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Geomedicine: Area-Based Socioeconomic Measures
for Assessing Risk of Hospital Reutilization Among
Children Admitted for Asthma
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Asthma morbidity and acute health service
utilization vary geographically."~” Neighbor-
hood characteristics, including socioeconomic
status, have been shown to be strongly associ-
ated with asthma morbidity.>*7~° Studies
demonstrate that area-based, or geographic,
socioeconomic characteristics approximate
individual-level characteristics."' Such mea-
sures are used to illustrate and monitor socio-
economic inequalities and demonstrate strong
gradients for multiple health outcomes.'>™°
The use of geographic data to understand
population-level rates of disease is a powerful
tool, but to our knowledge, such information
has not been used to inform care at the in-
dividual level.

Individual-level differences in socioeco-
nomic status are strongly associated with
disparate outcomes in pediatric asthma mor-
bidity.>'”'® Still, clinical care guidelines do
little to identify and mitigate underlying social
and economic risks.'? Early identification of
children at increased risk could allow for more
effective targeting of resources prior to dis-
charge. Efficiently targeting scarce hospital
and community resources is increasingly im-
portant as clinicians seek to reduce acute health
service utilization without increasing costs or
lengths of stay.2°

We assessed a novel and efficient way to
stratify children with asthma at the time of
admission to identify those at highest risk of
further morbidity. Specifically, we examined
whether area-based socioeconomic measures
could be used to identify children at highest
risk for further asthma-related utilization
(readmission or return to the emergency de-
partment [ED]). We also assessed whether
risk level derived from geographic data was
associated with actual household-level finan-
cial hardships and caregiver psychological
distress, factors that are associated with
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Objectives. We assessed whether geographic information available at the time
of asthma admission predicts time to reutilization (readmission or emergency
department revisit).

Methods. For a prospective cohort of children hospitalized with asthma in
2008 and 2009 in Cincinnati, Ohio, we constructed a geographic social risk index
from geocoded home addresses linked to census tract extreme poverty and high
school graduation rates and median home values. We examined geographic risk
associations with reutilization and caregiver report of hardship.

Results. Thirty-nine percent of patients reutilized within 12 months. Compared
with those in the lowest geographic risk stratum, those at medium and high risk
had 1.3 (95% confidence interval [CI] =0.9, 1.9) and 1.8 (95% Cl = 1.4, 2.4) the risk
of reutilization, respectively. Caregivers of children at highest geographic risk
were 5 times as likely to report more than 2 financial hardships (P<.001) and 3
times as likely to report psychological distress (P=.001).

Conclusions. A geographic social risk index may help identify asthmatic
children likely to return to the hospital. Targeting social risk assessments and
interventions through geographic information may help to improve outcomes
and reduce disparities. (Am J Public Health. 2012;102:2308-2314. do0i:10.2105/

AJPH.2012.300806)

asthma morbidity and potentially amenable to

intervention.>?"%?

METHODS

We conducted a secondary analysis of
a prospective, observational cohort at Cincin-
nati Children’s Hospital Medical Center, a large,
urban, academic stand-alone pediatric facility.
We analyzed data from 601 patients, aged 1 to
16 years, who were enrolled between April
2008 and May 2009 after admission for
asthma or wheezing. We identified patients by
admission diagnosis (International Classifica-
tion of Diseases, Ninth Revision, Clinical Modi-
fication 493 xx)** and the evidence-based
clinical pathway for acute asthma care by the
admitting physician. The pathway includes
orders for medications, delivery devices, edu-
cation, and the standardized bronchodilator-
weaning protocol used by respiratory thera-
pists. Quality assurance data show the order set
is used for more than 98% of all children

admitted with asthma. We excluded patients
who were removed from the asthma pathway
after further diagnostic consideration by the
attending physician. Other exclusion criteria
included diagnosis of cystic fibrosis, broncho-
pulmonary dysplasia, or congenital heart de-
fect; having a caregiver who could not consent
or participate in written or oral English; and
home address outside of the hospital’s
8-county primary service area.

We enrolled 60% of eligible children who
were admitted on days staffed by research
personnel. Among the remainder, 11% de-
clined participation, and 29% did not have
caregivers present or staff able to complete the
consent or survey process.

The primary outcome was time to first
asthma-related hospital readmission or return to
the ED. This was captured by classification codes
of primary or secondary discharge diagnoses
recorded in hospital billing data (493 xx); we
hand reviewed 100 of charts to validate data
accuracy (k= 1.0). We calculated time to
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reutilization as the interval between the index
admission and the first asthma-related hospital
readmission or ED revisit. Censoring occurred at
the end of the follow-up period (June 2010).

Predictors

Potential predictors were area-based socio-
economic measures that could be available at
the time of hospital registration. To obtain such
measures, we hired an outside firm to geocode
addresses. The firm geocoded all 601 ad-
dresses with certainty to identify the census
tract in which the patient lived. The 2000 US
Census Bureau Summary Tape File 3 provides
detailed population and housing information
at the census tract level >* Census tract socio-
economic characteristics have been conceptual-
ized as both proxies for individual characteristics
and descriptions of contextual factors. They
have shown population-level gradients in
health outcomes such as prematurity and lead
poisoning 41525

We chose 10 socioeconomic census tract
variables for accessibility and availability
within the public record and from a review of
previous work 41525729 We used measures of
poverty, ownership (home and car), housing

TABLE 1—Risk of Reutilization (Readmission to Hospital or Emergency Department
Revisit) by Geographic Socioeconomic Measures Among Children Hospitalized
for Asthma: Greater Cincinnati, OH, 2008-2009
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(vacancy, value, and crowding), marriage, and
education (Table 1). We dichotomized each
variable at the national median value to im-
prove generalizability to other cohorts from
different geographic regions. We compared
those living in census tracts above the median
with those living below it.**

We obtained patient demographic variables
and household risks from a face-to-face survey
with each patient’s caregiver. We used 5
questions, validated in national surveys, to
describe family-level financial hardships (Table
2).39-33 The material and home environmental
risks they predict have been linked to asthma
morbidity.>*' We also selected these hardships
because patients and families experiencing
them might benefit from specific clinical in-
terventions (e.g., social work consultation, con-
nection to pertinent community resources) if
identified by the inpatient care team. Because
they formed a potential criterion for referral to
social work, we analyzed responses to the
questions as a single dichotomous variable,
assessing those reporting 2 or more hardships
and those reporting fewer than 2 hardships. A
sensitivity analysis assessed those reporting 1
or more hardship.

Census Variable

Operational Definition

National Median

Cutpoint® % or §  HR® (95% Cl)

Poverty
50% Percentage of persons at <50% of poverty line 33 1.65 (1.30, 2.09)
100% Percentage of persons at < 100% of poverty line 10.0 1.60 (1.27, 2.01)
Income Median household income in 1999 39 882 1.40 (1.10, 1.77)
Ownership
Home Percentage of persons who rent their home 28.2 1.43 (1.12, 1.82)
Car Percentage of persons who do not own a car 6.7 1.39 (1.08, 1.77)
Housing
Vacancy Percentage of housing units that are unoccupied 6.1 1.31 (1.04, 1.65)
Value Median value of owner-occupied housing units 106 700 1.46 (1.14, 1.88)
Crowding Percentage of households with > 1 person/room 3.2 1.24 (0.98, 1.57)
Marriage Percentage of persons aged =25 y who have never married 24.6 1.57 (1.21, 2.03)
Education Percentage of persons aged > 25 y with < 12th- grade education 17.8 1.44 (1.15, 1.82)

Note. Cl = confidence interval; HR = hazard ratio.

median.
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National median calculated for the 65 443 census tracts within the United States.
®Obtained by Cox proportional hazards regression; referent group was participants living on the low-risk side of the national

During the face-to-face survey, we assessed
caregiver risk of psychological distress with the
Kessler 6 scale, a short screening scale vali-
dated in several national surveys that assesses
whether a respondent has felt, over the pre-
ceding 30 days, nervous, hopeless, restless or
fidgety, depressed, that everything was an
effort, or worthless.>* Each item is scored from
0 to 4 points on a Likert-based scale. Items are
summed to yield a O to 24 score, with higher
scores indicating an increased risk of psycho-
logical distress. We analyzed the Kessler 6
score as a dichotomous variable split at 10,

a cutpoint that has been shown previously to
effectively balance the scale’s sensitivity and

specificity for detection of depression.*®

Statistical Analyses

We assessed bivariate associations between
each geographic variable and time to first
reutilization by Cox proportional hazards re-
gression, with the proportional hazards as-
sumption verified with Schoenfeld residuals.
We kept variables meeting statistical signifi-
cance (P<.05) for further analysis. We then
ranked each remaining variable in order of
effect size. We identified correlations between
variables with the Pearson correlation coeffi-
cient. If 2 variables were highly correlated
(a priori cutoff of > 0.60), we retained the
variable with the larger effect size. Therefore,
all variables remaining had correlation coeffi-
cients less than 0.60 with one another. With
the goal of a useful clinical tool, we constructed
a geographic social risk index from the
remaining geographic variables. We gave each
geographic risk identified 1 point and calcu-
lated a simple sum. To simulate a tool that
could be easily used in the inpatient setting, we
stratified the index into 3 risk groups. We
determined cutpoints by reviewing Kaplan—
Meier curves at each risk level.

We assessed the association between the
geographic index and time to reutilization with
the log-rank test and Cox proportional hazards
regression to adjust for covariates (race, age,
gender, and insurance). We assessed associa-
tions between the index and household-level
factors by logistic regression.

Because racial disparities in asthma are
frequently noted, we assessed the degree to
which geographic factors explained the effect of
race by comparing changes in the parameter
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Greater Cincinnati, OH, 2008-2009

Characteristic

TABLE 2—Baseline Characteristics of Sample of Children Hospitalized for Asthma:
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Mean £=SD or No. (%)

Age, y
Male gender
Race
White
Black
Other
Health insurance
Private
Public
Self-pay
Reutilization®
Family financial strain
Not enough money to make ends meet
Not enough food to eat
Not able to pay full rent/mortgage
Not able to pay full utilities
Forced to move in with others for financial reasons
Financial hardship®
>1
22

Caregiver at increased risk for psychological distress®

59 4.0
385 (64.1)

234 (38.9)
317 (52.8)
50 (8.3)

232 (38.
366 (60.
2

25 (4.
(

6)
9)
)
237 (39.4)
225 (37.5)

68 (11.3)
137 (22.8)
234 (39.0)

80 (13.3)
325 (54.1)

192 (32.0)
91 (15.1)

Ppositive answers, out of 5 questions.
“Score on Kessler 6 scale > 10; possible score = 0-24.

estimates from different sets of Cox models
(models with just caregiver-reported race and
models with race, geographic index, and other
covariates).>® We also assessed changes in the
parameter estimates for those at high geo-
graphic risk after adjustment for additional
covariates.

We performed all analyses with SAS version
9.2 (SAS Institute Inc, Cary, NC). Because
participants might have clustered within census
tracts, we applied the survey type of Cox
proportional hazards modeling with the sur-
veyphreg procedure. We captured face-to-face
data with Research Electronic Data Capture,

a secure, Web-based application.>”

RESULTS

Our sample was 64% male, 53% Black, and
619% publicly insured, and the mean age was
5.9 years (Table 2). Seventy-two percent of the
sample had an address in Hamilton County, the
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“Readmission to hospital or emergency department revisit within 12 months of index admission.

site of Cincinnati Children’s Hospital Medical
Center. Of the 601 children enrolled, 237
(39.4%) were readmitted or returned to the ED
within 12 months. Approximately one third of
caregivers reported 2 or more financial hard-
ships, and 15.1% scored at risk for psycholog-
ical distress. Enrolled and eligible but unen-
rolled children did not differ in age, gender,
race, insurance, or likelihood of reutilization.
Patients in the sample came from 286
census tracts (1-12 patients/tract). The socio-
economic characteristics of these census tracts
varied. For example, some children were from
census tracts where fewer than 1% of indi-
viduals lived in extreme poverty; others lived in
census tracts where more than 50% lived in
extreme poverty (range = 0.3%—52.6%).

Geography and Reutilization

Nine of the 10 dichotomized geographic
variables were significantly associated with
time to reutilization (Table 1). For example,

compared with individuals living in census
tracts where the extreme poverty rate was
below the national median (3.3%), individuals
living in census tracts above the national
median had a 65% increased risk of reutiliza-
tion (P<.001). Similarly, compared with in-
dividuals living in census tracts where the
median home value was above the national
median ($106 700), individuals living in cen-
sus tracts below the national median had
a 46% increased risk of reutilization (P=.003).
Finally, compared with those living in census
tracts where the rate of adults without a high
school education was below the national me-
dian (17.8%), individuals living in census tracts
with rates above the national median had
a 449% increased risk of reutilization (P=.002).
The geographic index incorporated census
tract extreme poverty rate, median home value,
and rate of adults who had not received a high
school or equivalent degree. We based our
selection of these variables on effect size and
our correlation analysis. We assigned 1 point if
a child lived in a census tract in which the
extreme poverty rate was above the national
median, the median home value was below the
national median, or the rate of adults with less
than a high school degree was above the
national median (total score range = 0-3).
Because the Kaplan—Meier curves for partici-
pants with 2 and 3 risks were very close, we
stratified the index into 3 risk groups: low
(O risks), medium (1 risk), and high (2-3 risks).
Roughly 27% of children were classified as
low, 19% as medium, and 54% as high risk.
The unadjusted geographic index was asso-
ciated with time to reutilization in a graded
fashion (Figure 1). At 12 months following
index admission, 30% of those at low, 38% at
medium, and 45% at high risk had reutilized
(P=.006). Children at medium geographic risk
had a 1.30 (95% confidence interval [CI] =
0.90, 1.88) and children at high geographic
risk had a 1.83 (95% CI=1.37, 2.44) likeli-
hood of reutilization relative to children at low
risk (Table 2). We observed a similar graded
effect for hospital readmission alone (excluding
ED revisit): children at medium geographic risk
had a 1.34 (95% CI=0.83,2.17) and children at
high geographic risk had a 1.76 (95% CI=1.20,
2.58) likelihood of readmission compared with
low-risk children. Adjustment for age, gender,
insurance, and clustering at the census tract level
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did not change effect sizes. Similarly, limiting our
sample to children living in Hamilton County
produced no significant change in observed effect.

Association of Geographic- and
Individual-Level Risks

Children in families reporting 2 or more
financial hardships were at significantly in-
creased risk of reutilization within 12 months
compared with those with fewer hardships
(47% vs 36%; hazard ratio [HR] = 1.57; 95%
CI=1.24, 1.98). Families of 14% of children
at low geographic risk, 29% at medium risk,
and 42% at high risk had 2 or more financial
hardships (P<.001). Those at medium geo-
graphic risk had a 2.49 odds ratio (OR; 95%
CI=1.36, 4.54) and those at high geographic
risk had a 4.58 OR (95% CI=2.80, 7.49) of
reporting 2 or more hardships. Similarly, those
at medium geographic risk had a 4.32 OR
(95% CI=2.59, 7.20) and those at high geo-
graphic risk had a 5.07 OR (95% CI=3.36,
7.65) of reporting 1 or more hardships.

Children of caregivers at risk for psycholog-
ical distress according to their Kessler 6 scores
had higher rates of reutilization than did
children whose caregivers had lower risk (48%
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FIGURE 1—Survival curve for time to reutilization (readmission to hospital or emergency
department revisit) among children hospitalized for asthma, stratified by the geographic
social risk index: Greater Cincinnati, OH, 2008-2009.

vs 38%; HR=1.45; 95% CI=1.09, 1.93).
Eight percent of caregivers in the low-risk, 14%
in the medium-risk, and 20% in the high-risk
geographic strata were at risk for psychological
distress (P=.003). Children at medium and
high geographic risk had a 1.82 OR (95% CI=
0.83, 3.99) and 2.85 OR (95% CI=1.52,
5.35), respectively, of having caregivers at risk
for psychological distress.

Black children were significantly more likely
than White children to be classified as high risk

TABLE 3—Adjusted Associations Between Geographic Index and Time to
Reutilization (Readmission to Hospital or Emergency Department Revisit) Among
Children Hospitalized for Asthma: Greater Cincinnati, OH, 2008-2009

according to the geographic index (73% vs
27%; P<.001). However, when we stratified
patients for risk by race alone, 62 White
children and 87 Black children, or 25% of the
entire sample, were misclassified. Black chil-
dren were more likely than White children to
return to the hospital or ED (HR = 1.82; 95%
CI=1.41, 2.35). The parameter estimates for
race and children at high geographic risk both
decreased by 32% when incorporated into the
same model (Table 3). Age, gender, and in-
surance, other data readily available on ad-
mission, had no significant impact on the
parameter estimates for race or the index.

DISCUSSION

Disparities in children’s asthma morbidity and
health care utilization remain deep and persis-
tent. In our geographic social risk index, extreme
poverty, lower home value, and fewer adults
with a high school degree were strongly associ-
ated with asthma-related reutilization. Such
population-level data were also strongly associ-
ated with caregiver report of financial hardship
and psychological distress, both of which are
linked to adverse asthma outcomes.>*"** Thus,
the geographic index identifies a large segment of
children at high risk for further morbidity and
points to potential areas for family-level assess-
ment and intervention.

Geographic Risk and Reutilization
Census tract socioeconomic variables were
significantly associated with an individual’s
risk of reutilization. The association between
geographic risk and reutilization at the patient

Model 1,% Unadjusted

Geographic Risk Index HR (95% CI)

Model 2, Adjusted
HR (95% CI)

Model 3,° Adjusted
HR (95% Cl)

Low (O risks; Ref) 1.00
Medium (1 risk) 1.30 (0.90, 1.88)
High (2-3 risks) 1.83 (1.37, 2.44)

1.00 1.00
1.14 (0.76, 1.71) 1.13 (0.75, 1.71)
151 (1.06, 2.14) 1.49 (1.03, 2.15)

Note. Cl = confidence interval; HR = hazard ratio.
?Included unadjusted geographic index.

compared with model 1).

®Included index and race (32.1% decrease in parameter estimate for those at high geographic risk, compared with model 1).
“Included index, race, age, gender, and insurance (34.3% decrease in parameter estimate for those at high geographic risk,
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level was similar to previously described asso-
ciations at the population level. Krieger et al.
have consistently shown strong associations
between area-based socioeconomic measures
and health outcomes.>%3® Others have
identified area-level hospitalization hot spots
characterized by factors such as low household
income and inadequate housing.*®~*' Previous
studies assessed at-risk areas for population-
level disease and disparity surveillance. They
did not, however, routinely associate them with
an individual patient’s health risk prospectively.

With the aim of developing a useful clinical
tool, we constructed a geographic risk index
from census tract data available on admission.
We stratified data into 3 risk domains and
found that those at highest geographic risk
were 80% more likely to reutilize than were
those at lowest risk, highlighting a clinical
population that may benefit from further as-
sessments and interventions. In the hospital,
this geographic risk index could be used to
inform targeted patient-level solutions to pre-
vent reutilization, especially if such data could
be integrated into evolving electronic health
records.*? The use of freely available geo-
graphic data might also inform preventative
approaches, highlighting neighborhood hot
spots that could benefit from community-based
interventions.

Factors Amenable to Intervention

The association we found between the geo-
graphic index and time to reutilization may be
partially explained by differences in household-
level social factors linked to asthma morbidity.
Our unadjusted geographic index revealed that
children classified as high risk were nearly 5
times as likely as other children to have 2 or
more financial hardships (as well as 5 times as
likely to have > 1 financial hardships), and
nearly 3 times as likely to have caregivers
experiencing psychological distress. Because
the effect of geography is likely mediated
through household- and area-level factors
that affect medication adherence, trigger expo-
sure, and physiologic manifestations of dis-

6%6,5'21’22’43'44

the index has potential as a tri-
age tool that can serve to better identify children
at highest risk.

Improved ability to detect competing
household priorities and toxic physical envi-

ronments such as household-level financial and
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psychological strains could be clinically pow-
erful. Screening with geographic data could
lead to more complete and pertinent social
histories and more efficient linkage to such
interventions as social work consultation, case
management, and use of community resources
(e.g., medical-legal partnerships or mental
health providers).*> After discharge, geo-
graphic data could also be integrated into the
chronic asthma care plan.

Geographic Risk and Race

We conceptualized the effect of race as
being explained, in part, by social and eco-
nomic factors captured by the geographic data.
The association between race and asthma
reutilization decreased by 32% when we in-
corporated both factors into the same model as
the geographic index.*® Although collecting
data on a patient’s race or ethnicity is being
encouraged for purposes of identifying dispar-
ities in health care service delivery,*” we
believe its use for patient-level risk stratification
and treatment is still inappropriate.*® It is
difficult to justify ethically the provision of
different care to one patient over another on
the sole basis of racial or ethnic background.
Moreover, our data suggest that classifying
social risk by race alone would misclassify
a significant number of children. Geographic
measures of socioeconomic status may be
especially useful because race is often a poor
proxy for poverty, racial/ethnic diversity
makes distinctions more difficult, and data
on race are often not reliably or accurately
collected.**%°

Adding available and accessible census data
on admission allows for a more complete
assessment of a patient’s social risk status,
reflecting contextual markers of poverty, envi-
ronmental exposures, and accessibility of re-
sources.® In an era of rare physician home
visits, mapping geographic data to the patient
could be an important first step in bringing
neighborhood context back to the bedside.
This virtual home visit could identify opportu-
nities in the clinical care context to reduce
disparities.

Limitations

Validation of this index with a second data
set is needed. Still, we believe that the associ-
ations between the geographic index and

a patient’s characteristics suggest that the index
is measuring something intrinsic and provides
reassurance that we are capturing something
relevant at the patient level.

Although the recruitment of our sample took
place in 2008 and 2009, data came from the
2000 US Census. However, population and
neighborhood shifts in Greater Cincinnati since
the 2000 Census have been minimal.?*

Our results may be subject to the ecological
fallacy. If an individual lived in a census tract
characterized by poverty, we assigned an
area-based value to that individual. We believe
that the homogeneity of census tracts makes
it a relatively robust assumption, and we
tested the validity of that assumption with
household-level factors.'” Still, additional, un-
measured social and environmental factors
commonly associated with poverty (e.g., access
to care, exposure to cockroaches, exposure
to tobacco smoke) may further exacerbate
a child’s symptoms and increase the risk of
reutilization.”!

Our sample was drawn from a single health
system, so children could seek care elsewhere.
Because we excluded children living outside
of our primary service area, the number of
children seeking care outside our system likely
did not significantly affect our results. A sensi-
tivity analysis, assessing just those children
living in our institution’s home county, with
even lower rates of loss to follow-up, showed
no significant change in our findings.

Finally, our cohort excluded families with
limited English proficiency (< 2% of admis-
sions). Consequently, our findings may not
be generalizable to asthma populations in
other regions or with different demographic
characteristics.

Conclusions

Geographic information available at admis-
sion predicts future asthma-related utilization.
It also identifies families who are likely to
report financial or psychological hardships.
The use of geographic data to target social risk
assessments and interventions may help inform
clinical decisions and reduce disparities.

We plan to validate this geographic index in
a second asthma cohort that is currently being
enrolled. We also will evaluate whether envi-
ronmental, crime, or other geographic data
(e.g., distance to clinic or pharmacy) add useful
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information that could make this more a virtual
neighborhood visit than just a virtual home
visit. We will also assess geographic data’s
associations with other asthma outcomes (e.g.,
intensive care unit admissions, access to pri-
mary care, medication adherence) and other
conditions (e.g,, diabetes mellitus). Ultimately,
we plan to assess whether the introduction of
geographic data into clinical care leads to more
in-depth and reliable triage of patients accord-
ing to future risk. Similarly, we plan to evaluate
whether clinical availability of geographic so-
cioeconomic measures facilitates efficient link-
ages to available hospital- or community-based
interventions for those patients most likely to
benefit. m
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