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ABSTRACT

Objective: To assess whether the association between cognitive ability (IQ) and early

mortality is mediated by socioeconomic status (SES) or whether the association between

SES and mortality reflects a spurious association caused by IQ.

Methods: The participants were from the U.S. National Longitudinal Survey of Youth

(n=11321). IQ was assessed at age 16 to 23 years and the participants were followed up to

40 to 47 years of age.

Results: Controlling for sex, birth year, race/ethnicity, baseline health, and parental

education, higher IQ was associated with lower probability of death (odds ratio per 1

standard deviation increase in IQ=0.78, 95% confidence interval= 0.66, 0.91). This

association disappeared (OR=0.99, CI=0.81, 1.20) when adjusted for education and

household income. Adjustment for IQ had no effect on the association between SES and

mortality. These findings were similar in Hispanic, Black, and White/other participants and

in women and men. Parental education moderated the IQ-mortality association, so that this

association was not observed in participants with low parental education.

Conclusions: Low IQ predicts early mortality in the U.S. population and this association is

largely explained by SES. The results do not support the alternative hypothesis that the

socioeconomic gradient in early mortality would reflect IQ differences.

Keywords: Cognitive ability; Cognitive epidemiology; Intelligence; Mortality; NLSY

Abbreviations: IQ=intelligence quotient, SES=socioeconomic status, OR=odds ratio,

CI=confidence interval, RR=relative risk
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General cognitive ability, assessed by cognitive tests and often referred to as intelligence

quotient (IQ), reflects a general capacity of abstract reasoning and learning potential (1-3).

An increasing number of studies have shown that high IQ in childhood or early adulthood

predicts low mortality risk over the life course (4-15). However, the mechanisms

underlying the association between IQ and mortality remain uncertain (14-15). One

possibility is that IQ predicts mortality because IQ is related to social and economic

circumstances predicting mortality. An alternative scenario suggests that the effect of these

circumstances on mortality is largely accounted for by IQ.

It is well established that low IQ in childhood or adolescence predicts low

socioeconomic status (SES) later in life (16-17) and that low SES, in turn, predicts

mortality risk over the life course (18-19). These associations give rise to two competing

hypotheses of IQ, SES, and mortality. One the one hand, the effect of IQ on mortality may

be mediated via socioeconomic circumstances. This hypothesis has received provisional

support, as education and occupational status have been found to explain the IQ–mortality

association in part, although not completely (14-15). On the other hand, it has been

hypothesized that IQ may explain health disparities associated with SES (20) by

determining both SES and mortality risk, so that the association between SES and

mortality is actually explained by IQ. This hypothesis has also received provisional

support, as IQ has been found to account for the association between SES and mortality in

part, although not completely (12).

The study of IQ, SES, and mortality is important in understanding the mechanisms

explaining the IQ–mortality association and for understanding the origins of the

socioeconomic gradient in health and mortality (21). However, previous studies of IQ and
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mortality have included only limited assessments of SES: In most studies, adulthood SES

has been assessed only in one point in time, which may be an insufficient method of

evaluating the effect of IQ on lifetime SES and the influence of SES on mortality.

In the current study, we examined whether IQ assessed at the age 16 to 23 predicted

death before the age of 47 in an ethnically heterogeneous sample of men and women

participating in the U.S. National Longitudinal Survey of Youth (22). The study design

allowed us to examine whether the influence of IQ on mortality was mediated by life-

course SES, i.e., education and household income, assessed 19 times over the follow-up

period, and whether the association between SES and mortality was accounted for by IQ.

We also examined whether education level of the participants’ parents accounted for part

of the IQ-mortality association.

MATERIALS AND METHODS

Participants

The participants were 5682 men and 5639 women (total n=11321) participating in the

representative U.S. National Longitudinal Survey of Youth (22). In this study, a national

sample of individuals born between 1957 and 1964 has been followed annually since 1979

and biannually after 1994 with most recent data available on the follow-up in 2004. The

original sample (n=12686) consists of three subsamples aged 15 to 22 years at baseline in

1979: a representative sample of noninstitutionalized civilian youths (n=6111); a

supplemental sample designed to oversample civilian Hispanic, black, and economically

disadvantaged nonblack/non-Hispanic youths (n=5295); and a military sample (n=1280).

Details of the sampling process have been reported elsewhere (22;
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http://www.bls.gov/nls/nlsy79.htm). Due to funding constraints, the number of interviewed

military sample and supplemental sample members were limited after years 1984 and

1990, respectively. Here we included all the 11321 participants who had completed a

cognitive test administered in 1980 and had data on covariates and on study participation

status on at least one of the 19 subsequent follow-up interviews between 1981 and 2004.

Appropriate longitudinal sampling weights taking into account sex, race/ethnicity,

year of birth, sample type, and location were applied in the survival analyses in order to

adjust for differential probabilities of selection into the sample and for attrition. Thus, the

sample yielded representative estimates for the U.S. population born between years 1957

and 1964. The study was approved by institutional review boards of the institutions

conducting the surveys and informed consent was obtained complying with Federal law

and the policies of the U.S. office of Management and Budget.

Mortality

Follow-ups have been carried out annually between 1979 and 1994 and bi-annually

between 1994 and 2004, so study participation data allowed us to determine the mortality

status of the participants with an accuracy of one year before 1994 and with two years after

1994. For participants who have not been interviewed in follow-ups, the reason for non-

interview has been recorded (e.g., refusal, unknown location, or deceased). Participants

have been recorded as deceased only if the death of the participant has been possible to

confirm via a death certificate, an obituary, or other national death records. As we did not

have exact data on participant’s date of death, age at death was determined to be the age

the participant would have been in the follow-up period in which the participant was first

http://www.bls.gov/nls/nlsy79.htm).
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determined to be deceased. However, some individuals permanently lost to follow-up at

some point of the study may have deceased without being recorded as such in the data. For

non-deceased participants who were lost to follow-up, the end of study period was

determined by the participant’s age at the latest available interview. Table 1 shows the

deaths and censored participants by study year. Of the participants who had data on IQ and

other covariates, 360 were recorded as deceased by the end of the follow-up period. Data

on the cause of death were not available, so the focus of this study was on all-cause

mortality only. Given that the study has been set up to examine social and economic rather

than epidemiological research questions, there were no repeated- measure data of medical

risk factors and health behaviors associated with mortality that could have been

incorporated in the present analyses.

IQ

In 1980 the then 16 to 23 year-old participants were administered the Armed Services

Vocational Aptitude Battery (ASVAB), which consists of 10 subtests: general science,

arithmetic reasoning, word knowledge, paragraph comprehension, numerical operations,

coding speed, auto and shop information, mathematics knowledge, mechanical

comprehension, and electronics information (22). Four of the subtests comprise the Armed

Forces Qualification Test (AFQT) which includes only the more general, less vocationally-

specific tests assessing general cognitive ability, and is calculated from the raw scores by

the formula AFQT=arithmetic reasoning + word knowledge + paragraph comprehension +

(mathematics knowledge/2). The scale was standardized (M=0, SD=1) in order to facilitate

the interpretation of the statistical estimates.
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SES indicators

Participant’s SES was assessed on the basis of highest completed education and household

income at each follow-up phase. The participants reported their highest completed grade

on a 20-point scale (range from 0=no education to 20=8th year of college or more;

mean=12.7, SD=2.4). Household income was assessed on the basis of total net household

income from all income sources of the participant and her/his spouse in past calendar year,

reported by the participants in each follow-up. The scale was transformed by square root

transformation and standardized (mean=0, SD=1).

Covariates

Other characteristics included age, sex, racial/ethnic background, baseline health status,

parental education, and marital status.

Racial/ethnic background. In the National Longitudinal Survey of Youth the

participants have been categorized into three ethnic/racial groups (Hispanic, Black, and

White/other) based on self-reported data (protocol described in section 4.32 of the study

user’s guide, ref. 22). This categorization was used in the present analyses. Of the

participants included in the study, 1736 were Hispanic, 2777 were Blacks, and 6808 were

White/other.

Baseline health status. At baseline the participants reported whether they had a health

problem that limited the kind or the amount of work they were able to do. The participants

were mostly healthy at study inception, with 4.8% of the participants reporting a limiting

health problem.
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Parental education was assessed at baseline in 1979 on the basis of education level of

the more educated parent of the participant (range from 0=no education to 20=8th year of

college or more; mean=11.7, SD=3.4).

Marital status. Given that marital status is associated with mortality risk (23) and that

income level was assessed on the basis of household income (see above), which is

naturally related to marital status, marital status was included as a covariate. Marital status

was reported by the participants in each follow-up, and was coded into three categories:

never married, married, and separated/divorced/widowed.

Statistical analysis

The associations between IQ and completed education was assessed with 19 separate linear

regressions predicting completed education level at each follow-up phase, adjusted for sex,

birth year, and race/ethnicity, and using cross-sectional sampling weights. The association

between IQ and household income was assessed in the same way, additionally adjusted for

marital status. These analyses allowed us to examine whether the association between IQ

and SES indicators changed over the follow-up period. The results were illustrated by

plotting the standardized regression coefficients of IQ by follow-up phase.

As a preliminary analysis of IQ and mortality, we categorized the participants into low

(IQ score below 1 SD of mean), average (IQ within 1 SD of mean) and high (IQ above 1

SD of mean) IQ groups, calculated sample hazard functions, i.e., the probability of dying at

a given age, and plotted the corresponding mortality functions, i.e., the probability of dying

by a given age, for each group (the 95% confidence intervals were calculated using
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Greenwood’s approximation). This analysis provided crude sample mortality rates for the

three IQ groups without sample weights or adjustment for covariates.

The association between IQ, SES, and mortality was then assessed with discrete-time

survival analysis (24). This analysis allowed us to take into account differences in follow-

up period between the participants and to model time-dependent effects, e.g., life-course

SES. Discrete-time rather than continuous-time survival analysis was applied due to the

rather coarse measure of timing of death (see above). The members of the oldest cohort

were 47 years old at the final follow-up phase, so survival analysis allowed us to estimate

mortality up to this age. Age was used as the measure of time and given that mortality rate

tends to accelerate with age we included linear and quadratic terms of age in all models.

Survival analysis was carried out in four steps. First we assessed how background

covariates, SES, and IQ predicted mortality risk when these were examined in separate

models. We then entered all covariates in a single model in order to assess the independent

effects of IQ and SES. The interaction effect between IQ and age was tested in order to

assess whether the influence of IQ on mortality was constant over age or whether this

association strengthened or weakened with age. The results of the survival analysis were

illustrated by calculating the predicted probability of death by the age of 47 by IQ level

(from 2 SD below the mean to 2 SD above the mean).

As a sensitivity analysis, we examined the associations between the four AFQT

subscales and mortality separately. We also assessed whether the association between IQ

and mortality was moderated by sociodemographic background covariates, i.e., sex,

race/ethnicity, and parental education, by testing interaction effects between these

covariates and IQ in overall model. These interaction effects were further explored by
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fitting the survival models separately by sex, race/ethnicity, and levels of parental

education.

The participants reported their education, household income and current marital status

in annual or biannual follow-up interviews between 1981 and 2004, which resulted in 19

assessment times. These data allowed us to construct these three covariates as time-

varying, i.e., having different values across the follow-up period. All missing values in

these variables were replaced by data from the previous year. Other covariates were used

as time-invariant, i.e., having a constant value over the follow-up period. Appropriate

longitudinal sampling weights were used in the analyses. In addition, some of the

participants were from the same households, so not all observations were independent.

Robust estimator with household clustering instead of maximum likelihood was therefore

used to provide appropriate estimates of standard errors.

Finally, we carried out an attrition analysis by refitting the final survival analysis

model of IQ and mortality but by having age at censoring rather than mortality as the

outcome. This model was fitted by excluding the deceased participants and by applying the

same sampling weights as in predicting mortality. No association between IQ and

censoring suggest loss to follow-up to be an unlikely source of bias. Underestimation is

possible if IQ is associated with censoring in a similar way as it is associated with

mortality. The risk of overestimation increases if the IQ–censoring association is in the

opposite direction than the IQ–mortality association.

RESULTS

IQ as a predictor of SES indicators
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First we assessed how IQ predicted education and household income over the follow-up

period. As shown by the plotted regression coefficients of IQ in Figure 1, the association

between IQ and education increased from =0.51 to =0.69 (all p-values<0.001) between

years 1981 and 2004. The coefficients between IQ and household income, in turn,

increased from =0.19 to =0.35 (all p-values<0.001). These patterns indicated that IQ

predicted SES more strongly in late than in early adulthood.

[FIGURE 1 HERE, WIDTH 1 COLUMN]

IQ and SES indicators as predictors of mortality

In assessing the association between IQ and mortality, we first calculated and plotted crude

mortality rates by IQ groups (Figure 2). Individuals with high IQ had a lower mortality rate

than those with low IQ, and by the age of 47 the mortality functions had reached the values

of 9%, 6%, and 3% in the low, average, and high IQ groups, respectively, suggesting a

three-fold mortality differential between those with above-average IQ and those with

below-average IQ.

[FIGURE 2 HERE, WIDTH 1 COLUMN]

We then modeled the associations between IQ, SES, and mortality using discrete-time

survival analysis. Model 1 of Table 2 shows the association between background variables

and mortality. Model 2 includes SES indicators and marital status in addition to

background variables. Although participant’s own education predicted decreased mortality

when household income was not included in the model (OR=0.88, CI=0.83, 0.93, P<0.001;

data not shown in the table), only income was significant when both SES indicators were

entered in a single model (model 2). Models 3 and 4 repeated models 1 and 2 but included
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IQ as a covariate. When sex, birth year, race/ethnicity, and baseline health status were

controlled, IQ predicted decreased mortality risk (OR=0.71, CI=0.62, 0.82, P<0.001; data

not shown) and this association was little changed after including parental education in the

model (OR=0.78; model 3). The relation between IQ and mortality was attenuated when

adjusting for education and marital status in addition to background variables (OR=0.91,

CI=0.75, 1.11, P=0.36; data not shown), and disappeared almost completely when further

adjusted for household income (OR=0.99; model 4). Adjusting for marital status (but not

for SES indicators) did not substantially alter the association between IQ and mortality

(OR=0.82, CI=0.70, 0.97, P=0.02; data not shown), indicating that the influence of IQ on

mortality risk was largely accounted for by life-course socioeconomic circumstances.

In order to illustrate the effect magnitude of IQ on mortality in terms of percentage

points, we calculated the predicted probabilities of death by the age of 47 by IQ level (table

3), adjusted for background variables and parental education (step 1), for education and

marital status (step 2), and for household income (step 3). The right-most column of table 3

reproduces the OR:s reported in the paragraph above and in table 2. Given the low absolute

mortality probabilities, the OR:s closely equaled to relative risk ratios, i.e., the relative

change in probability of death by the age of 47 associated with 1 SD change in IQ.

Sensitivity analyses

We examined interaction effects between age and IQ in order to evaluate whether the

influence of IQ on mortality was dependent on age. None of these interaction effects were

significant, suggesting that the association between IQ and mortality risk was constant over

age. As a sensitivity analysis of the IQ measure, we examined whether different IQ
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subscales predicted mortality risk differently. Fitting model 3 of table 2 using standardized

IQ subscales (Mean=0, SD=1) rather than the global score indicated that, in separate

models, mortality was similarly predicted by arithmetic reasoning (OR=0.84, CI=0.72,

0.99, P=0.04), word knowledge (OR=0.88, CI=0.75, 1.02, P=0.09), paragraph

comprehension (OR=0.80, CI=0.70, 0.92, P=0.04), and mathematics knowledge

(OR=0.85, CI=0.75, 0.97, P=0.02), suggesting that the IQ-mortality association held across

cognitive domains.

Next we examined the association between IQ and mortality separately within

different ethnic/racial groups and within men and women. Race/ethnicity × IQ interactions

were not statistically significant (p values>0.89), suggesting no differences between

racial/ethic groups. IQ predicted mortality in a similar fashion in Hispanic (OR=0.67,

CI=0.48, 0.92, P=0.012), Black (OR=0.71, CI=0.57, 0.88, P=0.002), and White/other

(OR=0.83, CI=0.66, 1.03, P=0.09) participants. In all groups, adjusting for marital status,

education, and household income attenuated the relation between IQ and mortality to a

nonsignificant level (Hispanic: OR=0.85, CI=0.57, 1.28, P=0.44; Black: OR=0.96,

CI=0.75, 1.24, P=0.75; White/other: OR=1.02, CI=0.88, 1.33, P=0.88) indicating that

socioeconomic circumstances mediated the association in all ethnic/racial groups.

The association between IQ and mortality was also similar in men (OR=0.77, CI=0.64,

0.94, P=0.009) and in women (OR=0.78, CI=0.58, 1.05, P=0.11), and this association

disappeared when socioeconomic status was controlled for (men: OR=0.99, CI=0.78, 1.26,

P=0.94; women: OR=1.00, CI=0.71, 1.39, P=0.98).

Finally, we examined whether the association between IQ and mortality was

moderated by parental education by including IQ × parental education interaction term in
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model 1 of table 2 (data not shown). This interaction effect was statistically significant

(OR=0.95, CI=0.91, 1.00, P=0.05) and suggested that IQ predicted mortality more strongly

in participants with higher parental education. To illustrate this we fitted the survival

analysis model separately by three levels of parental education (less than completed high

school, completed high school, more than high school). IQ was not associated with

mortality in the lowest parental education group (OR=0.96, CI=0.74, 1.23, P=0.73;

n=3776) but predicted decreased mortality risk in the intermediate (OR=0.69, CI=0.54,

0.87, P=0.002; n=4453) and high (OR=0.71, CI=0.50, 1.01, P=0.06; n=3069) parental

education groups.

Attrition analysis

We performed attrition analysis by fitting survival analysis model predicting age at

censoring. In interpreting these results, it needs to be kept in mind that certain subsamples

were excluded by study design in 1984 and 1990 and that the model was fitted using

sample weights correcting for attrition (see method section). Adjusted for age and age

squared, drop-out was predicted by birth year (OR=1.89, CI=1.83, 1.95, P<0.001), Black

(OR=0.85, CI=0.82, 0.89, P<0.001) and Hispanic (OR=0.88, CI=0.84, 0.93, P<0.001)

ethnicity, parental education (OR=0.99, CI=0.98, 1.00, P=0.02), health limitations

(OR=0.91, CI=0.85, 0.97, P=0.01), IQ (OR=0.97, CI=0.95, 1.00, P=0.05), marital status

(married: OR=1.04, CI=0.98, 1.11, P=0.24; divorced: OR=1.11, CI=1.04, 1.18, P=0.002),

and education (OR=1.02, CI=1.01, 1.03, P<0.001) but not by household income (OR=1.00,

CI=0.98, 1.02, P=0.95). Thus, the attrition effect of IQ in our analyses was small and, if

anything, may have attenuated the estimated association between IQ and mortality, as
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some deceased participants with low IQ (and hence with high mortality risk) might have

been lost to follow-up rather than having been recorded as deceased in the dataset.

DISCUSSION

The present study provides evidence for the role of IQ in predicting early mortality in the

United States. Independently of age, sex, race/ethnicity, baseline health limitations, and

parental education, high IQ in young adulthood predicted low mortality risk by the age of

47 years: An IQ one SD above the mean was associated with an approximately 22%

decrease in the odds of death. This association was completely mediated by life-course

socioeconomic circumstances, i.e., educational level and household income, which were

predicted by IQ in the expected way. The IQ-mortality association was similar in Hispanic,

Black, and White/other participants and also in men and women.

 The main limitation of the study is that the mortality data were based on study

participation data, so that individuals permanently lost to follow-up had to be censored at

the age of last available interview, because we did not have mortality data for them after

drop-out. Although survival analysis takes censoring into account in estimation (i.e., that

not all participants are followed through the same period of time), selective attrition may

still have biased the mortality estimates. However, we believe that a major attrition bias in

this study is unlikely. If anything, the weak associations between IQ and attrition might

have served to bias our estimates conservatively.

Another potential limitation of this study is that IQ was assessed in adolescence or

young adulthood when the participants had already went through years of education. Thus,

we cannot exclude the possibility of reverse causality between IQ and SES, education in
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particular. The association between IQ and SES grew stronger with age, suggesting that at

least part of the association flowed from IQ to SES rather than the reverse. Namely, the

strengthening association between IQ and later SES would be difficult to explain by

reverse causality whereas it is plausible that the influence of IQ on SES becomes stronger

with age as individuals have more opportunities to attain higher SES.

According to U.S. mortality statistics (25) covering the present study period, the five

leading causes of death between ages 16 and 47 were unintentional injuries (32% of all

deaths), cancer (18%), cardiovascular disease (14%), suicide (12%) and homicide (9%).

Previous studies have associated IQ with unintentional injuries (26-27), suicidal behavior

(28), homicide risk (29), and cardiovascular disease (8,11) whereas the IQ–cancer

association has received mixed support (4,7). We did not have cause-specific mortality

data, but given the age of the study sample it seems reasonable to assume that a large part

of the deaths in the sample were due to non-intentional injuries. This would also be in

agreement with the observation that the IQ-mortality association was mediated by SES,

because low SES is associated with exposure to hazardous environments and increased risk

of non-intentional injuries (30-33). Furthermore, IQ and SES are both known to be

associated with health behaviors (20, 34-39), so part of the SES-mediated influence of IQ

on mortality may reflect SES differences in health behaviors.

The present findings add to the cognitive epidemiology literature (13) by showing that

the association between IQ and mortality generalizes to populations not studied previously.

Previous studies in the United States (10) have not been based on representative samples,

and nearly all earlier studies have included only white participants (14). In the present

sample IQ predicted early mortality with a similar effect size as has been observed in
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previous studies (4-14), suggesting that IQ predicts mortality in a similar fashion in the

United States as in European countries, across different racial/ethnic groups, and early and

later mortality.

Previous research has found SES to account for the IQ–mortality association only in

part whereas we found that life-course socioeconomic circumstances accounted for the IQ-

mortality association completely. There are at least three possible reasons for this

difference. First, the differing findings might reflect differences between countries. This

explanation is implausible, however, because IQ predicts SES in a similar fashion in the

United States as in other western countries (17). Second, we assessed life-course

educational level and household income with 19 assessment times, which provides a more

accurate measure of SES and therefore a stronger test of the mediator hypothesis than used

in most previous studies. Third, the present study assessed only early mortality up to

midlife, whereas some previous studies (4-5) have assessed mortality up to older ages. It is

possible that socioeconomic status is more important in mediating early mortality risk than

mortality at later ages.

The association between IQ and mortality risk was dependent on parental education.

This association was clear in individuals with high parental education but absent in those

whose parents had low education. The absence of IQ-mortality association in participants

from less educated households may reflect their increased exposure to other mortality risk

factors that may override the influence of IQ. Furthermore, behavior genetic studies have

shown that genetic factors may be less influential in determining IQ differences in

individuals from families with low rather than with high SES (40-42). Thus, IQ scores in

individuals with low parental SES may disproportionally reflect consequences of early
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environment rather than their genetic potential influencing the extent to which people are

successful in selecting healthy environments and life styles after childhood. Replications of

the IQ × parental SES interaction effect and genetically informative studies are needed to

assess this hypothesis.

Social disparities in mortality are an important public health issue, but factors

explaining such disparities have remained unclear. We found a stronger association

between income and mortality than between education and mortality suggesting that

material factors are important in social disparities (43). Our findings do not support the

hypothesis (12, 20) that socioeconomic disparities in early mortality would reflect IQ

differences associated with SES. Adjusting for IQ did not alter the robust association

between socioeconomic circumstances and mortality risk, implying that SES was an

independent predictor of mortality even when IQ was taken into account. This suggests

that reducing socioeconomic inequalities should reduce the mortality differentials

associated with IQ differences.

In conclusion, our study of early mortality in the United States suggests that IQ may

be one of the factors contributing to early death via its predictive association with lifetime

socioeconomic circumstances. SES, in turn, is associated with mortality risk in a manner

not confounded by IQ differences associated with SES.
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Table 1. Life table of the sample by study

years.

Risk set Deaths Censored

Year

1980 11321 0 0

1981 11321 10 0

1982 11301 13 18

1983 11270 13 62

1984 11195 9 951

1985 10235 12 39

1986 10184 14 32

1987 10138 13 41

1988 10084 16 52

1989 10016 12 67

1990 9937 9 1382

1991 8546 12 44

1992 8490 11 39

1993 8440 17 68

1994 8355 23 90

1996 8242 35 118

1998 8089 28 276

2000 7785 35 300

2002 7450 31 371

2004 7048 47 7001

Note: Risk set includes participants who

were alive and for whom data on mortality

status were available. Participants were

censored due to study drop-out and funding

constraints limiting the number of

participants in 1984 and 1990.
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Table 2. Predicting mortality risk by IQ and sociodemographic covariates. Odds ratios (95% confidence intervals) from

nested discrete-time survival analyses (n=11321).

Model 1 Model 2 Model 3 Model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Gender 0.44*** 0.33, 0.58 0.46*** 0.35, 0.61 0.44*** 0.33, 0.58 0.46*** 0.35, 0.61

Birth year 1.08* 1.01, 1.15 1.04 0.98, 1.12 1.03 0.96, 1.10 1.04 0.97, 1.12

Race/ethnicity

  Black 1.62*** 1.25, 2.09 0.99 0.75, 1.31 1.28 0.96, 1.71 0.98 0.72, 1.33

  Hispanic 0.93 0.63, 1.39 0.82 0.55, 1.22 0.84 0.57, 1.25 0.81 0.54, 1.21

  White/other 1.00 1.00 1.00 1.00

Parent’s education 0.93*** 0.89, 0.96 0.96* 0.92, 1.01 0.96* 0.91, 1.00 0.96 0.92, 1.01

Baseline health limitation 1.80* 1.07, 3.04 1.61 0.94, 2.74 1.74* 1.03, 2.94 1.61 0.94, 2.73

Marital status

  Never married 1.00 1.00

  Married 0.36*** 0.25, 0.53 0.36*** 0.25, 0.53

  Divorced/Widowed 0.67* 0.47, 0.98 0.68* 0.47, 0.98

Own education 0.95 0.89, 1.02 0.95 0.88, 1.03

Household incomez 0.66*** 0.55, 0.78 0.66*** 0.55, 0.79

IQz 0.78** 0.66, 0.91 0.99 0.81, 1.20

Note: *** p<0.001, ** p<0.01, * p<0.05; z standardized ORs (Mean=0, SD=1)

All models adjust for Age and Age2 for the passage of time
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Table 3. The probability of death (%) by the age of 47 by IQ level. Predictions from discrete-

time survival analysis models (n=11321).

IQ

-2 SD -1 SD Mean +1 SD +2 SD OR

Step 1 9.0 7.1 5.5 4.3 3.4 0.78

Step 2 5.7 5.2 4.8 4.4 4.0  0.91

Step 3 4.7 4.6 4.5 4.5 4.4 0.99

Note: Given the relatively low absolute percentage points, the OR:s also provide an

approximate relative risk of death by the age of 47 associated with 1 standard deviation

change in IQ, i.e., RR p(+1 SD)/ p(Mean).

Step 1 adjusts for sex, birth year, race/ethnicity, baseline health, and parental education

Step 2 adjusts for step 1 + marital status and own education

Step 3 adjusts for step 2 + household income

See table 2 for statistical details
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Figure 1. Predicting participants’ education level and household income over the follow-up

period by IQ assessed in 1980. The figure plots the standardized regression coefficients of

IQ in linear regression analyses predicting education and household income separately at

each follow-up phase.
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Figure 2. Sample mortality functions, i.e., cumulative probability of dying by a given age,

by IQ group (low=below 1 SD of mean, average=within 1 SD of mean, high=above 1 SD

of mean). For clarity, the 95% confidence intervals are shown only for the high and low

groups.


