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In this study, we tested the parasite-stress hypothesis for the distribution of intelligence among
the USA states: the hypothesis proposes that intelligence emerges from a developmental trade-
off between maximizing brain vs. immune function. From this we predicted that among the
USA states where infectious disease stress was high, average intelligence would be low and
where infectious disease stress was low, average intelligence would be high. As predicted, we
found that the correlation between average state IQ and infectious disease stress was −0.67
(pb0.0001) across the 50 states. Furthermore, when controlling the effects of wealth and
educational variation among states, infectious disease stress was the best predictor of average
state IQ.
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1. Introduction

Several factors have been proposed to explain the global
biodiversity of human intelligence on the cross-national level:
education, wealth, agricultural labor, low birth weight, child-
hood mortality (Barber, 2005), temperature (Templer &
Arikawa, 2006), evolutionary novelty of the environment
(Kanazawa, 2008a), inbreeding depression (Saadat, 2008;
Woodley, 2009), and parasite stress (a broad, ecological
definition of ‘parasite’ was used here to mean any infectious
organism; Eppig, Fincher, & Thornhill, 2010). Of these factors,
we found infectious disease stress was the best predictor of
average national intelligence, with correlations between
infectious disease stress and average national IQ ranging from
r=−0.76 to r=−0.82 (Eppig et al., 2010). This relationship
remained consistent in five of six world regions, and was
significant overall across the six world regionswhen combined
in a hierarchical linear model (R2=0.77 to 0.78, pb0.0001,
and n=184 countries). When considered with average
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temperature, distance from central Africa, average years of
education, and gross domestic product per capita in a multiple
regression analysis, infectious disease had the largest indepen-
dent power to predict average IQ (Eppig et al., 2010).

The human brain is extremely metabolically expensive to
produce (e.g. Holliday, 1986). Infectious disease may prevent
a developing human from accessing sufficient energy to
produce a high quality brain in four ways: (1) the body must
replace tissue damaged or destroyed by parasites, (2) some
parasites prevent access to ingested nutrients, through
diarrhea, vomiting, or extraction from the host's digestive
tract, (3) by using the host-body's macromolecular stores and
cellular machinery to reproduce, and (4) by activating an
immune response (Eppig et al., 2010). Given the cost of brains
and the simultaneous cost imposed by disease, Eppig et al.
(2010) argued that there is a developmental trade-off
between the two, such that individuals who are exposed to
energetically costly infectious diseases during the timeswhen
the brain is growing will suffer reduced phenotypic quality of
the brain, leading to lower intelligence.

Several authors have argued that IQ negatively affects
disease prevalence and positively affects other measures of
health on the societal level.While it is almost certainly true that
a population with a higher average intelligence will be more
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able to cope with the difficulties of disease, and more able to
afford medicine and other public health measures (as we have
previously argued; Eppig et al., 2010), prior studies of these
effects have not focused primarily on infectious disease.
Instead, measures of health have included diseases that may
be largely non-infectious (including obesity and heart disease),
as well as health outcomes that are not necessarily directly or
primarily related to infectious disease (including infant
mortality, maternal mortality, life expectancy, and fertility
rate). The only explicit measure of infectious disease was rates
of HIV/AIDS, which is only one of the many human infectious
diseases (Oesterdiekhoff & Rindermann, 2007; Reeve, 2009;
Reeve & Basalik, 2010; Rindermann & Meisenberg, 2009).
Furthermore, although there is a history of human intervention
eradicating infectious disease in certain areas – such as the
eradication of malaria, smallpox and polio from some or all
regions of the earth – the distribution of human infectious
disease is largely, if not primarily, exogenous of humans.
Accordingly, it is dependent on climate and other local
ecological factors (Dunn, Davies, Harris, & Gavin, 2010;
Guernier et al., 2004) and shares a similar geographic pattern
with infectious disease of other species (Calvete, Blanco-Aguiar,
Virgós, Cabezas-Díaz, & Villafuerte, 2004; Møller, 1998; Nunn,
Altizer, Sechrest, & Cunningham, 2005).

If infectious disease is an important factor determining the
biodiversity of human intelligence, infectious disease should
predict intelligence on the cross-national level (as we have
shown; Eppig et al., 2010), as well as on smaller geographic
scales. Using regional variation within a nation, as opposed to
between nations, avoids potential confounds produced by
large, cross-national differences in culture. In this study, we
will continue to test the parasite-stress hypothesis applied to
cognitive ability. We test the prediction that, among USA
States, levels of parasite-stress will negatively predict average
state intelligence, and that this relationship will be robust
when other factors that have been proposed as causes of
variation in intelligence are controlled.

2. Methods

Four measures of average IQ among the states of the USA
exist: (1) Kanazawa (2006) estimated average state IQ based
on scores on the Scholastic Achievement Test (SAT), (2)
McDaniel (2006a) estimated average state IQ based on scores
on the ACT (not an acronym) test, (3) McDaniel (2006a)
estimated average state IQ based on a composite of the SAT
and ACT scores, and (4) McDaniel (2006b) estimated average
state IQ based on scores on the National Assessment of
Educational Progress test (NAEP), which, like the SAT and
ACT, tests abilities in reading and math (see McDaniel, 2006b
for more details). Of these four measures, those using either
the SAT or ACT alone have shown to be incorrect. McDaniel
(2006a) found that estimates of average state IQ derived from
SAT scores correlated with average state IQ scores derived
from the ACT at r=−0.84, and that these twomeasures seem
actually to reflect only the percent of high school graduates
who took one test or the other in a given state. The NAEP test
is given to a sample of all public school students in all 50
states, and thus tests a sample of students in a state that is
more representative than the SAT or ACT. The SAT and ACT
are given to a highly non-random sample, as they are only
taken by students who plan to attend colleges or universities
that require one of these tests for admission, and the average
state IQ scores that are based on these tests must reconstruct
the rest of the IQ distribution for a state based on a highly
nonrandom sample of people. These estimates of average
state IQ are therefore inherently less reliable than estimates
that are based on more representative samples of the
population. Indeed, McDaniel (2006a) found that average
state IQ scores based on the SAT/ACT composite only correlate
at r=0.58 with average state IQ scores based on the NAEP, and
noted that this correlation is not nearly high enough for two
variables that ostensibly measure the same thing. McDaniel
(2006a) suggests that the scores based on the NAEP are far
more likely tobeaccurate, andweagree. For this reason,wewill
use only the NAEP-based IQ scores in these analyses (n=50
states, mean=100.3, median=100.9, and SD=2.7).

We obtained the annual Morbidity and Mortality Weekly
Report's “Summary of Notifiable Diseases, United States” from
the Centers for Disease Control (CDC) for the years 1993 to
2007 (Center for Disease Control, 2008). For each year we
adjusted the number of cases of all infectious diseases tracked
by CDC for which there was information for all states for that
year by the CDC-reported population size for each state (i.e.,
for some diseases, not all states reported whether cases
occurred [termed ‘non-notifiable’ by CDC]; these diseases
were not included in the tally). For each state, we determined
the average z-score of this population adjusted disease
incidence score for the 15 year time-span. This approach
was necessary because the infectious diseases tracked by the
CDC can vary between years, though there was often great
similarity between years. The standardization allowed us to
pinpoint each state's position along a parasite-stress gradient
relative to the other states. Diseases in this measure include
cholera, measles, meningitis, pertussis, rubella, tetanus, and
tuberculosis (see Fincher & Thornhill, in press, for further
details).

This index of parasite-stress, Parasite-Stress USA, is validated
by the fact that it shows a negative correlation with latitude
(−0.45, n=50, andp=0.001; or after removing the latitudinal
outliers Alaska and Hawaii,−0.71, n=48, and pb0.0001) just
as do global measures of parasite-stress (Cashdan, 2001;
Guernier, Hochberg, &Guégan, 2004; Low, 1990). Furthermore,
Parasite-Stress USA was correlated strongly and negatively
across US states with the average lifespan expectancy at birth
for both sexes in the year 2000 according to data we collected
from www.census.gov (r=−0.67, n=50, and pb0.0001).
Similar strong relationships between infectious disease stress
and lifespan expectancy are found in cross-national analyses
(Thornhill et al., 2009). This variable was z-scored (mean=
−0.0044, median=−0.023, and SD=0.91). See Fincher and
Thornhill (in press) for further details and data.

Twomeasures of education quality were used: (1) student/
teacher ratio (mean=14.9, median=14.1, and SD=2.6) and
(2) percent of teachers in public schools teaching core classes
who are ‘highly qualified’ (mean=95.5, median=97.4, and
SD=5.08). Data on student/teacher ratio were taken from the
National Center for Education Statistics, and are from the 2008–
2009 school year (National Center for Education Statistics,
2009). ‘Highly qualified’ refers to teachers teaching core classes
who are fully certified to teach in their state. Data on highly
qualified teachers were taken from the US Department of

http://www.census.gov
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Education and are from the 2008–2009 school year (U.S.
Department of Education, 2009). It should be noted that,
because ourmeasure of IQwas based on educational outcomes,
the variables we selected to measure education quality cannot
also be based on educational outcomes. To this end, the
qualifications of the teachers and the student–teacher ratios are
effective ways to measure the quality of the educational
opportunities to which students in each state have access.
These two variables correlate with each other only moderately
(r=−0.35, n=50, and p=0.012), so it would not be
appropriate to combine them.

Three measures of state wealth were used: (1) median
household income (mean=51,966, median=50170, and
SD=8509), (2) income per capita (mean=20,767, medi-
an=20,566, and SD=2849), and (3) gross state product
(mean=0.0353, median=0.0345, and SD=0.0065). Median
household income and income per capita are in US dollars,
and were taken from the US Census Bureau from the year
2000 census. Gross state product is in millions of US dollars,
and is from McDaniel (2006b).

Our three measures of wealth (income per capita, gross
state product, and median household income) correlate highly
with one another (Table 1) and are all measures of the same
construct: state wealth. Using these three variables separately
in our analysis could introducemulticolinearity into our model
that could make our results unreliable. Hence, we reduced
these variables into a single wealth variable by extracting the
first principal component in a principal component analysis.
This component accounts for 87% of the total variance in these
threemeasures of wealth, and eachmeasure ofwealth loads on
this component at 0.91 or higher. This constructed variable will
hereafter be referred to as ‘wealth.’

In addition to economic and education variables, Eppig
et al.'s (2010) cross-national study examined variables that
had previously been thought to predict average national
intelligence because of influence over evolutionary time (e.g.
geographical distance from deep-time evolutionary historical
environments; Kanazawa, 2008a). Since the majority of
populations living in US states have not been occupying
those locations over any considerable length of evolutionary
time, these variables are not appropriate for this analysis and
were not used. It should be noted that temperature, which
has previously been considered to be an evolutionary variable
(e.g. Templer & Arikawa, 2006) has been found to correlate
negatively with average state IQ (Ryan, Bartels, & Townsend,
Table 1
Zero-order correlations among all variables.

1. 2. 3.

1. Average IQ −0.67 ⁎⁎ −0.31 ⁎

2. Parasite stress −0.0069
3. Student–teacher ratio
4. Percent of teachers highly qualified
5. Median household income
6. Income per capita
7. Gross state product
8. Wealth

All others pN0.10. All n=50.
⁎⁎ pb0.001.
⁎ pb0.05.
† pb0.1.
2010). We did not include this variable for two reasons: (1)
Ryan et al. (2010) did not attempt to explain why this
relationship exists, so we cannot treat temperature as a causal
variable, and (2) temperature is known to positively influence
infectious disease (e.g. Guernier et al., 2004), so by controlling
for temperature we would, in part, be controlling for infectious
disease.

Other studies examining the distribution of IQ across the
United States have controlled for race, as it has been
documented to be associated with IQ (e.g. Ryan et al., 2010).
Currently, the southeastern states in the USA have higher
percentages of Blacks than states in other regions do.
Southeastern states also have higher rates of infectious disease,
due largely to climate (see introduction). Thus controlling for
race, thedistributionofwhich closely follows thedistributionof
infectious disease, does not add meaningfully to our analysis.
Furthermore, we found that the percent of a state population
whoare Black correlatesmuchmore stronglywith ourmeasure
of infectious disease (r=0.90, n=50, and pb0.0001) than
percent Black does with average IQ (r=−0.51, n=50, and
p=0.0001) (state data for percent Black from U.S. Census
Beareau, 2000). In amultiple regressionwith percent Black and
infectious disease predicting average state IQ, percent Black is
only marginally significant (p=0.059), and has an additive R2

of only 0.045 over infectiousdisease. Thehigh variance inflation
factor (VIF=5.2) further complicates the use of this variable in
our analyses. Thus, percent Black will not be used in our
analyses for both theoretical and empirical reasons.

All statistical analyses were performed using JMP 8 statis-
tical software.

3. Results

Average state IQ and parasite stress correlated at r=−0.67
(n=50, and pb0.0001; Fig. 1). Average IQ also correlated
significantly with wealth (r=0.32, n=50, and p=0.025),
percent of teachers highly qualified (r=0.42, n=50, and
p=0.0023), and student–teacher ratio (r=−0.31, n=50, and
p=0.031) (see Table 1 for additional correlations).

Hierarchical regression was used to predict average state IQ
using parasite stress, wealth, percent of teachers highly
qualified, and student/teacher ratio (Table 2). Parasite stress
was added in the first iteration of the model, resulting in a
change in R2 of 0.445.Wealthwas added in the second iteration
of themodel, resulting in a change inR2of0.075. Botheducation
4. 5. 6. 7. 8.

0.42 ⁎ 0.27 † 0.34 ⁎ 0.28 ⁎ 0.32 ⁎

−0.11 −0.15 −0.047 0.013 −0.065
−0.35 ⁎ 0.12 −0.0007 0.020 0.052

−0.23 −0.07 0.029 −0.049
0.88 ⁎⁎ 0.77 ⁎⁎ 0.95 ⁎⁎

0.80 ⁎⁎ 0.95 ⁎⁎

0.91 ⁎⁎



Fig. 1. Bivariate relationship between average U.S. state IQ and infectious
disease stress. Average state IQ and parasite stress correlated at r=−0.67
(n=50, and pb0.0001). The line is the least-squares line through the points

Table 2
Hierarchical regression model predicting average state IQ.

Model Term p R2 change in R2

1 b0.0001 0.445 0.445
Parasites b0.0001

2 b0.0001 0.520 0.075
Parasites b0.0001
Wealth 0.0094

3 b0.0001 0.698 0.133
Parasites b0.0001
Wealth 0.0006
HQT 0.0019
STR 0.015

HQT=percent of teachers highly qualified; and STR= student/teacher ratio

Table 3
Final multiple regression model predicting average state IQ.

Term Estimate Std error Std beta VIF p

Intercept 88.99 5.14 – – b0.0001
Parasite stress −1.84 0.250 −0.62 1.02 b0.0001
Wealth 0.518 0.141 0.30 1.00 0.0006
HQT 0.155 0.0470 0.29 1.16 0.0019
STR −0.229 0.091 −0.22 1.16 0.015

Whole model: R2=0.70, n=50, and pb0.0001. HQT = percent of teachers
highly qualified; STR = student/teacher ratio; and VIF = variance inflation
factor.
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.

variables were added simultaneously in the third iteration of
the model because they both measure the same theoretical
construct, resulting in a change in R2 of 0.133. While these
variables were added into the model in order of presumed
causal priority, adding these variables in a different order did
not appreciably change the additive R2 of each iteration. In the
final model, parasite stress (Std Beta=−0.62, variance
inflation factor (VIF)=1.02, and pb0.0001), wealth (Std
Beta=0.30, VIF=1.00, and p=0.0006), percent of teachers
highly qualified (Std Beta=0.29, VIF=1.16, and p=0.0019),
and student/teacher ratio (Std Beta=−0.22, VIF=1.15, and
p=0.015) (Table 3) were all significant predictors of average
state IQ. The whole model R2 was 0.698 (pb0.0001). The VIF
was well below 2 for all variables in all models, indicating that
multicolinearity did not introduce significant error into these
models, and that the standardized beta coefficients are
interpretable (Fox, 1991).

4. Discussion

Across US states, there is a negative association between
infectious disease stress and average intelligence (r=−0.67,
n=50, and p b 0.0001). This relationship remains robust and
significant when economic and education variables are
controlled for in a hierarchical regression. In this regression,
infectious disease, wealth, percent of teachers highly quali-
.

fied, and student/teacher ratio were significant. Of these
variables, infectious disease hadmore independent predictive
power (Std Beta=−0.62) than wealth (Std Beta=0.30),
percent of teachers highly qualified (Std Beta=0.29), or
student/teacher ratio (Std Beta=−0.22). Infectious disease
also had the highest additive R2 in our hierarchical regression
(0.445 for infectious disease, compared to 0.075 for wealth
and 0.113 for education).

In this analysis, infectious disease does not predict average
IQ as well as it did in a similar analysis across nations, and
education and economic variables have higher predictive
power (Eppig et al., 2010). It is possible that this is an artifact
of theway average IQwasmeasured across US states. Although
the NAEP test, whichwas used to calculate average state IQ, is a
validmeasure of IQ (McDaniel, 2006b), it is likely influenced by
education more than tests used cross-nationally which are
designed tomeasure IQmore directly. It is also possible that the
zero-order correlation between infectious disease and average
state IQ (r=−0.67) is lower than the correlation between
infectious disease and average national IQ (r=−0.76 to
−0.82; Eppig et al., 2010) because there is a wider range of
IQ and of parasite stress on the cross-national level than there is
on the cross-state level within the USA. Despite this, infectious
disease is still a powerful predictor of average state IQ, and the
best predictor of the variables we examined.

Some limitations exist in this study in addition to thosewe
have previouslymentioned. Themeasure of infectious disease
that we used includes disease in both adults and in children,
whereas our hypothesis primarily concerns disease in
children. We do not consider this to be a significant problem,
however, because infectious diseases that affect both adults
and children tend to have a larger detrimental effect on
children than on adults (e.g. World Health Organization,
2004). Secondly, our measure of infectious disease was based
on incidence, rather than physiological cost (disability-
adjusted life years) as we used in our previous study (Eppig
et al., 2010). While our hypothesis concerns the latter, the
prevalence of an infectious disease is a reasonable proxy for
its impact. The error that this introduces into our study is
more likely to diminish the apparent impact of infectious
disease on intelligence than it is to increase it.

As we have previously argued (Eppig et al., 2010), while
ourmodel predicts that increased developmental insult as the
result of infectious disease will lead to lower intelligence, it
simultaneously predicts that reducing the metabolic cost of
such diseases, especially during childhood, will lead to higher
intelligence. Thus, it predicts that human interventions that
lead to reduced infectious disease stress experienced during
human development will also lead to increased intelligence.
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As discussed previously in this paper, others have suggested
that a population of more intelligent individuals will be able
to reduce the negative effects of infectious disease compared
to a less-intelligent population (e.g. Kanazawa, 2008b;
Oesterdiekhoff & Rindermann, 2007; Reeve, 2009; Reeve &
Basalik, 2010; Rindermann & Meisenberg, 2009), and our
model also predicts that this should be true. The same is also
probably true for a population of more highly educated
individuals — and, indeed, a population of more intelligent
individuals is more likely to have widespread education (e.g.
Lynn & Mikk, 2007). Populations with higher average IQ and
education are likely to make more money (e.g. Lynn &
Vanhanen, 2006), and thus be more able to afford measures
that will reduce the effects of infectious disease, although a
wealthier society may not always choose to do so. Our model,
depicted in Fig. 2, therefore predicts that IQ, education and
wealth are endogenous factors that may be both the cause
and result of variation in the burden of infectious disease
stress. Climate, however, is an exogenous factor that, as we
discussed earlier in this paper, has a very large independent
effect on the geographic distribution of these diseases (Dunn
et al., 2010; Guernier et al., 2005) (Fig. 2). Our model may
therefore explain why the ability of education and wealth to
predict intelligence is lower than that of infectious disease,
and why the independent effects of education and wealth are
so greatly diminished when infectious diseases are controlled
for, insofar as it predicts that the effects of education and
wealth are mediated through infectious disease.

The study of the biodiversity of human intelligence is of
relevance to scientists studying both physical traits and social
phenomena. IQ appears to be associated withmany biometric
traits, including body size, brain size, risk of obesity, vital
capacity (reviewed in Jensen & Sinha, 1993), longevity (e.g.
Gottfredson & Deary, 2004), and many other traits (Jensen &
Sinha, 1993). IQ not only correlates positively with body
symmetry (developmental stability) (e.g. Banks, Batchelor, &
McDaniel, 2010; Bates, 2007; Furlow, Armijo-Prewitt, Gang-
estad, & Thornhill, 1997; Penke et al., 2009; Prokosch, Yeo, &
Miller, 2005), but the correlation increases as the quality of
the IQ test increases (Prokosch et al., 2005).

IQ also shows reliable correlations with many societal
traits, including wealth (e.g. Kanazawa, 2006; Lynn &
Vanhanen, 2002, 2006), several measures of societal inequal-
ity (e.g. Lynn & Vanhanen, 2006), and happiness (Lynn &
Vanhanen, 2006; Pesta, McDaniel, & Bertsch, 2010). Jensen
and Sinha (1993) remarked that “The correlation between IQ
Fig. 2. The directions of influences predicted by our hypothesis among
climate, infectious disease, intelligence, education, and wealth.
and SES [socioeconomic status]…is sowell established andwell
known as to scarcely call for documentation.” Gottfredson
(1997) reviewed comprehensive evidence that IQ predicts job
performance, especially in highly complex jobs, the complexity
of occupations that one may succeed at, ability in solving
problemsencountered frequently in everyday life, andmayalso
be involved in dealing effectively with the complexities of
everyday social life. These patterns are consistent with the
‘social brain’ hypothesis for the function of human-unique
cognitive ability (e.g. Alexander, 1989; Flinn, Geary, & Ward,
2005; Jolly, 1966).

Although more research needs to be done to establish
causation, this analysis has provided further evidence for the
parasite-stress hypothesis for the worldwide distribution of
intelligence by examining the relationship between parasite
stress and intelligence on a smaller geographical scale than
has been studied previously. In addition to the research
programs we have previously suggested for determining
causation (Eppig et al., 2010), further studies are needed to
determine whether the causal relationships we propose
(Fig. 2) are correct.
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