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Abstract
Background: Children in Flint, Michigan, have multiple risk factors for behavioural 
challenges, including exposure to lead during the Flint water crisis. However, their 
behavioural health status is largely unknown. Robust data from the Flint Registry can 
help understand the burden of behavioural outcomes and inform the allocation of 
resources.
Objectives: This population- level evaluation of Flint children's behavioural outcomes 
aims to answer the question: What is the burden of parent- reported child behaviour 
problems in Flint Registry enrolled children?
Methods: This cross- sectional study describes parent- reported behavioural outcomes 
of children 2– 17 years old who enrolled in the Flint Registry between December 2018 
and December 2020. Parents/guardians completed behavioural assessments includ-
ing the Behavior Assessment System for Children (BASC- 3) Parent Rating Scale and 
Behavior Rating Inventory of Executive Function (BRIEF2) Screening Parent Form. 
Demographics of enrolees were compared with census data. Composite BASC- 3 T 
scores were compared with national norms. Distributions for clinically relevant cat-
egories of BASC- 3 and BRIEF2 scores were examined across age and sex groups.
Results: Of the 3579 children included in this study (mean age 9.73 ± 3.96 years), about 
half were female and 79.7% were eligible for free or reduced- price lunch. Almost half 
of the children were reported to have clinically concerning scores on the BASC- 3 
Parent Rating Scale (44.7%) and the BRIEF2 Screening Parent Form (46.7%). Across 
most age and sex groupings, the reported adaptive skills were relatively low and be-
haviour symptoms relatively high.
Conclusions: Results reveal a substantial burden of parent- reported behavioural 
problems in Flint Registry children. This is clinically significant and indicates that a 
large number of children may require comprehensive neuropsychological evaluation 
and potential medical and/or educational services. Recognising the potential for long- 
term manifestations of childhood exposures to environmental hazards, longitudinal 
surveillance is critical to continue to identify and support participants.
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in any medium, provided the original work is properly cited and is not used for commercial purposes.
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1  |  BACKGROUND

The Flint water crisis, a public health emergency, began in April 2014 
when the drinking water source of Flint, Michigan, United States, 
was changed from Lake Huron to the Flint River without proper cor-
rosion control treatment. Unbeknownst to the residents of Flint and 
for over 18 months, lead leached from the drinking water infrastruc-
ture. A potent neurotoxicant with no safe level, lead exposure is 
implicated in deleterious cognitive, behavioural, developmental and 
health consequences.1– 6

In response to the critical need to understand and mitigate the 
public health impact of the water crisis, the U.S. Centers for Disease 
Control and Prevention (CDC)- supported Flint Registry was created 
at Michigan State University in collaboration with many community 
partners. Modelled after large- scale exposure- based registries like the 
World Trade Center Health Registry,7 the Flint Registry was developed 
to identify and enrol individuals exposed to the Flint water crisis and 
connect them to services through a screening and referral process.

In addition to supporting impacted individuals, the Flint Registry 
seeks to provide a population- level description of community health 
and behavioural outcomes. While the Flint Registry serves the en-
tire exposed population, the health and neurodevelopmental status 
of children is of particular concern. Children have increased vulner-
ability to the neurotoxic effects of lead,8 as well as to other toxic 
stresses such as childhood poverty and systemic racism;9,10 at the 
same time, there is great potential to proactively mitigate deleterious 
consequences. As such, the Flint Registry enrolment survey included 
questions and instruments designed to broadly assess child health 
and development. Specifically, the Behavior Assessment System for 
Children, Third Edition (BASC- 3) Parent Rating Scale11 and Behavior 
Rating Inventory of Executive Function, Second Edition (BRIEF2) 
Screening Parent Form12 were included because of their wide age 
applicability, ease of administration, comparison to national norms 
(BASC- 3 only), shared utilisation by Flint- area educators and clini-
cians, rigorous development and use for screening children in need 
of neuropsychology referral.

Studies of Flint children's behavioural and neurodevelopmental 
outcomes have been limited. There have been no population- level 
or descriptive studies. One study of 170 preschoolers exposed to 
the Flint water crisis found a wide range of neurodevelopmental 
outcomes, with half of children demonstrating low scores across all 
cognitive and behavioural domains;13 evaluating the same cohort, a 
study of 184 preschoolers found wide ranges of IQ scores, with the 
average in the low- normal range, in the presence of a wide range of 
adaptive skills, with the average level in the adequate range.14 These 
studies underscore the need for robust population- level data to un-
derstand the burden of behavioural outcomes and to appropriately 
allocate resources.

Utilising BASC- 3 and BRIEF2 survey data from children en-
rolled in the Flint Registry, this population- level evaluation of Flint 
children's behavioural outcomes aims to determine the burden of 
parent- reported child behaviour problems.

2  |  METHODS

Eligibility criteria for the Flint Registry were determined by the 
CDC and included individuals who reported that they lived in Flint, 
went to school in Flint or attended day care in Flint during the 
time period on Flint water, between 24 April 2014 and 15 October 
2015, including those who were prenatally exposed. Enrolment 
launched in December 2018. Individuals were recruited to the 
Flint Registry via an extensive outreach and marketing campaign 
which included signing up at local locations, over the phone, or 
via the Flint Registry website. In addition, recruitment mailings 
were sent to lists of potentially eligible individuals, including all 
current Flint residents and children who lived at an address ser-
viced by the Flint Water System during 2014– 2015 and who were 
enrolled in a Michigan Department of Health and Human Services 

Synopsis

Study question

What is the burden of parent- reported child behaviour 
problems in Flint Registry enrolled children?

What's already known

Children in Flint, Michigan, have multiple risk factors for 
behavioural challenges, including lead exposure during the 
Flint water crisis. Earlier work indicated Flint preschoolers 
have average adaptive function; however, the behavioural 
health status of Flint children is largely unknown.

What this study adds

This study reveals a substantial burden of parent- reported 
behavioural problems in a large sample of Flint children. 
Almost 50% of children had at- risk or clinically concerning 
behaviour on the BASC- 3 Parent Rating Scale. The BRIEF- 2 
Screening Parent Form found similar results . Flint parents 
reported relatively low levels of adaptive skills and rela-
tively high levels of concerning behavioural symptoms in 
their children.
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program (e.g. Michigan Care Improvement Registry, Childhood 
Lead Poisoning Prevention Program and Medicaid). Recruitment 
activities included sending text messages, e-mails, and letters and 
making phone calls to encourage individuals to complete their en-
rolment survey. Enrolment in the Flint Registry is ongoing with the 
first follow- up survey conducted 1 year post- enrolment. The co-
hort remains open for enrolment.

This cross- sectional study of children enrolled in the Flint Registry 
examined data collected at the time of enrolment. During enrol-
ment, participants completed eligibility, consent and a baseline sur-
vey with measures of ongoing environmental lead exposure, health 
status and child behaviour assessment instruments. Additionally, 
basic demographic information, including child age, biological sex, 
city of residence and race, was collected via survey. The survey al-
lowed participants to select all that applied from the following race 
categories: White or Caucasian; Black or African American; Native 
American or Alaska Native; Asian Native Hawaiian or Other Pacific 
Islander; Middle Eastern or North African; and Other, please specify. 
For children, enrolment forms and surveys were completed by a par-
ent or guardian. Flint Registry enrolment surveys are predominantly 
completed online (over 85%). Informed consent was obtained over 
the phone, in person, or via a web form. The Flint Registry survey 
and assessment data were collected using REDCap electronic data 
capture tools hosted at Michigan State University.15,16

2.1  |  Cohort selection

An estimated 21,700 children living in the City of Flint, Michigan 
during the Flint water crisis were under the age 18 years when 
enrolment launched in late 2018. Flint Registry children were in-
cluded in this analysis if they completed the Flint Registry enrol-
ment survey (i.e. enrolled) between December 2018 and December 
2020; reported that they lived in Flint during the time period on 
Flint water or were prenatally exposed (N = 3836); and had at least 
one valid composite measure of the BASC- 3 Parent Rating Scale 
(N = 3579), which required them to be aged 2– 17 years at the time 
of enrolment. Of these children, 3191 also had BRIEF2 Screening 
Parent Form scores.

2.2  |  Outcomes

Survey responses from two validated instruments were analysed: 
BASC- 3 Parent Rating Scale and BRIEF2 Screening Parent Form. 
Both are licensed assessments that were purchased for use in this 
study population.

The BASC- 3 Parent Rating Scale measures adaptive and prob-
lem behaviours in community and home settings. It underwent bias 
analyses, was age- standardised and has norms derived from a large, 
representative sample of children across the United States.11 There 
are 139 items for preschoolers (aged 2– 5), 175 for school- age chil-
dren (aged 6– 11) and 173 for adolescents (aged 12– 21). The items 

describe a child behaviour; parents indicate how frequently each oc-
curs using the responses never, sometimes, often or almost always. 
Item scores combine to create composite age- standardised T scores 
for four scales: externalising problems, internalising problems, be-
havioural symptoms index and adaptive skills (see Table S1). Higher 
externalising problems, internalising problems, and behavioural 
symptoms index and lower adaptive skills composite T scores are 
associated with greater likelihood of problem behaviour. T- score cat-
egories for clinical relevance— very low, low, average, at- risk and clin-
ically significant— are derived from the standard T- score distribution 
with a mean of 50 and standard deviation of 10.

The BASC- 3 manual reports the reliability, Cronbach's alpha, of 
the composite T scores ranged from 0.93 to 0.97 for preschoolers, 
0.95 to 0.97 for school- age children and 0.96 to 0.97 for adoles-
cents.11 In the current study, Cronbach's alpha ranged from 0.89 to 
0.92 for preschoolers, 0.94 to 0.95 for school- age children and 0.93 
to 0.95 for adolescents.

The BRIEF2 Screening Parent Form is frequently used in re-
search as well as in medical and educational settings to help de-
termine whether more comprehensive assessment to identify 
executive function deficits is appropriate. The 12- item behavioural 
rating scale has response options of never, sometimes and often. 
Raw scores range from 12 to 36; higher scores are associated with 
increased likelihood of executive function deficits. No T scores 
were calculated; percentiles were provided for raw scores based 
on eight age (5– 7, 8– 10, 11– 13 and 14– 18 years) and gender (male/
female) groupings. Percentiles correspond to different levels of clin-
ical relevance: average, potentially clinically elevated and clinically 
elevated (Table S2). Cut scores were based on standardised data 
from the BRIEF2 full inventory. The BRIEF2 manual reports inter-
nal consistency reliability for the BRIEF2 Screening Parent Form is 
alpha = 0.89, and test– retest reliability, r = 0.79.12 Calculated for the 
current study, Cronbach's alpha was 0.92.

2.3  |  Statistical analysis

BASC- 3 composite T- score sample means were compared with the 
expected means for each age by gender group outlined above. Mean 
differences, Cohen's d and confidence intervals were employed to 
explore the standardised magnitude of differences. Per convention, 
a Cohen's d of 0.20 indicates a small effect, a Cohen's d of 0.50 in-
dicates a medium effect, and 0.80 was considered a large effect. In 
addition, the composite T scores were categorised using BASC- 3 
classifications into clinically relevant categories, and frequencies 
were calculated. BRIEF2 screening data are reported by age group 
and gender. IBM SPSS version 27 was used to analyse the data.

2.3.1  |  Missing data

Missing item- level data for the BASC- 3 Parent Rating Scale were 
handled as prescribed in the administration manual, which specifies 
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that a maximum of two unscorable (i.e. omitted or multiply marked) 
items is allowed per scale, and for these records, data are imputed 
using the developed ‘PRS Adjustment Factors for Unscorable Item 
Response’.11 Flint Registry enrolees without at least one validated 
BASC- 3 composite score (6.7%) were excluded from the study.

The descriptive analysis of the BRIEF2 Screening Parent Form 
includes data from 3191 children; 361 children in the study were 
less than 5 years of age and did not meet the age requirement for 
administration of the BRIEF2 Screening Parent Form, and 27 (0.8%) 
children had missing item data and thus do not have a BRIEF2 score.

2.3.2  |  Sensitivity analyses

To assess for potential selection bias, included and excluded groups 
were compared by biological sex, race and free and reduced- price 
lunch eligibility.

2.4  |  Ethics approval

This study was conducted after the Michigan State University 
Institutional Review Board approved the secondary analysis of Flint 
Registry data and in accordance with federal, state and local regula-
tions, university policies and ethical standards.

3  |  RESULTS

3.1  |  Sample size and demographics

As of 31 December 2020, 12,232 individuals have enrolled in the 
Flint Registry, including 3836 children aged 2– 17 years who reported 
living in Flint during the time of the Flint water crisis. The 3579 chil-
dren with BASC- 3 scores included in this analysis represent approxi-
mately 16% of the estimated denominator of 21,700 Flint children 

born before 2016 and who were less than 18 years of age when en-
rolment in the Flint Registry began at the end of 2018.17 BRIEF2 
scores were available for 3191 children.

About half of the children were female (49.7%). The mean age of 
children at assessment was 9.73 ± 3.96 years. Most children (79.7%), 
as reported by their parents, were eligible for free or reduced- price 
lunch services. Additionally, 65.7% of the children were identified as 
Black only and 19.9% as white only. See Table 1 for comparison with 
US Census data demographics based on estimates of the entire 2016 
population of children under 18 years for the City of Flint.

The study children were demographically similar to the Flint 
population with the same percentage of children qualifying for free 
and reduced- price lunch but did vary in reported race, with fewer 
children in the Flint Registry identifying as white only. There were 
no discernible differences between the sample population and 
those cases excluded due to a lack of BASC- 3 data or BRIEF2 data 
relative to biological sex, race, and free and reduced- price lunch 
eligibility.

3.2  |  Child behaviour ratings

3.2.1  |  BASC- 3 parent rating scale

On average, the preschool boys and girls scored at or near the ex-
pected mean of 50 on most of the BASC- 3 composite measures: ex-
ternalising problems, internalising problems, behavioural symptoms 
and adaptive skills (see Table 2). One noted difference was revealed 
in adaptive skills of preschool boys, whose mean scale score was 
3.39 points lower than the expected mean. A Cohen's d of −0.30 for 
adaptive skills implies a small to medium effect size, and that pre-
school boys were reported to exhibit weaker social skills, functional 
communication and adaptability than their peers (see Table 3).

Mean T scores for school- age girls— 6 to 11 years— differed from 
the expected mean scores on the composite measures of behavioural 
symptoms and adaptive skills by 2.56 and −3.39 points respectively. 

TA B L E  1  Demographics of Flint Registry study participants (N = 3579) and Flint children based on the 2016 American Community Survey

Demographic
Number of Study Participants
(aged 2– 17) (%)a

2016 Flint Population Estimate 
(aged 0– 17) (%)b,c

Sex

Female 1777 (49.7) 11,465 (48.4)

Male 1802 (50.3) 12,204 (51.6)

Race

Black only 2338 (65.7) 15,115 (59.1)

White only 707 (19.9) 8388 (32.8)

Other and More than One Race 514 (14.4) 2072 (8.1)

Free and Reduced- Price Lunch Eligible 2809 (79.7) 16,008 (80.8)

aThe study included individuals who were residents of the City of Flint between 25 April 2014 and 15 October 2015. Reported race was missing for 
20 (<1%) study participants, and free and reduced- price lunch eligibility was missing for 53 (1%).
bSex and race estimates are based on the 2016 American Community Survey.17,18

cFree and reduced- price lunch eligibility is based on data from the Kids Count Data Center.19
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Cohen's d of 0.19 suggests a small effect size relative to behavioural 
symptoms and a Cohen's d of −0.29 a small- to- medium effect size 
relative to adaptive skills. School- age girls in this study had more be-
havioural symptoms and less adaptive skills than their peers.

The study's school- age boys differed from their peers on 
externalising problems (mean difference = 6.24), behavioural 
symptoms (mean difference = 6.93) and adaptive skills (mean differ-
ence = −6.25). The differences from the expected mean of 50 ap-
proached or reached a medium effect size as measured by Cohen's 
d. The school- age boys were reported to have more hyperactivity, 
aggression, and conduct problems, more behavioural symptoms and 
less adaptive skills than their peers.

Both male and female adolescents— aged 12 to 18 years— had 
mean T scores on the BASC- 3 behavioural symptoms and adaptive 
skills that differed from their peers. Cohen's d generally showed 
small- to- medium effect sizes for these differences except the 

adaptive skills measures for adolescent males, which appear to re-
veal a medium- to- large effect size of −0.65. Adolescent males also 
had externalising problem mean T scores that exceeded expected 
scores by 3.19 and a Cohen's d of 0.26, revealing a small effect size. 
In summary, male and female adolescents were reported to have 
more behavioural symptoms and less adaptive skills than their peers. 
In addition, male adolescents' T scores reveal more externalising 
problems such as hyperactivity, aggression and conduct problems.

The BASC- 3 composite scores are presented as clinical and 
adaptive classifications in Figure 1. The graphic reflects the find-
ings presented above. Overall, 44.7% of children were reported to 
have clinically significant or at- risk BASC- 3 scores. A considerable 
number of school- age and adolescent children had BASC- 3 adap-
tive skills and behavioural symptoms composite scores that cate-
gorise their behaviour as clinically significant or at- risk. In addition, 
a large percentage of school- age children and adolescent boys had 

N
Mean (standard 
deviation)

Interquartile 
range

Preschool Females: 2– 5 years

Externalising problems 327 50.6 (11.4) 42, 56

Internalising problems 327 51.0 (12.0) 43, 56

Behavioural symptoms 327 51.2 (11.6) 43, 57

Adaptive skills 327 49.3 (10.3) 42, 57

Preschool males: 2– 5 years

Externalising problems 315 51.7 (12.8) 43, 57

Internalising problems 315 48.5 (11.1) 41, 55

Behavioural symptoms 315 51.9 (12.4) 43, 57

Adaptive skills 315 46.6 (11.1) 39, 55

School- aged females: 6– 11 years

Externalising problems 829 52.0 (13.5) 42, 59

Internalising problems 829 49.9 (12.6) 40, 57

Behavioural symptoms 829 52.6 (13.3) 42, 61

Adaptive skills 829 46.6 (11.5) 38, 56

School- aged males: 6– 11 years

Externalising problems 856 56.2 (16.5) 44, 64

Internalising problems 856 50.1 (13.1) 40, 58

Behavioural symptoms 856 56.9 (15.8) 45, 66

Adaptive skills 856 43.8 (11.6) 35, 52

Adolescent females: 12– 18 years

Externalising problems 621 50.8 (10.3) 43, 54.5

Internalising problems 621 51.7 (11.6) 43, 58

Behavioural symptoms 621 52.2 (10.2) 44, 59

Adaptive skills 621 46.3 (10.8) 38, 54.5

Adolescent Males: 12– 18 years

Externalising problems 631 53.2 (12.3) 44, 59

Internalising problems 631 49.1 (11.2) 41, 55

Behavioural symptoms 631 53.6 (11.3) 45, 61

Adaptive skills 631 43.0 (10.7) 35, 51

Note: BASC- 3 = Behavior Assessment System for Children, Third Edition.

TA B L E  2  Flint Registry study 
participants' BASC- 3 Parent Rating Scale 
scores
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clinically significant or at- risk T scores on the externalising problems 
composite.

3.2.2  |  BRIEF2 screening parent form

As with the BASC- 3, the BRIEF2 screening results show that Flint 
children exhibited clinically concerning behaviours (see Figure 2). 
The sample size of BRIEF2 screenings is smaller (n = 3191) and re-
flects the older age of BRIEF2 eligibility (5 years vs. 2 years in BASC- 
3). Clinically elevated or potentially clinically elevated BRIEF2 scores 
identifying deficits in executive functioning were found in 46.7% of 
children. The BRIEF2 data by sex revealed patterns similar to the 

BASC- 3: A greater per cent of males had clinically elevated or poten-
tially clinically elevated scores.

4  |  COMMENT

4.1  |  Principal findings

The results of this study revealed a substantial burden of behav-
ioural problems in Flint Registry enrolled children as reported by 
their parents across three domains. For adaptive skills, with the 
exception of preschool girls, all age and gender groups had lower 
levels of reported function than their peers. For school- age and 

TA B L E  3  Comparison between Flint Registry study participants' BASC- 3 Parent Rating Scale scores and national norms

N Mean difference (95% CI)

Effect size

Cohen's da (95% CI)

Preschool females: 2– 5 years

Externalising problems 327 0.57 (−0.66, 1.81) 0.05 (−0.06, 0.16)

Internalising problems 327 0.97 (−0.33, 2.27) 0.08 (−0.03, 0.19)

Behavioural symptoms 327 1.19 (−0.07, 2.46) 0.10 (−0.01, 0.21)

Adaptive skills 327 −0.70 (−1.82, 0.41) −0.07 (−0.18, 0.04)

Preschool males: 2– 5 years

Externalising problems 315 1.66 (0.24, 3.07) 0.13 (0.02, 0.24)

Internalising problems 315 −1.48 (−2.71, −0.26) −0.13 (−0.25, −0.02)

Behavioural symptoms 315 1.88 (0.51, 3.25) 0.15 (0.04, 0.26)

Adaptive skills 315 −3.39 (−4.63, −2.15) −0.30 (−0.42, −0.20)

School- aged females: 6– 11 years

Externalising problems 829 1.99 (1.07, 2.91) 0.15 (0.08, 0.22)

Internalising problems 829 −0.09 (−0.95, 0.77) −0.01 (−0.08, 0.06)

Behavioural symptoms 829 2.56 (1.65, 3.46) 0.19 (0.12, 0.26)

Adaptive skills 829 −3.36 (−4.15, −2.58) −0.29 (−0.36, −0.22)

School- aged males: 6– 11 years

Externalising problems 856 6.24 (5.13, 7.34) 0.38 (0.31, 0.45)

Internalising problems 856 0.06 (−0.82, 0.94) 0.01 (−0.06, 0.07)

Behavioural symptoms 856 6.93 (5.87, 7.99) 0.44 (0.37, 0.51)

Adaptive skills 856 −6.25 (−7.03, −5.47) −0.54 (−0.61, −0.47)

Adolescent females: 12– 18 years

Externalising problems 621 0.80 (0.00, 1.61) 0.08 (0.00, 0.16)

Internalising problems 621 1.73 (0.81, 2.64) 0.15 (0.07, 0.23)

Behavioural symptoms 621 2.25 (1.44, 3.06) 0.22 (0.14, 0.30)

Adaptive skills 621 −3.66 (−4.51, −2.81) −0.34 (−0.42, −0.26)

Adolescent males: 12– 18 years

Externalising problems 631 3.19 (2.23, 4.15) 0.26 (0.18, 0.34)

Internalising problems 631 −0.86 (−1.73, 0.01) −0.08 (−0.16, 0.00)

Behavioural symptoms 631 3.57 (2.69, 4.46) 0.32 (0.24, 0.40)

Adaptive skills 631 −6.96 (−7.80, −6.12) −0.65 (−0.73, −0.56)

Note: BASC- 3 = Behavior Assessment System for Children, Third Edition.
aPer convention, a Cohen's d of 0.20 indicates a small effect, a Cohen's d of 0.50 a moderate effect, and 0.80 was considered a large effect.
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adolescent males, the effect sizes of adaptive skills difference 
were medium to large. For behavioural symptoms, school- age and 
adolescent males and females demonstrated more symptoms than 
their peers, with small- to- medium effect sizes. For externalis-
ing problems, school- age and adolescent males had more symp-
toms, with small effect sizes. The BASC- 3 Parent Rating Scale and 
BRIEF2 Screening Parent Form each identified almost 50% of the 
Flint Registry children as exhibiting at- risk or clinically concern-
ing behaviour. Consistently, preschool girls in this analysis appear 
to be the most resilient subgroup; they did not differ from their 
national peers in externalising problems, internalising problems or 
adaptive skills.

4.2  |  Strengths of the study

The greatest strength of this study is the large sample size in an 
understudied population with concerning exposure to environ-
mental toxicants. In addition, the study utilised validated assess-
ments (BASC- 3 Parent Rating Scale and BRIEF2 Screening Parent 

Form) that reveal consistent findings. Each instrument identi-
fied parent- reported behaviour problems in nearly 50% of Flint 
Registry children.

While the results of this study identify a great number of chil-
dren who are potentially at- risk for behavioural health issues, the 
strength of the Flint Registry is its referrals to secondary prevention 
services to support families with the goal of reducing the burden of 
health and development concerns.

4.3  |  Limitations of the data

Although the current sample size is large and predominantly demo-
graphically representative of Flint, this cohort of Flint Registry en-
rolled children may represent a more impacted population because 
parents/caregivers were seeking additional resources for their chil-
dren. Conversely, the children who have not enrolled may represent a 
harder- to- reach and more neurodevelopmentally vulnerable cohort. 
The differences in the sample- reported race versus census data may 
be related to how race was measured: The Flint Registry survey re-
sponse categories for race differed from the US Census question and 
the US Census data from 2016 relied on population estimates.

These results were obtained from parent- reported survey tools 
that are being used to identify children with behavioural and mental 
health concerns to be referred for in- depth, in- person neuropsy-
chological evaluation and services. Information supplied by par-
ents is typically highly accurate.20 However, parent assessments 
of child behaviour may be influenced by the parent's own stress or 
experiences.21,22

4.4  |  Interpretation

Study findings align with the known behavioural consequences 
of childhood lead exposure: externalising behaviours and relative 
deficits in executive function.23– 25 In addition to lead exposure, 
Flint children are exposed to multiple other toxic stresses such as 

F I G U R E  1  Per cent of Flint Registry 
study participants with at- risk or clinically 
significant scores on the BASC- 3 
Parent Rating Scale (N = 3579). Note: 
BASC- 3 = Behavior Assessment System 
for Children, Third Edition
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F I G U R E  2  Per cent of Flint Registry study participants 
with potentially clinically elevated or clinically elevated scores 
on the BRIEF2 Screening Parent Form (N = 3191). Note: 
BRIEF2 = Behavior Rating Inventory of Executive Function, Second 
Edition
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poverty, food and housing insecurity, and systemic racism. Toxic 
stress causes specific behavioural profiles, including increased ex-
ternalising behaviours, decreased executive function and emotional 
dysregulation.9,26– 29

While prior work indicated that preschool- aged Flint children have 
average adaptive function,13,14 the current study indicates most Flint 
children in this sample have lower levels of adaptive function than 
their peers. These are not contradictory findings; the current study 
includes a wider age range of children, is powered to detect smaller 
effect sizes and gender differences and is designed to define burden, 
not diagnoses. The preschool group in the current study had the small-
est adaptive behaviour burden, which is consistent with the Zheng 
et al preschool cohort. Adaptive skills were most impacted in school- 
age and adolescent boys. The role of adaptive function, distinct from 
other neurocognitive functions, is understudied in relation to risk, 
resiliency and childhood outcomes. The work of Zheng et al points 
towards potential interventions that may enhance adaptive function, 
specifically those that promote nurturing practices among parents.14

The gender differences in our study may be partially attributed 
to differential impacts of risk and resilience factors.30– 35 There is evi-
dence that neurotoxicants, including lead, impact biochemistry differ-
entially in males and females, and that these differences are associated 
with different neurodevelopmental profiles.30– 32 In addition, recent 
research has demonstrated that many early childhood interventions 
aimed at improving childhood outcomes are more effective for girls 
than boys.33– 35 In response to the Flint water crisis, many early child-
hood interventions such as universal early intervention, childcare ex-
pansion, literacy programming, parenting support and home visiting 
programs were implemented prior to the Flint Registry.36

5  |  CONCLUSIONS

The Flint Registry's public health infrastructure helps identify children 
with potential behavioural and developmental concerns for referral 
to diagnostic services. This study reveals that there is a substantial 
population of children with parent- reported, clinically significant be-
havioural problems, and these children will likely benefit from fur-
ther neuropsychological evaluation and medical and/or educational 
services. The hope is that with early identification and subsequent 
referral to comprehensive assessments and supportive services, Flint 
children will not fully experience the possible neurodevelopmental 
sequelae of the environmental and socioeconomic adversities they 
face, including the Flint water crisis, and instead will reach their full 
developmental potential. Future analyses hope to determine if the 
availability of early identification and referral services and participa-
tion in mitigating interventions reduced potential challenges, espe-
cially for the more resilient subgroups like preschool girls.

ACKNOWLEDG EMENT
The authors thank Dr Nigel Paneth for critically reviewing an earlier 
version of this manuscript and Katherine Negele for assisting with 
manuscript preparation.

CONFLIC TS OF INTERE S T
All of the authors are funded, in part, by grants from philanthropy 
and government. Grantors include CDC and NIH. In addition, Dr 
Mona Hanna- Attisha is an author (What The Eyes Don't See, Penguin 
Random House) and a speaker (Penguin Random House Speakers 
Bureau). She has also provided testimony during congressional hear-
ings as a child health expert.

AUTHOR CONTRIBUTIONS
NJ, LO, JL, KL, and MHA designed or contributed to the design of the 
Flint Registry, while NJ, JD, LO, JL, and MHA designed the analysis 
of this study. NJ and JD contributed to the acquisition of data. JD 
performed data analysis. NJ, JD, LO, and JL drafted the manuscript. 
All authors interpreted the data, critically revised the manuscript, 
approved the final version for publication, and agree to be account-
able for the work.

DATA AVAIL ABILIT Y S TATEMENT
Requested data may be provided after IRB approval and appropriate 
data use agreements have been obtained.

ORCID
Nicole Jones  https://orcid.org/0000-0002-8774-260X 

R E FE R E N C E S
 1. Bellinger DC. Very low lead exposures and children's neurode-

velopment. Curr Opin Pediatr. 2008;20(2):172- 177. doi:10.1097/
mop.0b013e3282f4f97b

 2. Bellinger DC, Stiles KM, Needleman HL. Low- level lead exposure, 
intelligence and academic achievement: a long- term follow- up 
study. Pediatrics. 1992;90(6):855- 861.

 3. Centers for Disease Control and Prevention Advisory Committee 
on Childhood Lead Poisoning. Low Level Lead Exposure Harms 
Children: a Renewed Call for Primary Prevention. Centers for Disease 
Control and Prevention, 2012. http://www.cdc.gov/nceh/lead/
acclp p/final_docum ent_030712.pdf

 4. Council on Environmental Health. Prevention of childhood 
lead toxicity. Pediatrics. 2016;138(1):e20161493. doi:10.1542/
peds.2016- 1493

 5. 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. 
doi:10.1289/ehp.7688

 6. Schwartz J. Low- level lead exposure and children's IQ: a meta- 
analysis and search for a threshold. Environ Res. 1994;65:42- 55. 
doi:10.1006/enrs.1994.1020

 7. City of New York. World Trade Center Health Registry. www1.
nyc.gov/site/911he alth/about/ wtc- healt h- regis try.page. Accessed 
October 23, 2021.

 8. Winneke G, Lilienthal H, Krämer U. The neurobehavioural tox-
icology and teratology of lead. Arch Toxicol Suppl. 1996;18:57- 70. 
doi:10.1007/978- 3- 642- 61105- 6_7

 9. Luby J, Belden A, Botteron K, et al. The effects of poverty on 
childhood brain development: the mediating effect of caregiving 
and stressful life events. JAMA Pediatr. 2013;167(12):1135- 1142. 
doi:10.1001/jamapediatrics.2013.3139

 10. Berry OO, Londoño Tobón A, Njoroge WFM. Social determinants of 
health: the impact of racism on early childhood mental health. Curr 
Psychiatry Rep. 2021;23(5):23. doi:10.1007/s11920- 021- 01240- 0

https://orcid.org/0000-0002-8774-260X
https://orcid.org/0000-0002-8774-260X
https://doi.org/10.1097/mop.0b013e3282f4f97b
https://doi.org/10.1097/mop.0b013e3282f4f97b
http://www.cdc.gov/nceh/lead/acclpp/final_document_030712.pdf
http://www.cdc.gov/nceh/lead/acclpp/final_document_030712.pdf
https://doi.org/10.1542/peds.2016-1493
https://doi.org/10.1542/peds.2016-1493
https://doi.org/10.1289/ehp.7688
https://doi.org/10.1006/enrs.1994.1020
http://www1.nyc.gov/site/911health/about/wtc-health-registry.page
http://www1.nyc.gov/site/911health/about/wtc-health-registry.page
https://doi.org/10.1007/978-3-642-61105-6_7
https://doi.org/10.1001/jamapediatrics.2013.3139
https://doi.org/10.1007/s11920-021-01240-0


758  |    JONES Et al.

 11. Reynolds CR, Kamphaus RW. The Behavior Assessment System for 
Children. 3rd ed. Pearson Assessments; 2015.

 12. Gioia GA, Isquith PK, Guy SC, Kenworthy L. Brief2 Behavior Rating 
Inventory of Executive Function. 2nd ed. Professional Manual. PAR; 
2015.

 13. Zheng S, Bishop SL, Ceja T, Hanna- Attisha M, LeWinn K. 
Neurodevelopmental profiles of preschool- age children in Flint, 
Michigan: a latent profile analysis. J Neurodev Disord. 2021;13(1):29. 
doi:10.1186/s11689- 021- 09377- y

 14. Zheng S, LeWinn K, Ceja T, Hanna- Attisha M, O'Connell L, Bishop 
S. Adaptive behavior as an alternative outcome to intelligence quo-
tient in studies of children at risk: a study of preschool- aged chil-
dren in Flint, MI, USA. Front Psychol. 2021;12:692330. doi:10.3389/
fpsyg.2021.692330

 15. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. 
Research electronic data capture (REDCap)— a metadata- driven 
methodology and workflow process for providing translational re-
search informatics support. J Biomed Inform. 2009;42(2):377- 381. 
doi:10.1016/j.jbi.2008.08.010

 16. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: build-
ing an international community of software partners. J Biomed 
Inform. 2019;95:103208. doi:10.1016/j.jbi.2019.103208

 17. United States Census Bureau. American Community Survey Table 
S0901: Children characteristics, 2016 ACS 5- year estimates subject 
tables, Flint city, Michigan. https://data.census.gov/cedsc i/table 
?g=16000 00US2 62900 0&tid=ACSST 5Y2016.S0901. Accessed 
January 12, 2022.

 18. United States Census Bureau. American Community Survey Table 
S0101: Age and sex, 2016 ACS 5- year estimates subject tables, 
Flint city, Michigan. https://data.census.gov/cedsc i/table ?g=16000 
00US2 62900 0&tid=ACSST 5Y2016.S0101. Accessed January 12, 
2022.

 19. The Annie E. Casey Foundation Kids Count Data Center. Students 
receiving free or reduced priced lunch in Flint. https://datac enter.
kidsc ount.org/data/table s/1672- stude nts- recei ving- free- or- reduc 
ed- price d- lunch ?loc=24&loct=3#detai led/3/3692/false/ 574,17
29,37,871,870,573,869,36,868,867/any/3551,13159. Accessed 
January 12, 2021.

 20. Weitzman C, Wegner L, Section on Developmental and Behavioral 
Pediatrics, Committee on Psychosocial Aspects of Child and Family 
Health, Council on Early Childhood, Society for Developmental and 
Behavioral Pediatrics. Promoting optimal development: screening 
for behavioral and emotional problems. Pediatrics. 2015;135(2):384- 
395. doi:10.1542/peds.2014- 3716.

 21. Sell M, Barkmann C, Adema B, et al. Associations of family function-
ing and social support with psychopathology in children of mentally 
ill parents: multilevel analyses from different rating perspectives. 
Front Psychol. 2021;12:705400. doi:10.3389/fpsyg.2021.705400

 22. Maoz H, Goldstein T, Goldstein BI, et al. The effects of parental 
mood on reports of their children's psychopathology. J Am Acad 
Child Adolesc Psychiatry. 2014;53:1111- 1122.e5. doi:10.1016/j.
jaac.2014.07.005

 23. Barg G, Daleiro M, Queirolo EI, et al. Association of low lead lev-
els with behavioral problems and executive function deficits in 
adult schoolers from Montevideo, Uruguay. Int J Environ Res Public 
Health. 2018;15(12):2735. doi:10.3390/ijerph15122735

 24. Chiodo LM, Jacobson SW, Jacobson JL. Neurodevelopmental ef-
fects of postnatal lead exposure at very low levels. Neurotoxicol 
Teratol. 2004;26(3):359- 371.

 25. Chiodo LM, Covington C, Sokol RJ, et al. Blood lead levels and 
specific attention effects in young children. Neurotoxicol Teratol. 
2007;29(5):538- 546. doi:10.1016/j.ntt.2007.04.001

 26. Garner AS, Saul RA. Thinking Developmentally: Nurturing Wellness in 
Childhood to Promote Lifelong Health. AAP Press; 2018.

 27. Center on the Developing Child at Harvard University. Building the 
brain's “air traffic control” system: how early experiences shape 
the development of executive function: working paper 11. 2011. 
http://devel oping child.harva rd.edu/resou rces/build ing- the- brain s- 
air- traff ic- contr ol- syste m- how- early - exper ience s- shape - the- devel 
opmen t- of- execu tive- function. Accessed October 23, 2021.

 28. National Scientific Council on the Developing Child. Excessive 
stress disrupts the architecture of the developing brain: working 
paper 3, updated edition. 2005/2014. Available from https://devel 
oping child.harva rd.edu/resou rces/wp3/. Accessed October 23, 
2021.

 29. Waite R, Ryan RA. Adverse Childhood Experiences: What Students 
and Health Professionals Need to Know. Routledge; 2019.

 30. Sen A, Heredia N, Senut MC, et al. Early life lead exposure causes 
gender- specific changes in the DNA methylation profile of DNA 
extracted from dried blood spots. Epigenomics. 2015;7(3):379- 393. 
doi:10.2217/epi.15.2

 31. Joo H, Choi JH, Burm E, et al. Gender difference in the effects of 
lead exposure at different time windows on neurobehavioral de-
velopment in 5- year- old children. Sci Total Environ. 2018;615:1086- 
1092. doi:10.1016/j.scitotenv.2017.10.007

 32. Polanska K, Hanke W, Pawlas N, et al. Sex- dependent impact of 
low- level lead exposure during prenatal period on child psycho-
motor functions. Int J Environ Res Public Health. 2018;15(10):2263. 
doi:10.3390/ijerph15102263

 33. Anderson ML. Multiple inference and gender differences in the 
effects of early intervention: a reevaluation of the abecedar-
ian, Perry preschool, and early training projects. J Am Stat Assoc. 
2008;103(484):1481- 1495. doi:10.1198/016214508000000841

 34. Sandner M, Jungmann T. Gender- specific effects of early childhood 
intervention: evidence from a randomized controlled trial. Labour 
Econ. 2017;45:59- 78. doi:10.1016/j.labeco.2016.11.006

 35. García JL, Heckman JJ, Ziff AL. Gender differences in the benefits 
of an influential early childhood program. Eur Econ Rev. 2018;109:9- 
22. doi:10.1016/j.euroecorev.2018.06.009

 36. Hanna- Attisha M, O'Connell L, Saxe- Custack A, Jones N, LaChance 
J. Turning crisis into opportunity. J Pediatr Health Care. 2022;36:71- 
73. doi:10.1016/j.pedhc.2021.08.007

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Jones N, Dannis J, O’Connell L, 
LaChance J, LeWinn K, Hanna- Attisha M. Parent report of 
child behaviour: Findings from the Flint Registry cohort. 
Paediatr Perinat Epidemiol. 2022;36:750- 758. doi: 10.1111/
ppe.12888

https://doi.org/10.1186/s11689-021-09377-y
https://doi.org/10.3389/fpsyg.2021.692330
https://doi.org/10.3389/fpsyg.2021.692330
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://data.census.gov/cedsci/table?g=1600000US2629000&tid=ACSST5Y2016.S0901
https://data.census.gov/cedsci/table?g=1600000US2629000&tid=ACSST5Y2016.S0901
https://data.census.gov/cedsci/table?g=1600000US2629000&tid=ACSST5Y2016.S0101
https://data.census.gov/cedsci/table?g=1600000US2629000&tid=ACSST5Y2016.S0101
https://datacenter.kidscount.org/data/tables/1672-students-receiving-free-or-reduced-priced-lunch?loc=24&loct=3#detailed/3/3692/false/574,1729,37,871,870,573,869,36,868,867/any/3551,13159
https://datacenter.kidscount.org/data/tables/1672-students-receiving-free-or-reduced-priced-lunch?loc=24&loct=3#detailed/3/3692/false/574,1729,37,871,870,573,869,36,868,867/any/3551,13159
https://datacenter.kidscount.org/data/tables/1672-students-receiving-free-or-reduced-priced-lunch?loc=24&loct=3#detailed/3/3692/false/574,1729,37,871,870,573,869,36,868,867/any/3551,13159
https://datacenter.kidscount.org/data/tables/1672-students-receiving-free-or-reduced-priced-lunch?loc=24&loct=3#detailed/3/3692/false/574,1729,37,871,870,573,869,36,868,867/any/3551,13159
https://doi.org/10.1542/peds.2014-3716
https://doi.org/10.3389/fpsyg.2021.705400
https://doi.org/10.1016/j.jaac.2014.07.005
https://doi.org/10.1016/j.jaac.2014.07.005
https://doi.org/10.3390/ijerph15122735
https://doi.org/10.1016/j.ntt.2007.04.001
http://developingchild.harvard.edu/resources/building-the-brains-air-traffic-control-system-how-early-experiences-shape-the-development-of-executive-function
http://developingchild.harvard.edu/resources/building-the-brains-air-traffic-control-system-how-early-experiences-shape-the-development-of-executive-function
http://developingchild.harvard.edu/resources/building-the-brains-air-traffic-control-system-how-early-experiences-shape-the-development-of-executive-function
https://developingchild.harvard.edu/resources/wp3/
https://developingchild.harvard.edu/resources/wp3/
https://doi.org/10.2217/epi.15.2
https://doi.org/10.1016/j.scitotenv.2017.10.007
https://doi.org/10.3390/ijerph15102263
https://doi.org/10.1198/016214508000000841
https://doi.org/10.1016/j.labeco.2016.11.006
https://doi.org/10.1016/j.euroecorev.2018.06.009
https://doi.org/10.1016/j.pedhc.2021.08.007
https://doi.org/10.1111/ppe.12888
https://doi.org/10.1111/ppe.12888

	Parent report of child behaviour: Findings from the Flint Registry cohort
	Abstract
	1|BACKGROUND
	2|METHODS
	2.1|Cohort selection
	2.2|Outcomes
	2.3|Statistical analysis
	2.3.1|Missing data
	2.3.2|Sensitivity analyses

	2.4|Ethics approval

	3|RESULTS
	3.1|Sample size and demographics
	3.2|Child behaviour ratings
	3.2.1|BASC-3 parent rating scale
	3.2.2|BRIEF2 screening parent form


	4|COMMENT
	4.1|Principal findings
	4.2|Strengths of the study
	4.3|Limitations of the data
	4.4|Interpretation

	5|CONCLUSIONS
	ACKNOWLEDGEMENT
	CONFLICTS OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


