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Purpose: Little is known about incorporating community data into clinical care. This study sought to
understand the clinical associations of cold spots (census tracts with worse income, education, and
composite deprivation).
Methods: Across 12 practices, we assessed the relationship between cold spots and clinical outcomes
(obesity, uncontrolled diabetes, pneumonia vaccination, cancer screening— colon, cervical, and prostate—and aspirin chemoprophylaxis) for 152,962 patients. We geocoded and linked addresses to census tracts and assessed, at the census tract level, the percentage earning less than 200% of the Federal
Poverty Level, without high school diplomas, and the social deprivation index (SDI). We labeled those
census tracts in the worst quartiles as cold spots and conducted bivariate and logistic regression.
Results: There was a 10-fold difference in the proportion of patients in cold spots between the highest (29.1%) and lowest practices (2.6%). Except for aspirin, all outcomes were influenced by cold spots.
Fifteen percent of low-education cold-spot patients had uncontrolled diabetes compared with 13% of
noncold-spot patients (P < .05). In regression, those in poverty, low education, and SDI cold spots
were less likely to receive colon cancer screening (odds ratio [CI], 0.88 [0.83– 0.93], 0.87 [0.82–
0.92], and 0.89 [0.83– 0.95], respectively) although cold-spot patients were more likely to receive cervical cancer screening.
Conclusion: Living in cold spots is associated with worse chronic conditions and quality for some
screening tests. Practices can use neighborhood data to allocate resources and identify those at risk for
poor outcomes. (J Am Board Fam Med 2018;31:342–350.)
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The United States suffers from both poor health
outcomes and wide disparities.1–3 One strategy for
improving national health indicators is addressing
social determinants of health (SDH)4, or the conditions in which people are born, grow, live, work,
and age.5 Proponents point to the growing body of
evidence that SDH impact health more than medical care.5–10

Researchers have highlighted the complex pathways linking social determinants to health. For example, education empowers individuals to make
healthy choices, leading to higher earnings, better access to care, and ultimately, lower mortality.11–13 Similarly, income and afﬂuence affect
health.6,10,14 Afﬂuence tracks with other, favorable neighborhood characteristics such as low
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Methods
Design
In this cross-sectional study of 12 practices in the
Virginia Ambulatory Care Outcomes Research
Network, we assessed the relationship between living in cold spots and quality measures. The practices are located within a 45-mile radius and care
for patients in Fairfax, Loudoun, Prince William,
Fauquier, and Arlington counties, which are among
the most afﬂuent in the United States.33 The practices operate independently for clinical, stafﬁng,
and business activities but work collectively for
information technology (eg, a shared EHR) and
population health (eg, an ACO and a shared care
management team). All practices are private, and
one operates a family medicine residency program.
We included in our analysis all unique patients,
between the ages of 18 and 75 years, with an address in Virginia, seen at the study practices between January 1, 2012 and December 31, 2014.
Data Sources
To identify cold spots, we used the 2010 American
Community Survey for poverty, education, and the
social deprivation index (SDI) and the Virginia Department of Health, Division of Vital Records data
for life expectancy. To measure the quality of care
delivered to patients, we used data from the practices’ EHR for the aforementioned timeframe.
Variables
Using these data sources, we connected census
tracts to their commensurate community characteristics. We assessed poverty by calculating the
percentage of the census tract earning less than
200% of the federal poverty level (FPL) and education by assessing the percentage without a high
school diploma or passing the General Education
Development test. The SDI is a composite measure
of social and material deprivation at the census tract
level, encompassing education, crowding, transportation, employment, poverty, housing, and family
structure (single parent).34 SDI has been validated
against mortality, diabetes, and infant mortality and
is normally distributed with a score from 0 to 100,
where higher numbers suggest higher deprivation.
Using methods similar to our previous work, we
assessed individual patient-level quality measures
(pneumonia vaccination, colon cancer screening,
cervical cancer screening, prostate cancer screen-
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crime, healthy food, places to exercise, and clean
air.15–19 Researchers such as Krieger et al20 have
added to this evidence base by quantifying the
relationship between health outcomes and areabased socioeconomic measures across a wide
spectrum of geographic units.
While the work of Krieger et al20 elucidates the
relationship between ecologic socioeconomic measures and health outcomes, there is growing recognition of the effect of neighborhoods on individual
health. Researchers have examined the contextual
effects of living in deprived communities and hypothesized that these neighborhoods have worse
physical environments (such as poor water quality
and environmental pollution) and inferior access to
goods and services.21 Neighborhood deprivation
has been tied to an individual’s risk for child
abuse, low birth weight, adolescent pregnancy,
childhood injury, and ﬁrearm injury.22–24 From
an economic perspective, Chetty et al25 found
that childhood neighborhood poverty can have
long-lasting detrimental effects on an individual’s adult income. Less has been published on the
relationship between neighborhood deprivation
and the quality of care delivered. Although one
study failed to ﬁnd an association, others have
documented in international settings that living
in deprived neighborhoods is associated with
lower rates of breast, colon, and cervical cancer
screening.26 –28
To encourage providers to address SDHs, payers are transitioning from volume to value-based
payment through programs such as accountable
care organizations and accountable health communities and adjusting payment and measurement for patient social risks.29 –31 Modern generalists, such as Jack Westfall, are seizing on this
pivot to promote greater recognition of SDH. In
his 2013 commentary, Dr. Westfall proposed
cold spotting—identifying those communities
that lack essential opportunities for health—and
addressing those needs with community-level interventions.32 Our goal was to operationalize
cold spots using electronic health record (EHR)
data and determine whether patients coming
from communities with lower income and education and greater composite deprivation within
a health system (cold spots) have worse clinical
outcomes, such as receiving inadequate care and
worse chronic disease control.

Analytic Plan
Using Esri ArcMap 10.3.1. (Redlands CA), we geocoded addresses for patients in our sample and
identiﬁed the corresponding 2010 census tract for
each address. We linked each census tract with its
commensurate level of poverty, education, and social deprivation. For practice-level service areas, we
included census tracts, in Virginia, with at least 5
patients.
Cold-Spot Designation
Because we lacked a well-established method for
identifying cold spots, we deﬁned cold spots at the
census tract level using 3 different methods. In the
ﬁrst method (henceforth the Percentile Approach),
we identiﬁed those census tracts in the highest
quartiles for poverty, low education, and SDI compared with all other census tracts represented in the
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practices’ 100% service area. The second method
(henceforth the National Standard Approach) identiﬁed census tracts that have speciﬁc values greater
than meaningful values published in the literature.
We identiﬁed census tracts with ⱖ20% of the census tract earning less than 200% of the FPL, ⱖ40%
with less than a high school education, or ⱖ70 SDI
score. Krieger et al20 documented the relationship
between community measures and health outcomes, demonstrating that these measures are sensitive to expected gradients in health. We used
Krieger’s cut-offs for the worst census tracts for
poverty and education and a comparable cutoff for
SDI (ⱖ70). The third method (henceforth the Empirical Approach) uses a grid search of cutoff values
(in increments of 1%) for classifying census tracts
as cold spots. These census tract classiﬁcations are
then regressed against life expectancy at the census
tract level, with the cutoff that yields the lowest
value of Akaiki’s Information Criterion selected for
that cold spot.
Using SAS (Cary, NC), we calculated descriptive statistics regarding cold-spot deﬁnitions, across
the practice locations. Generalized linear mixed
models were used to estimate odds ratios between cold-spot designation and quality measures (pneumonia, obesity, hemoglobin A1c, colon cancer, cervical cancer, and aspirin); these
analyses were conducted separately for each coldspot indicator (education, poverty, SDI). Quality
measures were included as binary outcomes of
whether a subject was screened for or meets the
stated condition and were modeled against a ﬁxed
effect for cold spot designation (Yes/No) for that
patient’s practice. A practice-level random effect
was included to account for the possibility of
practice-level heterogeneity in quality measure
proportions. Odds ratios (and 95% CIs) were
calculated as the ratio of the odds for being
screened or at risk in a cold spot over the odds for
being screened or at risk in a noncold spot. Patient characteristics (age, sex, and race/ethnicity)
were included as ﬁxed effects. These analyses
were also conducted for each of the 3 cold-spot
designation methods described above (Percentile, National Standard, Empirical).
The Virginia Commonwealth University
Institutional Review Board approved this protocol.
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ing, and aspirin for cardiovascular disease) and 2
chronic conditions (obesity and uncontrolled diabetes).19 We assessed pneumonia vaccination by
determining whether those 65 years or older had 1
dose of the 23- or 13-valent pneumococcal vaccine,
colorectal cancer screening by determining whether
those aged 50 to 75 years had a colonoscopy within
the past 10 years or a fecal occult blood test within
the past year, cervical cancer screening by determining whether women aged 21 to 65 years had a
Papanicolaou smear within the past 3 years or those
aged 30 to 65 years had a Papanicolaou smear and
human papilloma virus testing within the past 5
years, prostate cancer screening by whether men
aged 55 to 70 years had a prostate-speciﬁc antigen
performed within the past 2 years (excluding those
with personal or family histories of prostate cancer,
and African Americans), and aspirin use by determining whether those with a diagnosis of cardiovascular disease had aspirin prescribed. Obesity was
deﬁned as those with a body mass index of 30 or
more. Uncontrolled diabetes was deﬁned as those
with a hemoglobin A1c of 9% or more. These were
dichotomous variables assessing whether each patient had the preventive measure or chronic condition.
We used the patient’s age at the most recent
visit. Sex, race, and ethnicity were patient reported.
Race had 5 categories (Asian, Black/African American, White, Declined, and Other) and ethnicity
had 3 categories (Hispanic or Latino, Not Hispanic
or Latino, or Unknown).

Average Community Characteristics, by 100% Practice Service
Area
Practice Code

Number of
Patients

Percentage of Overall
System

Poverty, % (SD)

Low Education,
% (SD)

Social Deprivation
Index (SD)

03
07
12
10
09
06
01
02
11
08
04
05
Overall system

17,468
5,742
1,885
24,618
9,239
13,191
29,074
21,174
3,299
7,843
12,733
6,696
152,962

11.4%
3.8%
1.2%
16.1%
6.0%
8.6%
19.0%
13.9%
2.2%
5.1%
8.3%
4.4%
100.0%

15.9% (12.1)
14.6% (8.9)
14.3% (8.9)
11.5% (9.8)
11.4% (9.6)
11.3% (9.9)
11.3% (8.8)
10.6% (7.7)
9.4% (8.4)
7.1% (6.9)
6.8% (6.5)
6.0% (6.3)
11.0% (9.4)

10.6% (6.9)
8.0% (5.2)
8.1% (6.5)
7.0% (7.2)
6.8% (5.6)
5.7% (6.4)
5.7% (5.2)
6.1% (5.7)
5.0% (6.0)
4.4% (4.1)
4.2% (4.2)
3.8% (3.8)
6.4% (6.1)

28.5 (27.1)
26.5 (20.4)
27.5 (21.7)
21.9 (20.5)
20.4 (20.7)
21.5 (21.8)
19.0 (19.3)
19.7 (18.4)
16.2 (20.5)
11.2 (14.3)
11.8 (14.7)
10.8 (13.5)
19.9 (20.7)

For practice-level service areas, we included census tracts, in Virginia, with at least 5 patients. Cold spots are deﬁned as those census
tracts in the highest quartiles for poverty, low education, and composite social deprivation. Poverty is measured by the percentage
earning less than 200% of the federal poverty level. Low education measured by the percentage without a high school diploma or
General Education Development. The Social Deprivation Index is a composite measure of community material and social deprivation
and is a score from 0 to 100.
SD, standard deviation.

Results
Practice Demographics
Our sample included 152,962 unique patients, living in 973 census tracts. The number of census
tracts per practice ranged from 4 to 264. When
looking at the proportions of patients in each practice from cold spots and their relationships to quality, the results were similar across the 3 cold-spot
designation methods. Due to its ease of use relative
to the other methods, we only present results from
the Percentile Approach. Despite the relative afﬂuence of northern Virginia, we observed variation in
community measures across the census tracts represented within practices (Table 1). For example,
the average percentage earning less than 200% of
the FPL within Practice 05’s service area census
tracts was 6.0% while this ﬁgure was nearly 3-fold
higher for Practice 03 (15.9%). We observed similar trends for the percentage with low education
and the SDI.
Cold Spots
Using the Percentile Approach, we used the following cutoffs (highest quartiles) for poverty, low
education, and SDI: 23.4%, 12.8%, and 44, respec-
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tively (Table 2). Thus, patients living in census
tracts with community characteristics at or above
these thresholds were classiﬁed as living in cold
spots. Overall, 19,653 (12.8%) patients live in a
poverty cold spot. When looking at the proportion
of practice patients in cold spots, the degree of
variation across practices is magniﬁed. For example, we observed a 10-fold difference in the proportion of patients in cold spots between the highest (29.1% of Practice 03’s patients live in a poverty
cold spot) and lowest practices (2.6% for Practice
05). These ﬁgures and trends were similar for low
education and SDI. Across poverty and low education, the same 3 practices (03, 10, and 12) had the
highest percentages of patients in cold spots while
the same 3 practices (08, 04, 05) had the lowest
percentages.
Associations with Health Outcomes and Quality
With the exception of aspirin chemoprevention, all
preventive and chronic care measures were inﬂuenced by whether a patient lived in a cold spot
(Table 3). Associations most consistently occurred
for the low-education cold-spot designation, although not all in the anticipated directions. Pa-
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Table 1. Average Census Tract Poverty, Low Education, and Composite Social Deprivation, by Practice Site
Service Areas

Number and Percentage of Patients Living in Cold Spots

Practice Code

Number of Patients
in Poverty Cold
Spots

Percentage
of Practice

Number of Patients
Low Education
Cold Spots

Percentage
of Practice

Number of Patients in
Social Deprivation
Index Cold Spots

Percentage
of Practice

03
10
12
06
09
01
07
11
02
08
04
05
Overall system

5,082
4,071
294
2,031
1,346
3,407
652
324
1,488
419
367
172
19,653

29.1%
16.5%
15.6%
15.4%
14.6%
11.7%
11.4%
9.8%
7.0%
5.3%
2.9%
2.6%
12.8%

6,328
4,308
350
1,761
1,167
2,639
622
345
2,317
332
473
201
20,843

36.2%
17.5%
18.6%
13.4%
12.6%
9.1%
10.8%
10.5%
10.9%
4.2%
3.7%
3.0%
13.6%

5,645
3,552
338
2,000
1,278
2,938
1,270
311
2,065
342
580
246
20,565

32.3%
14.4%
17.9%
15.2%
13.8%
10.1%
22.1%
9.4%
9.8%
4.4%
4.6%
3.7%
13.4%

For practice-level service areas, we included census tracts, in Virginia, with at least 5 patients. Cold spots are deﬁned as those census
tracts in the highest quartiles for poverty, low education, and composite social deprivation. Poverty is measured by the percentage
earning less than 200% of the federal poverty level. Low education measured by the percentage without a high school diploma or
General Education Development. The Social Deprivation Index is a composite measure of community material and social deprivation
and is a score from 0 to 100.

tients were more likely to be obese, have uncontrolled diabetes, and not receive colon and prostate
cancer screening if they lived in a low-education
cold spot. Conversely, patients were more likely to
get a pneumonia vaccine and get screened for cervical cancer if they lived in a low-education cold
spot.
After controlling for age, sex, race, and ethnicity,
we found that poverty and SDI cold-spot patients
had higher odds of obesity, lower odds of receiving
colon cancer screening, and higher odds of receiving cervical cancer screening (Table 4).

Discussion
Across these practices, there is substantial variation
in the proportion of patients living in communities
with higher poverty, lower education, and greater
social deprivation even in an afﬂuent region. This is
important because living in a cold spot is associated
with worse chronic care and quality, such as higher
obesity and lower colon cancer screening rates.
However, the relationship between quality and living in a cold spot is complex, and some quality
measures seem better for patients living in cold
spots, such as cervical cancer screening.
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Our US-based, EHR-derived ﬁndings support
the results of others that neighborhood deprivation
affects screening, diabetes, and obesity though we
were unable to ﬁnd other studies that assessed diabetes control.35– 41 This reinforces the notion that
deprived neighborhoods have distinct effects on
health and care delivery and underscores the importance of using geography as a lens through
which to view population health. Although imperfect, we provide a reproducible, practical, and feasible method for integrating community data into
EHRs.
Our ﬁndings also highlight that the effect of
neighborhood deprivation using this method is nuanced. Counter to what is expected, we observed
that patients in cold spots were more likely to
receive cervical cancer screening and pneumonia
vaccines (for educational cold spots). To reduce
disparities, researchers, providers, and policy makers may have developed programs that target underserved populations and minorities in this community. Although our ﬁndings may truly reﬂect
better care for patients in cold spots, another explanation is that patients living in noncold spots are
more likely to also see other care providers (gynecologists for Papanicolaou smears or pharmacists
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Table 2. Patients Living in Highest Poverty, Low Education, and Composite Social Deprivation Quartiles,
by Practice

Cold-Spot Designation
Poverty

Low Education

Social Deprivation Index

Percentage with the Chronic Condition or Receiving the Preventive Measure

Chronic conditions
Obesity
Uncontrolled
diabetes
Preventive measures
Prostate cancer
Pneumonia
vaccination
Colon cancer
screening
Cervical cancer
screening
Aspirin

Cold Spot

Noncold Spot

Cold Spot

Noncold Spot

Cold Spot

Noncold Spot

34%*
14%

28%
12%

37%*
15%*

28%
13%

35%*
15%*

28%
13%

45%*
23%

50%
23%

45%*
25%*

50%
23%

47%
23%

49%
23%

30%*

32%

29%*

32%

30%*

32%

16%*

15%

17%*

15%

17%*

15%

44%

43%

44%

43%

44%

43%

*Percentages are signiﬁcantly different (P ⬍ .05).
Cold spots are deﬁned as those census tracts in the highest quartiles for poverty, low education, and composite social deprivation.
Poverty is measured by the percentage earning less than 200% of the federal poverty level. Low education measured by the percentage
without a high school diploma or General Education Development. The Social Deprivation Index is a composite measure of
community material and social deprivation and is a score from 0 to 100.
Obesity was deﬁned as those with a body mass index of 30 kg/m2 or more.
Uncontrolled diabetes was deﬁned as those with a hemoglobin A1c of 9 or more.
We assessed pneumonia vaccination by determining whether those 65 years or older had one dose of the 23- or 13-valent
pneumococcal vaccine, colorectal cancer screening by determining whether those aged 50 to 75 years had a colonoscopy within the
past 10 years or a fecal occult blood test within the past year, cervical cancer screening by determining whether those aged 21 to 65
years had a pap smear within the past 3 years or those aged 30 to 65 years had a pap smear and human papilloma virus testing within
the past 5 years, prostate cancer screening by whether men aged 55 to 70 years had a prostate-speciﬁc antigen performed within the
past 2 years (excluding those with personal or family histories of prostate cancer, and African Americans), and aspirin use by
determining whether those with a diagnosis of heart disease, congestive heart failure, or peripheral vascular disease had aspirin
prescribed.

for immunizations) and care is incompletely documented in the EHR. Similarly, higher rates of prostate cancer screening in noncold spots may reﬂect
worse care, if it is a symptom of overtesting or
inadequate shared decision making.
Much work is needed to determine what primary care can do with this additional information.
In an accompanying mixed methods study, we provided clinicians with information about patient
neighborhoods and individual needs and found that
having the information increased clinician awareness about social needs and the amount and type of
patient education delivered.42 Others have outlined
the speciﬁc questions and processes that should be
used to standardize collection of individual social
needs in primary care settings.43 At a system level,
organizations are experimenting with novel methods for addressing social needs. CommunityRx
combines e-prescribing and community engagement to connect patients with community re-
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sources, via the diagnoses generated in EHRs.44
Hennepin Health integrated a public health department, medical center, federally qualiﬁed health
center, and health plan across payment, delivery,
and data systems to better coordinate services and
address SDH.45 Although these 2 organizations
transformed care at great cost, practices can make
meaningful changes on smaller scales. Using this
method, health systems can measure the variation
in their own communities, more efﬁciently distribute staff and resources, and target interventions.
Practices can provide more proactive care and enhance quality improvement by using cold spots to
identify those at risk for worse quality measures.
Finally, those with community-engagement partners or expertise can fulﬁll Westfall’s original vision of responding to cold spots with community
approaches. Rather than address individuals, Westfall imagined communities of solution, where broad
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Table 3. Quality of Chronic and Preventive Care by Cold-Spot Designation

Cold Spot Designation
Poverty

Chronic conditions
Obesity
Uncontrolled diabetes
Preventive measures
Prostate cancer
Pneumonia vaccination
Colon cancer
screening
Cervical cancer
screening
Aspirin

Low Education

Social Deprivation Index

OR

95% CI

OR

95% CI

OR

95% CI

1.33*
1.06

1.29–1.38
0.89–1.26

1.58*†
1.16

1.53–1.63
0.98–1.38

1.36*
1.12

1.31–1.41
0.93–1.35

0.8*
1.13*†
0.88*

0.71–0.90
1.07–1.20
0.83–0.93

0.83*
1.24*†
0.87*

0.73–0.92
1.17–1.31
0.82–0.92

0.91
1.15*†
0.89*

0.79–1.03
1.08–1.22
0.83–0.95

1.13*

1.07–1.19

1.17*

1.11–1.23

1.18*

1.11–1.24

1.13

0.92–1.38

1.18

0.97–1.44

1.18

0.95–1.47

CI, conﬁdential interval; OR, odds ratio.
*ORs are signiﬁcantly different from 1 (P ⬍ .05).
†
The full multivariable model did not converge, so the practice random effect was excluded. Adjusted for age (estimates provided at
age ⫽ 42.5 years), gender, race, and ethnicity. Cold spots are deﬁned as those census tracts in the highest quartiles for poverty, low
education, and composite social deprivation. Poverty is measured by the percentage earning less than 200% of the federal poverty
level. Low education is measured by the percentage without a high school diploma or General Education Development. The Social
Deprivation Index is a composite measure of community material and social deprivation and is a score from 0 to 100. Obesity was
deﬁned as those with a body mass index of 30 or more. Uncontrolled diabetes was deﬁned as those with a hemoglobin A1c of 9 or
more.
We assessed pneumonia vaccination by determining whether those 65 years or older had one dose of the 23- or 13-valent
pneumococcal vaccine, colorectal cancer screening by determining whether those aged 50 to 75 year had a colonoscopy within the past
10 years or a fecal occult blood test within the past year, cervical cancer screening by determining whether those aged 21 to 65 had
a pap smear within the past 3 years or those aged 30 to 65 had a pap smear human papilloma virus testing within the past 5 years,
prostate cancer screening by whether men aged 55 to 70 had a prostate speciﬁc antigen performed within the past 2 years (excluding
those with personal or family histories of prostate cancer, and African Americans), and aspirin use by determining whether those with
a diagnosis of heart disease, congestive heart failure, or peripheral vascular disease had aspirin prescribed.

stakeholders are engaged to tackle systemic problems.32
Our study has several limitations. First, we used
data from a highly afﬂuent region; therefore, our
results may not be generalizable to other communities or other health systems. It is possible that
cold spots may be associated with variation in different quality measures and that the magnitude of
differences may ﬂuctuate. Second, there may be
unmeasured community variables that account
for the observed variation. Although the SDI
encompasses 9 dimensions of deprivation, we
were unable to control for every potential confounder. Finally, although we controlled for
some individual characteristics, there were numerous individual variables not included in our
model. For instance, we lacked data about the
individual’s social needs, measures of multimorbidity, insurance status, health literacy, and use
of clinical services. We also lacked insight into
how individuals communicated with clinicians,
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including the degree of language concordance
and the quality of the communication.
In summary, we found substantial variation in
deprivation across practices. This deprivation was
associated with chronic disease and differences in
quality. More studies are needed to explore what
practices and clinicians should do in response to
this information. Although we lack a full understanding regarding how this information should
inform care, integrating community data and primary care EHRs may be an important strategy for
improving population health and succeeding in a
value based payment environment.

We thank Steven Woolf and Derek Chapman for providing
Virginia life-expectancy data, Stephen Petterson for his assistance with the social deprivation index, and Bob Phillips for
theoretical guidance.
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Table 4. Adjusted Odds Ratios for Quality of Chronic and Preventive Care by Cold Spot Designation
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