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Be smart, live long:
the relationship between cognitive and non-cognitive
abilities and mortality®

by
Mattias Ohman®

September 30, 2015

Abstract

I study the association between cognitive and non-cognitive abilities and mortality, and
investigate how well income and education act as proxy measures for ability. The risk
of premature mortality is estimated using Cox proportional hazard models with a dataset
of 692,303 Swedish men aged 18-20 years, enlisted between the years 1969-1983, and
deaths between the years 1969 and 2009. Results suggest that both cognitive and non-
cognitive abilities are strongly associated with mortality, independently and through in-
come and education. Non-cognitive ability is a stronger predictor of the risk of mortality
than cognitive ability. For middle and high income earners, and individuals with a college
education, there are no associations between the abilities and mortality. However, for low
income earners and individuals without a college education, cognitive and non-cognitive
ability have strong associations with mortality. Results are mainly driven by the bottom
of the measured ability distributions.

Keywords: Cognitive ability, Non-cognitive ability, Mortality, Education, Income
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1 Introduction

Questions on health and longevity are of great personal interest to most of us. We want
to know how to live long and healthy. However, these questions are of wider importance
than the narrow self-interest. The political debate in many countries revolves around the
public health in one way or another; most governments want to know how to improve the
general health of the population. There are of course many good reasons for this focus on
health. One common argument is that a healthy population is more productive and is less
of a burden on the health care. The implications of knowing how to improve the general
health of the population may therefore be far reaching.

One of the most important measures of the health of the population is longevity, and
in the recent decade researchers have put a lot of effort trying to find the determinants of
longevity and its counterpart, mortality. The three main channels discussed in the litera-
ture on the determinants of health and mortality are income, education and relative socioe-
conomic position (e.g. Marmot 2002; Deaton 2003; Cutler, Deaton, and Lleras-Muney
2006; Batty, Deary, and Gottfredson 2007; Vogl, Cutler, and Lleras-Muney 201 1).! While
no one is denying that income, or more general, wealth, is strongly positively correlated
with health and longevity?, the causal relationship is still debated (e.g. Lindahl 2005;
Frijters, Haisken-DeNew, and Shields 2005). The same is true for education; while some
authors claim a causal effect of education on the risk of mortality (e.g. Lleras-Muney
2005; Kippersluis, O’Donnell, and Doorslaer 2011; Buckles et al. 2013), others find a
negligible effect (e.g. Albouy and Lequien 2009; Clark and Roayer 2013). But per-
haps these channels are not the fundamental factors. We know from earlier literature that
both income and education are related to underlying innate abilities such as cognitive and
non-cognitive ability (Lindqvist and Vestman 2011). Income and education could be just
mediating factors for the innate abilities rather than causal factors in themselves. It is, for

example, possible that cognitive and non-cognitive abilities promotes health behaviors

' Other important channels discussed are, among others, nutrition, public health (better water supplies,
sanitation systems, etc.), vaccinations and other medical treatments (e.g. Cutler, Deaton, and Lleras-
Muney 2006; Batty, Deary, and Gottfredson 2007).

2 The life expectancy has greatly increased during the last hundred years in wealthy countries, and there
is a strong association between the life expectancy in a country and GDP, see Cutler, Deaton, and Lleras-
Muney (2006).
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which prolong life, such as exercise and non-smoking, commonly ascribed to education.

Cognitive ability is usually defined and measured as IQ or the g factor.? 1Q is consid-
ered to be an innate capacity to solve abstract problems, and is a well-established measure
of intelligence. Non-cognitive ability, however, is not as well defined. What is often meant
is personality and social and emotional traits (Heckman, Stixrud, and Urzua 2006; Cunha,
Heckman, and Schennach 2010; Lindqvist and Vestman 2011), and this is how I define it
in this paper. In line with the earlier literature I consider non-cognitive ability as an innate
ability distinct from what is measured by 1Q.*

The epidemiological literature suggests a negative association between cognitive abil-
ity and mortality (Hemmingsson, Melin, et al. 2006; Deary and Batty 2007; Batty, Deary,
and Gottfredson 2007; Batty, Wennerstad, et al. 2009; Batty, Gale, et al. 2009; Hem-
mingsson, Melin, et al. 2009; Lager, Bremberg, and Vageré 2009; Calvin et al. 2011).
Epidemiologists have also found that cognitive ability is associated with less severe health
outcomes than death, such as schizophrenia and psychosis (David et al. 1997), but not
with cancer (Batty, Wennerstad, et al. 2007) or coronary heart disease (Hemmingsson,
Essen, et al. 2007). An emerging literature in economics has studied the relationship with
cognitive and non-cognitive ability for various outcomes, such as success in the labor
market (Bowles, Gintis, and Osborne 2001; Nyhus and Pons 2005; Heckman, Stixrud,
and Urzua 2006; Lindqvist and Vestman 2011), how teachers abilities can explain stu-
dent performance (Gronqvist and Vlachos 2008), the intergenerational transmission of
the abilities (Grongvist, Ockert, and Vlachos 2010), and how cognitive ability is related
to risk aversion and impatience (Burks et al. 2009; Dohmen et al. 2010; Benjamin, Brown,
and Shapiro 2013; Andersson et al. 2013). However, only a few papers have addressed the

association between non-cognitive ability and health.> Since cognitive and non-cognitive

3 The g factor is a concept introduced by Charles Spearman in the early 20th century reflecting the fact that
an individual’s performances in different cognitive tasks often are highly positively correlated.

4 Tuse “ability” when referring to the innate capacity, both in regards to cognitive and non-cognitive aspects,
and “skill” when referring to what is actually measured. It is nearly impossible to measure the innate
capacity since the ability to solve more or less any task is affected by training and experience. Also note
that in all “non-cognitive” problems naturally some form of cognition must be involved.

5 Savelyev and Tan (2014) and Savelyev (2014) study socioemotional skills and longevity for high IQ
(above 140) individuals, with a focus on the causal effect of education on longevity and health behaviors.
The authors find strong effects of personality skills on health and longevity for men but not for women.
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abilities to some extent capture the same variation the health literature may lack a poten-
tially influential dimension.

As the growing epidemiological literature suggests, the relationship between cogni-
tive ability and mortality has interested researchers in itself. The relationships tell us
something about what is possible to do with policy, and where we should focus health
improving policies. But there is another reason to study the relationships between cog-
nitive and non-cognitive ability and mortality as well. A common practice in economics
is to use income and education as proxy measures for individual ability. Hence, this pa-
per contributes to the literature in two ways. First, in addition to study the relationship
between cognitive ability and mortality, I also include a measure of non-cognitive ability.
Second, when I look at the associations between the ability measures and mortality, I also
include income and education. This is a test of how well income and education act as
proxy measures for the abilities.

I use Swedish military enlistment data for measures of cognitive and non-cognitive
ability and link this register with demographic variables and the year of death. The data
consists of 692,303 men born between 1950 and 1965, enlisted between 1969 and 1983.
This is almost the full male population during the sample period. There are 28,570 deaths
in the sample between the years 1969 and 2009. The sample period ends when the oldest
individuals are 59 years old and the youngest individuals 44 years old. In that sense
I estimate the associations between cognitive and non-cognitive ability and premature
mortality, as even the oldest possible age for an individual in the dataset is an early age of
death in Sweden.

At the time, military enlistment in Sweden was mandatory for all young men. Enlist-
ment usually took place in the year when the individual turned 18 years old and spanned
over two days with tests of health status and, most important for this study, cognitive
and non-cognitive ability. The cognitive ability test consisted of a non-standard 1Q test,
aiming at measuring the g factor, while the non-cognitive ability was measured by a psy-
chologist during an interview. The aim of the interview was to assess the individual’s
ability to cope with stress and fulfill military service, and included assessment of, among

other things, social skills, emotional stability and persistence.
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The main results support the literature on the negative association between cogni-
tive ability and mortality. However, the results suggest that non-cognitive ability is of
even greater importance; the Cox proportional hazard models indicate that the association
between the risk of mortality and non-cognitive ability is more than two times the asso-
ciation with cognitive ability when controlling for income and education. The abilities
are related to both income and education; cognitive ability mainly with education, and
non-cognitive ability mainly with income. In addition to the direct associations, results
suggest that income and education act as indirect pathways for the abilities relation with
mortality. Lastly, cognitive and non-cognitive abilities are important in the relation with
mortality for individuals with low income or non-college education. Using income and
education as proxy measures for individual ability may therefore miss the large variation
within these groups. The results are mainly driven by the bottom of the distributions.

The paper is organized as follows. In the next section I provide a conceptual frame-
work of the causal chains of interest. In section 3, I describe the data and present descrip-
tive statistics. Study limitations are discussed in section 4. Then I turn to the baseline
analysis in section 5, followed by a pathway analysis in section 6. I discuss the findings
in section 7, and section 8 concludes. The appendix includes tables and figures describing

the data in more depth and provides additional results.

2 Theoretical framework
In this section I introduce a conceptual framework and review the literature on the rela-
tionships of interest: cognitive and non-cognitive abilities, health, income and education.
Figure I presents a framework of the main channels discussed in the literature, in-
cluding cognitive and non-cognitive abilities.® In addition to the two abilities and health,
measured as premature mortality, it consists of two mediating paths: income and educa-
tion. The first thing to note is that some arrows go in both directions; between the abilities
and health, and between health and the two mediators. Theoretically, health matters for

income and education (Grossman 1972; Deaton 2003). Individuals with very bad health

6 Relative socioeconomic position is excluded in the framework. It is a relatively common explanation for
differences in health, but it is not obvious how to operationalize it. What is the individual socioeconomic
position relative to?
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[Cognitive abiIity]—»[Education]

T~
_—

A4
[Non-cognitive ability]—»ﬁncome]

Figure 1: Relationships between cognitive and non-
cognitive ability, mediators, and health.

cannot work or receive an education. Health also matters for cognitive and non-cognitive
abilities. An extreme example, brain damage, clearly affects both the cognitive ability
(Batty, Deary, and Gottfredson 2007; Currie 2009) and the non-cognitive ability.

Empirically, however, whether these are causal effects are not easy to show. To cred-
ibly study causal links between the variables in Figure I is nontrivial due to two-way
causality, mediators and confounders. It is difficult to find exogenous variation to sin-
gle out an effect. In addition, studies on cognitive and non-cognitive ability use skills as
measures for abilities (see section 4). However, both cognitive and non-cognitive skills
have been shown to be causally linked with income and education (Bowles, Gintis, and
Osborne 2001; Heckman, Stixrud, and Urzua 2006). Savelyev and Tan (2014) and Save-
lyev (2014) find that non-cognitive skill is linked with health and longevity for men with
very high cognitive skill. If we interpret the epidemiological literature causally, cognitive
skill has been shown to be linked with health and mortality (e.g. Batty, Wennerstad, et
al. 2007, 2009).” In addition, Nyhus and Pons (2005) and Lindqvist and Vestman (2011)
have shown that cognitive and non-cognitive skills are associated with success in the labor
market.

As shown in Figure 1 cognitive and non-cognitive abilities are not only linked with
health and mortality directly, but also through the mediators. If the mediators in fact are
causally linked with health, at least a part of this effect stems from the abilities, but as

noted in the introduction the causal relationship between income, education and health

7 The epidemiological literature usually do not discuss the identification problem. To study causal effects
epidemiologists often settle with controlling for potential mediators and confounders, a practice normally
not endorsed in the econometric literature.
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are widely discussed and these questions are far from settled (Lindahl 2005; Frijters,
Haisken-DeNew, and Shields 2005; Lleras-Muney 2005; Clark and Roayer 2013; Fischer,
Karlsson, and Nilsson 2013; Savelyev and Tan 2014; Savelyev 2014).

Studies have also shown that health and income affect cognitive skill, which means
that there could be an arrow from income to cognitive ability (or skill) in Figure 1 (Currie
2009; Mani et al. 2013). Iignore this link, as the causal evidence mainly focus on severe
outcomes such as brain damage or extreme poverty, not common in Sweden. Additionally,
there is evidence of an association between birth-weight and nutrition in the childhood and
cognitive functions in adult life (Sgrensen et al. 1997; Gomez-Pinilla 2008; Bharadwaj,
Lgken, and Neilson 2013), and that socioeconomic factors or injuries such as head trauma
are associated with lower cognitive ability (Batty, Deary, and Gottfredson 2007; Calvin
et al. 2011). A number of studies present evidence that health affects both education
and income (Contoyannis and Rice 2001; Currie 2009; Ding et al. 2009), and education
is causally linked with income (Angrist and Krueger 1991; Card 1999; Acemoglu and
Angrist 2001).

Cognitive and non-cognitive abilities may partly be health measures in themselves.
This is especially relevant for individuals with low non-cognitive ability, since that could
be an indication of psychological ill-health, for example depression. It would therefore
not be surprising if we find that individuals with a very low non-cognitive ability have a
higher risk of mortality compared with other groups. However, an individual can have a
low non-cognitive ability without any psychological health problems.’

We do not believe that there is a direct effect of cognitive and non-cognitive abilities
on mortality, but rather that the link goes through individual behavior which affects the
health. It is likely that an individual with a high cognitive ability in general is more prone
to act in a way that promotes health, i.e. invests in health capital (cf. the Grossman
model). We should also expect that an individual with a high non-cognitive ability (have
a good social life, is calm, can cope with stress etc.) is more prone to engage in behavior

which promotes health, or at least is more likely to avoid circumstances that are related

8 There is no information on, for example, psychiatric diagnoses in the data, but it should be noted that all
individuals in the data where healthy enough not to be exempted from the from the enlistment.
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with behaviors associated with bad health.

I assume that the cognitive and non-cognitive measures are on abilities rather than
skills. However, as noted before, for essentially all studies on the subject — including
this one — the observed abilities are only proxies for the true abilities. As the focus in
this paper is an overall description this makes no important difference. Rather, this is a
question on the scaling of the estimates. I discuss this further in section 4. The reader
should note that the terms “abilities” and “skills” often are used interchangeably in the

literature.

3 Data

The data comes from several Swedish population-wide registers which are linked by using
unique individual identification numbers. The Swedish military enlistment data includes
information on cognitive and non-cognitive abilities for all individuals in the sample,
described in section 3.1. This register is linked with information on the year of death,
mean yearly income at 31-35 years of age and education (from 1985 up till the year 1999
for education, and up till 2000 for income).® The income variable is inflation-adjusted
with the year 2000 as base.

The data consists of the population of individuals born between 1950 and 1965, who
were enlisted between 1969 and 1983 in the year they turned 18-20.'9 Military service
was mandatory only for men, therefore the small fraction of women who enlisted for
military service are excluded from the data. With these restrictions the sample consists
of 692,303 men with records from the military service. However, I do not have full
information for income (missing 13,035 observations) and education (missing 8,943 ob-
servations). One reason is that about 16 percent of the deaths in the sample (4,562 ob-

servations) occurred before 1985, the first year of the demographic variables. In total the

? The choice of the 31-35 age bracket was guided by Béhlmark and Lindquist (2005), who found that for
men this age bracket is a good proxy for lifetime income. Education is measured at age 30. If education
is missing for that age, then the education level at age 29 or 31 is used. If information on education is
missing for all these ages, the last record of education is used. For the cohorts born between 1950-54, the
income variable for the oldest cohorts is a mean of the available years during the age bracket 31-35, and
the education is measured at 31-36 or the last record of education.

10" Some individuals were older than 20 years at enlistment. These individuals were excluded due to the

possible unobserved factors affecting the timing.
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dataset includes 28,570 deaths, about 4 percent of the individuals in the sample.ll

The data on year of death ranges between the years 1969 and 2009, implying that the
oldest individuals in the data, born 1950, is at most 59 years old when censored, and the
youngest individuals, born 1965, at most 44 years old. The focus in this paper is all-cause
premature mortality, which is used as a proxy for health. Data on cause of death is not
available. However, the five most common causes of death for men aged 20-59 between
the years 1969-2006 in Sweden are, in order: ischemic heart disease; suicide; malignant

tumor; “other” accidents; traffic accidents.

3.1 Enlistment data

During the time period military enlistment was mandatory for all men in Sweden, with
exemptions only for institutionalized individuals, prisoners, individuals living abroad and
individuals with a severe medical condition or disability.!? Otherwise, practically all men
between 18-20 years old were enlisted. Individuals who refused to enlist were punished
with a fine or, eventually, imprisonment. Almost 72 percent of the sample enlisted in the
year they turned 18, and about 25 percent in the year they turned 19. The mean age of
enlistment in the sample is 18.3 years.

Enlistment usually spanned over two days and involved tests of the individual’s health
status, physical fitness, cognitive ability and non-cognitive ability. There was no incentive
to underperform since it was not possible to avoid military service by scoring low on these
tests.

The Swedish military has conducted tests of cognitive and non-cognitive abilities
since the mid-1940s to help determine the military service of the enlisted. Cognitive
ability was measured by a non-standard IQ test, aiming at measuring the g factor.'> The
test consisted by four sub-tests, representing logical, spatial, verbal and technical com-

prehension. The result at each sub-test was standardized to give a score between 1 and

11" Before exclusions, the number of observations in the data are 724,748 individuals, so I use about 94
percent of the total number of observations. In the full dataset there were 32,255 deaths, so I use about
87 percent of all deaths.

12’ This could lead to biased estimates, but since almost everyone enlisted the bias should be small.

13 Carlstedt (2000) provides evidence that the cognitive ability test is a good measure of “general intel-
ligence”, in contrast with the US military Armed Forces Qualification Test, AFQT, which focuses on
“crystallized” intelligence (Lindqvist and Vestman 2011).
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Table 1: Cognitive ability score and IQ.

Stanine 1 2 3 4 5 6 7 8 9
1Q <74 74-81 82-89 90-95 96-104 105-110 111-118 119-126 >126

:v;g Stanine score and corresponding 1Q with a mean of 100 and standard deviation of 15 (David et al.
9, a so called Stanine distribution.'"* The sum of these four Stanine scores (ranging from
4-36) was, in turn, standardized into a Stanine variable of cognitive ability. Each Stanine
score represents a range in IQ in accordance with Table 1.15 As described by Batty, Wen-
nerstad, et al. (2007) and others, the logical test measured how well the individual could
understand written instructions and apply them to solve problems. In the spatial test the
task was to identify the correct 2D plan drawing from a series of drawings of fully as-
sembled 3D objects. The verbal test measured the individual’s knowledge of synonyms.
The individual was given a word and four alternatives of synonyms, and the task was to
choose the correct synonym. Lastly, the technical abilities test measured the individual’s
knowledge of physics and chemistry. This test can be considered as a measure of general
knowledge.

The non-cognitive ability was measured according to a procedure which remained un-
changed during the sample period (Lindqvist and Vestman 2011). The conscripts were
interviewed by a certified psychologist for about 25 minutes. The interviewer had infor-
mation on the results at the cognitive ability test, physical fitness test, the grades in school
and answers to about 80 questions about friends and family etc. that the individual had
answered before the interview. The interview followed semi-structured rules. The psy-
chologist followed a manual that stated the topics to discuss during the meeting, but no
question was specified beforehand. The objective of the interview and the non-cognitive
measure was to capture the general ability rather than a specific personal trait. The psy-
chologist had to evaluate the individual’s capability to function and fulfill the requirements

in a demanding environment, i.e. military duty and armed combat. Motivation for doing

14" A Stanine ("STAndard NINE") distribution is calculated such that the mean value is 5 and the standard
deviation is 2, with 1 as the lowest value and 9 as the highest value. 20 percent of the distribution is
centered at 5, and 4 percent at 1 or 9 respectively. Each interval has a 0.5 standard deviation width except
the first and the last, which contains the remainder of the distribution.

15 Note that the Stanine scores and IQ scores are not exactly comparable, since the Stanine scores represents
the generalized intelligence.
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military service was not judged. A high score was given if the individual was considered
to be emotionally stable, willing to assume responsibility (in general), able to cope with
stress, and take initiatives etc. (Gronqvist, Ockert, and Vlachos 2010).16 The final Stanine
score of non-cognitive ability was determined, partly, by four different sub-scores which
ranged from 1 to 5. These sub-scores only functioned as a guide for the psychologist; two
individuals with exactly the same scores could receive different final scores. The details

of how the final assessment was done are classified.

3.2 Descriptive statistics
Descriptive statistics are presented in Table 2 and Table 3, and the distribution of deaths
by year and cohort in Figure 2.

About 4 percent in the sample have died (28,570 individuals). Table 2 shows that of
those who have died, most died at a young age. Around 60 percent (17,231 individuals)
of all deaths occurred before the age of 45, and almost 22 percent before the age of 30.

The mean age of enlistment is 18.3 years as shown in Table 3. The cognitive and non-
cognitive abilities are centered on a score of 5 with a standard deviation close to 2, as they
should according to the Stanine distribution (see footnote 14). Individuals with a mean
labor income below the 1st quartile earned about 55,000 SEK a year on average, with a
maximum of 130,000 SEK, while individuals above the 3rd quartile earned 301,000 SEK
a year on average, and at least 232,000 SEK a year. About 4 percent of the sample (26,338
individuals) had an income of 0 SEK, i.e. did not receive any income during their early
30’s. 24 percent of the individuals have at most 9 years of education, while 50 percent

have between 10-12 years of education (high school education) and 25 percent have at

Table 2: Age and cumulative mortality.

Age Cum. freq.  Cum. perc. Cum. perc.

(dead) (dead) (full sample)
<30 6,212 21.74 0.90
<40 12,641 44.25 1.83
<45 17,231 60.31 2.49
All 28,570 100.00 4.13

Notes: Every cohort in the sample is followed up till at
least 44 years of age (see section 3).

16° As shown by Lindqvist and Vestman (2011), individuals who score high in this measure are more likely
to succeed in the labor market.
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Table 3: Descriptive statistics.

Observations Mean Standard dev.

Cognitive ability 692,303 5.18 1.95
Non-cognitive ability 692,303 5.08 1.79
Enlistment age 692,303 18.31 0.52
Deaths' 28,570 0.04
Income 679,268 182.16 106.62
Low income (<Q1) 169,817 54.93 44.45
Middle income 339,634 186.11 26.19
High income (> Q3) 169,817 301.48 108.03
Years of education 683,360 11.68 2.50
At most 9 years of education’ 169,455 0.24
At most high school education’ 344,256 0.50
College education’ 169,649 0.25
N 692,303

Notes: Data is missing on income and education for 13,035 and 8,943 individuals
respectively. Income is measured as the mean yearly labor income at 31-35 years
of age, inflation-adjusted with the year 2000 as base, in 1,000’s SEK. Years of
education is measured around age 30, and ranges from 7.1 to 19.9 years, where
At most high school education is defined as at most 12 years of education.

T Mean in the full sample.
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Figure 2: Mortality per year, and per birth cohort.

least 13 years of education (i.e. college education).
Figure 2 presents the distribution of deaths per year (a) and per cohort (b). Not sur-
prisingly, the number of deaths each year is increasing, and individuals in older cohorts

are more likely to have died.!”

17 The exception is the 1960 birth cohort which, due to missing observations in the Swedish military
enlistment data, includes only 7,229 individuals compared with 48,678 individuals in 1959 and 41,923
individuals in 1961. This is a problem for all studies using this data. However, the cohort closely follows
the Stanine distribution in the ability measures, indicating that there is no systematical bias in the missing
data.
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4 Study limitations

Grongvist, Ockert, and Vlachos (2010) points out that for essentially all studies on cogni-
tive and non-cognitive abilities the observed abilities are only proxy measures for the true
abilities. They identify at least two potential sources of measurement errors. First, the
evaluation instruments only test a subset of the true ability, and the individual ability may
differ in these specific traits. The subtest of synonyms for cognitive ability, for example,
can of course only cover a few words, and an individual may have a good or bad day
with these words. Second, individual ability may differ in the respect of taking tests; e.g.
high or low motivation, illness or nervousness. As they argue, the measurement error for
non-cognitive ability is probably more severe than for cognitive ability, since the evalua-
tion instruments for measuring cognitive ability are more developed than those measuring
non-cognitive ability. While I recognize the measurement error problem, I will not try to
correct for this. In the setting of this study, as long as this type of measurement error is
evenly distributed, it is a question of scaling of the estimates. However, it can of course be
the case that the psychologists are better at measuring the tails (very low or high ability).

Another possible measurement error of the non-cognitive ability is that it partly may
be a measure of health, such as depression, and that the psychologist know the result on
the cognitive ability test (which partly may explain the correlation between cognitive and
non-cognitive ability). This is an inherent weakness of the data. However, the individuals
in the sample were at least healthy enough not to be exempted from enlistment.

A second problem is the relationship between the variables (cf. Figure 1). Cognitive
and non-cognitive abilities are related to both income and education. Ideally, a control
variable should be fixed when the independent variable of interest is determined. There-
fore, in a regression analysis on mortality with cognitive and non-cognitive abilities as
independent variables, inclusion of income and education as control variables may result
in a bad controls problem (Angrist and Pischke 2009), as they themselves are outcomes of
the abilities (i.e. not fixed before the abilities). This may introduce selection bias, and, as
a result, biased estimates. However, I will still include them as controls in the regressions

in the pathway analysis as this is suggested by the theoretical framework. Income and
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education are potentially channels for the association between the abilities and mortality,
and the regressions can still give us an indication if this indeed is the case. But the selec-
tion bias problem means that one must be aware of this when interpreting the estimates
for the abilities in section 6.2. The likely consequence is a downward bias. For example,
an individual with a high income but low ability is unusual in at least that respect, and is
perhaps able to compensate the lack of ability with something unobserved in the data.
Due to lack of data availability for income and education before 1985, observations
are missing for individuals who died before this year, so the number of observations in
the regressions varies. The result is a downward bias of the estimates for cognitive and
non-cognitive abilities when income and education are included. Individuals who died
before 1985 have, on average, a lower cognitive and non-cognitive ability (4.6 and 4.3

respectively) compared with individuals who died 1985 or later (5.2 and 5.1 respectively).

5 Baseline analysis
Let us turn to the baseline analysis. In this section I study the association between cog-
nitive and non-cognitive abilities, and the association with mortality. The analyses are

conducted both graphically and with regression models.

5.1 Graphical analysis
To begin with we look at the association between cognitive and non-cognitive abilities.
The correlation is 0.38, and the relationship is almost linear (cf. Figure 3). This indicates
that an individual with a high cognitive ability also, on average, have a high non-cognitive
ability. Individuals with the lowest cognitive score have, on average, a non-cognitive score
of 3, while the highest scoring individuals in cognitive ability have, on average, a non-
cognitive score of 6. Individuals with the average cognitive score of 5 have, on average,
the same score in non-cognitive ability.

Figure 4 presents the relationships between cognitive ability, non-cognitive ability and
mortality at three different ages of death in addition to the full sample. Not surprisingly,
not many individuals have died before the age of 30 (a). However, even at this age, there is

a weak linear association between the abilities and mortality, with a slight upward curve
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Figure 3: Association between cognitive and
non-cognitive ability.

for the lowest scoring individuals in non-cognitive ability. Less than 1 percent of the
sample who scored 6 or more in non-cognitive ability have died, compared with almost
3 percent of the individuals scoring 1. The association becomes stronger if we turn to
mortality before age 40 (b) or mortality before age 45 (c). If we look at the latter, there is
a clear curvature for non-cognitive ability at the bottom of the distribution. More than 8
percent of the lowest scoring individuals have died, compared with less than 2 percent of
the highest scoring individuals. The overall picture is the same in the full sample (d).

Figure 4 shows that there are strong relationships between the abilities and mortality.
The overall pattern looks the same independent of age of death. The relationships, how-
ever, are not linear. This is especially true for the non-cognitive measure; the relationship
has more and more of a curvature in the bottom of the distribution the higher the age of
death. In the full sample almost 14 percent of the individuals scoring 1 in non-cognitive
ability have died, which is almost 6 percentage points more than the individuals scoring 2
in the same measure. The mortality among the highest scoring individuals is only about 3
percent. In addition, non-cognitive ability seems to be a stronger predictor of premature
mortality than cognitive ability. This indicates that the interview with the enlisted reveals
something about individual ability beyond that of cognitive ability alone.

The large difference between the two lowest scores in non-cognitive ability may indi-
cate that very low non-cognitive ability partly is a measure of health, such as depression
(see discussion in section 4). However, if we exclude the lowest scores, the non-cognitive

ability is still a stronger predictor than cognitive ability. The abilities have more or less
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Figure 4: Associations between cognitive and non-cognitive ability and mortality at different ages
of death.

the same strength if the two lowest scores are excluded.

Figure 5 presents Kaplan-Meier survival curves for mortality in the full sample. The
figure shows the survival probability each year after the abilities were measured. The
ability measures are divided into three groups for the respective ability measure: low, av-
erage and high. First, we look at the survival curve for cognitive ability (a). At year 0,
the probability of survival is 1. As time goes on the probability of survival shrinks. After
a few years a distinct pattern emerges for each respective group. At the last period the
survival probability for the high scoring individuals is above 0.95, but only about 0.90 for
the low scoring individuals. Considering the outcome, premature mortality, the difference
is large. Perhaps even more surprising is that the difference between the average scoring

individuals and the high scoring individuals is relatively large; the survival probability

IFAU - Be smart, live long 17



1.00 1.00
0.994 0.994
0.98+ 0.98+
0.974 0.974
0.96+ 0.96+
2 0.954 2 0.954
§ 0.944 § 0.944
Q Q
S 0.934 S 0.934
[=% [=%
Tg 0.924 ‘_§ 0.924
; 0.914 g 0.914
3 0.90- 3 0.90-
0.894 0.894
0.88+ - ™ 0.881 - .
0.87- Low cognitive ability (1-3) 0.874 Low non-cognitive ability (1-3)
0.867 Average cognitive ability (4-6) 0.867 Average non-cognitive ability (4-6)
0.85 High cogpnitive ability (7-9) 0.854 High non-cogpnitive ability (7-9)
T T T T T T T T T
0 10 20 30 40 0 10 20 30 40
Years after enlistment Years after enlistment
(a) Cognitive ability. (b) Non-cognitive ability.

Figure 5: Kaplan-Meier survival curves for the relationships between cognitive and non-cognitive
ability and mortality.

for the average scoring individuals is below 0.94. The same pattern can be seen for non-
cognitive ability (b). At least for the low scoring individuals, non-cognitive ability has a
stronger association with mortality than cognitive ability. Individuals in this group have
a survival probability of about 0.89 in the last period, while the high scoring individu-
als have a survival probability above 0.95 and the average scoring individuals a survival
probability of 0.94.

As Figure 5 shows, there are not only differences in risk of mortality in relation to
the ability measures (cf. Figure 4); the differences grow over time. The low scoring
individuals have a lower survival probability than the average scoring individuals, and
the average scoring individuals have a lower survival probability than the high scoring
individuals.

Figure 6 concludes the baseline graphical analysis. In this figure, the ability measures
are plotted against mortality before age of 45.!% The individuals are divided into three
groups in the other ability. Hence, in (a), individuals are grouped in non-cognitive ability
while plotted at the respective cognitive ability score against mortality. In (b), the indi-
viduals are grouped in cognitive ability and plotted at the respective non-cognitive ability
score against mortality.

We have seen that there is an almost linear relationship between mortality and cogni-

18 This is to avoid the problem of right censoring. However, as seen in Figure 4d, this does not change the
pattern.
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Figure 6: Mortality by ability, divided into groups in the other ability.

tive ability (cf. Figure 4c). The linear relationship still apparent in (a), but there are large
differences between the groups. Individuals with a low non-cognitive ability have a much
higher risk of premature mortality compared with individuals with at least an average
score. The difference between individuals with an average or high non-cognitive ability
is relatively small, however. In (b), the non-linear relationship seen earlier is still clear.
With the exception for the individuals with the lowest and highest non-cognitive ability,
the differences between the three groups are more or less constant. Individuals with a low
non-cognitive ability (3 or below) have a much higher risk of mortality than individuals
with a higher score.

Figure 6 strengthens the conclusion that low non-cognitive ability seems to be the
more important predictor of premature mortality of the two abilities. The risk is consider-
ably higher regardless of the score in cognitive ability. This suggests that it is not possible

to fully compensate a low non-cognitive ability with high cognitive ability.

5.2  Regression analysis
We now turn to the regression results. In this section I present Cox proportional hazard
models, mainly due to the right censoring of the data, but report OLS regressions in the
appendix.

Table 4 shows the results. The estimated hazard ratio for cognitive ability is 0.8564,
1.e., a one point increase in cognitive ability results in a 14 percent lower risk of mortality.

The corresponding result for non-cognitive ability is even stronger; a one point increase
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in non-cognitive ability results in a 19 percent lower risk of mortality, indicating that both
measures are important but that non-cognitive ability is a stronger predictor than cognitive
ability. These results support the graphical analysis earlier, and are further boosted when
both abilities are included in a single regression (column 3). Cognitive ability is associated
with a 9 percent lower risk of mortality while the association with non-cognitive is about
16 percent. The attenuation is greater for cognitive ability, indicating that non-cognitive
ability captures more unique variation in the data.

The relative risk of mortality is shown in Table 5. Using the highest score in the re-
spective ability as the reference point, the models estimate the risk of mortality compared
to the reference point. The results confirm the findings in Figure 4; the risk of mortality
is much higher among individuals with lower scores. The models also confirm the non-
linear pattern of the association between non-cognitive ability and mortality, suggested
in the graphical analysis, while cognitive ability have more even differences across the
gradient.

An individual with a cognitive ability score of 1 has a risk of mortality 3.6 times that
of an individual with a score of 9, while the risk of mortality for individuals with a non-
cognitive score of 1 is more than 5 times that of an individual with a score of 9. The
risk of mortality is considerably lower for an individual with a score of 2 in non-cognitive
ability, 3 times that of an individual with a score of 9.

As in the graphical analysis, the lowest non-cognitive score differs a lot from the
second lowest, which could be an indication of that low non-cognitive ability partly is
a health measure. If we exclude the two lowest scores, cognitive ability is actually a

somewhat stronger predictor of mortality than non-cognitive ability.

Table 4: Association with mortality.

(1) (2 (3)
Cog. ability 0.8564*** 0.9133***
(0.0026) (0.0029)
Non-cog. ability 0.8059***  0.8369***
(0.0029) (0.0032)
Observations 692,235 692,235 692,235

Notes: Hazard ratios. Mortality as event. Robust standard
errors in parentheses. *** p < 0.01, **p < 0.05, *p < 0.1.
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Table 5: Relative risk of mortality.

Score Cog. ability ~ Non-cog. ability
1 3.6042%** 5.2056™**
(0.1592) (0.2736)
2 2.8244*** 3.0264***
(0.1165) (0.1545)
3 2.4305*** 2.2474***
(0.0977) (0.1130)
4 2.0513*** 1.6518***
(0.0811) (0.0827)
5 1.6969*** 1.4067***
(0.0668) (0.0700)
6 1.4785%** 1.1940***
(0.0592) (0.0605)
7 1.3711%** 1.1164**
(0.0565) (0.0577)
8 1.1728*** 1.0089
(0.0524) (0.0562)
9 (ref.) 1 1
Observations 692,235 692,235

Notes: Hazard ratios. Mortality as event. Robust
standard errors in parentheses. *** p < 0.01, **p <
0.05,*p < 0.1.
The Cox proportional hazard models confirm and add to the overall picture given by

the graphical analysis. The abilities are strongly associated with mortality, and there are

differences in the risk of mortality at every point.

6 Pathway analysis

We will now turn to the pathway analysis. As in the previous section the analyses are
conducted both graphically and with regression models. The baseline analysis gave a
general picture of how the ability measures are associated with mortality, but did not

include income or education. In this section these variables are included in the analysis.

6.1 Graphical analysis

The associations between cognitive and non-cognitive ability and mortality are strong,
but the relationships may be driven by differences in income and education. After all,
we know that the abilities have strong relationships with these variables (see earlier refer-
ences, e.g., Heckman, Stixrud, and Urzua 2006; Lindqvist and Vestman 2011).

I begin with looking at the relationship between income and education (Figure 7). Up
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till about 17 years of education there is a strong and linear positive relationship between
education and income. Individuals with at least 17 years of education earns, on average,
about 100,000 SEK more per year than individuals with the least years of education.

The next question is how income and education are related to the abilities (Figure 8). 19
There are strong and more or less linear relationships between income and the abilities,
as shown in (a). Individuals with low abilities earn, on average, much less than individ-
uals with high scores. The relationships between abilities and education are presented in
(b). As with income, the relationships are positive and strong. Noticeably, above an aver-
age score, cognitive ability becomes a stronger predictor of education than non-cognitive
ability. Individuals scoring 5 have, on average, at most high school education, while
individuals with higher scores continued to college. The lowest scoring individuals in
cognitive ability have, on average, at most nine years of education.

We now turn to the relationships between income, education and mortality (Figure 9).
The relationship between mortality and income is non-linear below the 50th percentile
(a). More than 4 percent of the individuals below the 10th percentile have died, but only
about 0.5 percent of the individuals above the 90th percentile. Similar differences can
be seen for the relation between education and mortality (). About 2.5 percent of the
individuals with at most 9 years of education have died, but less than 1 percent of the

most educated individuals. Individuals who have studied at least a few years in college
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Figure 7: Association between income and
years of education.

19 The relationship between abilities, income and education has been studied earlier by Heckman, Stixrud,
and Urzua (2006) and Lindqvist and Vestman (2011).
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Figure 9: Associations between income, education and mortality.

have died in about the same extent. The figure suggests that both income and education
are important predictors of mortality, but that it is mainly the lower part of the distributions
that are driving these relationships.

The earlier figures show that the abilities are strong predictors of income and edu-
cation, and that both variables are associated with mortality, but how are these variables
interacted?

We start by looking at the interaction with income (Figure 10). (a) presents the re-
lationship between mortality and cognitive ability when the individuals are divided into
income groups. There is still a linear relationship between cognitive ability and mortality,
but we can see that it is almost completely driven by individuals with low income. Of the

individuals with low income, about 5 percent of those with a cognitive ability score of 1
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have died, while less than 2 percent of the individuals with the highest cognitive ability
score have died. The middle income group and the high income group have much weaker
gradients. About 0.5-1.5 percent in these groups have died. The difference in regards
to income and mortality is even more pronounced if we look at non-cognitive ability as
shown in (b). Almost 8 percent of the individuals with low income and the lowest score
of non-cognitive ability have died, but only 1.5 percent of the individuals with the high-
est non-cognitive score. Again, the gradient is much weaker for the middle and the high
income groups.

In Figure 7 we saw that income is related to years of education. We have also seen
that education is related to cognitive and non-cognitive ability (cf. Figure 8b). But how
is education interacted with the abilities and mortality? This is shown in Figure 11. If we
first look at (a), the relationship between cognitive ability and mortality when individuals
are grouped by education, it is clear that the non-college educated groups follow the same
trend, except for a rise in mortality for the low educated high ability individuals. The
college educated group has a lower risk of mortality than the less educated groups. The
cognitive ability does not really matter for college educated individuals in regards to the
risk of mortality, but there is a decline in mortality for the college educated low ability
individuals.?® The general picture is that there exists a weak linear relationship between
cognitive ability and mortality, but it seems that education plays the more important role.
(b) presents the corresponding association between mortality and non-cognitive ability.
There are large differences between the groups, or rather between the college educated
group and the less educated groups, in the bottom of the distribution. The non-cognitive
ability seems to be an important predictor of mortality for individuals without college
education, while it does not matter for those with college education. The same type
of curvature seen in earlier figures is present. About 1 percent of the college educated
individuals have died regardless of non-cognitive ability. In contrast, almost 7 percent in
the least educated low ability group and about 5.5 percent in the high school educated low

ability group have died.

20 The two somewhat surprising changes in the patterns described may be driven by the relatively few
number of observations in these groups.
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Figure 10: Mortality by income group and ability.

107 —e— At most 9 years of education 107 —e— At most 9 years of education
9 ——e —- At most high school education 9 ——e —- At most high school education
g . College education s . College education

Mortality before age 45, percent
Mortality before age 45, percent

1 2 3 4 5 6 7 8 9
Cognitive ability Non-cognitive ability
(a) Mortality, education and cog. ability. (b) Mortality, education and non-cog. ability.

Figure 11: Mortality by education level and ability.

The figures in this section show, first, that income and education are associated with
cognitive and non-cognitive abilities. Second, that income and education are important
predictors in regards to the risk of mortality, and, third, that cognitive and non-cognitive
abilities are important within income and education groups, at least in the low income
group and the non-college educated group. This suggests that the use of income and ed-
ucation as proxy variables for abilities miss a large within-group variation. For example,
individuals with low education but with high ability do not differ much in regards of the

risk of mortality from individuals with high school education.

6.2 Regression analysis
We now turn to the formal regression analysis. I use both OLS models and Cox pro-

portional hazard models depending on the outcome variable. I start with OLS regression
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Table 6: Association with income.

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

Cog. ability 0.1131*** 0.0807*** 0.0261***
(0.0008) (0.0009) (0.0010)
Non-cog. ability 0.1259*** 0.0927***  0.0741***
(0.0009) (0.0010) (0.0010)
Years of education 0.1183*** 0.0909***
(0.0005) (0.0007)

Birth cohort Yes Yes Yes Yes Yes
Observations 679,268 679,268 677,983 679,268 677,983

Notes: OLS. Log of mean inflation-adjusted yearly income between the age of 31-35. To
adjust for zero income individuals, the dependent variable is In(Income-+1). Years of education
around age 30. Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, *p < 0.1.
models using income and education as outcome variables, and then move on to Cox pro-
portional hazard models with mortality as outcome.

Table 6 presents the association between income, abilities and education. All esti-
mated associations are strong; 1 score more in cognitive ability raises the income with 11
percent, 1 score more in non-cognitive ability raises it with 13 percent, and one more year
of education raises it with 12 percent. The estimates suggest that non-cognitive ability
is a stronger predictor of income than cognitive ability. Cognitive ability is attenuated to
71 percent and non-cognitive ability is attenuated to 74 percent when both abilities are
included (column 4). When education is introduced (column 5) the estimate for cognitive
ability is sharply attenuated (32 percent of column 4), while non-cognitive ability remains
relatively stable (attenuated to 80 percent).?!

It is clear that cognitive and non-cognitive ability and education are important pre-
dictors of income, but the attenuation of cognitive ability when education is included
suggests that education may be an important pathway through which cognitive ability
influences income. On the other hand, the relative stableness of the estimate for the non-
cognitive ability between the different specifications suggest that non-cognitive ability
independently is associated with income.

If we turn to the associations with education (7able 7), we see that higher cognitive

ability is associated with about 0.7 more years of education, while non-cognitive ability

21 The estimated coefficients of the relationship between the abilities and income are relatively close to
earlier reported estimates using a smaller sample of the Swedish military enlistment data (Lindqvist and
Vestman 2011).
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is associated with about 0.4 more years of education.?”> The attenuation of non-cognitive
ability and stableness of cognitive ability (column 3) adds to the previous results and
suggests that cognitive ability work partly through education.

After studying the relationships between the pathway variables, we now turn to how
they are associated with mortality, using Cox proportional hazard models in 7able 8.

Both income and education have a strong relationship with mortality. A 1 percent
increase in income leads to an almost 24 percent lower risk of mortality, while one more
year of education lowers the risk with about 13 percent (column 2 and 3 respectively).
The question is, if the abilities are included, how does this affect the associations? We
start by looking at income in addition to the abilities (column 4). Compared with the asso-
ciations for the abilities in the baseline analysis (cf. column 1), the estimate for cognitive
ability is stable, while non-cognitive ability is somewhat attenuated. This is in line with
the previous results and suggests that non-cognitive ability partly works through income.
The corresponding pattern is seen when education instead of income is included (column
5); cognitive ability is attenuated and the non-cognitive ability is stable, suggesting that
cognitive ability works through education. Estimates of the full model reveals that income
and education have independent associations with mortality, but also that non-cognitive
ability is a stronger predictor of mortality than cognitive ability (about two times the
strength).

The analyses conducted in this section, both the graphical analysis and the regres-

sion analysis, confirm the associations between cognitive and non-cognitive abilities and

Table 7: Association with education.

(1 @ (3)
Cog. ability 0.6659™** 0.5965***
(0.0013) (0.0014)
Non-cog. ability 0.4441***  0.1986™**
(0.0016) (0.0016)

Birth cohort Yes Yes Yes
Observations 683,360 683,360 683,360

Notes: OLS. Years of education around age 30. Robust stan-
dard errors in parentheses. *** p < 0.01, *™* p < 0.05, *p <
0.1.

22 In line with the theoretical framework (see Figure 1) income is not included in the model.
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Table 8: Association with mortality.

(1) (2 ) (4) 6) (6)
Cog. ability 0.9133*** 0.9245***  0.9461***  0.9477***
(0.0029) (0.0035) (0.0038) (0.0040)
Non-cog. ability 0.8369*** 0.8647*** 0.8526*** 0.8703***
(0.0032) (0.0037) (0.0036) (0.0038)
Income 0.7646*** 0.7904*** 0.7967***
(0.0025) (0.0027) (0.0028)
Years of education 0.8728*** 0.9265***  0.9518***
(0.0026) (0.0031) (0.0034)
Observations 692,235 679,268 683,360 679,268 683,360 677,983

Notes: Hazard ratios. Mortality as event. Log of mean inflation-adjusted yearly income between the age of
31-35. To adjust for zero income individuals, the variable is In(Income+1). Years of education around age
30. Robust standard errors in parentheses. ***p < 0.01, ** p < 0.05, *p < 0.1.
mortality. The analyses also suggest that income and education are pathways for the abili-

ties (cognitive ability mainly through education, and non-cognitive ability mainly through

income), in addition to their independent relation with mortality.

7 Discussion

This paper aimed to answer two questions: First, what is the relation between non-
cognitive ability and mortality, and how does this compare with the relation between
cognitive ability and mortality? Second, are income and education good proxies for indi-
vidual ability?

What can we say about the first question? While the abilities do not have a direct
causal link with premature mortality, it seems that they create possibilities to live a better,
or at least longer, life. The baseline and pathway analyses give us the same overall picture.
First of all, cognitive and non-cognitive abilities are both negatively related with mortality.
Individuals with high cognitive and non-cognitive ability lives, on average, longer. The
same is true for income and education; individuals with high income or a long education
live, on average, longer. However, non-cognitive ability is a stronger predictor of mortal-
ity than cognitive ability. The association between mortality and non-cognitive ability is
more than two times the association between cognitive ability and mortality. Both cog-
nitive and non-cognitive abilities are related to income and education, which in turn are
associated with mortality. The results suggest that the pathway from cognitive ability to

education is stronger than from non-cognitive ability to education, while non-cognitive
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ability is associated with mortality through income in the same way. In addition, the re-
lationships are not linear. The graphical analyses show that the relationships are driven
mainly by the bottom of the distribution, especially in respect to the non-cognitive ability.
Partly, this may be due to the possibility that low non-cognitive ability is a health measure
for psychological ill-health, for example depression. As noted earlier, however, it is fully
possible to have low non-cognitive ability without any psychological health problems,
and the individuals were at least healthy enough not to be exempted from the enlistment.

The relative strengths of the associations for cognitive and non-cognitive abilities are
in line with what Heckman, Stixrud, and Urzua (2006) finds for various outcomes (e.g.
labor market outcomes), namely that non-cognitive ability is generally more than or at
least as important as cognitive ability. As shown, this seems to be true also for mortality.
The earlier literature, which only looked at the relationship between cognitive ability and
mortality, lacks the important dimension of non-cognitive ability.

How good are income and education as proxies for individual ability? The results
suggest that cognitive and non-cognitive abilities are important for individuals with low
income or without a college education. This suggests that the use of income and educa-
tion as proxy variables for abilities miss a large within-group variation. Individuals with
low income but high ability do not differ much from individuals with a higher income
regarding the risk of mortality. By using income or education as a proxy measures, this
variation would be hidden and possibly lead to wrong conclusions. Not everyone with
low income or below college education have a higher risk of mortality, but that is what
we would conclude using these variables as proxy measures. On average, however, they
are not misleading; lower income or education leads to a higher risk of mortality.

With the data at hand it is not possible to answer why non-cognitive ability is the
stronger predictor of the risk of mortality, or why cognitive and non-cognitive abilities are
important for low income and non-college educated individuals. It could be that premature
mortality is more about avoiding “failure” (die) rather than achieving “success” (live on).
In Sweden, relatively few individuals die prematurely, and for it to happen requires special
circumstances. These circumstances are not common among individuals who are college

educated, have a “decent” income or in general is “socially functional”. Individuals who
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lack social skills, on the other hand, may have a harder time. This suggests that policies
improving social skills, especially for individuals unlikely to continue to college, may
be beneficial not only for the individual, but for the public health (Heckman, Pinto, and
Savelyev 2013).

8 Conclusions

Using a dataset of 692,303 men from the Swedish military enlistment born between 1950
and 1963 and enlisted between the years 1969-1983, I have in this paper shown that cog-
nitive and non-cognitive abilities are associated with mortality. The associations remain
when controlling for income and education for low income and non-college educated in-
dividuals. Using income and education as proxy measures for individual ability therefore
miss the large variation within these groups. Further, the results suggest that non-cognitive
ability is a stronger predictor than cognitive ability, indicating that the literature on the re-
lationship between cognitive ability and mortality have lacked an important dimension.

The results are mainly driven by the bottom of the measured ability distributions.

30 IFAU - Be smart, live long



References

Acemoglu, Daron, and Joshua D. Angrist. 2001. “How Large Are Human-Capital Exter-
nalities? Evidence from Compulsory Schooling Laws.” In NBER Macroeconomics
Annual 2000, edited by Ben S. Bernanke and Kenneth Rogoff, 15:9-59. Cambridge
and London: MIT Press.

Albouy, Valerie, and Laurent Lequien. 2009. “Does compulsory education lower mortal-

ity?” Journal of Health Economics 28 (1): 155-168.

Andersson, Ola, Jean-Robert Tyran, Erik Wengstrom, and Hakan Holm. 2013. Risk aver-
sion relates to cognitive ability: Fact or Fiction? Working Paper 964. Research In-

stitute of Industrial Economics (IFN).

Angrist, Joshua D., and Alan B. Krueger. 1991. “Does Compulsory School Attendance
Affect Schooling and Earnings?” The Quarterly Journal of Economics 106 (4): 979—
1014.

Angrist, Joshua D., and Jorn-Steffen Pischke. 2009. Mostly Harmless Econometrics: An

Empiricist’s Companion. Princeton, New Jersey: Princeton University Press.

Batty, G. David, Ian J. Deary, and Linda S. Gottfredson. 2007. “Premorbid (early life)
IQ and Later Mortality Risk: Systematic Review.” Annals of Epidemiology 17 (4):
278-288.

Batty, G. David, Catharine R. Gale, Per Tynelius, Ian J. Deary, and Finn Rasmussen.
2009. “IQ in Early Adulthood, Socioeconomic Position, and Unintentional Injury
Mortality by Middle Age: A Cohort Study of More Than 1 Million Swedish Men.”
American Journal of Epidemiology 169 (5): 606-615.

Batty, G. David, Karin Modig Wennerstad, George Davey Smith, David Gunnell, Ian J.
Deary, Per Tynelius, and Finn Rasmussen. 2007. “IQ in early adulthood and later
cancer risk: cohort study of one million Swedish men.” Annals of Oncology 18 (1):

21-28.

IFAU - Be smart, live long 31



Batty, G. David, Karin Modig Wennerstad, George Davey Smith, David Gunnell, Ian J.
Deary, Per Tynelius, and Finn Rasmussen. 2009. “IQ in Early Adulthood and Mor-
tality By Middle Age: Cohort Study of 1 Million Swedish Men.” Epidemiology 20
(1): 100-109.

Benjamin, Daniel J., Sebastian A. Brown, and Jesse M. Shapiro. 2013. “Who is ‘behav-
ioral’? Cognitive ability and anomalous preferences.” Journal of the European Eco-

nomic Association 11 (6): 1231-1255.

Bharadwaj, Prashant, Katrine Vellesen Lgken, and Christopher Neilson. 2013. “Early Life
Health Interventions and Academic Achievement.” American Economic Review 103

(5): 1862-1891.

Bohlmark, Anders, and Matthew J Lindquist. 2005. Life-cycle variations in the associa-
tion between current and lifetime income: Country, cohort and gender comparisons.

Working Paper 4. Swedish Institute for Social Research (SOFI).

Bowles, Samuel, Herbert Gintis, and Melissa Osborne. 2001. “The Determinants of Earn-

ings: A Behavioral Approach.” Journal of Economic Literature 39 (4): 1137-1176.

Buckles, Kasey, Andreas Hagemann, Ofer Malamud, Melinda S. Morrill, and Abigail K.
Wozniak. 2013. The effect of college education on health. Working Paper 19222.

National Bureau of Economic Research (NBER).

Burks, Stephen V., Jeffrey P. Carpenter, Lorenz Goette, and Aldo Rustichini. 2009. “Cog-

nitive skills affect economic preferences, strategic behavior, and job attachment.”

Proceedings of the National Academy of Sciences 106 (19): 7745-7750.

Calvin, Catherine M., Ian J. Deary, Candida Fenton, Beverly A. Roberts, Geoff Der,
Nicola Leckenby, and G. David Batty. 2011. “Intelligence in youth and all-cause-
mortality: systematic review with meta-analysis.” International Journal of Epidemi-

ology 40 (3): 626-644.

32 IFAU - Be smart, live long



Card, David. 1999. “The Causal Effect of Education on Earnings.” In Handbook of Labor
Economics, edited by Orley Ashenfelter and David Card, 3:1801-1863. Amsterdam,
North Holland: Elsevier.

Carlstedt, Berit. 2000. “Cognitive abilities-aspects of structure, process and measure-

ment.” PhD diss., University of Gothenburg.

Clark, Damon, and Heather Roayer. 2013. “The Effect of Education on Adult Mortality
and Health: Evidence from Britain.” American Economic Review 103 (6): 2087—

2120.

Contoyannis, Paul, and Nigel Rice. 2001. “The impact of health on wages: Evidence from

the British Household Panel Survey.” Empirical Economics 26 (4): 599-622.

Cunha, Flavio, James J. Heckman, and Susanne M. Schennach. 2010. “Estimating the

technology of cognitive and noncognitive skill formation.” Econometrica 78 (3):

883-931.

Currie, Janet. 2009. “Healthy, Wealthy, and Wise: Socioeconomic Status, Poor Health in
Childhood, and Human Capital Development.” Journal of Economic Literature 47

(1): 87-122.

Cutler, David, Angus Deaton, and Adriana Lleras-Muney. 2006. “The Determinants of
Mortality.” Journal of Economic Perspectives 20 (3): 97-120.

David, Anthony S., A. Malmberg, L. Brandt, P. Allebeck, and G. Lewis. 1997. “IQ and
risk for schizophrenia: a population-based cohort study.” Psychological Medicine 27

(06): 1311-1323.

Deary, Ian J., and G. David Batty. 2007. “Cognitive epidemiology.” Journal of Epidemi-
ology and Community Health 61 (5): 378-384.

Deaton, Angus. 2003. “Health, Inequality, and Economic Development.” Journal of Eco-

nomic Literature 41 (1): 113-158.

IFAU - Be smart, live long 33



Ding, Weili, Steven F. Lehrer, J. Niels Rosenquist, and Janet Audrain-McGovern. 2009.

“The impact of poor health on academic performance: New evidence using genetic

markers.” Journal of Health Economics 28 (3): 578-597.

Dohmen, Thomas, Armin Falk, David Huffman, and Uwe Sunde. 2010. “Are Risk Aver-
sion and Impatience Related to Cognitive Ability?” American Economic Review 100

(3): 1238-1260.

Fischer, Martin, Martin Karlsson, and Therese Nilsson. 2013. “Effects of Compulsory
Schooling on Mortality: Evidence from Sweden.” International Journal of Environ-

mental Research and Public Health 10 (8): 3596-3618.

Frijters, Paul, John P. Haisken-DeNew, and Michael A. Shields. 2005. “The causal ef-
fect of income on health: Evidence from German reunification.” Journal of Health

Economics 24 (5): 997-1017.

Gomez-Pinilla, Fernando. 2008. “The influences of diet and exercise on mental health

through hormesis.” Ageing Research Reviews 7 (1): 49-62.

Grongvist, Erik, Bjorn Ockert, and Jonas Vlachos. 2010. The intergenerational transmis-
sion of cognitive and non-cognitive abilities. Working Paper 2010:12. Institute for

Labour Market Policy Evaluation (IFAU).

Grongvist, Erik, and Jonas Vlachos. 2008. One size fits all? The effects of teacher cog-
nitive and non-cognitive abilities on student achievement. Working Paper 2008:25.

Institute for Labour Market Policy Evaluation (IFAU).

Grossman, Michael. 1972. “On the Concept of Health Capital and the Demand for
Health.” The Journal of Political Economy 80 (2): 223-255.

Heckman, James J., Rodrigo Pinto, and Peter Savelyev. 2013. “Understanding the Mech-
anisms through Which an Influential Early Childhood Program Boosted Adult Out-
comes.” American Economic Review 103 (6): 2052-2086.

34 IFAU - Be smart, live long



Heckman, James J., Jora Stixrud, and Sergio Urzua. 2006. “The Effects of Cognitive and
Noncognitive Abilities on Labor Market Outcomes and Social Behavior.” Journal of

Labor Economics 24 (3): 411-482.

Hemmingsson, Tomas, Jan von Essen, Bo Melin, Peter Allebeck, and Ingvar Lundberg.
2007. “The association between cognitive ability measured at ages 18-20 and coro-
nary heart disease in middle age among men: A prospective study using the Swedish

1969 conscription cohort.” Social Science & Medicine 65 (7): 1410-1419.

Hemmingsson, Tomas, Bo Melin, Peter Allebeck, and Ingvar Lundberg. 2006. “The as-
sociation between cognitive ability measured at ages 1820 and mortality during 30
years of follow-up—a prospective observational study among Swedish males born

1949-51." International Journal of Epidemiology 35 (3): 665-670.

Hemmingsson, Tomas, Bo Melin, Peter Allebeck, and Ingvar Lundberg. 2009. “Cognitive
ability in adolescence and mortality in middle age: a prospective life course study.”

Journal of Epidemiology & Community Health 63 (9): 697-702.

Kippersluis, Hans van, Owen O’Donnell, and Eddy van Doorslaer. 2011. “Long-Run Re-
turns to Education Does Schooling Lead to an Extended Old Age?” Journal of Hu-
man Resources 46 (4): 695-721.

Lager, Anton, Sven Bremberg, and Denny Vagerd. 2009. “The association of early 1Q
and education with mortality: 65 year longitudinal study in Malmo, Sweden.” British

Medical Journal 339 (b5282).

Lindahl, Mikael. 2005. “Estimating the Effect of Income on Health and Mortality Using
Lottery Prizes as an Exogenous Source of Variation in Income.” Journal of Human

Resources 40 (1): 144-168.

Lindqvist, Erik, and Roine Vestman. 2011. “The Labor Market Returns to Cognitive and
Noncognitive Ability: Evidence from the Swedish Enlistment.” American Economic

Journal: Applied Economics 3 (1): 101-128.

IFAU - Be smart, live long 35



Lleras-Muney, Adriana. 2005. “The Relationship Between Education and Adult Mortality
in the United States.” The Review of Economic Studies 72 (1): 189-221.

Mani, Anandi, Sendhil Mullainathan, Eldar Shafir, and Jiaying Zhao. 2013. “Poverty Im-
pedes Cognitive Function.” Science 341 (6149): 976-980.

Marmot, Michael. 2002. “The Influence Of Income On Health: Views Of An Epidemiol-
ogist.” Health Affairs 21 (2): 31-46.

Nyhus, Ellen K., and Empar Pons. 2005. “The effects of personality on earnings.” Journal
of Economic Psychology 26 (3): 363-384.

Savelyev, Peter A. 2014. Socioemotional Skills, Education, and Longevity of High-Ability
Individuals. Working Paper. Vanderbilt University, Department of Economics, De-

cember 29.

Savelyev, Peter A., and Kegon Teng Kok Tan. 2014. Personality, Education, and Health-
Related Outcomes of High-Ability Individuals. Working Paper. Vanderbilt University,

Department of Economics, July 31.

Sdgrensen, Henrik Toft, Svend Sabroe, Jgrn Olsen, Kenneth J. Rothman, Matthew W. Gill-
man, and Peer Fischer. 1997. “Birth weight and cognitive function in young adult

life: historical cohort study.” British Medical Journal 315 (7105): 401-403.

Vogl, Tom, David M. Cutler, and Adriana Lleras-Muney. 2011. “Socioeconomic Status
and Health: Dimensions and Mechanisms.” In The Oxford Handbook of Health Eco-
nomics, edited by Sherry Glied and Peter C. Smith, 124-163. Oxford: Oxford Uni-

versity Press.

36 IFAU - Be smart, live long



Appendix

OLS results

Table Al and Table A2 presents OLS regression estimates corresponding to the Cox pro-
portional hazard models in the main paper (cf. Table 4 and Table 8). To handle right
censoring of the data the mortality outcome variable is defined as death before age 45.

Table A1: Association with mortality.
Q) @ ®)

Cog. ability -0.0039*** -0.0023***
(0.0001) (0.0001)
Non-cog. ability -0.0057***  -0.0048™**
(0.0001) (0.0001)
Birth cohort Yes Yes Yes
Observations 692,303 692,303 692,303

Notes: OLS. Death before age 45 as the dependent variable.
Robust standard errors in parentheses. *** p < 0.01, ** p <
0.05, *p < 0.1.

Table A2: Association with mortality.
Q) @ ®) ) (5)

Cog. ability -0.0009*** -0.0010*** -0.0009***
(0.0001) (0.0001) (0.0001)

Non-cog. ability -0.0021***  -0.0031***  -0.0021***
(0.0001) (0.0001) (0.0001)

Income -0.0077*** -0.0070*** -0.0069***
(0.0002) (0.0002) (0.0002)
Years of education -0.0021*** -0.0010*** -0.0000
(0.0001) (0.0001) (0.0001)

Birth cohort Yes Yes Yes Yes Yes

Observations 679,268 683,360 679,268 683,360 677,983

Notes: OLS. Death before age 45 as the dependent variable. Log of mean inflation-adjusted
yearly income between the age of 31-35. To adjust for zero income individuals, the variable is
In(Income+1). Years of education around age 30. Robust standard errors in parentheses. *** p <
0.01,* p < 0.05, *p < 0.1.

Additional tables and figures
The tables in this section presents the corresponding number of observations in each group
for Figure 6, Figure 10 and Figure 11.

Figure Al shows the distribution of the Stanine ability measures. Both ability mea-

sures follow the Stanine distribution relatively closely (see footnote 14).
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Table A3: Observations by cog- Table A4: Observations by non-

nitive ability. cognitive ability.
Non-cogpnitive ability Cognitive ability

Cog. Low Middle High Non-cog. Low Middle High

1 13,745 6,493 292 1 8,863 5,836 1,292

2 20,919 23,555 2,483 2 20,175 17,580 4,219

3 22,185 42,844 7,507 3 27,811 37,481 10,889

4 23,322 66,314 16,686 4 29,459 66,040 22,511

5 22,684 92,485 28,432 5 28,190 94,761 36,447

6 14,891 74,461 32,690 6 15,243 72,459 36,888

7 9,151 52,431 30,893 7 7,624 50,018 35,639

8 4,836 29,205 23,043 8 2,226 21,870 22,912

9 2,413 14,210 14,133 9 432 5,920 9,518

N 134,146 401,998 156,159 N 140,023 371,965 180,315
Notes: Group frequency of individuals corre- Notes: Group frequency of individuals corre-
sponding to Figure 6a. sponding to Figure 6b.
Table A5: Observations by cog- Table A6: Observations by non-
nitive ability. cognitive ability.

Income group Income group

Cog. Low Middle High Non-cog. Low Middle High

1 8,681 10,446 946 1 8,632 5,967 777

2 16,480 25,831 3,761 2 17,458 20,003 3,447

3 22,184 40,815 8,198 3 24,521 40,561 9,516

4 29,542 58,848 16,129 4 30,915 63,774 21,349

5 35,472 74,629 31,138 5 36,169 84,025 36,678

6 26,156 59,208 34,494 6 24,849 60,984 36,748

7 17,345 39,766 33,499 7 17,161 40,640 33,741

8 9,474 20,848 25,481 8 7,670 18,398 19,847

9 4,483 9,243 16,171 9 2,442 5,282 7,714

N 169,817 339,634 169,817 N 169,817 339,634 169,817
Notes: Group frequency of individuals corre- Notes: Group frequency of individuals corre-
sponding to Figure 10a. sponding to Figure 10b.
Table A7: Observations by cog- Table A8: Observations by non-
nitive ability. cognitive ability.

Education group Education group

Cog. Low Middle High Non-cog. Low Middle High

1 11,724 8,195 176 1 7,708 6,794 908

2 22,472 22,718 955 2 18,124 19,558 3,356

3 29,482 38,747 3,223 3 28,028 38,022 8,868

4 35,523 60,369 9,030 4 34,723 62,765 19,125

5 34,391 83,381 24,235 5 37,551 86,194 33,963

6 20,993 64,143 35,502 6 23,498 63,285 36,569

7 10,220 40,503 40,679 7 13,545 43,040 35,710

8 3,658 19,067 33,676 8 5,059 19,046 22,318

9 992 7,133 22,173 9 1,219 5,552 8,832

N 169,455 344,256 169,649 N 169,455 344,256 169,649
Notes: Group frequency of individuals corre- Notes: Group frequency of individuals corre-
sponding to Figure 11a. sponding to Figure 11b.
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