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Abstract

Lower (versus higher) IQ scores have been shown to increase the risk of early mortality, however, 

the underlying mechanisms are poorly understood and previous studies underrepresent individuals 

with intellectual disabilities and women. This study followed one-third of all senior-year students 

(approximately aged 17) attending public high school in Wisconsin, USA in 1957 (n=10,317) until 

2011. Men and women with mild intellectual disabilities had increased rates of mortality 

compared to people with the highest IQs, particularly for cardiovascular disease. Importantly, 

when educational attainment was held constant, people with intellectual disabilities did not have 

higher mortality by age 70 than people with higher IQs. Individuals with intellectual disabilities 

likely experience multiple disadvantages throughout life that contribute to increased risk of early 

mortality.
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Introduction

People with mild intellectual deficits (i.e., those with an IQ less than 85) comprise 16% of 

the general population and experience numerous disadvantages throughout adulthood. 

Compared to individuals with higher intellectual ability, those with lower intellectual ability 

experience more limitations in daily activities and greater declines in cognitive or physical 

functioning, are less likely to work or have less prestigious occupations and lower incomes, 

and have worse psychological well-being and greater rates of depression. (Bosma et al. 

2007; Fujiura 2003; Seltzer et al. 2005) Moreover, parents of children with mild intellectual 

deficits have lower expectations for their children’s achievement, compared to parents of 

children with greater intellectual ability. (Taylor et al.2010; Jokela et al. 2009) Perhaps the 

ultimate disadvantage linked to lower intellectual ability is earlier mortality; multiple studies 

have demonstrated an overall inverse association between early-life IQ and later risk of 

mortality (Calvin et al. 2011 presents a review of previous studies), however, the specific 

mechanisms for this association remain unclear.
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As described by Deary (2008), researchers have advanced four potential explanations for the 

excess risk of mortality among people with lower IQ scores compared to those with higher 

IQ scores. First, it has been hypothesized that people with higher IQ scores are more likely 

to live in healthier environments than people with lower IQ scores. Interestingly, adjusting 

for family socioeconomic status in childhood does little to change the association between 

IQ and mortality in most previous studies. (Calvin et al. 2011) In addition, individuals with 

higher IQ scores are more likely to receive more education and obtain higher-paying jobs 

and better working conditions. Several studies demonstrated that adjusting for 

socioeconomic status in adulthood attenuated the relationship between IQ and mortality 

(Deary et al. 2008; Hart et al. 2003; Batty et al. 2008; Jokela et al. 2009; Hemmingsson et al 

2006), but the appropriateness of this adjustment is debated (Deary et al. 2008, Vagero 

2011).

A second explanation is that individuals with lower IQ scores are less likely to practice 

healthy behaviors (such as having a healthy diet, not smoking, avoiding injury, and 

accessing health care) compared to people with higher IQ scores, and IQ may be 

differentially related to different causes of mortality. (Deary 2008, Gottfredson 2004) 

Several studies, including a Scottish cohort, a Swedish cohort of 1 000 000 men, and a 

cohort of US military personnel have examined the relationship between IQ and cause-

specific mortality. Notably, all three studies reported that cardiovascular disease and heart 

disease mortality were higher among those with lower IQ versus higher IQ. (Batty et al. 

2009; Batty et al. 2006, Hart et al. 2003, Batty et al. 2008) However, of these cause-specific 

mortality studies, only one included women, and did not present women’s mortality 

separately from men’s. (Hart et al. 2003) An alternate view proposes that 

“conscientiousness”, or “dependability” are important contributors to healthier behaviors, 

independent from IQ. Deary et al. (2008) Hauser and Palloni (2011) used data from the 

Wisconsin Longitudinal Study to argue that personality characteristics— operationalized as 

high school class rank—were much stronger predictors of mortality than IQ.

The third hypothesis is that lower IQ scores may reflect a previous underlying syndrome or 

health condition that is responsible for both low IQ and increased mortality risk. For 

example, individuals Down syndrome are at greatly increased risk of mortality caused by 

unrepaired congenital heart defects as well as Alzheimer’s disease. (Yang et al. 2002) 

Congenital heart defects, Alzheimer’s, and intellectual disability are all attributable to the 

underlying genetic condition. Finally, the fourth theory suggests that high IQ is a sign of a 

“particularly well-wired system”, indicating particularly good health and robustness to 

future injuries or disease. (Deary et al. 2008) There is currently little direct evidence 

supporting either of these mechanisms, apart from specific syndromes.

The extant literature leaves several key areas under-explored; in particular, few studies have 

explicitly estimated the excess risk of mortality among individuals with mild intellectual 

disabilities. Several studies, due to the nature of their cohorts (for instance, cohorts of 

military personnel), may tend to exclude individuals with IQ scores below a certain 

threshold. Additionally, women have been under-represented in studies of IQ and mortality, 

particularly in studies examining specific causes of mortality. Lastly, many of the largest 

cohorts only followed individuals through middle adulthood (ages 30-55), when relatively 
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few deaths occurred. As Hauser and Palloni (2011) mortality attributed to low IQ among 

younger cohorts may only account for a tiny fraction of the total mortality that will 

ultimately occur.

The unique features of the Wisconsin Longitudinal Study (WLS) offer the opportunity to 

address several of the aforementioned gaps in the literature. The WLS is composed of a 

population-based sample of over 10,000 individuals followed from adolescence through age 

70, and includes a substantial number of individuals with mild intellectual disabilities (IQ 

scores <85). The WLS has also made linkages to cause of death information obtained from 

death certificates, which has not been previously analyzed with regard to IQ. Furthermore, 

the WLS is one of a few large cohorts that includes women, and—by far—the largest female 

cohort followed past age 55.

In the present study, we evaluate the relationship between low IQ (measured in adolescence) 

and age of death by age 70 in this prospective, population-based cohort of Wisconsin high 

school students. A second objective is to examine whether the IQ-mortality gradient differs 

depending on the stated ‘causes’ of death among men and women. Finally, we evaluate the 

relationship between IQ, educational attainment, and risk of mortality.

Methods

The Wisconsin Longitudinal Study

The Wisconsin Longitudinal Study (WLS) is a prospective cohort study that contains a 

random selection of 1/3 of all high school juniors living in Wisconsin in 1956 (n=10 317). 

At the time, approximately 75% of Wisconsin appropriately-aged children attended high 

school; most participants were 16 or 17 years old in 1956 when the study began, and the 

majority graduated high school the following year. Although some individuals did not 

continue to participate in subsequent surveys, adolescent variables (such as IQ) and 

mortality linkages were available for the entire cohort. Additional variables, including a 

composite variable for family socioeconomic status, month and year of birth, and participant 

age at IQ testing were used in our analysis. A large majority of individuals had taken the IQ 

test in May, 1956. For the small number of individuals that were missing information on 

their age when the IQ test was administered; we assumed a test date (and entry into the 

study) of May, 1956.

Measure of IQ

All students in Wisconsin were administered the Henmon-Nelson Test of mental ability 

during their freshman year (age 14-15 years) and junior year (age 16-17 years). The 

Henmon-Nelson is a 30-minute test of 90 problems presented in increasing order of 

difficulty. Junior-year Henmon-Nelson scores were available for 9508 (92.2%) of the 

sample. Raw Henmon-Nelson test scores were converted to IQ scores (normed to 100) based 

on centile rank. For the remainder without junior-year scores, 594 (5.8% of all WLS 

participants) had freshman-year Henmon-Nelson scores and the final 215 (2.1% of WLS 

participants) had other scores obtained from the Wisconsin State Testing Service. Scores 

from earlier years or other tests were converted to equivalent junior-year Henmon-Nelson 
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IQ scores. Extensive documentation about the conversion process and the psychometric 

properties of the IQ measures are available from the WLS Project website and previous 

publications. (Wisconsin Longitudinal Study Documentation 1996, 1997, and 1998)

The mean IQ for the WLS sample was 100.5 and the standard deviation was 14.9 points. IQ 

scores ranged from 61-145. We grouped IQ into categories spanning 1 standard deviation 

(<=70, 71-85, 86-100, 101-115, 116-130, >130). To facilitate comparison to previous 

studies, we chose to display results with the highest IQ group (>130) as the referent 

category, along with a continuous parameterization scaled to a 1 standard deviation decrease 

in IQ.

Ascertainment of timing and cause of mortality

The WLS collected mortality information from several sources. It periodically performs 

linkages with the National Death Index and Social Security Administration’s death index to 

identify participants who have died during the years in which these data are available. 

Mortality was also recorded as part of periodic WLS surveys (1975, 1992, 2004, 2010) when 

family members of deceased participants were asked about the status of participants. In the 

all-cause analysis, data were censored at a participant’s age at time of death or May 31, 

2011, whichever came first. In total, 2,069 (20.1%) of the 10,317 WLS participants are 

known to have died by May 31, 2011. For 73 (3.5%) of the 2069 deaths, the exact date of 

the death was unknown. 5 of the 73 deaths lacked any date information and were excluded. 

The remaining 68 deaths were known to occur before or after certain dates. 49 of these 68 

deaths occurred before 1975. For these, we assigned a date of death using the available 

information about when the death occurred (e.g., if a death was known to occur “before 

1975”, we assigned 1974; for a death occurring “after 1963”, we assigned a 1964 date; 

deaths known to occur during an interval were assigned the middle year as the date of 

death).

Information about the causes of death was available for the years 1979-2009 via record 

linkages to the National Death Index. National Death Index linkages indicated 1577 WLS 

participant deaths occurred between 1979 to 2009 (inclusive), compared to 1605 deaths 

ascertained using all sources of information available to WLS. The 28 individuals who died 

during this time did not have cause of death information and were therefore excluded. These 

28 deaths were evenly distributed across the 30 year interval, the individuals had a mean IQ 

of 100.5, and were 50% male.

The National Death Index provides International Classification of Disease (ICD) codes for 

the primary “cause” of death: ICD-9 codes for deaths between 1979 and 1998, and ICD-10 

codes for deaths between 1999-2009. We grouped these codes into categories: injury, cancer 

(with a subgroup analysis of lung versus other cancers), and cardiovascular disease. 

Altogether, 1,214 (77%) of the deaths fell into one of these categories. The categorization of 

specific ICD codes is described in the appendix.
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Educational Attainment by 1975

In 1975, when most study participants were in their late 30s, the WLS asked participants to 

report their highest level of educational attainment. We categorized the responses as high 

school, some college or vocational school, and a four-year college degree or more.

Statistical Analysis

We calculated the cumulative mortality by IQ category and sex at 5-year age intervals from 

age 45 through age 70. Simple relative risks with 95% confidence intervals were computed 

to compare mortality within each group to the mortality in the group with the highest IQ. 

Cochran-Armitage tests were used to assess trends across IQ group categories. We 

additionally examined IQ as a continuous measure by plotting the cumulative mortality 

through age 70 for each IQ score value in men and women. We then used Cox proportional 

hazard models to better account for each participant’s ages while under observation and to 

control for background family socioeconomic status. We performed the analysis of cause-

specific mortality using the Cox regression approach, but adjusted each subject’s years 

under observation to reflect the 1979-2009 period when the National Death index data were 

available. We tested the proportional hazards assumption for the regression models using the 

cox.zph function in the R survival package, and found no evidence that this assumption was 

violated.

To evaluate whether educational attainment attenuated the risk of mortality, we stratified 

each IQ category by the educational attainment group and determined the cumulative 

incidence of mortality through age 70 within each IQ/education stratum. We performed chi-

square tests to determine whether the proportion of mortality by age 70 differed by IQ 

category within each educational level. All analyses were performed in R (R Foundation for 

Statistical Computing).

Results

The cumulative incidence of mortality at different ages, stratified by IQ group and sex, is 

shown in Table 1. By age 50, and at subsequent ages, men and women in the lowest IQ 

group (61-70) consistently had the higher mortality than men with higher IQ scores. Men 

and women in the highest IQ group (131-145) tended to have the lowest cumulative 

mortality at all ages. At age 70, a significant trend was apparent for both men and women 

(Cochran Armitage p-value <0.01), suggesting a gradient in mortality across IQ categories. 

The proportion of men and women who died by age 70 for each individual IQ score is 

displayed in Figure 1.

The Cox proportional hazards analysis incorporated the full time under observation for each 

individual, including known deaths occurring beyond age 70. The hazard ratios for men 

(Table 2, left side) are comparable to the risk ratios in the cumulative mortality analysis by 

age 70 (Table 1). Men in the 61-70 and 71-85 IQ groups had significantly elevated mortality 

(HRs of 1.92 and 1.74, respectively), when compared to men in the highest IQ group. The 

women (Table 2, right side) also had greater mortality in the lowest IQ category (adjusted 

hazard ratio =2.01; 95% CI 1.08-3.76) compared to the highest IQ category, but there was 
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little apparent variability across the rest of the IQ range. There were 6 deaths in the highest 

female IQ category that occurred shortly after age 70 (after the oldest age displayed in Table 

1) which lead to lower relative hazards when comparing this group to the lower IQ 

categories. Adjusting for parental and family socioeconomic status had little effect on the 

association between IQ and mortality in men or women. When we treated IQ as a 

continuous variable, the hazard ratios for a standard deviation decrease (14.9 IQ points) 

were similar among men (adjusted HR=1.08, 95% CI 1.02-1.14) and women (adjusted 

HR=1.10, 95% CI 1.03-1.18).

Cause-specific mortality using National Death Index information

Among the 1576 deaths identified by the National Death Index between the years 

1979-2009, we observed an inverse association between IQ and all-cause mortality in both 

men and women (Table 3) that was consistent with the analysis using all available data 

sources and years (Table 2). Among men, a standard deviation decrease in IQ was 

associated with an adjusted hazard of 1.28 (95% CI: 1.00-1.65) for deaths attributable to 

injury. Injuries only accounted for 7.2% of male deaths. Injuries accounted for only 4.3% of 

female deaths and no significant trend across IQ categories was apparent for women. 

Suicides and homicides were included in the injury category, as there were only 5 people (4 

men, 1 woman) with an ICD code for suicide and 2 (both women) for homicide. None of 

these individuals were in the highest, lowest, or 2nd lowest IQ categories and removing these 

individuals had little influence on the results for this category. Overall, there was little 

difference in IQ group by deaths attributable to cancer, however, the continuous (linear) IQ 

hazard ratio for lung cancer among women just missed statistical significance (adjusted HR 

= 1.25, 95% CI: 0.99-1.57).

Mortality from cardiovascular disease was associated with lower IQ among men; a standard 

deviation decrease in IQ was associated with an adjusted hazard ratio of 1.18 (95% CI: 

1.05-1.33). Men with IQ scores in the 71-85 range were more likely to die from 

cardiovascular disease than men in the highest IQ category (adjusted HR =3.58, 95% CI: 

1.11-11.6). There was a similarly elevated—but not statistically significant—risk of 

cardiovascular disease for men in the lowest IQ category (adjusted HR = 3.69, 95% CI:

0.99-13.8). Eight of the 21 female deaths in the lowest IQ group were attributed to 

cardiovascular disease, leading to an adjusted hazard ratio of 4.58 (95% CI: 0.96-21.8). The 

continuous IQ hazard ratio for cardiovascular disease deaths among women was also 

elevated, but narrowly missed statistical significance (adjusted HR 1.15, 95% CI: 0.96-1.39). 

The remaining deaths (of 201 men and 162 women) had stated causes of death that did not 

fit into these categories, and collectively these deaths were not significantly associated with 

IQ among men or women. (Data not shown.)

Educational attainment as a potential mediator

In 1975, participating WLS graduates (at this time most were in their late 30s) reported their 

educational attainment. The vast majority of men and women with IQ scores <=85 did not 

receive any education beyond high school (89%), and individuals with higher IQ scores 

were increasingly likely to attend college. (Table 4) Among participants who reported only a 

high school education, mortality risk by age 70 did not differ significantly by IQ group (chi-
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square p-values = 0.10 among men and 0.24 among women). When compared to individuals 

with the same educational attainment, people with mild intellectual disabilities were not 

more likely to die by age 70 than people with higher IQ scores.

Discussion

This study provides population-based information about the risk of mortality among men 

and women with mild intellectual disability up to late adulthood. In terms of the four 

hypotheses put forth by “cognitive epidemiologists” (Deary & Batty 2007), the results of the 

present study provide at least some support to two. First, the increased risk of mortality for 

men and women with lower IQ scores was largely attenuated when compared to individuals 

with higher IQ scores but similar levels of education. If higher adult socioeconomic status 

actually reduces the risk of earlier mortality, very few of the participants with mild 

intellectual disability would have the opportunity to benefit by continuing education beyond 

high school. Second, the different gradients among specific causes of mortality could 

suggest health behaviors and the environment play important roles. These health behaviors 

could be interpreted as indirect evidence of good decision making and health literacy as 

suggested by Gottfredson and Deary (2004), but may also reflect the environment and 

limited opportunities available to an individual.

In an earlier analysis using the WLS, Hauser and Palloni (2011) observed that controlling 

for high school class rank fully attenuated the association between IQ and risk of mortality. 

They concluded that the stronger association between class rank (based on the grades a 

student earned) and mortality suggests that personality characteristics—in addition to IQ—

better predict mortality, because there was a great deal of variability in class ranks among 

individuals with the same IQ score. Even for individuals with IQ <=85, the correlation 

coefficient between class rank and IQ is only 0.29 (data not shown); however, the variability 

in class rank was compressed--nearly all people with IQ <=85 were ranked in the bottom 

half of their high school class and very few (3.8%, Table 4) went on to graduate from a 4-

year college. While having a high IQ may not be sufficient (on its own) for predicting class 

rank and educational achievement, some baseline level of intellectual ability seems 

necessary to receive further opportunities, as indicated by the educational achievement of 

the low-IQ group.

Similar to previous studies, our findings show lower adolescent IQ is consistently associated 

with higher all-cause mortality. We observed relatively higher mortality among women with 

IQ scores below 70 and men with IQ scores below 85, compared to those with IQ scores 

above 130. When IQ scores were parameterized as continuous measures, there was an 

overall association between mortality and decreasing IQ for both men and women, but the 

association is not necessarily monotonic across the IQ range. In women especially, the 

hazard ratios for mortality hovered around 1.00 for all IQ groups >70, and was only elevated 

for those with IQ 61-70. (Table 2) Among men, there was little difference between the three 

IQ largest groups (covering scores between 86-130) in any of the analyses.

Previous studies tended to report that IQ had a larger effect on early mortality, compared to 

the current study. A meta-analysis reported a hazard ratio of 1.24 for a standard deviation 
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decrease in IQ (Calvin et al. 2011), compared to our findings for men (adjusted HR=1.08) 

and women (adjusted HR=1.10). One explanation for this difference could be the age to 

which the cohorts are followed; most of the surviving WLS cohort members were in their 

early 70s, whereas the large Swedish and British cohorts that were only followed until their 

late 30s or 40s and deaths were far less frequent. Other possible dissimilarities include the 

composition of the cohorts and the difference between growing up in Wisconsin in the 

1950s versus Sweden or the UK.

This study was one of few population-based cohort studies with information about specific 

causes of death for both men and women. The proportion of all deaths due to injury and 

suicide is much smaller in the WLS cohort than in the Swedish studies examining these 

outcomes. (Batty et al. 2009) This may be attributable to the higher overall rate of mortality 

from the older WLS cohort, as cardiovascular and cancer mortality become much more 

common with increasing age. Although low IQ was a significant risk factor for death due to 

injury among men, only 7% of the deaths (with known causes) were attributed to injury and 

would explain relatively little of the inequality of mortality between men with low versus 

higher IQ scores.

The increased risk of cardiovascular disease among men with lower IQ is consistent with 

findings in other studies. (Batty 2008; Hart et al 2003). Cardiovascular researchers generally 

believe that a high proportion of the cardiovascular disease that occurs in the United States 

is preventable. (Kuller 2013) Additionally, there are critical gaps in clinical prevention 

(fewer than half of the people at increased risk are prescribed aspirin as a preventive 

measure), that many of the recommended prevention measures are considered expensive 

(estimated at $1,700 per person per year), and—other than smoking cessation—CVD 

prevention strategies not necessarily cost-effective. (Kahn et al. 2008; Tomaselli et al. 2011) 

While individuals with learning or intellectual disabilities may have more difficulty adhering 

to prescribed prevention strategies as suggested by Gottfredson (2004), the American Heart 

Association cites lack of access to recommended services as the largest cause of preventable 

heart attacks. (Tomaselli et al. 2011) Individuals with lower IQ may have less access to 

these services than individuals with higher IQ, as a consequence of having lower incomes.

This study has a number of important strengths, including its population-based design and 

duration of follow-up into late adulthood. Although not all people attended high school in 

Wisconsin in the 1950s (approximately 75% graduated high school at this time), this sample 

includes a sizeable number of men and women who are likely to have mild intellectual or 

learning disabilities (with IQ scores <85), ensuring a broad and generalizable range of 

intellectual abilities. An additional strength is the availability of cause-specific mortality 

information covering deaths over a 30 year range (approximately ages 39 – 69) for both men 

and women.

Despite its strengths, this study has several noteworthy weaknesses. Because mortality is 

lower in women than men at all ages throughout adulthood, we had less statistical power to 

examine specific causes of mortality among women than among men. The association 

between lower IQ and mortality caused by lung cancer and cardiovascular disease mortality 

did not meet the threshold for statistical significance among women, but may in the future as 
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more events are observed. There were also some losses to follow-up as the WLS continued 

to collect information from these participants over the decades; while the monitoring of 

mortality did not require continued involvement from the participants, the collection of other 

information (such as educational attainment) was limited to the living and participating 

respondents. An additional limitation is the measurement of the categorical ‘cause’ of death 

from death certificate ICD codes; the primary cause of death was algorithmically determined 

from the listed codes, and is an imperfect measure of the most relevant (and proximal) cause 

of death.

In summary, this study investigated the association between low IQ and specific causes of 

death in men and women in a US population-based cohort. We consistently observed higher 

all-cause mortality among men and women with lower IQ, but the associations we observed 

were of smaller magnitude than many previous studies. The magnitude of the association 

between low IQ and cardiovascular disease mortality, however, was comparable to that 

observed in a previous study. When men and women with mild intellectual disabilities were 

compared to other with the same level of education, the risk of mortality was similar across 

IQ groups. Further studies in other cohorts are needed to better understand how experiences 

later in life are related to specific causes of mortality in men and women with mild 

intellectual disabilities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Proportion of women and men who died by age 70, by IQ score. A loess smoothing line (and 

locally-weighted 95% confidence band) is displayed behind the IQ scores. Vertical gray 

lines represent the boundaries for the IQ categories used in this analysis.
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