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Association of Childhood Blood Lead Levels
With Cognitive Function and Socioeconomic Status
at Age 38 Years and With IQ Change and Socioeconomic
Mobility Between Childhood and Adulthood
Aaron Reuben, MEM; Avshalom Caspi, PhD; Daniel W. Belsky, PhD; Jonathan Broadbent, PhD; Honalee Harrington, BA; Karen Sugden, PhD;
Renate M. Houts, PhD; Sandhya Ramrakha, PhD; Richie Poulton, PhD; Terrie E. Moffitt, PhD

IMPORTANCE Many children in the United States and around the world are exposed to lead, a
developmental neurotoxin. The long-term cognitive and socioeconomic consequences of
lead exposure are uncertain.

OBJECTIVE To test the hypothesis that childhood lead exposure is associated with cognitive
function and socioeconomic status in adulthood and with changes in IQ and socioeconomic
mobility between childhood and midlife.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study based on a population-
representative 1972-1973 birth cohort from New Zealand; the Dunedin Multidisciplinary Health
and Development Study observed participants to age 38 years (until December 2012).

EXPOSURES Childhood lead exposure ascertained as blood lead levels measured at age 11
years. High blood lead levels were observed among children from all socioeconomic status
levels in this cohort.

MAIN OUTCOMES AND MEASURES The IQ (primary outcome) and indexes of Verbal
Comprehension, Perceptual Reasoning, Working Memory, and Processing Speed (secondary
outcomes) were assessed at age 38 years using the Wechsler Adult Intelligence Scale–IV
(WAIS-IV; IQ range, 40-160). Socioeconomic status (primary outcome) was assessed
at age 38 years using the New Zealand Socioeconomic Index-2006 (NZSEI-06; range,
10 [lowest]-90 [highest]).

RESULTS Of 1037 original participants, 1007 were alive at age 38 years, of whom 565 (56%) had
been lead tested at age 11 years (54% male; 93% white). Mean (SD) blood lead level at age 11
years was 10.99 (4.63) μg/dL. Among blood-tested participants included at age 38 years, mean
WAIS-IV score was 101.16 (14.82) and mean NZSEI-06 score was 49.75 (17.12). After adjusting for
maternal IQ, childhood IQ, and childhood socioeconomic status, each 5-μg/dL higher level of
blood lead in childhood was associated with a 1.61-point lower score (95% CI, −2.48 to −0.74)
in adult IQ, a 2.07-point lower score (95% CI, −3.14 to −1.01) in perceptual reasoning, and
a 1.26-point lower score (95% CI, −2.38 to −0.14) in working memory. Associations of childhood
blood lead level with deficits in verbal comprehension and processing speed were not
statistically significant. After adjusting for confounders, each 5-μg/dL higher level of blood lead
in childhood was associated with a 1.79-unit lower score (95% CI, −3.17 to −0.40) in
socioeconomic status. An association between greater blood lead levels and a decline in IQ and
socioeconomic status from childhood to adulthood was observed with 40% of the association
with downward mobility mediated by cognitive decline from childhood.

CONCLUSIONS AND RELEVANCE In this cohort born in New Zealand in 1972-1973, childhood
lead exposure was associated with lower cognitive function and socioeconomic status at age
38 years and with declines in IQ and with downward social mobility. Childhood lead exposure
may have long-term ramifications.
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L ead is a ubiquitous pollutant. Policies that eliminated
lead from paint and gasoline were thought to have elimi-
nated lead from most communities in the developed

world. But the water crisis in Flint, Michigan has triggered re-
newed concern about lead poisoning.1 Inhabitants of many US
cities are still exposed to high lead levels.2

Exposure to lead in childhood may adversely affect
brain health and disrupt cognitive development.3 It is un-
known if this disruption results in cognitive decline and al-
tered socioeconomic trajectories by midlife, yet young adults
with histories of childhood lead exposure have been reported
to have lowered intellectual function4,5 and altered brain
structure,6,7 suggesting that cognitive impairment persists
at least to young adulthood. Few studies have yet docu-
mented longer-term cognitive consequences of childhood lead
exposure, and none appear to have evaluated socioeconomic
repercussions, apart from 1 study of highly exposed, lead-
poisoned children.8 To our knowledge, the longest-term cog-
nitive follow-ups have been to age 30 years in a cohort too small
(N=43) to adequately detect associations after adjusting for po-
tential confounders.9

The Dunedin Multidisciplinary Health and Development
Study observed a population-representative cohort of chil-
dren born in New Zealand in 1972-1973. The most recent
assessment included cognitive and socioeconomic evalua-
tions and was completed when participants were 38 years
old. In the 1970s and 1980s, lead exposures in New Zealand
cities were consistently higher than international standards,
largely due to poor air quality related to motor vehicle
emissions.10 Consequently, childhood blood lead levels in
the Dunedin cohort were similar to those of other cohorts
tested in the early 1980s from larger developed cities.11,12

However, unlike with other cohorts,13,14 a social gradient in
lead exposure was not observed. This provided an opportu-
nity to test the hypothesis that childhood lead exposure is
associated with cognitive impairment and downward socio-
economic mobility by midlife without having to disentangle
such exposure from correlated socioeconomic disadvan-
tages. Analyses also tested whether the association between
blood lead levels and downward social mobility was medi-
ated by cognitive decline.

Methods
Study Design and Population
Participants are members of the Dunedin Multidisciplinary
Health and Development Study, a longitudinal investigation
of health and behavior in a birth cohort. The full cohort com-
prises all individuals born between April 1972 and March 1973
in Dunedin, New Zealand, who were eligible based on resi-
dence in the province and who participated in the first
assessment at age 3 years. The cohort represented the full
range of socioeconomic status in the general population of
New Zealand's South Island.15 On adult health, the cohort
matches the New Zealand National Health and Nutrition
Survey on key health indicators (eg, body mass index, smok-
ing status, visits to a physician).15 The cohort is primarily

white; fewer than 7% self-identify as having ancestry that
is not white, which matches the demographics of the South
Island.15 Assessments were carried out at birth and ages 3, 5,
7, 9, 11, 13, 15, 18, 21, 26, 32 years, and the most recent data
collection was completed in December 2012 at age 38 years.
Written informed consent was obtained from cohort partici-
pants and study protocols were approved by the institutional
ethical review boards of the participating universities.

Measurement of Childhood Blood Lead Levels
Approximately 30 mL of venous blood was collected from
each 11 year old who participated in the assessment (carried
out at the research unit) and who freely agreed to give
blood; 579 of the 803 children (72%) in attendance agreed to
give blood. An additional 122 children, aged 11 years and
tending to live outside city limits, were assessed in their
schools, where blood could not be drawn. Whole blood
samples were analyzed through graphite fumance atomic
absorption spectrophotometry. Blood lead level is reported
in micrograms per deciliter (1μg/dL=0.0483μmol/l). Details
on the method of blood collection, division, storage, quality
assurance, and analysis procedures have been described
previously.11,12

Measurement of Cognitive Functioning
Cognitive performance in adulthood was a primary out-
come. It was assessed using the Wechsler Adult Intelligence
Scale–IV (WAIS-IV; score range, 40-160) at age 38 years.16

The WAIS-IV generates the overall full-scale IQ, and in addi-
tion, 4 WAIS-IV indexes assess abilities that make up the IQ
and were considered secondary outcomes: Verbal Compre-
hension, Perceptual Reasoning, Working Memory, and Pro-
cessing Speed. Cognitive performance in childhood was
assessed using the Wechsler Intelligence Scale for Children-
Revised (WISC-R; score range, 40-160)17,18 at ages 7 and 9
years (measured prior to blood lead evaluation at age 11
years) and averaged.

Measurement of Socioeconomic Status
Socioeconomic status in adulthood was a primary outcome.
Socioeconomic status was assigned based on each partici-
pant’s current occupation at age 38 years. The New Zealand

Key Points
Question Is childhood lead exposure associated with cognitive
and socioeconomic outcomes in adults in a country where the
degree of childhood lead exposure was not related to
socioeconomic status?

Findings In 565 New Zealanders observed for 4 decades, lead
exposure in childhood was significantly associated with lower
cognitive function and socioeconomic status at age 38 years.
Greater childhood lead exposure was also associated with greater
declines in IQ from childhood to adulthood and greater declines
relative to parents in occupational socioeconomic status.

Meaning Childhood lead exposure was associated with long-term
cognitive and occupational ramifications.
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Socioeconomic Index (NZSEI-06) codes each occupation
based on its associated education level and income in the
NZ Census.19 Socioeconomic status for 19 unemployed par-
ticipants was assigned based on their most recent occupa-
tion in their thirties, and socioeconomic status for 14 home-
makers was imputed from their education following the
NZSEI-06 algorithm (score range, 10 [low status]-90 [high
status]). The NZSEI-06 scores are further grouped into 6
socioeconomic status groups.19 Examples of occupations in
the 6 groups include medical practitioner (NZSEI code 90;
group 6), engineering professional (code 66; group 5), data-
base administrator (code 59; group 4), personal assistant
(code 44; group 3), office cashier (code 28; group 2), and fish
filleter (code 23; group 1). Childhood socioeconomic status
was defined as the mean of the highest occupational status
level of either parent across study assessments from the
participants’ birth through age 15 years, measured using
the Elley-Irving scale20 (the forerunner of NZSEI), which
also assigned occupations into 1 of 6 socioeconomic status
groups (6 indicates professional; 1 indicates unskilled
laborer).20 A continuous measure was not available when
childhood socioeconomic status was measured.

Statistical Analysis
First, sample descriptive statistics were generated for the
sample as a whole and separately for study members with and
without blood lead data. Differences between those with and
without blood lead data were examined using t tests or χ2 tests
as appropriate. Pearson correlations between all study vari-
ables were calculated using standard procedures (PROC CORR)
in SAS version 9.3.

Second, the association between childhood blood lead
levels and adult outcomes was tested using ordinary least-
squares multiple regression. The 2 prespecified primary
outcome variables were adult IQ (WAIS-IV) and adult socio-
economic status (NZSEI-06). Each outcome was examined
using a sex-adjusted model (outcome was regressed on
childhood blood lead levels and sex) and a fully adjusted
model (outcome was regressed on childhood blood lead lev-
els and the following covariates: sex, childhood IQ, mater-
nal IQ [assessed via the Science Research Associates verbal
test21 administered to the study mothers when the partici-
pants were 3 years old], and childhood socioeconomic sta-
tus). The goal of the fully adjusted model was to evaluate
the association between childhood blood lead levels and
adult IQ and socioeconomic status using an analysis of
covariance model of IQ and socioeconomic status change.
Lead level was analyzed as a continuous measure; however,
it is presented in 5-μg/dL units, the current reference level
for clinical attention and therefore a measure that is mean-
ingful to clinicians and policymakers. Moreover, 5 μg/dL
represents approximately 1 standard deviation of blood lead
level in the cohort. We also compared mean primary out-
comes for participants with childhood blood lead levels
above the historic international level of concern during their
childhood (>10 μg/dL) vs below.22

Prespecified exploratory analyses tested associations
between childhood blood lead level and the 4 constituent

abilities making up the IQ. No adjustments were made for
the 4 multiple comparisons of secondary outcomes; these
results should be interpreted as exploratory.

Only participants who had complete data on all covari-
ates for each outcome were included in each model; no data
were imputed. For adult IQ, 533 (94%) participants were ana-
lyzed; for adult socioeconomic status, 541 (96%) participants
were analyzed.

Third, in addition to the analysis of covariance, for illus-
trative purposes, change in IQ from childhood to adulthood
as well as socioeconomic mobility were evaluated using
change scores. Childhood IQ was subtracted from the adult
IQ with both IQs measured on matched scales. IQ decline,
relative to cohort norms, was indicated using negative
scores. Childhood (ie, parental) socioeconomic status was
subtracted from adult socioeconomic status with both vari-
ables measured on matched 6-category scales.19,20 Down-
ward mobility was indicated using negative scores.

Fourth, whether cognitive decline from childhood to adult-
hood mediated the association between childhood blood lead
levels and downward change in socioeconomic status was
tested. Ordinary least-squares regression was used to esti-
mate a single-mediator model using the Sobel test23 to esti-
mate the significance of the mediation effect (see eFigure in
the Supplement).

Sensitivity analyses were conducted repeating all statis-
tical analyses after subjecting the lead measure to a logarith-
mic transformation and a correction for hematocrit levels,24

and after incorporating 2 additional covariates into the fully
adjusted analysis of covariance: maternal smoking during preg-
nancy (assessed via maternal interview) and child birth-
weight (from hospital records).

Analyses were conducted using SAS version 9.3. Regres-
sion coefficients refer to dose increments of 5 μg/dL in child-
hood blood lead level. The threshold for statistical signifi-
cance was 2-tailed, P value of less than .05.

Results
Of 1037 participants in the original cohort, 1007 were still
alive at age 38 years, 565 (56%) of whom had been lead
tested at age 11 years (303 [54%] male; 525 [93%] white).
Participants alive at age 38 years with childhood blood lead
data (n=565) and without childhood blood lead data (n=442)
did not differ to a statistically significant extent from each
other in terms of their mothers’ IQ scores or their social
class origins, but those without blood lead data did have
lower mean childhood IQ scores as a group (98.91 vs 101.01;
difference for children without blood lead data vs with
blood lead data, −2.10 [95% CI, −3.99 to −0.19]; P=.03;
[Table 1]). Children not tested at the unit tended to live out-
side city limits and such nonurban residents tended to have
marginally lower IQ scores.25 Correlations among primary
study variables are shown in Table 2.

Childhood blood lead levels ranged from 4 to 31 μg/dL
(mean [SD], 10.99 [4.63]). There were 259 participants
(46%) with blood lead levels above the historic international
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level of concern (10 μg/dL) of whom 157 (61%) were male,
and 531 participants (94%) with blood lead levels above the
current normal reference value (5μg/dL) of whom 288 (54%)
were male. Females (n=262) had lower mean lead levels
(10.42) than males (n=303; mean lead level, 11.49 [differ-
ence in female vs male participants, −1.07 {95% CI, −1.82 to
−0.30}]; P=.007). There was no significant socioeconomic
gradient in lead exposure in the cohort children. High blood
lead levels were observed among children from all socioeco-
nomic status groups (Figure 1).

Higher childhood blood lead level was associated with
poorer adult cognitive performance. Children with higher
blood lead levels at age 11 years scored lower than cohort
peers on mean IQ tested at age 38 years (Table 3). After con-
trolling for participants’ own childhood IQ score, their
mothers’ IQ score, and their socioeconomic background,
each 5-μg/dL higher level of blood lead in childhood was
associated with an additional 1.61-point lower score (95% CI,
−2.48 to −0.74; P<.001) in the full-scale IQ. Prespecified
exploratory analyses of the 4 constituent abilities making

up the IQ showed children with higher levels of blood lead
at age 11 years scored lowest on indexes tapping perceptual
reasoning and working memory (Table 3). Figure 2 depicts
the mean IQs at age 38 years of participants at each child-
hood blood lead level. Participants with childhood blood
lead levels above the historic international level of concern
(>10μg/dL) tested 4.25 mean IQ points lower in adulthood
(95% CI, −6.75 to−1.75; P<.001) than their peers with lower
blood lead levels (after adjusting for childhood IQ and the
other covariates, 2.73 IQ points lower [95% CI, −4.34 to
−1.12; P<.001]). To evaluate IQ decline from childhood to
adulthood, participants’ adult IQ scores were compared
with their childhood IQ scores (Figure 3). Participants above
the level of concern exhibited a mean decline of 1.68 IQ
points from childhood to adulthood. In contrast, those at or
below the level of concern exhibited a mean increase of 1.22
IQ points from childhood to adulthood, a significant differ-
ence of 2.90 IQ points (95% CI, 1.20 to 4.61; P<.001).

Higher childhood blood lead level was also associated
with lower adult socioeconomic status. Children with higher

Table 2. Pearson Correlations Among Primary Study Variables

Variable

Childhood
Blood Lead
Levela

Maternal
Verbal IQ

WISC-R
Childhood IQ

Childhood
Socioeconomic
Statusb

WAIS-IV
Full-Scale IQ at
Age 38 y

Socioeconomic
Status
at Age 38 yb

Childhood blood lead level

Maternal verbal IQ −0.06

WISC-R childhood IQ −0.03 0.38c

Childhood socioeconomic statusb 0.03 0.36c 0.41c

WAIS-IV full-scale IQ at age 38 y −0.11d 0.44c 0.76c 0.38c

Socioeconomic status at age 38 yb −0.11e 0.24c 0.43c 0.35c 0.49c

Abbreviations: NZSEI-06, New Zealand Socioeconomic Index-2006;
WAIS-IV, Wechsler Adult Intelligence Scale–IV; WISC-R, Wechsler Intelligence
Scale for Children-Revised.
a Data without footnote symbols indicate nonsignificant P values (�.05).

b Socioeconomic status was assessed in childhood using the Elley-Irving
scale (range 1 [lowest]-6 [highest]) and at age 38 years using the NZSEI-06
(range 10 [lowest]-90 [highest]).

c P<.001.
d P<.05.
e P<.01.

Table 1. Comparison of Participants With and Without Lead Data at Age 11 Years on Primary Study Variables

Full Sample
(N=1037)

Alive at Age 38 Years

P Value
for Lead
vs No Lead

Lead Data
at Age 11 Years
(n=565)

No Lead Data
at Age 11 Years
(n=442)

No. Mean (SD) No. Mean (SD) No. Mean (SD)
Male, No. 535a 303a 214a .10

Childhood blood lead level 565 10.99 (4.63)

Maternal verbal IQb 1011 39.75 (14.77) 557 40.41 (14.22) 425 39.19 (15.42) .20

WISC-R childhood full-scale IQ 986 100.00 (15.00) 563 101.01 (14.22) 398 98.91 (15.53) .03

Childhood socioeconomic statusc 1031 3.75 (1.14) 563 3.80 (1.12) 438 3.69 (1.17) .13

WAIS-IV full-scale IQ at age 38 y 942 100.00 (15.00) 542 101.16 (14.82) 400 98.43 (15.11) .006

Socioeconomic status at age 38 yc 953 48.83 (17.11) 550 49.75 (17.12) 403 47.58 (17.03) .05

Abbreviations: NZSEI-06, New Zealand Socioeconomic Index-2006;
WAIS-IV, Wechsler Adult Intelligence Scale-IV; WISC-R, Wechsler Intelligence
Scale for Children-Revised.
a The number of males comprises 51.7% of the full sample, 53.6% of participants

with lead data at age 11 years, and 44.8% of participants with no lead data
at age 11 years.

b Maternal verbal IQ was assessed using the Thurstone scale, which is not scaled
to a mean of 100.

c Socioeconomic status was assessed in childhood using the Elley-Irving
scale (range 1 [lowest]-6 [highest]) and at age 38 years using the NZSEI-06
(range 10 [lowest]-90 [highest]).
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blood lead levels at age 11 years attained lower levels of socio-
economic status as adults than cohort peers (Table 3). After

controlling for participants’ own childhood IQ score, their
mothers’ IQ score, and their socioeconomic background,
each 5-μg/dL higher level of blood lead in childhood was
associated with an additional 1.79-unit lower score (95% CI,
−3.17 to −0.40; P=.01) in socioeconomic status. Figure 2
shows the mean socioeconomic status at age 38 years of par-
ticipants at each childhood blood lead level. Participants with
childhood blood lead levels above the historic international
level of concern (>10 μg/dL) attained a mean socioeconomic
level 4.51 points lower in adulthood (95% CI, −7.38 to −1.64;
P=.002) than their peers with lower blood lead levels (after
adjusting for childhood socioeconomic status and the other
covariates, 3.42 units lower, 95% CI, −5.98 to −0.85;
P=.009).11 To evaluate socioeconomic mobility directly, par-
ticipants’ adult socioeconomic status was compared with
that of their parents on the same 6-point social class scale
(Figure 3). Participants above the level of concern exhibited
an absolute mean decline of 0.18 social class scale points on
the 6-point scale. In contrast, those at or below the level of
concern exhibited a mean increase of 0.12 social class scale
points from childhood to adulthood, a significant difference
of 0.30 scale points (95% CI, 0.04 to 0.55; P=.02).

The association between childhood blood lead levels
and socioeconomic status decline from childhood to adult-
hood was partially but significantly mediated by decline in
IQ from childhood to adulthood after adjusting for covari-
ates. IQ decline accounted for 40% of the association
between childhood blood lead levels and downward socio-
economic mobility, significantly reducing the association
between childhood blood lead levels and socioeconomic
status change, Sobel test of mediation P=.002 (eFigure in
the Supplement).

Descriptive statistics for study variables used in sensitiv-
ity analyses are presented in eTable 1 in the Supplement along
with the results of the sensitivity analyses (eTable 2 in the
Supplement). Subjecting the lead measure to a logarithmic
transformation, correcting for hematocrit levels, and adding
additional covariates did not materially alter the results.

Discussion
This longitudinal analysis of the association between child-
hood blood lead levels and adult cognitive function and so-
cioeconomic status revealed 3 findings. First, childhood blood
lead level was associated with lower adult IQ scores nearly 3
decades later, reflecting cognitive decline following child-
hood lead exposure. There were significant associations be-
tween childhood blood lead levels and lower scores on the
Perceptual Reasoning IQ and the Working Memory IQ, but no
significant association with the Verbal Comprehension IQ or
the Processing Speed IQ. These associations remained signifi-
cant after adjusting for the participants’ childhood IQs, their
mothers’ IQs, and their social class backgrounds.

Second, childhood blood lead level was associated with
lower adult socioeconomic status, reflecting downward
social mobility following childhood lead exposure. These
associations too remained significant after adjusting for the

Figure 1. Distribution of Blood Lead Levels at Age 11 Years
in Dunedin Cohort Grouped by Socioeconomic Status
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Families with high socioeconomic status (n = 91)A

Families with middle socioeconomic status (n = 360)B

Families with low socioeconomic status (n = 112)C

15

15

Box and whisker plots and histograms depict the distribution of childhood blood
lead levels for participants from families of low–, middle–, and high–socioeconomic
status based on the 6-point Elley-Irving scale (categories 1 and 2 [low status], 3 and
4 [middle status], 5 and 6 [high status]), which codes participants’ parents’
occupations and their associated income and education levels. High blood lead
levels were observed in all status groups. Of the 563 participants, 2 were not
assigned a childhood socioeconomic status score. The box and whisker plots show
the median (vertical black line inside the box), lower and upper interquartile ranges
(IQRs; left and right borders of the box), lower-bound value equal to the 25th
percentile minus 150% of the IQR and upper-bound value equal to the 75th
percentile plus 150% of the IQR (whiskers), and outlier observations (black circles).
The histogram interval bins represent whole integers of blood lead level, and the
blue segment on each y-axis indicates the numeric range from 0 to 15.
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participants’ childhood IQs, their mothers’ IQs, and their
social class backgrounds.

Third, the relationship between childhood lead exposure
and downward social mobility by midlife was partially but sig-
nificantly mediated by cognitive decline following childhood
lead exposure.

These results suggest that cognitive impairment associ-
ated with childhood lead exposure can persist and may
worsen somewhat across decades (27 years in this study) to
age 38 years. Each 5-μg/dL higher blood lead level in child-
hood was associated with an additional 1.61-point lower score
in adult IQ after adjusting for covariates. The effect sizes for
adult cognitive impairment that were detected are small and
do not constitute the extent of impairment that would attract
clinical treatment. They are, however, similar to IQ deficits
associated with other notable childhood risk factors, such as

very low birth weight.26 Despite being mild, the cognitive
decline evident among lead-exposed children was accompa-
nied by altered socioeconomic life trajectories, measurable as
small but detectable downward social mobility by midlife for
the most-exposed children regardless of their origins.

This study had the advantage of being able to use lead
assays archived 3 decades ago, in a representative sample of
children that is relatively large by the standards of research
studies on lead exposure and that has been observed to
midlife. A strength of this study was the lack of social gradi-
ent in lead exposure observed in the Dunedin cohort. This
afforded the opportunity to examine the long-term associa-
tion between childhood lead exposure and adult outcomes
without having to first disentangle exposure to lead from
exposure to other harmful and often intertwined adversities,
particularly poverty. The study’s findings are thus consistent

Figure 2. Association of Childhood Blood Lead Level With WAIS-IV IQ and Socioeconomic Status in Adulthood
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Both panels are unadjusted for covariates and show mean outcomes in
adulthood (circles) and 95% CIs (error bars) for each 5-μg/dL higher level of
blood lead in childhood. For panel A, each 5-μg/dL higher level of blood lead in
childhood was associated with an additional 1.97-point lower score (95% CI,
−3.34 to −0.59; P=.005) in adult Wechsler Adult Intelligence Scale-IV (WAIS-IV)

full-scale IQ and (in panel B) an additional 1.94-unit lower score (95% CI, −3.50
to −0.37; P=.02) in adult socioeconomic status (assessed at age 38 years using
the New Zealand Socioeconomic Index-2006 [range, 10 {lowest}-90 {highest}];
see Table 3).

Table 3. Association Between Childhood Blood Lead Levels at Age 38 Years and Adult IQ and Adult Socioeconomic Statusa

Adjusted by Sex Fully Adjustedb

Regression β Coefficient
(95% CI) P Value

Regression β Coefficient
(95% CI) P Value

WAIS-IV Adult IQc

Full-scale IQd −1.97 (−3.34 to −0.59) .005 −1.61 (−2.48 to −0.74) <.001

Verbal Comprehension IQe −1.39 (−3.01 to 0.23) .09 −1.01 (−2.18 to 0.16) .09

Perceptual Reasoning IQe −2.36 (−3.69 to −1.03) <.001 −2.07 (−3.14 to −1.01) <.001

Working Memory IQe −1.52 (−2.95 to −0.08) .04 −1.26 (−2.38 to −0.14) .03

Processing Speed IQe −0.91 (−2.19 to 0.37) .16 −0.70 (−1.85 to 0.45) .23

Adult socioeconomic statusd,f −1.94 (−3.50 to −0.37) .02 −1.79 (−3.17 to −0.40) .01

Abbreviations: NZSEI-06, New Zealand Socioeconomic Index-2006;
WAIS-IV, Wechsler Adult Intelligence Scale-IV.
a Of the study participants alive at age 38 years with childhood blood lead

measured, 94% (n=533) also had present data on all the covariates
and the IQ outcome measures, and 96% (n=541) had present data on
all the covariates and the socioeconomic status outcome measure.
Regression coefficients indicate change in outcome per 5μg/dL increase
in childhood blood lead level.

b Covariates in the fully adjusted model were sex, maternal IQ, participants’
childhood IQ, and childhood socioeconomic status.

c IQs were assessed using the WAIS-IV (score range, 40-160) and standardized
to a mean SD of 100 (15).

d Primary outcome.
e Secondary outcome.
f Socioeconomic status was assessed at age 38 years using the NZSEI-06

(range, 10 [lowest]-90 [highest]).
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with, but cannot prove, the hypothesis that lead exerts a deg-
radative effect on cognitive ability and a downward pull on
socioeconomic status over time regardless of childrens’ cog-
nitive ability or socioeconomic status in early life. That said,
these findings may not generalize to those settings where, as
in the United States, lead exposure is concentrated among
the poor in larger cities and near former lead-emitting indus-
try sites.27 Because this study’s sample was primarily white,
the findings also require replication in more ethnically
diverse samples.

There are limitations to this study. Although mean blood
lead levels in this New Zealand cohort were comparable with
other developed-city cohorts born in the early 1970s, the lead
level gradient observed in the Dunedin cohort was almost en-
tirely (94% of participants) above the current blood lead ref-
erence value for clinical attention (5 μg/dL).25 This study’s
results may not, therefore, be informative about the long-
term consequences of very low lead exposures (<7.5 μg/dL).28

Because the only measure of childhood lead exposure was
taken at age 11 years, this study could not evaluate sensitive
periods of vulnerability to lead or evaluate cumulative expo-
sure across childhood, although blood lead level measured at
school age may be “a reasonable proxy for lifetime exposure”
up to that point.3 There were also no measures of cumulative
lead exposure to midlife, such as cortical bone-lead level. This
study could not, therefore, evaluate the differential influ-
ences of early-life vs later-life lead exposure. Recent studies
of older adults suggest that lead exposure in adulthood is as-
sociated with impaired cognitive function and accelerated cog-
nitive decline in late life.29-31 Although cumulative lead expo-
sure in adulthood is an important metric for understanding the
potential harms of lead absorbed across the lifespan, this study
was focused on understanding the long-term consequences
of early-life lead exposure. During the lifetime of the Dunedin

cohort participants, lead exposure was reduced after child-
hood, as New Zealand began to phase lead out of its gasoline
in the late 1980s and removed it entirely in 1996.10 In many
similar cities in developed countries, adults now in middle age
will have also experienced their greatest lead exposures dur-
ing childhood.3,12,13 In addition, this study was observational
and correlational, and therefore does not establish a causal re-
lation between lead exposure and outcomes, such as would be
the case in a hypothetical experiment with children ran-
domly assigned to lead exposure.

Notwithstanding its limitations, this study may hold im-
plications for clinical practice and public policy. The results in-
dicate that childhood exposures to lead can be linked with
cognitive and socioeconomic outcomes detectable more than
3 decades later. For the clinician, evidence of cognitive de-
cline from childhood to adulthood may argue for increased at-
tention to possible early intervention with lead-exposed
children.32 For communities that have experienced collec-
tive lead exposure events and for countries where lead expo-
sures are still routinely above health standards, the findings
raise questions about the reasonable duration and magni-
tude of public responses. Just as the problem of toxic lead ex-
posure in homes appears to persist, so too do the poor out-
comes associated with such exposure. Short-lived public
responses to community lead exposure may not be enough.

Conclusions
In this cohort born in New Zealand in 1972-1973, childhood lead
exposure was associated with lower cognitive function and so-
cioeconomic status at age 38 years and with declines in IQ and
with downward social mobility. Childhood lead exposure may
have long-term ramifications.

Figure 3. Association of Childhood Blood Lead Level With Cognitive Decline and Downward Socioeconomic Mobility Into Adulthood
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Both panels are unadjusted for covariates and show mean change in outcome
from childhood to adulthood (circles) and 95% CIs (error bars) for each 5-μg/dL
higher level of blood lead in childhood. To create IQ change scores, childhood IQ
was subtracted from the adult IQ, with both IQs measured on matched scales
(Wechsler Intelligence Scale for Children-Revised [WISC-R] for child IQ and
Wechsler Adult Intelligence Scale-IV [WAIS-IV] for adult IQ). To create
socioeconomic status change scores, childhood (ie, parental) socioeconomic
status was subtracted from adult socioeconomic status with both status

variables measured on comparable 6-category scales (the Elley-Irving scale
for childhood and the New Zealand Socioeconomic Index [NZSEI-06] for
adulthood) assessing socioeconomic status in New Zealand by assigning
occupations into 1 of 6 socioeconomic status groups (range, 1 [lowest,
eg, unskilled laborer]-6 [highest, eg, professional]). For panel A, each 5-μg/dL
higher level of blood lead in childhood was associated with a 1.61-point decline
(95% CI, −2.48 to −0.74; P<.001) in full-scale IQ and (in panel B) a 1.79-unit
decline (95% CI, −3.17 to −0.40; P=.01) in socioeconomic status (see Table 3).

Research Original Investigation Childhood Blood Lead Levels, Cognitive Function, and Socioeconomic Status in Adulthood

1250 JAMA March 28, 2017 Volume 317, Number 12 (Reprinted) jama.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/936129/ by a Duke Medical Center Library User  on 03/30/2017

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.1712


Copyright 2017 American Medical Association. All rights reserved.

ARTICLE INFORMATION

Author Affiliations: Department of Psychology and
Neuroscience, Duke University, Durham, North
Carolina (Reuben, Caspi, Harrington, Sugden,
Houts, Moffitt); Center for Genomic and
Computational Biology, Duke University, Durham,
North Carolina (Caspi, Moffitt); Department of
Psychiatry and Behavioral Sciences, Duke
University, Durham, North Carolina (Caspi, Moffitt);
Social, Genetic, and Developmental Psychiatry
Centre, Institute of Psychiatry, Psychology, &
Neuroscience, King’s College, London, United
Kingdom (Caspi, Moffitt); Social Science Research
Institute, Duke University, Durham, North Carolina
(Belsky); Department of Medicine, Duke University
School of Medicine, Durham, North Carolina
(Belsky); Sir John Walsh Research Institute, Faculty
of Dentistry, University of Otago, Dunedin,
New Zealand (Broadbent); Dunedin
Multidisciplinary Health and Development
Research Unit, Department of Psychology,
University of Otago, Dunedin, New Zealand
(Ramrakha, Poulton).

Author Contributions: Mr Reuben had full access
to all of the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis.
Concept and design: Reuben, Caspi, Broadbent,
Poulton, Moffitt.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Reuben, Caspi, Moffitt.
Critical revision of the manuscript for important
intellectual content: Belsky, Broadbent, Harrington,
Sugden, Houts, Ramrakha, Poulton.
Statistical analysis: Reuben, Caspi, Belsky,
Broadbent, Houts.
Obtained funding: Caspi, Poulton, Moffitt.
Administrative, technical, or material support:
Harrington, Sugden, Ramrakha, Poulton.
Supervision: Caspi, Houts, Poulton, Moffitt.
Assisted with interpretation: Broadbent.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and
none were reported.

Funding/Support: The Dunedin Multidisciplinary
Health and Development Research Unit is
supported by the New Zealand Health Research
Council and the New Zealand Ministry of Business,
Innovation, and Employment (MBIE). This research
received grant support from the US National
Institute on Aging (R01AG032282, R01AG049789,
R01AG048895); the UK Medical Research Council
(MR/K00381X and MR/P005918/1); the Economic
and Social Research Council (ES/M010309/1);
and the Jacobs Foundation.

Role of the Funder/Sponsors: The funders of the
study had no role in design and conduct of the
study; collection, management, analysis, and
interpretation of the data; and preparation, review,
or approval of the manuscript or the decision to
submit for publication.

Additional Contributions: We thank the Dunedin
Study members, unit research staff, and study
founder Phil Silva, PhD, University of Otago. Dr Silva
did not receive compensation for his contributions
to this article.

REFERENCES

1. Kennedy C, Yard E, Dignam T, et al. Blood lead
levels among children aged <6 years—Flint,
Michigan, 2013-2016. MMWR Morb Mortal Wkly Rep.
2016;65(25):650-654.

2. Renner R. Out of plumb: when water treatment
causes lead contamination. Environ Health Perspect.
2009;117(12):A542-A547.

3. Bellinger DC. Very low lead exposures and
children’s neurodevelopment. Curr Opin Pediatr.
2008;20(2):172-177.

4. Needleman HL, Schell A, Bellinger D, Leviton A,
Allred EN. The long-term effects of exposure to low
doses of lead in childhood: an 11-year follow-up
report. N Engl J Med. 1990;322(2):83-88.

5. Stokes L, Letz R, Gerr F, et al. Neurotoxicity in
young adults 20 years after childhood exposure to
lead: the Bunker Hill experience. Occup Environ Med.
1998;55(8):507-516.

6. Cecil KM, Brubaker CJ, Adler CM, et al.
Decreased brain volume in adults with childhood
lead exposure. PLoS Med. 2008;5(5):e112.

7. Brubaker CJ, Schmithorst VJ, Haynes EN, et al.
Altered myelination and axonal integrity in adults
with childhood lead exposure: a diffusion tensor
imaging study. Neurotoxicology. 2009;30(6):867-
875.

8. White RF, Diamond R, Proctor S, Morey C, Hu H.
Residual cognitive deficits 50 years after lead
poisoning during childhood. Br J Ind Med. 1993;50
(7):613-622.

9. Mazumdar M, Bellinger DC, Gregas M, Abanilla
K, Bacic J, Needleman HL. Low-level environmental
lead exposure in childhood and adult intellectual
function: a follow-up study. Environ Health. 2011;10
(1):24.

10. Wilson N, Horrocks J. Lessons from the removal
of lead from gasoline for controlling other
environmental pollutants: a case study from
New Zealand. Environ Health. 2008;7(1):1-10.

11. Silva PA, Hughes P, Williams S, Faed JM.
Blood lead, intelligence, reading attainment, and
behaviour in eleven year old children in Dunedin,
New Zealand. J Child Psychol Psychiatry. 1988;29
(1):43-52.

12. Silva PA, Hughes P, Faed JA. Blood lead levels
in 579 Dunedin eleven year old children: a report
from the Dunedin Multidisciplinary Health and
Development Unit. N Z Med J. 1986;99(99):179-183.

13. Annest JL. Trends in the blood lead levels of the
US population: The Second National Health and
Nutrition Examination Survey (NHANES II)
1976-1980. In: Rutter M, Jones RR, eds. Lead vs
Health. Chichester, UK: Wiley; 1983:33-58.

14. Brody DJ, Pirkle JL, Kramer RA, et al. Blood lead
levels in the US population: phase 1 of the Third
National Health and Nutrition Examination Survey
(NHANES III, 1988 to 1991). JAMA. 1994;272(4):
277-283.

15. Poulton R, Moffitt TE, Silva PA. The Dunedin
Multidisciplinary Health and Development Study:
overview of the first 40 years, with an eye to the
future. Soc Psychiatry Psychiatr Epidemiol. 2015;50
(5):679-693.

16. Wechsler D. Wechsler Adult Intelligence Scale.
4th ed. San Antonio, TX: Pearson Assessment; 2008.

17. Wechsler D. Wechsler Intelligence Scale for
Children (revised). New York, NY: The Psychological
Corp; 1974.

18. Moffitt TE, Caspi A, Harkness AR, Silva PA.
The natural history of change in intellectual
performance: who changes? how much? is it
meaningful? J Child Psychol Psychiatry. 1993;34(4):
455-506.

19. Milne BJ, Byun U, Lee A. New Zealand
Socioeconomic Index 2006. Wellington: Statistics
New Zealand; 2013.

20. Elley WB, Irving JC. Revised socio-economic
index for New Zealand. N Z J Educ Stud. 1976;11:25-
36.

21. Thurstone LL, Thurstone TG. The SRA Verbal &
Non Verbal Form. Chicago, IL: Science Research
Associates; 1973.

22. Centers for Disease Control and Prevention.
What do parents need to know to protect their
children? https://www.cdc.gov/nceh/lead/acclpp
/blood_lead_levels.htm. Accessed June 7, 2016.

23. Baron RM, Kenny DA. The moderator-mediator
variable distinction in social psychological research:
conceptual, strategic, and statistical considerations.
J Pers Soc Psychol. 1986;51(6):1173-1182.

24. deSilva PE. Blood lead levels and the
haematocrit correction. Ann Occup Hyg. 1984;28
(4):417-428.

25. Broadbent JM, Thomson WM, Ramrakha S,
et al. Community water fluoridation and
intelligence: prospective study in New Zealand.
Am J Public Health. 2015;105(1):72-76.

26. Hack M, Flannery DJ, Schluchter M, Cartar L,
Borawski E, Klein N. Outcomes in young adulthood
for very-low-birth-weight infants. N Engl J Med.
2002;346(3):149-157.

27. Moody H, Darden JT, Pigozzi BW. The racial
gap in childhood blood lead levels related to
socioeconomic position of residence in
metropolitan Detroit. Sociol Race Ethnicity. 2016;2
(2):200-218. doi:10.1177/2332649215608873

28. Lanphear BP, Hornung R, Khoury J, et al.
Low-level environmental lead exposure and
children’s intellectual function: an international
pooled analysis. Environ Health Perspect. 2005;113
(7):894-899.

29. Shih RA, Hu H, Weisskopf MG, Schwartz BS.
Cumulative lead dose and cognitive function in
adults: a review of studies that measured both
blood lead and bone lead. Environ Health Perspect.
2007;115(3):483-492.

30. Bandeen-Roche K, Glass TA, Bolla KI, Todd AC,
Schwartz BS. Cumulative lead dose and cognitive
function in older adults. Epidemiology. 2009;20(6):
831-839.

31. Power MC, Korrick S, Tchetgen Tchetgen EJ,
et al. Lead exposure and rate of change in cognitive
function in older women. Environ Res. 2014;129:69-
75.

32. Educational Services for Children Affected by
Lead Expert Panel. Educational Interventions for
Children Affected by Lead. Atlanta, GA: US
Department of Health and Human Services; 2015.

Childhood Blood Lead Levels, Cognitive Function, and Socioeconomic Status in Adulthood Original Investigation Research

jama.com (Reprinted) JAMA March 28, 2017 Volume 317, Number 12 1251

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/936129/ by a Duke Medical Center Library User  on 03/30/2017

https://www.ncbi.nlm.nih.gov/pubmed/27359350
https://www.ncbi.nlm.nih.gov/pubmed/27359350
https://www.ncbi.nlm.nih.gov/pubmed/20049189
https://www.ncbi.nlm.nih.gov/pubmed/20049189
https://www.ncbi.nlm.nih.gov/pubmed/18332714
https://www.ncbi.nlm.nih.gov/pubmed/18332714
https://www.ncbi.nlm.nih.gov/pubmed/2294437
https://www.ncbi.nlm.nih.gov/pubmed/9849536
https://www.ncbi.nlm.nih.gov/pubmed/9849536
https://www.ncbi.nlm.nih.gov/pubmed/18507499
https://www.ncbi.nlm.nih.gov/pubmed/19619581
https://www.ncbi.nlm.nih.gov/pubmed/19619581
https://www.ncbi.nlm.nih.gov/pubmed/8343422
https://www.ncbi.nlm.nih.gov/pubmed/8343422
https://www.ncbi.nlm.nih.gov/pubmed/21450073
https://www.ncbi.nlm.nih.gov/pubmed/21450073
https://www.ncbi.nlm.nih.gov/pubmed/18179712
https://www.ncbi.nlm.nih.gov/pubmed/3350882
https://www.ncbi.nlm.nih.gov/pubmed/3350882
https://www.ncbi.nlm.nih.gov/pubmed/3458060
https://www.ncbi.nlm.nih.gov/pubmed/8028140
https://www.ncbi.nlm.nih.gov/pubmed/8028140
https://www.ncbi.nlm.nih.gov/pubmed/25835958
https://www.ncbi.nlm.nih.gov/pubmed/25835958
https://www.ncbi.nlm.nih.gov/pubmed/8509490
https://www.ncbi.nlm.nih.gov/pubmed/8509490
https://www.cdc.gov/nceh/lead/acclpp/blood_lead_levels.htm
https://www.cdc.gov/nceh/lead/acclpp/blood_lead_levels.htm
https://www.ncbi.nlm.nih.gov/pubmed/3806354
https://www.ncbi.nlm.nih.gov/pubmed/6529072
https://www.ncbi.nlm.nih.gov/pubmed/6529072
https://www.ncbi.nlm.nih.gov/pubmed/24832151
https://www.ncbi.nlm.nih.gov/pubmed/11796848
https://www.ncbi.nlm.nih.gov/pubmed/11796848
http://dx.doi.org/10.1177/2332649215608873
https://www.ncbi.nlm.nih.gov/pubmed/16002379
https://www.ncbi.nlm.nih.gov/pubmed/16002379
https://www.ncbi.nlm.nih.gov/pubmed/17431502
https://www.ncbi.nlm.nih.gov/pubmed/17431502
https://www.ncbi.nlm.nih.gov/pubmed/19752734
https://www.ncbi.nlm.nih.gov/pubmed/19752734
https://www.ncbi.nlm.nih.gov/pubmed/24529005
https://www.ncbi.nlm.nih.gov/pubmed/24529005
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.1712

