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Abstract

Objective: Few studies have reported blood lead levels (BLLs) in Haitian children, despite the known presence of lead from
environmental factors such as soil, water, leaded paint and gasoline, improperly discarded batteries, and earthquakes. We
sought to determine the prevalence of elevated blood lead levels (EBLLs) among healthy Haitian children.

Methods: We enrolled children aged 9 months to 6 years from 3 geographic areas in Haiti (coastal, urban, and mountain) from
March | through June 30, 2015. We obtained anthropometric measurements, household income, potential sources of lead
exposure, and fingerstick BLLs from 273 children at 6 churches in Haiti. We considered a BLL >5 pg/dL to be elevated.

Results: Of 273 children enrolled in the study, 95 were from the coastal area, 78 from the urban area, and 100 from the
mountain area. The median BLL was 5.8 pg/dL, with higher levels in the mountain area than in the other areas (P < .001). BLLs
were elevated in 180 (65.9%) children. The prevalence of EBLL was significantly higher in the mountain area (82 of 100, 82.0%;
P <.001) than in the urban area (42 of 78, 53.8%) and the coastal area (56 of 95, 58.9%; P < .001). Twenty-eight (10.3%) children
had EBLLs >10 pg/dL and 3 (1.1%) children had EBLLs >20 pg/dL. Exposure to improperly discarded batteries (P = .006) and
living in the mountain area (P < .001) were significant risk factors for EBLLs.

Conclusions: More than half of Haitian children in our study had EBLLs. Public health interventions are warranted to protect
children in Haiti against lead poisoning.
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central nervous system. Lead exposure is associated with
hyperactivity, behavioral disorders, reduced intelligence, and
impaired cognitive and neuromotor function.?*** A popula-
tion’s mean intelligence quotient is estimated to decrease by
1 point for every 0.3 pg/dL (range, 0.2-1.4 pg/dL) increase in
blood lead levels (BLLs).?® These deleterious effects have
important economic consequences related to health, crime,
and lost earnings, and the largest burden is on low- and
middle-income countries.****

Lead is insidious and causes subtle and potentially unno-
ticeable effects in children.****> Children also absorb more
lead than do adults, and exposure to equivalent levels of lead
has disproportionate effects on their developing nervous
systems.>**44647 Recognizing that no BLL is safe, in
2012, the Centers for Disease Control and Prevention (CDC)
reduced the actionable level to 5 pg/dL, the 97.5th percentile
among US children aged 1-5 years (meaning that only 2.5%
of US children have a BLL >5 pg/dL).*®

In response to research in other countries, Haiti phased
out its use of leaded gasoline in 1998.*" However, the effects
of lead exposure on Haitian children had not been deter-
mined, and it was unknown whether these children had been
exposed to lead through other environmental factors, such as
soil, paint, or improperly discarded batteries. Accordingly,
we measured BLLs in otherwise healthy Haitian children and
determined the proportion of children with elevated blood
lead levels (EBLLs).

Methods
Setting and Participants

We conducted this cross-sectional study of Haitian infants and
young children aged 9 months to 6 years from March 1 through
June 30, 2015, in 3 diverse geographical departments of
Haiti: an urban area in the Haitian capital (Port-au-Prince)
in the Nord-Ouest Department (an administrative region in
Haiti), a coastal area in the Artibonite Department, and a
mountain area in the Centre Department. The urban area is a
densely populated industrialized city that had a devastating
earthquake in 2010. The coastal area is less densely populated
but is a hub for commercial transport by land and sea. The
mountain area is more rural and agrarian than the other 2 areas.

We studied a convenience sample of children who were
simultaneously being tested for vitamin D deficiency at
churches and represented approximately 0.3%, 0.5%, and
0.6% of children living in the coastal, urban, and mountain
areas, respectively. Eligible children were enrolled from 2
churches in each area on consecutive days. We selected
churches as recruitment sites because most Haitians are
Christian. Selecting churches gave us access to children with
varying socioeconomic status and minimized any bias
toward sicker children, which may have occurred at clinics
or hospitals. We contacted pastors from 6 large churches that
did not cater to expatriate (ie, wealthy) clientele before the
study and received permission from all churches to conduct

testing. The pastors assisted with notifying their congrega-
tions of the study. All infants and children aged 9 months to
6 years were eligible for the study. Only 1 child per house-
hold could be enrolled in the study. We excluded children
who had a chronic medical condition (except malnutrition
and sickle-cell disease) and who had lived outside of Haiti
for longer than 6 months. We excluded children with chronic
medical conditions because their medical management had
the potential to introduce confounding factors not typical for
groups of healthy children.

We obtained institutional review board approval from
Boston Children’s Hospital and the Haitian National
Bioethics Committee. Children were voluntarily enrolled
after we obtained written informed consent from the chil-
dren’s parent or guardian, after the study was verbally
explained in Haitian Creole. We informed parents of the
benefit of knowing their child’s BLL and advised them on
how to minimize exposure to lead. If parents or guardians
were not literate, we obtained verbal consent in the presence
of a witness. Participants received no financial incentives for
participating in the study.

Anthropometric Measurements

We obtained anthropometric data from each child, including
weight, height for children aged >2 years and length for
children aged <2 years, and mid-upper-arm circumference.
We weighed infants who were unable to stand on the Red-
mon Precision Digital Baby Scale (W.C. Redmon Company,
Peru, Indiana), and we weighed children who could stand on
a Detecto 337 Eye Level Physician Scale (Dectecto, Webb
City, Missouri). We obtained measurements of length and
height using the Seca 210 Mobile Measuring Mat for Babies
and Toddlers and the Seca 213 Portable Stadiometer Height
Rod for all other children (Seca, Hamburg, Germany). We
assessed nutritional status by using z-scores from the World
Health Organization Child Growth Standards, and we cate-
gorized children as having “normal” nutrition (ie, no malnu-
trition or stunting) or “poor” nutrition (ie, malnutrition only,
stunting only, or malnutrition and stunting).’® The cutoff for
malnutrition was a weight >2 standard deviations below the
mean, and the cutoff for stunting was a length or height for
age >2 standard deviations below the mean.

Lead Exposure and BLLs

Each child’s parent or guardian answered questions about
household income and potential environmental exposure
to lead, such as exposure to improperly discarded car bat-
teries or household batteries, the number of vehicles that
passed by their home on a daily basis, and exposure to
leaded paint and gasoline (Figure). Trained study personnel
administered questionnaires verbally in Haitian Creole in
an area of the church that was separate from the testing area.
The portion of the questionnaire that asked about lead
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LEAD STUDY

Study ID:

Name (first, last):
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DD
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Date of Sample: ___ /
DD

Address:

Family Income (how many Haitian Gourdes are available for you and your children every
week?):

Pediatrician (does your child have a doctor that he/she sees regularly?):
0 YES — please provide the doctor’s name, hospital or clinic location, and phone number:

oNO

Please answer as many of the following questions as you are comfortable doing, to the best
of your knowledge. Please circle the number that applies best to your child.

Lead Exposure:
Please check one circle for each question.

7. Does your home, your child’s school, or any place where your child spends more than one
hour per day contain lead-based paint?
O Yes

O No
O | don’t know

8. Are there batteries discarded in or around your home, your child’s school, or any place
where your child spends more than one hour per day?

O Yes

O No

O | don’t know

9. Does anyone in your family or any of your neighbors use lead-based gasoline?

O Yes
O No
O | don’t know

10. How far do you live from the nearest paved road?

O | live on a paved road.

O I live less than 25 meters from a paved road.

O I live less than 100 meters from a paved road.

O | have to walk 5 minutes or less to the nearest paved road.

O | have to walk more than 5 minutes to the nearest paved road.

11. During a normal day, how many motorized vehicles (car, truck, bus, motorbike) drive close
to your house each day?

Less than 5

5-25

26-100

101-200

Greater than 200

00000

Initial (data collector) Signature Date

Figure. Questionnaire used to determine lead exposure characteristics of a convenience sample of children aged 9 months to 6 years (n =
273) who were tested for blood lead level at 6 churches in Haiti, March | through June 30, 2015.
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exposures comprised 7 questions and was typically com-
pleted in 5 minutes.

We sampled capillary blood by standard procedures, and
we measured BLLs with the LeadCare II Blood Lead Ana-
lyzer (Magellan Diagnostics Inc, North Billerica, MA)
point-of-care test machine. A nurse cleaned each partici-
pant’s finger with water and then with alcohol. The nurse
then collected 50 pL of blood in a heparinized capillary
tube using aseptic technique, immediately mixed the blood
with reagent, and then tested per the LeadCare II Blood
Lead Analyzer User’s Guide and CDC guidelines for
collecting and handling blood lead samples.>'>* The repor-
table range for the LeadCare II Blood Lead Analyzer is
3.3-65.0 pg/dL, and reports are measured in increments of
0.1 pg/dL.>* We recorded BLLs of <3.3 pg/dL as 0 for data
analysis. Before analyzing each batch of samples, we cali-
brated the analyzer as per the manufacturer’s recommenda-
tions to ensure precise results.>® We conducted all testing in
an environment with consistent temperature, humidity, and
sun exposure. We considered BLLs >5 pg/dL to be ele-
vated, as per the CDC definition.*®

Result Reporting

All parents and guardians received the results of their chil-
dren’s tests and appropriate education and preventive coun-
seling on the same day of the study visit. All children with
BLLs ranging from 10-20 pg/dL received follow-up testing
after 3 months. We retested children with BLLs ranging from
21-45 ng/dL 1 week later and completed a thorough evalua-
tion by a physician if the level stayed in this range. Any child
with a BLL >45 pg/dL was to receive a complete evaluation
and be removed from their home to undergo chelation ther-
apy; however, we identified no children in this range. At the
time of repeat testing, we visited the homes of all children
with BLLs >10 pg/dL and again advised parents on how to
prevent lead exposure.

Statistical Methods

Study data were collected and managed using REDCap
(Research Electronic Data Capture) electronic data capture
tools.”* We analyzed characteristics of the study population
as numbers and percentages, except for income and serum
lead levels, which we reported as medians and interquartile
ranges (IQRs). We stratified characteristics and analyzed
them for differences across the 3 geographic areas by using
the Pearson ” test; we compared median incomes and serum
lead levels by using the nonparametric Kruskal-Wallis test.

We determined the prevalence of EBLLs by demographic
and potential lead exposure characteristics, and we calcu-
lated the prevalence ratios (PRs) of EBLLs by selected risk
factors, with a predetermined reference category (in general,
the category with the lowest prevalence of EBLLs). We
tabulated PRs with 95% confidence intervals (CIs), and we
considered P < .05 to be significant.

We also calculated PRs to determine the attributable risk
of exposure to improperly discarded batteries in each geo-
graphic area because exposure to improperly discarded bat-
teries was so common. We derived PRs to compare the
prevalence of EBLLs in children with and without exposure
to improperly discarded batteries. We analyzed data by using
Stata release 14.°> All tests of significance were 2-tailed.

Results

Baseline Characteristics

Of the 273 children enrolled in the study, 95 were from
the coastal area, 78 were from the urban area, and 100 were
from the mountain area (Table 1). Age, sex, and income
were similar across all 3 areas. Forty-eight (17.6%) children
had poor nutrition; children in the mountain area had a
significantly higher prevalence of poor nutrition (27.0%)
than children in the urban area (14.1%) and coastal area
(10.5%; P = .007).

Lead Exposure and BLLs

BLLs ranged from <3.3-33.2 png/dL, with a median (IQR) of
5.8 (4.5-7.7) pg/dL. Median (IQR) levels were significantly
higher in the mountain area (6.9 [5.5-8.4] pg/dL) than in the
urban area (5.1 [4.2-6.9] pg/dL) and coastal area (5.2 [4.2-
6.8] pg/dL; P = .04). Lead exposure varied by geographic
area but not consistently so; children had higher exposures to
leaded paint in the urban area, higher exposures to leaded
gasoline in the coastal area, and no differences in exposure to
improperly discarded batteries across the 3 areas. Children in
the urban area were exposed to a greater volume of vehicle
traffic than children in the mountain or coastal area.

We found EBLLs >5 pg/dL in 180 (65.9%) children and
BLLs <3.3 pg/dL in 13 (4.8%) children. The percentage of
children with EBLLs was significantly higher in the moun-
tain area (82.0%; P < .001) than in the urban area (53.8%)
and coastal area (58.9%; P < .001; Table 2). Twenty-eight
(10.3%) children had EBLLs >10 pg/dL, and 3 (1.1%) chil-
dren had EBBLs >20 pg/dL, but the differences were not
significant across the 3 areas.

Children exposed to improperly discarded batteries, com-
pared with children not exposed, had a 29% higher risk of
EBLLs (73.5% vs 57.1%; PR = 1.29; P = .006).

We also calculated PRs for EBLLs between children
exposed and unexposed to batteries in each area separately.
By geographic area, only children exposed to improperly
discarded batteries in the mountain area had a significantly
higher prevalence of EBLLs (P = .004; Table 3).

Parents and guardians had limited knowledge of their
children’s exposure to leaded paint (n = 127, 46.5%) and
leaded gasoline (n = 86, 31.5%), but only a few (n = 14,
5.1%) did not know whether their child had been exposed to
improperly discarded batteries.
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Table |. Demographic and lead-exposure characteristics of a convenience sample of children aged 9 months to 6 years (n = 273) tested for
blood lead levels, by geographic area, Haiti, 2015%

Coastal Area® Urban Area“ Mountain Area?

Characteristic Total (N =273) (n=95) (n=178) (n=100) P Value®

Age, vy, No. (%) .39
<2 67 (24.5) 29 (30.5) 16 (20.5) 22 (22.0)

2 55 (20.1) 17 (17.9) 14 (17.9) 24 (24.0)
>3 151 (55.3) 49 (51.6) 48 (61.5) 54 (54.0)

Female, No. (%) 138 (50.5) 47 (49.5) 37 (47.4) 54 (54.0) .66

Weekly income, median (IQR), US $ 1500 (1000-2500) 1500 (1000-2500) 1500 (1000-2500) 1500 (840-2500) 43

Poor nutrition, No. (%) 48 (17.6) 10 (10.5) I (14.1) 27 (27.0) .007

Lead exposure, No. (%)

Paint <.001
Present 31 (11.4) 4 (4.2) 15 (19.2) 12 (12.0)
Absent 115 (42.1) 14 (14.7) 40 (51.3) 61 (61.0)
Unknown 127 (46.5) 77 (81.1) 23 (29.5) 27 (27.0)

Improperly discarded batteries (n = 272) .82
Present 132 (48.0) 46 (48.4) 35 (44.9) 51 (51.0)
Absent 126 (46.2) 44 (46.3) 40 (51.3) 42 (42.0)
Unknown 14 (5.1) 5(5.2) 3(3.8) 6 (6.0)

Gasoline (n = 272) <.001
Present 77 (28.2) 41 (43.2) 15 (19.2) 21 (21.0)
Absent 109 (39.9) 21 (22.1) 38 (48.7) 50 (50.0)
Unknown 86 (31.5) 33 (34.7) 25 (32.1) 28 (28.0)

Daily exposure to vehicles, No. (%) .001
<5 vehicles 49 (17.9) 16 (16.8) 7 (9.0) 26 (26.0)

5-25 vehicles 72 (26.4) 29 (30.5) 22 (28.2) 21 (21.0)
26-100 vehicles 66 (24.2) 28 (29.5) I (14.1) 27 (27.0)
101-200 vehicles 22 (8.1) 6 (6.3) 7 (9.0) 9 (9.0)
>200 vehicles 64 (23.4) 16 (16.8) 31 (39.7) 17 (17.0)

Serum BLL, median (IQR)® 5.8 (4.5-7.7) 5.2 (4.2-6.8) 5.1 (4.2-6.9) 6.9 (5.5-8.4) ool
BLL 5 to <10 pg/dL, No. (%) 180 (65.9) 56 (58.9) 42 (53.8) 82 (82.0) <.001
BLL 10 to <20 ng/dL, No. (%) 28 (10.3) 7 (7.4) 7 (9.0) 14 (14.0) 31
BLL >20 pg/dL, No. (%) 3(1.1) 2 (2.1) 1 (1.3) 0 39"

Abbreviations: BLL, blood lead level; IQR, interquartile range.

?Data collected at 6 churches in Haiti from March | through June 30, 2015.

®Artibonite Department.

“Nord-Ouest Department.

dCentre Department.

®All P values were calculated using the Pearson y? test unless otherwise indicated; P < .05 was considered significant.
fUsing the Kruskal-Wallis test; P < .05 was considered significant.

8BLLs >5 pg/dL were considered to be elevated.*®

PUsing the Fisher exact text; P < .05 was considered significant.

2-8 years in Jamaica,’® 1.57 pg/dL among children aged
0-6 years in Puerto Rico,”” 1.96 pug/dL among children aged
0-6 years in Shanghai, China,*® and 0.76 pg/dL among
children aged 1-5 years in the United States.>® In contrast,
a study in Jakarta, Indonesia, reported a geometric mean
BLL of 8.6 ug/dL among children aged 6-12 years.*
Despite identifying no children as having a life-
threatening BLL requiring chelation, we found a high pre-

Discussion

More than half of the Haitian children we studied had an
EBLL >5 pg/dL, and the highest prevalence of EBLLs was
among children in the mountain area. Children exposed to
improperly discarded batteries, compared with children not
exposed, were also significantly more likely to have EBLLs.
Although we primarily analyzed and reported our data using

nonparametric measures, the median BLL we observed
(5.8 pg/dL) was similar to the geometric mean of these BLLs
(5.5 pg/dL) when we replaced those levels that were unde-
tectable (and counted as 0 pg/dL when calculating the med-
ian, n = 13) with a value of 0.5 pg/dL to calculate a
geometric mean. By comparison, recent studies reported
geometric mean BLLs of 2.8 pg/dL among children aged

valence of EBLLs in Haiti. The CDC’s actionable BLL,
which encompasses 2.5% of US children, could potentially
include 66% of all Haitian children and more than 80% of
children in some areas of Haiti. These percentages, which are
10 times higher than in the 2014 outbreak of EBLLs in Flint,
Michigan, far exceed acceptable childhood population BLLs
and are a major public health concern.'?
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Table 2. Prevalence of elevated blood lead levels (>5 ig/dL) among a convenience sample of children aged 9 months to 6 years (n = 273), by

selected risk factors, Haiti, 2015*

Total No. of Children With Elevated Blood Lead Levels Prevalence Ratio P
Risk Factor Children (N = 273) (>5 pgl/dL), No. (%) (n = 180) (95% ClI) Value®
Age, y
<2 67 44 (65.7) 1.00 (0.81-1.23) .99
2 55 37 (67.3) 1.03 (0.83-1.28) .82
>3 151 99 (65.6) 1.00 (Reference)
Sex
Female 138 91 (65.9) 1.00 (0.84-1.19) .99
Male 135 89 (65.9) 1.00 (Reference)
Area
Mountain® 100 82 (82.0) 1.52 (1.22-1.91) <.001
Coastal 95 56 (58.9) 1.09 (0.84-1.43) .50
Urban® 78 42 (53.8) 1.00 (Reference)
Nutritional status
Poor nutrition 48 34 (70.8) 1.09 (0.89-1.34) 43
Normal 225 146 (64.9) 1.00 (Reference)
Exposure to leaded paint
Yes 31 15 (48.4) 0.73 (0.50-1.08) .07
No 115 76 (66.1) 1.00 (Reference)
Exposure to improperly
discarded batteries’
Yes 132 97 (73.5) 1.29 (1.07-1.54) .006
No 126 72 (57.1) 1.00 (Reference)
Exposure to leaded gasoline’
Yes 77 55 (71.4) 1.14 (0.93-1.40) 20
No 109 68 (62.4) 1.00 (Reference)
No. of motorized vehicles
per day
>200 64 45 (70.3) I.11 (0.85-1.45) 43
101-200 22 12 (54.5) 0.86 (0.56-1.33) 49
26-100 66 48 (72.7) 1.15 (0.89-1.49) .28
5-25 72 44 (61.1) 0.97 (0.73-1.28) 8l
<5 49 31 (63.3) 1.00 (Reference)

?Data collected at 6 churches in Haiti from March | through June 30, 2015.

PCalculated using the Pearson ¥ test, with P < .05 considered significant.
“Artibonite Department.

4Nord-Ouest Department.

€Centre Department.

fParents were asked if there were improperly discarded batteries at home, at school, or in play areas. The number does not include “unknown” responses:
paint (n = 127), battery (n = 14), gasoline (n = 86), and item not checked on questionnaire (n = 2).

Among the risk factors studied, exposure to improperly
discarded car and household batteries was a significant and
modifiable risk factor for EBLLs in Haitian children, a
finding consistent with the findings of studies in other
countries.'%'*? After batteries expire in Haiti, they may
be stored in the yard, burned with other garbage, or thrown
in a local natural water source. With nearly half the chil-
dren in our study reporting exposure to improperly dis-
carded batteries near their home or school, providing
ways to safely discard batteries could be one way to
decrease EBLLs in Haiti.

We did not find that exposure to leaded paint predicted
EBLLs in children, despite ample literature documenting
this association.®>*** However, nearly half of the parents
and guardians we interviewed were unaware of their child’s
exposure to lead-based paint, and, thus, we could not draw a

definitive conclusion about this important potential risk
factor. Future studies should investigate the lead content
of the paint commonly used in residences in Haiti, and
appropriate parental and community education campaigns
should ensue.

Potential sources of lead exposure in Haiti are not well
studied. A small 2013 study found no detectable levels of
lead in the soil of a commune in Ouest (from which our
urban sample was drawn).®> However, the sample was
obtained from an area with little human activity and, thus,
may not be representative of the rest of the country. Another
study in the urban area found that groundwater had lead
levels in excess of the US Environmental Protection
Agency’s actionable level.®**7 Interventions to improve
access to potable water after the 2010 cholera epidemic may
have decreased the population’s exposure to contaminated



Carpenter et al

53

Table 3. Exposure to lead from improperly discarded batteries® among a convenience sample of children aged 9 months to 6 years (n =

258), by geographic area, Haiti, 2015°

Total No. of Children With Elevated Blood Lead Attributable Prevalence Ratio P
Location Children Levels, No. (%) Risk, %¢ (95% CI) Value®
Mountain area®
Exposed 51 47 (92.2) 23 1.34 (1.07-1.66) .004
Unexposed 42 29 (69.0)
Urban area’
Exposed 35 20 (57.1) 4 1.09 (0.72-1.64) .69
Unexposed 40 21 (52.5)
Coastal area®
Exposed 46 30 (65.2) 15 1.30 (0.91-1.88) .14
Unexposed 44 22 (50.0)

?Parents were asked if there were improperly discarded batteries at home, at school, or in play areas.

®Data collected at 6 churches in Haiti from March | through June 30, 2015.
“The risk difference between exposed and unexposed children.

dCalculated using the Pearson y? test, with P < .05 considered significant.
€Artibonite Department.

*Nord-Ouest Department.

8Centre Department.

drinking water from rivers or wells, but water in certain
areas could potentially remain a source of lead exposure.
Finally, manioc, a root vegetable that is a staple food in
Haiti, could be a source of lead and warrants investigation.
Consumption of manioc has been implicated in EBLLs in
pregnant women in Guyana, possibly from manioc being
grown in contaminated soil or from lead contamination that
occurs during cooking of this vegetable on lead-containing
hotplates.®®

The strongest independent predictor of EBLLs in our
study was residing in the mountain area of the Centre
Department rather than the urban or coastal areas. This
relationship cannot be explained by exposure to improperly
discarded batteries, because this exposure did not differ
across areas; however, exposure to lead from improperly
discarded batteries accounted for 23% of the attributable
risk (ie, risk difference between exposed and unexposed
children) of battery exposure in the mountain area, 4% of
the attributable risk of battery exposure in the urban area,
and 15% of the attributable risk of battery exposure in the
coastal area. This finding could be explained by the like-
lihood that children in the mountain area were less likely
than children living in urban and coastal areas to have high
levels of exposure to vehicles, thus distributing the risk of
having an EBLL more evenly. However, this explanation
does not clarify why children living in the mountain area
were independently at higher risk of having EBLLs than
children living in other areas, even when we adjusted the
data for other exposures.

Interestingly, the percentage of children with EBLLs in
the urban area was not substantially higher than the percent-
age of children with EBLLs in the mountain and coastal
areas, although the urban area we studied was closer than
the other 2 areas to the epicenter of the 2010 earthquake,
which caused substantial dust accumulation in the city. In

addition to a country-wide investigation into environmental
contamination of soil and water, other potential exposures,
such as local staple foods and their processing methods and
locally produced healing remedies, medicines, and paint
(which may be produced in lead-based receptacles), should
be evaluated to better understand the geographic differences
in the prevalence of EBLLs.

Children of low socioeconomic status are at increased risk
of having EBLLs in several countries, including the United
States, South Africa, China, and Mexi0069'72; however, we
did not find this association in Haiti. We evaluated socio-
economic status by reported household income, but we did
not relate this amount to the number of people living in the
home, nor did we investigate other markers of socioeco-
nomic status. Although we may have underestimated differ-
ences in socioeconomic status among children, the high rates
of poverty throughout the population would make this poten-
tial relationship difficult to appreciate.

The relationship between poor nutrition and BLLs in chil-
dren is not well understood; several studies reported that
EBLLs are associated with both underweight and obese chil-
dren.”””7® In our study, although a higher percentage of chil-
dren in the mountain area compared with the coastal and
urban areas had both poor nutrition and EBLLs, poor nutri-
tion did not predict EBLLs. However, an association
between poor nutrition and high BLLs may have been
masked, given the overall high rates of malnutrition and
stunting we observed.

Limitations

This study had several limitations. Although we found many
children with EBLLSs in this initial cross-sectional study, our
investigation into potential sources of lead exposure in the
environment was exploratory. One major limitation was the
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reliance on parental reporting of environmental lead hazards,
which may have introduced recall, social desirability, or
acquiescence bias. Our questionnaire also asked only about
the presence or absence of certain exposures. Although we
were able to identify improperly discarded batteries as one
source of lead exposure, additional questionnaire details such
as information on manioc consumption, lead-containing
paint or pottery, household dust, plaster, and dirt may have
allowed for identification of additional potential sources of
lead exposure in the child’s home environment. Likewise, we
were unable to take into account exposures outside of the
home, such as in schools. As such, we likely underestimated
the contributing sources for lead exposure. Further studies
that measure BLLs of children from all geographic areas of
Haiti and that cover more risk factors than we covered in the
home evaluation would provide a more comprehensive
description of the extent of EBLLs in Haiti.

Our study may also have been biased by our use of a
convenience sample. Although we chose to recruit children
from churches within each area because of the high rate of
Christianity across all socioeconomic levels in Haiti, we did
not include in our sample children whose parents were not
Christian or who were Christian but did not attend church. As
such, we could not determine whether exposures among
these excluded children were different from exposures
among the children in our sample.

Conclusions

More than half of the Haitian children in our study had
EBLLs, especially children in the mountain area. Exposure
to improperly discarded batteries was a significant, modifi-
able risk factor. Comprehensive investigations into other
environmental sources of lead exposure, particularly empha-
sizing mountain areas, will be important to mitigate this
preventable epidemic among Haitian children. Public health
interventions are warranted to protect children in Haiti
against lead poisoning. These data will be shared with the
Ministry of Population and Public Health, and we will advo-
cate for a sustained public health screening program for Hai-
tian children.
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