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The authors evaluated the little-examined association between intelligence (1Q) and injury mortality and, for the
first known time, explored the extent to which 1Q might explain established socioeconomic inequalities in injury
mortality. A nationwide cohort of 1,116,442 Swedish men who underwent IQ testing at about 18 years of age was
followed for mortality experience for an average of 22.6 years. In age-adjusted analyses in which 1Q scores were
classified into 4 groups, relative to the highest scoring category, the hazard ratio in the lowest was elevated for all
injury types: poisonings (hazard ratio (HR) = 5.82, 95% confidence interval (Cl): 4.25, 7.97), fire (HR = 4.39, 95%
Cl: 2.51, 7.77), falls (HR = 3.17, 95% ClI: 2.19, 4.59), drowning (HR = 3.16, 95% CI: 1.85, 5.39), and road injury
(HR = 2.17, 95% CI: 1.91, 2.47). Dose-response effects across the full IQ range were evident (P-trend < 0.001).
Control for potential covariates, including socioeconomic position, had little impact on these gradients. When
socioeconomic disadvantage—indexed by parental and subject's own occupational social class—was the expo-
sure of interest, 1Q explained a sizable portion (19%—86%) of the relation with injury mortality. These findings
suggest that IQ may have an important role both in the etiology of injuries and in explaining socioeconomic
inequalities in injury mortality.

cohort studies; intelligence; mortality; socioeconomic factors

Abbreviations: ClI, confidence interval; HR, hazard ratio; ICD-8, International Classification of Diseases, Eighth Revision (ICD-9

and ICD-10 defined similarly).

Unintentional injury is a major public health problem: in
most Western societies, including the United States, it is the
leading cause of mortality among people less than 45 years
of age (1-3). The burden of injury mortality in low- and
middle-income countries is also rising rapidly as they un-
dergo economic transition (4). While the toll incurred by
injury mortality due to productive years of life lost is obvi-
ously considerable, disability due to injury also carries a ma-
jor financial cost in terms of medical care and rehabilitation.

Despite its public health importance, much less is known
about risk factors for injury than for common chronic dis-
eases such as cardiovascular disease and cancer. In the few
studies, socioeconomic disadvantage—indexed by having
low income and a manual occupational social class—
emerges as a strong predictor of fatal unintentional injury
(5-7), although the potential mechanisms underlying this

association are still unclear. Cognitive ability (also referred
to as intelligence or 1Q) is closely correlated with socioeco-
nomic position such that people with a higher 1Q tend to be
more socioeconomically advantaged (8). Thus, IQ in its own
right could be related to injury rates, as it is with total
mortality (9, 10), cardiovascular disease (11, 12), and sui-
cide (13, 14). It is also plausible that IQ could at least
partially explain socioeconomic inequalities in injuries as
it does for selected chronic disease outcomes (15, 16).
Several lines of research implicate IQ in the etiology of
injuries, although, taken together, the evidence is not strong.
First, persons with an intellectual disability have markedly
higher rates of injury than the general population or cogni-
tively normal controls (17, 18); however, whether risk of
injury is related to intelligence across the full range of abil-
ity is unclear. Second, cross-sectional studies have shown
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Table 1. Relation of IQ Score With Study Covariates, Sweden, 1969-1994 (N = 1,116,442)

1Q Score Category

Corre_lation

1(n = 103,869) 2(n = 274,278) 3 (n = 446,847) (n“ ff’;":ﬂ)& 1 Vs\’::rea
Parent in an unskilled occupation 39,691 (38.2) 88,503 (32.3) 110,980 (24.8) 48,803 (16.6) —0.268

in 1960-1970, no. (%)

Educational attainment <11 years, no. (%)° 37,876 (36.9) 60,470 (22.2) 46,325 (10.5) 10,662 (3.7) 0.540
Age at testing, mean (SD), years 18.3 (0.60) 18.2 (0.55) 18.3 (0.55) 18.4 (0.56) 0.069
Height, mean (SD), cm 177.3 (6.66) 178.4 (6.45) 179.4 (6.38) 180.4 (6.37) 0.149
BMI, mean (SD), kg/m? 21.9 (3.35) 21.8 (2.98) 21.6 (2.73) 21.4 (2.50) —0.063
Systolic blood pressure, mean (SD), mm Hg 128.6 (11.0) 128.4 (10.9) 128.5 (11.0) 128.6 (11.0) 0.003
Diastolic blood pressure, mean (SD), mm Hg 68.1 (10.2) 67.6 (10.0) 67.3 (9.97) 67.6 (9.91) —0.007
In an unskilled occupation in 1990, no. (%)° 36,616 (35.3) 75,367 (27.5) 85,275 (19.1) 31,678 (10.9) —0.201

Abbreviations: BMI, body mass index; SD, standard deviation.

@ Pvalues for correlations <0.001. Correlations for occupational social class and education were calculated by using the full range of categories.
® Based on a subgroup of 1,106,267 men for whom data on education were available.
° Based on a subgroup of 1,104,880 men for whom data on own occupational social class were available.

that low mental ability is associated with motor vehicle in-
jury (19, 20) and driving offenses (21, 22). However, given
that head trauma, common, for instance, in motor vehicle
injury, often leads to reduced cognitive function (23), a spu-
rious negative mental ability—injury gradient may be gener-
ated by using this type of study design. Third, in prospective
investigations of older people, cognitive ability is inversely
related to specific types of injury, particularly falls (24), but
reverse causality is again a problem here because comorbid-
ity, prevalent in older people, may influence both cognition
and risk of falls. To date, the best evidence for a relation
between cognition and injuries comes from follow-up of
children or young adult populations, where comorbidity is
rare. In the few studies conducted, higher IQ scores confer
protection against total (25) and cause-specific (26, 27) in-
jury, including motor vehicle incidents and poisonings, al-
though this observation is not universal (28).

With this paper, we add to this sparse and somewhat in-
consistent literature by utilizing data from a cohort study of
more than 1 million Swedish men that is well characterized
for IQ in late adolescence, socioeconomic position, other
covariates, and cause-specific injury mortality. Using this
cohort, we previously showed an inverse relation between
IQ and deaths from all causes, coronary heart disease, sui-
cides, and all injuries combined (29). For the first known
time, we now report on the link between IQ and mortality
from a range of injury subtypes by utilizing extended follow-
up of this cohort.

This cohort has several advantages compared with other
studies. First, given that the sample size is 2 orders of mag-
nitude greater than the next-largest study (26), we were able
to estimate the strength of the association of 1Q with cause-
specific injury mortality with greater precision. In particular,
we could examine whether there is evidence of a threshold
rather than a dose-response relation, as some studies have
suggested (26, 27). This large sample size also enabled us to
examine the association between IQ and a wider range of
injury subtypes than has previously been possible. Second,
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this data set contains information on obesity and blood pres-
sure. Although both may be confounding variables in the
[Q-injury gradient given their recently reported links with
both exposure (30, 31) and outcome (32, 33), their role has
yet to be considered. Third, in addition to exploring the
relation between 1Q and injury mortality rates, the present
study permitted us to examine the extent to which IQ might
explain well-established socioeconomic inequalities in in-
jury mortality (5-7).

MATERIALS AND METHODS
Study participants and record linkage of registers

The record linkage methods used to generate this cohort
study have been reported in detail elsewhere (14, 34-36). In
brief, the cohort comprised all nonadopted men born in
Sweden from 1950 to 1976 for whom both biologic parents
could be identified in the Multi-Generation Register. Using
unique personal identification numbers, we linked the
Multi-Generation Register with the Military Service Con-
scription Register (for IQ and covariate data), the Cause of
Death Register, Population and Housing Censuses records
(1960, 1970, and 1990), and the Register of Education
(1990-2001). Doing so resulted in 1,346,545 successful
matches and a data set containing a range of physiological,
social, psychological, and behavioral characteristics of the
men involved (and their parents), together with ascertain-
ment of vital status. Study approval was obtained from the
Regional Ethics Committee, Stockholm.

Conscription examination

The Swedish military service conscription examination
involves a structured, standard medical assessment of phys-
ical health, mental status, and cognitive function (herein
called 1Q). During the years covered by this study, this
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Table 2. Hazard Ratios for the Relation of IQ With Mortality From Unintentional Injury—AIll Combined, Road Injury, and Poisoning, Sweden,

1969-2004 (N = 1,116,442)

1Q Score Category

Per 1-SD

Decrease in I1Q

1 (n = 103,869) 2 (n = 274,278) 3 (n = 446,847) 4 (Highest) P-Trend
HR 95% CI HR 95% CI HR 95% CI (n = 291,448) HR 95% CI
All unintentional injury

No. of deaths 839 1,625 1,962 989

Age adjusted 234 213,256 1.71 158,186 1.32 1.22,1.42 1.0 (ref) <0.001 132 1.27,1.35

Age and early-life 211 191,232 159 146,172 126 1.17,1.36 1.0 <0.001 128 1.24,1.32
socioeconomic
position adjusted®

Age and BMI adjusted  2.31 2.11,253 1.70 157,184 131 1.22,1.42 1.0 <0.001 132 1.27,1.35

Age and systolic blood 2.34 2.13,257 171 158,186 132 1.22,142 1.0 <0.001 132 1.27,1.35
pressure adjusted

Age and education 152 1.34,1.74 115 1.02,129 1.02 0.91,1.13 1.0 <0.001 115 1.11,1.20
adjusted®

Age and later-life 228 202,259 173 155,193 136 1.22,1.51 1.0 <0.001 1.15 1.13,1.17
socioeconomic
position adjusted®

Multiply adjusted® 225 198,256 168 151,188 128 1.15,1.43 1.0 <0.001 1.31 1.26,1.36
(without education)

Multiply adjusted 1.18 1.03,1.35 0.98 0.87,1.10 0.90 0.81,1.00 1.0 <0.001 1.06 1.02, 1.11
(with education)

Road injury

No. of deaths 411 879 1,062 524

Age adjusted 217 191,247 176 158,196 133 1.20,1.48 1.0 <0.001 129 1.25,1.34

Age and early-life 191 168,219 160 143,178 126 1.13,1.40 1.0 <0.001 124 1.20,1.30
socioeconomic
position adjusted

Age and BMI adjusted  2.14 1.88,2.44 1.74 156,194 133 1.19,1.47 1.0 <0.001 130 1.24,1.34

Age and systolic blood 2.18 191,248 1.76 158,196 133 1.20,1.48 1.0 <0.001 129 1.25,1.34
pressure adjusted

Age and education 135 1.10,1.65 1.13 0.96,1.35 095 0.81,1.12 1.0 <0.001 1.11 1.04,1.18
adjusted

Age and later-life 206 1.70,249 174 148,205 129 1.10,1.51 1.0 <0.001 1.13 1.10,1.17
socioeconomic
position adjusted

Multiply adjusted 206 1.69,250 1.70 1.44,201 121 1.03, 142 1.0 <0.001 128 1.20,1.35
(without education)

Multiply adjusted 1.00 0.81,123 093 0.78,1.11 0.81 0.69,0.96 1.0 0.008 1.01 0.94,1.07

(with education)

examination was required by law; only men of foreign cit-
izenship or those with a severe disability were excused. This
data set covers examinations from September 15, 1969, to
December 31, 1994, after which the testing procedures used
to measure IQ changed. Average age at examination was
18.3 years (range: 16-25).

1Q was measured by 4 written subtests representing log-
ical, spatial, verbal, and technical abilities (37). All test
scores, including a global IQ score derived from summing
the results of the subtests, were standardized to give a Gaussian-
distributed score between 1 and 9. Higher values indicate
greater intellectual capacity. The logical test measures ca-
pacity to understand written instructions and apply them
to solving a problem. Items from the spatial test depicted a
plan drawing of an object in its preassembled, 2-dimensional

Table continues

state. Respondents were required to identify, from a series of
drawings of fully assembled, 3-dimensional objects, which
one it represented. The verbal test measures knowledge
of synonyms. Respondents were required to determine
which of 4 alternatives is the synonym for a given word.
The technical test measures knowledge of chemistry and
physics and implies assessment of a component of general
knowledge.

Blood pressure, height, and weight were measured by
medical personnel during the examination using standard
protocols. Height and weight were used to compute body mass
index with the usual formula: weight (kg)/height (m)2. We used
height as a proxy for early-life circumstances. Although, of
course, under a large degree of genetic control, stature is
a widely used indicator of preadult suboptimal nutrition,
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Table 2. Continued

1Q Score Category

Per 1-SD

Decrease in 1Q

1 (n = 103,869) 2 (n = 274,278) 3 (n = 446,847) 4 (Highesty ~ P-Trend
HR 95% CI HR 95% CI HR 95% CI (n = 291,448) HR 95% CI
Poisoning

No. of deaths 122 185 167 57

Age adjusted 5.82 425,797 335 249,450 1.99 1.47,2.69 1.0 <0.001 179 1.64,1.96

Age and early-life 512 3.70,7.09 3.08 227,418 190 1.40,2.58 1.0 <0.001 1.73 1.58,1.89
socioeconomic
position adjusted

Age and BMI adjusted 578 4.22,791 333 247,448 198 1.47,2.68 1.0 <0.001 179 1.64,1.96

Age and systolic blood 5.87 4.28,8.03 3.36 249,452 199 1.48,2.69 1.0 <0.001 179 1.64,1.96
pressure adjusted

Age and education 284 196,410 171 121,243 1.33 0.95, 1.88 1.0 <0.001 135 1.22,1.52
adjusted

Age and later-life 518 3.63,7.38 325 232,456 211 1.51,2.96 1.0 <0.001 1.30 1.24,1.37
socioeconomic
position adjusted

Multiply adjusted 487 337,702 311 220,439 201 143,282 1.0 <0.001 166 1.51,1.84
(without education)

Multiply adjusted 202 139,295 146 1.02,207 1.19 0.84,1.69 1.0 <0.001 1.31 1.18,1.46

(with education)

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio; ref, referent; SD, standard deviation.
& Socioeconomic position in early life is indexed by parental occupational social class and the subject’s height.
b Based on a subgroup of 1,106,267 men for whom data on education were available (3,126 deaths from all injuries, 1,348 from road injury, and

961 from poisonings).

¢ Based on a subgroup of 1,104,880 men for whom data on later-life occupational social class were available (3,151 deaths from all injuries,

1,367 from road injury, and 459 from poisonings).

9 Adjusted for age at testing, conscript testing center, birth year, parental social class, later-life social class, body mass index, height, and systolic

blood pressure.

socioeconomic adversity, and perhaps psychosocial stress (38,
39). Psychiatric illness at conscription was based on physician
assessment of psychoses (International Classification of Dis-
eases, Eighth Revision (ICD-8) and ICD-9 codes 290-299) and/
or neuroses (ICD-8 and ICD-9 codes 300-316).

The highest socioeconomic index of either parent was
based on census assessments in the 1960s and 1970s (5
categories: nonmanual (high/intermediate), nonmanual
(low), skilled, unskilled, and other). The men’s highest
achieved educational level (1990-2001) was based on
4 categories (<9 years of primary school, 9-10 years of
primary school, full secondary school, and higher educa-
tion). For men born before 1960, we used the Population
and Housing Censuses records (1990) to ascertain their oc-
cupational social class, coded as parental social class de-
scribed above.

For a subgroup of study participants conscripted between
1969 and 1970 only (n = 33,319), information was col-
lected on smoking (>20, 11-20, 6-10, 1-5 cigarettes/day;
nonsmoker) and alcohol consumption. Alcohol consump-
tion was assessed by using responses to questions regarding
frequency and average consumption of beer, wine, and
strong spirits measured in grams per week.

Ascertainment of mortality

Deaths were categorized into all unintentional injuries
(ICD-8 and ICD-9 codes ES800-E949; ICD-10 codes VO1-

Am J Epidemiol 2009;169:606—-615

X59) and the main individual causes in this cohort: road
injury (ICD-8 and ICD-9 codes E§10-E829; ICD-10 codes
V01-V80, V82, V89); poisoning (ICD-8 and ICD-9 codes
E850-E869; ICD-10 codes X40-X49); falls (ICD-8 and
ICD-9 codes E880-E888; ICD-10 codes W00-W19); fire
(ICD-8 and ICD-9 codes E890-E899; ICD-10 codes X00—
X09); and drowning (ICD-8 and ICD-9 code E910; ICD-10
codes W65-W74). “Other” injury deaths comprised deaths
due to injuries other than the above types.

Statistical methods

Pearson correlation coefficients among the 4 IQ subtests
were moderate to high (range: 0.48-0.70; P < 0.001). Pre-
liminary analyses revealed that associations between each of
the cognitive subtest scores and total injury mortality were
similar, so here we report on the association between global
cognitive test scores only (denoted hereafter as 1Q) and
mortality. Because of the smaller numbers of deaths from
some types of injury, the 9-point total IQ scale was collapsed
into 4 categories (1/2 =1,3/4 =2,5/6 =3,7-9 = 4). We
also examined the relation of IQ with mortality risk by using
a standard deviation (1.93 IQ “units”) decrease in the con-
tinuous 9-point version of the global IQ scale.

Having checked that the proportional hazards assumption
was met, we used Cox proportional hazards models (40) to
produce hazard ratios with 95% confidence intervals to
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summarize the association between I1Q and mortality from
all unintentional injury types and from individual types.
These analyses were based on deaths that occurred from
the date of conscription up to December 31, 2004. We con-
trolled for age, early-life socioeconomic position (based on
parental occupational social class and the subject’s own
height), body mass index, education, and systolic blood
pressure. We then produced multiply adjusted models—-
with and without control for education—to evaluate the
attenuating role of this close correlate of IQ. As in previous
analyses of this cohort (29), we also controlled for both
conscription testing center and birth year in the fully ad-
justed model. These analyses are based on 1,116,442 men
for whom data were complete.

Finally, to examine the impact of IQ on the relation be-
tween socioeconomic position and mortality, we computed
a hazard ratio for the age-adjusted socioeconomic position—
mortality relation using parental and subject’s own occupa-
tional social class as our indicator of socioeconomic
position. We then added IQ to the model and compared
the percentage attenuation in this hazard ratio with that seen
in the age-adjusted analyses by using the same formula we
have utilized previously (15): ([hazard ratio,gjusted for age — 11—
[hazard ratioadjusted for age and 1Q — 1]/[hazard ratioadjusted for
age — 1]) X 100.

RESULTS

Table 1 shows the relations between IQ score and the
study covariates. Because of the large sample size, all cor-
relations were highly statistically significant but mostly of
low magnitude. Men with higher IQ scores had greater ed-
ucational attainment, were less likely to have parents in
unskilled occupations or to be in unskilled occupations
themselves in later life, and were taller than those who
had lower scores. Men with a higher IQ tended to be slightly
older at conscription, and they had a lower body mass index.
There was little evidence of a consistent relation between 1Q
and blood pressure.

Table 2 presents the relations between IQ and risk of
death from all types of unintentional injury, plus the 2 most
common causes of such deaths: road injury and poisoning.
During a mean follow-up period of 22.6 years, there were
5,415 deaths from all unintentional injuries combined.
Average age at censoring was 40.5 years (range: 17.5-
54.0). As indicated previously, in an earlier follow-up of
the present cohort we reported on the relation of 1Q with
all deaths due to injury (n = 3,954) alone (29). For the
purposes of comparison with individual injury types, we
report on this same association here based on a longer
follow-up with more such deaths.

Men with a lower IQ had an increased risk of dying from
all unintentional injury: for a standard deviation decrease in
IQ, the age-adjusted hazard ratio was 1.32 (95% confidence
interval (CI): 1.27, 1.35). There was a gradient in risk across
the range of 1IQ scores (P-trend < 0.001). Compared with
those in the highest IQ category, men in the lowest-scoring
IQ category had a death rate from unintentional injury more
than twice as high: 2.34 (95% CI: 2.13, 2.56). When we

adjusted separately for indicators of early-life socioeco-
nomic position (height and parental social class), body mass
index, and blood pressure, these effect estimates were un-
changed. Adjustment for later-life occupational social class
(available for a subgroup of men) had only a modest atten-
uating impact on the effect estimates. However, adding
education (also available for a subgroup of the men) to the
multivariable model led to marked attenuation of IQ-injury
gradient. Following simultaneous control for all potential
covariates, the hazard ratios per standard deviation decrease
in IQ without and with adjustment for education were 1.31
(95% CI: 1.26, 1.36) and 1.06 (95% CI: 1.02, 1.11),
respectively.

For deaths ascribed to road injury and poisoning, we
again found an increase in risk with a decrease in 1Q, with
a particularly large effect for mortality due to poisoning.
Thus, compared with those in the highest 1Q category,
men in the lowest category had a death rate from poisoning
almost 6 times higher: the age-adjusted hazard ratio was
5.82 (95% CI: 4.25, 7.97). For a standard deviation decrease
in IQ, the age-adjusted hazard ratios were 1.79 (95% CI:
1.64, 1.96) for death due to poisoning and 1.29 (95% CI:
1.25, 1.34) for death due to road injury. With the exception
of education, these risk estimates changed little following
individual adjustment for other covariates and in the multi-
variable model controlling simultaneously for all covariates
except education. Further control for education effectively
flattened the IQ-road injury relation: the hazard ratio
for a standard deviation decrease in IQ was 1.01 (95% CI:
0.94, 1.07). In the analyses featuring poisoning as the out-
come of interest, we also found marked attenuation after
adding education to the multivariable model, although sta-
tistical significance at conventional levels was retained
(hazard ratio (HR) = 1.31, 95% CI: 1.18, 1.46).

As indicated, because of a low number of deaths for less
common injury types, we have presented the injury out-
comes in relation to 4 categories of 1Q. For the 3 most
commonly occurring outcomes—all injuries combined,
road injury, and poisonings—there were sufficient cases to
conduct analyses across all 9 original IQ categories, de-
picted in Figure 1. These illustrations essentially confirm
the results given in the tables: age-adjusted IQ-injury asso-
ciations were incremental across the 9-point IQ range, and
controlling for covariates had only a moderate impact, ex-
cept in the case of education.

Table 3 depicts the relation of 1Q with death due to falls,
fire, and drowning. These analyses revealed dose-response
relations with IQ similar to those described above. Al-
though, as previously, statistical significance was retained
when education was added to the regression model, a non-
linear IQ-drowning association became apparent—the only
departure from a dose-response gradient in these analyses.
Risk of death from types of injury other than the above
categories (n = 1,431) was more weakly related to IQ than
in most of the other analyses (age-adjusted HR for a standard
deviation decrease in IQ = 1.17, 95% CI: 1.11, 1.23), an
association that was lost after multiple adjustment for co-
variates that included education (HR = 0.96, 95% CI: 0.89,
1.04) (results not shown but available from the correspond-
ing author upon request).

Am J Epidemiol 2009;169:606—-615
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Figure 1. 1Q and selected injury mortality (N = 1,116,442), Sweden,
1969-2004. Gray bars, age adjustment; black bars, full adjustment
(without education); white bars, full adjustment (with education). Ref-
erent: highest-scoring 1Q group (category 9). A) All injuries
(n = 5,415); B) road injury (n = 2,876); C) poisonings (n = 531).

When we used the alcohol consumption data available for
a subgroup of the study participants (n = 33,319) in which
there were 190 deaths due to injury, we found an age-
adjusted inverse association between IQ and all injuries
combined (HRper 1 standard deviation decrease in IQ — 144”
95% CI: 1.26, 1.65). This result was essentially unchanged
when alcohol consumption was added to the model (HR =
1.41,95% CI: 1.23, 1.62). Similar observations were made
when road injury was the mortality endpoint (80 deaths).
There were too few deaths from other injury types for
separate analysis. We also adjusted for smoking as a marker
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of risk-taking behavior, and the hazard ratios again changed
little.

In the original sample (N = 1,116,442), 66,224 men were
diagnosed with a psychiatric illness at conscription. Al-
though 1Q was inversely associated with psychiatric illness
(OddS ratioper 1 standard deviation decrease in IQ — 184” 95%
CI: 1.82, 1.85), adding this variable to the age-adjusted
model had very little impact on the magnitude of the relation
between 1Q and any of the injury outcomes under investi-
gation. The largest attenuation was seen for risk of death
from poisonings, for which, after further adjustment for
psychiatric illness, the age-adjusted hazard ratio for mortal-
ity per standard deviation decrease in IQ fell only from 1.79
(95% CI: 1.64, 1.96) to 1.64 (95% CI: 1.52, 1.80). In the
case of other types of accidents and all accidents combined,
adjustment for psychiatric illness attenuated the hazard ratio
by, at most, 3%.

Finally, we examined the extent to which IQ “explained”
socioeconomic inequalities in injuries, that is, the degree to
which it accounted for the relative change in risk of parental
and own occupational social class with injury mortality. For
brevity in this paper, we show the age-adjusted relation for 3
selected injury mortality outcomes with socioeconomic po-
sition, before and after control for IQ (Table 4). As expected,
socioeconomic disadvantage was related to an elevated rate
of deaths due to road injury, poisonings, and all injuries
combined. Controlling for IQ led to marked attenuation of
these gradients such that the percentage reduction in the
hazard ratio ranged between 19% and 86%.

DISCUSSION

In this study of more than 1 million men, we found an
apparent protective effect of higher IQ against risk of death
from unintentional injury overall, and, in descending order
of magnitude, from each of the 5 most common causes of
injury deaths in this cohort (poisoning, fire, falls, drowning,
and road injury). Of these different endpoints, road injury is
most likely to have been caused by a second party, which
may have weakened its association with IQ.

While the magnitude of the IQ-injury associations varied,
in all cases the associations were strong, generally incre-
mental across the range of IQ scores, and independent of
early- and later-life socioeconomic disadvantage. That these
gradients were of a dose-response nature—an elevated risk
of injury mortality was not, for instance, apparent for only
those men with below-average 1Q performance; rather, it
was found across the full IQ range—strongly implies that
our results were not due to existing mental disability.

In all of these analyses, adding education to the multivari-
able model led to pronounced attenuation of the 1Q-injuries
relation, although rarely was the association lost. In this data
set, as in others (41), education and IQ were positively
correlated (r = 0.54; P < 0.001). Indeed, this finding is
universal (8). The causal direction of the association is
a moot point. Therefore, inclusion of education in our mod-
els is questionable; it is likely that higher educational cre-
dentials are, to a substantial extent, the outcome of higher

1Q (41).
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Table 3. Hazard Ratios for the Relation of IQ With Mortality From Unintentional Injury—Falls, Fire, and Drowning, Sweden, 1969-2004
(N =1,116,442)

1Q Score Category Per 1-SD
1 (n = 103,869) 2 (n = 274,278) 3 (n = 446,847) 4 (Highesty ~ P-Trend ~ DecreaseiniQ
HR 95% ClI HR 95% CI HR 95% CI (n = 291,448) HR 95% CI
Falls
No. of deaths 60 104 99 52
Age adjusted 3.17 219,459 2.08 149,291 1.29 0.92,1.80 1.0 (ref) <0.001 147 1.32,1.64
Age and early-life 3.00 204,442 2.00 142,282 125 0.89, 1.76 1.0 <0.001 1.46 1.30,1.63
socioeconomic
position adjusted®
Age and BMI adjusted 3.11 214,451 2.06 147,287 1.28 0.91,1.79 1.0 <0.001 147 1.32,1.64
Age and systolic blood 3.18 219,460 2.09 150,291 129 0.92,1.80 1.0 <0.001 1.47 1.32,1.64
pressure adjusted
Age and education 232 140,386 1.44 090,230 1.01 0.64,1.59 1.0 <0.001 1.38 1.18,1.61
adjusted
Age and later-life 3.65 226,589 227 146,355 1.37 0.88,2.15 1.0 <0.001 1.26 1.17,1.35
socioeconomic
position adjusted®
Multiply adjusted® 3.40 208,556 214 1.36,3.37 1.30 0.83,2.04 1.0 <0.001 1.53 1.32,1.77
(without education)
Multiply adjusted 185 1.10,3.12 1.30 0.81,2.09 093 0.59,1.48 1.0 0.008 1.29 1.10,1.52
(with education)
Fire
No. of deaths 33 62 57 20
Age adjusted 439 251,777 322 195533 1.90 1.14,3.17 1.0 <0.001 1.69 1.46,1.97
Age and early-life 396 222,704 296 177,496 1.80 1.08,3.17 1.0 <0.001 1.65 1.41,1.94
socioeconomic
position adjusted
Age and BMI adjusted 439 251,768 322 195533 1.90 1.14,3.17 1.0 <0.001 1.69 1.46,1.97
Age and systolic blood 441 252,770 322 195533 1.90 1.14,3.17 1.0 <0.001 1.70 1.46,1.97
pressure adjusted
Age and education adjusted 2.64 1.21,574 1.86 0.91,3.80 1.38 0.69,2.79 1.0 0.049 150 1.20,1.87
Age and later-life 468 225,973 322 1.63,6.38 2.01 1.02,3.99 1.0 <0.001 1.33 1.20,1.47
socioeconomic
position adjusted
Multiply adjusted 466 211,943 303 152,606 1.88 0.95 3.74 1.0 <0.001 1.74 1.42,2.14
(without education)
Multiply adjusted 2.07 094,456 1.62 0.78,3.33 1.25 0.62,2.54 1.0 0217 1.41 1.13,1.77
(with education)
Drowning
No. of deaths 29 27 52 25
Age adjusted 3.16 185,539 1.12 065,193 1.44 0.89, 2.31 1.0 <0.001 1.36 1.15,1.61
Age and early-life 273 156,476 1.01 058,176 1.34 0.83,2.18 1.0 <0.001 1.31 1.10,1.56
socioeconomic
position adjusted
Age and BMI adjusted 3.18 186,544 1.13 0.65,1.94 1.44 0.90,2.32 1.0 <0.001 1.37 1.16,1.62
Age and systolic blood 3.17 186,542 1.12 0.65,193 1.44 0.89.2.32 1.0 <0.001 1.36 1.15,1.61
pressure adjusted
Age and education adjusted 1.96 1.08,3.55 0.70 0.39,126 1.06 0.64,1.74 1.0 0.002 1.18 0.97,1.44
Age and later-life 224 129,389 0.89 051,156 1.27 0.78,2.05 1.0 0.003 1.11 1.02,1.22
socioeconomic
position adjusted
Multiply adjusted 221 185,391 0.88 050,155 120 0.74,1.95 1.0 <0.001 1.23 1.03,1.47
(without education)
Multiply adjusted 155 0.33,1.08 059 0.33,1.08 092 0.56,1.52 1.0 0.006 1.06 0.87,1.30

(with education)

Abbreviations: BMI, body mass index; Cl, confidence interval; HR, hazard ratio; ref, referent; SD, standard deviation.

& Socioeconomic position in early life is indexed by parental occupational social class and the subject’s height.

b Based on a subgroup of 1,106,267 men for whom data on education were available (209 deaths from falls, 106 from fires, and 132 from
drownings).

¢ Based on a subgroup of 1,104,880 men for whom data on later-life occupational social class were available (208 deaths from falls, 109 from
fires, and 132 from drownings).

9 Adjusted for age at testing, conscript testing center, birth year, parental social class, later-life social class, body mass index, height, and systolic
blood pressure.
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Table 4. Hazard Ratios for the Relation of Indicators of Socioeconomic Position With Mortality From Unintentional
Injury—AIl Combined, Road Injury, and Poisoning, Sweden, 1969-2004

i i Adjusted Adjusted for
Pt oo Nosof | Moot o Age A amd1d % changor
Socioeconomic Position HR 95% ClI HR 95% ClI
All
Parental social class
Manual 3,771 740,452 1.32 1.25,1.40 1.16 1.09, 1.23 -50
Nonmanual 1,522 375,990 1.0 (ref) 1.0
Own social class
Manual 2,580 818,668 2.91 2.63,3.20 250 2.26,2.77 -21
Nonmanual 467 286,311 1.0 1.0
Road injury
Parental social class
Manual 785 375,990 1.39 1.28, 1.51 1.24 1.14,1.34 -38
Nonmanual 2,091 740,452 1.0 1.0
Own social class
Manual 1,173 818,668 2.84 2.44, 3.31 2.49 2.13,2.92 -19
Nonmanual 194 286,311 1.0 1.0
Poisoning
Parental social class
Manual 383 375,990 1.44 1.18,1.74 1.06 0.87,1.29 —86
Nonmanual 148 740,452 1.0 1.0
Own social class
Manual 413 818,668 5.29 3.90, 7.18 3.78 2.76,5.17 -35
Nonmanual 46 286,311 1.0 1.0

Abbreviations: Cl, confidence interval; HR, hazard ratio; ref, referent.
& Percentage change in hazard ratio in age-adjusted analyses compared with hazard ratio in age- and IQ-adjusted

analyses.

We found that the extent to which the socioeconomic
position—injury mortality association was explained by IQ
differed according to the indicator of adversity and outcome
under consideration, although it was substantial. A similar
observation was made previously when chronic diseases—
coronary heart disease, long-term limiting illness, minor psy-
chiatric morbidity—were the outcomes of interest (15, 16).

Plausible mechanisms

Several mechanisms may underlie these associations.
First, higher IQ may be associated with more favorable
levels of health behaviors, such as binge drinking (42),
smoking (43-45), physical activity, and diet (46). The for-
mer particularly may have a role in the etiology of injury,
although controlling for alcohol consumption in a subgroup
of the present cohort had no impact. Socioeconomic posi-
tion, a correlate of 1Q, is positively related to ownership (47)
and use of (48, 49) protective devices such as motorcycle
and push-bike helmets and car seatbelts. We are, however,
unaware of any studies directly examining the relation of
their use with cognitive ability. Second, poor perceptual
abilities, such as below-average information processing
speed, has been advanced as a risk factor for road injury
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(23). Persons with higher scores on standard mental ability
tests have faster processing speed (50). A third possibility is
that lower-IQ-scoring persons may be more likely to work
and live in less safe environments (51), where exposure to
risk of road injury, falls, and fire might be more frequent. In
controlling for occupational social class, we may have failed
to fully capture these contextual effects. Fourth, lower 1Q
has been linked to poorer “health literacy” (52). Such an
impairment may lead to a misunderstanding of warning
labels on drugs and household products, thus increasing
the risk of poisoning. Finally, perception of the risk of a
given activity—fast driving, swimming in unknown waters
or in unsafe conditions—may be more acute in the more
intelligent.

Study strengths and limitations

The strengths of this study lie in its size and the availabil-
ity of a range of data on covariates. However, this study also
has some limitations. First, selection bias would occur in the
present study if the IQ-mortality gradients differed mark-
edly between persons included in the analyses and those
excluded. In the present study, approximately one-quarter
of the original study sample was dropped from the analytical
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sample because of missing data. Their characteristics, where
available, were compared with those who were retained.
Differences between the groups in terms of IQ and covari-
ates were not marked (results not shown but available from
the corresponding author upon request). Furthermore, of the
294,128 men excluded from our principal analyses, 36,654
had data on IQ, among whom 177 deaths from all injuries
combined occurred. In age-adjusted analyses, the IQ—total
injury mortality relation for the excluded men (hazard
I'atioper 1 standard deviation advantage in I1Q — 1517 95% CI.
1.31, 1.74) did not differ greatly from that seen in the ana-
Iytical sample (HR = 1.32,95% CI: 1.27, 1.35), suggesting
that selection bias is not a major concern. Second, the pres-
ent analyses were confined to men; we are unsure whether
these results can also be extrapolated to women.

In conclusion, in the largest and best characterized study
to date known to examine the association, IQ was inversely
related to mortality due to road injury, poisonings, falls, fire,
and drowning. Tests of the existence of such associations in
underresearched groups, such as women and ethnic minor-
ities, are required. There was also a suggestion that 1Q par-
tially explained socioeconomic inequalities in injury
mortality. Given that general learning and reasoning ability
are captured by IQ tests, it may be that individual cognition
levels should be considered more carefully when preparing
injury prevention campaigns.
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