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Objectives. To compare blood lead levels (BLLs) among US children aged 1 to 5 years

according to receipt of federal housing assistance.

Methods. In our analyses, we used 2005 to 2012 data for National Health and Nutrition

Examination Survey (NHANES) respondents thatwere linked to 1999 to 2014 administrative

records from the US Department of Housing and Urban Development (HUD). After we

restricted the analysis to children with family income-to-poverty ratios below 200%, we

compared geometricmeanBLLs and theprevalence of BLLs of 3microgramsper deciliter or

higheramongchildrenwhowere living inassistedhousingat the timeof theirNHANESblood

draw (n=151) with data for children who did not receive housing assistance (n=1099).

Results. After adjustment, children living in assisted housing had a significantly lower

geometric mean BLL (1.44 mg/dL; 95% confidence interval [CI] = 1.31, 1.57) than com-

parable children who did not receive housing assistance (1.79 mg/dL; 95% CI = 1.59, 2.01;

P < .01). The prevalence ratio for BLLs of 3 micrograms per deciliter or higher was 0.51

(95% CI = 0.33, 0.81; P< .01).
Conclusions. Children aged 1 to 5 years during 2005 to 2012 who were living in

HUD-assisted housing had lower BLLs than expected given their demographic, socio-

economic, and family characteristics. (Am J Public Health. 2016;106:2049–2056. doi:

10.2105/AJPH.2016.303432)

See also Galea and Vaughan, p. 1901.

Lead exposure among children is linked to
many adverse effects on health and

cognitive development, which can be irre-
versible.1Blood lead levels (BLLs) in theUnited
States have decreased substantially over the past
40 years as a result of the removal of lead from
gasoline, residential paint, and solder used for
water pipes and food and drink cans1–3;
however, ingestion of lead-based paint, par-
ticularly prevalent in older housing, remains
one of the most common sources of lead ex-
posures among young children.4 Despite de-
cliningBLLs in theUnited States, children aged
1 to 5 years5 and children living in poverty3,6

remain more likely than older children and
children not living in poverty, respectively, to
have higher levels of lead in their blood.

The rental assistance programs of the US
Department of Housing and Urban Devel-
opment (HUD) provide affordable housing for
low-income individuals and families, including
nearly 4 million children.7 The National
Center for Health Statistics (NCHS) has linked

1999 to 2012 National Health and Nutrition
Examination Survey (NHANES) data to ad-
ministrative data for HUD’s largest rental as-
sistance programs (1999–2014),8,9 and these
linkedNHANES–HUDdata allowcalculation
of the first-ever national BLL estimates among
children living in HUD-assisted housing. Here
we compare BLLs among children aged 1 to 5
years in 2005 to 2012 who received housing
assistance during 1999 to 2014 with levels
among children who did not receive housing
assistance during that period.

METHODS
NHANES is a cross-sectional, multistage

probability sampling survey conducted by
NCHS; the survey is designed to assess the
health and nutritional status of non-
institutionalized civilians living in the United
States through interviews and physical exami-
nations.10 Between 2005 and 2012, 5139
children aged 1 to 5 years were interviewed for
NHANES (response rate: 88%), and 4908
(96%) participated in the examination com-
ponent.10 Individuals aged1 year andolderwho
underwent physical examinations were eligible
for blood lead measurements.

Data from linkage-eligible 2005 to 2012
NHANES respondents were linked with data
for the same individuals in the 1999 to 2014
administrative records of HUD’s largest rental
assistance programs, namely public housing,
housing choice vouchers, and privately owned,
subsidized multifamily housing.8 Linkage eli-
gibility was based on the respondent (or adult
proxy when the respondent was a child) pro-
viding sufficient identifying information and
informed consent for future administrative
linkage projects. Linkage-eligibility rates
among respondents ranged from 60% to 71%
for the survey cycles included in our analysis
(2005–2012).11 Linked individuals were
identified through exact matches on the fol-
lowing personal identifiers: 9-digit Social Se-
curity number, gender, and month and year of
birth. Linked data were obtained from the
NCHS–HUD data linkage program through
a data-use agreement for restricted-use data.
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Receipt of Housing Assistance
We defined receipt of housing assistance as

linkage to the 1999 to 2014 HUD adminis-
trative records before but not during the time
of the NHANES examination, at the time
of the NHANES examination, or only after
the NHANES examination. Respondents
without a link to the HUD administrative
records were considered to not have received
housing assistance during 1999 to 2014.
Recoded variables from the linked files were
used to define assisted-housing status8; all
other variables included in the analysis were
derived from NHANES data.

Blood Lead Levels
Whole blood specimens were collected by

phlebotomists at the NHANES mobile
examination center (MEC) in an ethyl-
enediaminetetraacetic acid–coated tube via
venipuncture, after which they were pro-
cessed on site and stored frozen before being
shipped on dry ice to the National Center for
Environmental Health, where heavy metal
assays were performed. Blood specimens
remained frozen until they were analyzed.
Inductively coupled plasma mass spectrom-
etry with a limit of detection of 0.25 mi-
crograms per deciliter was used to measure
lead concentrations.12

Demographic and Family
Characteristics

Data collected inNHANES and examined
in our analysis included child age at screening,
gender, race/ethnicity (Mexican American,
non-Hispanic Black, non-Hispanic White,
other), nativity, health insurance coverage,
proxy-reported health status (excellent/very
good vs good/fair/poor), and mother’s age at
child’s birth. Data were also collected on the
gender, marital status, educational attain-
ment, and interview language of the house-
hold reference person (an adult living with
the child who served as the head of the
household).

In addition, information was collected on
household size, family income-to-poverty
ratio (IPR), and participation in federal
nutrition assistance programs. IPR was based
on reported family income and household
composition relative to US Department of
Health and Human Services poverty

guidelines, set by year and state of residence.
Data were also collected on household par-
ticipation in the Supplemental Nutrition
Assistance Program in the preceding 12
months and receipt of benefits from the
Special Supplemental Nutrition Program for
Women, Infants, and Children in the
preceding 12 months.

Finally, data were collected on census
region and division, calendar period of ex-
amination (to account for seasonal influences
on lead exposure13), survey cycle (2005–
2006, 2007–2008, 2009–2010, 2011–2012),
urban–rural classification (ranging from
noncore areas to large central metropolitan
areas),14 home ownership status (owned vs
rented), and number of rooms in the home.
Also, we estimated the prevalence of anemia
(identified as a hemoglobin level below
11 g/dL15) given that this condition can be
caused by exposure to lead.1

Statistical Analysis
We limited our analysis to linkage-eligible

children aged 1 to 5 years who participated in
the 2005 to 2012 NHANES MEC compo-
nent and had complete data on blood lead
measurements. In addition, we excluded
children without a linkage to the 1999 to
2014 HUD administrative records who had
missing IPRdata (Figure 1). These restrictions
resulted in an analytic sample of 1943 chil-
dren. All analyses accounted for the survey’s
multistage, complex sampling design and
employed linkage-eligible adjusted MEC
weights (hereafter called “sample” weights);
specifically, data on linkage-eligible re-
spondents who underwent an examination
were reweighted to reflect the age, gender,
and race/ethnicity distributions of all non-
institutionalized civilians living in the United
States during each survey cycle.8

We examined respondent characteristics
by assisted-housing status, comparing chil-
dren living in assisted housing at the time of
the examination with children who did not
receive housing assistance during 1999 to
2014. Income limits for eligibility to receive
housing assistance are either 50% or 80%
(depending on the locality) of the areamedian
family income.16 To create low-income
comparison groups, we stratified those who
did not receive housing assistance (by IPR)
into the following categories: IPR below

0.50, IPR between 0.50 and 0.99, IPR be-
tween 1.00 and 1.99, and IPR of 2.00 or
above (with an IPR of 1.00 being equivalent
to 100% of the poverty threshold).

In a secondary analysis, we created a col-
lapsed category for children living in assisted
housing before the time of their examination,
at the time of their examination, or both (the
“combined group” of children) because BLLs
in children are a function of both current
exposure to lead and accumulated body
burden from birth17; thus, previous housing
conditionsmay also be importantwith respect
to current BLLs. All analyses of the association
between housing assistance and BLLs ex-
cluded children who received housing assis-
tance only after the NHANES examination.

BLL values were log-transformed to better
approximate a normal distribution. We used
an unadjusted linear regression of log(BLL) to
estimate geometric mean BLLs for children
receiving housing assistance at the time of
their examination versus non-housing-assisted
children. Analyses were repeated for the
combined group of children versus non-
housing-assisted children. A second set of
unadjusted logistic regression models was
used to estimate prevalence ratios (with
predicted margins) for BLLs of 3 micrograms
per deciliter or higher. Although 5 micro-
grams per deciliter is the current reference
value for high BLLs among children,6 our
preliminary investigation showed that prev-
alence estimates of 5 micrograms per deciliter
or higher were too low to be reliably esti-
mated by housing assistance status. Thus, to
improve statistical reliability, we present re-
sults based on a prevalence of 3 micrograms
per deciliter or higher. Recent evidence
suggests that higher BLLs are associated with
compromised neurodevelopment, even
among children with low lead levels.18

Using propensity score (PS) weighting, we
conducted adjusted analyses to assess whether
BLLs among housing-assisted children were
the same as those in a comparable group of
non-housing-assisted children. The estimand
of interest was the population average treat-
ment effect on the treated, that is, the dif-
ference in BLLs when comparing a group of
children in assisted housing with the same
group of children had they not received
housing assistance. We used PS methods
because children in assisted housing might
have different characteristics than children not
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in assisted housing and, in the case of in-
sufficient overlap between the groups,
multivariable regression models might not
adequately control for confounding.19

Propensity Score Estimation
PSs were estimated via a logistic regression

model for children receiving housing assis-
tance at the time of their examination in
comparison with children not in assisted
housing (in a secondary analysis, this pro-
cedure was repeated for the combined group
of children in comparisonwith children not in
assisted housing). Factors that were related to
both housing assistance20,21 and BLLs1,3,20,22

but were not considered intermediates along

the causal pathway were selected as predictor
variables (for all of the factors examined;
Table A, available as a supplement to the
online version of this article at http://www.
ajph.org). PS models included child age at
screening, gender, race/ethnicity, mother’s
age at child’s birth, and health insurance
coverage; the gender, marital status, and ed-
ucational attainment of the household ref-
erence person; household size; family IPR;
census division; calendar quarter of exami-
nation; survey cycle; and urban–rural
classification.14

In addition, as recommended for PS
analyses with complex survey designs, the
sample weight (along with a squared term to
account for nonlinearity20) was included as

a predictor.23 Because the addition of stratum
and primary sampling unit led to the models
failing to converge, these sample design
variables were consequently removed.

We examined PS distributions in the
treatment and comparison groups with box
plots to assess the overlap between the groups
in the probability distribution for receiving
housing assistance (i.e., common support;
Figures A and B, available as supplements to
the online version of this article at http://
www.ajph.org). Initially, we defined all
children who did not receive housing assis-
tance during 1999 to 2014 as our comparison
group. However, because HUD eligibility
requirements are based on income, children
living in families above 200% of the poverty

Note. White boxes indicate respondents included in the analytic sample, and dashed boxes indicate respondents included in the propensity score analysis (2005–2012
National Health and Nutrition Examination Survey [NHANES] data linked to 1999–2014 Department of Housing and Urban Development [HUD] administrative records).
aIncludes 29 children linked to HUD after the NHANES examination.

FIGURE 1—Flowchart of Analytic Sample Selection Criteria
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threshold had close to zero probability of
receiving housing assistance. To increase the
overlap between the groups in terms of
probability of receiving housing assistance, we
restricted the analyses to children with family
IPRs below 200%. The final sample sizes for
the unadjusted and propensity-score-
weighted comparisons were as follows:
children receiving housing assistance at the
time of their examination, 151; combined
group of children, 208; and children without
housing assistance, 1099 (Figure 1).

Propensity Score Application
PSs were applied through the strategy of

weighting by the odds, with housing-assisted
children receiving a weight of 1 and the
comparison group of children without
housing assistance receiving a weight of PS/
(1 – PS). These weights were then multiplied
by the sample weight to create a new com-
positeweight,whichwas used alongwith strata
and primary sampling units in the final model
in a manner consistent with previous appli-
cations of PSs to complex survey designs.23–25

Covariate balance was assessed through
inspection of standardized biases before and
after PSweighting (Figures C andD, available
as supplements to the online version of this
article at http://www.ajph.org). Standardized
biases were calculated as the difference in
population-weighted proportions (or means
in the case of continuous variables) between
the treatment and comparison groups divided
by the standard deviation in the treatment
group.24,26 After PS weighting, all standard-
ized biases were between –0.25 and 0.25,
indicating adequate covariate balance.19 The
variables included as predictors in the PS
models were also included as covariates in the
outcome models, consistent with recom-
mendations.19 Additional PS estimation
methods for complex survey designs were
explored27; results are provided in the
appendix, available as a supplement to the
online version of this article at http://
www.ajph.org.

Sensitivity Analyses
To determine erythrocyte lead levels,

whichmay be amore accurate approximation
of lead exposure status, we repeated our
analysis and used hematocrit-corrected
BLLs.28 Estimates and confidence intervals

(CIs) for mean BLLs with and without this
correction were similar. Therefore, for ease of
understanding, we present non-hematocrit-
corrected values.

Because of concerns about linkage-
adjusted sample weights not adequately
correcting for the approximately 27%
(n= 727) of linkage-eligible examined chil-
dren whose BLLs were not measured and the
3% (n= 72) of nonlinked children with
missing IPR values (Figure 1), we used the
Markov chain Monte Carlo method to im-
pute log(BLL) and IPR (n= 10 imputations).
This method assumes that missing data are
multivariate normal and missing at random.
The variables chosen for the imputation
model were the same as those selected for the
PS models. Estimates of mean BLLs by
housing assistance status based on imputed
data were similar to those based on
observed data, providing evidence that
linkage-adjusted sample weights adequately
corrected for selection bias in this analysis (see
Table B, available as a supplement to the
online version of this article at http://
www.ajph.org).

All of our analyses were conducted with
SAS version 9.4 (SAS Institute Inc, Cary,NC)
and SAS-callable SUDAAN version 11.0
(RTI International, Research Triangle Park,
NC).

RESULTS
Between 2005 and 2012, approximately

11.8% (SE= 1.4) of children aged 1 to 5 years
old lived in HUD-assisted housing at some
point during the period assessed (1999–2014):
6.0% (SE= 0.7) were living in assisted
housing at the time of the NHANES ex-
amination, 2.6% (SE= 0.6) lived in assisted
housing before but not at the time of the
examination, and 3.2% (SE= 0.4) lived in
assisted housing only after the time of the
examination. Of the children in assisted
housing at the time of the examination, 53.0%
(SE= 7.0) lived in households receiving
a housing choice voucher, 25.5% (SE= 5.2)
were in public housing, and 21.5% (SE= 5.9)
were in multifamily housing programs
(data not shown).

Characteristics of children living in assisted
housing at the time of or before the exami-
nation and non-housing-assisted children are

shown in Table 1. Children categorized as
currently in assisted housing differed from
non-housing-assisted children with respect to
a number of characteristics; for example, they
were more likely to live below the poverty
threshold (80% vs 26%), to be of non-
Hispanic Black race/ethnicity (50% vs 10%),
to have a mother who was younger than 20
years at the time of their birth (16%vs 10%), to
have nonprivate health insurance (88% vs
44%), to live in a household with 2 members
(11% vs 3%), and to have a household ref-
erence person who was female (84% vs 47%),
was unmarried (74% vs 26%), or did not have
a high school diploma (43% vs 23%; c2P< .05
for each comparison; Table A).

Blood Lead Levels
Between 2005 and 2012, the overall mean

BLL of children aged 1 to 5 years was 1.27
micrograms per deciliter (95% CI= 1.21,
1.33). The overall percentages of children
with BLLs of 3 micrograms per deciliter or
higher, 5 micrograms per deciliter or higher,
and 10 micrograms per deciliter or higher
were, respectively, 8.4% (95%CI= 6.7, 10.1),
2.7% (95% CI= 1.9, 3.5), and 0.7% (95%
CI= 0.3, 1.2; data not shown).

Among children living in assisted housing
at the time of their examination or not re-
ceiving housing assistance during 1999 to
2014, those with BLLs of 3 micrograms per
deciliter or higherweremore likely than those
with lower BLLs to live below the poverty
threshold (48% vs 28%), be non-Hispanic
Black (26% vs 11%), have nonprivate health
insurance (67%vs 45%), reside in theNortheast
(29% vs 10%), and have a household reference
person who was female (58% vs 48%), was
unmarried (40%vs 28%), or didnot have a high
school diploma (43% vs 23%; c2 P< .05 for
each comparison; Table A).

Housing Assistance and Blood
Lead Levels

In the group of children with family in-
comes below 200% of the poverty threshold,
the unadjusted mean BLL among those living
in assisted housing at the time of their ex-
amination (1.43 mg/dL; 95% CI= 1.27, 1.61)
was not significantly different from that
among non–housing-assisted children (1.38
mg/dL; 95%CI= 1.31, 1.4;P= .60; Figure 2).
After adjustment by PSweighting, children in
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assisted housing had a significantly lower
mean BLL (1.44 mg/dL; 95%CI= 1.31, 1.57)
than non-housing-assisted children (1.79
mg/dL; 95% CI= 1.59, 2.01; P< .01).

Prevalence estimates of BLLs of 3 micro-
grams per deciliter or higher among children

living in assisted housing at the time of their
examination and non-housing-assisted chil-
dren were 10.6% and 10.9%, respectively,
yielding an unadjusted prevalence ratio of
0.97 (95% CI= 0.55, 1.71; P= .92; Figure 3;
Figure E, available as a supplement to the

online version of this article at http://www.
ajph.org). After adjustment by PS weighting,
the prevalence of BLLs of 3 micrograms
per deciliter or higher among children in
assisted housing was 11.0%, which was ap-
proximately half the prevalence estimate for

TABLE 1—SelectedDemographic and Family Characteristics of US ChildrenAged 1–5Years, byHousingAssistance Status: National Health and
Nutrition Examination Survey (NHANES), United States, 2005–2012

Resided in HUD-Assisted
Housing During 1999–2014 Did Not Reside in HUD-Assisted Housing During 1999–2014

Characteristic
Currenta (n = 164),

% (SE)
Current+Beforeb

(n = 230), % (SE)
IPR < 0.50 (n = 189),

% (SE)
IPR 0.50–0.99

(n = 385), % (SE)
IPR 1.00–1.99

(n = 532), % (SE)
IPR ‡ 2.00 (n = 520),

% (SE)

All 6.0 (0.7) 8.7 (1.1) 7.9 (0.9) 14.9 (1.1) 27.3 (1.6) 38.1 (2.2)

Race/ethnicityc,d

Mexican American 9.4e (2.8) 10.9 (2.9) 36.6 (7.0) 37.3 (4.2) 19.9 (2.4) 11.1 (1.3)

Non-Hispanic White 17.6e (7.2) 24.6e (8.7) 22.8 (5.7) 30.6 (3.9) 53.2 (3.9) 71.1 (2.5)

Non-Hispanic Black 50.3 (7.0) 46.1 (7.1) 14.7 (3.5) 12.5 (2.2) 10.8 (1.3) 7.5 (1.3)

Other 22.6 (4.6) 18.5 (4.0) 25.9 (5.2) 19.7 (3.0) 16.1 (2.6) 10.4 (1.5)

Gender of household reference personc,f

Male 15.8e (6.0) 21.4 (6.0) 34.6 (4.7) 43.1 (3.5) 51.3 (4.2) 62.6 (2.9)

Female 84.2 (6.0) 78.6 (6.0) 65.4 (4.7) 56.9 (3.5) 48.7 (4.2) 37.4 (2.9)

Marital status of household reference personc,f

Not married 74.3 (5.4) 69.2 (6.1) 55.7 (4.2) 40.0 (3.3) 29.5 (3.5) 11.4 (1.6)

Married 20.7e (6.3) 25.2 (7.2) 39.6 (4.1) 55.4 (3.4) 67.7 (3.5) 86.8 (1.6)

Not stated 5.0e (2.1) 5.7e (1.8) 4.6e (1.5) 4.6 (1.0) 2.8e (1.1) 1.7e (0.7)

Education of household reference personc,f

At least high school diploma 57.5 (5.0) 64.9 (3.5) 43.1 (3.7) 54.5 (3.8) 74.2 (3.5) 94.9 (0.9)

No high school diploma 42.5 (5.0) 35.1 (3.5) 56.9 (3.7) 45.5 (3.8) 25.8 (3.5) 5.1 (0.9)

Maternal age at birth, yc

< 20 16.4 (3.9) 23.0 (3.5) 22.9 (3.4) 15.7 (2.4) 11.7 (2.1) 3.5 (0.7)

20–29 64.0 (4.9) 58.4 (3.9) 57.4 (4.2) 57.4 (3.1) 60.6 (2.8) 42.3 (3.3)

‡ 30 19.7 (4.0) 18.6 (3.6) 19.7 (3.5) 26.9 (3.0) 27.8 (3.0) 54.2 (3.3)

Health insurance coveragec

Private insurance 8.3e (2.8) 9.0e (2.9) 2.8e (1.2) 7.4 (1.3) 34.2 (3.7) 78.9 (2.1)

Other insurance 88.2 (3.2) 85.2 (3.3) 90.3 (2.7) 81.3 (2.1) 51.5 (3.1) 13.6 (1.7)

Uninsured 3.5e (1.6) 5.9e (1.8) 7.0e (2.6) 11.3 (1.8) 14.3 (2.6) 7.5 (1.4)

Household sizec

2 11.1 (2.4) 9.0 (1.9) 4.1e (1.6) 2.0e (0.7) 4.0 (1.1) 1.7e (0.7)

3 25.1 (4.1) 22.5 (3.6) 18.2 (3.3) 12.3 (2.1) 15.9 (2.4) 22.8 (2.5)

‡ 4 63.9 (4.8) 68.5 (4.2) 77.8 (3.4) 85.7 (2.1) 80.1 (2.7) 75.6 (2.6)

Note. HUD=DepartmentofHousing andUrbanDevelopment; IPR = income-to-poverty ratio. In some cases, informationwasmissing or not stated for education
of the household reference person (n = 43) and health insurance coverage (n = 1). The table excludes children linked to the HUD 1999–2014 administrative
records only after the NHANES examination (n = 87); these children represented 3.2% (SE = 0.4) of our analytic sample (n = 1943).
aIncludes children in households receiving housing assistance at the time of the NHANES examination.
bIncludes children in households receiving housing assistance before the NHANES examination, at the time of the NHANES examination, or both.
cc2 P < .01 for comparison between children living in assisted housing at the time of the examination and childrenwho did not receive housing assistance during
1999–2014 (see Table A for other characteristics examined).
d
“Other” includes Hispanic or Latino other than Mexican American and non-Hispanic of races other than Black and White, including multiracial.

eRelative standard error > 0.30.
fThe household reference person for NHANES was an adult living with the child who served as the head of the household.
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non-housing-assisted children (21.5%; ad-
justed prevalence ratio= 0.51; 95% CI=0.33,
0.81; P< .01).

Findings were similar when children living
in assisted housing before the time of their
examination, at the time of their examination,
or both were compared with non-housing-
assisted children (Figures 2 and 3).

DISCUSSION
In our analysis of US children aged 1 to 5

years with family incomes below 200% of the
poverty threshold, our unadjusted results
showed that BLLs among children living in
federally assisted housing were not signifi-
cantly different from BLLs among those who
did not receive housing assistance. However,
after adjustment for potential confounders,
children living in federally assisted housing
had lower BLLs than would be expected
given their demographic, socioeconomic,
and family characteristics. The interpretation
of findings was similar whenwe examined the
prevalence of children with BLLs of 3 mi-
crograms per deciliter or higher and when we
included children who lived in assisted
housing before the time of their blood draw,
at the time of their blood draw, or both.

The literature on BLLs among residents of
federally assisted housing is sparse. To our
knowledge, the only previous study evaluating
BLLs among children according to housing
assistance status was conducted by Rabito et al.
in NewOrleans in 1998 and involved children
6 to 71months of age who received blood lead
screening from a public health clinic.20 The
results of that study showed a higher proportion
of children with BLLs of 10 micrograms per
deciliter or above among those residing in
public housing developments than among
those not residing in such developments (32%
vs 28%). However, that study was conducted
almost 20 years ago, when BLLs were much
higher than they are today; in addition, it was
conducted inoneUScity, amongonly children
screened in public health clinics, and with
public housing defined as residence in
a public housing development. Therefore,
the Rabito et al. findings may not reflect
associations at a national level with more
recent data and with housing assistance more
broadly defined.

Furthermore, although that study’s final
adjusted model revealed no significant dif-
ferences in childhood BLLs of 10 micrograms
per deciliter or higher by public housing
residence, the model adjusted for age of
housing, a potential causal intermediate,

which could have introduced overadjustment
bias.29 Also, the findings could have been
residually confounded by many of the
demographic, socioeconomic, and family
characteristics included in our analysis but not
included by Rabito et al.

There have been several legislative efforts to
protect children from lead paint exposure. For
example, the Lead-Paint Poisoning Prevention
Act (42 US Code Chap. 63), passed in 1971,
sought to protect children in public housing
developments from exposure. The Residential
Lead-Based Paint Hazard Reduction Act of
1992 (Title X)mandated, amongmany policies,
lead-based paint inspections and hazard control
plans for those living in most housing units built
before 1978 that receive financial assistance
from HUD, including units occupied by
tenants with housing vouchers.30 The
Lead-SafeHousingRule (24CFR35), which
took effect in 2000, implemented the new
requirements, concepts, and terminologies
established by Title X.31

Although non-assisted housing has also
benefited from the lead disclosure legislation
enacted as part ofTitleX, efforts to prevent lead
exposure in non-assisted housing primarily rely
on voluntary rather than mandatory compli-
ance.20 A recent nationwide survey revealed
a lower prevalence of lead-based hazards

Note. BLL = blood lead level; CI = confidence interval. “Current” includes children in households receiving housing assistance at the time of the NHANES examination
(n = 151). “Current+before” includes children in households receiving housing assistance before theNHANES examination, at the time of the NHANES examination, or both
(n = 208). Not housing assisted includes children in households that did not receive housing assistance during 1999 to 2014 (n = 1099).

FIGURE 2—Geometric Mean Blood Lead Levels Among US Children Aged 1–5 Years With Income-to-Poverty Ratios <2.00, by Housing
Assistance Status: National Health and Nutrition Examination Survey (NHANES), United States, 2005–2012
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associated with receipt of government housing
assistance than with no receipt of assistance4;
however, children can also be exposed to lead
through sources other than thehome, and these
categories fall outside the scope of Title X and
its lead paint regulations.

Limitations
This analysis involves limitations. For in-

stance, our referent group for the analysis was
children aged 1 to 5 years between 2005 and
2012 who did not link to 1999 to 2014 ad-
ministrative records from HUD’s largest rental
assistance programs (andwhose family incomes
were below 200% of the poverty threshold).
Although we considered this group of children
as having not received housing assistance, this
might not have been true. Children could have
been erroneously classified as not receiving
housing assistance as a result of inconsistent
identifying information required for the linkage
algorithmor incorrect specifications of thedates
defining entry into or exit from HUD-assisted
housing, which were used in the HUD–
NCHS linkage protocol to categorize
respondents’ assisted-housing status.8

Furthermore, the HUD administrative
records were available only up until 2014;
therefore, some children may have entered into

assisted housing at some point after 2014 but
were considered to not have received housing
assistance in our analysis. In addition, approxi-
mately one third of the children (31.4%;
SE=8.0) identified as receiving housing assis-
tance before but not at the time of their
examination were linked to HUD after the
examination, raising concerns about mis-
classification of current assisted-housing status.
However, in our secondary analysis, we col-
lapsed children in HUD-assisted housing before
the examination with those in HUD-assisted
housing at the time of the examination, which
would have partially corrected for this mis-
classification. Also, a separate tabulation of 2011
American Housing Survey data confirmed our
estimate that 6.0% of US children aged 1 to 5
years (approximately 880000 children) were
living in assisted housing on any given day (B.A.
Haley, unpublished data, 2016).

In addition, the small sample size of chil-
dren currently receiving housing assistance
precluded stratifying the analysis according to
type of housing assistance. As a result of re-
liability concerns, we were also not able to
present prevalence estimates associated with
BLLs of 5 micrograms per deciliter or higher,
currently considered the reference value for
high BLLs among children.6

Strengths
In terms of study strengths, our investigation

is thefirst toour knowledge to examineBLLs in
a nationally representative sample of US
children receiving housing assistance and to
compare these children with comparable
children not receiving housing assistance. The
HUD–NHANES linkage algorithm required
a stringent match of personal identifiers, min-
imizing the number of false positives, which
was especially important for identifying a rela-
tively low-prevalence characteristic such as
receipt of housing assistance.

We used PS weighting methods to adjust for
potential confounders, excluding potential
causal intermediates in the PS models (e.g.,
current health conditions and housing in-
formation), which could have led to an un-
derestimation of the total effect of housing
assistanceonBLLs.20,29 In sensitivity analyses,we
used multiple imputation to estimate the mag-
nitude of potential selection bias introduced by
excluding children who were examined in
NHANES but did not have their blood lead
measured; the findings indicated that the
linkage-adjusted sample weights appeared to
adequately correct for this potential selection
bias. Also, in linewith studies that suggest there is
no clear threshold for lead’s effect on cognitive

Note. CI = confidence interval; PR = prevalence ratio. “Current” includes children in households receiving housing assistance at the time of the NHANES examination
(n = 151). “Current+before” includes children in households receiving housing assistance before theNHANES examination, at the time of the NHANES examination, or both
(n = 208). Not housing assisted includes children in households that did not receive housing assistance during 1999 to 2014 (n = 1099).

FIGURE3—PrevalenceRatios forBloodLeadLevelsof‡3mg/dLAmongUSChildrenAged1–5YearsWith Income-to-PovertyRatiosBelow2.00,
by Housing Assistance Status: National Health and Nutrition Examination Survey (NHANES), United States, 2005–2012
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development, we modeled BLLs as a
continuous outcome.18

Public Health Implications
In conclusion, in a nationally representa-

tive sample of US children aged 1 to 5 years in
2005 to 2012, children receiving federal
housing assistance had lower blood lead levels
than expected given their demographic, so-
cioeconomic, and family characteristics. Our
study adds to the literature describing how
factors related to housing conditions and
stability are associated with health among US
children and can help inform future
research.32,33
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