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Abstract
Background: Cognitive ability correlates strongly with mortality risk, but confounding from childhood
social class has been a persistent concern. While studies controlling for indicators of childhood social
status report limited attenuation of coefficients, important parental and family factors are likely to
vary substantially within social class.
Methods: Norwegian administrative register data with high‐quality intelligence scores measured at
age 18‐19 for the large majority of males in the 1962‐1990 birth cohorts (n=720 261) were used to
assess the IQ‐mortality gradient using progressively stronger controls for childhood social class in Cox
proportional hazard and linear probability models. A family‐fixed effects specification avoids
confounding from any family or childhood characteristics fixed over time within families (e.g.,
childhood socio‐economic status, parenting style, and neighborhood environment).
Results: A strong IQ‐mortality gradient is present and robust to controls for childhood background
and a family‐fixed effects specification. To illustrate: In the linear probability model of mortality at
age 40, the excess mortality risk of the lowest score (relative to the median score) declined from
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0.026 (Confidence Interval (CI): 0.023, 0.029, p<0.0005) without controls, to 0.025 (CI: 0.021,0.029,
p<0.0005) with controls for family background, to 0.019 (CI: 0.008, 0.030, p=0.001) with family‐fixed
effects added to the model. Other stanine score groups saw changes of comparable or smaller
magnitude. Results from the Cox and linear probability models were substantively equivalent.
Conclusions: The IQ‐mortality gradient is robust to controls for childhood family social status,
including models with family‐fixed effects. Childhood environment does not substantially confound
the IQ‐mortality gradient.
* Corresponding author
Keywords:
Intelligence; cognitive ability; mortality; childhood environment; socioeconomic status; cognitive
epidemiology
Key messages:


Higher cognitive ability predicts longer lifespan. We examined confounding from childhood
environment using large‐scale Norwegian administrative register data.



The IQ‐mortality gradient was estimated with family‐fixed effects, largely avoiding
confounding from socio‐economic status, parenting style and neighborhood.



The IQ‐mortality gradient was largely unaffected by controls for childhood environment, and
social class should not be seen as a substantial confounder.
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Introduction
Cognitive epidemiology is the study of how intelligence is correlated and causally linked with
morbidity and mortality. The field has seen growing interest, earning a special issue in “Intelligence”
(1), with research consistently reporting strong and robust associations between all‐cause mortality
and IQ measured in childhood or early adulthood: a meta‐analysis of 16 studies found a one standard
deviation advantage in IQ associated with a 24% reduction in the risk of death (2).
The underlying mechanisms linking IQ to mortality remain unclear, although evidence is
accumulating linking IQ to a broad class of mortality causes. This includes unnatural causes such as
suicides, accidents and homicides (3–6), as well as natural causes (3), specifically cardiovascular
mortality (6–11), alcohol‐related mortality (6,12), and (less conclusively) cancer (6,10,11,13–15). The
broad nature of the relationship is also confirmed by research on IQ and health, which reports
associations between early IQ and a broad number of later health‐related outcomes (10,16–20) as
well as with measures of biological aging (21).
Several mechanisms may account for the overall association (15,22): A) IQ may be a measure of
bodily insults, such as low birth weight, poor childhood nutrition and early disease, that affect both
later health and later intelligence, B) IQ and robust health may both be measures of bodily system
integrity, signaling the ability to grow a trait in normal form despite mutations and environmental
challenges (i.e., developmental stability), C) IQ may be a predictor of healthy behaviors, and D) IQ
may be a predictor of selection into safe environments (e.g., workplaces).
In light of well‐documented and persistent social gradients in health (23), socio‐economic status (SES)
remains arguably the most plausible potential confounder for the IQ‐mortality association. In the
three studies simultaneously adjusting for both adult SES and own education, the adjustment entirely
attenuated the IQ‐mortality association (2). Since there will be IQ‐based sorting into educational
attainment and adult SES, however, this attenuation of the coefficient on IQ is not necessarily
evidence against the IQ‐health hypothesis. If education and adult SES reduce mortality risk, selection
3

on IQ into education and SES would make these part of the causal chain whereby IQ affects health
(i.e., mechanisms in the C and D category of the last paragraph), in which case the attenuation would
reflect statistical overadjustment (24). Education and adult SES will also reflect IQ when there is IQ‐
based selection, causing them to serve as alternative proxies for intelligence. Including these
variables in the regression would then attenuate the IQ‐score coefficient even if there were no causal
effects on mortality of either education or adult SES.
Unlike adult SES, childhood SES is unlikely to be affected causally by own IQ. In nine studies that
included proxies for childhood SES, such as father’s occupation or income, attenuation of the IQ‐
mortality relationship was insubstantial (2). Similar results were found in a recent study not included
in the meta‐review (25). Concern remains, however, that this may understate the importance of
childhood SES. Social class and family‐fixed factors statistically explain a substantial share of variation
in childhood intelligence (26), social class is correlated with educational attainment which itself has a
causal effect on later IQ scores (27–30), and it has been argued that important parental and family
factors vary substantially within crude measures of social class (31). In addition, variation in verbal IQ
measures may themselves reflect social class rather than true verbal ability (32). On the other hand,
a recent study of three twin samples indicates that the intelligence‐mortality association was largely
driven by genetic influences (33), with substantially stronger associations observed in di‐zygotic twin
pairs than in mono‐zygotic twin pairs that differ in phenotypic intelligence only.
In the present study, we examine the relationship between IQ and mortality risk in a longitudinal
data set covering the majority of Norwegian males in birth cohorts spanning 1962‐1990 (n=720 261),
with mortality outcomes observed up to and including 2015. The data set contains stanine scores
measuring IQ from military conscription tests taken at age 18‐19. To examine confounding from
childhood SES and family‐fixed factors we compare coefficients for the risks of death by age 40 in
models with and without controls for family background, and with and without family‐fixed effects.
The fixed effects model is of particular interest, in that it estimates the IQ‐mortality association using
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only within‐family variation in IQ scores, relying on variation in mortality outcomes for differentially
scored brothers in families with two or more scored male siblings. This avoids confounding from any
family or childhood characteristics fixed over time within families, minimizing confounding from
factors such as childhood socio‐economic status, parenting style, and neighborhood environment.

Methods
Data
We use intelligence test data from the Norwegian National Conscript Service, and limit the analysis
populations to males born between 1962 and 1990 to two Norwegian‐born parents. Military service
was compulsory for all able‐bodied men in the data period, with most males meeting before a
conscription board and given a test of intellectual ability prior to service. «Around 90% of the men
liable for service attend, and most of them (around 95%) meet between their 18th and 21st
birthday» (34).
The data on intellectual ability have been extensively used and described in past research (34–36).
They include a General Ability score, expressed in stanine units and calculated from the scores on
speeded tests of arithmetic (30 items), word similarities (54 items) and figures (36 items). The test
and its scoring remained unchanged throughout the analysis cohorts, apart from the arithmetic test
that changed to a multiple‐choice format in the beginning of the 1990s, affecting those born after
1973 in our data.
The intelligence data contain a person identifier allowing the data to be linked to other
administrative data sets. We combine the GA score data with records from the Central Population
Register containing dates of birth and death, and with our extract covering all registered deaths
through 2015. The data also contain identifiers for biological mother and father, allowing us to
identify brothers. We exclude birth cohorts prior to 1962 because they were subject to a different
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testing norm, and restrict the main body of analyses to cohorts born before 1976 because we wish to
study mortality through age 40.
For each male, we compute a number of characteristics measuring socio‐economic status during
childhood. These include parental earnings, calculated as the average annual earnings of mother and
father combined over the age interval 6 to 15, with annual earnings inflated to year 2000 currency
using the index of the national pension system (“G”). The earnings data stem from the register of the
welfare administration and are available from 1967. We also include parental education, measured
by the higher educational attainment of mother and father when the son is 15 years of age.
Educational attainment data are extracted from the national education data base (“NUDB”). Finally,
we account for whether or not the mother was in her teens at the time of child birth, drawing on the
birth date information contained in the population register.

Statistical methods
Mortality rates across stanine groups are shown using shares deceased at various ages for pooled
cohorts.
Using individual level data, we first assess the relationship between GA scores and mortality using
Cox proportional hazard model regressions on different samples: A) The full set of male birth cohorts
1962‐1975, B) a subset of the 1962‐1975 cohorts containing scored males with scored brothers
(defining families as children with the same biological mother and father), and C) the full set of male
birth cohorts 1976‐1990.
Using the full 1962‐1975 set, we estimate the IQ‐mortality association with and without controls for
birth year and observable indicators of family background. The brother sample is used to assess
whether this subsample – used for a later analysis with family‐fixed effects – differs substantively
from the full cohort. The later set of cohorts, whose mortality can only be assessed up to ages from
25 (the 1990 cohort) to 39 (the 1976 cohort), is used to assess whether the IQ‐mortality relationship
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has remained stable over time or whether the relationship appears substantially different in the later
period compared to the first.
To implement a model with family‐fixed effects we turn to a linear probability model of survival at
age 40, and compare coefficients from models a) without other covariates, b) with controls for family
SES characteristics such as parental education and earnings, and c) with family‐fixed effects (using
the subsample of brothers).
A major benefit of the Cox model is that it uses mortality at each age in the estimation, taking full
advantage of the longitudinal data structure to improve the statistical precision of estimates.
Although it only considers mortality evaluated at a certain age, the advantage of the linear
probability model is that it allows for implementation of the fixed‐effects estimator. All analyses
were conducted using the Stata statistical software.

Results
Sample descriptive statistics
Figure 1, panel A, shows the sizes of the 1962‐1990 male birth cohorts under study and the number
of scored males in each cohort. In total the 39 birth cohorts cover 817 946 births, with the scored
individuals accounting for 88.1 percent of births over the period leaving us with 720 261 observations
with a valid general ability (GA) score. The frequency distribution of stanine scores in the data follows
a bell‐shaped density (Figure 1, panel B).
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Fig 1: Number of births, coverage, and distribution of general ability score. Note: Population restricted
to males born in Norway 1962‐1990 with two Norwegian‐born parents (N= 817 946).

The crude association between mortality and GA scores is evident at early ages, becoming more
pronounced as the cohorts age (Figure 2). The clearly discernible gradient at age 30 reflects mortality
differences over roughly a decade of early adulthood, since the sample is conditional on participants
having attended military conscription testing (age 18‐19). Larger differences are apparent at higher
ages, with proportionally bigger changes observed in the lower‐scoring groups. Relative mortality
rates by GA score are stable, supporting the proportional hazard assumption of the Cox model.
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Fig 2: Mortality by age and general ability. Note: Population restricted to males born in Norway 1962‐
1975 with two Norwegian‐born parents and with valid GA score (N=394 291).

The data cover almost 30 birth cohorts in full. Comparing the early cohorts (1962‐1975) to the later
cohorts (1976‐1990), we find that the later cohorts tend to have older parents with substantially
higher real earnings and educational attainment (see Table 1). The brother sample, however, is
largely similar to the earlier cohorts from which it is drawn. Teenage mothers are less common in the
brother sample, but this is to be expected since children born to teenage mothers will now only be
included only if they have a younger brother born to the mother at a higher age.
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Table 1: Descriptive statistics, analysis samples

All males born
1962‐1975
(1)

Brothers born
1962‐1975
(2)

All males born
1976‐1990
(3)

3.08
2.08

2.95
2.00

1.10

GA score
Parental earnings
Parental education:
Compulsory (%)
Secondary (%)
Higher than secondary (%)
Teenage mother (%)
Birth year

5.10
370 508

5.06
366 985

5.12
469 795

20.59
54.86
24.55
6.95
1968

20.82
54.95
24.23
5.71
1968

10.42
47.73
41.86
4.85
1983

Observations
Families

390 140
297 167

171 699
78 726

323 482
260 050

Mortality by 2015 (%)
Mortality by age 40 (%)

Note: Samples are restricted to males born to two Norwegian‐born parents with a valid personal identifier for
both mother and father, as well as non‐missing data on GA score, parental earnings, and parental education.
Parental earnings are computed as average annual earnings from work for both parents over the age interval 6
to 15, and are inflated to year 2000 NOK using the national pension system index (“G”). Parental education is
the higher attainment of mother and father at offspring age 15.

Statistical analyses
Cox regressions
Results from Cox regressions are shown in Table 2. Columns 1 and 2 display the coefficients from
estimations using the full set of early cohorts, with column 2 including controls for birth year and
childhood socio‐economic status. This has no substantive effect on coefficient estimates or
confidence intervals. In the specification controlling for childhood background (column 2), males in
the lowest GA score bracket have a mortality risk that is 2.31 (CI: 2.12, 2.52, p<0.0005) times that of
the median bracket. Relative mortality risk declines monotonically with general ability, reaching 64
percent (CI: 0.56, 0.73, p<0.0005) for the highest scoring group.
Results are similar for the full sample and the brother sample (column 3), indicating that the sample
conditioned on family type does not introduce compositional change.
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Finally, column 4 shows estimates of mortality differences using the younger birth cohorts. The
results remain largely unchanged. The relative mortality risk in the lower score brackets declines
slightly relative to the reference category, but the same is true for the higher score brackets. As a
result, the relative risk difference between the next lowest and next highest GA score groups remains
constant over time (GA score 2 is associated with 2.6 times the mortality risk of GA score 8 in both
the old and the young samples, cfr columns 2 and 4).

Table 2: GA score and mortality, Cox proportional hazard models

GA score:
1
2
3
4
5 (reference)
6
7
8
9

Controls
Sample
Observations
Families

(1)

(2)

(3)

(4)

2.42 (2.22, 2.64)
P<0.0005
1.92 (1.80, 2.06)
P<0.0005
1.49 (1.40, 1.58)
P<0.0005
1.24 (1.18, 1.32)
P<0.0005

2.31 (2.12, 2.52)
P<0.0005
1.86 (1.73, 1.99)
P<0.0005
1.45 (1.36, 1.54)
P<0.0005
1.23 (1.16, 1.30)
P<0.0005

2.38 (2.09, 2.72)
P<0.0005
1.92 (1.73, 2.14)
P<0.0005
1.47 (1.34, 1.62)
P<0.0005
1.27 (1.17, 1.39)
P<0.0005

2.15 (1.78, 2.60)
P<0.0005
1.67 (1.46, 1.92)
P<0.0005
1.53 (1.37, 1.70)
P<0.0005
1.20 (1.08, 1.32)
P<0.0005

0.81 (0.76, 0.87)
P<0.0005
0.73 (0.67, 0.78)
P<0.0005
0.69 (0.63, 0.76)
P<0.0005
0.62 (0.54, 0.71)
P<0.0005

0.82 (0.77, 0.88)
P<0.0005
0.74 (0.69, 0.80)
P<0.0005
0.71 (0.65, 0.78)
P<0.0005
0.64 (0.56, 0.73)
P<0.0005

0.83 (0.75, 0.92)
P<0.0005
0.79 (0.70, 0.88)
P<0.0005
0.71 (0.61, 0.83)
P<0.0005
0.66 (0.53, 0.82)
P<0.0005

0.84 (0.75, 0.94)
P=0.002
0.66 (0.58, 0.76)
P<0.0005
0.64 (0.53, 0.76)
P<0.0005
0.43 (0.31, 0.59)
P<0.0005

Birth year,
parental SES
Brothers 1962‐1975
171 699
78 726

Birth year,
parental SES
All 1976‐1990
323 482
260 050

None

Birth year,
parental SES
All 1962‐1975
390 140
297 167

Note: 95% confidence intervals, based on standard errors clustered within families, are reported in
parentheses. Parental SES characteristics include average annual earnings of both parents in age interval 6‐15,
the higher parental education (7 indicators for attainment) at age 15, and an indicator variable for teenage
mother. Only observations with valid parental SES data are included. Family identifier consists of unique
combination of identifier for mother and father.
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Linear probability models
The results from the estimated linear probability models are shown in Table 3.
The models in columns 1 to 3 correspond to models 1‐3 in the Cox regression table, except that the
outcome is now an indicator variable for mortality by age 40. As before, we estimate a strong IQ‐
mortality gradient (model 1) that is unaffected by the inclusion of birth year and parental SES
controls (column 2), and we find similar results in both the full early sample and the brother
subsample (columns 2 and 3). The mortality rate of GA score 1 is 2.5 percentage points higher than
that in the reference bracket (i.e., 2 percent; see the constant term in column 1). The mortality risk
declines monotonically with higher GA score, with the top score bracket having a 0.7 percentage
point advantage compared to the reference category.
Coefficients estimated in the model with family‐fixed effects use only the variation in mortality and
GA score within families, i.e., by comparing the mortality of males to their own brothers (column 4).
This avoids the confounding of unobserved factors constant within families, but at the cost of
broader confidence intervals as the estimator ignores between‐family variation. Another drawback is
that fixed‐effects models are “notoriously susceptible to attenuation bias from measurement error”
(37). Specifically, since sibling GA scores are correlated, a larger share of the GA score variation used
by the fixed‐effects estimator will reflect measurement error, biasing coefficients towards zero. In
light of this, the point estimates remain surprisingly stable.
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Table 3: GA score and mortality by age 40, linear probability models

GA score:
1
2
3
4
5 (ref)
6
7
8
9
Constant

(1)

(2)

(3)

(4)

0.026 (0.023, 0.029)
P<0.0005
0.018 (0.016, 0.020)
P<0.0005
0.008 (0.006, 0.010)
P<0.0005
0.004 (0.003, 0.006)
P<0.0005

0.025 (0.021, 0.029)
P<0.0005
0.018 (0.015, 0.020)
P<0.0005
0.007 (0.005, 0.009)
P<0.0005
0.004 (0.003, 0.006)
P<0.0005

0.024 (0.018, 0.031)
P<0.0005
0.017 (0.013, 0.021)
P<0.0005
0.007 (0.004, 0.010)
P<0.0005
0.004 (0.002, 0.007)
P<0.0005

0.019 (0.008, 0.030)
P=0.001
0.014 (0.007, 0.021)
P<0.0005
0.005 (0.000, 0.010)
P=0.073
0.003 (‐0.001, 0.007)
P=0.108

‐0.004 (‐0.006, ‐0.003)
P<0.0005
‐0.006 (‐0.007, ‐0.004)
P<0.0005
‐0.006 (‐0.008, ‐0.004)
P<0.0005
‐0.008 (‐0.011, ‐0.006)
P<0.0005
0.020 (0.019, 0.021)
P<0.0005

‐0.004 (‐0.005, ‐0.003)
P<0.0005
‐0.005 (‐0.007, ‐0.004)
P<0.0005
‐0.006 (‐0.007, ‐0.004)
P<0.0005
‐0.007 (‐0.010, ‐0.005)
P<0.0005

‐0.004 (‐0.006, ‐0.003)
P<0.0005
‐0.005 (‐0.007, ‐0.003)
P<0.0005
‐0.005 (‐0.008, ‐0.003)
P<0.0005
‐0.007 (‐0.010, ‐0.004)
P<0.0005

‐0.005 (‐0.009, ‐0.001)
P=0.010
‐0.005 (‐0.009, ‐0.001)
P=0.027
‐0.005 (‐0.010, ‐0.000)
P=0.039
‐0.006 (‐0.013, 0.001)
P=0.073

None

Birth year,
parental SES

Birth year,
parental SES

Controls

Sample
Observations
Families

All 1962‐1975
390 140
297 167

Birth year,
parental SES,
family fixed effects
Brothers 1962‐1975
171 699
78 726

Note: 95% confidence intervals, based on standard errors clustered within families, are reported in
parentheses. Parental SES characteristics include average annual earnings of both parents in age interval 6‐15,
the higher parental education (7 indicators for attainment) at age 15, and an indicator variable for teenage
mother. Only observations with valid parental SES data are included. Family identifier consists of unique
combination of identifier for mother and father.

Comparing the results from the Cox and the linear probability models
The linear probability model uses outcomes measured at a single age, while the Cox model uses
information on the timing of all deaths observed up to the end of 2015. The linear probability model,
on the other hand, allows us to control for all factors that remain fixed within families over time,
largely avoiding confounding from family socioeconomic background, parenting styles,
neighborhoods, etc.
We compare the coefficient estimates across models by computing the relative risk of mortality by
age 40 (from Table 3), evaluated at the observed mortality rate of the reference category. The
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estimates are strikingly consistent across the estimation methods (Figure 3), though the precision of
the family‐fixed effects model are lower, as reflected in the wider confidence intervals of the plot.
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Fig 3: Comparing predicted mortality across estimation methods. Note: Shaded areas indicate 95%
confidence interval around point estimate. Regressions control for parental SES and birth year, panel C adds
family‐fixed effects. Sample restricted to those in the brother data and with valid observation of parental SES
characteristics (N=171 699); see also notes to Tables 2 and 3.

Discussion
Principal findings
We document a large difference in mortality risk across Norwegian males with different scores on a
high‐quality intelligence test performed around age 18. For the 1962‐1975 cohorts we find that the
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estimates are similar in linear probability models with and without controls for birth year and
parental SES, in Cox models with birth year and parental SES controls, and in a linear probability
model with family‐fixed effects. This provides strong evidence that the IQ‐mortality association is
largely unrelated to family background and childhood SES, and that IQ‐differences are associated
with substantial differences in mortality risk within a modern welfare‐state setting. We also find that
similar differences in mortality risk persist for the later cohorts born 1976‐1990, indicating that the
relationship was largely stable across a 30‐year period.
The results indicate a non‐linear association of IQ and mortality risk. Following convention in defining
the standard deviation (SD) of the GA scale as 2 and starting with the lowest score group, men with a
GA score of 3 have a 37% lower mortality risk than those scoring 1. A score of 5 is associated with
31% lower mortality than score 3. Continuing in one SD increments, higher GA scores are associated
with further risk reductions of 26% and 14% respectively (see Table 2, column 2). Translated into
absolute risk differences, this non‐linear pattern appears even starker: using the same one‐SD
increments in GA score, our results imply that the absolute reductions in mortality rates measured in
percentage points is 1.8, 0.7, 0.5 and 0.2 respectively (see Table 3, column 2).

Strengths and limitations
The primary strength of the present study is the quality, breadth and coverage of the underlying
data: A population sample of 719 198 individuals, covering 88 percent of the male birth cohorts
analyzed, with outcomes observed in high quality administrative registers.
The data allow us to examine statistical associations in a representative population sample of 29
birth cohorts, controlling for birth year and parental SES. Finally, the data volume allows us to
estimate a data‐demanding model with family‐fixed effects, which provides the strongest control
against confounding from family background and other factors fixed over time within families.
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A limitation in the study is that we lack information on cause of death, thus preventing us from
exploring the causal mechanisms at work. A second limitation is that GA scores may reflect more
than the intellectual ability that they measure, as intellectual ability may correlate with personality
traits and other genetic factors. One study reported strong attenuation of the IQ‐mortality
relationship in a sample of monozygotic twins with differing IQ‐scores (33), while controlling for
emotional control led to some attenuation of the IQ‐mortality relationship in a large sample of
Swedish males whose IQ and emotional control were both assessed at military conscription (25).

Conclusions
Analyses based on Norwegian administrative data reproduce established associations between IQ
and all‐cause mortality, and indicate that the IQ‐mortality gradient has been stable throughout the
data period. Controls for birth year and childhood SES have no substantive impact on estimates, and
coefficient point estimates are attenuated only modestly, and then only for the lowest GA scores,
when using family‐fixed effects. This is strong evidence that the gradient is not due to confounding
from childhood environment, socio‐economic status or neighborhoods.

References:
1.

Deary IJ. Introduction to the special issue on cognitive epidemiology [Internet]. Elsevier; 2009
[cited 2017 Jan 24]. Available from:
http://www.sciencedirect.com/science/article/pii/S0160289609000622

2.

Calvin CM, Deary IJ, Fenton C, Roberts BA, Der G, Leckenby N, et al. Intelligence in youth and
all‐cause‐mortality: systematic review with meta‐analysis. Int J Epidemiol. 2011 Jun
1;40(3):626–44.

3.

Meincke RH, Mortensen EL, Avlund K, Rosthøj S, Sørensen HJ, Osler M. Intelligence in early
adulthood and mortality from natural and unnatural causes in middle‐aged Danish men. J
Epidemiol Community Health. 2014 Feb 1;68(2):130–6.

4.

Batty GD, Deary IJ, Tengstrom A, Rasmussen F. IQ in early adulthood and later risk of death by
homicide: cohort study of 1 million men. Br J Psychiatry. 2008 Dec 1;193(6):461–5.

5.

Osler M, Andersen A‐MN, Laursen B, Lawlor DA. Cognitive function in childhood and early
adulthood and injuries later in life: the Metropolit 1953 male birth cohort. Int J Epidemiol. 2007
Feb 1;36(1):212–9.
16

6.

Hemmingsson T, Melin B, Allebeck P, Lundberg I. The association between cognitive ability
measured at ages 18–20 and mortality during 30 years of follow‐up—a prospective
observational study among Swedish males born 1949–51. Int J Epidemiol. 2006 Jun
1;35(3):665–70.

7.

Silventoinen K, Modig‐Wennerstad K, Tynelius P, Rasmussen F. Association between
intelligence and coronary heart disease mortality: a population‐based cohort study of 682 361
Swedish men. Eur J Cardiovasc Prev Rehabil. 2007 Aug 1;14(4):555–60.

8.

Batty GD, Shipley MJ, Gale CR, Mortensen LH, Deary IJ. Does IQ predict total and cardiovascular
disease mortality as strongly as other risk factors? Comparison of effect estimates using the
Vietnam Experience Study. Heart. 2008 Dec 1;94(12):1541–4.

9.

Wallin AS, Falkstedt D, Allebeck P, Melin B, Janszky I, Hemmingsson T. Does high intelligence
improve prognosis? The association of intelligence with recurrence and mortality among
Swedish men with coronary heart disease. J Epidemiol Community Health. 2015 Apr
1;69(4):347–53.

10.

Wraw C, Deary IJ, Gale CR, Der G. Intelligence in youth and health at age 50. Intelligence. 2015
Nov;53:23–32.

11.

Hart CL, Taylor MD, Davey Smith G, Whalley LJ, Starr JM, Hole DJ, et al. Childhood IQ, social
class, deprivation, and their relationships with mortality and morbidity risk in later life:
prospective observational study linking the Scottish Mental Survey 1932 and the Midspan
studies. Psychosom Med. 2003 Oct;65(5):877–83.

12.

Sjölund S, Hemmingsson T, Gustafsson J‐E, Allebeck P. IQ and alcohol‐related morbidity and
mortality among Swedish men and women: the importance of socioeconomic position. J
Epidemiol Community Health. 2015 Sep 1;69(9):858–64.

13.

Batty GD, Mortensen LH, Gale CR, Shipley MJ, Roberts BA, Deary IJ. IQ in late adolescence/early
adulthood, risk factors in middle age, and later cancer mortality in men: the Vietnam
Experience Study. Psychooncology. 2009 Oct 1;18(10):1122–6.

14.

Batty GD, Wennerstad KM, Smith GD, Gunnell D, Deary IJ, Tynelius P, et al. IQ in early
adulthood and later cancer risk: cohort study of one million Swedish men. Ann Oncol. 2007 Jan
1;18(1):21–8.

15.

Deary IJ, Whiteman MC, Starr JM, Whalley LJ, Fox HC. The impact of childhood intelligence on
later life: following up the Scottish mental surveys of 1932 and 1947. J Pers Soc Psychol.
2004;86(1):130.

16.

Wrulich M, Brunner M, Stadler G, Schalke D, Keller U, Martin R. Forty years on: Childhood
intelligence predicts health in middle adulthood. Health Psychol. 2014;33(3):292.

17.

Der G, Batty GD, Deary IJ. The association between IQ in adolescence and a range of health
outcomes at 40 in the 1979 US National Longitudinal Study of Youth. Intelligence. 2009
Nov;37(6):573–80.

18.

Batty GD, Mortensen EL, Osler M. Childhood IQ in relation to later psychiatric disorder:
evidence from a Danish birth cohort study. Br J Psychiatry J Ment Sci. 2005 Aug;187:180–1.

17

19.

Sörberg A, Lundin A, Allebeck P, Melin B, Falkstedt D, Hemmingsson T. Cognitive Ability in Late
Adolescence and Disability Pension in Middle Age: Follow‐Up of a National Cohort of Swedish
Males. PLOS ONE. 2013 okt;8(10):e78268.

20.

Schmidt M, Johannesdottir SA, Lemeshow S, Lash TL, Ulrichsen SP, Bøtker HE, et al. Cognitive
Test Scores in Young Men and Subsequent Risk of Type 2 Diabetes, Cardiovascular Morbidity,
and Death: Epidemiology. 2013 Sep;24(5):632–6.

21.

Schaefer JD, Caspi A, Belsky DW, Harrington H, Houts R, Israel S, et al. Early‐Life Intelligence
Predicts Midlife Biological Age. J Gerontol B Psychol Sci Soc Sci. 2015 May 26;gbv035.

22.

Whalley LJ, Deary IJ. Longitudinal cohort study of childhood IQ and survival up to age 76. BMJ.
2001 Apr 7;322(7290):819.

23.

Mackenbach JP, Bos V, Andersen O, Cardano M, Costa G, Harding S, et al. Widening
socioeconomic inequalities in mortality in six Western European countries. Int J Epidemiol.
2003 Oct 1;32(5):830–7.

24.

Schisterman EF, Cole SR, Platt RW. Overadjustment Bias and Unnecessary Adjustment in
Epidemiologic Studies. Epidemiol Camb Mass. 2009 Jul;20(4):488–95.

25.

Lager A, Seblova D, Falkstedt D, Lövdén M. Cognitive and emotional outcomes after prolonged
education: a quasi‐experiment on 320 182 Swedish boys. Int J Epidemiol. 2016;dyw093.

26.

Lawlor DA, Batty GD, Morton SMB, Deary IJ, Macintyre S, Ronalds G, et al. Early life predictors
of childhood intelligence: evidence from the Aberdeen children of the 1950s study. J Epidemiol
Community Health. 2005 Aug 1;59(8):656–63.

27.

Ceci SJ. How much does schooling influence general intelligence and its cognitive components?
A reassessment of the evidence. Dev Psychol. 1991;27(5):703–22.

28.

Brinch CN, Galloway TA. Schooling in adolescence raises IQ scores. Proc Natl Acad Sci.
2012;109(2):425–430.

29.

Carlsson M, Dahl GB, Öckert B, Rooth D‐O. The Effect of Schooling on Cognitive Skills. Rev Econ
Stat. 2014 Nov 7;97(3):533–47.

30.

Cascio EU, Lewis EG. Schooling and the Armed Forces Qualifying Test: Evidence from School‐
Entry Laws. J Hum Resour. 2006;XLI(2):294–318.

31.

Vågerö D. Commentary: Intelligence in youth and all‐cause mortality: some problems in a
recent meta‐analysis. Int J Epidemiol. 2011 Jun 1;40(3):644–6.

32.

Chapman B, Fiscella K, Duberstein P, Kawachi I, Muennig P. Measurement confounding affects
the extent to which verbal IQ explains social gradients in mortality. J Epidemiol Community
Health. 2014 Aug 1;68(8):728–33.

33.

Arden R, Luciano M, Deary IJ, Reynolds CA, Pedersen NL, Plassman BL, et al. The association
between intelligence and lifespan is mostly genetic. Int J Epidemiol. 2015 Jul 26;dyv112.

34.

Sundet JM, Eriksen W, Borren I, Tambs K. The Flynn effect in sibships: Investigating the role of
age differences between siblings. Intelligence. 2010 Jan;38(1):38–44.

18

35.

Sundet JM, Barlaug DG, Torjussen TM. The end of the Flynn effect?: A study of secular trends in
mean intelligence test scores of Norwegian conscripts during half a century. Intelligence. 2004
Jul;32(4):349–62.

36.

Sundet JM, Borren I, Tambs K. The Flynn effect is partly caused by changing fertility patterns.
Intelligence. 2008 May;36(3):183–91.

37.

Angrist JD, Pischke J‐S. Mostly harmless econometrics: an empiricist’s companion [Internet].
Vol. 1. Princeton university press Princeton; 2009 [cited 2016 Sep 15]. Available from:
https://pup.princeton.edu/titles/8769.html

19

