑥𝑖 − �̅�)2

𝑛 − 1
 , 

where �̅� is the mean of the variable, 𝑥𝑖 is an observation for a particular individual, and n is the 

sample size. Re-organizing a classical power calculation, we can get the effect size d on the left-

hand side like this:  

𝑑 = √
12.35𝑠2

𝑛
. 

Using this formula, we can calculate what effect size we have the power to detect, assuming α=0.05, 

β=0.2, and thereby 1-β=0.8. In the investigated Stockholm birth cohort sample, 10,103 out of 

12,956 (78%) participants chose the delayed reward. This gives 𝑠2 = 0,172 and a smallest detectible 

effect size of 0.0128. The sample mean for this variable is 0.095, meaning that I am only able to 

detect unneglectable relations with all-cause mortality.   

 

Looking at mothers’ time preferences, 2,263 out of 3,478 respondents are characterized as patient. 

This gives 𝑠2 = 0.227 and d = 0.028, which is a large number in the context. The smallest effect 

size of mothers’ time preferences on their children’s mortality that I can detect is roughly one-third 

of the sample mean of the outcome. I consider this too large for regressions to be valuable in this 

context.   

 

These simple power calculations highlight the importance of large sample sizes when studying all-

cause mortality at early ages. Splitting the sample, in terms of gender or other characteristics, 

increases the smallest detectible effect further.    
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H. Adjust for Multiple Hypothesis Testing 
 

The List, Shaikh, and Xu (2019) procedure aims to generate multiple hypotheses adjusted p-values 

controlling for the familywise error rate. The method incorporates information about the 

dependence between the different tests and allows the p-values to be correlated. This is the 

preferred method of adjusting p-values in this paper, since there is a high likelihood that the p-

values are correlated. All main regressions in my paper investigate the hypothesis that time 

preferences predict future health, and the regressions are similar to each other. The explanatory 

variable is chose delayed reward and the outcome variables are death by age 50 and 65, or the 

participants' total number of hospitalizations and diagnoses. The drawback of the List, Shaikh, and 

Xu (2019) method is that it does not allow for inclusion of control variables. What H1 and H2 test 

is therefore the pure predictive power of time preferences on different outcomes, not including 

controls. Results from the more conservative and classical Bonferroni procedure are also included 

for comparison. 

 

 

Table H1 Multiple main outcomes, unadjusted and adjusted P-values 

Outcome Diff. in mean P-values 
  Unadjusted Multiplicity adjusted 

   List et al. (2019) Bonferroni 

Death by 50 0.0046 0.2553 0.2553 1 

Death by 65 0.0163 0.0113** 0.02** 0.0453** 

Total number of 

hospitalizations 

0.9476 0.0003*** 0.0003*** 0.0013*** 

Total number of 

diagnoses 

1.8310 0.0003*** 0.0003*** 0.0013*** 

The explanatory variable is Chose delayed reward, a dummy variable where 1 indicates that 

the adolescent ”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 

immediately. The reference group in this variable consists of adolescents who ”probably” or 

“definitely” preferred the earlier amount or were indifferent. 

 

  



99 

 

Table H2. Multiple outcomes related to lifestyle factors, unadjusted and adjusted P-values 

Outcome Diff. in mean P-values 
  Unadjusted Multiplicity adjusted 

   List et al. (2019) Bonferroni  

Dependence on/abuse of:     

   Alcohol 0.0103 0.0377** 0.221 0.4897 

   Drugs 0.0035 0.252 0.4403 1 

Diagnosis associated with:     

   Lifestyle risk factors 0.0392 0.0003*** 0.0003*** 0.0043*** 

   Alcohol use 0.0266 0.003*** 0.0247** 0.039** 

   Tobacco use 0.0257 0.006*** 0.047** 0.078* 

   Drug use 0.0064 0.062* 0.292 0.806 

   High BMI 0.0141 0.1197 0.4453 1 

   Low physical activity 0.0085 0.2226 0.5273 1 

   Sexual risk-taking 0.0089 0.009*** 0.0677* 0.1213 

Sports Interests 1.2516 0.0003*** 0.0003*** 0.0043*** 

Adolescent opinion: smoking 0.0449 0.0003*** 0.0003*** 0.0043*** 

Mother rules: smoking 0.0292 0.144 0.4533 1 

Use tobacco age 32 0.0141 0.541 0.541 1 
The explanatory variable is Chose delayed reward, a dummy variable where 1 indicates that the adolescent 

”probably” or “definitely” preferred SEK 1,000 in 5 years over SEK 100 immediately. The reference group in this 

variable consists of adolescents who ”probably” or “definitely” preferred the earlier amount or were indifferent. 
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I. Unobservable Selection (Oster 2019) 
 

 

 

Table I1. Bias adjusted β for chose the delayed reward 
 (1) 

Baseline effect 

(Std. error) [R2] 

(2) 

Controlled effect 

(Std. error) [R2] 

(3) 

Bias adjusted β 

Rmax = 1.3 𝑅2̃
 

(4) 

Bias adjusted β 

Rmax = 2 𝑅2̃ 

(5) 

Bias adjusted β 

Rmax = 3 𝑅2̃ 

Panel A   δ=0.5      

Death by 65 -0.0151 

(0.0057) [0.001] 

-0.0141 

(0.0057) [0.013] 

-0.0139 -0.0135 -0.013 

Hospitalizations -1.0963 

(0.2359) [0.002] 

-0.5817 

(0.2356) [0.029] 

-0.4964 -0.30026 -0.02113 

Diagnosis -2.1984 

(0.5666) [0.002] 

-1.4696 

(0.5701) [0.013] 

-1.3465 -1.0566 -0.6417 

Panel B   δ=1      

Death by 65 -0.0151 

(0.0057) [0.001] 

-0.0141 

(0.0057) [0.013] 

-0.0138† 

 

-0.013† -0.0118† 

Hospitalizations -1.0963 

(0.2359) [0.002] 

-0.5817 

(0.2356) [0.029] 

-0.4106† -0.0145† 0.5564† 

Diagnosis -2.1984 

(0.5666) [0.002] 

-1.4696 

(0.5701) [0.013] 

-1.2228† -0.6361† 0.216† 

𝑅2̃ is the R2 value in the corresponding model with controls included.  

†Multiple solutions are generated. The solution that minimizes the squared difference to the estimated treatment effect in the 

controlled regression is selected, as suggested by Oster (2019). 

 

 

 

Table I2. Finding the �̃� that makes chose the delayed reward β =0 at different Rmax 

 (1) 

Baseline effect 

(Std. error) [R2] 

(2) 

Controlled effect 

(Std. error) [R2] 

(3) 

δ̃ for β=0 given 

Rmax = 1.3 𝑅2̃
 

(4) 

δ̃ for β=0 given 

Rmax = 2 𝑅2̃ 

(5) 

δ̃ for β=0 given 

Rmax = 3 𝑅2̃ 

Death by 65 -0.0151 

(0.0057) [0.001] 

-0.0141 

(0.0057) [0.013] 

30.24 9.62 4.88 

Hospitalizations -1.0963 

(0.2359) [0.002] 

-0.5817 

(0.2356) [0.029] 

3.23 1.02 0.52 

Diagnosis -2.1984 

(0.5666) [0.002] 

-1.4696 

(0.5701) [0.013] 

5.17 1.71 0.88 

𝑅2̃ is the R2 value in the corresponding model with controls included.  
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