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Background

Lead is a neurotoxin that has been shown to cause lasting health issues among multiple body systems, causing particular damage to the developing brain.1,2 Children are mainly exposed to lead by orally ingesting deteriorated lead-based paint or inhaling lead-contaminated dust.2 More than half of the homes built in the United States prior to 1950 contained such paint.2 Lead poisoning incidence peaks at about 2 years of age.1-3

Substantial evidence links lead exposure to decreased IQ and ability to concentrate.1,2,4-6 Among children enrolled in the Chicago public school system, the risk of failing the reading and math sections of the Illinois Standard Achievement Test increased 32% for every 5 μg/dL increase in blood lead.1 Moreover, a wealth of data suggests adverse outcomes are irreversible through both pharmacological and nutritional interventions.2,7-10

Early exposure to lead is also shown to have significant downstream effects. Studies have found that upon 50-year follow-up, children with lead poisoning were 7 times more likely to have hypertension and twice as likely to die from cardiovascular disease as compared to their counterparts and that deficits in cognitive ability continued to affect occupational status.11,12 Evidence also suggests a lack of effective treatment. No randomized clinical trial suggests chelation, a common treatment to reduce blood lead levels (BLLs), improves outcomes.3 It is estimated that lead-related health care in the United States costs $43.5 billion each year.2 In addition to worsened health, approximately $50 billion is lost annually due decreased economic productivity resulting from reduced cognitive potential.13

A growing body of evidence citing prolonged health and developmental issues even after low exposure levels resulted in the Advisory Committee on Childhood Lead Poisoning Prevention (ACCLPP) publishing a report in 2012 urging the Centers for Disease Control and Prevention (CDC) to adopt a primary prevention strategy rather than a reactionary protocol for childhood lead exposure.3 Though the CDC recognizes that no lead level is safe for children, a reference level of 10 μg/dL is used for children 1-5 years old.3,14

Like many other public health concerns, risk of lead exposure is not uniformly distributed.2 Despite decreases in average blood lead levels, many studies have shown that racial and income disparities persist.3 Krieger et al. determined that geocoding records to either census tract or block group levels can meaningfully identify social determinants of health among children with exposure to lead.15 While census tracts have shown to predict rates of elevated blood lead levels (EBLLs) among children, there is a need to further analyze cases within dense tracts for social determinant of health predictors.16

Our Study

Given that there is no safe blood lead level and that exposure is not uniformly distributed, the Community Epidemiology and Health Planning Unit at the Cook County Department of Public Health sought to identify the relationship among place based social determinants of health and elevated blood lead levels among children in suburban Cook County, IL in order to prevent lead exposure. 

Our process included analysis at the census block group level and a literature review to identify consistently found social determinants of health lead predictors. Census block groups are the smallest geographic unit reported by the U.S. Census Bureau. Its classification is solely based off of population, containing 600-3,000 people. Due to this census block groups do not adhere to municipality lines. There are 132 municipalities and 3,993 census block groups within suburban Cook County (Figure 1). 

After reviewing the literature, four social determinants of health predictors were identified based off of repeated indication in other area-based lead studies. The following were shown to be greater in places where BLLs are higher:
1. Percent of individuals living below the poverty line
2. Percent of individuals 25 years or older with less than a high school education
3. Percent of housing units that are renter occupied
4. Percent of homes built before 1950 

Methods
In this cross-sectional analysis, we examined the aforementioned area-based social determinant of health measures in children between 1 and 5 years of age reported to the Cook County Department of Public Health (IL) from 2009 to 2013. This time frame was determined so that the most recent census data from 2010 could be used meaningfully to draw inferences about the children’s environment and lead exposure. We only considered the first venous test reported to the county in order to avoid duplicates and ensure that the BLL was accurately measured. Often, when capillary measures are taken, the test may reflect lead on the surface of the child’s skin rather than in their blood; thus, only venous tests were considered. Any child with an address that was invalid or contained a P.O. Box was disqualified from analysis. Our study included 86,087 children, all meeting these inclusion criteria (Figure 1). 


Figure 1. Map of Municipalities within Suburban Cook County (left) and Map of Census Block Groups within Suburban Cook County with all Lead Cases between 2009-2013 (right)
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Predictor and population data was obtained from the 2009-2013 American Community Survey and the 2010 U.S. Census, both extracted from the Missouri Census Data Center. These data sets were linked to each other and to each child that was considered for analysis. Software used for this analysis included SAS Enterprise Guide 6.1 (64-bit) and ArcMap 10.2.2. 

Analysis
Our large study population (n=86,087) allowed us to perform both a linear regression on each predictor and to examine geographically dense areas with large proportions of high EBLLs in our jurisdiction. A linear regression model is a way to determine a relationship between two variables. For example, if we compare the percent of people living below the poverty line in an area, we expect that same area to contain higher EBLLs. Then if multiple predictors are found to have a linear relationship with EBLL, we would create a multiple regression model that would account for all the predictor relationships with EBLL at the census block group level. When we ran our linear regression analysis, we were not able to fit a regression model for any of the predictors. As in, we did not see the expected linear relationship we had predicted: our results were inconclusive. We then sought to confirm this lack of relationship visually.

Upon visual analysis, we confirmed our mathematical results. For all the census block groups within Cook County, we categorized each into three categories (Low, Medium, or High) based off the amount of EBLL in that area. Areas that are categorized as red had children with higher EBLL than in census block groups that are colored green. The same categorization was applied to a map depicting poverty in suburban Cook County. We visually compared the proportion of high tests in an area to each predictor. For the example below, we used poverty (Figure 2). Looking to see if the colors consistently match on both maps allowed us to visually inspect a lack of linear relationship. Looking at the census block groups in blue, we would expect that in the same places, where there is a high proportion of EBLL, that poverty would also be severe. We can see that this is not the case. Alternatively, looking at the purple circle in Figure 2, we can see that some census block groups do in fact match in color. This inconsistency in relationship, points to the fact that there is not a clear linear relationship. However, while our analysis did not allow our department to identify EBLL predictors, we were in fact able to track kids with higher EBLL.

Figure 2. Selected Census Block Groups, Western District: Comparison of Percent High EBLL Tests to Percent Living Below the Poverty Line
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Given that we already had the address and lead test result information for each child in our study, we categorized them into high and low test results and mapped them in order to identify dense areas of high EBLLs. For this additional analysis, we considered any child with a test result of less than 5 μg/dL to be a “low test result” and any child with a 5 μg/dL or greater result to be a “high test result.” For suburban Cook County, there were 79,250 low test results and 6,837 high test results (Figure 3). The high test results account for 7.9% of all tests in suburban Cook County. The national average, based on 2007-2010 NHANES, data is 2.6%.17 Suburban Cook County has 3 times the national estimate of children ages 1-5 with BLLs at or above 5 μg/dL.

Figure 3. Map of Suburban Cook County with High and Low Test Results 
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Based off of the geographical analysis of each high test result in our jurisdiction, the Western district was identified to have the most dense areas of high EBLL results. Upon further analysis we noticed that within the Western district, high tests were contained in small geographic areas. We found that nearly half of all the high tests in the entire county were concentrated in just 19 census block groups within this district. Moreover, the 19 census block groups were contained within only 3 municipalities: Cicero (14 block groups), Summit (3 block groups), and Maywood (2 block groups). These selected areas are highlighted in Figure 4 (see below). 

Figure 4. Census Block Groups Identified for High Proportion of High Tests[image: ]

In order to understand the characteristics of each area, we grouped the selected 19 census block groups by the municipality they are located in (Figure 5). 

Figure 5. Comparison of 3 Selected Municipalities: Cicero, Summit, and Maywood, IL









~485 High Test Kids/Year
14 Census Block Groups

Population: 18,113
Under 5 Pop.: 1,549 
1.36 square miles
4,527 housing units
57.9% renter occupied
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~74 High Test Kids/Year
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Population: 4,797
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898 housing units
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Of the three municipalities, Cicero has by far the largest amount of children with high test results. Of the 18,113 people living in the 14 census block groups identified, 1,549 of them are under the age of 5, of which nearly one-third (485 kids) have a BLL at or above 5 μg/dL each year. Of the 4,527 housing units in the 1.36 square miles identified, 57.9% are renter occupied and consist of a 90.7% Hispanic resident population. 

The three census block groups identified in Summit contain 4,797 individuals, of which 358 are less than 5 years old. Of the 358 children at-risk, about 74 of them will have a 5 μg/dL or above BLL test result each year. These children live in a little less than one square mile, which contains 1,447 housing units. These communities are also predominantly Hispanic.

The two selected census block groups in Maywood contain 2,617 people, with 145 of them being children under 5 years. Of these kids, about 27 of them will have a high test result each year. They live in under one-fourth of a square mile. The percentage of renter occupied housing is much less than in Cicero and Summit at 31% and its community is predominantly black (non-Hispanic).

We also looked at the breakdown of predictors for our three selected municipalities (Figure 6).  While the percent of individuals living below the poverty line was similar across all Cicero, Summit, and Maywood (~20%), the percentage of homes built before 1950, housing units that are renter occupied, and individuals with less than a high school education was highest in Cicero, IL. 

Figure 6. Social Determinants of Health Predictor Breakdown by Selected Municipality


Looking at the children with high test results, population, housing stock, race and ethnicity, and social determinants of health predictors within the selected census block groups and municipalities allows us to understand the populations most affected within these areas. 
 
Limitations

As with all studies, there were limitations to our methods and analysis. Our study did not allow us to predict where there may be higher EBLLs, but it did allow us to track where high EBLLs are historically. This said, we hope to explore different methods of analysis in order to see if a prediction model exists for our jurisdiction. During our analysis we discovered an anomaly: some census block groups with no children under the age of 5 had reported test results and other census block groups with many children under the age of 5 had no reported test results. These observations can point to testing bias, reporting discrepancies, or frequent moving within certain areas of suburban Cook County. 

Recommendations

Based off of our findings of this study and understanding its limitations, we created recommendations for the suburban Cook County lead program. The impact of each recommendation was also evaluated. Our four recommendations, based on this analysis, are as follows: 
1. Currently the HUD (Housing and Urban Development) grant in suburban Cook County includes both Maywood and Cicero. We recommend exploring including Summit as a priority area in this grant. Doing so would focus abatement efforts on the 74 children per year with high test results in the 3 census blocks identified within this municipality.
2. We recommend focusing outreach efforts on the 19 census block groups with the highest proportion of high tests identified in Cicero, Summit and Maywood and to the medical providers serving the residents in these blocks. This will provide the 25,527 residents with lead education, which can increase screening rates and promote prevention at the individual level.
3. When the suburban Cook County lead program expands to intervene at lower EBLLs, we recommend focusing this roll-out on the identified 19 census block groups. This would emphasize our lead management efforts on the children most affected by lead exposure within small geographic areas.
4. Finally, we recommend promoting policy, starting with priority municipalities, regarding lead poisoning prevention strategies within their borders. This can include, but is not limited to, policy regarding health building codes, prospective rental inspection, window replacement, and RRP (renovation, repair, and painting certification) enforcement. Doing so can further prevention efforts at the municipality level.

Informing our policies using relevant data can allow our lead program to do even more good for the people and children in our jurisdiction. This analysis has the ability to affirm any program initiatives that are currently underway and to explore efficient areas for program expansion. In addition to program recommendations, we encourage further research in the fields of small-area analysis and lead exposure moving forward. 
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Population Under 5 Years	
Total	Maywood	Summit	Cicero	8	6	8	8.6	Living Below Poverty	
Total	Maywood	Summit	Cicero	21.3	20.3	20	21.7	Less than HS Education	
Total	Maywood	Summit	Cicero	35.799999999999997	29.5	33.6	44.3	Renter Occupied 	
Total	Maywood	Summit	Cicero	52	31	46	57.9	Built Before 1950	
Total	Maywood	Summit	Cicero	74.400000000000006	60	51	84.1	
Percent
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