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Abstract
In the first analysis purporting to causally link environmental pollution to personality, Schwaba and
colleagues leveraged a natural experiment driven by the United States. They used the Clean Air Act to
assess the impact of decreased atmospheric lead on the “big five” personality traits. Using data from an
online personality test taken by more than 1.2 million U.S. residents, Schwaba et al. reported that people
born after lead levels had peaked in their county of birth had more mature, psychologically healthy
personalities in adulthood (higher agreeableness and conscientiousness, and lower neuroticism) than
cohorts born earlier and exposed to higher levels of atmospheric lead. One concern with their findings is
that personality differences among people born in different periods could come from factors unrelated to
lead, for example, access to abortion and birth control, or demographic, cultural, or technological changes.
Schwaba et al. recognized this possibility but did not fully explore it. When we account for cohort-wide
changes by introducingbirth year fixed effects intoSchwaba et al.’smodels, the estimated effects of the lead
phaseout on personality largely disappear, becoming indistinguishable from zero while remaining precise.
Meanwhile, the estimated birth year fixed effects are jointly significant, suggesting differences in person-
ality traits across cohorts. These results indicate that any effects of the lead phaseout on more mature,
psychologically healthy adult personalities are not consistently observable in the data used by Schwaba
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et al. More broadly, they caution against making causal inferences without controlling for time period
effects.

1. Introduction

Personality is important for labor market performance (e.g., Borghans et al., 2016; Heckman
et al., 2006) and other outcomes related to love, creativity, curiosity, and intellect (Schwaba
et al., 2021). Belfield et al. (2015) sought to develop economic analysis of interventions to
improve social and emotional skills, following Karoly (2012), but economists and other
analysts have rarely sought to link personality or social and emotional skills to in utero or early
childhood environments. In the first large-scale analysis (that we are aware of) regarding the
effects of early life exposure to air pollution on subclinical adult personality traits, Schwaba
et al. (2021) report that childhood exposure to atmospheric lead concentrations common in the
early 1970s predicts adulthood levels of several of the “big five” personality traits – extraver-
sion, agreeableness, conscientiousness, neuroticism, andopenness to new experiences. Exploit-
ing a natural experiment driven by the Clean Air Act (CAA), study participants “born after
atmospheric lead levels began to decline in their county had more mature, psychologically
healthy adult personalities (higher agreeableness and conscientiousness and lower neuroticism),
but these findings were not discriminable from pure cohort effects” (Schwaba et al., 2021).1

This work has attracted significant attention. In 2023, USA Today published a news
article titled “Lead can alter personalities,” which relied on Schwaba et al. (Rodriguez,
2023). McFarland et al. (2024) modeled a collection of effects of lead, including mental
health symptoms and changes in personality traits. Regarding the latter, they concluded
“Population-level neuroticism increased by 0.14 standard deviations and conscientiousness
decreased by 0.20 standard deviations,” from exposure to lead, based on nationwide
modeling of lead effects on personality reported by Schwaba et al. (2021). Amplifying this
research, Popular Science recently published a story about lead and mental health stating,
“Due to childhood lead poisoning, the research ofMcFarland et al. suggests that Americans,
overall, are less conscientious and more neurotic“ (Leffer, 2024). In this article, we
reconsider the effects of early childhood lead exposures on adult personalities and examine
county and birth cohort effects.

Lead is of special interest because childhood lead exposure is linked to a variety of
neurological and behavioral concerns. Examples of this include aggression and destructive
behavior, delinquency, attention deficit hyperactivity disorder, and criminal conduct
(Centers for Disease Control and Prevention (CDC), 2019; Gibson et al 2022; Landrigan
et al. 2018; Reyes, 2007; Reyes, 2015; and Grönqvist et al. 2014). It is also associated with a
loss of self-control and shortened attention span, dullness, irritability, loss of memory (CDC,
2019). Using data on 849 children, and geolocation data for the children’s residences for the
first 36 months of life, Gatze-Kopp et al. (2021) employed an instrumental variable strategy
to show that lead exposure had small negative effects for both child IQ and executive
function. Using data on 1476 children younger than 8 years, Gatze-Kopp et al. (2024) found
a nonlinear association between lead and executive function, with lead lowering mean
inhibitory control, but not cognitive flexibility. Banzhaf and Banzhaf (2023), using

1 The authors add: “Because shifts in personality were tied both to chronological year and to the county-specific
date of lead phase out, both cohort effects and lead reduction remain plausible causal drivers of observed personality
shifts in each county.”
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confidential Social Security data on date of birth, find that greater in utero exposure to lead is
associated with worsening disabilities in adulthood, greater reliance on public assistance,
and more limited opportunities for adult employment. Environmental Protection Agency
(EPA) has discussed effects of lead on personality qualitatively and has acknowledged that
“some studies found that noncognitive personality traits are at least as predictive of life
outcomes as IQ,” (EPA 2020), citing Borghans et al. (2016) and Heckman et al. (2006). The
EPA’s estimates of the gains in lifetime income that may result from reductions in childhood
exposure to lead dominate its benefits analysis (EPA, 2020; EPA, 2024b).

Because of these effects, lead exposure is of ongoing interest to policymakers. In a
reconsideration of its 2021 hazard standards and clearance levels for dust-lead, the EPA
recently issued significantly more stringent dust-lead action levels and dust-lead reportable
levels that affect 31 million pre-1978 residences and day care facilities (EPA, 2024a).
Supported by new benefit–cost analysis (e.g., Levin & Schwartz, 2023), it recently set new
requirements to replace lead and certain galvanized service lines, reduce the lead action level to
0.01 mg/L, and tighten tap sampling procedures (EPA, 2024b). EPA is also taking steps to
limit lead in civil aviation fuel (EPA, 2023).Anoutbreakof elevated blood lead levels in young
children in 2023 led the Food and Drug Administration to issue a consumer advisory and
announce a recall of applesauce products contaminatedwith lead (FDA, 2023a; FDA, 2023b).

EPA regulates lead based on its causal effect on cognitive function (reduced IQ, decreased
academic function), although lead-related conditions include diminished attention, increased
impulsivity, hyperactivity, and developmental effects (e.g., delayed pubertal onset).2

Nedellec and Rabl (2016) show lead controls offer reduced mortality benefits that are
likely larger than benefits related to cognitive function, and note that there is apparently no
exposure level with no effects.

We explore relationships among the big five personality traits and measures of exposure
to airborne lead. Using data on airborne lead and personality and other data described by
Schwaba et al. and courteously provided to us by Schwaba, we find that introducing birth
year fixed effects (FE) significantly changes the associations between atmospheric lead and
the big five personality traits that Schwaba et al. reported. Effects common to all infants born
in a given year may occur because of changes unrelated to airborne lead – for example,
federal law (e.g., pertaining to abortion), or demographic, cultural, or technological changes
(e.g., regarding contraception or child rearing), or new employment or educational oppor-
tunities for women of childbearing age.

Including such effects also changes the estimated causal effects of changes in atmospheric
lead levels on personalities. When we introduce birth year FE into Schwaba et al.’s models,
the estimated effects of the lead phaseout on personality traits largely disappear, becoming
indistinguishable from zero while remaining precise. More broadly, these results serve as a
reminder of the risks associated with estimating causal effects without controlling for period
or cohort effects. They do not imply an overstatement in the EPA’s estimates of the
quantifiable benefits of reducing childhood exposure to lead, which are based on the
economic value of gains to IQ.

2 See EPA (2024a). In addition, the EPA concluded (EPA, 2023) that the evidence supports a conclusion that
there is “likely to be causal relationship” between lead exposure and conduct disorders in children and young adults,
encompassing symptoms such as depression, anxiety, and withdrawn behavior, as well as impairments in auditory
function and fine and gross motor skills. 88 FR 72395
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The rest of this article is organized as follows. First, we show how the use of birth year FE
in the preregistered model presented by Schwaba et al. changes the sign and statistical
significance for three of the personality traits (agreeableness, conscientiousness, and neu-
roticism) and alters the estimated associations for the other two traits. Second, wemodify the
model that Schwaba et al. used to identify the casual effects of lead and show that
introducing birth year FE again upends the estimated effects of lead on personality. We
conclude with a discussion of our results and conclusions.

2. Analysis

Building on Reuben et al. (2019), Schwaba et al. report associations between atmospheric
concentrations of lead during the first 18 years of life and self-reported personality traits
during adulthood collected through a web-based survey. Schwaba et al. used EPA’s data on
atmospheric lead concentrations, and modified it via interpolations and extrapolations to
address missing observations. They also used a big data convenience sample of personality
traits and parent’s years of schooling from the Gosling–Potter Internet Personality Project
(GPIPP; https://www.thebigfiveproject.com/). The GPIPP data used by Schwaba et al.were
collected from 2003 to 2015 through an online survey using the “Big Five Inventory, a
widely used 44-item index of the Big Five personality domains,” according to Schwaba et al.
They explain that for each of the 44 items, “participants reported the degree to which they
agreed with a short phrase (e.g., “I am someone who tends to be lazy”), using a 5-point rating
scale.” Schwaba et al. provide descriptive statistics for the big five personality traits and
related data in their Table S1.3 Using preregistered covariates controlling for the respon-
dent’s age, parental college schooling, and median county income, Schwaba et al. find that
both extraversion and openness to new ideas increase with increased lead exposure, while
agreeableness and conscientiousness decline with increased lead exposure. These relation-
ships are all significantly different from zero at the 99.9 % level while a fifth trait,
neuroticism, has no statistically significant relationship with lead.

While Schwaba et al. explore these associations in a variety of models, they do not
estimate models with FE for the year of birth. Birth year and age correlate imperfectly
because the data were collected over 12 years, ending in 2015. Some of those born in 1970
(say) completed the survey in 2004 at age 34, while others born in the same year may have
completed it as late as 2015 at age 45. Indeed, respondents of various ages completed the
survey at quite different times. The sum of birth year and age, a proxy for the year a
respondent completed the survey, accounted for 10.7% of the responses for 2003, 2004, and
2005 and for 31.5% of the responses for 2003, 2004, and 2005. Thus, roughly a decade
separates the time of completion for about 42%of responses.4 Reviewers of an earlier draft of
this article recommended we use cohort effects by birth year.5 In principle, it should be
possible to separate the effects of the regulation-induced lead phaseout from pure cohort

3 Schwaba et al. report that prior research has demonstrated that US GPIPP participants are broadly represen-
tative of the racial composition of theUS general population. Our analysis, like that of Schwaba et al., focuses on the
county of residence because EPA’s data on atmospheric lead concentrations is organized by county. Early empirical
research using factor analysis showed that English adjectives to describe personality were clustered in five different
groups – the big five traits (McCrae & John, 1992).

4 Note that this proxy is less than the year of survey completion for respondents who complete the survey earlier
than their birthday.

4 Arthur Fraas et al.
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effects as lead declined in some counties muchmore than in others and the timing of the lead
phaseout varied across counties.

2.1. Associations

Although the causal analysis by Schwaba et al. of the effects of the lead phasedown provides
their most convincing results, their work first focuses on evidence of associations following
a preregistered analysis plan. Here, we show that introduction of birth year FE into their
models, which include only age, parental education, andmedian county income, reverses the
estimated relationships between lead and four of the big five personality traits, confirming
the importance of cohort effects in a wider range of models.

Schwaba et al. report that reduced lead exposure is associated with healthier and more
mature personalities (more agreeableness, conscientiousness, and less neuroticism), but with
the addition of birth year FE, we find different results – lead is associated with more
agreeable and more conscientious and less neurotic personalities. Table 1a and 1b shows
the contents of Table S6 of Schwaba et al. and the results of modifications to include birth
year FE.6 With the introduction of birth year FE, the associations involving

• lead and extraversion drops by half
• lead and agreeableness changes from negative (and statistically significant at the 99.9%
level), to positive (and statistically significant at the 95% level),

• lead and conscientiousness changes from negative (and statistically significant at the
99.9% level) to positive (but is only significant at the 90% level),

• lead and neuroticism becomes negative and significant at the 99% level rather than
insignificant (but positive).

While the association between lead and the fifth trait – openness to new ideas – is
qualitatively unaffected by the introduction of birth year FE, the estimated coefficient nearly
doubles, jumping from 0.009 to 0.017. F-statistics for each of these five models indicate the
joint significance of birth year FE exceeds the 99.9% level.

2.2. Effects of early life exposure to airborne lead

Schwaba et al. also examine the causal effects of lead reductions on the big five personality
traits by using a differences-in-differences identification strategy. For each county, they
select the year with the greatest atmospheric lead concentration as the beginning of (local)
lead emissions controls, noting that this peak year varies among the counties in their sample,
with a mean of 1973 and a standard deviation of 4.27 years. Schwaba et al. then compare the
personality traits of people born after the peak years with those born earlier, attributing the
difference to the shift caused by the lead phasedown.

5 Schwaba et al. conducted supplementary analyses (Tables S17–S21) that used the year of birth as a linear
explanatory variable and categorical variables for age and for regions in the United States.
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Table 1a. Associations between atmospheric lead concentrations during childhood and big five personality traits

Extraversion Agreeableness Conscientiousness

1 2 3 4 5 6

Lead 0.022*** .012*** �0.030*** .005** �.079*** .003*
(.018, .025) (.007, .016) (�.034, �.026) (�.0002, .009) (�.083, �.076) (�.002, .008)

Age �0.002* �.006*** 0.012*** .029*** .034*** .049***
(�.002, �.001) (�.007, �.005) (.011, .012) (.028, .030) (.034, .034) (.048, .049)

Parent college 0.049*** .046*** �0.01*** �.012*** �.002 �.009***
(.043, .054) (.041, .052) (�.015, �.005) (�.018, �.007) (�.006, .003) (�.014, �.004)

County median income �0.004*** �.005*** �.012*** �.013*** �.017*** �.017***
(�.006, �.002) (�.007, �.003) (�.014, �.010) (�.015, �.011) (�.019, �.015) (�.019, �.015)

Constant 0.034*** .305*** -.208*** 1.151*** –730*** �1.891***
(.018, .050) (.225, .385) (-.224, -.192) (�1.231, �1.072) (-.745, -.714) (�1.969, �1.814)

Birth year FE No Yes No Yes No Yes
Observations 1,104,455 1,104,455 1,104,455 1,104,455 1,104,455 1,104,455
R2 0.001 0.002 0.007 0.013 0.058 0.066

Parentheses denote 99% confidence intervals. We use * for estimates with p < 0.1, while ** and *** denote p < 0.05 and p<0.01, respectively. Data represent 1,104,455 respondents nested in 269 U.S.
counties.
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Table 1b. Associations between atmospheric lead concentrations during childhood and big five personality traits

Neuroticism Openness

7 8 9 10

Lead .002 �.012*** .009*** .017***
(�.002, .005) (�.016, �.007) (.005, .013) (.012, .022)

Age �.008*** �.017*** .007*** �.004***
(�.008, �.008) (�.018, �.017) (.006, .007) (�.005, �.003)

Parent college �.061*** �.059*** .157*** .153***
(�.066, �.056) (�.065, �.054) (.152, .163) (.147, .158)

County median income .003*** .004*** .003*** .004***
(.001, .005) (.002, .006) (.001, .005) (.002, .006)

Constant .219*** .719*** -.296*** .177***
(.203, .235) (.639, .799) (-.312, -.280) (.098, .257)

Birth year FE No Yes No Yes
Observations 1,104,455 1,104,455 1,104,455 1,104,455
R2 0.005 0.008 0.009 0.012

Parentheses denote 99% confidence intervals. We use * for estimates with p < 0.1, while ** and *** denote p < 0.05 and denotes p<0.01. Data represent 1,104,455 respondents nested in 269 U.S. counties.
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Table 2a. Shifts in personality traits after each county’s lead phaseout: estimates and 99% confidence intervals in ()

Model

Extraversion Agreeableness Conscientiousness

Schwaba et al. With birth year FE Schwaba et al. With birth year FE Schwaba et al. With birth year FE

Shift in traits �.018*** 0.003 .088*** 0.008 .217*** 0.002
(�.032, �.004) (�.011, .017) (.075, .101) (�.006, .022) (.201, .233) (�.012, .015)

Age �.001*** �0.005*** .011*** 0.027*** .026*** 0.044***
(�.001, �.001) (�.005,�.004) (.010, .011) (.026,.028) (.026, .026) (.043,.045)

Constant .038*** �0.542 �.360*** �2.215** �.872*** �6.747***
(.018, .057) (�3.117, 2.032) (�.380, -.340) (�4.769, 0.339) (�.892, �.851) (�9.223, –4.271)

R2
– 0.003 – 0.019 – 0.077

Source for the Schwaba columns: Table S25. Shifts in traits are interpretable as a standardized Z score. We use *** for p<0.01. The sample represents 1,219,290 participants from 269 counties.
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We reproduce their results from Table S25 in Tables 2a and 2b.7 They show statistically
significant (p<0.001) effects of lead phaseout on reducing extraversion and neuroticism and
increasing agreeableness, conscientiousness, and openness. While these models include age
(which is correlated with birth year), entered linearly, they do not include birth year as an
explanatory variable.

After replicating these results using the code courteously provided by Schwaba, we test
robustness in twoways. First, wemodify the random effects model used by Schwaba et al. so
that the randomness is exclusively county-specific, and not both by county and for the
emission controls. Then, we switch from random county effects to FE by county. We find
that for each of the five personality traits, these changes have no material effect on the
estimated coefficients, suggesting substantial robustness.8

Adding FE for birth years, however, yields quite different estimates of the effects of
atmospheric lead on personality traits. As shown in Tables 2a and 2b, the introduction of
birth year FE renders statistically insignificant the estimates of the effects of lead exposure
on all traits except neuroticism. The lead phaseout still reduces neuroticism, but the
estimated effect is less than one-third the magnitude reported by Schwaba et al. and is
now statistically significant at (only) the 95% level. These new results are not the result of
less precise estimates; the standard errors are essentially unchanged with the introduction of
birth year FE, as shown in Figure 1.9

For all personality traits, the 99% confidence intervals for the effects of lead phaseout
using birth year FE shown in Tables 2a and 2b exclude the point estimates of Schwaba et al.
For all traits but extraversion, the 99% confidence intervals do not overlap those of Schwaba

Table 2b. Shifts in personality traits after each county’s lead phaseout: estimates and
99% confidence intervals in ()

Model

Neuroticism Openness

Schwaba et al. With birth year FE Schwaba et al. With birth year FE

Shift in traits �.049*** �0.014** .042*** 0.007
(�.062, �.036) (�0.028, 0.001) (.026, .057) (�0.008, 0.021)

Age �.009*** �0.018*** .008*** �0.004***
(�.010, �.009 (�0.019, �0.017) (.008, .008) (�0.005, �0.004)

Constant .307*** 1.841* �.279*** �0.194
(.287, .327) (�0.718, 4.401) (�.300, �.257) (�2.752, 2.365)

R2
– 0.014 – 0.015

Source for the Schwaba columns: Table S25. Shifts in traits are interpretable as a standardized Z score. We use *** for p<0.01. The
sample represents 1,219,290 participants from 269 counties.

7 The increase in sample size relative to Tables 1a and 1b is attributable to Schwaba et al., who included in the
analysis underlying Table 2 respondents who were born before atmospheric lead data collection began.

8 For the four traits, the change in the coefficient is less than 10% and the significance level remains at p<0.01,
while for extraversion the coefficient changes from �0.018 to �0.032 and remains significant at p<0.01.

9 The 99% confidence intervals rise by 0.002 for agreeableness and by 0.003 for neuroticism, while falling or
remaining constant for the other traits.
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et al. Importantly, for each trait, the birth year FEs were jointly statistically significant at
much better than the 99.9% level.

These results are insensitive to treating counties as having random effects – as in
Tables 2a and 2b – or FE. With the latter assumption, the confidence intervals for lead
phaseout effects on the personality traits are identical to two significant digits.

Importantly, as shown in Figure 2, coefficients for the birth year effects for each
personality trait are nonlinear, with changes in slope around 1980 for extraversion and

Figure 2. Birth year coefficients and standard errors in models of personality traits and the
phaseout of airborne lead, with county random effects10
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Figure 1. Effects of lead phaseout on big five personality traits
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neuroticism and around 1983 for openness.11 These patterns indicate that an assumption that
birth year affects the big five personality traits linearly, as in Schwaba et al. is not warranted.

Following Banzhaf and Banzhaf’s use of county FE, we also explore models with both
county FE and the birth year FE described in Tables 1a and 1b, but no variable for the lead
phaseout. These models represent an alternative approach to generating estimates of the effect
of lead phaseout on the big five personality traits; they reflect entirelywithin-county variations
in lead and personality and control for cohort-wide effects unrelated to atmospheric lead.

In models with both county FE and birth year FE, the estimated associations of lead
exposure with extraversion, agreeableness, conscientiousness, and neuroticism all have the
same sign as compared with the models in Table 1 with only birth year FE (see Appendix12).
Focusing on the (even numbered) models with both county and birth year FE, the estimated
associations of lead exposure with agreeableness, conscientiousness, and neuroticism are
inconsistent with the preregistered hypotheses of Schwaba et al.

3. Discussion and conclusions

Our results suggest that Schwaba et al.’s findings on the relationships between atmospheric
lead and personality traits are sensitive to their modeling decisions. In particular, as
discussed above, the introduction of birth year FE changes the signs of associations between
lead and more mature, psychologically healthy personality traits.13 Lead, instead of being
associated with less agreeableness, conscientiousness, and more neuroticism, is associated
with more extraversion, agreeableness, conscientiousness, and less neuroticism after birth
year FE are introduced. These same results hold in models with both birth year and county
FE. For the fifth trait, openness to new ideas, the association with lead is positive with birth
year FE but becomes negative when county FE are also included.

We introduce FE for birth years while retaining random effects for counties in the model
of the effects of lead air pollution controls on personality traits and find the lead phaseout of
lead has no effect on four of the big five personality traits. Neuroticism, the exception,
declines with the lead phaseout (as in the Schwaba et al. results), but the magnitude of the
effect becomes smaller and less significant in models with birth year FE. These results
indicate that the data used by Schwaba et al. do not clearly support unambiguous causal
relationships from childhood exposure to atmospheric lead to more mature, psychologically
healthy adult personality traits.

The pioneering work by Almond and Currie (2011) showed that the early life environ-
mentmay affect a variety of adulthood outcomes.More recent work – for example, Isen et al.
(2017) studying total suspended particulates, and Banzhaf and Banzhaf (2023) studying

10We estimated these models after excluding the respondents with birth years before 1935. Plots without these
exclusions show very wide confidence intervals for the years before 1935 but are qualitatively the same.

11 Some evidence exists for nonmonotonicities around 1995, or perhaps earlier for agreeableness, conscien-
tiousness, neuroticism, and openness, but it is hard to interpret. It may arise largely because as the birth year
increases to 1995, the range of ages of respondents approaches 20 years, given that the last possible year for survey
completion is 2015.

12 For agreeableness and conscientiousness, adding county FE raises the level of statistical significance from
95% to 99% and from 90% to 99%, respectively.

13 Schwaba et al also analyze adult personality traits and childhood lead exposure in Europe, but those analyses
do not consider birth year cohort effects.
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airborne lead – report in utero and early life exposure to air pollutants adversely affects
adulthood outcomes like labormarket performance, although efforts to disentangle effects of
different air pollutants on child cognitive development are ongoing (Wodtke et al., 2022).
Our results do not mean that EPA’s estimates of the benefits of reducing lead exposure are
too high and do not imply that early childhood atmospheric lead exposures experienced
immediately prior to the CAA implementation had no effect on big five personality traits in
adulthood. However, they do mean that any such effects are not consistently observable in
the data used by Schwaba et al. More broadly, these results caution against making causal
inferences without controlling for cohort or time period effects.
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Appendix

Exposure to Atmospheric Lead During Childhood and Adult Personality Traits with County
Fixed Effects: Without and With Birth Year Fixed Effects.

Table A1. Associations between atmospheric lead during childhood and adult personality
in the United States: county and birth year fixed effects

Extraversion Agreeableness Conscientiousness

(1) (2) (3) (4) (5) (6)

Lead
exposure

0.029*** 0.023*** �0.039*** 0.008*** �0.094*** 0.020***
(0.025,
0.033)

(0.017,
0.029)

(�0.043,
�0.035)

(0.002,
0.014)

(�0.098,
�0.090)

(0.014,
0.026)

Age �0.002*** �0.006*** 0.012*** 0.029*** 0.035*** 0.049***
(�0.003,
�0.002)

(�0.007,
�0.005)

(0.012,
0.013)

(0.028,
0.030)

(0.035,
0.036)

(0.048,
0.050)

Parent
college

0.048*** 0.046*** �0.010*** �0.014*** �0.003 �0.012***
(0.043,
0.054)

(0.040,
0.051)

(�0.016,
�0.005)

(�0.019,
�0.008)

(�0.008,
0.002)

(�0.017,
�0.007)

Median
county
income

�0.064** �0.062** �0.077*** �0.077*** �0.009 �0.012
(�0.132,

0.004)
(�0.130,

0.006)
(�0.145,
�0.009)

(�0.145,
�0.009)

(�0.075,
0.057)

(�0.077,
0.054)

Constant 0.352** 0.543*** 0.085 �0.833*** �0.832*** �1.991***
(�0.003,

0.706)
(0.180,
0.906)

(�0.268,
0.438)

(�1.194,
�0.472)

(�1.176,
�0.488)

(–2.342,
�1.640)

County FE Yes Yes Yes Yes Yes Yes
Birth year FE No Yes No Yes No Yes
R2 0.002 0.004 0.009 0.015 0.060 0.068

Note:We use * to mean p<0.1, ** to denote p<0.05, and *** for p<0.01. The data have 1,104,455 observations from 269 counties.
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Table A2. Associations between atmospheric lead during childhood and adult personality
in the United States with county fixed effects: without and with birth year fixed effects

Neuroticism Openness

(7) (8) (9) (10)

Lead exposure 0.006*** �0.010*** �0.005*** �0.009***
(0.002, 0.010) (�0.016,

�0.004)
(�0.011,
�0.001)

(�0.015,
�0.003)

Age �0.008*** �0.017*** 0.008*** �0.005***
(�0.009,
�0.008)

(�0.018,
�0.017)

(0.007, 0.008) (�0.005,
�0.004)

Parent college �0.060*** �0.058*** 0.161*** 0.157***
(�0.066,
�0.055)

(�0.064,
�0.053)

(0.156, 0.167) (0.152, 0.163)

Median county
income

0.020 0.019 0.018 0.017

�0.048,
0.087)

(�0.049,
0.087)

(�0.049,
0.086)

(�0.051,
0.084)

Constant 0.151 0.621*** �0.404*** 0.247*
(�0.202,

0.505)
(0.259, 0.983) (�0.756,

�0.051)
(�0.114,

0.607)
County FE Yes Yes Yes Yes
Birth year FE No Yes No Yes
R2 0.007 0.010 0.013 0.016

Note:We use * to mean p<0.1, ** to denote p<0.05, and *** for p<0.01. The data have 1,104,455 observations from 269 counties.
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