PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Trends in Blood Lead Levels and Blood Lead Testing Among US Children Aged
1to 5 Years, 1988 2004
Robert L. Jones, David M. Homa, Pamela A. Meyer, Debra J. Brody, Kathleen L.
Caldwell, James L. Pirkle and Mary Jean Brown
Pediatrics 2009;123;e376-e385
DOI: 10.1542/peds.2007-3608

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://www pediatrics.org/cgi/content/full/123/3/e376

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2009 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www .pediatrics.org by on March 10, 2009


http://pediatrics.aappublications.org
http://www.pediatrics.org/cgi/content/full/123/3/e376

ARTICLE

Trends in Blood Lead Levels and Blood Lead Testing
Among US Children Aged 1 to 5 Years, 1988-2004

Robert L. Jones, PhD?, David M. Homa, PhD, MPH?, Pamela A. Meyer, PhD?, Debra J. Brody, MPHP, Kathleen L. Caldwell, PhD?,

James L. Pirkle, MD, PhD?, Mary Jean Brown, ScD, RN?

aNational Center for Environmental Health, Centers for Disease Control and Prevention, Atlanta, Georgia; PNational Center for Health Statistics, Centers for Disease

Control and Prevention, Hyattsville, Maryland

The authors have indicated they have no financial relationships relevant to this article to disclose.

What's Known on This Subject What This Study Adds

The analysis of national trends in blood lead exposure is well documented for the
NHANES before 1999. The evaluation of how well children at high risk (aged 1-5 years)
are being screened for lead exposure after 1998 is limited.

ABSTRACT

This study evaluates and reports the national trends in BLLs and the extent of blood lead
testing in children for the period of 1988 -2004 in various risk groups.

OBJECTIVES. To evaluate trends in children’s blood lead levels and the extent of blood
lead testing of children at risk for lead poisoning from national surveys conducted
during a 16-year period in the United States.

METHODS. Data for children aged 1 to 5 years from the National Health and Nutrition
Examination Survey III Phase I, 1988-1991, and Phase II, 1991-1994 were com-
pared to data from the survey period 1999-2004.

RESULTS. The prevalence of elevated blood lead levels, =10 ug/dL, among children
decreased from 8.6% in 1988-1991 to 1.4% in 1999-2004, which is an 84% decline.
From 1988-1991 and 1999-2004, children’s geometric mean blood lead levels
declined in non-Hispanic black (5.2-2.8 ug/dL), Mexican American (3.9-1.9 pg/dL),
and non-Hispanic white children (3.1 pug/dL to 1.7 ug/dL). However, levels continue
to be highest among non-Hispanic black children relative to Mexican American and
non-Hispanic white children. Blood lead levels were distributed as follows: 14.0%
were <1.0 pg/dL, 55.0% were 1.0 to <2.5 pg/dL, 23.6% were 2.5 to <5 pg/dL,
4.5% were 5 to <7.5 ug/dL, 1.5% were 7.5 to <10 ug/dL, and 1.4% were =10
wng/dL. Multivariable analysis indicated that residence in older housing, poverty, age,
and being non-Hispanic black are still major risk factors for higher lead levels. Blood
lead testing of Medicaid-enrolled children increased to 41.9% from 19.2% in 1988—
1991. Only 43.0% of children with elevated blood lead levels had previously been
tested.

CONCLUSIONS. Children’s blood lead levels continue to decline in the United States, even
in historically high-risk groups for lead poisoning. To maintain progress made and
eliminate remaining disparities, efforts must continue to test children at high risk for
lead poisoning, and identify and control sources of lead. Coordinated prevention
strategies at national, state, and local levels will help achieve the goal of elimination
of elevated blood lead levels. Pediatrics 2009;123:e376-e385
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THE ADVERSE HEALTH effects of lead are well documented,? and no threshold for adverse effects has been
specified.>> Because overt clinical symptoms are rare at blood lead levels (BLLs) of <70 ug/dL, blood lead testing
is necessary to identify asymptomatic children with elevated BLLs of =10 ug/dL. The United States Department of
Health and Human Services and the Centers for Disease Control and Prevention (CDC) have targeted BLLs of =10
ng/dL for elimination in the United States by 2010.¢ Childhood lead poisoning prevention programs have focused on
young children aged <6 years, because these children are especially vulnerable to the adverse health effects of lead.
The nervous systems of young children are still developing and the hand-to-mouth behaviors common at these ages
increase their risk for ingesting lead in their environment.

Nationally, BLLs in children have been declining.”-!* Some children, however, continue to be at greater risk for
exposure to lead than others.'> Since 1976, blood lead data from the National Health and Nutrition Examination
Surveys (NHANES) have been used to characterize children’s BLLs. Children at highest risk are non-Hispanic black,
live in housing built before 1950, and their families are poor.'>!¢ From 1991-1994, Medicaid enrollees accounted for
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TABLE1 Distribution of BLLs According to Selected Demographic Characteristics, Children Aged 1 to 5 years, NHANES 1999 -2004
n Geometric <1 ug/dL, % (95% 1to <2.5 ug/dL, 2.5to <5 pug/dL, 5to <7.5umg/ 7.5to<10 =10 ug/dL, %
Mean (95% Cl), ql) % (95% Cl) % (95% Cl) dL, % (95%Cl)  mg/dL, % (95% CI)
pa/dL (95% CI)
Overall 2532 1.9(1.8-2.02 14.0(11.6-16.6)>  55.0(52.1-57.9) 23.6(21.1-26.1)  4.5(3.3-5.9) 1.5(1.0-2.1)  1.4(1.0-2.0°
Gender
Girl 1211 1.9(1.7-2.0 14.1(10.8-17.7)>  54.5(51.1-57.8) 23.9(20.3-27.8) 4.5(3.3-5.8) 1.4(0.8-23 1.7 (0.9-2.6
Boy 1321 1.9(1.7-2.0* 14.0(11.4-16.7)>  55.5(51.4-59.5) 23.2(20.3-26.3) 4.6 (3.0-6.5) 1.5(0.9-2.3 1.3(0.7-2.6)°
Agec
1-2y 1231 2 2.2)2¢ 106 (7.7-13.9)p4  51.0 (46.7-55.3)c 27.9 (24.9-31.0)¢ 6.7 (5.0-8.6)¢ 1.4(0.8-2.2 2.4 (1.4-3.5)>d
3-5y 1301 1.7 (1.6-1.9)2¢ 16.2(12.9-19.9)>4  57.6 (53.8-61.4)c 20.7 (17.9-23.7)¢ 3.1(1.9-4.6)¢ 1.5(0.8-2.3 0 4-1.5)ebd
Race/ethnicity©
Non-Hispanic black 755 2.8(2.5-3.002f9 4.0 (2.5-5.7)9 425 (37.8-47.2)"9 36.2 (33.1-39.3)%9 9.4(6.9-12.2)"9 4.6 (3.0-6.5)"9 3.4 (1.8-5.5)°
Mexican American 812 1.9(1.7-2.00>f 10.9 (8.6-13.4)>Fh  61.0 (56.9-65.1)f 22.1(18.0-26.5)f 3.4(2.2-5.0)%  1.3(0.6-2.2)f 1.2(0.4-2.6)2¢
Non-Hispanic white 731 1.7(1.6-1.8)29 17.6 (14.0-21.5)Peh 57.1 (52.4-61.7)9 19.7 (16.1-23.5)9 3.6(1.9-5.8)9 0.8 (0.3-1.6)*9 1.2 (0.6-2.0)°
PIR¢
=13 1302 2.4(2.2-2.52¢ 6.7 (4.6-9.2)b4 49.3 (44.9-53.7)9 32.5(28.6-36.4)¢ 6.9(5.2-8.8)¢ 2.8(1.7-4.1)4 1.8(1.1-2.7)b
>13 1070 1.5(1.4-1.6)>< 19.9(16.3-23.8)>4 60.4 (56.9-63.8)¢ 16.0(12.9-19.3)¢ 2.3(1.2-3.7)¢ 0.6 (0.1-1.4)¢e 0.8 (0.3-1.6)>
Medicaid statusc
Yes 990 2.6( 2.5)2¢  5.8(3.6-8.6)>d 49.5(45.2-53.8)9 32.4(28.4-36.5)4 7.7 (5.7-10.0)¢ 2.7 (1.6-4.2)4 1.9 (0.9-3.1)°
No 1500 1.7 (1.6-1.8)>¢ 17.6 (14.0-21.4)>4 57.9 (54.3-61.5)¢ 19.3(16.2-22.6) 3.2(2.1-4.6)¢ 0.9 (0.4-1.6)%¢ 1.1(0.6 )e
Year housing built (risk of
lead exposure)<
Low risk 674 1.5(1.3-1.6)2% 22.1(17.3-27.3)°k  62.8 (57.4-68.1)k 13.0 (9.6-16.8)"k 1.4 (0.6-2.5)*% 0.3(0.1-0.4) 0.4 (0.0-1.3)ek
Medium risk 555 1.8(1.7-1.9)21 14.4(10.2-19.3)>'  57.9(52.0-63.8) 23.4(18.5-28.6)" 23(1.1-3.9)' 1.1(0.4-2.1)¢ 0.8(0.3-1.7)e
High risk 335 2.5(2.2-2.8)2k! 55 (2.4-9.7)ek! 47.4(40.2-54.7)F  32.0 (25.0-39.4)« 8.7 (5.3-12.9)%! 3.1(1.5-5.2)k 3.3 (1.5-5.8)ek
Not known 968 2.3(2.1-2.6) 7.6 (5.2-10.4) 46.3 (40.6-52.0) 33.2(29.5-37.0) 8.2(5.9-10.7) 2.4(1.3-40) 23(1.1-3.8)

a Difference between 1988-1991 and 1999-2004 statistically significant at P < .05 after Bonferroni adjustment.
b Difference between 1988-1991 and 1999-2004 within lead categories BLL <1 ug/dL and/ BLL =10 ug/dL statistically significant at P < .05 after Bonferroni adjustment.
< Differences between strata for categorical blood lead variable in 1999 -2004 statistically significant at P < .05.

d Difference between strata in 1999 -2004 statistically significant at P < .05.

¢ Relative SE of point estimate =30%; does not meet standard of statistical reliability and precision.

f Difference between non-Hispanic black children and Mexican American children in 1999-2004 statistically significant at P < .05 after Bonferroni adjustment.
9 Difference between non-Hispanic black children and non-Hispanic white children in 1999 -2004 statistically significant at P < .05 after Bonferroni adjustment.
h Difference between Mexican American children and non-Hispanic white children in 1999 -2004 statistically significant at P < .05 after Bonferroni adjustment.

i Risk of lead exposure by year housing built defined as follows:

NHANES 1999 -2004: low risk, built 1978 and later; medium risk, built between 1950 and 1977; high risk, built before 1950.

NHANES IIl phases 1 and 2: low risk, built 1974 and later; medium risk, built between 1946 and 1973; high risk, built before 1946.

i Difference between low-risk housing and medium-risk housing in 1999-2004 statistically significant at P < .05 after Bonferroni adjustment.
k Difference between low-risk housing and high-risk housing in 1999 -2004 statistically significant at P < .05 after Bonferroni adjustment.

! Difference between medium-risk housing and high-risk housing in 1999 -2004 statistically significant at P < .05 after Bonferroni adjustment.

60% of US children who had elevated BLLs, yet only
19% of Medicaid-enrolled children had a blood lead test
before their participation in the NHANES IIL.!'7!8 The
decline in the prevalence of elevated BLLs over time has
been most pronounced among children belonging to
high-risk groups, especially non-Hispanic black children.
They experienced a 72% decline in the prevalence of
elevated BLLs between the 1991-1994 and 1999-2002
NHANES.” Nevertheless, the geometric mean BLL re-
mained higher for non-Hispanic black children com-
pared with Mexican American and non-Hispanic white
children in the 1999-2004 NHANES (2.8 vs 1.9 and 1.7
ung/dL, respectively) (Table 1), indicating that differences
in risk for exposure to lead still exist as seen from pre-
vious reports of NHANES data: 1976-1980, 1988-1991,
and 1999-2002.7-10

With increasing evidence that adverse health etfects
occur at BLLs of <10 ug/dL,>'-2! little is known about
the distribution of and risk factors associated with BLLs
of <10 pg/dL. Although in at least 1 study, well-estab-
lished risk factors associated with BLLs of =10 ug/dL
were also predictive of BLLs of =5 ug/dL.22 However,

this study also found that for a number of children with
BLLs 5 to 9 pg/dL, multiple sources of lead exposure
seemed likely given the prevalence of these levels among
children without obvious risk factors.22 In this study, we
augmented previous work by updating information on
the distribution of children’s BLLs, the extent of blood
lead testing of children at risk for lead poisoning, and risk
factors for higher BLLs among children 1 to 5 years of
age from 2 separate NHANESs (1988-1994 and 1999-
2004).

METHODS

Survey Design

The National Center for Health Statistics of the CDC
conducts the NHANES, which measure health and nu-
trition in a representative sample of the US noninstitu-
tionalized civilian population aged 3 months and older
by using a multistage probability design. Since 1999, the
NHANES has been inclusive of all ages and has been a
continuous survey as previously described.?> Beginning
in 1999, ~5000 people were recruited annually to par-
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ticipate in the NHANES. Of these ~5000 individuals,
~550 were children between the ages of 1 to 5 years. A
medical examination included blood lead testing as part
of the laboratory component and a household interview
contained questions on health, demographics and nutri-
tional characteristics, as well as whether a child had been
previously tested for lead poisoning, and health insur-
ance status, including Medicaid enrollment. Participants
ages 1 year and older were eligible for blood lead testing.
A family member provided questionnaire responses for
children <16 years of age. The NHANES III (1988-1994)
design and the blood lead component have been de-
scribed previously.®15-16.24

Laboratory Methods

Whole blood samples were drawn into prescreened eth-
ylenediaminetetraacetic acid-anticoagulated evacuated
tubes by venipuncture of all participants.?* The analysis
of lead was conducted in the Inorganic Toxicology Lab-
oratory, Division of Laboratory Sciences, National Cen-
ter for Environmental Health, CDC, Atlanta, Georgia.
Blood lead samples were stored frozen at —20°C or
lower until analyzed. The laboratory methods used to
analyze blood lead in the NHANES III have been de-
scribed in detail previously.”!¢ During the survey years of
1999-2002, the blood samples were measured for lead
by graphite furnace atomic absorption spectrometry
(CDC method No. ITB002A) by using a modification of
the method of Miller et al.? During the survey years of
2003-2004, the blood samples were measured for lead
by inductively coupled plasma mass spectrometry (CDC
method No. ITBOO1A) by using a modification of the
method of Nixon et al.>¢ The blood lead limit of detection
(LOD) for graphite furnace atomic absorption spectrom-
etry and inductively coupled plasma mass spectrometry
is 0.3 ug/dL. Analytical quality control was monitored by
using 4 concentrations of bench quality control material
and 2 levels of “blind” quality control materials.

Statistical Analysis

This analysis included data from the NHANES III, Phase
1 (1988-1991), NHANES III, Phase 2 (1991-1994), and
the first 6 years of the current NHANES (1999-2004) for
children 1 to 5 years of age.

Race/Ethnicity

We reported only 3 categories of race/ethnicity (non-
Hispanic white, non-Hispanic black, and Mexican Amer-
ican) in the race/ethnicity section of the tables, because
there were small numbers of children in the other His-
panic, other race, and multiracial categories. For all
other sections of the tables, results were included for all
participants in the survey.

Housing

Because responses for “year housing was built” used
different categories between the NHANES III and the
NHANES 1999-2004, we defined the most closely sim-
ilar categories as highest risk (built before 1946
[NHANES III] and before 1950 [NHANES 1999-2004]),
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medium risk (built between 1946 and 1973 [NHANES
I1] and 1950 and 1977 [NHANES 1999-2004]), and low
risk (built 1974 and after [NHANES III]) and 1978 and
after [NHANES 1999-2004]). Observations for which
information was not available about when the housing
unit was built were defined as “not known;” this cate-
gory was reported in the tables but was not used in any
statistical comparisons.

Socioeconomic Status

The poverty income ratio (PIR) (defined as the ratio of
total family income to the poverty threshold for the year
of the interview) was stratified as =1.3 (corresponding
to low income) and >1.3 (corresponding to middle to
high income). These categories were selected in part to
be consistent with major government food assistance
programs that use a PIR of 1.3 to determine eligibility.!®
The Medicaid status variable was defined as whether a
child was enrolled in Medicaid (yes) or not enrolled in
Medicaid (no).

Analytic Strategy

Statistical analysis was conducted by using SAS 9.1.3
(SAS Institute, Inc, Cary, NC) and SUDAAN 9.0 (Re-
search Triangle Institute, Research Triangle Park, NC).
NHANES-specific sample weights were used for all anal-
yses to adjust for the differential probabilities of selec-
tion, nonresponse, and noncoverage. All statistical test
results were evaluated by using an overall significance
level of P < .05. BLLs were not rounded before statistical
analysis. Because of small proportions, the arcsine
method was used to construct 2-sided confidence inter-
vals (CIs).>”?¢ We computed geometric mean BLLs by
taking the antilog of the mean of log,, of the BLLs.

We also analyzed BLLs by examining their distribu-
tion across 6 categories: <1.0, 1.0 to <2.5, 2.5 to <5, 5
to <7.5, 7.5 to <10, and =10 pg/dL. These categories
were selected to provide a relatively fine breakdown of
BLLs of <10 pg/dL. These fine breakdowns show the
changes in distributions across these categories in sub-
populations between NHANESs as well as the status of
these subpopulations within the current NHANES. Be-
cause no BLL has been identified as safe for children, the
use of several fine cut points of <10 wg/dL also allows
assessment at several levels that may be of interest. For
example some analyses have used a cut point of 5 pug/dL.
Less than 1 pg/dL was chosen as a cut point, because the
LOD in BLL measurements in the current NHANES is
0.3 pg/dL. These cut points may be more easily under-
stood than statistically derived cut points (eg, quartiles).

We evaluated differences in geometric means and
proportions for 1999-2004 by computing the ¢ statistic,
by using the Bonferroni method to adjust for multiple
comparisons across categories of race-ethnicity and
housing risk. For 1999-2004, we evaluated the differ-
ences in the categorical BLL variable across levels of age,
race-ethnicity, PIR, Medicaid status, and housing risk, by
using the x? test of independence. For 1999-2004, we
also evaluated differences in the proportion of children
with BLLs of <1 ug/dL (lowest category) and the pro-
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TABLE2 Distribution of BLLs According to Selected Demographic Characteristics, Children Aged 1 to 5 Years, NHANES Ill, Phase 1 (1988 -
1991)
n Geometric <1pmg/dL,% 1to<25ug/ 25to<5ug/ 5to<7.5pug/ 7.5t0 <10 =10 pg/dL, %
Mean (95% (95% Cl) dL, % (95%Cl) dL, % (95%Cl) dL, % (95% Cl) mg/dL, % (95% Cl)
ql), pg/dL (95% CI)
Overall 2232 3.6(3.2-3.9)2 4.4(2.6-6.6)> 25.6(20.9-30.5) 38.7(34.2-43.2) 15.7(13.5-18.0) 7.1(5.6-8.8) 8.6 (5.0-13.0)°
Gender
Girl 1144 3.5(3.2-3.9)* 4.8(2.5-7.6)> 25.6(19.0-32.9) 38.3(32.7-44.1) 15.9(13.2-18.9)  6.9(4.9-9.2) 8.5(5.2-12.5)°
Boy 1088 3.6(3.2-4.0) 4.1(24-6.2)> 255(21.4-29.8) 39.0(33.6-44.4) 15.5(12.5-18.8) 7.3(5.4-9.5) 8.7 (45 -14.1)°
Age
1-2y 924 4.0(3.6-4.5)2 3.3(2.0-4.9° 19.1(14.6-24.1) 38.6(32.0-454) 20.5(16.6-24.6) 7.4(4.9-104) 11.1(7.2-15.6)°
3-5y 1308 3.3(2.9-3.7)> 5.1(2.8-8.0° 29.5(23.9-35.4) 38.7(34.3-43.2) 12.8(10.5-15.3)  6.9(5.0-9.1) 7.0 (3.3-12.0)P<
Race/ethnicity
Non-Hispanic black 679 52(4.7-57)2 29(1.1-55)c 11.8(9.1-14.8)  32.2(25.4-39.4) 20.4(17.1-23.9) 14.0(10.7-17.7) 18.6 (13.3-24.6)°
Mexican American 803 3.9(3.0-4.8) 3.3(0.2-9.5)P< 19.6(11.5-29.2) 42.3(37.6-46.9) 19.3(13.2-26.1)  8.4(3.9-14.5) 7.2 (43-10.9)
Non-Hispanic white 658 3.1(2.9-3.4)2 5.4(3.1-83)°> 30.4(25.2-35.9) 39.6(34.0-454) 14.0(11.1-17.1) 5.1 (3.1-7.5) 5.5 (2.9-8.9)°
PIR
=13 1019 4.7 (4.0-5.4) 2.1(0.8-3.9)>< 13.4(8.3-19.5) 39.0(31.9-46.2) 20.4(17.0-24.0) 10.2(7.4-13.3)  15.0(9.0-22.2)°
>13 1004 3.1(2.8-33)2 6.0(3.5-9.2)> 31.5(26.9-36.2) 39.0(33.6-44.6) 13.1(10.8-15.6)  5.4(3.6-7.6) 5.0 (2.5-8.3)°
Medicaid status
Yes 626 53(4.2-6.3)2 1.9(0.5-4.2)b< 9.7 (44-16.8) 37.5(28.7-46.8) 18.8(14.1-24.4) 11.1(7.3-15.6)  21.0(12.0-31.7)°
No 1266 3.1(2.9-3.4) 5.6(3.3-83)> 30.9(25.9-36.2) 39.6(34.1-45.2) 13.9(11.4-16.6) 5.0 (3.6-6.6) 5.0 (2.8-7.8)°
Year housing built (risk of
lead exposure)d
Low risk 602 2.9(2.5-3.3)2 5.3(2.0-9.9)°c 34.9(27.6-42.6) 40.3(33.8-46.9) 10.0(7.1-13.3) 4.7 (2.6-7.3) 4.8 (1.6-9.8)¢
Medium risk 931 3.6(3.2-4.02 5.0(3.3-7.1)> 23.2(17.0-30.0) 37.7(32.0-43.6) 19.2(15.0-23.7)  6.5(4.8-8.5) 8.3(5.2-12.0)°
High risk 378 52(44-59) 1.2(0.1-3.6)c 12.2(7.6-17.8) 37.3(28.9-46.2) 17.5(11.2-24.8) 13.6(8.7-19.4)  18.2(12.0-25.5)
Not known 170 49(3.8-5.9) 0.6(0.0-2.4)c 14.6(6.3-25.6) 38.6(25.4-52.8) 20.9(13.1-30.1) 11.3(4.3-21.1)c 14.0(4.3-28.1)¢

a Difference between 1988-1991 and 1999-2004 statistically significant at P < .05 after Bonferroni adjustment.
b Difference between 1988-1991 and 1999-2004 within lead categories BLL <1 ug/dL and/ BLL =10 ug/dL statistically significant at P < .05 after Bonferroni adjustment.
< Relative SE of point estimate =30%; does not meet standard of statistical reliability and precision.

d Risk of lead exposure by year housing built defined as follows:

NHANES 1999 -2004: low risk, built 1978 and later; medium risk, built between 1950 and 1977; high risk, built before 1950.
NHANES IIl phases 1 and 2: low risk, built 1974 and later; medium risk, built between 1946 and 1973; high risk, built before 1946.

portion of children with BLLs of =10 pg/dL (highest
category) across the covariates mentioned previously.
We evaluated changes over time for geometric means
and proportions by using a 2-tailed ¢ test to test for
differences between the periods of 1988-1991 and
1999-2004, by using the Bonferroni method to adjust
for multiple comparisons within variables. We used a
comparable approach to assess changes over time for
overall geometric means and overall prevalence of ele-
vated BLLs in the current NHANES data, assessing
change from the 1999-2000 period to the 2003-2004
period.

To assess risk factors associated with higher BLLs, we
also fit multivariable logistic and linear regression mod-
els by using the RLOGIST and LINEAR procedures in
SUDAAN. Multivariable logistic regression was used to
assess various risk factors associated with an elevated
BLL (=10 ug/dL). Multivariable linear regression was
used to assess risk factors associated with higher BLLs.
The dependent variables were the probability of having
a BLL of =10 ug/dL for the logistic model and a natural
log-transformed BLL for the linear model. For both mod-
eling approaches, the main effects were fitted that in-
cluded gender of the child (male, female [referent]), age
of the child (1-2 years, 3-5 years [referent]), race/eth-
nicity (non-Hispanic black, Mexican American, non-His-
panic white [referent]), PIR (=1.3, >1.3 [referent]),

housing risk (high risk, medium risk, low risk [refer-
ent]), and NHANES (NHANES 1999-2004, NHANES III
1991-1994, NHANES III 1988-1991 [referent]). Gender
of child was not a predictor of BLLs in the logistic model
nor in the linear model and thus was not included in the
final models. We also evaluated all possible 2-way inter-
action terms for the final main effects model by adding
them, 1 at a time, to the model and assessing their
statistical significance. None of the 2-way interaction
terms achieved statistical significance in either the logis-
tic or linear analyses. No 3-way interactions were eval-
uated.

RESULTS

Geometric means and distribution of BLLs across 6 blood
lead categories both overall and by analytical variables,
for NHANES III Phase I (1988-1991), NHANES III Phase
2 (1991-1994), and NHANES 1999-2004 are presented
in Tables 1 to 3. Overall, the distribution of BLLs for US
children shifted toward lower BLL categories from the
1988-1991 period to the 1999-2004 period, as evi-
denced by the lower geometric mean for the latter pe-
riod (P < .0001). The overall prevalence of BLLs of =10
png/dL declined dramatically, from 8.6% in 1988-1991
to 1.4% in 1999-2004, a decrease of 84%. Among the
race/ethnicity groups examined, the prevalence of BLLs
of =10 pg/dL declined 84% in Mexican American chil-
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TABLE 3 Distribution of BLLs According to Selected Demographic Characteristics, Children Aged 1 to 5 Years, NHANES Ill, Phase 2 (1991-
1994)
n Geometric <1 pg/dL, % 1to<25mg/ 25to<5pmg/ 5to<7.5pg/ 7.5t0 <10 =10 pg/dL, %
mean (95% (95% CI) dL, % (95%Cl)  dL, % (95%Cl)  dL, % (95% Cl) wpg/dL, % (95% Cl)
ql), pa/dL (95% Cl)
Overall 2392 2.7(25-3.00 8.2(6.4-10.3) 37.7(33.4-42.1) 33.1(29.5-36.8) 12.1(9.1-15.6) 4.4 (3.0-6.1) 44(2.7-6.5)
Gender
Girl 1181 27(24-29) 7.(5.0-9.4) 42.3(36.2-48.5) 31.7(26.2-37.6) 11.5(8.3-15.3) 4.1(2.4-6.2) 3.3(2.0-4.9)
Boy 1211 2.8(2.5-3.1)  9.3(6.6-12.4) 33.5(28.4-38.7) 34.3(28.5-40.5) 12.7(9.4-16.4) 4.7 (2.9-6.9) 5.5(3.1-8.4)
Age
1-2y 987 3.1(2.8-35) 6.1(4.1-8.6) 30.3(25.9-34.9) 36.9(31.5-42.5) 14.8(11.8-18.1) 6.0(3.6-8.8) 5.9 (3.4-9.0)
3-5y 1405 2.5(2.3-2.7 9.6 (7.4-12.0) 42.6(37.4-47.8) 30.6(27.1-34.2) 10.4(6.9-14.5) 34(2.2-49) 3.4(2.0-5.3)
Race/ethnicity
Non-Hispanic black 783 43(3.7-5.00 1.9(0.6-4.0) 17.9(12.3-24.3) 383(32.2-44.6) 22.0(15.8-29.0) 8.6(6.0-11.7) 11.2(5.9-18.0)
Mexican American 827 3.1(2.7-35) 5.7(3.1-8.9) 30.1(24.8-35.8) 41.3(37.6-452) 13.6(10.1-17.4) 53(3.3-7.6) 4.0(1.8-6.9)2
Non-Hispanic white 631 23(2.1-25) 10.2(7.6-13.1)  44.7(39.8-49.7) 31.6(28.2-35.0) 8.9(5.6-12.8) 2.4(0.9-4.7) 2.3(0.8-4.5)2
PIR
=13 1249 3.7 (3.3-4.2) 1.8(0.7-3.5)2 27.2(20.6-34.4) 35.3(29.6-41.3) 19.4(13.4-26.1) 83(5.9-11.1)  7.9(5.0-11.5)
>13 1001 2.1(2.0-2.3) 13.2(10.0-16.8) 45.6(41.7-49.6) 31.3(28.0-34.7) 6.7 (4.4-9.6) 1.6 (0.7-2.9)2 1.5(0.8-2.6)
Medicaid status
Yes 984 39(3.5-43) 2.0(0.7-4.0) 23.0(17.7-28.9) 36.5(28.9-44.4) 20.8(14.7-27.8) 9.1(6.2-12.5)  8.5(4.9-13.0)
No 1403 23(2.1-2.5) 11.0(85-13.9) 44.4(40.0-48.7) 31.6(28.1-352) 8.2(6.4-10.1) 2.3(1.3-3.6) 2.5(1.2-43)
Year housing built (risk of
lead exposure)®
Low risk 744 2.0(1.9-2.2) 13.7(9.6-18.5) 49.4(42.6-56.2) 27.7(23.0-326) 6.0(3.9-8.7) 1.6 (1.1-2.0) 1.6 (0.4-3.8)2
Medium risk 889 28(26-3.00 6.5(4.0-9.7) 39.0(31.5-46.8) 33.4(27.4-39.8) 13.4(8.9-18.8) 2.9(1.5-4.9) 4.6(2.6-7.2)
High risk 368 3.8(3.1-45) 54(1.5-11.6)2 20.9(14.5-28.3) 36.3(27.9-45.2) 18.3(13.0-243) 10.4(6.7-15.0) 8.6 (4.6-13.6)
Not known 351 3.6(3.0-4.2) 1.5(0.3-3.8)2 27.2(17.7-37.8) 40.5(32.5-48.9) 17.0(10.9-24.2) 8.1(4.0-13.5) 5.6(1.3-12.6)°

a Relative SE of point estimate =30%; does not meet standard of statistical reliability and precision.

b Risk of lead exposure by year housing built defined as follows:

NHANES 1999 -2004: low risk, built 1978 and later; medium risk, built between 1950 and 1977; high risk, built before 1950.
NHANES Il phases 1 and 2: low risk, built 1974 and later; medium risk, built between 1946 and 1973; high risk, built before 1946.

dren, 82% in non-Hispanic black children, and 78% in
non-Hispanic white children between the 1988-1991
period and 1999-2004 period.

Distribution of BLLs

In the 1999-2004 period, 14.0% of children ages 1 to 5
years had BLLs of <1.0 ug/dL, 55.0% had BLLs of 1.0 to
<2.5 png/dL, 23.6% had BLLs of 2.5 to <5 ug/dL, 4.5%
had BLLs of 5 to <7.5 pg/dL, 1.5% had BLLs of 7.5 to
<10 pg/dL, and 1.4% had BLLs of =10 ug/dL (Table 1).
Differences in the distribution of BLLs across the 6 BLL
categories were statistically significant across strata of
age, race/ethnicity, income, Medicaid status, and hous-
ing risk (Table 1). A higher percentage of children with
BLLs of =10 ug/dL were non-Hispanic black (3.4% vs
1.2% for Mexican American and 1.2% for non-His-
panic white children), 1 to 2 years of age (2.4% vs
0.9% for 3 to 5 years of age), and enrolled in Medicaid
(1.9% vs 1.1% for not enrolled in Medicaid); how-
ever, none of these differences achieved statistical
significance (P > .05).

Children with BLLs of <1 ug/dL were more likely to
be non-Hispanic white (17.6% vs 4.0% for non-Hispanic
black children [P < .0001] and 10.9% for Mexican
American children [P < .01]); not enrolled in Medicaid
(17.6% vs 5.8% for enrolled in Medicaid; P < .0001),
and from higher income (PIR > 1.3) families (19.9% vs
6.7% for being from low income families [PIR = 1.3];
P < .0001). The geometric mean BLL was higher for
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non-Hispanic black children compared with non-His-
panic white children (P < .001) and Mexican American
children (P < .0001); lower income children compared
with higher income children (P < .0001); children en-
rolled in Medicaid compared with those not enrolled in
Medicaid (P < .0001); and children living in high-risk
housing compared with those living in medium-risk
(P < .0001) and low-risk housing (P < .0001) (Table 1).

Figure 1 provides a visualization of the distribution of
BLLs using the categories defined for the analysis for
each of the 3 race/ethnicity groups (non-Hispanic white,
Mexican American, non-Hispanic black) for the 3 most
recent cycles of the NHANES. By the 1999-2004 survey,
the distributions of BLLs for non-Hispanic white and
Mexican American children were similar. Although the
geometric mean BLL for non-Hispanic black children in
the 1999-2004 survey was still higher than those of
non-Hispanic white children and Mexican American
children (Tables 1-3), the prevalence of elevated BLLs in
non-Hispanic black children declined dramatically be-
tween NHANES III Phase I and the current NHANES, as
noted above. The prevalence of BLLs of =10 pg/dL in
most of the high-risk groups (low income, Medicaid
eligible, and high-risk housing) also declined dramati-
cally. Likewise, the distributions of BLLs by markers of
poverty status (PIR and Medicaid enrollment status)
were lower (Tables 1-3) by 1999-2004, although the
prevalence in all categories for lower income children
did not decline to the same extent as did prevalences for
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FIGURE 1

The distribution of BLLs for the 3 race/ethnicity groups (A, non-Hispanic black; B, Mexican American; and C, non-Hispanic white) for the 3 most recent NHANES: 1988 -1991, 1991-1994,

and 1999-2004.

higher-income children. Similarly, BLLs for children liv-
ing in high-risk housing also were lower, although not to
the same extent as for children living in low- and me-
dium-risk housing.

For the 1999-2004 NHANES, the overall geometric
means were 2.2 pg/dL (95% CI: 2.0-2.5) for 1999—
2000, 1.7 pg/dL (95% CI: 1.6-1.8) for 2001-2002, and
1.8 ug/dL (95% CI: 1.6-1.9) for 2003-2004. The differ-
ence in geometric mean for 2003-2004 compared with
1999-2000 was statistically significant (P < .05). Preva-
lences of elevated BLLs (=10 ug/dL) were 2.2% (95%
CI: 1.2-3.4) in 1999-2000, 1.1% (95% CI: 0.6-2.0) in
2001-2002, and 1.2% (95% CI: 0.4-2.4) in 2003-2004.
The relative SEs of the prevalence estimates for 2001-
2002 and 2003-2004 was between 30% and 40% (data
not shown). The prevalence of elevated BLLs for 2003—

2004 did not differ statistically from that for 1999-2000
(P > .05).

Multivariable Regression Results

Results of the multivariable logistic and linear regression
analyses are presented in Table 4. All risk factors associ-
ated with BLLs of =10 ug/dL in bivariable analyses
(Tables 1-3) (being ages 1-2 years, being non-Hispanic
black, having a PIR of =1.3, and living in a moderate-
risk [built ~1950-1977] or high-risk house [built before
1950]) were statistically significant in the multivariable
logistic model. For housing risk, the odds of having a BLL
of =10 ug/dL was 1.8 times higher in children living in
a moderate-risk house compared with a low-risk house
(built ~1978 and later) and 5.9 times higher in children
living in a high-risk house compared with a low-risk
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TABLE4 Summary of Multivariable Logistic and Linear
Regression Models for BLLs, Children Aged 1 to 5 Years,
NHANES 1988-2004

Variable Final Logistic Model Final Linear Model®
(N =4817) Odds (N =4817)
Ratio (95% Cl)2 B (SE) p
Age
1-2y 2.7 (1.8-3.9) 0.21(0.02) <.0001
3-5y 1.0 0.0
Race/ethnicity
Non-Hispanic black 3.2(2.1-4.8) 0.38(0.03) <.0001
Mexican American 1.0 (0.6-1.8) 0.03 (0.04) 45
Non-Hispanic white 1.0 0.0
PIR
=13 2.8(1.8-4.4) 0.37(0.03)  <.0001
>13 1.0 0.0
Year housing built risk of
lead exposure)
Low risk 1.0 0.0
Medium risk 1.8(1.0-3.1) 0.15(0.03)  <.0001
High risk 5.9(3.2-10.8) 0.51(0.05) <.0001
Survey
NHANES IIl phase 1 1.0 0.0
(1988-1991)
NHANES IIl phase 2 0.4 (0.2-0.7) —0.31(0.05) <<.0001
(1991-1994)
NHANES 1999-2004 0.1(0.1-0.2) —0.67(0.05) <<.0001

a Dependent variable in logistic model was children with BLLs =10 wg/dL.
b Dependent variable in linear models was natural log-transformed BLL; R of final model
=0.36.

house. The decline in the proportion of children with
BLLs of =10 pug/dL across the 3 NHANES study periods
was also statistically significant, with children in the
NHANES IIT 1991-1994 being 60% less likely to have a
BLL of =10 ug/dL than children in the NHANES III
1988-1991; children in the NHANES 1999-2004 were
90% less likely to have a BLL of =10 pg/dL than chil-
dren in the NHANES III 1988-1991. Likewise, in the
multivariable linear model, all risk factors associated
with higher geometric mean BLLs in bivariate analyses
(Table 1-3) (the same risk factors as in the logistic mod-
els) were statistically significant. Non-Hispanic black
children had higher BLLs than non-Hispanic white chil-
dren, whereas Mexican American children had BLLs
comparable to non-Hispanic white children across all 3
surveys. The increasingly negative linear regression co-
efficients (B) corresponding to later NHANES study pe-
riods (Table 4) reflected the decline seen in mean pop-
ulation BLLs from 1988 to 2004.

With all main effects in the model, data from 4817
sampled children (67% of the total number originally
available for analysis) were available to compute esti-
mates. These data included 321 sampled children with
BLLs of =10 ug/dL (70% of the total number with BLLs
of =10 pg/dL available for analysis). This smaller num-
ber of observations was primarily due to missing data on
the year the housing was built. This categorical variable
was missing for 14% in NHANES III 1988-1991, 16% in
NHANES III 1991-1994, and 38% in NHANES 1999-
2004. To assess the impact of the smaller samples that
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had missing information on the year housing was built,
we used 2 strategies: (1) we compared the bivariable
results from Tables 1 through 3 to a bivariable analysis
by using the 4817 children included in the multivariable
analysis, and (2) we computed multivariable regression
models that omitted the housing risk variable. In the
bivariable analysis, the percentage of children with BLLs
of =10 pg/dL were affected more by the smaller sample
(with these percents tending to be smaller than in the
original bivariable analysis) than were geometric means,
with differences being more evident for NHANES 1999 -
2004. However, inferences from the bivariable analysis
using the smaller sample were comparable to the origi-
nal bivariable analysis for both percent of children with
BLLs of =10 ug/dL and for geometric means. In the
regression analyses that excluded housing risk, the pri-
mary impact on the logistic model was a reduced odds
ratio for children ages 1 to 2 years compared with chil-
dren ages 3 to 5 years. However, inferences were com-
parable to those from the models containing year hous-
ing built. In the linear models, excluding year housing
built from the model reduced the model R? from 0.36 to
0.27, but had little impact on the computed main effects
compared with the models containing year housing
built. These analyses indicate that the year housing built
category is an important predictor for elevated BLLs.
However, missing data on this variable did not impact
inferences for other risk factors.

Children Previously Tested for Lead

Because the information on previous lead testing was
first obtained in the NHANES 1988-1991, the percent-
age of 1- to 5-year-old children tested increased by
274% from 8.9% to 33.3% (P < .0001) (Table 5). For
non-Hispanic black children, the percentage tested in-
creased from 21.0% in 1988-1991 to 43.6% in 1999-
2004 (P < .0001). In Mexican American children, the
percentage tested increased dramatically, from 1.2% in
1988-1991 t0 28.0% in 1999-2004 (P < .0001). Among
children enrolled in Medicaid in 1988-1991, 19.2% of
children had had a blood lead test at some point before
the NHANES examination; in 1999-2004 this percent-
age had increased to 41.9% (P < .001). Among the small
percentage of children with elevated BLLs (=10 ug/dL)
in the NHANES, the percentage previously tested was
43.0% in 1999-2004, compared with 30.1% in 1988-
1991; however, this difference was not statistically sig-
nificant (P > .05).

DISCUSSION

BLLs in US children continue to decrease most likely as
a result of an intense coordinated effort to control or
eliminate lead sources in children’s environments by
government officials, health care and social service pro-
viders, and the communities most at risk. Although dis-
parities have lessened, the mean BLLs and distribution of
BLLs continue to be higher for low-income children,
non-Hispanic black children, and children living in older
housing stock (built before 1950). The analysis also in-
dicated that the vast majority of US children still have

Downloaded from www .pediatrics.org by on March 10, 2009


http://pediatrics.aappublications.org

TABLE5 Percent With a Reported Previous Test for BLL According to Selected Demographic
Characteristics, Children Aged 1 to 5 Years, NHANES Ill Phase 1 (1988-1991), NHANES Il
Phase 2 (1991-1994), and NHANES 1999 -2004

NHANES Il Phase 1
(1988-1991)

Population Group

NHANES Il Phase 2
(1991-1994)

NHANES 1999-2004

n2 % (95% Cl) n2 % (95% Cl) n2 % (95% Cl)

All 2975 8.9 (5.3-13.4) 2701 11.5(7.6-16.0) 3281 33.3(29.1-37.7)b
Gender

Girl 1537 8.0 (4.4-12.5)° 1334 12.0(7.7-17.2) 1613 33.6(28.8-38.7)°

Boy 1438 9.8 (5.9-14.6)° 1367 11.0(7.1-15.6) 1668 33.1(28.8-37.5)b
Age

1-2y 131 8.1(5.0-11.8)p 1166 11.8(7.4-17.0) 1670 29.0 (24.8-33.4)b<

3-5y 1664 9.5(5.3-14.7)¢ 1535 11.3(7.1-16.2) 1611 36.3 (31.4-41.5)b<
Race/ethnicity

Non-Hispanic black 884  21.0(13.7-29.3)° 865  24.6(16.9-33.2) 954  43.6(37.2-50.2)bde

Mexican American 1078 1.2 (0.4-2.6)Pf 914 9.7 (5.8-14.6) 1021 28.0 (22.5-33.8)bd

Non-Hispanic white 899 6.5 (2.2-12.9)>f 750 7.6 (4.1-12.1) 992 31.8 (26.3-37.6)¢
PIR

=13 1332 13.6 (9.4-18.4)° 1367 16.5(10.4-23.8) 1574  38.8(32.6-45.2)b<

>1.3 1322 6.4 (2.6-11.9)°f 1164 7.8 (4.7-11.6) 1471 29.1 (24.4-34.1)Pc
Medicaid status

Yes 817 19.2 (12.0-27.7)° 1079 19.2 (13.1-26.0) 1214 41.9 (35.2-48.8)b<

No 1693 6.3 (2.8-11.2)f 1616 8.3(5.3-11.9) 2007 29.7 (25.7-33.9)P<
Year housing built(risk of

lead exposure)9

Low risk 784 4.3(1.2-9.1)p 855 5.4(3.1-8.3) 891 25.9(19.9-32.3)Ph

Medium risk 1267 9.4 (5.7-13.9)bf 990 10.8 (7.0-15.4) 722 29.1 (23.6-35.0)>

High risk 507 18.0 (11.4-25.5)° 416 20.9(13.5-29.4) 434 45.1(36.0-54.3)bhi

Not known 211 20.4 (12.4-29.8) 396 17.2(10.3-25.4) 1234 40.5(35.3-45.9)
BLL, wg/dL

<10 1922 6.3 (3.4-10.1)° 2211 10.3 (6.5-14.8) 2330 32.6 (28.6-36.9)°

=10 254 30.1(17.7-44.1) 145 37.4(24.2-51.8) 53 43.0 (22.9-64.5)

aTotal n includes children both tested and not tested for blood lead in referent NHANESs.

b Difference between 1988 -1991 and 1999 -2004 statistically significant at P < .05 after Bonferroni adjustment.

< Difference between strata in 1999 -2004 statistically significant at P < .05.

d Difference between non-Hispanic black children and Mexican American children in 1999-2004 statistically significant at P < .05 after

Bonferroni adjustment.

e Difference between non-Hispanic black children and non-Hispanic white children in 1999 -2004 statistically significant at P < .05 after

Bonferroni adjustment.

fRelative SE of point estimate =30%; does not meet standard of statistical reliability and precision.

9 Risk of lead exposure by year housing built defined as follows:

NHANES 1999 -2004: low risk, built 1978 and later; medium risk, built between 1950 and 1977; high risk, built before 1950.

NHANES Il phases 1 and 2: low risk, built 1974 and later; medium risk, built between 1946 and 1973; high risk, built before 1946.

h Difference between low-risk housing and high-risk housing in 1999 -2004 statistically significant at P < .05 after Bonferroni adjustment.
i Difference between medium-risk housing and high-risk housing in 1999-2004 statistically significant at P < .05 after Bonferroni

adjustment.

some low-level exposure to lead. Given that no “safe”
BLL in children has been identified,>* primary preven-
tion of lead poisoning will play an important role in
continuing lead control efforts.

Since the 1970s, the NHANES have provided valuable
information on children’s BLLs and risk factors for ele-
vated BLLs in the United States. Because these surveys
are based on a nationally representative sample, esti-
mates can be generalized only to the US population; the
sample is not designed to provide estimates for smaller
geographic areas or specific populations where the risk
of elevated BLLs is high. For example, 1 inner-city prev-
alence study in 2001 found that nearly 33% of children
in 1 community had elevated BLLs'> much higher than
the national prevalence of 1.6% reported here. There-
fore, it may not be appropriate to assume that local BLLs

would be similar to the NHANES estimates. State and
local surveillance data are needed to monitor local
trends. For this reason, the CDC funds childhood lead
poisoning prevention programs to include surveillance
of BLLs. Data from CDC-funded surveillance programs
consistently have shown that the risk for exposure to
lead is not evenly distributed through the pediatric pop-
ulation.®132° When health care providers are determin-
ing which children to test for lead poisoning, they should
assess whether a child has any known risk factors for
lead poisoning.>0-32

The percentage of children who have had a previous
BLL test increased almost fourfold in the NHANES
1999-2004 compared with NHANES III Phase 1 (1988—
1991). More importantly, markedly larger percentages
of highest-risk children (eg, Medicaid-enrolled children,
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children from low-income families, and children from
the NHANES with elevated BLLs) reported having had a
previous blood lead test in the NHANES 1999-2004
compared with NHANES I Phase 1, although the in-
crease was not statistically significant in children with
elevated BLLs. Since 1997, the CDC has recommended
that states develop plans to target testing to children at
high risk (state testing plans can be accessed at www.
cdc.gov/nceh/lead). The CDC and the Centers for Medi-
care and Medicaid Services also recommend that states
link blood lead surveillance and Centers for Medicare
and Medicaid Services claims data to identify children
and areas where testing is inadequate.

The data suggest that the recommendation for tar-
geted rather than universal blood lead testing for pre-
school children has not resulted in a decrease in testing
among children at highest risk. Nevertheless, fewer than
half of children enrolled in Medicaid had been tested for
lead poisoning. Federal regulations require that all chil-
dren enrolled in Medicaid must receive a blood lead
screening test at ages 12 and 24 months. All children
aged 36 to 72 months who have not previously been
screened must also receive a blood lead test. The Amer-
ican Academy of Pediatrics*® and the CDC’s Advisory
Committee for Childhood Lead Poisoning Prevention’
concur. No state is exempt from this testing require-
ment. A limitation of the testing prevalence estimates is
that they are parent reported and may be biased. How-
ever, testing may be improved by monitoring testing by
various providers and working to improve testing rates.
For example, testing of children enrolled in Medicaid
varies by the child’s usual place of health care. A recent
Rhode Island study found that although the percentage
of enrolled children tested was high (80% had at least 1
blood lead test), testing varied by provider site: 68% for
office-based physicians, 86% for neighborhood health
centers, 86% for hospital-based clinics, and 91% for
staff-model health maintenance organizations.>

Children can be exposed to lead from multiple
sources. Because leaded house paint is a common high-
dose source of exposure for children living in the United
States, the focus of US public health efforts should con-
tinue to be on reducing exposure to leaded house paint
and the dust and soil it contaminates.>>>% However,
there are other less-common sources of lead in the
United States that also have high-lead content. Some
CDC-funded childhood lead poisoning prevention pro-
grams have documented that lead in consumer products,
imported toys, imported and traditional medicines and
house wares, and “take-home” exposure for children
whose parents work with lead have been identified for
as many as 15% to 30% of children with elevated
BLLs.?>#° The single most important step to reduce chil-
dren’s BLLs is to identify and remove or control lead
sources.*!

Lead poisoning and other public health issues arising
from environmental problems are often complex, costly,
controversial, and require creative solutions. It is critical
to incorporate human health concerns into environ-
mental policy-making, as public health problems arise
from, and solutions must be sought, beyond the health
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sector (eg, environmental, social, commercial, eco-
nomic, and political sectors).*> The challenge is to de-
velop strategies that can prevent children and adults
from ever becoming poisoned by lead. Successful efforts
combine epidemiologic surveillance, source identifica-
tion and reduction, regulatory enforcement, and a long-
term government commitment to eliminating lead as a
public health threat, especially to children.

CONCLUSIONS

Children’s BLLs continue to decline in the United States,
even in historically high-risk groups for lead poisoning.
To maintain progress made as well as eliminate remain-
ing disparities, efforts must continue to test children at
high risk for lead poisoning and identify and control lead
sources that can poison children. Coordinated preven-
tion strategies that are implemented at national, state,
and local levels will help achieve the goal of elimination
of elevated BLLs.
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