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Original Research

Where one lives matters for health.1 This impact of place is 
influenced by underlying socioeconomic factors.2,3 When 
operationalized as area-based socioeconomic measures, 
these poverty-related risk factors have been associated with 
disease at both the patient and population levels.4-8 Poverty 
rates are among the most useful area-based predictors of 
health outcomes,9 and census tracts are the most useful geo-
graphic grouping.10

Completion of preventive services (eg, immunizations, 
developmental screening) is increasingly considered an 
important measure of health care quality. Previous studies 
have shown associations between individual-level and area-
based socioeconomic measures, such as parental income or 
census tract poverty, and completion of pediatric preventive 
services.11-16 While studies assessing area-based socioeco-
nomic measures have looked at completion rates across 
states or cities, to our knowledge, no previous study has 
evaluated such linkages at the level of a single system of 
pediatric primary care centers.

Analyses at clinic or health system levels could elucidate 
variability in preventive service completion that may be rel-
evant to risk-targeted approaches gaining favor in primary 
care redesign.17,18 Additionally, centers may benefit from 
information regarding completion of a more broadly defined 
set of preventive services delivered across early childhood.19 
Such an analysis, and identification of the geographic area in 
which a practice’s children are at highest risk for non- 
completion of preventive services, could inform the design 

of place-based interventions. Thus, we sought to identify 
whether area-level socioeconomic measures would be use-
ful in the prediction of completion, or noncompletion, of 
preventive services in a single system of pediatric primary 
care centers.

Methods

Setting

Cincinnati Children’s Hospital Medical Center (CCHMC) 
is a large, urban, free-standing, academic pediatric institu-
tion. The CCHMC Division of General and Community 
Pediatrics oversees 3 primary care centers, 2 urban and 1 
suburban. The 3 centers share a leadership structure and use 
common processes for quality assurance. Attending pedia-
tricians and trainees follow uniform protocols for adminis-
tering preventive services, resulting in receipt of eligible 
services at 92% of visits.20 The payer mix at all 3 centers is 
85% Medicaid, 5% private insurance, and 10% self-pay.
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Abstract
We examined 4872 infants born consecutively, 2011-2012, and seen at 3 primary care centers to determine whether area-
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The study was approved by the CCHMC Institutional 
Review Board with waived informed consent (#2014-2901).

Study Design

This was a retrospective review of the electronic health 
record for 5298 infants born consecutively between May 1, 
2011 and November 30, 2012 and seen in 1 of 3 primary 
care centers. Each infant was followed for 15 months. 
Exclusion of patients with street addresses outside the pri-
mary service area of Hamilton and Butler Counties, and 
those with invalid address data, resulted in a final sample 
size of 4872 infants. Addresses were geocoded in ArcGIS 
10.2 (Redlands, CA) using the address locator toolbox and 
street data from 2005 maintained by ESRI and TeleAtlas, 
linking every patient record to a precise geographic location 
representing their residence. Patients were then connected 
to the census tract in which the address was located; tract-
level socioeconomic variables were appended to the patient 
record.

Outcomes

The outcome of the study was completion of a set of pre-
ventive services, defined a priori, within the first 15 months 
of life. The measure was defined to be composed of 10 pre-
ventive care elements recommended by the American 
Academy of Pediatrics (Bright Futures),21 including com-
pletion of recommended immunizations, lead screening, 
and developmental screening (Table 1). Infants are sched-
uled to be seen a minimum of 6 times during the first 15 
months, and eligible preventive services can be given at 
well, ill, or follow-up visits. For this study, services were 
considered complete if received any time in the first 15 

months. In our centers, lead and developmental screenings 
are routinely completed for all infants at 9 months of age 
due to our region’s high risk for lead exposure and the rec-
ommendation for early intervention.22 Preventive service 
completion was treated as an all-or-none, dichotomous out-
come variable.

Predictors

Our primary predictors were census tract rates of poverty, 
household vehicle ownership, and adult educational attain-
ment. We chose poverty and educational attainment as com-
mon markers for socioeconomic status, and household vehicle 
ownership as a conceived measure of transportation access 
(and access to care). Variables were obtained from the 2008-
2012 American Community Survey.23 For ease of interpreta-
tion and given consideration of how such data could be adapted 
as a tool for clinical usage, each variable was categorized into 
quartiles to place ~25% of patients in one of four risk group-
ings. Demographic covariates including race, ethnicity, insur-
ance, and sex were collected from the electronic health record. 
We also identified the specific primary care center where each 
patient was seen—defined as center A, B, or C.

Statistical and Spatial Analyses

Bivariate analyses assessed relationships between predic-
tors, and covariates, and our outcome using the chi-square 
test. Then, multivariable logistic regression with general-
ized estimating equations was used to assess associations 
between area-level predictors and preventive service com-
pletion, accounting for key covariates and for clustering at 
the census tract level. Because of the high correlation 
among the 3 tract-level variables, models were fit for each 
separately. Covariates included race, ethnicity, insurance, 
sex, and primary care center.

We then explored spatial patterns in preventive service 
completion using the Gi* cluster detection statistic. This 
statistic compares the expected value of a variable at a point 
across a local area to the expected value of that variable 
across the entire study area.24 The Gi* value is a standard-
ized z-score. Positive, significant values indicate that a point 
is part of a cluster of high rates of completion; negative, sig-
nificant values indicate that a point is part of a cluster of low 
rates of completion (ie, high rates of noncompletion). To 
account for multiple testing and spatial dependency, a false 
detection rate correction was applied, which reduces the 
critical P-value threshold at which a spatial pattern is con-
sidered to be statistically significant.

Results

A total of 4872 patients across 283 census tracts were included 
(range of 1-176 patients per tract). All recommended 

Table 1.  Ten Recommended Preventive Services Included in 
Outcome Measure.

Preventive Service

No. of Doses (or 
Screens) Required to Be 
Considered Complete

Immunizations
1.  Diphtheria, tetanus, and pertussis 3
2.  Inactivated polio virus 3
3.  Haemophilus influenzae type B 3
4.  Hepatitis B 2
5.  Pneumococcal conjugate 3
6.  Rotavirus 2
7.  Measles, mumps, and rubella 1
8.  Varicella 1

Screenings
9.  Lead screening (blood test) 1

10. � Development screening (using 
Ages and Stages Questionnaire)

≥1
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preventive service items were completed by 43% of infants 
(Table 2). Patients were predominantly African American, 
non-Hispanic, and publicly insured. For patients’ correspond-
ing census tracts, the median poverty rate was 24.9% (range 
1% to 84%), the median rate of no household vehicle was 
16.7% (range 0% to 71%), and the median rate of less than 
high school completion was 16.7% (range 0.2% to 41%).

Census tract variables were highly and significantly cor-
related with one another, with Spearman correlation coeffi-
cients of >0.67. When categorized, the number of tracts in 
each risk quartile ranged from 31 to 132.

In bivariate analyses, African American children had 
lower completion rates compared with white children (42% 
vs 49%; P = .009). Non-Hispanic children also had lower 
completion rates compared to their Hispanic counterparts 

(42% vs 55%; P < .0001). Primary care center was also 
associated with completion of services with the rates of 
completion lowest at the urban, base facility (A) and higher 
at both the urban, community center (B) and the suburban, 
community center (C) (39% vs 48% vs 47%; P < .0001). 
Insurance and sex were not related to our outcome.

In the multivariable generalized estimating equation 
models, we found that those living in high poverty (quartiles 
3 and 4) tracts had significantly higher odds of preventive 
service noncompletion compared with the lowest poverty 
quartile (Table 3). Similarly, we found that those living in 
low vehicle access tracts (quartiles 2, 3, and 4) had signifi-
cantly higher odds of noncompletion compared with the 
highest vehicle access quartile. The educational attainment 
variable was not a significant predictor after adjustment.

Figure 1 illustrates our spatial analysis. This map display-
ing the Gi* computation illustrates a cluster of low rates of 
completion (“hot spot”) in the southern part of the study 
region (inner-city Cincinnati and adjacent neighborhoods) 
and a cluster of high rates of completion (“cold spot”) in the 
center of the study region (suburban Cincinnati). The tested 
area-based measures seem to drive, at least in part, the geo-
graphic patterns in completion across the study region. For 
example, the tracts included in the cluster of low rates of 
completion have significantly higher rates of poverty than the 
tracts located within the cluster of high rates of completion.

Discussion

Preventive services are a critical component of pediatric 
primary care delivery. We found significant associations 
between area-based socioeconomic measures and comple-
tion patterns of recommended preventive services. Patients 
living in communities, or census tracts, with higher rates of 
poverty and lower rates of vehicle access were ~30% less 
likely to complete key preventive services compared with 
the lowest poverty and highest vehicle access quartiles, 
respectively. Such area-based data could be applied at the 
patient-level to improve completion of preventive services 
via patient-level risk stratification and tailoring of interven-
tions. Such data could be similarly applied at the primary 
care center or population level to more effectively target pre-
ventive service delivery. Such strategies are especially rele-
vant given renewed focus on preventive service delivery.

Our study adds to previous studies which have shown 
the impact socioeconomic factors can have on preventive 
service utilization. Indeed, individual socioeconomic mea-
sures like parental employment and access to transportation 
have been linked to pediatric preventive and ill care utiliza-
tion as well as immunization rates.25-28 Here, we show that 
infants from lower socioeconomic tracts are also missing a 
range of preventive services, including immunizations and 
key, recommended developmental and lead screens. Past 
studies have shown that children of lower socioeconomic 

Table 2.  Individual Demographic and Census Tract 
Socioeconomic Characteristics for Study Population (n = 4872).

Characteristic
n or 

median
% or interquartile 

rangea

No. of visits in first 15 months   6.0 3.5, 8.5
Preventive services completion
  Complete 2078 42.7
  Incomplete 2794 57.4
Race
  Black or African American 3042 62.4
  White or Caucasian 1186 24.3
  Other 603 12.4
  Missing 41 0.8
Ethnicity
  Hispanic 312 6.4
  Not Hispanic 4500 92.4
  Missing 60 1.2
Insurance
  Public 4155 85.3
  Private 371 7.6
  Missing 346 7.1
Sex
  Female 2346 48.2
  Male 2525 51.8
Primary care center
  Urban, base facility (A) 2697 55.4
  Urban, community health 

center (B)
883 18.1

  Suburban, community health 
center (C)

1292 26.5

Census tract socioeconomic factors
  Percentage of individuals 

below poverty line
24.9 13.7, 42.0

  Percentage of households 
with no vehicle

16.7 6.9, 30.7

  Percentage of adults with 
below high school education

16.7 10.8, 24.8

a Percentages may add to more or less than 100 due to rounding.
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status are more likely to screen positive on lead and devel-
opmental screenings.29,30 Our study makes the unique con-
tribution of illustrating that these children, who are most at 
risk, are also least likely to complete such screenings. 
Moreover, variability in completion exists even in a rela-
tively homogenous, high-risk population receiving stan-
dardized preventive care processes in a single system.

Our findings suggest that individual primary care centers 
may be able to use publicly available, area-based socioeco-
nomic measures in novel risk stratification or prediction 

strategies to improve preventive care delivery for their 
patient panels. Higher poverty rates, or lower rates of vehi-
cle access, in a patient’s neighborhood could indicate that 
the patient may benefit from extra screening or intervention 
(eg, home visits) to ensure receipt of preventive care in the 
first years of life. Similarly, redesign of well-child care 
delivery may be indicated for the primary care center as a 
whole and/or for an entire population or community of 
interest. For example, perhaps opening smaller clinics in 
neighborhoods with low rates of completion would improve 

Table 3.  Census Tract Variables Associated With Odds of Not Completing Preventive Services Using Logistic Regression With 
Generalized Estimating Equations to Account for Clustering at the Census Tract Level.

Census Tract Variable Odds Ratio 95% Confidence Interval Adjusted Odds Ratioa 95% Confidence Interval

Census tract povertyb

  Quartile 1 (lowest poverty) Ref Ref Ref Ref
  Quartile 2 1.16 0.97-1.39 1.13 0.94 -1.35
  Quartile 3 1.26 1.06 -1.49 1.22 1.01-1.48
  Quartile 4 (highest poverty) 1.27 1.06 -1.54 1.25 1.01-1.54
Census tract vehicle accessc

  Quartile 1 (most households with 
vehicle)

Ref Ref Ref Ref

  Quartile 2 1.26 1.06 -1.49 1.22 1.02 -1.46
  Quartile 3 1.37 1.19 -1.59 1.33 1.12 -1.59
  Quartile 4 (least households with vehicle) 1.36 1.12 -1.64 1.32 1.07 -1.63
Census tract educational attainmentd

  Quartile 1 (highest attainment) Ref Ref Ref Ref
  Quartile 2 0.99 0.82 -1.21 0.96 0.79 -1.17
  Quartile 3 1.20 1.01-1.43 1.18 0.98 -1.41
  Quartile 4 (lowest attainment) 1.18 0.96 -1.44 1.12 0.90 -1.39

a Adjusted for race, ethnicity, insurance, sex, and primary care center.
b Census tract poverty quartiles defined as percentage below poverty line: (1) <13.7%, (2) 13.7% to 24.9%, (3) 24.9% to 42.0%, and (4) >42%.
c Census tract vehicle access quartiles defined as percentage of households with no vehicle: (1) <6.9%, (2) 6.9% to 16.7%, (3) 16.7% to 30.7%, (4) 
>30.7%.
d Census tract educational attainment quartiles defined as percentage of adults with less than a high school education: (1) <10.8%, (2) 10.8% to 16.7%, 
(3) 16.7% to 24.8%, and (4) >24.8%.

Figure 1.  Gi* spatial analysis.
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access to care. Several studies have already begun to explore 
options for such redesign, suggesting changes in the provid-
ers, locations, and formats.17,31-36 Our findings support the 
need for innovative, place-based strategies to enhance com-
pletion of preventive services.

Our study has several limitations. First, center B, which 
had the highest completion rates of the 3 sites, began imple-
menting outreach efforts to improve attendance at well-child 
visits toward the end of the study period. Adjustment for pri-
mary care center should have accounted for any potential 
confounding. Second, our results may be subject to the eco-
logical fallacy. If a patient lived in an impoverished census 
tract, we assigned that value to that patient regardless of the 
patient’s actual household poverty level. We expect, how-
ever, that the homogeneity of census tracts makes it a rela-
tively robust assumption. Third, 7% of the insurance data 
points were “missing,” which could represent either self-pay 
status or unmarked information in the electronic health 
record. Finally, our sample was isolated to patients cared for 
at 1 of our 3 primary care centers. As such, our findings may 
not be generalizable to primary care centers in other settings 
or regions. That said, we believe the methods used in our 
analyses would be generalizable and potentially useful for a 
wide range of primary care centers.

Conclusions

Area-based socioeconomic measures may facilitate risk 
stratification and the targeting of interventions by matching 
risk level with availability of health-promoting resources. 
We found clear connections between such measures and 
preventive service completion within a single system of 
pediatric primary care centers. Future efforts will focus on 
exploring geographic variation in preventive services out-
comes and determining how such measures could be useful 
in the redesign of primary care preventive services across a 
range of clinical settings and communities in ways that are 
seen as appropriate to families.
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