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Abstract

Background There is little research on lead (Pb) screening behaviors and outcomes and possible health sequelae of children
in Flint, Michigan in the years following the city’s 2014 water crisis, which included widespread tap water contamination
with elevated levels of heavy metals and other environmental contaminants.

Methods Between June and November 2019, we collected and analyzed cross-sectional data on Flint children’s demograph-
ics and self-report of screenings of blood lead levels (BLLs) and results and various potential water contamination-related
health symptoms and outcomes. We calculated descriptive statistics to summarize the prevalence of health outcomes and
screenings in children, and fit multivariable models using generalized estimating equations to characterize the association
between baseline traits and health symptoms and outcomes in children.

Results A total of 244 children (mean age 8.6 +4.8) were included in the analysis. Overall, 76.6% of the children were
reported to have been screened for elevated BLLs after the water source switch. In total, after the water source switch, 25.0%
of children were reported as having clinician-diagnosed elevated BLLs. Overall, 43.9% of children experienced hyperac-
tivity, 39.3% had emotional agitation, 29.1% had comprehension issues/learning delays, while 38.9% of children had skin
rashes and 10.7% experienced hair loss. A child having elevated BLLs also significantly increased the odds of experiencing
adverse cognitive/behavioral outcomes (comprehension issues/learning delays OR =4.0, hyperactivity OR = 6.6, emotional
agitation OR =3.5).

Conclusion Child BLL screening following the crisis initiation was moderate, and BLLs and potential water contamination-
related morbidity outcomes appeared heightened. Further research is needed to contextualize epidemiologic factors con-
tributing to BLL screening patterns and results and the potential water contamination-associated sequelae observed here.
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BLL Blood lead level

On April 25, 2014, the municipal water system in the eco-
nomically distressed, majority Black city of Flint, Michi-
gan was switched from Lake Huron to the Flint River as
part of a sweeping set of austerity policies advanced by the
state to shore-up budgetary fissures in the city [1]. Through
the early stages of Flint’s water source switch, insufficient
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children and in utero fetuses, may have been adversely
exposed [5-7]. Notably, even low levels of lead exposure
can severely adversely affect neurocognitive function and
development and behavioral issues in young children [8—10]
and can pose dire health risks to pregnant women, immuno-
compromised adults, and older individuals [11, 12].

Research following reports of the city’s water issues
revealed that the incidence of BLLs of Flint children under
5 years old had increased from 2.4% (before the water source
switch) to 4.9% (after the water source switch), with neigh-
borhoods with the highest lead levels, often predominantly
Black, seeing a 6.6% increase, and no increases observed
immediately outside of the city [7]. Notably, however, other
research showed relatively steady child BLLs across this
broader time period and even modest declines [13—-15].

Much of the existing research on the health outcomes
of Flint children was conducted shortly after the water cri-
sis began, focused on only children who were 5 years or
younger, or relied on healthcare system-specific data [7,
13-16]. Accordingly, the extant research covers a potentially
limited segment of Flint’s child population and reveals a vac-
uum in current knowledge on a potentially “latent period”
of health sequelae in this group that may have been associ-
ated with the city’s contaminated water. Moreover, little is
known about post-crisis child BLL screening behaviors in
this population, a critical factor for secondary prevention
efforts [17, 18]. Using data from a study conducted in late
2019, 5 years after Flint’s water source switch, we assessed
BLL screening behaviors and potential water contamination-
related health outcomes among Flint children.

Methods

Using an observational design, we assessed lead screening
behaviors and potential outcomes and sequelae associated
with the water crisis in Flint, Michigan. Surveys were col-
lected using REDCap v.9.5.36 (Nashville, TN) between June
2019 and November 2019 by three Flint residents trained in
community-based data collection. Though cross-sectional
studies lack randomization, they are potent in hypothesis
generation, our orienting goal here, which is valuable in
research on mechanistically complex health outcomes, such
as lead exposure and water contamination-related sequelae
[19, 20].

To further augment the rigor of the study design, we took
steps to ensure adequate geographic coverage and thereby
increase the likelihood of obtaining a moderately representa-
tive sample. To this end, surveys were conducted in-person
at nine separate publicly accessible sites throughout Flint, at
each intercardinal direction. This was also done to capture
potential spatial variation in pre-crisis and post-crisis envi-
ronmental exposure and overall health [7, 21]. Venue patrons
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were approached by one of three recruiters and screened
for eligibility. The nine public survey administration sites
included locations such as public libraries, a laundromat, a
fitness center, a bus station, and a café in the City of Flint,
with geographical equity achieved.

To participate, caregivers had to (1) be at least 18 years
of age; (2) have lived in the City of Flint for at least one
full calendar year between April 25, 2014 (the date of
the city’s water source switch) and the date of the survey
administration; (3) be able to speak English; and (4) pro-
vide written consent. All study procedures were reviewed
and approved by the Institutional Review Board at the Uni-
versity of Chicago. Participants were given a $15 gift card
for participating.

Adult respondents were asked to provide information on
the demographics and screening behaviors and health out-
comes for any children under age 18 who had lived in the
City of Flint whom they regularly provided care for, this
serving as a rough proxy for children who would have been
at an age during the crisis’ early phases where elevated
lead exposure could have been especially detrimental [18].
Beyond providing the child’s age, race, gender, and the rela-
tionship between the child and caregiver, respondents also
reported whether the child had been screened by a clinician
for BLLs at any point before and/or after the water source
switch, and were asked to report whether the child had sub-
sequently been diagnosed with elevated BLLs or not. There
is frequently variation in the thresholds used to determine
what constitutes “elevated” BLLs[ 18],thus, we captured any
threshold used by the child’s clinician. Of note, we further
restricted the sample to children over 6 months of age with
complete data on all covariates used in the analysis, while
also adjusting for variation in the age of onset of each spe-
cific health outcome/symptom, to account for the age in
which particular symptoms or outcomes may manifest and
be clinically detectable or diagnosable.

In consideration of the widespread uptake of bottled water
following the water crisis [22], we also assessed the child’s
current primary drinking water source, including the options
of home filtered tap water, home unfiltered tap water, water
from restaurants or businesses, and bottled water (including
these options for infant formula, if the child was an infant).
In addition to being a risk factor for lead exposure, drinking
water source/frequency is also associated with one’s likeli-
hood of developing dental caries [23, 24].

Furthermore, respondents were asked if the child had any
physical symptoms including cognitive-behavioral symp-
toms (comprehension issues/learning delays, hyperactiv-
ity, or emotional agitation) and physical symptoms of skin
rashes or hair loss, outcomes which had been reported by
residents in the weeks following the water source switch
via local press and social media [25]. These symptoms were
inventoried due to their pronounced likelihood of developing
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following ongoing lead/water contaminant exposure [26,
27].

Due to concerns associated with recall and self-report
bias and related methodological concerns [28-30], we asked
respondents if the child had “regularly” experienced, before
and after the date of the city’s water source switch, more of
a particular symptom than would be “normal,” or typical
for them (i.e., before the water source switch, if applicable).
Here, we placed a specific focus on the symptom recurrence
and intensity. These questions were centered around refer-
ences to media reports, announcements from public offi-
cials, and government hearings, etc., to serve as memory
flashpoints and reduce the likelihood of false attribution [29,
31].

Additionally, to gauge threat perception of the water
crisis by caregivers [32—-34], respondents were asked to
what extent they agreed with this statement: “People have
made the water issues (i.e. the water “crisis”/water source
switch) a bigger deal than it really is.” We then split this
variable into a binary outcome based on if the respondent
Agreed/Strongly Agreed or was Neutral/Disagreed/Strongly
Disagreed.

Leveraging these data, we aimed to (1) assess general pat-
terns of self-reported child BLL screenings, BLL screening
results, and various health symptoms and outcomes among
individuals under 18 at the time of the survey who had lived
in Flint after the water source switch (April 25, 2014); (2)
assess any differences according to child age, race, gender,
caregiver eligibility for public benefits (e.g., Supplemen-
tal Nutrition Assistance Program, Temporary Assistance
for Needy Families, etc.) which was a proxy for income,
whether the child was screened for BLLs, whether the child
was diagnosed with elevated BLLs by a clinician, and the
caregiver’s level of threat perception in relation to the water
crisis.

To address aim 1, we produced simple descriptives and
the p-values from bivariate associations. To address aim 2,
we fit multivariable models for each health outcome, in turn,
using the following predictors for all models: child age, race,
gender, caregiver public benefit receipt status, child BLL
screening status, whether the child was diagnosed by a clini-
cian with elevated BLLs, and to what extent the caregiver
agreed that the water crisis had been made a bigger deal than
it really was. For the outcome of whether the child had been
screened for BLLs, we omitted the predictors of whether the
child had been screened for BLLs or diagnosed with elevated
BLLs; for the outcome of whether the child was diagnosed
by a clinician with had elevated BLLs, we restricted the sam-
ple to children who had been screened for BLLs (all children
with elevated BLLs were screened) and omitted the predic-
tors of whether the child was screened for BLLs and whether
they were diagnosed by a clinician with elevated BLLs. For
the outcomes of elevated BLLs and skin rashes, we also

omitted the predictor of whether the caregiver thought the
water crisis had been made a bigger deal than it was, because
models including this predictor would not converge. Simi-
larly, the outcome of child hair loss could not be considered
in multivariable models because of the small number of chil-
dren who experienced this symptom. All other outcomes
used the full list of predictors in the model.

We conducted sensitivity analyses to see if there were any
major differences between children described by their bio-
logical parent as compared to children who were described
by another individual (e.g., a grandparent, sibling, or another
caregiver). Based on these sensitivity analyses, we did not
identify differences based on caregiver, with effect sizes and
direction largely the same. Hence, we included all children
regardless of caregiver relationship in the sample to bolster
statistical power.

Because the children were clustered by caregiver, with
children with the same caregiver more similar than children
with different caregivers, all analyses had to be adjusted to
address this correlation structure. For all bivariate associa-
tions, we used an aligned rank transformed repeated-meas-
ures nonparametric ANOVA test [35] to address clustered
data. For multivariable models, we used generalized esti-
mating equations with an exchangeable correlation structure
and robust standard errors to properly model the correlation
among children with the same caregiver [36]. All models
were logistic models, with the exception of total number of
symptoms, for which a Poisson model was used. Because of
the many multivariable models considered, a false-discovery
rate correction was applied to p-values from multivariable
modeling to correct for multiple testing [37]. Complete code
to replicate this analysis can be found at https://github.com/
elizabethchase/Flint_Community_Engagement. All analyses
were conducted in R v. 3.6.2.

Results

Of the 331 adult respondents who participated in the study,
133 (40.2%) regularly provided care to at least one child
under age 18 who lived in Flint, Michigan. The number of
children per adult ranged from one to eight children, with
a mean number of 2.1 (+1.3) children per adult, and 283
children total. After excluding children under 6 months, the
sample size was 275 children; restricting the sample to chil-
dren with complete data yielded a final sample size of 244
children. Baseline traits of these children are presented in
Table 1.

The sociodemographic traits of the recruited sam-
ple were comparable to U.S. Census estimates for Flint
residents in terms of race/ethnicity and general socioeco-
nomic status (United States Census Bureau, 2019). Chil-
dren were, on average, 8.6 years old (+4.8 years) at the
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Table 1 Baseline descriptive

. Characteristic Overall Black race  Otherrace  White race  P-value
statistics of a sample of 244
children whose caregivers were N 244 154 45 45
;3::%8?5%?3;;&?;%?’ Child-caregiver relationship (%) 0.66
stratified by child’s race. Child 196 (80.3) 120(77.9) 41 (91.1) 35 (77.8)
P-values come from an aligned Grandchild 38 (15.6) 30 (19.5) 3(6.7) 5(11.1)
rank transformed repeated- Sister/stepsister 1(0.4) 1(0.6) 0 (0.0) 0 (0.0)
Kgag‘gzstzst“parame“‘c Brother/stepbrother 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Niece/nephew 5(2.0) 0(0.0) 1(2.2) 4(8.9)
Friend’s child 1(0.4) 1(0.6) 0(0.0) 0(0.0)
Other relationship 3(1.2) 2 (1.3) 0(0.0) 12.2)
Child age (mean (SD)) 8.63 (4.81) 9.0(4.8) 7.2 (4.2) 8.8(5.2) 0.22
Child gender =male (%) 134 (54.9) 92 (59.7) 18 (40.0) 24 (53.3) 0.09
Caregiver age (mean (SD)) 39.8 (12.1) 40.2(12.4) 36.5(10.5) 41.5(12.1) 0.61
Caregiver gender=male (%) 73 (29.9) 43 (27.9) 17 (37.8) 13 (28.9) 0.61
Caregiver race (%) <0.01
Black 152 (62.3) 150(97.4) 244 0(0.0)
Other race 33 (13.5) 4 (2.6) 29 (64.4) 0(0.0)
White 59 (24.2) 0(0.0) 14 (31.1) 45 (100.0)
Caregiver education (%) 0.02
Less than high school 28 (11.5) 10 (6.5) 8 (17.8) 10 (22.2)
High school 72 (29.5) 46 (29.9) 19 (42.2) 7 (15.6)
Some college 92 (37.7) 64 (41.6) 15 (33.3) 13 (28.9)
Associate’s 29 (11.9) 22 (14.3) 12.2) 6(13.3)
College degree or more 23 (9.4) 12 (7.8) 24.4) 9 (20.0)
Caregiver eligible for public benefits (%) 0.62
Yes 181 (74.2) 114 (74.0) 39 (86.7) 28 (62.2)
No 53 (21.7) 35 (22.7) 4(8.9) 14 (31.1)
Don’t know/unsure 10 4.1) 5(.2) 24.4) 3(6.7)
Caregiver employment status (%) 0.01
Employed 130 (53.3) 86 (55.8) 17 (37.8) 27 (60.0)
Other 36 (14.8) 18 (11.7) 5(11.1) 13 (28.9)
Unemployed 78 (32.0) 50 (32.5) 23 (51.1) 5(11.1)

time of data collection. The majority were male (N =134,
54.9%) and Black (N=154, 63.1%), followed by White
(N=45, 18.4%) and “Other” race (N=45, 18.4%). When
looking at caregiver characteristics and weighting by the
number of children in care, caregivers were, on average,
39.8 years old (+12.1 years). Most caregivers identified as
female (N=171, 70.1%) and were eligible for public ben-
efits (N=181, 74.2%). Twenty-five (10.2%) children had a
caregiver who agreed/strongly agreed that the water crisis
had been made a bigger deal than it was. Child race and
caregiver educational attainment were significantly associ-
ated (p=0.02), with White children more likely to have a
caregiver with educational attainment at the extremes (i.e.,
either a college degree or less than high school). Of note,
the majority of children (N=228, 93.4%) drank bottled
water (or had it in their formula, if infants) as their pri-
mary drinking water source at the time of the survey.
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BLL Screening Rates and Results

In total, 76.6% of children (N=187) were screened for
elevated BLLs after the water source switch, including
82.5% of Black children, 73.3% of White children, and
60.0% of Other race children (Table 2). In multivariable
modeling (Table 3), male children were significantly
less likely to be screened for BLLs than female children
(OR=0.6, p=0.03). Other race children were less sig-
nificantly likely to have been screened for elevated BLLs
than Black race children (OR=0.3, p=0.03). A total of
25.0% of children (N =61) in the sample were reported to
have had elevated BLLs diagnosed by a clinician after the
water source switch.
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Table 2 Descriptive statistics on health outcomes for a sample of

from an aligned rank transformed repeated-measures nonparametric

244 children whose caregivers were surveyed in Flint, Michigan, ANOVA test

June 2019-November 2019, stratified by child’s race. P-values come

Outcome Overall Black race Other race White race P-value

N (%) 244 (100.0) 154 (63.1) 45 (18.4) 45 (18.4)

Screened for BLLs after April 25, 2014 (%) 187 (76.6) 127 (82.5) 27 (60.0) 33(73.3) 0.14

Had elevated BLLs after April 25, 2014 (%) 61 (25.0) 41 (26.6) 11 (24.4) 9 (20.0) 0.83

Skin rashes after April 25, 2014 (%) 95 (38.9) 66 (42.9) 18 (40.0) 11 (24.4) 0.17

Hair loss after April 25, 2014 (%) 26 (10.7) 19 (12.3) 3(6.7) 4 (8.9) 0.37

Comprehension issues/learning delays after April 25, 71 (29.1) 50 (32.5) 8 (17.8) 13 (28.9) 0.22
2014 (%)

Hyperactivity after April 25, 2014 (%) 107 (43.9) 75 (48.7) 17 (37.8) 15 (33.3) 0.36

Emotional agitation after April 25, 2014 (%) 96 (39.3) 73 (47.4) 11 (24.4) 12 (26.7) 0.08

Total symptoms after April 25, 2014 (mean (SD)) 2.6 (2.0) 2.9(1.9) 2.1(1.9) 2.2 (2.0) 0.13

Table 3 Odds/risk ratios and 95% confidence intervals from multi-
variable models fit with generalized estimating equations in a sample
of 244 children whose caregivers were surveyed in Flint, Michigan,

June 2019-November. 2019. Findings for which the false-discovery
rate adjusted p-value is less than 0.05 are bolded and marked with an

asterisk

Predictor Outcome: got
screened for
BLLs

Outcome: had  Outcome: skin rashes Outcome: hyperac-

elevated BLLs

tivity

Outcome: emo- Outcome: total

tional agitation symptoms

Child: male (ref. 0.6 (0.4, 0.9)*
Child: female)

Child: age 1(0.9, 1.1)
Child: Other race 0.3 (0.1, 0.8)*

(ref. child: Black
race)

Child: White race 0.8 (0.3,2.1)
(ref. child: Black
race)

Caregiver: eligible 1.7 (0.8, 3.8)
for public benefits
(ref. caregiver: not
eligible for public
benefits)

Caregiver agrees: 0.5(0.1, 1.9)
water crisis was
made a “bigger
deal” than it really
was

Child: screened for
BLLs after April
25,2014 (ref. child:
not screened for
BLLs after April
25,2014)

Child: had elevated
BLLs (ref. child:
non-elevated BLLs)

1.4(1,22)
1(0.9, 1)
1.8 (0.7, 4.8)

1(04,2.8)

1.2 (0.5,3.1)

1 (0.6, 1.6)
109, 1.1)
1.3 (0.4, 3.6)

0.5(0.2, 1.1)

1.6 (0.7, 3.8)

1.6 (0.8, 3.2)

3.4 (1.7, 6.7)%

2.2(1.2,4)*

1.1 (1, 1.2)*
0.5 (0.2, 1.3)

1.1(0.5,2.5)

1.9 (0.9, 4)

0.3 (0.1,0.8)*

1.4 (0.6, 3.3)

4 (2.1,7.7)*

0.8(0.4,1.4) 1(0.9,1.2)

1.1(1,1.1) 1(1,1)
04 (0.1, 1) 0.9 (0.7, 1.1)

0.5(0.2,1.4) 0.9(0.7,1.1)

5.3(2.2,12.5)* 1.4 (1.1, 1.6)*

0.5(0.1,2.3) 0.7 (0.5, 1)

1.3(0.6,3.1) 2.6 (1.8, 3.8)*

3.5(1.6,7.6)* 2 (1.7,2.3)*

*Statistically significant at p<0.05

Each column corresponds to a different model (outcome given as column header; predictors given as rows). All models were logistic mixed
models (null value odds ratio=1.0), with the exception of the outcome of total symptoms, which was a linear mixed model (null value linear
effect=0.0). Note that the model for the outcome of elevated BLLs was restricted to the 187 children whose BLLs were screened by a clinician
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Cognitive and Behavioral Outcomes

Overall, 71 children (29.1%) were reported to have experi-
enced comprehension issues/learning delays after the water
source switch (Table 2). Further, 107 children (43.9%) were
reported to have experienced hyperactivity after the water
source switch. A total of 96 children (39.3%) were reported
to have experienced emotional agitation after the water
source switch, with Black children having borderline sig-
nificantly higher rates (Black: 47.4%, White: 26.7%, Other:
24.4%, p=0.08).

Children whose caregiver was eligible for public ben-
efits were at a heightened risk of having comprehension
issues/learning delays (OR=1.9, p=0.11), hyperactivity
(OR=2.9, p=0.02), and emotional agitation (OR =5.3,
p<0.01) (Table 3). A child having elevated BLLs diag-
nosed by a clinician also significantly increased the odds of
experiencing adverse cognitive/behavioral outcomes (com-
prehension issues/learning delays OR =4.0, hyperactivity
OR =6.6, emotional agitation OR=3.5, p <0.01 for all out-
comes). Caregivers were significantly more likely to report
comprehension issues/learning delays and hyperactivity in
male than in female children (comprehension issues/learning
delays OR =2.2, p=0.02; hyperactivity OR=2.2, p=0.01);
older children were significantly more likely to be reported
to have comprehension issues/learning delays than younger
children (per year of age, comprehension issues/learning
delays OR=1.1, p=0.03). In addition, having a caregiver
who agreed/strongly agreed that the water crisis had been
made a bigger deal than it was significantly decreased the
odds of the caregiver reporting that the child had compre-
hension issues/learning delays (OR=0.3, p=0.02).

Physical Health Symptoms

A total of 95 children (38.9%) were reported to have had skin
rashes (more than was “regular” for them) after the water
source switch (Table 2). In total, 26 children (10.7%) were
reported to have had hair loss after the water source switch.
Having elevated BLLs significantly increased a child’s risk
of having skin rashes (OR=3.4, p<0.01).

On average, children experienced 2.6 health symptoms
(counting both cognitive/behavioral and physical symp-
toms) after the water source switch. In multivariable models,
child’s gender, race, and age did not have an effect on the
total number of symptoms experienced. However, children
whose caregiver was eligible for public benefits, on average,
had 1.4 times as many symptoms as those not eligible for
public benefits, a significant difference (p=0.01). Moreo-
ver, children who had their BLLs screened after the water
source switch, on average, had 2.6 times as many total symp-
toms (cognitive/behavioral and physical) as children who
did not have their BLLs screened (p <0.01), while children
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who were diagnosed with elevated BLLs had 2.0 times as
many total symptoms as children who were not diagnosed
with elevated BLLs (p <0.01).

Discussion

Findings from this cross-sectional analysis of a racially
diverse, community-based sample of Flint children illustrate
potentially heightened levels of lead exposure and broad pat-
terns of morbidity potentially associated with the city’s 2014
water contamination crisis. In total, 76.6% of the children
in our sample were screened for elevated BLLs after the
water source switch. In assessing this figure, the hypothesis-
generation utility of our cross-sectional study is potentially
instructive [19, 20]. Our observation of moderately high but
not robust BLL screening, and of male children having lower
rates of screening versus female children, is of concern in the
context of prevention, as it highlights that a substantial num-
ber of Flint children, many of whom may be at an already-
elevated risk due to immunological conditions, may not have
been screened for elevated BLLs following the crisis. What
is more, this pattern may have manifested despite frequent
calls by government and public health officials following the
crisis for families to get their children screened [38].

Considering the fundamental cause paradigm, the the-
ory that health disparities persist largely due to structural
and systemic forces [39], multiple factors, including insti-
tutional distrust or limited threat perception [19, 20], may
explain these our screening outcomes. More proximal fac-
tors potentially contributing to these suppressed screenings
could include families having diminished logistical ability
to obtain a screening (e.g., due to transportation issues, etc.),
having limited familiarity with local healthcare options, or
having a lack of health literacy corresponding to an under-
standing of the need to get their children screened for BLLs,
knowledge on lead chelation techniques, etc. [38, 40, 41] It
is also possible that some caregivers were simply unaware
of whether their children had been screened for lead levels
(e.g., as part of routine wellness visits), signaling insuffi-
cient provider-patient communication [42]. Accordingly, an
emphasis on improving parental awareness/education and
shared decision-making in relation potential environmental
hazard exposure is critical [43, 44].

Overall, 25.0% of children in the sample were reported
as having been diagnosed by a clinician with elevated BLLs
at some point after the water source switch. We further
found that elevated BLLs increased a child’s odds of having
comprehension issues/learning delays, hyperactivity, and
emotional agitation, consistent with the literature on links
between BLL and adverse cognitive/behavioral outcomes
[8, 45—47]. We also found that comprehension issues/learn-
ing delays and hyperactivity were more common in male
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than in female children (and, as previously shown, males’
BLL screening rates were lower), supporting evidence on the
gendered manifestation of these outcomes [48—51]. Though
suggestive of an alarming “excess” burden of cases, these
estimates must be partly tempered both due to our lack of a
random sample and our reliance on self-report. At the same
time, in consideration of the notion of “perceived health,”
it is vital to recognize that one’s mere perception that their
health has been impacted--by some particular exposure or
somatic development--can have a dramatic impact on their
wellness, feelings of self-efficacy, and their health attitudes
and subsequent health behaviors [52-55]. Moreover, of note,
BLL interpretations vary based on the cutpoint used, and
there is currently no known safe level of exposure to lead
[38, 56]. Hence, the medical and cultural valences of hav-
ing elevated, potentially hazardous BLLs, or being “lead
poisoned,” are fluid.

Because our study considered multiple potential screen-
ings since the crisis began, we, in essence, captured multiple
potential lead exposure windows that could have occurred in
the years after the water source switch as the matter began
receiving formal government attention [41]. Rigorous, pub-
licly accessible epidemiologic surveillance along these lines
is necessary. The CDC’s voluntary Flint Lead Exposure
Registry is poised to help maintain this level of surveillance
of Flint child health outcomes over time (Ettinger, Hanna-
Attisha, et al., 2019,[38]. However, for the previously high-
lighted reasons related to institutional distrust, limited health
literacy, and diminished threat perception, both enrollment
and long-term engagement among Flint residents may be
substantially curtailed.

Continuing, at the aggregate symptom level, summing
elevated BLLs, comprehension issues/learning delays,
hyperactivity, emotional agitation, skin rashes, and hair loss,
we found that children whose caregiver was eligible for pub-
lic benefits experienced higher rates of emotional agitation
and hyperactivity, and more overall symptoms than children
whose caregiver was not eligible for public benefits. We fur-
ther observed that Black children, compared to White and
Other race children, had higher rates of emotional agitation.
Taken in tandem, these findings signal that lower-income
and Black children in Flint may have experienced a greater
overall burden of water contamination-related morbidity in
the years following the water crisis, with disproportionate
exposure to non-potable water (e.g., due to their neighbor-
hoods having underserviced water infrastructure) likely
being at play.

Also of note, the vast majority of children in our sample
drank bottled water as their primary drinking water source
(including in infant formula). Due to the limited fluoridation
in bottled water, this forecasts potential increases in dental
caries in Flint's youth population [23, 24], calling attention
to the need for upstream prevention efforts targeting dental

hygiene practices. Given legitimated concerns over water
quality in America, particularly in racial/ethnic minority and
low-income communities in the country, tap water avoidance
among some caregivers, and thus children, is not uncommon
[57, 58]. Of note, Congress recently approved a $55 billion
bipartisan water infrastructure bill [59, 60]. However, infra-
structure upgrades alone will not motivate communities who
are accustomed to—or who may merely perceive having—
limited water potability to regularly use their tap water for
drinking. Thus, public policies corresponding to address-
ing water potability must be reinforced by earnest public
outreach consistently demonstrating the tap water’s safety
and further supplemented by education campaigns on the
broad benefits of tap water consumption.

This analysis has some limitations. First, this was an
observational study, and participants in the study were not
randomly selected. Nevertheless, by recruiting at nine sepa-
rate sites throughout Flint, we were able to obtain broad
geographic coverage inclusive of the racial/socioeconomic
diversity in the city, cohering closely to recent U.S. cen-
sus estimates. Second, the health symptoms were collected
via caregiver self-report for the child and hence did not
incorporate clinical verification. Moreover, to the matter of
standardization, we did not determine which specific BLL
thresholds were used, a matter of ongoing clinical contesta-
tion that further reflects the intricacies of measuring lead
given its half-life, both from the standpoint of effectiveness
and efficiency, and accordingly predicting or correlating
the impacts of lead exposure [59, 61]. Third, recall bias is
possible, given that the water crisis’ initiation was several
years before the initiation of our survey administration.
Nonetheless, our assessment ultimately allowed for a salient
hypothetical assessment of the potential effect of residents’
prolonged exposures to the city’s contaminated water sup-
ply. Furthermore, a variety of other factors, including expo-
sures to lead in lead-based paints (which is common in older
homes in low-income communities), as well as lead in dust
and soil [62, 63], may have contributed to the elevated BLLs
and attendant health symptoms and outcomes observed here.
Future work in this space should incorporate clinical assess-
ment and assess homes and neighborhoods for potential con-
comitant environmental risk factors. Fourth, our study was
partly constrained by sample size: Specifically, because of
the clustered design of the study, in which multiple children
sometimes shared a caregiver, our sample had diminished
statistical power. A follow-up study with a larger sample of
children (in separate/unrelated homes) may be able to locate
other associations.

In conclusion, we find substantive observational evi-
dence that calls attention to the need for additional epide-
miologic surveillance of morbidity among Flint children,
particularly among Black and low-income children in the
city, that might correspond to the water crisis. Moreover,
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our findings provide insights into potential BLL screening
patterns in the city and suggest that a substantial portion of
the child population was potentially not screened for BLLs,
reflecting a cleavage in preventive efforts. Comprehensive,
accessible, and trusted community-based interventions are
needed to get upstream of potential barriers to child BLL
screening in the city and in other socioeconomically under-
served communities across the U.S. to prevent or mitigate
adverse environment-related health outcomes.
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