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ABSTRACT
Objective. Lead exposure in children can lead to neuropsychological impairment. This study tested whether primary prevention interventions in the
newborn period prevent elevated blood lead levels (BLLs).
Methods. The Philadelphia Lead Safe Homes (LSH) Study offered parental
education, home evaluation, and lead remediation to the families of urban
newborns. Households were randomized to a standard lead education group
or maintenance education group. We conducted home visits at baseline, six
months, and 12 months. To compare BLLs, we identified a matched comparison group.
Results. We enrolled and randomized 314 newborns in the intervention
component; 110 completed the study. There were few significant differences
between the randomized groups. In the combined intervention groups, positive results on visual inspection declined from baseline to 12 months (97.0%
to 90.6%, p0.007). At baseline, 36.9% of homes were above the U.S. Environmental Protection Agency’s lead dust standard, compared with 26.9% at 12
months (p0.032), mainly due to a drop in windowsill dust levels. Both groups
showed a significant increase in parental scores on a lead education test.
Children in the intervention and matched control groups had similar geometric
mean initial BLLs (2.6 vs. 2.7, p0.477), but a significantly higher percentage of
children in the intervention group had an initial blood lead screening compared
with those in the matched group (88.9% vs. 84.4%, p0.032).
Conclusions. A study of primary prevention of lead exposure showed a
higher blood lead screening rate for the combined intervention groups and
mean BLLs at one year of age not statistically different from the comparison
group. Most homes had lead hazards. Lead education significantly increased
knowledge.
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Poor housing conditions have been associated with
adverse health outcomes for many years. This relationship has been well documented for lead poisoning.1–5 An emphasis on prevention of lead exposure
and elevated blood lead levels (BLLs) (level 10
micrograms per deciliter [µg/dL]) has been driven
by studies documenting the adverse effects, including
neuropsychological impairment, in U.S. children with
lower BLLs, including levels 10 µg/dL.6–13 Contact
with deteriorating lead-based paint (LBP) and leadcontaminated dust and soil is currently the primary
source of lead exposure for U.S. children.14
Primary prevention of lead exposure and lead poisoning has been a policy priority for both the Centers
for Disease Control and Prevention (CDC) and the
U.S. Department of Housing and Urban Development
(HUD) for several years. One CDC publication focused
entirely on strategies for a housing-based approach to
primary prevention of lead poisoning1 recommended
screening of high-risk housing (by home evaluation)
and children (through blood lead testing). A more
recent publication recommended primary prevention
of both housing-based lead hazards and other sources
of lead.9,15
Primary prevention interventions, such as lead
hazard control (LHC) of a property before a child is
poisoned, cleaning, or educational interventions, could
be simple ways to reduce or prevent lead exposure.
A few studies have examined this question but were
unable to show the benefits. For example, Lanphear16
et al. undertook a randomized controlled trial of lead
dust control in 275 urban children, followed from
six months until 24 months of age, to evaluate the
effectiveness of dust control in preventing or limiting
elevation of BLLs. The authors found no differences
in BLL or dust levels between the intervention and
control groups. There was also no difference in BLLs
in a follow-up study at 48 months.17 Another study of
primary prevention by Dugbatey et al.18 randomized
low-income inner-city pregnant women into full case
management, partial case management, and control
groups. The children’s BLLs were collected every six
months. In the analysis, there were no significant differences in the BLLs of children in the three groups,
refuting the hypothesis that the full case management
group would have lower levels. Dugbatey et al. also
reported on the difficulty of obtaining data in this
population.18
A Cochrane Collaborative review19 examined 12 studies to determine the efficacy of household interventions
in preventing or decreasing subject children’s exposure
to lead. These studies, including those utilizing primary
and secondary prevention, were broken down into the
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following categories of intervention: educational only,
environmental (interior dust control or soil abatement)
only, and a combination of the two. Several studies16,20
began when the children were younger than one year
of age and showed mean baseline BLLs of 10 µg/dL.
The analysis found that neither educational nor environmental interventions alone effectively reduced BLLs
or floor dust levels; however, the authors noted that,
with a follow-up period of 12 months, the relatively
long half-life of lead in blood might have biased the
change in BLL that was observed toward a null effect.
Three of the 12 studies used a combination of education and dust control, similar to the Lead Safe Homes
(LSH) Study described in this article, but could not
be analyzed through meta-analysis due to differences
in data collection.
The Philadelphia LSH Study was designed to test
the efficacy of educational and environmental interventions in a cohort of urban newborns and their
families during the first year of life. It was modeled on
the Philadelphia Lead Safe Babies program, a primary
prevention program for children younger than one year
of age.21 Relatively few studies have looked at intensive
interventions during the newborn age, when, presumably, a child’s BLLs have not yet been elevated from
postnatal lead exposure. The study intended to prevent
the typical peaking of BLLs that occurs between 12 and
36 months of age, due to persistence of hand-to-mouth
activity, when more mobile children have greater access
to LBP hazards.22 Our study provided environmental
evaluation and remediation twice (at baseline and 12
months), as well as detailed lead exposure prevention education. The study also examined the effect
of education regarding proper home maintenance,
which addressed recommendations of the HUD Task
Force report that parents, rental property owners, and
homeowners become educated about LBP hazards
and lead safe work practices to avoid lead hazards in
their homes.23
Methods
Study population
The Philadelphia LSH Study was a randomized trial
that offered environmental education, evaluation, and
remediation, as needed, to the families and homes of
high-risk newborn children. It was conducted by workers from the Philadelphia Department of Public Health,
the Children’s Hospital of Philadelphia, the National
Nursing Centers Consortium, St. Christopher’s Hospital
for Children, and Drexel University, whose institutional
review boards approved the study, which was funded
through a HUD Lead Technical Studies grant.
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We recruited study children from urban outpatient practices located in low-income neighborhoods
of Philadelphia, where the prevalence of children
with elevated BLLs is higher than average. After the
outreach workers explained the study and obtained
informed consent from the child’s caregiver, the study
coordinator selected the next card in the random
sequence to randomize that family to receive either
standard lead-poisoning prevention education (standard education group; hereafter, SEG) or standard
education with additional extensive education regarding essential maintenance practices for keeping a home
in lead safe condition (maintenance education group;
hereafter, MEG). The outreach workers reviewed the
MEG educational points with the families at each study
visit. The additional education was compiled into a
22-page handbook, which included information on
the problems regarding older homes and LBP hazards
and a series of tips for families, such as preventing
damage to paint, looking out for peeling or chipping
paint, completing the maintenance diary each month,
reporting problems with LBP hazards in their homes,
working safely with LBP (this involved a list of explicit
actions to take to maintain safety), and a list of “dos”
and “don’ts” for household cleaning. The handbook
was created using information from booklets published
by the U.S. Environmental Protection Agency (EPA),
HUD, CDC, and the Maine Department of Environmental Protection.
We randomized blocks using computer-generated
random numbers. The outreach workers educated
participating families during the baseline, six-month,
and 12-month home visits. Parents were given cleaning materials and supplies, and workers reinforced
the prevention education (including specific cleaning
instructions) during study visits. (Workers conducted
the six-month educational intervention by phone for
study families unable to arrange a home visit.) The
study staff and health department staff (arranging LHC
work) followed a detailed protocol for attempting to
reach families lost to follow-up, including multiple
phone and mail contacts, visits to the last known
address, and contact with the subject’s primary care
provider.
We recruited the study children from outpatient
practices of The Children’s Hospital of Philadelphia,
St. Christopher’s Hospital for Children, and several
nurse-managed health centers participating in the
National Nursing Centers Consortium. A comparison
group, with a 2:1 match, was identified from The
Children’s Hospital of Philadelphia clinical database,
and controls were matched by age, census tract, racial/

ethnic background, and gender. Eight children could
not be matched on racial/ethnic background but were
matched for the other characteristics. We created the
comparison group to compare the BLLs of children
receiving one of the study interventions with those who
had received the community standard for prevention
of elevated BLLs, such as information from the child’s
health-care provider during clinical visits. We utilized
an electronic recruitment tool that was managed by
the Pediatric Research Consortium for The Children’s
Hospital of Philadelphia practices. Families were asked
if someone could call them about the study, and a list
of interested parents was regularly relayed to study
staff. Other children were identified through wall
posters and direct referral from health-care providers. Eligible children resided in Philadelphia County,
spoke either English or Spanish, had a home that was
judged to be in a condition enabling remediation (in
stable condition), and did not have a history of elevated
BLLs. The outreach worker team included a bilingual
worker, and all documents were translated into Spanish.
We excluded families if they had participated in the
Lead Safe Babies program or received services from
the Childhood Lead Poisoning Prevention Program
of the Philadelphia Department of Public Health for
other children in the family.
The study team formed a community advisory board,
which comprised representatives from the targeted
community, and met regularly following recommendations detailed in the National Research Council’s 2005
report on housing-related health hazards involving
children.24
Parental knowledge assessment
All families were administered pre- and posttests with
both standard lead and maintenance questions on
the first home visit (before and after the education
was given), and the standard lead test was repeated
at six and 12 months. The maintenance posttest was
also administered to MEG families at these visits. The
study utilized the shortened version of the Chicago
Lead Knowledge Test,25 modified by Hans Kersten.26
The test evaluates parental knowledge regarding lead
exposure prevention. Test-retest reliability of the full
Chicago Lead Knowledge Test was 0.96 but has not
been assessed for the shortened version. The SEG
test had 14 questions, and possible scores ranged
from 1 to 14, with one point scored for each correctly
answered question. The MEG test was similar, except
it had only 10 questions, with a possible score ranging
from 1 to 10.
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Quality control measures
Per HUD specifications, we formulated a quality assurance plan detailing the protocols and quality assurance
procedures to be used for specimen (lead dust) and
data collection. BLLs were drawn by each subject’s
primary care provider, and results were reported to
study staff.
Collection of study data
Data verification procedures were in place to ensure
accuracy of data collection and data entry. The study
manager entered data into a Microsoft® Excel database.
The study manager and principal investigator routinely
performed quality assurance evaluations on selected
study charts to identify errors in data entry. Following
completion of data cleaning and quality assurance
procedures, the data was imported into a statistical
software program, SPSS® version 18,27 for analysis.
Home evaluation
The outreach workers systematically evaluated each
subject’s residence by looking at the condition of paint
(intact, fair, or poor) and testing for lead dust levels
at baseline and at 12 months. Areas judged to be fair
had a paint defect or visible dust on 10 square feet
(sq ft) of exterior surfaces, 2 sq ft of interior surfaces,
or less than 10% of small surfaces. Areas were labeled
as poor if these limits were exceeded. Homes were
reassessed whenever a subject moved.
Collection of lead dust specimens
Study personnel trained by a certified risk assessor, in
accordance with EPA and HUD protocols, uniformly
collected the dust wipe specimens for home evaluation. Field audits were performed. They took samples
from two floor areas and one windowsill area, where
the infant was likely to spend the most time during
the first year. Measured areas of the floor (1 sq ft) and
windowsill (variable area) were sampled with a standard
pre-wetted towelette.
Field blank and spiked specimens were submitted
regularly. Specimens were initially analyzed by the
International Asbestos Testing Laboratory of Mount
Laurel, New Jersey, and then by EMSL of Westmont,
New Jersey, both of which are National Lead Laboratory Accreditation Program-certified laboratories for
dust wipe analysis. Clearance dust wipes, including a
full set of 13 wipes, were collected after environmental
remediation, per HUD protocol, with homes re-cleaned
until all clearance levels were below EPA standards.
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Home remediation/LHC work
We offered LHC work for homes that had either an
elevation of any of the three lead dust levels above EPA
standards (40 µg/sq ft for floors and 250 µg/sq ft
for windowsills) or visual evaluation results showing
at least one area in poor or at least two areas in fair
condition at either the baseline or 12-month home
evaluation. A small number of homes meeting criteria
for referral were not referred, due to minimal areas of
concern on visual inspection and the high numbers of
homes meeting criteria for this work. Once referred,
health department abatement staff evaluated the
property and specified the LHC work, including paint
stabilization and replacement of deteriorated building
components when needed, repainting, and specialized
lead dust cleaning (known as a Superclean). Services
were rendered by Pennsylvania-certified Phildelphia
Public Health Department abatement staff members
or lead abatement contractors, per HUD guidelines.28
All homes receiving remediation also received a Superclean. The MEG families were also asked to assess their
homes monthly for needed repair or maintenance
work, such as deterioration of the paint or presence of
water leaks, by use of a special diary, and these families
were referred to Childhood Lead Poisoning Prevention
Program staff in the same manner. During contacts with
the families by phone at one, three, and nine months
from enrollment and in person during home visits at
six and 12 months, the outreach workers questioned
MEG families about identification of new areas noted
to need repair or maintenance work.
The results of the environmental evaluation and
dust wipe testing were reported within several weeks
by letter to the parent/guardian and the property
owner. For houses with an identified lead problem,
the letter indicated that the home would need to be
further checked and some type of remediation work
would be required, which could be provided by study
staff at no charge.
BLLs
Blood lead testing (in most cases, venous) was carried out by the subject’s primary care provider and
employed the services of five different laboratories,
all of which participated in at least one proficiency
program for BLL analysis. All of the study children’s
providers were encouraged to do blood lead screening
of their patients using the high-risk protocol recommended by the Philadelphia Department of Public
Health at 9–12 months, 15–18 months, 2 years, and
3 years of age. The Children’s Hospital of Philadelphia
clinics caring for the control children had access to
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general information and posted recommendations, but
did not receive a specific screening protocol.
Periodic cleaning summary
Outreach workers assessed cleaning activity by questioning the parent at the baseline, six-month, and
12-month home visits. We tabulated results for wet
dusting and mopping of the subject child’s bedroom,
living room, dining room, bathroom, and hallway areas
and broke them into the following categories of cleaning frequency: low (quarterly), moderate (bimonthly
or monthly), or high (daily or weekly).
Statistical analysis
Study Question 1 hypothesized that study interventions
would result in lower BLLs in the LSH Study cohort
when compared with a group of children whose parents did not receive these interventions. We compared
geometric mean BLLs (due to non-normal distribution)
of the study children and a comparison group using
a two-tailed t-test. Sample size calculations estimated,
with an average (pooled) standard deviation of 2.5, that
256 children per group would provide 80% power to
detect a mean difference of 0.6 µg/dL in BLLs.
Study Question 2 hypothesized that at least 15%
fewer MEG homes would have home evaluation results
meeting criteria for remediation at 12 months, compared with SEG homes, using Chi-square comparison.
This analysis required a sample size of 128 per group
(for both the SEG and MEG) to compare remediation rates of 30% vs. 45%, to achieve 80% power in a
one-tailed test.
Study Question 3 involved calculating descriptive
statistics of multiple housing variables over time. Outcomes included whether the households met criteria
for home evaluation failure, referral for remediation
work, cleaning frequency, and cost of remediation. We
performed two different analyses to compare percentages regarding housing characteristics. A Chi-square
test compared the percentages for all children with data
at each visit, as if they were two independent groups.
This approach maximized the sample size, since only
one-third of the sample had data at 12 months. We
performed a McNemar’s test on the study children with
data at both visits. This approach compares subjects
to themselves, providing a cleaner comparison, but
excludes most of the baseline data.
Study Question 4 determined significant predictors
of BLL by using bivariate tests such as Mann-Whitney U
tests and t-tests (for dichotomous variables), analysis of
variance (multiple groups), and correlation coefficients
(numeric variables). Key child, family and household,
home assessment, study arm, and test-score characteristics were evaluated.

Study Question 5 hypothesized that parents receiving lead education would increase their general lead
knowledge at baseline and retain this over time, and
the MEG would score higher on the standard lead test
than the SEG. We used two-tailed Wilcoxon tests to
determine changes from baseline within groups and
Mann-Whitney U tests to compare groups at each visit.
A Spearman correlation was used to test for association (hypothesized to be negative) between parental
knowledge at 12 months and 12-month BLLs. This
correlation was assessed separately for the two groups.
With 128 children per group, the study had adequate
power (80%) to detect correlations as small as 0.3.
Results
Cohort characteristics
A total of 314 newborn children were enrolled and randomized to the SEG (n160) and MEG (n154) arms;
110 (SEG: n51; MEG: n59) completed the 12-month
study. Twenty newborns were formally withdrawn from
the study. Demographic characteristics of the group
are displayed in Table 1 for each study arm and the
entire cohort. The cohort was predominantly African
American (82.5%) and low-income; 85.6% received
either Medicaid or state Children’s Health Insurance
Program (CHIP) insurance. Families utilized an average of 2.3 poverty assistance programs, from a list of
six programs, with no significant differences between
groups. Very few reported lead exposure from hobbies (4.8%), while 39.8% of parents had ever worked
in construction, auto mechanics, battery plants, or
other jobs potentially associated with exposure. Fourteen homes (4.5%) reported a non-study child being
diagnosed with an elevated BLL, and 10 homes (3.2%)
reported a history of chelation therapy for the parent,
his/her partner, or a non-study child. Twenty-seven
study mothers (8.6%) were born outside of the United
States, compared with 36 study fathers (11.5%); they
were predominantly from Latin American, Caribbean,
and African countries (data not shown).
Table 2 displays characteristics of the study children’s
housing, also without significant differences between
the two groups. Most of the cohort consisted of renters
(55.0%), with 10.7% owning their home and 26.9%
living in a home owned by a family member. Regarding housing age, 34.2% said their home was built
prior to 1978, and 13.5% said it probably was; only
8.7% reported a home built after 1978. There were
no significant differences for any of the characteristics
displayed in Tables 1 and 2, when families that completed the 12-month visit were compared with those
who did not.
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BLL results
The first study question hypothesized that study interventions would result in lower BLLs in study children
when compared with a group whose parents did not



receive the LSH interventions. The initial BLLs (drawn
around one year of age) are displayed in Table 3.
(BLLs drawn around 2 years of age will be compared
at a later date.) Geometric mean BLLs were 2.6 and

Table 1. Demographic and socioeconomic characteristics of the Philadelphia Lead Safe Homes Study cohort
Characteristic

All
N (percent)

SEG
N (percent)

MEG
N (percent)

Total children

314

160

154

Total households

P-valuea

310

159

151

Gender
Male
Female

164 (52.2)
150 (47.8)

82 (51.2)
78 (48.8)

82 (53.2)
72 (46.8)

Race/ethnicity
African American
White or Caucasian
Asian
Hispanic
Other
Two or more categories

259
18
3
12
10
21

(82.5)
(5.7)
(1.0)
(3.8)
(0.3)
(6.7)

129
9
1
5
1
11

(80.6)
(5.6)
(0.6)
(9.6)
(0.6)
(6.9)

130
9
2
3
0
10

(84.4)
(5.8)
(1.3)
(1.9)
(0.0)
(6.5)

0.51

Annual household income
$10,000
$10,000–$20,000
$20,000–$30,000
$30,000–$40,000
$40,000
Not sure
No answer

97
53
37
23
24
70
6

(31.3)
(17.1)
(11.9)
(7.4)
(7.7)
(22.6)
(1.9)

46
30
20
12
13
36
2

(28.9)
(18.9)
(12.6)
(7.5)
(8.2)
(22.6)
(1.3)

51
23
17
11
11
34
4

(33.8)
(15.2)
(11.3)
(7.3)
(7.3)
(22.5)
(2.6)

0.91

0.72

Health insurance
Medicaid or CHIP
Other
None

262 (85.6)
30 (9.8)
14 (4.6)

134 (84.3)
17 (10.7)
8 (5.0)

128 (87.1)
13 (8.8)
6 (4.1)

0.49

Use of low-income programs
TANF/welfare
WIC
Food stamps
Section 8 housing
PHA
SSDI
Mean number of programs (SD)
Range

173 (55.8)
277 (89.4)
172 (55.5)
26 (8.4)
30 (9.7)
34 (11.0)
2.3 (1.2)
0–5

87 (54.7)
144 (90.6)
82 (51.6)
14 (8.8)
12 (7.5)
14 (8.8)
2.2 (1.2)
0–5

86 (57.0)
133 (88.1)
90 (59.6)
12 (7.9)
18 (11.9)
20 (13.2)
2.4 (1.3)
0–5

0.69
0.48
0.16
0.79
0.19
0.21
0.26b

$461
$524
$28–$2,300

$446
$500
$30–$2,000

$476
$550
$28–$2,300

0.17c

Monthly rent
Mean
Median
Range

81

P-values reported are two-tailed and refer to significance of Chi-square tests comparing SEG and MEG study arms.

a

Two-tailed p-value for parametric t-test comparing SEG and MEG study arm means (skewness statistic: 0.15)

b

Two-tailed p-value for Mann-Whitney U test comparing SEG and MEG study arm means

c

SEG  standard education group
MEG  maintenance education group
CHIP  Children’s Health Insurance Program
TANF  Temporary Assistance for Needy Families
WIC  Special Supplemental Nutrition Program for Women, Infants, and Children
PHA  Philadelphia Housing Authority
SSDI  Social Security Disability Insurance
SD  standard deviation
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Table 2. Home characteristics of the Philadelphia Lead Safe Homes Study cohort
Characteristic
Total households

All
N (percent)

SEG
N (percent)

MEG
N (percent)

310

159

151

P-valuea

Homeowner
Self
Landlord
Family member
Other

33
170
83
23

(10.7)
(55.0)
(26.9)
(7.4)

17
86
47
9

(10.7)
(54.1)
(29.6)
(5.7)

16
84
36
14

(10.7)
(56.0)
(24.0)
(9.3)

0.51

Housing built before 1978
Yes
Probably
Not sure
No

106
42
134
27

(34.2)
(13.5)
(43.2)
(8.7)

54
23
68
13

(34.0)
(14.5)
(42.8)
(8.2)

52
19
66
14

(34.4)
(12.6)
(43.7)
(9.3)

0.97

Repair/remodeling in past two years
No
Yes
Not sure

161 (51.9)
142 (45.8)
7 (2.3)

84 (52.8)
72 (45.3)
3 (1.9)

77 (51.0)
70 (46.4)
4 (2.6)

0.85

Repair/remodeling ever done by self
No
Yes

244 (78.7)
64 (20.6)

124 (78.0)
34 (21.4)

120 (79.5)
30 (19.9)

0.11

P-values refer to significance of Chi-square tests comparing SEG and MEG study arms.

a

SEG  standard education group
MEG  maintenance education group

Table 3. Comparison of the study cohort
and control group BLL values:
Philadelphia Lead Safe Homes Study
Characteristic
Total children: N

LSH Study
group

Control
group

314

628

Children with a recorded
BLL value: N (percent)
279 (88.9)
Children for whom a
venous specimen was
taken: N (percent)
Mean age at draw
(in months) (SD)

530 (84.4)

11.0 (3.2)

11.8 (3.9)

10.0

10.3

Median BLL (μg/dL)

2.7

2.6

Geometric mean
BLL (μg/dL)

2.6

2.7

0.4–41.9

0.4–32.5

P-values are one-tailed significance for Chi-square test.

a

b

0.032a

260/268 (97.0) 472/530 (89.2) 0.001a

Median age at draw
(in months)

Range of
BLLs (μg/dL)

P-value

P-values are two-tailed significance for Mann-Whitney U test.

P-values are two-tailed significance for unpaired t-test.

c

BLL  blood lead level
LSH  Lead Safe Homes
SD  standard deviation
μg/dL  microgram per deciliter

0.013b

0.477c

2.7 for the LSH cohort and comparison group and
not significantly different (p0.477). With the final
number of BLL results for each group, we did not
have the power to detect any differences smaller than
0.6 between the group means. The control group was
significantly older than the LSH cohort: 11.8 months
of age (standard deviation [SD]  3.9) vs. 11.0 months
of age (SD3.2), p0.013. Lead screening rates were
high: 279 (88.9%) of LSH children had a first BLL
taken by around one year of age compared with 530
(84.4%) in the matched comparison group (p0.032).
BLLs by study arm were not significantly different, with
geometric means of 2.6 for the SEG and 2.7 for the
MEG (p0.680) (data not shown).
We explored predictors of higher BLLs through
bivariate analyses. Independent variables with significant correlations included older age at first blood draw
(rs0.257, p0.010); dust wipe levels at baseline and
12 months (p0.003 for both time periods by unpaired
t-test); and needing a referral for LHC work at 12
months (p0.002 by unpaired t-test). As none of these
variables was surprising as a predictor, we determined
that a multivariate analysis would be of limited value.
Housing results
Housing results are summarized in Table 4 and Figure 1.
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Visual inspection results. Ninety-seven percent (n
294/303) of homes had positive results on visual inspection at baseline vs. 90.6% (n96/106) at 12 months
(p0.007 by Chi-square test). For the 105 homes with
evaluations at both time points, a higher percentage
had positive results on home evaluation at baseline
than at 12 months (n103, 98.1% vs. n95, 90.5%;
p0.021 by McNemar’s test). The percentages for each
study arm were not significantly different.
Lead dust results. For lead dust results, 36.9% of homes
(n113) were positive (above the EPA standard) at
baseline, compared with 26.9% (n28) at 12 months
(p0.032 by Chi-square test). The floor dust wipe
results for the LSH cohort changed from 20.3% positive (n62) to 17.3% positive (n18) (p0.26 by Chisquare test), whereas the window dust results decreased
from 26.5% positive (n81) to 15.1% positive (n16)
(p0.011 by Chi-square test). There were no significant differences between the two study arms (Figure
1). For houses with data at both times (n106), there
was a significant change in the percent with any dust
wipe level above EPA standards from 39.4% (n41) at
baseline to 26.9% (n28) at 12 months (p0.031 by
McNemar’s test). For houses with data at both times,
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there were no significant changes in percent for floor
or sill dust levels above EPA standards.
Met criteria for remediation. Ninety-eight percent
(n300) of homes at baseline met criteria for remediation vs. 89% (n98) at 12 months (p0.001 by Chisquare test). A significantly higher proportion of homes
having complete housing data at both time points
met criteria for remediation at baseline (n108/110,
98.2%) compared with 12 months (n98/110, 89.1%)
(p0.006 by McNemar’s test). Study arms did not
differ in proportions of homes meeting criteria for
remediation at baseline and at 12 months, but we did
not have an adequate number in each group at 12
months (n128 per group) to detect a difference of
15% in remediation needs. As discussed previously,
not all homes that fit the criteria were referred for
remediation.
Referred for remediation. We referred 89.5% (n274) of
homes for LHC work at baseline, compared with 57.4%
(n58) at 12 months (p0.001 by Chi-square test). Of
101 homes with data at baseline and 12 months, 93
(92.1%) were referred for LHC work at baseline vs. 58
(57.4%) at 12 months (p0.001 by McNemar’s test).
At baseline, a significantly higher percentage of MEG

Table 4. Home evaluation data summary: Philadelphia Lead Safe Homes Study
All
N (percenta)

Characteristic

SEG
N (percenta)

MEG
N (percenta)

P-valueb

Baseline home evaluation
306

157

149

Any positive dust wipe result (n306)c

Maximum available households

113 (36.9)

61 (38.9)

52 (34.9)

0.47

Positive visual inspection (n303)c

294 (97.0)

148 (96.1)

146 (98.0)

0.53

Met criteria for LHC work (n306)

300 (98.0)

152 (96.8)

148 (99.3)

0.24

Referred for LHC work (n306)c

274 (89.5)

135 (86.0)

139 (93.3)

0.04

d

c

12-month home evaluation
Maximum available households
Any positive dust wipe result (n104)c
Positive visual inspection (n106)

c

Met criteria for LHC workd (n110)c

110

51

59

28 (26.9)

11 (23.9)

17 (29.3)

0.54

96 (90.6)

43 (89.6)

53 (91.4)

0.50

98 (89.1)

44 (86.3)

54 (91.5)

0.38

Referred for LHC work (n101)c

58 (57.4)

24 (53.3)

34 (60.7)

0.46

Completed LHC work/all referrede

78 (28.2)

42 (30.7)

36 (25.7)

0.36

Percentages are based on the number of households for which data were available for each variable.

a

b

P-values refer to significance of Chi-square tests comparing SEG and MEG study arms.

Number of households for which data were available for this variable

c

A home evaluation result was interpreted as positive if either of the floor dust wipe samples was at 40 micrograms/square foot (μg/sq ft) or
higher; the window sample was at 250 μg/sq ft or higher; and/or the visual inspection showed two or more areas rated fair or one or more areas
rated poor.

d

All referred homes: n277; all referred SEG homes: n137; all referred MEG homes: n140

e

SEG  standard education group
MEG  maintenance education group
LHC  lead hazard control
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Percent

Figure 1. Percentage of homes with a positive dust wipe samplea at baseline and 12 months,
by study arm: Philadelphia Lead Safe Homes Study

Windows

Floors

Positive floor dust wipe sample 40 micrograms/square foot (μg/sq ft); positive window dust wipe sample 250 μg/sq ft

a

SEG  standard education group
MEG  maintenance education group

families (93.3%, n139) than SEG families (86.0%,
n135) (p0.04) were referred for LHC work; the
difference was not significant at 12 months.
Home condition improved and the need for remediation work decreased at 12 months. A total of 78
homes (28.2%) were remediated over the course of
the study; with a mean of five months, a median of
four months, and a range of two to 15 months from
the time of referral to the work completion date. Of
those receiving LHC work before the 12-month visit,
half passed the home evaluation at 12 months. BLLs at
one year of age for children having LHC work prior to
the first blood test did not differ significantly from those
of children whose homes were referred for work but
did not receive it. The mean cost of remediation work
was $4,971.80 (range of $1,886.60 to $10,973.00) for the
SEG and $5,918.37 (range of $1,000.00 to $12,224.00)
for the MEG (p0.174); median costs were $4,656.00
for the SEG and $5,512.10 for the MEG. There were
no significant differences in cleaning levels between
the SEG and MEG, except that a higher percentage
of SEG families (44%, n31) mopped their dining
rooms, compared with the MEG families (23%, n13)

(p0.04). The entire cohort improved their cleaning
activity over the course of the study. Higher posttest
scores were associated with increased dusting activity of
kitchens and basements at six and 12 months in both
groups. Twenty of the MEG families identified a need
for maintenance work. Of these, eight had the work
completed; it was not completed in situations where
the family was not cooperative with these attempts.
Parental knowledge acquisition
The combined groups’ standard education test scores
rose during the baseline visit from a pretest mean of
6 to a posttest mean of 12 (p0.001) (Figure 2 and
Table 5). Subsequent comparisons indicated retention
of most of the material. A higher percentage performed
well on questions about lead exposure pathways, but
not as well on questions about good nutrition. Median
scores were not significantly different between arms
(Table 5). The MEG parents achieved significant gains
in knowledge on a separate maintenance test over the
study course, with median scores and interquartile
ranges of 8 (7–9) for the pretest; 9 (8–10) for posttest
1; 9 (8–9) for posttest 2; and 9 (8–9) for posttest 3 (all
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Figure 2. Box-and-whisker plots of Standard Education Test median scores, by study arm:
Philadelphia Lead Safe Homes Study

were significant at p0.05 when compared with the
pretest by Wilcoxon test) (data not shown). A negative association between increased parental knowledge
score and a child’s BLL at one year of age was hypothesized, with 80% power to detect a correlation of 0.35,
with 50 children per group. Study results showed non-

significant, but positive, Spearman correlation coefficients for the SEG (rs0.181, p0.223, n47) and
MEG (rs0.103, p0.454, n55). Therefore, the study
did not demonstrate an impact of parental knowledge
on the children’s first BLLs at one year of age.
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Discussion
The Philadelphia LSH Study was a randomized controlled trial of primary prevention interventions during
the first year of life for 314 urban newborns. We did
not find significant differences in initial BLLs (drawn
around one year of age) between study children and
a matched comparison group of children, nor were
there significant differences in BLLs of children in the
SEG vs. those in the MEG. Although both the study
and comparison groups had high blood-lead screening
rates around one year of age (88.9% and 84.4%), a
significantly higher percentage of LSH Study children
were screened. We found that most study homes had
lead hazards at baseline, with some decrease in lead
dust levels for floors (non-significant) and windowsills
(significant) by the end of the study. The study documented parental acquisition of knowledge about lead
exposure prevention, which was retained during the
year-long study. The MEG did not improve on most
measures, when compared with the SEG.
In comparing results with those of previous studies, results were similar to the Lanphear et al. 1999
study,16 with no significant differences in BLLs between
intervention and control groups; however, our study
demonstrated significant decreases in lead dust levels.
Our geometric mean BLLs were very low (2.6 µg/dL
for the LSH cohort and 2.7 µg/dL for the comparison
group), and the mean ages of draw were 11.0 months
for the study cohort and 11.8 months for the comparison group. This young age might account for lower
levels, as the typical pattern in children’s BLLs is an
increase around one year of age, with a peak between
18 and 36 months of age.22 These low values may reflect
the decrease in geometric mean BLLs nationally (1.9

µg/dL for children aged 1–5 years with data from the
1991–2004 National Health and Nutrition Examination
Survey)29 and in Philadelphia (3.0 µg/dL in 2008)
(Personal communication, Peter Palermo, Philadelphia
Department of Public Health, Childhood Lead Poisoning Prevention Program, August 2009).
As mean levels decline, differences in population
means will be harder to demonstrate. Differences at 2
years of age may be greater due to the factors described
previously. We intend to collect, analyze, and report on
the 24-month BLL data once it becomes available.
Dugbatey et al. experienced problems similar to
our study regarding retention and follow-up, such as
difficulty in finding clients due to changes in address
and phone numbers and non-compliance with study
visits.18 Some declined study participation due to
concerns about lack of approval by family members
or eviction by landlords. Dugbatey et al. concluded
that the competing needs of survival in poverty made
concern about a child’s lead exposure less compelling
for these mothers, especially without obvious signs of
disease. Our study experienced a similar difficulty in
retention, and other articles have discussed the challenges of conducting inner-city health research.30
Limitations and strengths
Our study had several limitations. As noted previously,
a significant part of the cohort was lost to follow-up
for the six- and 12-month visits, although only 20 participants formally withdrew. Study outreach workers
had difficulty reaching families due to frequent phone
number changes or service suspension, as well as moves
to another address. The use of disposable phones may
have contributed to this intermittent phone access.
Another factor affecting attrition was that the baseline

Table 5. Standard Education Test median scores, by study arm and for entire cohort:
Philadelphia Lead Safe Homes Study
			
SEG
MEG
Test
N
N

SEG
Median score
(IQR)

MEG 		
Median score		
(IQR)
P-valuea

Combined group
Median score
(IQR)

Pretest (baseline)

159

151

6 (4–7)

6 (4–7)

0.739

Posttest 1 (baseline)

159

150

12 (11–13)

12 (11–13)

0.624

12 (11–13)b

6 (4–7)

Posttest 2 (six months)

75

61

10 (8–11)

10 (9–11)

0.830

10 (9–11)b

Posttest 3 (12 months)

49

59

10 (9–12)

10 (8–12)

0.903

10 (9–12)b

Two-tailed p-value by Mann-Whitney U test comparing MEG and SEG study arms

a

b

p<0.001 compared with baseline by Wilcoxon test

SEG  standard education group
MEG  maintenance education group
IQR  interquartile range
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visit was held when family members were home more
often, during the baby’s first months. It became much
harder to reach parents when they were back at work
or school. We arranged to do the six-month visit over
the phone, increasing the number of participating
families. We also had difficulty accessing families’
homes to arrange for and complete the LHC work. It
seems the length of time children were followed and
the number of encounters scheduled led to challenges
in maintaining participation for this cohort. This may
explain why relatively few studies have evaluated these
types of primary prevention interventions. A shorter
study period might increase response rates but would
restrict testing of the interventional impact on the
household to a shorter time. BLLs could be followed
for several years, even if the main study period was
abbreviated.
Despite multiple calls and visits to homes by study
and health department staff, many families were
unresponsive to getting their homes remediated,
even though remediation work was free. Unfortunately, according to the health code in Philadelphia,
the health department can only order and enforce
(through Lead Court) remediation of properties with
identified lead hazards if they house children with
known elevated BLLs. So, we could not order property
owners to accept the remediation work, although we
strongly recommended it. Reasons cited by Dugbatey
et al.18 for lack of participation, such as the difficulties
of living in poverty, lack of approval by family members
(especially those either owning or signing the lease on
the property), or fear of eviction by landlords, may
have explained the poor remediation rate, which was
only 28% for the enrolled families.
We experienced some problems with consistency
of the study protocol and quality control. Some of the
homes receiving a positive result for the home evaluation were not referred for LHC work due to small
areas with paint deterioration. Not all SEG families
received the maintenance pre- and posttests during
the baseline visit, so results were tabulated only for
the MEG group. Results from the first laboratory that
analyzed lead dust levels of spike specimens were not
optimal; however, results from the second laboratory
were considerably improved.
A study strength was enrollment of a large number
of children soon after birth and follow-up of some
of them during their first year of life. The electronic
recruitment tool built into The Children’s Hospital of
Philadelphia patients’ charts was very helpful in identifying interested families; approximately half of those
contacted enrolled in the study. Additionally, a BLL was
obtained for most children by one year of age.
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Recommendations for future research could build
upon the successes of the current study. Utilizing a
larger control group might capture a larger number of
children with BLLs for comparison. Electronic recruiting would also be recommended. As the provision of
additional maintenance education was not effective, it
would not be recommended. As discussed previously,
the difficulties of a longer-term intervention need to
be weighed against benefits for future studies. Replication of primary prevention interventions in other
metropolitan areas should be considered.
Conclusions
A year-long study of educational and environmental
interventions for primary prevention of lead exposure
resulted in significantly more lead screening for the
study group, although mean BLLs around one year of
age were not statistically different between the study
group and a control group. Most of the homes had
lead hazards; a small percentage of these households
cooperated for LHC work, and a significantly lower
percentage of the group had a positive home evaluation at 12 months. The provision of standard lead
education was associated with significant increases in
knowledge, which were retained. The MEG did not
differ significantly from the SEG on most parameters
examined, indicating that the additional education
was not effective.
This study was funded by a Lead Technical Studies grant from the
U.S. Department of Housing and Urban Development (HUD).
The findings and conclusions in this article are those of the
authors and do not necessarily represent the views of HUD.
The authors thank the staffs of the Lead Safe Homes Study,
The Children’s Hospital of Philadelphia (including the Pediatric
Research Consortium and the Center for Biomedical Informatics), St. Christopher’s Hospital for Children, and the National
Nursing Centers Consortium for their excellent work.
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