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Background. The purpose of this study was to determine
the prevalence of elevated blood lead levels (EBLLsS,
lead >10 /xg/dL [0.48 jumol/L]) in a suburban family
practice setting and to assess the utility of a question-
naire as an alternative to universal screening in identify-
ing individuals with EBLL in a low-risk population.

Methods. Parents bringing children aged 1 through 3
years into the office for any type of visit were offered the
opportunity to complete a questionnaire concerning risk
for lead poisoning and to obtain free blood lead testing
for their child. No child in this study had previously
been tested for lead toxicity. The lead levels found on
testing were correlated with the questionnaire results.

Results. Two hundred thirty-two children with an aver-
age age of 20 months were tested. Blood lead levels
ranged from 0 to 53 /xg/dL (2.56 jixmol/L). Elevated
blood lead levels were found in 5.6% of the study popu-
lation. The five questions suggested by the Centers for
Disease Control and Prevention (CDC) were taken as a
group, and any “yes” or “don’t know” response was

Lead poisoning is one ofthe most common health prob-
lerrs facing children in the United States today. Like hy-
pertension, it is clinically silent unless lead levels are ex-
tremely high. The neurobehavioral effects of lead toxicity
occur in all developmental stages, with lower lead levels
than previously thought, and in groups of children not
originally considered at risk, resulting in long-term nega-
tive consequences. 1~10

Based on this growing fund of knowledge, the Cen-
ters for Disease Control and Prevention (CDC) revised
the guidelines for lead toxicity in 1991. Universal lead
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considered a risk factor. These questions had a sensitiv-
ity of 84.6% and a specificity of 41.6% in identifying
children with EBLL. An additional question regarding
residence in a home built before 1960 (or not knowing
the age of the home) was a better screening test for
EBLL (sensitivity 92.3%, specificity 57.1%) than the five
CDC questions. Lower household income was associ-
ated with an EBLL, but sex, race, and home location
(urban, suburban, rural) were not.

Conclusions. Risk-assessment questionnaires are useful
tools in selecting children who are at risk for an EBLL
from low-risk populations. Comparison of this study
with similar studies suggests that the most useful ques-
tions for this purpose may vary according to location. In
this and other studies to date, however, questionnaires
show less than 100% sensitivity in identifying children
with EBLL.

Key words. Lead poisoning; children; screening; ques-
tionnaires. (JFam Pract 1995; 41:65-71)

screening is now recommended for all children ages 12 to
36 months. Communities exempt from this screening are
those in which a large number of children have been
screened and the prevalence of elevated lead levels has
been found to be low. In these communities, high-risk
children, identified by history or questionnaire, should be
screened. 1l

Until recently, little has been known about the prev-
alence of lead exposure in communities that have been
traditionally considered low risk; these areas have been
neither targeted by researchers nor subjected to universal
screening by clinicians. Lowering the warning level of
blood lead toxicity to 10 /xg/dL (0.48 p.mol/L) results in
an increased number ofseemingly low-risk children being
considered at risk for neurobehavioral consequences.12
The necessity, logistics, and costs of universal screening as
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opposed to targeted screening are still controversial, es-
pecially in low-risk areas.

The cost of lead screening per case found is highly
dependent on the prevalence of lead poisoning in a com-
munity.1314 Recent studies have shown that communities
that seem to share the same lead-exposure risk character-
istics can have very different prevalences of lead poisoning;
the prevalence can vary even between neighborhoods
within a single city.15 This variability would make it diffi-
cult for any community to exempt itself from universal
screening. A cost-effective alternative would be to test the
blood of only those children who are suggested to be at
risk by their responses to a screening questionnaire. The
purpose of this study was to determine the prevalence of
lead toxicity in a suburban practice and to determine
whether a questionnaire (or a subgroup of the questions)
would effectively select at-risk children.

Methods

Study Poptilation

Patients aged 1 to 3 years who presented to Family Phy-
sicians Association of Flower Hospital, their affiliates, or
primary care practices in their medical office building were
offered an opportunity to participate in the study. Flower
Hospital is a 300-bed community hospital in a suburb of
Toledo, Ohio, serving a predominantly suburban popu-
lation that includes some rural and urban patients in its
drawing area. As in many family practiees, patients of all
socioeconomic and insurance types are cared for. Presum-
ably because ofthe misconception that lead poisoning is a
disease solely of the inner-city poor, physicians practicing
here consider the area to be at low risk for lead toxicity.
Some physicians indicated there was parental resistance to
lead testing due to the relative lack ofinsurance coverage
for screening. An informal survey of local physicians
showed that the CDC recommendation for universal lead
screening was not typically followed.

Lead Testing

Beginning June 1, 1992, and ending December 31,
1993, the parents of children of appropriate ages who
presented to participating offices for an office visit were
informed of the CDC’s recommendation of universal
screening by being given a letter by the nurse talcing vital
signs. Parents were asked to indicate on the letter whether
they wished to enroll their child in the study. Nurses and
physicians endeavored to offer participation to all age-
appropriate children. Attempts were made to obtain de-
mographic information on children whose parents re-
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fused to allow lead testing; however, many parents wae
unwilling to provide this information. Therefore, the e«
act contact and response rates are unknown. Children
could be enrolled only once. Parents who chose to pr
ticipate were given an informed consent document, fib
lowed by a short, multiple-choice risk-profile question-
naire.

Blood was drawn from each participating child by
either venipuncture or finger stick, depending on te
phlebotomises choice and the need for additional testing
as indicated by the nature of the visit. Lead levels in
capillary and venous blood have been shown to be equiv
alent.16 Confirmation venous testing was done for all pa
dents with values >20 jug/dL (0.97 gmol/L). Tre
screening test was free to the patient. All specimens vere
sent to Roche Biomedical Laboratories in Columbus,
Ohio, for blood lead analysis. Roche is a licensed, certified
laboratory that successfully participates in the CDC pro-
ficiency program using the graphite furnace atomic &
sorption spectrometry method of lead analysis. Each pe-
tient’s primary care physician was notified ofall laboratory
results. The CDC’s recommendations for follow-up of
any patient whose lead level was found to be >10 gg/dL
(0.48 gmol/L) were supplied to the physician. This sy
was approved by the institutional review board of te
hospital affiliated with the study practice.

Prescreening Questionnaire

The questionnaire included five primary risk questions &
outlined by the CDC (Table). Demographic information,
such as zip codes and the parents’ perceptions of tre
location of their home (urban, suburban, or rural aes),
were also included. The remainder of the questions sdic-
ited more specific information regarding risk factors, ach
as the estimated age of the home and daycare environ
ment by decade, proximity to a major highway, and faily
income. Lhtlike the group of CDC questions, this ques-
tionnaire specifically included “don’t know” as a possible
response instead of only “yes” and “no.” Many parens
were unable to estimate the age of their homes and day-
care locations.

Results

Usable questionnaires and blood results were obtained
from 232 children. An elevated blood lead level (EBLL),
defined as >10 jug/dL (>0.48 /xmol/L), was found in
13 children (5.6%). The mean level found was 4%
gg/dL (0.24 fiimol/L; standard deviation [SD], 443
and the levels ranged from 0 to 53 ju-g/dL (2.58 gmol/
L). Capillary blood was used in 66.4% of the samples ad
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Table. Lead Screening Questions Used to Identify Children For Whom Blood Testing Would Be Appropriate
% High % High Risk Negative
Risk Patients Sensitivity, Specificity, Predictive
Question Patients* with EBLL % % Value, % P Value
1 Does your child live in or regularly visit a 40.1 11.8 84.6 62.6 99.2 002!
house with peeling or chipping paint built
before 1960? This could include a daycare
center, preschool, the home ofa
babysitter or a relative, etcf
2. Does your child live in or regularly visit a 33.6 7.7 46.2 67.1 97.2 NS
house built before 1960 with recent,
ongoing, or planned renovation or
remodeling?!
3. Does your child have a brother or sister, 3.9 22.2 15.4 98.6 96.9 NS
housemate, or playmate being followed or
treated for lead poisoning (that is, blood
lead al5 /xg/dL)?f
4. Does your child live with an adult whose 17.2 10.0 30.8 83.6 97.1 NS
job or hobby involves exposure to lead?f
5. Does your child live near an active lead 121 17.9 38.5 89.5 97.6 .012
smelter, battery recycling plant, or other
industry likely to release lead?!
6. Was your home built before 196078 45.7 11.3 92.3 57.1 99.6 .0o0it

*High risk includes the percentage ofpatients answerig either “yes” or “don’t know” to the question,

fiend screening questionsfrom the Centersfor Disease Controland Prevention questionnaire.
fYatcs-corrected chi-square; other P values in this table are calculated using a one-tailed Fisher's exact test.
§Thelead screening questionfrom the local questionnaire that was determined to the the most useful.

EBLL denotes elevated blood lead level 10gg/L [>.48 gmol/LJ); NS, notsignificant.

venous blood in 33.6%. There was no significant correla-
tion between the type of blood drawing and the presence
ofan EBLL.

The average age of patients was 20 months (SD,
8.5). Parents identified their own race or ethnicity (82.3%
white, 3% black, 6.9% Hispanic, 7.8% other or no re-
sponse). Without receiving guidelines from the practice
staff, parents also made their own judgments regarding
the classification o ftheir homes: urban (22.8%), suburban
(52.6%), rural (24.6%). In retrospect, these categories
were found to overlap considerably. For example, homes
with nearly identical locations might be classified as either
urban or suburban, depending on the parents’ percep-
tions. Sex, age, race or ethnicity, proximity to a major
highway, and home location did not correlate signifi-
cantly with EBLL (P >.05).

About 95% of participants reported family income:
405% had an annual household income of less than
$20,000; 34.5%, $20,000 to $40,000; and 25%, more
than $40,000. Membership in the poorest group (annual
family income less than $10,000) was significantly associ-
ated with EBLL (P=.003, two-tailed Fisher’s exact test;
relative risk (RR)=5.15; 95% confidence interval [CI],
1-76 to 15.1). No cases of EBLL were found in families
with an annual income over $40,000. Neither home lo-
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cation nor ethnicity was significantly correlated with fam-
ily income in this sample (P >.05).

The results ofthe five CDC questions are reported in
the Table. The CDC questions require a response of ei-
ther “yes” or “no.” We found that many parents an-
swered questions with “don’t know.” Given the purpose
ofthe questionnaire as a screening tool, it seemed reason-
able to classify “don’t know” responses as “yes” to in-
crease the sensitivity of identifying patients with EBLL.
The five questions taken as a group (ie, a high-risk re-
sponse to one or more of the questions classified a patient
in the high-risk group) had a sensitivity of 84.6% and a
specificity 0f41.6% in identifying patients with EBLL. A
high-risk classification carried a relative risk of 3.68 (95%
Cl, 0.83 to 16.22) for EBLL. The negative predictive
value of the CDC questions, used in this way, was 98.7%.
If the CDC questions were used as formulated (ie, with
high risk defined as a “yes” response, rather than “yes” or
“don’t know” ), they yielded a sensitivity of 76.9% and a
specificity of 63.5% for identifying patients with EBLL.

Many parents could not estimate the age of their
home even within a decade. By classifying children living
in ahome known to have been built since 1960 as low-risk
and all others (including those who did not know the age
of their home) as high-risk, we found that older homes
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were significantly associated with EBLL (chi-square,
PC.005). Older homes carried a relative risk of EBLL of
14.3 (95% CI, 1.9 to 107.9). This question alone had a
sensitivity 0 92.3% and a specificity 0f 57.1% in identify-
ing children with EBLL and could have been used to
avoid screening in 126 of the 232 children while missing
only one child with EBLL.

Either the single question on home age or the set of
CDC questions detected all children in this sample with
blood lead level s15 /xg/dL (7.2 /xmol/L), the level at
which the CDC recommends environmental action, such
as nutritional monitoring, surveying the house for peeling
paint, and household cleaning to eliminate dust.

Discussion

Universal lead screening is a controversial issue. Some feel
that there is insufficient evidence that low levels of lead
produce clinically significant detrimental effects, and that,
therefore, large-scale screening of populations at lower
risk is not warranted. The findings of several studies17-20
conflict with the CD C’s universal lead screening recom-
mendations, suggesting that the CDC failed to consider
all available data in developing current guidelines. It is
unclear, however, how to define a low-risk area. Advo-
cates of screening argue that lead toxicity is a sufficiently
common, preventable disease with important public
health implications and that detection and intervention
have a positive cost-benefit ratio.1l' 21-24

This sampling of children aged 1 to 3 years from a
suburban (low-risk) practice setting found 5.6% of chil-
dren with ablood lead level sIO /xg/dL (0.48 /xmol/L).
Two children (0.8%) had a blood lead level >20 /xg/dL
(0.97 /Ixmol/L); neither ofthe children, whose levels were
27.5 and 53.0 /xg/dL (1.33 and 2.56 /xmol/L), respec-
tively, would have had lead screening had it not been for
this study. Other large studies have found the prevalence
of EBLL to vary between 0% and 36%. 12-15521-25-29 This
variability is not surprising, since the risk oflead toxicity is
clearly related to the current and historical presence of
lead in the local environment. It is important to recog-
nize, however, that several groups have recently found
that a given city or apparently homogeneous region can
vary widely in the prevalence of EBLL between neighbor-
hoods or other subpopulations.

Binns and associatesl3 tested the patient population
of a consortium of primary care pediatricians in nine sub-
urban Chicago office sites. The range of EBLL prevalence
varied from 0% to 12.4% among the different office loca-
tions. Of all the blood lead levels >10 /xg/dL (0.48
/xmol/L), only 0.1% were &20 /xg/dL (0.97 /xmol/L)
and none were over 30 /xg/dL (1.45 /xmol/L).
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Data obtained by Rooney and colleagues15 dermon-
strated a wide difference in prevalences from presumably
similar populations in Wisconsin. In this study, patients
were screened at two major health care organizations
whose primary care offices included both family physicians
and pediatricians. Clinic A had a prevalence of 54%0f
lead >10 /xg/dL (0.48 /xmol/L), whereas clinic B'srate
was 16.8%. They could find no demographic differences
between either the clinics or the populations studied o
account for the divergent findings.

A Pennsylvania suburban family practice atterrpted
to determine the prevalence of lead poisoning in trar
community28 but were able to sample only 40 petients
because private insurance did not pay for the screenings,
and parents were not routinely willing to assume the ex
pense. Therefore, the majority of children tested vae
insured under Medicaid. Of those tested, 20% had leds
&10 /xg/dL (0.48 /xmol/L). The authors of this stdy
doubted the generalizability oftheir results because ofte
recruitment problems. The variability in coverage te-
tween self-pay, indemnity insurance, health meintenance
organizations, and welfare programs causes problemsin
generalizing lead study results and translating them ino
reasonable practice patterns.

Gellert and associates14 felt that they practiced ina
high-risk location yet determined that the prevalence of
EBLL in their low-income urban children was 7.25%far
lead >10 /xg/dl (.48 /xmol/L) and only 0.12% for led
>25 /xg/dL (1.21 /xmol/L). These values are less tren
some obtained from low-risk suburban populations,
These results suggest that physician perceptions aout
lead risk for individual patients and their own vicinity nay
be misleading.

The results of the current study indicate that aques-
tionnaire may be useful in selecting children for led
screening. Testing the efficacy of a questionnaire to pre-
dict which patients would have EBLLs has recently ben
attempted by several different groups. Tejeda et al26tested
children from an urban, middle-class population who pre-
sented to a hospital-based general pediatric clinic or o
either of two private offices located in California. Tre
prevalence of EBLL among this group was 6%, and ro
patients had lead levels >19 /xg/dL (0.92 /xmol/L). In
this population, the CDC questionnaire had a sersitivity
of 87% for predicting EBLLs and a negative predictive
value of 99%.26 Questions relating to the home erviron-
ment were the most sensitive predictors.

Another study by Schaffer and colleagues,2 which
included a high proportion of inner-city residents ad
Medicaid recipients, tested the CDC questionnaire far
two summer months in 1992. Twenty-eight percent of
their patients had levels of 10 /xg/dL (0.48 /xmol/L) @
higher, and 5% had levels >20 /xg/dL (0.97 /xmol/L)
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These researchers experienced difficulty interpreting the
questionnaires because not all patients answered all the
questions. These missing responses were presumed to in-
dicate risk. The CD C questionnaire in the study by Schaf-
fer et al had a sensitivity of 70% and a negative predictive
value of 81% for lead >10 p,g/dL (0.48 /xmol/L).

In addition to these studies of urban populations,
several groups have examined lead levels and prescreening
questionnaires in suburban locations. Binns and col-
leagues13 used the CDC questionnaire with some addi-
tional questions in their suburban Chicago study and
found a sensitivity of 69% and a negative predictive value
of 99%. One of the additional questions (“Was your
house built before 1960?”) improved their sensitivity to
83%in detecting children with levels &10 p,g/dL (0.48
gmol/L). In a large midwestern health maintenance or-
ganization, Nordin et al30 tested children at routine well
visits at 9 months and 2 years of age. Including both
urban and suburban clinics, an average of 2.5% of the
children had lead levels >10 /zg/dL (0.48 /zmol/L). The
item with the best predictive value asked parents if their
child lived in or visited a house built before 1950. For
blood lead levels >10 /u,g/dL (0.48 /zmol/L), this ques-
tionnaire, which included the CDC’s and other ques-
tions, had a sensitivity of 75% and a negative predictive
value 01 98.1%.

The study by Rooney and associates15included both
CDC and community-based questions. Their own ques-
tionswere formulated to determine the age of the home,
its degree of disrepair, presence of co-residents who
smoked, and whether the patient received Medicaid. Sen-
sitivities and predictive values varied between clinics in
this study. In the clinic with the lowest prevalence, the
sensitivity and negative predictive values of the entire
questionnaire were both 100%. Using their data, almost
40%ofthe study patients would have been considered low
riskand, therefore, might not have been screened. In the
clinicwith the higher prevalence, the sensitivity and neg-
ative predictive values of their community-based ques-
tionnaire were 90.9% and 95.9%, respectively. The CDC
questions alone did not fare as well, with sensitivities in
the low- and high-prevalence clinics of 76.9% and 63.6%,
respectively.

No two of the previously mentioned studies found
the same questions to be equally predictive. Tejeda et al2%6
found that “ questions about chipping paint and remod-
eling, when used together, were as effective a screening
tool as using all five [CDC] questions.” An abbreviated
questionnaire that included only the first three of the
hDC questions was almost identical in effectiveness to the
complete CDC questionnaire for Schaffer’s group.29
Rooney et al15 found that their own five questions were
more effective than the CDC'’s set of five. The present
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study found that asingle question on the age ofthe child’s
home was more sensitive than the CD C’s set of questions
in predicting EBLL.

It was difficult to overcome physician and parental
attitudes to enlist cooperation and study participation.
Many believed that our study locale was a low-risk area, in
spite of the lack of evidence to support this assertion and
the general difficulty in estimating a region’s EBLL prev-
alence, as demonstrated in the other studies cited. Infor-
mal surveys of our physicians and their local colleagues
initially found that lead screening was rarely performed,
despite knowledge of CDC recommendations. This in-
formal survey is comparable to the one performed by
Bar-on3L: of more than 500 pediatricians responding,
only 12% were practicing universal screening.

These attitudes contributed to the largest weakness
of this study: the participation rate and its corresponding
small sample size. Although we attempted to enroll or
offer the test to all children who presented to the office
sites for care, the physicians and nurses sometimes were
“too busy” or “forgot” to offer the test to their patients.
Others were also reluctant to offer the screening to chil-
dren who presented for “sick” visits, even though they
could have scheduled the testing for a future time. This
problem eventually lessened, as a growing number of
practices incorporated the screening test into their rou-
tines (typically obtaining a lead level at the same time as
the 1-year hemoglobin test). Despite the recent publicity
in the national media and local newspapers about the
hazards of lead exposure, parents also frequendy consid-
ered their children’s risk too low to warrant the time
required to complete the questionnaire, or were unwilling
to subject their child to the discomfort that would result
from the phlebotomy. Both medical personnel and par-
ents considered the CDC recommendation to be just
that: a recommendation rather than a mandate for blood
testing. Since the screening was cost-free, it is apparent
that the recommendations of the CDC did not enhance
parents’ willingness to have their children screened for
lead. Another potential weakness of the study was the
limited age range included. The ages chosen were recom-
mended in the universal screening guidelines ofthe CDC
for patients without known risk factors.11

Additionally, many parents responded to a number
of the questions with “don’t know,” limiting the useful-
ness of a questionnaire intended to identify patients for
whom testing would be appropriate. In keeping with the
spirit of screening, patients answering “don’t know”
should probably be considered at risk, thus raising sensi-
tivity but lowering specificity. Another interesting prob-
lem was that neither parents nor physicians agreed about
whether certain homes were “urban,” “suburban,” or
“rural.” Many believe that an “urban” home location is a
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risk factor for EBLL. This study found a trend to support
this but it was not statistically significant (P >.05). This
trend may reflect broad overlap in parents’ identification
of their homes as urban vs suburban, similarity in housing
age between the suburban and urban drawing area of the
practices, or some unknown factor.

Based on this study and others, it seems that a pre-
screening risk questionnaire could be useful in identifying
children at risk for lead poisoning who otherwise would
not be perceived to be at risk by their primary care pro-
vider. 131S96:30 Selecting a higher risk subpopulation from
a low-risk general community would decrease the health
care dollars spent on screening by reducing the number of
children subjected to blood lead determination. This op-
tion, however, is based on the possibility that some chil-
dren with EBLL will not be identified. The CDC’s group
of questions may not be the most useful screening tool in
all locales. To maximize sensitivity, communities may
wish to develop screening questions appropriate for their
own region or consider combining the CDC questions
with those found to be useful in other studies, such as the
age of the child’s home or the family income. In the
studies cited, however, even the best community ques-
tionnaires might miss up to 14% ofchildren with EBLL. If
this rate of omission were considered worthy of concern
and worth the screening costs, universal screening for lead
toxicity would be warranted.

Conclusions

The CDC recommends universal blood lead screening for
toxicity unless a community has determined that its own
prevalence of elevated blood lead levels is acceptably low
(without actually defining this acceptable level). Studies
have shown a wide variability in EBLL prevalence be-
tween “similar” communities and even within communi-
ties. Without a period of local universal screening, it may
not be possible to know aspecific community’s prevalence
of EBLL. Ifthe costs, monetary and otherwise, of univer-
sal screening are to be avoided, physicians may wish to
select high-risk patients for screening with a question-
naire. Whether this is a cost-justified trade-off or proof
that universal screening is still necessary depends on the
reader’s viewpoint in the controversy about management
of low lead levels. A community-specific questionnaire or
the addition to the CDC questionnaire of questions that
are specific to a given area can improve sensitivity in de-
tecting patients with EBLL.
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