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Abstract
Although the Medicaid policy for Early Periodic Screening, Diagnosis & Treatment of children identifies blood
lead testing as an essential required test and has expressly indicated that, “…Completion of a risk assessment
questionnaire does not meet the Medicaid requirement.” The state of Washington recommends the use of a
risk assessment survey to identify children at risk for selective testing referral. As such, children living in
Washington do not universally undergo testing and most public health departments do not have a clinical
directive or policy that addresses the Medicaid universal blood lead testing requirement. In Klickitat County,
poverty and older housing are predominant risk factors associated with high blood lead tests, along with old
orchards, a lumber mill, and a landfill. This study seeks to identify the cost of universal blood lead testing versus
the comparative costs associated with neuro-developmental disabilities acquired due to lead exposures, lack of
early testing and diagnosis, and lack of early intervention. Using TreeAge Pro 2018 software, risk related factors
and costs associated with blood lead testing, early intervention therapy, home mitigation assistance, and
education were identified through the Washington Department of Education, Department of Health, and
Department of Social & Health Services; Medicaid, Centers for Disease Control and the Environmental Protection
Agency and modeled to provide guidance on the cost effectiveness of universal blood lead testing and to
support decision-making in clinical program implementation. Results of this model demonstrate costeffectiveness with high sensitivity supporting the early intervention decision of universal blood lead testing in
Klickitat County. The results of this model may be useful to county public health departments in Washington
considering implementation of universal blood lead testing, particularly those counties identified as high risk for
early child lead exposures.

Introduction
Lead is a heavy metal that occurs naturally in the earth’s crust and is also found throughout the manmade
world. Lead exposure has negative impacts on the human body, particularly to the nervous (brain), renal
(kidney), and hematologic (blood) systems. Young children (~ages 0-5) and pregnant women are the most
vulnerable. Neurodevelopmental effects can occur at extremely low levels. At blood lead levels below 10 μg/dL,
there is a strong inverse relationship between the lead level and a child’s intelligence quotient (IQ). Other effects
may include decreased learning ability and attention span, lower school test scores, and reduced fine motor
skills. Increased dropout rates, aggressiveness, and delinquency have been associated with lead toxicity in some
studies and the cost of education for these children has been calculated at 2.2 times the rate of the average cost
of education (Delgado, 2017). There is no known safe level of lead exposure for children; lead stays in the blood
for several months but can stay in the body for a long time, as it can be stored in the bones for 30 years or more.
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Blood Lead Level

Health Effects

Blood lead levels
below 5µg/dL

Children: Decreased academic achievement, decreased IQ, and decreases in
specific cognitive measures, increased incidence of attention-related
behaviors and problem behaviors
Adults: Decreased kidney function, maternal blood lead associated with
reduced fetal growth

Blood lead levels
below 10µg/dL

Children: Delayed puberty, reduced postnatal growth, decreased IQ and
decreased hearing
Adults: Increased blood pressure, increased risk of hypertension, and
increased incidence of essential tremor

About 2% of all children in the U.S. have elevated blood lead levels (MMWR, 2005). In 2016, the first year the
state of Washington began collecting information on blood lead testing, 6% (32,633) of the population of
children <72 months of age (536,873) were tested (Seattle, King County and Spokane County) and 2% (687) of
those children were found to have confirmed blood lead levels greater than the CDC reference level of 5
micrograms per deciliter (ug/dL). However, the counties in Washington where testing was conducted may have
been some of the lowest lead exposure risk areas in the state, according to the map of Lead Exposure Risk found
on the Department of Health website (WA DOH, 2018). Seattle, King County and Spokane County are
predominantly in the Risk Rank of 1-4 (out of 10), while Klickitat County is ranked 8 on Lead Exposure Risk.
Given the overall lack of testing in Klickitat County, with a rank of 8, what are the projected % of children with
high blood lead levels in this county? Should the Klickitat County Health Department integrate universal blood
lead testing into its clinical practices?

Klickitat County, Washington
3 map segments
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The state of Washington has a long history of not participating in early childhood blood lead testing and has,
instead recommended risk assessments based on key variables of known risk. Blood lead testing is then
recommended for only those children demonstrating high risk
from the assessment. Department of Health Expert Panels were
convened in 1999, 2008 and again in 2015 with specific
The Washington Department of Health
recommends performing a blood lead
recommendations for Washington healthcare providers that
test on children with the following risk
included targeted lead screening and use of survey questions to
factors:
determine “who” to clinically refer for blood lead testing. The
• Lives in or regularly visits any
state of Washington has a formal (written) childhood lead
house built before 1950.*
testing recommendation that deviates from Medicaid blood lead
• Lives in or regularly visits any
house built before 1978 with
testing requirements for children receiving Medicaid funded
recent or ongoing renovations or
services (Washington State Department of Health, 2016).
remodeling.
Medicaid requires all children enrolled to receive blood lead
screening tests at 12 and 24 months of age and explicitly states
that “…completion of a risk assessment questionnaire does not
meet the Medicaid requirement.” Only one state has a
Medicaid approved screening plan for targeted lead testing
(Arizona). (Medicaid.gov, 2018) Currently, only 3% of Medicaid
eligible children <72 months of age in Washington are actually
undergoing blood lead testing.
There are several areas of potential risk for lead exposures in
Klickitat County, including a lumber mill and landfill disposal
sites (US EPA, 2018), as well as old apple orchards that were
exposed to lead arsenate pesticides pre-1950 (Flatt, 2015). Even
so, blood lead testing is not universally conducted in Klickitat
County by the health department, even though a majority of
clients visiting the health department meet the Medicaid
benchmark for required testing. In addition, Medicaid-qualified
children are typically seen in WIC (Women, Infants, & Children
program) and do have a hemoglobin check, but there is no state
or federal requirement that compels blood lead testing through
provision of WIC services. Assessments are also not typically
conducted as a clinic referral during a WIC visit due to the lack of
universal clinic integration with each child visit and the lack of
WIC funding, Maternal Child Health program funding, and/or
local or state directives to do so.

•

•

•

•

•

From a low income family; income
<130% of the poverty level.
(Federal law mandates screening
for all children covered by
Medicaid)**
Known to have a sibling or
frequent playmate with an
elevated blood lead level.
Is a recent immigrant, refugee,
foreign adoptee, or child in foster
care.
Has a parent or principal caregiver
who works professionally or
recreationally with lead.
(Examples: remodeling and
demolition; painting; works in or
visits gun ranges; mining; battery
recycling; makes lead fishing
weights or shotgun pellets;
hobbies involving stained glass,
pottery, soldering, or welding).
Uses traditional, folk, or ethnic
remedies or cosmetics.
Washington State Department of
Health,
https://www.doh.wa.gov/ForPubli
cHealthandHealthcareProviders/H
ealthcareProfessionsandFacilities/
ProfessionalResources/BloodLeadT
estingandReporting, retrieved
11/24/2018.
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Methods
Using the TreeAge Pro 2018 software, a tree diagram was created to better understand the cost of carrying out
universal child blood lead testing with interventions applied when tests were positive versus no early child blood
lead testing and interventions applied only after developmental disabilities were identified at entry to school
and testing carried out at that point.
Data used for this model was based on published risk related factors and costs associated with blood lead
testing, early intervention therapy, home mitigation assistance, and education. Although there may be
additional areas of interest or concern (e.g., adult assistance and support, etc.) that present additional costs due
to ongoing issues related to early child lead exposures, this model seeks to narrow the comparative analysis to
those related to healthcare and education expenses. All data used for this model was identified through
publications from the Washington Department of Education, Department of Health, and Department of Social &
Health Services; Medicaid, Centers for Disease Control and the Environmental Protection Agency and modeled
to provide guidance on the cost effectiveness of universal blood lead testing and to support decision-making in
clinical program implementation.
A sensitivity analysis was conducted on the potential percentage of children testing negative vs. positive,
starting with 98% negative and decreasing that rate to 96% and 94%. Given the uncertainty of actual negative
results in Klickitat County, it may be important to assess sensitivity to gain a stronger understanding for
potential costs related to a 2%, 4%, or 6% positive rate should universal testing be implemented.
Variable properties used in the analysis included the following:

Costs associated with this model were confirmed through Medicaid and through the supplier of the LeadCare II
testing equipment. Early Intervention (EI) Therapy Services are presumptive for positive results when testing is
routinely conducted, as is home mitigation services through the health department. With no early lead testing
and/or no intervention with a positive result, there is a presumption of delayed recognition of
neurodevelopmental disabilities and limited response to Early Intervention (EI) and home mitigation, as well as
the need for long term educational support K-12 (13 years).
Two variables were excluded from use in the tree: 1) cAnnual Education – this variable was rolled into the
cEducation in WA for 13 years; and 2) risk – without actual data from Klickitat County due to past testing, this
number is simply foundational and of concern, but does not contain enough data associated with it to use
appropriately in the model.
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Results
Using the established Variable properties, the following model was developed using TreeAge to calculate and
compare the costs blood lead testing 1,000 children versus no early child lead testing.

With the roll back feature in the TreeAge software, the expected value of each node, along with the path
probability at terminal nodes, is rapidly calculated and displayed, as follows:

The most optimal path in the decision tree according to the variables used for this model is highlighted in green
while the least optimal path is blocked with red hash marks. The roll back model shown above presumes that
98% of all tests would be negative (2% positive) whether or not early lead testing was carried out for
confirmation. Based on the defined given variables, the cost of 1000 lead tests and a 2% positive outcome
invoking interventions would represent a value/cost of $428.23. However, the cost of no early lead testing
would represent a value/cost of $3,709.47. The higher cost associated with no early lead testing in this model is
due to the added cost of delayed intervention and long term education support costs, K-12. This model was
repeated with a variety of negative/positive results ratios and even at 6% positive results, the costs were
significantly higher to not carry out lead testing.

Page 5 of 8

Sensitivity Analysis
Using the Sensitivity Analysis feature of the TreeAge software, a 1-Way Sensitivity Analysis was carried out on
Expected Values for each pathway choice against the cost of early intervention therapy services provided with
positive results due to early testing. The graph and text report for the Sensitivity Analysis based on 98%
negative test results is shown below. At all reasonable possible intervals of negative/positive results for the
state of Washington (2-6% positive), the Sensitivity Analysis demonstrated a significantly higher cost of not
conducting early lead testing with substantial incremental value.
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Discussion
Although there is limited data available on the actual rate of high blood lead tests among children in
Klickitat County, Washington, this TreeAge model used the national 2% rate (also found in King and
Spokane Counties) as a baseline and was able to demonstrate simple cost-effectiveness of carrying out
blood lead testing based on expenses related to testing, early intervention, home mitigation, and
educational support services needs (K-12) when testing was delayed (beyond parameter of Medicaid
recommendations). The cost information used in this model is specific to Washington Medicaid
reimbursement rates, and all other variables are specific to Washington’s data reports for education,
Washington social services related to therapy, and limited home mitigation costs. As such, the results
demonstrated from this model may not be applicable to other states and may also underestimate actual
home mitigation costs. This model could be promulgated with state/county specific data and rolled
back to identify the expected new value of each node, along with the path probability at terminal nodes;
and, used for unique and independent decision-making in each region considering universal lead testing
versus no early lead testing at all.
Due to the results of this model for Klickitat County, the following steps are recommended as policy
changes and clinical implementation:
1. Adopt universal screening to discover the full extent of elevated blood lead levels in children
2. Implement strategic education campaigns for health care providers and parents
3. Identify implementation models to make the testing more accessible and affordable (MCH
partner with WIC in Washington?)
4. Require universal reporting of test results (already required in Washington for Public Health
clinics)
5. Publish county data on tests done at both 12 and 24 months.
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