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Abstract

Purpose This study investigated the association between
geographic region and blood lead levels (BLLs) in US
children, as well as trends in this relationship, using data
from the National Health and Nutrition Examination Sur-
vey (NHANES).

Methods SAS® and SUDAAN® software programs were
utilized to develop linear regression models adjusted for
several factors associated with BLLs.

Results The largest decline in BLLs was observed in
Northeastern children, while the percentage of children
with elevated blood lead levels decreased the most for the
West and Northeast. Lead levels of Northeastern children
were still higher than those of children living in the West.
However, levels were not different among children residing
in the Northeast, Midwest, and South, and the blood lead
concentrations were less than 5 pg/dL for all but one
subgroup of children and less than 2 pg/dL for >70% of
the subgroups. More importantly, the effects of different
risk factors for higher blood lead levels varied by region
even after adjusting for all other covariates.

Conclusions The results of this study not only provide
relevant and current blood lead levels for US children that
can be used as reference values to evaluate biomonitoring
data, but can also be used to help direct prevention and
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surveillance strategies to reduce lead in the environment of
at-risk children.
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Introduction

For more than a 100 years, the malleable and ductile nature
of lead has resulted in the extensive inclusion of this metal
and its alloys in numerous products, including building
construction materials, casting products, noise control
materials, ammunition, electronics, jewelry, and pigments
used in glass making, ceramic glazes, and paints, thereby
creating abundant exposure sources (ATSDR 2007). With
the relatively recent efforts in the United States to remove
lead from gasoline, paint, plumbing materials, and caulking
and solder products (ATSDR 2007), however, exposure of
children has declined substantially over the last 20 years as
evidenced by the dramatic decrease in the percentage of
1- to 5-year-olds with blood lead levels (BLLs) >10 pg/dL
(Anderson 1995; CDC 1994, 1997a, 2000, 2005a; Kauf-
mann et al. 2000; Meyer et al. 2003; Pirkle et al. 1994).
Yet, even with these considerable reductions in exposure,
other studies have shown that BLLs tend to be higher for
minority children, children from low-income families, and
children living in older housing (Bernard and McGeehin
2003; Brody et al. 1994; CDC 1997a, 2005a; Meyer et al.
2003; Pirkle et al. 1994, 1998).

Although latex paints began to replace lead-based paints
in the US market as early as the 1950s (CEH/CAPP 1987,
Sargent et al. 1999), older homes, which are primarily
found in the Northeast and Midwest regions of the United
States (Diamond 2001), may still present lead hazards to
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children. In the present study, we evaluated the relationship
between geographic region and blood lead levels in chil-
dren ages 1 to 5 years using data from the National Health
and Nutrition Examination Survey (NHANES). Addition-
ally, we assessed the effect of various risk factors on blood
lead levels for each region, as well as trends in blood lead
levels by geographic region over time.

Materials and methods

NHANES is a series of cross-sectional surveys conducted
by the National Center for Health Statistics (NCHS) and
the Centers for Disease Control and Prevention (CDC) to
assess the health and nutritional status of civilian, non-
institutionalized adults and children in the United States.
Each survey is based on a complex, multistage probability
design that is used to select a nationally representative
sample. The NHANES program combines both interviews
and physical examinations at a mobile examination center
(MEC) creating a comprehensive set of analytical data
(NCHS 2005).

To date, there are blood lead and geographic residence
data available for NHANES IIT (1988-1994) and the three
subsequent continuous cycles: NHANES 1999-2000,
NHANES 2001-2002, and NHANES 2003-2004 (NCHS
2005). During the physical examination, whole blood
samples were collected from participants one year and
older via venipuncture. Blood lead was measured by
graphite furnace atomic absorption spectrophotometry
(GFAAS) at the CDC’s Environmental Health Laboratory
(CDC 2005b). Region information was collected during the
interview and categorized using the Census Bureau defi-
nitions of “Northeast,” “Midwest,” “South,” and “West.”

Covariates

In these analyses, poverty index was evaluated using
poverty-to-income ratio (PIR), a ratio of family income to
poverty threshold. The sample populations were stratified
as follows: poor was defined as PIR less than 1.24; low
income as PIR 1.25-1.99; middle income as PIR
2.00-3.99; and high income as PIR greater than or equal to
4.00. Year of housing construction was based on the cycle
of NHANES data used. For example, in NHANES III the
year a home was built was reported as a three-level variable
(built before 1946, 1946-1973, after 1973); however, age
of housing was reported as a six-level variable (built before
1940, 1940-1949, 1950-1959, 1960-1977, 1978-1989,
1990 and later) in the continuous cycles. For consistency,
in our analysis, we established a two-level categorical
variable for both the NHANES III (built before 1946 and
built in 1946 and later) and continuous cycles (built before
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1950 and built in 1950 and later). Race/ethnicity was cat-
egorized as Hispanic, non-Hispanic black, and non-His-
panic white. Children with a reported race/ethnicity of
“Other Hispanic” and Mexican—American were combined
into one group (Hispanic) to provide reliable BLL esti-
mates when stratified by region. Country of birth was
categorized as born in the United States, born in Mexico,
and born in other countries. Age was stratified into three
categories: 1-2, 34, and 5 years.

We evaluated multiple housing characteristics, individ-
ually and as composite variables, to determine how these
may affect blood lead levels in children. Housing traits
such as type of home, number of rooms in the home,
whether the home was owned or rented, whether the home
was painted in the last year, and whether any paint in the
home was peeling, flaking, or chipping, had very little
impact on predicted log blood lead levels. In contrast, an
excellent indicator of potential exposure to lead was home
cleanliness, as determined using an interviewer-reported
evaluation of the cleanliness of the room in which dust
samples were taken. This variable was defined as dirtier
than average, average, and cleaner than average. Further
information describing interviewer training and dust
collection and analytical methods may be found at the
following websites: http://www.cdc.gov/nchs/data/nhanes/
int2.pdf, http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/
L20_C.htm#Component_Description, http://www.cdc.gov/
nchs/data/nhanes/nhanes_0304/120_c_met_lead_dust.pdf.

Statistical analysis

All statistical analyses were completed using SAS 9.2
(SAS Institute, Cary, NC) and SUDAAN 9.0 (Research
Triangle Institute, Research Triangle Park, NC) and uti-
lized an alpha level of 0.05. The three continuous
NHANES cycles (1999-2000, 2001-2002, 2003-2004)
were combined into a single data set for greater precision
of estimates. To account for the complex, multistage
sampling design, survey non-response, and post-stratifica-
tion, the necessary sample weights were used in all anal-
yses. Sample weights for NHANES III were utilized as
provided in the data file. For the 1999-2004 data, six-year
sample weights were calculated using the appropriate two-
year and four-year weights included in the data files for
these surveys. Use of the appropriate weights allows for the
calculation of estimates that are representative of the US
civilian, non-institutionalized population. More detailed
information describing the NHANES sampling design and
weighting scheme can be found at http://www.cdc.gov/nchs/
tutorials/Nhanes/SurveyDesign/Weighting/OverviewKey.htm.

An elevated blood lead level was defined as BLL
>10 pg/dL. Since only a very small percentage of children
with measured blood levels in 1999-2004 had elevated
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concentrations (1.48%), we calculated the prevalence of
elevated BLLs by region only because stratification by age,
race/ethnicity, gender, poverty index, and year of home
construction would result in very low within-strata counts
(i.e., due to privacy concerns, analyses resulting in cells
with <5 counts could not be conducted).

The association between geographic region and blood
lead levels was evaluated using linear regression models.
The natural log of lead levels was used as the dependent
variable in all linear regressions. Linear models developed
to compare the effect of region between survey periods
(i.e., NHANES III vs. NHANES 1999-2004) included
gender, age, year of home construction, poverty index, and
race/ethnicity. For these models, we calculated the least-
square geometric means (LSGM) and associated 95%
confidence intervals.

Using the 1999-2004 data, we conducted a separate,
more in-depth analysis that evaluated the impact of region
on blood lead levels in both univariate and multivariate
models. This analysis was limited to children aged 1 to
5 years with a measured blood lead level and reported
region of residence. Only children with complete data on
gender, race/ethnicity, age, year of home construction,
poverty index, country of birth, home cleanliness, and floor
and window dust measurements were included. Lead con-
centrations in both floor and window dust samples were
included in the same model since these variables were not
collinear. This analysis included a final population of 1,085
children.

Results

For children 1 to 5 years of age with a blood level mea-
sured during the 1999-2004 period, the geometric mean
(GM) BLL was 1.9 pg/dL (95% confidence interval (CI):
1.8, 2.0 pg/dL). Children living in the Northeast, regardless
of age group, and 1 to 2-year-old children living in the
West had the greatest percent decline in blood lead levels
during this time period while GM BLLs for children 1 to
2 years of age living in the Midwest decreased the least
(data not shown). For both survey periods, geometric mean
blood lead levels varied by geographic region with the
Northeast and Midwest having the highest concentrations
(Table 1).

To further evaluate the effect of region between survey
periods, linear regression models were utilized to adjust
log-transformed blood lead levels for selected characteris-
tics available in both data sets. For the 1988-1994 period,
least-square geometric mean blood lead levels of children
living in the various regions ranged from ~2.5 to 3.9 ng/dL
after adjusting for gender, race/ethnicity, age of child,
year of housing construction, and poverty index (Table 1).

Adjusted LSGM blood lead levels measured during
the 1999-2004 period were <2 pg/dL for each region
(Table 1), considerably lower than the previous period.
Specifically, adjusted LSGM BLLs declined by ~50% for
the Northeast, ~43% for the Midwest and West, and
~40% for the South from the 1988-1994 period to the
1999-2004 period.

The percentage of children with measured blood lead
levels >10 pg/dL for the 1988-1994 period was 6.3% and
1.5% for the 1999-2004 period, a 76% decrease overall. By
region, the percentage of children with elevated BLLs
declined from 2.0 to 0.3% for the West (88% decrease),
from 3.8 to 0.9% for the South (77% decrease), from 12.8
to 1.9% for the Northeast (85% decrease), and from 9.9 to
3.5% for the Midwest (65% decrease) (Table 2). Interest-
ingly, among children with blood lead levels >10 pg/dL,
the percentage of children living in each region noticeably
changed between survey periods (Table 2). For example, of
the 401 children with elevated blood lead levels in
1988-1994, 33% lived in the Northeast and 38% lived in
the Midwest. However, for the 1999-2004 period, only
21% of the 53 children with BLLs >10 pg/dL lived in the
Northeast whereas 52% of these children resided in the
Midwest (Table 2), suggesting that factors affecting the
prevalence of elevated blood lead levels in US children
may be changing over time.

In separate analysis of the 1999-2004 data (Table 3),
the study population included slightly more males and was
predominantly non-Hispanic white. The majority of chil-
dren lived in housing built in 1950 or later (76.9%) and had
a poverty index less than four (78.4%). Only a small per-
centage of children were born outside of the United States
(1.1%) whereas 27.8% of the children sampled lived in a
home considered to be dirtier than average. Generally,
children were exposed to 0.5 and 7.0 pg of lead in dust per
square foot of flooring and window trimming, respectively.

Factors associated with higher log blood lead levels in
the unadjusted regression models included living in the
Northeast, Midwest, or South; non-Hispanic black race/
ethnicity; living in a home built before 1950; a PIR < 4.0;
being born outside the United States; living in an average
or dirty home, and increasing concentrations of lead in
floor and window dust samples. As expected, older age was
associated with a decrease in log blood lead levels. In the
multivariate model, these same characteristics were asso-
ciated with Ln[BLL], not including a birth country of
“Other.” Geometric mean blood lead levels of children
living in the Northeast were approximately 30% higher
(95% CI: 12, 51%) than children living in the West, while
children in the Midwest and South had levels ~25 and
16% higher (95% CI: 6, 45%; 6, 27%), respectively, after
adjusting for all other factors (Table 4). However, adjusted
GM blood lead levels did not vary significantly between
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Table 1 Least-square
geometric mean concentrations

NHANES III (N = 3,517)

NHANES 1999-2004 (N = 1,431)

(pg/dL) and 95% confidence LSGM 95% CI LSGM 95% CI
intervals of blood lead levels for
children age 1-5 years that Geographic region
fﬁr?lc;gagte?gg“‘)elthe;gESENSE5 Northeast 3.90 2.90, 5.23 1.93 1.72, 2.18
— or .
19992004 Midwest 3.29 2.92,3.70 1.86 1.62,2.13
South 2.89 2.62, 3.18 1.73 1.60, 1.87
West 2.48 2.21,2.79 1.40 1.30, 1.52
Gender
Male 3.10 2.86, 3.35 1.72 1.62, 1.82
Female 2.97 275,322 1.70 1.60, 1.80
Race/ethnicity
White, non-Hispanic 2.80 2.59, 3.03 1.65 1.55, 1.75
Black, non-Hispanic 4.18 3.79, 4.61 2.27 2.10, 2.46
Hispanic 3.10 2.65, 3.62 1.68 1.59, 1.78
Age (years)
1-2 3.46 3.26, 3.66 1.93 1.79, 2.09
34 2.94 272, 3.18 1.63 1.54,1.73
5 2.53 2.30, 2.80 1.52 1.41, 1.65
Year house built*
LSGM éf}ast-sgléare géometﬂlc Before 1946/1950 4.01 3.57, 4.52 2.29 2.04, 2.58
mean, I confidence interva 1946/1950 and later 2.80 2.59, 3.03 1.58 152, 1.65
Each model adjusted for the p ind
remaining variables in the table overty index
a . . Poor 4.01 3.71, 4.34 2.16 2.00, 2.34
Housing construction data
available for NHANES III was Low 292 2.59,3.28 1.72 1.56, 1.89
categorized differently by the Middle 2.59 2.34, 2,85 1.60 1.48, 1.73
CDC/NCHS than data collected ;. 2.23 1.90, 2.60 134 124, 145

during the continuous surveys

Table 2 Number and percent of children with elevated blood lead
levels® (BLL) within each region by survey period

N Weighted %

NHANES III

Northeast 77 12.8

Midwest 159 9.9

South 105 3.8

West 60 2.0
NHANES 1999-2004

Northeast 13 1.9

Midwest 21 35

South 15 0.9

West 4 0.3

@ BLL > 10 pg/dL

the Northeast and Midwest, the Northeast and South, or the
Midwest and South. As noted previously, adjusted least-
square geometric mean concentrations of lead for each
region were all less than two micrograms per deciliter
(Table 4). Models that included different levels of housing
construction (before 1978 and 1978 and later; before 1950,
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1950-1978, and 1978 and later) did not change these
estimates (data not shown).

Table 5 presents least-square geometric mean estimates
stratified by region. Although children residing in the
Northeast and Midwest typically had higher BLLs than
children living in the South and the West, blood lead levels
in almost all subgroups of children were still less than
5 pg/dL—half the CDC’s action level for -children.
Southern children born in Mexico were the only children in
which BLLs were greater than 5 pg/dL.

More importantly, the effect of various factors on blood
lead levels differed considerably by region (Table 6). For
example, the Northeast was the only region in which BLLs
were significantly different between males and females,
while the Midwest was the only region in which children’s
blood lead levels varied significantly based on year of
housing construction. Interestingly, blood lead levels of
children living in the Northeast were dependent on lead
concentrations in window and floor dust, yet did not vary
significantly between children living in clean and average
and clean and dirty homes. Just as notable was the lack of
an association between race/ethnicity and blood lead levels
for each region, except the South in which non-Hispanic
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Table 3 Demographic, housing, and other characteristics of final
NHANES 1999-2004 study population (N = 1,085)

Variable N Weighted %/
geometric mean (SE)

Region

Northeast 153 17.0

Midwest 204 234

South 434 35.7

West 294 23.9
Gender

Male 580 54.9

Female 505 45.1
Race/ethnicity

‘White, non-Hispanic 443 70.7

Black, non-Hispanic 271 10.9

Hispanic 371 18.4
Age, years 1,085 3.2 (0.1)
Age category (years)

12 508 37.6

34 386 40.8

5 191 21.6
Blood lead, pg/dL 1,085 1.7 (0.1)
Year house built

Before 1950 250 23.1

1950 and later 835 76.9
Poverty index

Poor 468 30.3

Low 192 16.9

Middle 265 314

High 160 214
Country of birth

United States 1,069 98.9

Mexico 6 0.2

Other 10 0.9
Home cleanliness®

Cleaner than average 153 12.3

Average 666 59.9

Dirtier than average 266 27.8
Floor dust lead, ug/ft2 1,085 0.5 (0.02)
Window dust lead, pg/ft? 1,085 7.0 (0.7)

SE standard error

* Based on cleanliness of room in which dust samples were taken

black children had significantly higher levels than non-
Hispanic whites.
Discussion

Based on these data, blood lead levels of children 1 to
5 years of age in the United States appear to be associated

with geographic region of residence. Although children
living in the Western states have significantly lower blood
lead levels than those in other regions, no significant dif-
ferences were observed among children living in the South,
Midwest, and Northeast regions.

While these data are, overall, consistent with previous
studies that have demonstrated the substantial decline in
blood lead levels and in the percentage of children with
elevated BLLs (Anderson 1995; Brody et al. 1994; CDC
1994, 1997a, 2000, 2005a; Kaufmann et al. 2000; Meyer
et al. 2003; Pirkle et al. 1994, 1998), they also highlight
unexpected trends and associations such as the consider-
ably large decline in the percentage of children in the
Northeast with elevated BLLs and the potential association
between birth country and blood lead levels of children
living in the Midwest, South, and West regions. While the
latter result was statistically significant, the small numbers
of children born outside the United States do not allow us
to generalize these findings at this time and must be eval-
uated further.

As suggested by the decrease in BLLs with increasing
age (i.e., decreasing hand-to-mouth activity) and the
increased lead levels in children in the Northeast and
Midwest relative to children in the West, some exposure to
lead from lead-based paint in older homes still appears to
be possible. Nonetheless, the results presented here also
suggest that lead in children’s blood can be markedly
affected by other exposure sources. Lead-based paint is
considered one of the most common high-dose sources of
lead (CDC 2007; CEH/CAPP 1987); however, very few
children with measured blood lead levels in the 1999-2004
survey period had BLLs >10 pg/dL (N = 53) and of these
children only eight had blood lead levels above 20 pg/dL,
indicating that lead-based paint may no longer be as sig-
nificant an exposure source for young children as it once
was. This is supported by the observation that among
children with elevated BLLs, a slightly smaller percentage
lives in the Northeast than in the South—a region shown to
have housing with about half the prevalence of lead-based
paint hazards compared to housing in the Northeast (Jacobs
et al. 2002). Additionally, no association was observed for
year of housing construction when blood lead levels of
children living in the Northeast were evaluated separately
despite the fact that older age of housing, another marker
for the presence of lead-based paint, has been strongly
associated with higher blood lead levels in children (Ber-
nard and McGeehin 2003; Kaufmann et al. 2000; Mannino
et al. 2003; Pirkle et al. 1998; Rabito et al. 2007; Sargent
et al. 1997).

Furthermore, lead concentrations in window dust sam-
ples had a very minor effect on BLLs for Midwestern
children, but significantly impacted BLLs of children living
in the South and West. Given these findings, it is possible
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Table 4 Adjusted® linear

regression analyses of log- Variable % Difference 95% CI LSGM 95% CI
transformed blood lead levels Geographic region
and region for 1999-2004
NHANES child participants Northeast 30 12, 51 1.92 1.67, 2.20
ages 1-5 years (N = 1,085) Midwest 25 6, 45 1.84 1.60, 2.11
South 16 6, 27 1.73 1.60, 1.87
West 1.48 1.39, 1.57
Gender
Male 1.73 1.63, 1.84
Female -1 -8, 6 1.72 1.62, 1.82
Race/ethnicity
White, non-Hispanic 1.68 1.59, 1.78
Black, non-Hispanic 23 11, 36 2.08 1.92, 2.24
Hispanic 0.3 -9, 11 1.68 1.56, 1.82
Age (years)
1-2 1.97 1.83, 2.13
34 -19 =25, —11 1.60 1.51, 1.70
5 21 -29, —10 1.57 1.42, 1.73
Year house built
Before 1950 25 11, 40 2.03 1.81, 2.29
1950 and later 1.63 1.54, 1.73
Poverty Index
Poor 48 34, 63 2.08 1.92, 2.24
Low 21 34, 63 1.70 1.51, 1.91
Middle 19 6, 32 1.67 1.54, 1.80
High® 1.40 1.30, 1.52
Country of birth
Unites States 1.72 1.65, 1.78
CI confidence interval, LSGM Mexico 93 12, 232 3.32 1.99, 5.53
}SXSEZ?‘;;?ECiZ‘I’?GmC mean, Other -5 —32,34 1.63 1.17 2.28
Each model adjusted for the Home cleanliness®
remaining variables in the table Cleaner than average 1.58 1.46, 1.71
* Based on cleanliness of room Average 12 3,20 L77 1.67, 1.88
in which dust samples were Dirtier than average 17 7,28 1.86 1.72, 2.01
I)aken N _ Ln [lead window dust] pg/ft2 5° 2,8 NA NA
Per unit increase in Ln [lead Ln [lead floor dust] pg/ft> 13° 7,17 NA NA

dust concentration]

that lead dust measured in homes originated from multiple
sources and was not simply due to the presence of lead-
based paint. As reported by Jacobs et al. (2002), approxi-
mately 2.7 million homes have dust lead hazards but no
lead-based paint in the home. Transfer of lead dust from an
occupational source to the home, second-hand smoke,
hobbies involving ceramics, ammunition or glass making,
and lead emissions from local industries have been shown
to result in lead-contaminated dust (Bates et al. 1997,
Dorevitch and Babin 2001; Friedman et al. 2005; Gulson
et al. 1996; Kawai et al. 1983; Maharachpong et al. 2006;
Mannino et al. 2003; Rahbar et al. 2002; Whelan et al.
1997). Indeed, a study of lead house dust in 64 residences
in a Northeastern urban city demonstrated that exterior
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proximate sources such as crustal materials and deposited
airborne particulates were responsible for ~66% of lead
house dust mass (Adgate et al. 1998). Just as notable, a
review by Laidlaw and Filippelli (2008) of several studies
evaluating the resuspension and contribution of lead-con-
taminated soil to interior household lead loading has sug-
gested that the source of outdoor lead loading penetrating
homes is likely a combination of lead from past use of
leaded gasoline with lesser amounts from lead-based paint.

In light of the numerous recalls of children’s products,
such as toys, jewelry, and lunchboxes, it is likely that
exposure to lead may have also occurred from contact with
these types of goods. Nevertheless, it is important to note
that the trends and differences in blood lead levels
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Table 5 Least-square geometric mean and 95% confidence interval of blood lead levels for US children aged 1-5 years stratified by geographic
region and gender, race/ethnicity, age, year of housing construction, poverty index, country of birth, and home cleanliness (N = 1,085)

Variable No. Northeast (n = 153) Midwest (n = 204) South (n = 434) West (n = 294)
LSGM 95% CI LSGM 95% CI LSGM 95% CI LSGM 95% CI

Gender

Male 580 1.95 1.74, 2.20 1.95 1.77, 2.16 1.77 1.60, 1.95 1.32 1.25, 1.40

Female 505 2.14 1.86, 2.45 1.95 1.67, 2.29 1.65 1.55, 1.75 1.39 1.29, 1.50
Race/ethnicity

White, non-Hispanic 443 2.01 1.72, 2.36 1.93 1.69, 2.22 1.58 1.46, 1.71 1.39 1.31, 1.48

Black, non-Hispanic 271 2.25 1.71, 2.96 2.32 1.94, 2.76 2.18 1.98, 2.41 1.55 1.11, 2.17

Hispanic 371 1.82 1.50, 2.22 1.80 1.43,2.28 1.77 1.60, 1.95 1.27 1.13, 1.43
Age (years)

1-2 508 2.44 2.00, 2.96 2.34 1.92, 2.85 1.97 1.79, 2.18 1.40 1.32, 1.49

34 386 1.90 1.65, 2.18 1.84 1.60, 2.11 1.58 141, 1.78 1.28 1.21, 1.36

5 191 1.65 1.33, 2.05 1.58 141, 1.78 1.58 1.49, 1.68 1.40 1.20, 1.64
Year house built

Before 1950 250 2.16 1.74, 3.08 2.39 2.04, 2.79 1.65 1.33, 2.05 1.68 1.33, 2.13

1950 and later 835 1.95 1.81, 2.11 1.68 1.47, 1.93 1.73 1.60, 1.87 1.31 1.26, 1.36
Poverty index

Poor 468 2.59 2.17, 3.08 2.10 1.94, 2.27 2.08 1.88, 2.29 1.80 1.48, 2.19

Low 192 2.34 1.92,2.85 2.10 1.42,3.10 1.55 1.28, 1.89 1.34 1.17, 1.53

Middle 265 1.97 1.39, 2.81 1.95 1.77, 2.16 1.67 1.51, 1.84 1.21 1.05, 1.39

High 160 1.49 1.35, 1.65 1.73 1.34,2.24 1.36 1.14, 1.63 1.09 0.94, 1.28
Country of Birth

United States 1,069 2.01 1.79, 2.27 1.93 1.72, 2.18 1.73 1.60, 1.87 1.35 1.30, 1.40

Mexico 6 NA NA 3.86 2.27, 6.55 7.92 6.39, 9.83 1.79 1.14, 2.80

Other 10 2.46 2.23,2.71 3.86 3.30, 4.51 1.19 1.05, 1.33 0.93 0.72, 1.20
Home cleanliness®

Cleaner than average 266 2.14 1.86, 2.45 1.70 1.45, 1.99 1.63 1.48, 1.80 1.12 0.94, 1.33

Average 666 1.92 1.67, 2.20 2.03 1.71, 2.43 1.75 1.59, 1.93 1.43 1.35, 1.52

Dirtier than average 153 2.23 1.87, 2.65 2.27 1.83, 2.82 1.77 1.54, 2.03 1.42 1.21, 1.66

LSGM least-square geometric mean, CI confidence interval, NA not available

Each variable adjusted for the remaining variables in the table and lead concentrations in floor and window dust samples

? Based on cleanliness of room in which dust samples were taken

observed in this study may be the result of multifaceted
public health efforts, including primary and secondary
lead-poisoning prevention programs, to reduce lead in
children’s environment.

The results presented here are conditional on a number
of limitations. First, we were unable to adjust for exposure
to environmental tobacco smoke, which has been shown to
be associated with increased blood lead levels in children
(Berglund et al. 2000; Friedman et al. 2005; Mannino et al.
2003; Willers et al. 1988), as cotinine was measured only
in children three years and older. Nevertheless, blood lead
concentrations described in the current study are within the
range of levels presented by Mannino et al. (2003) across
strata of cotinine concentrations.

Second, we cannot rule out the effect of selection bias
since not all children that participated in the surveys had

measured blood lead levels and because we excluded
children who were missing data for several other covari-
ates. In spite of this, the similar LSGM regional concen-
trations reported in Tables 1 and 4 for the 1999-2004
survey period suggest that our estimates are quite robust.
Finally, because such a low percentage of children with
measured BLLs had concentrations >10 pg/dL, we were
only able to calculate the prevalence of elevated BLLs by
region and could not adjust these estimates for other
important factors such as age, race/ethnicity, and year of
housing construction.

While these data confirm that BLLs continue to decline
in the United States, they also suggest that blood lead
levels in children may vary between specific geographic
regions which could be a proxy indicator that historically
significant sources of lead exposure, such as lead-based
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Table 6 Adjusted linear regression analyses of log-transformed blood lead levels by region for 1999-2004 NHANES child participants ages

1-5 years
Variable Northeast (n = 153) Midwest (n = 204) South (n = 434) West (n = 294)
Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI
Gender
Male
Female 0.09* 0.07, 0.11 0.00 -0.11,0.11  —-0.07 —0.18, 0.04 0.05 —0.06, 0.15
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic 0.10 —0.27, 0.48 0.18 —0.05, 0.41 0.32% 0.19, 0.45 0.12 —0.23, 0.46
Hispanic —0.10 —-0.31,0.11 —0.07 —0.35, 0.21 0.11 0.00, 0.22  —0.09 —0.24, 0.06
Age (years)
1-2
34 —0.26 —0.54,0.03 —0.24* —0.40, —0.08 —0.22% —0.35, —0.09 —0.09* —0.15, —0.03
5 —0.39* —-0.51, —0.27 —0.39* —0.69, —0.09 —0.22* —0.33, —-0.11  0.00 —0.20, 0.20
Year house built
Before 1950 0.10 —0.06, 0.26 0.35* 0.19,0.52 —-0.04 —0.28, 0.20 0.25 0.00, 0.51
1950 and later
Poverty index
Poor 0.55* 0.34, 0.76 0.19 —0.08, 0.47 0.42% 0.22, 0.61 0.50% 0.29, 0.72
Low 0.45* 0.18, 0.71 0.19 —0.26, 0.64 0.13 —0.17, 0.43 0.20 —0.05, 0.45
Middle 0.27* 0.01, 0.54 0.13 —0.08, 0.33 0.20 —0.04, 0.44 0.10 —0.14, 0.35
High*
Country of birth
United States
Mexico NA NA 0.69* 0.21, 1.16 1.52% 1.30, 1.75 0.27 —0.21, 0.76
Other 0.20 —0.02, 0.42 0.69* 044,094 —-0.37* —0.54, —0.20 —0.37* —0.66, —0.08
Home cleanliness®
Cleaner than average
Average —0.10 —0.22, 0.01 0.18 —0.05, 0.41 0.06 —0.07, 0.20 0.25* 0.03, 0.46
Dirtier than average 0.04 —0.11, 0.20 0.29* 0.13, 0.46 0.08 —0.05, 0.21 0.24* 0.02, 0.45
Ln [lead window dust] pg/ft> 0.06* 0.02, 0.11 0.02 —0.06, 0.09 0.06* 0.02, 0.11 0.02 —0.04, 0.09
Ln [lead floor dust] pg/ft> 0.19% 0.17, 0.21 0.15* 0.03, 0.27 0.05 —0.01, 0.11 0.15* 0.07, 0.24

CI confidence interval, NA not available
Adjusted for the remaining variables in the table
* P <0.05

# Based on cleanliness of room in which dust samples were taken

paint, may be less significant now compared to
20-30 years ago. Regardless, this study also illustrates the
need to continue considering the effect of geographic
region when determining reference levels of lead in the
blood of young children as well as the effect of various
characteristics on blood lead levels of children within each
region. As the CDC has suggested, prevention and sur-
veillance strategies for lead exposure should be designed to
target at-risk children (Binder and Falk 1991; CDC 1991,
1997b, 2000, 2002; Meyer et al. 2003). The results presented
here should be useful in determining which demographic

@ Springer

groups are at an increased risk of having higher BLLs, and our
analysis of factors thought to influence blood lead levels
should provide insight with regard to lessening future expo-
sures of children in the United States.
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