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Background: Social determinants of health (SDOH) have an inextricable impact on health. If remained
unaddressed, poor SDOH can contribute to increased health care utilization and costs. We aimed to
determine if geographically derived neighborhood level SDOH had an impact on hospitalization rates of
patients receiving care at the Veterans Health Administration’s (VHA) primary care clinics.
Methods: In a 1-year observational cohort of veterans enrolled in VHA’s primary care medical home
program during 2015, we abstracted data on individual veterans (age, sex, race, Gagne comorbidity
score) from the VHA Corporate Data Warehouse and linked those data to data on neighborhood socioeconomic status (NSES) and housing characteristics from the US Census Bureau on census tract level.
We used generalized estimating equation modeling and spatial-based analysis to assess the potential
impact of patient-level demographic and clinical factors, NSES, and local housing stock (ie, housing
instability, home vacancy rate, percentage of houses with no plumbing, and percentage of houses with
no heating) on hospitalization. We defined hospitalization as an overnight stay in a VHA hospital only
and reported the risk of hospitalization for veterans enrolled in the VHA’s primary care medical home
clinics, both across the nation and within 1 specific case study region of the country: King County, WA.
Results: Nationally, 6.63% of our veteran population was hospitalized within the VHA system. After
accounting for patient-level characteristics, veterans residing in census tracts with a higher NSES index
had decreased odds of hospitalization. After controlling all other factors, veterans residing in census
tracts with higher percentage of houses without heating had 9% (Odds Ratio, 1.09%; 95% CI, 1.04 to
1.14) increase in the likelihood of hospitalization in our regional Washington State analysis, though not
our national level analyses.
Conclusions: Our results present the impact of neighborhood characteristics such as NSES and lack
of proper heating system on the likelihood of hospitalization. The application of placed-based data at
the geographic level is a powerful tool for identification of patients at high risk of health care utilization. (J Am Board Fam Med 2019;32:890 –903.)
Keywords: Cohort Studies, Comorbidity, Housing Issues, Patient-Centered Care, Hospitalization, Population
Health, Primary Health Care, Social Determinants of Health, Socioeconomic Status, United States Department of
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Social determinants of health (SDOH) have an
inextricable impact on health and wellness, with up
to 40% of health outcomes being attributed to

SDOH factors such as socioeconomic status (SES),
housing issues, and food insecurity.1,2 SDOH challenges can also contribute to increased health care
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pacting the health of veterans and their communities.13–15
To assist the VHA to achieve their goals in
patient care and population health, we assessed
whether geographically derived neighborhood
socioeconomic status (NSES) and local housing
stock had an impact on hospitalization rates of
veterans receiving care at the VHA’s primary care
medical home clinics.

Methods
We linked patient-level demographic and clinical
data from the VHA’s electronic health record
(EHR) system16 and population-level SDOH data
(ie, SES and housing issues) from the veteran’s
neighborhood to assess the association between
these factors and the risk of hospitalization for
veterans enrolled in the VHA’s primary care medical home clinics, both across the nation and within
1 speciﬁc case study region of the country: King
County, WA. We deﬁned hospitalization as an
overnight stay in a VHA hospital only. We also
applied geographic information system methods to
visualize the distribution of hospitalization, NSES,
and housing issues in the neighborhoods where
veterans reside in King County, WA. The Institutional Review Board of Johns Hopkins University
approved this study.

Data Sources
We obtained data on hospitalizations in 2015 from
veterans with at least 1 primary care clinic visit
during the year and a unique identiﬁcation number
assigned by the VHA (a total of 5,441,043 veterans). We obtained patient-level information on
age, sex, race, and their residence’s census tract
Federal Information Processing Standards code
from the VHA’s Corporate Data Warehouse,17
which incorporates various databases, including the
VHA’s EHR.16 To address the severity of medical
conditions resulted in hospitalization we obtained
Gagne comorbidity score from VHA’s Corporate
Data Warehouse.18 Gagne comorbidity score, a
single numeric comorbidity score for predicting
short- and long-term mortality, constructed by
combining conditions in the Charlson and Elixhauser measures. The score was presented as a
continuous variable with higher score predicted
higher risk of death.18
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utilization and costs. Thus, efforts addressing
SDOH factors can potentially have a profound impact on life expectancy, healthier behaviors, and
better overall health outcomes.3
Housing instability or subpar housing are
among the most common SDOH in the United
States.4,5 Housing issues such as lack of affordability or foreclosure and living in houses with
substandard conditions could contribute to the
development or exacerbation of serious health
issues.6 –9 In addition, housing instability contributes to limited access to preventive health
care, delayed ﬁlling of medication prescriptions,
increased nonadherence to treatment plans, and
consequently, higher utilization of acute health
care resources.2,10,11 Housing issues do not represent isolated social problems that randomly
distribute across neighborhoods. A number of
inter-related socioeconomic conditions contribute to the development and worsening of housing
problems. Hence, underserved populations are
particularly vulnerable to experiencing housing
issues resulting into poor health outcomes.12
Given the interconnected relationship of SDOH
factors and health outcomes, health care providers
are increasingly interested in developing interventions that fully consider the SDOH characteristics
of their patients and neighborhoods.2 The Veterans Health Administration (VHA) as the largest
integrated health system in the nation is committed
to interventions that target key SDOH factors im-
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We also measured “Home Vacancy Rate” (percentage of vacant houses in each census tract) as an
indicator of characteristics of a neighborhood. In
this latter category we excluded vacant houses that
were for rent, rented but not occupied, for sale,
sold but not occupied, for seasonal, recreational, or
occasional use, and for migrant workers.
Statistical Analysis

National Analysis
We performed descriptive analyses for a series of
factors potentially associated with hospitalization
among VHA primary care patients in 2015. For
multivariate analyses we applied logistic regression
using generalized estimating equations (GEEs)
models with robust variance.24 The GEE models
had patient-level variables for age, sex, race, and the
Gagne comorbidity score.18 Taking into account
the characteristics of our population and the distribution of each variable (refer to Table 1) we included race as a binary variable in the models comparing the majority of veterans (ie, whites) with the
rest. We also included Gagne comorbidity score as
a binary outcome comparing those with a score
above 0 to 0 or below 0 score. We included the
NSES index and housing variables as group or
cluster-level variables representing census tract
level measurements. We followed the recommendations from the National Academy of Medicine to
stratify risk of hospitalization using NSES index
quartiles in the GEE models.25
The GEE models adjusted for the effect of the
geographically clustered data in the NSES index
and housing variables when assessing the association between hospitalizations and patient and population-level characteristics.26 These models enabled us to assess the impact of housing issues in
isolation and also in the context of individual characteristics of veterans and socioeconomic challenges of their neighborhoods across the nation.

Sample Small Area Analysis
To limit the effect of potential unmeasured environmental factors (eg, availability of transportation) we reassessed the association between
neighborhood characteristics with hospitalization on a smaller geographic scale, which is more
homogenous with regard to those environmental
factors. We performed the GEE modeling and
spatial exploratory data analysis in King County,
WA, where the VHA’s ofﬁce for the national
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Selection of SDOH Factors
Similar to other EHRs, VHA’s EHR lacked patient-level data on SDOH.19 –21 To address this
issue, we assessed SDOH factors on a populationlevel and used NSES index22 calculated for all veterans using the US Census Bureau, American
Community Survey (2011 to 2015, 5-year estimate)23 data on a census tract level. The NSES
index was a summary measure of 6 geographic-level
census-based variables that linked to the census
tract of a participant’s residence. The measure variables included 1) percentage of adults aged 25 years
or older with less than high school education, 2)
percentage of men who are unemployed, 3) percentage of household incomes below the poverty
level, 4) percentage of households receiving public
assistance, 5) percentage of households with children in which the head of household is female, and
6) median household income. We calculated the
NSES index by computing a Z-score for each variable by subtracting the population mean and then
dividing it by the population standard deviation.
We then subtracted the Z-scores for the ﬁrst 5
components from that of the median household
income and scaled the results to the 0 to 100
range.22 The NSES index was presented as a continuous variable with the higher values corresponded to higher SES. For instance, a census tract
with an NSES index of 100 would present higher
SES and less SDOH challenges comparing to a
census tract with NSES index of 90. The NSES
index was validated for VHA patient population in
previous studies.14
Through a literature review on SDOH studies
and with feedback from an expert panel of VHA’s
clinical providers and policy makers, we selected a
group of variables as measures of neighborhood
housing issues. We categorized housing issues in
each neighborhood with regard to 1) Homelessness, 2) Housing Instability or Insecurity (ie, “percentage of households that moved across census tracts in
the past year and had an income below 100% poverty
line”), and 3) Characteristics of Individual Buildings
(ie, “percentage of houses with no plumbing” and “percentage of houses with no fuel-based heating”23 deﬁned
as the heating system of a building using gas from
underground pipes serving the neighborhood, bottled, tank, or liqueﬁed petroleum, electricity, fuel
oil, kerosene, coal or coke, wood, solar energy, or
other fuel).

United States
Hospitalization
Number of Patients (%)
Age, Mean (SD)
Sex, (%)
Race, (%)
Gagne Comorbidity Score, Mean (SD)
NSES index†, Mean (SD)
Housing issues (Median, Range)
Housing instability‡
Home vacancy rate§
Characteristics of the House
Percentage of houses with no plumbing
Percentage of houses with no heating

King County, WA

Yes

No

Yes

No

360,527 (6.63)
64.46 (13.86)
336,617 (93.40)
246,558 (68.39)
2.07 (2.07)
0.67 (0.11)

5,080,516 (93.38)
62.7 (16.50)
4,681,449 (92.15)
3,695,482 (72.74)
0.33 (1.24)
0.69 (0.10)

1087 (5.84)
63.69 (14.03)
1,003 (92.27)
749 (69.42)
1.25 (1.95)
0.72 (0.08)

17022 (91.47)
58.83 (17.21)
15,545 (91.32)
12156 (72.33)
0.34 (1.14)
0.74 (0.08)

2.55 (0.00, 100.00)
3.34 (0.00, 100.00)

2.90 (0.00, 41.89)
1.77 (0.00, 9.56)

0.00 (0.00, 62.71)
0.00 (0.00, 95.28)

0.00 (0.00, 6.74)
0.00 (0.00, 16.67)

SD, standard deviation.
*The demographic data had a high completeness rate with less than 1% of data missing among the entire veteran population.
Percentages might not add to 100% due to rounding and the missing data.
†
The NSES index was a summary measure of six geographic-level census-based variables that linked to the census tract of a
participant’s residence. The higher values corresponded to higher socioeconomic status.
‡
Percentage of households that moved across census tracts in the past year and had an income below 100% poverty line.
§
Percentage of vacant houses in each census tract.
NSES, Neighborhood Socio-economic Status, VHA, Veterans Health Administration.

evaluation of the patient-centered medical home
initiative is located.
For the spatial exploratory data analysis, we
mapped the hospitalization rate for VHA primary
care patients across census tracts in King County,
WA.27 We converted hospitalization to a binary
variable (ie, any hospitalization in a VHA facility in
2015) and aggregated the number of hospitalizations for each census tract to calculate the numerator. Since the spatial analysis was performed at a
census tract level we used the number of veterans
per census tract as the population-at-risk representing the denominator. Using the aforementioned
numerators and denominators, we mapped the
NSES index and housing variables across King
County, WA for side-by-side comparison of hospitalization distribution across the county in relation
to neighborhood characteristics. We categorized
each variable in the ﬁgures into different groups
using the distribution of that variable. Such categorization made it easier to follow the color coding
in each ﬁgure and to compare census tracts with
different values. We considered a P-values ⬍ .01 as
signiﬁcance level. We conducted all analyses in R
version 3.3.1 (using the GEE package for model-
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ing)28 and used the ArcGIS software (Redlands,
CA) to generate the maps.

Results
Assessment of Hospitalization among VHA
Population
The 2015 hospitalization rate was 6.63% for all
veterans who enrolled in VHA primary care clinics
and had at least 1 primary care clinic visit during
the year. Most of the hospitalized veterans were
male (93.40%) and white (68.39%). The mean age
of hospitalized veterans was 64.46 years. Table 1
presents the results of the descriptive analysis for
the entire VHA primary care population nationally
and those resided in King County, WA.
Table 2 presents the GEE modeling for veterans
across the US and those in King County, WA.
Without considering patient-level characteristics
and NSES factors, housing variables together
mostly increased the odds of hospitalization for the
national veterans population and those residing in
King County, WA (Model 1). For instance, 1%
increase in the percentage of households with housing instability in the census tracts of veterans’ residence resulted in 3% and 2% increased odds of
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Table 1. The Descriptive Analysis of Factors Affecting Hospitalization Among Veterans at VHA Primary Care Clinics
Across the United States and in King County, WA in 2015*
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1.0032; ⬍.001 (1.003 to 1.0035)
1.16; ⬍.001 (1.15 to 1.18)
0.84; ⬍.001 (0.83 to 0.85)
3.32; ⬍.001 (3.30 to 3.35)

0.85; ⬍.001 (0.84 to 0.853)
3.33; ⬍.001 (3.31 to 3.35)

Reported Race, nonwhite as
reference

Gagne Comorbidity
Score*, 0/ below
0 as Reference

2610527

0.991; ⬍.001 (0.99 to 0.992)

2463445

0.99; ⬍.001 (0.98 to 0.996)

1.004; ⬍.01 (1.001 to 1.007)

10813.3

1.08; ⬍.05 (1.03 to 1.13)

1.06; ⬍.05 (1.01 to 1.11)

1.003; .085 (0.97 to 1.03)

1.02; ⬍.001 (1.00 to 1.03)

Model 1

9958.248

0.65; ⬍.001 (0.55 to 0.77)

0.84; .05 (0.70 to 0.99)

0.96; 0.66 (0.81 to 1.14)

3.72; ⬍.001 (3.34 to 4.15)

0.91; .13 (0.81 to 1.03)

1.18; .13 (0.95 to 1.47)

1.02; ⬍.001 (1.01 to 1.026)

Model 2

King County, WA

9945.153

1.09; ⬍.001 (1.04 to 1.14)

1.05; .05 (0.99 to 1.10)

0.99; .52 (0.96 to 1.02)

1.0003; .96 (0.99 to 1.01)

0.71; ⬍.001 (0.59 to 0.86)

0.90; .27 (0.75 to 1.08)

1.06; 0.49 (0.89 to 1.27)

3.68; ⬍.001 (3.30 to 4.11)

0.92; .17 (0.81 to 1.04)

1.17; .15 (0.94 to 1.46)

1.02; ⬍.001 (1.01 to 1.029)

Model 3

*Gagne comorbidity score was presented as a binary variable (above 0 vs. 0 and below 0) in the GEE model.
†
The NSES index was a summary measure of six geographic-level census-based variables linked to the census tract of a participant’s residence. The higher values corresponded to higher
socioeconomic status.
‡
Percentage of households that moved across census tracts in the past year and had an income below 100% poverty line.
§
Percentage of vacant houses in each census tract.
储
The QIC or Quasi likelihood under the Independence model Criterion statistic is analogous to the AIC (Akaike’s Information Criterion) statistic used for comparing models ﬁt with
likelihood-based methods. Since the GEE method is not a likelihood-based method, the AIC statistic is not available. Smaller QIC value presents a better model.
Model 1. GEE Model— housing characteristics only.
Model 2. GEE Model—patient-level characteristics and NSES index.
Model 3. GEE Model—patient-level characteristics, NSES index, housing issues.
GEE, Generalized Estimating Equation; NSES, neighborhood socio-economic status; QIC, quasi likelihood under the Independence Model Criterion; VHA, Veterans Health Administration;
CI, conﬁdence interval.

QIC储

Percentage of
houses with no
heating

Percentage of
houses with no
plumbing

1.01; ⬍.001 (1.010 to 1.015)

1.01; ⬍.001 (1.005 to 1.017)

1.02; ⬍.001 (1.018 to 1.020)

Home vacancy rate§

Characteristics of
the house

1.01; ⬍.001 (1.007 to 1.014)

1.03; ⬍.001 (1.027 to 1.029)

Housing instability‡

2464538

0.69; ⬍.001 (0.68 to 0.70)

0.64; ⬍.001 (0.63 to 0.643)

4th Quartile

Housing issues

0.83; ⬍.001 (0.82 to 0.84)
0.75; ⬍.001 (0.74 to 0.76)

0.80; ⬍.001 (0.79 to 0.81)
0.71; ⬍.001 (0.70 to 0.72)

2nd Quartile

3rd Quartile

1st Quartile as
reference

NSES Index†

Age, years
1.17; ⬍.001 (1.15 to 1.18)

Model 3

Model 2
1.0032; ⬍.001 (1.003 to 1.0034)

Model 1

Sex, female as
reference

Variables

United States

Odds Ratio; P-Value (95% CI)

Table 2. The Multivariate Analysis of Factors Affecting Hospitalization Among Veterans at VHA Primary Care Clinics Across the United States and in King County, WA in 2015
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quartile NSES index (Model 3). The odds of hospitalization decreased with each quartile increase of
the NSES index for veterans across the country and
in King County, WA with and without considering
housing issues in the model (Models 2 and 3). But
the ORs were only signiﬁcant for the fourth quartile of the NSES index for veterans in King County,
WA.
After accounting for patient-level characteristics
and NSES of the neighborhoods, housing issues
presented mixed associations with odds of hospitalization for veterans across the country and in King
County, WA. For instance, 1% increase in the
number of houses with no plumbing and fuel-based
heating in the census tracts of veterans’ residence in
King County, WA resulted in 5% and 9% increased odds of hospitalization (Model 3). But the
results were not statistically signiﬁcant for houses
without plumbing (P-values of ⬍ .05 and ⬍ .001,
respectively).
Spatial Analysis
Figure 1 illustrates the unadjusted hospitalization
rate for the VHA population in 2015 across census
tracts in King County, WA. The hospitalization
rate was 18.43% and higher within several of the
census tracts in the western border of the county;
mostly in Seattle and its surrounding urban areas
(Figure 1A, dark red). The same area also had a
mean NSES index of 0.72 or lower, which represents a lower average SES in those neighborhoods
(Figure 1B, light red and pink).
The mapping of housing issues across King
County, WA shows spatial variation in housing
instability rate (Figure 2A), home vacancy rate
(Figure 2B), and percentages of houses with no
plumbing (Figure 2C) or fuel-based heating (Figure 2D) across the county. Overall we detected
census tracts with increased housing issues mostly
scattered in the western border of the county (Figure 2, dark red).

Discussion
Overall, in our population the hospitalization rate
of veterans within the VHA system was slightly
lower than the national age-adjusted rate of overnight hospital stays (6.63% vs 7.0%).29
Impact of SDOH Variables
Our multivariate modeling took into account a
range of patient-level characteristics allowing us to
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hospitalization for veterans across the US and those
in King County, WA respectively and the results
were statistically signiﬁcant. However, measures of
substandard housing characteristics (eg, lack of
plumbing and fuel-based heating) had a stronger
impact on odds of hospitalization when assessed in
the smaller geographic region. Speciﬁcally, 1% increase in the percentage of houses with no plumbing and fuel-based heating in the census tracts of
veterans’ residence in King County, WA resulted
in 5% and 9% increased odds of hospitalization
respectively, but the results were not statistically
signiﬁcant for houses without plumbing (P-values
of ⬍ .05 and ⬍ .001, respectively).
In terms of patient-level characteristics, male
veterans across the country and those residing in
King County, WA had a 17% and 18% increased
odds of hospitalization compared with female veterans after accounting for NSES (Model 2) and a
16% and 17% increased odds of hospitalization
after accounting for NSES and housing issues
(Model 3) but the odds ratios (ORs) were not statistically signiﬁcant for King County, WA (Pvalue ⫽ .13 and .15, respectively). White veterans
across the country and those residing in King
County, WA had a 15% and 9% decreased odds of
hospitalization compared with nonwhite veterans
after accounting for NSES (Model 2) and a 16%
and 8% decreased odds of hospitalization after accounting for NSES and housing issues (Model 3).
But the ORs were not statistically signiﬁcant for
King County, WA (P-value ⫽ .13 and .17, respectively).
After accounting for patient-level characteristics, veterans residing in census tracts with a higher
NSES index (ie, higher SES) had a decreased odds
of hospitalization. For example, across the country
and in King County, WA, veterans residing in
census tracts with a second-quartile NSES index
(higher NSES index compared with the ﬁrst quartile) had respectively, a 20% and 4% decreased
odds of hospitalization compared with those residing in census tracts with a ﬁrst-quartile NSES index
(Model 2). But the OR was not statistically significant for King County, WA (P-value ⫽ .66). Adding housing issues in the model attenuated those
odds. For instance, after accounting for housing
issues across the country, veterans residing in census tracts with a second-quartile NSES index had a
17% decreased odds of hospitalization compared
with those residing in census tracts with a ﬁrst-
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Figure 1. Spatial analysis for Hospitalization and NSES Index. Map a: Unadjusted hospitalization rate and Map b: NSES
mean per census tract in King County, WA. NSES: neighborhood socioeconomic status.
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Figure 2. Spatial analysis for housing issues. Maps for (a) housing instability rate; (b) home vacancy rate; (c)
percent of houses with no plumbing; (d) percentage of houses with no fuel-based heating.
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Figure 2. Continued.
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ever, assessing housing issues in the smaller region,
while holding all other variables constant, revealed
some modest increase in hospitalization (from 5%
to 9%) in neighborhoods with substandard housing
with no plumbing or fuel-based heating, but the
results were not statistically signiﬁcant for houses
without plumbing. This indicates that substandard
housing might have an impact on hospitalization
when it is assessed in a smaller region and the effect
of potential hidden environmental factors are limited.
Several of the ORs across 3 models were not
statistically signiﬁcant for King County, WA. We
used census tract as the unit of analysis for population-level variables in the GEE models. There
were 396 census tracts in King County, WA and
the relatively small sample size might have played a
role in nonsigniﬁcant ORs. Future studies should
include population-level data at a lower granular
level (eg, block groups), which would help to have
a larger sample size and more homogenous population in each unit of analysis.
We did not identify studies assessing the impact
of housing issues on hospitalization in a population
similar to the one in this study using the housing
variables that we included in our modeling. Instead,
we compared our results with studies assessing the
health-related impact of a wide range of housing
issues and other socioeconomic characteristics of
neighborhoods, using population-level data from
US Census Bureau and other publicly available data
sources. Our results deviated from those studies.
For instance, Liu and Pearlman36 found that children living in neighborhoods with the highest proportion of crowded housing conditions, racial minority residents, or neighborhood-level poverty
had higher hospital readmission rates. In addition,
in Beck et al’s37 study children living in neighborhoods with the highest quartile of housing code
violations had higher odds of rehospitalization
within 12 months, compared with those living in
the lowest quartile. Gronlund et al38 revealed that
the hospitalization rate related to extreme heat was
higher in ZIP codes having older housing and in
cities with lower air conditioning prevalence. Other
neighborhood-level factors such as housing stress
(deﬁned as 30% or more of households living in a
house that lacked complete plumbing and/or
kitchen, renter or owner paid 30% or more of
income for mortgage or rent, or had more than 1
person per room) have signiﬁcantly impacted hos-
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assess the impact of population-level characteristics
on the census tract level for the entire VHA primary care population and within 1 speciﬁc case
study region of the country; King County, WA.
Model 1 ﬁndings were consistent with our descriptive analysis showing minimal association between
the housing variables and the odds of hospitalization nationally and in King County, WA. However,
when housing issues were assessed in the smaller
region, holding other housing variables constant,
there was some modest increase in hospitalization
(from 6% to 8%) in neighborhoods with substandard housing with no plumbing or fuel-based heating.
Model 2 suggested that males and nonwhites
had a slightly higher odds of hospitalization compared with females and whites nationally. But the
ORs were not statistically signiﬁcant in King
County, WA. These results were in line with previous studies of the general population and those of
the VHA population, for nonwhite veterans experiencing higher odds of being hospitalized.30 –32 In
addition, Gagne comorbidity score of above 0 comparing to score 0 or below 0 conferred a 3 times
higher odds of hospitalization and residing in
neighborhoods with a higher SES score (represented by each progressively higher NSES quartile)
resulted in a 20% to 36% decrease in the odds of
hospitalization nationally and a 4% to 35% decrease in King County, WA.
The evidence varies on the impact of including
SES data for assessment of the health outcomes. A
number of prior studies found that including data
on different social factors would improve prediction of health outcomes, such as hospitalization and
readmission risk.30,31,33 In addition, SES data
would narrow down the range of observed variations in readmission rates.34 In contrast, Bhavsar et
al35 assessed the value of NSES in predicting the
risk of adverse outcomes in EHR-based risk models. In their study, information on NSES did not
contribute much more to risk prediction above and
beyond demographic (eg, age and race) and insurance data already provided in the EHR.
In our study in the Model 3 for the national
sample, the associations between demographic and
clinical factors with the odds of hospitalization remained unchanged and the results of housing variables remained consistent, with Gagne comorbidity
score having the largest OR and gender and race
having larger ORs than housing variables. How-

The Added Value of Spatial Analysis
The data used in this study were unique and contained information on more than 5 million veterans
during the year of study. Our access to the longitude and latitude of the patients’ home location
made it possible to link the patient-level data to the
neighborhood characteristics.23 This geocoded
data allowed the detection of spatial patterns for
the entire study population. The geo-data also
helped to identify neighborhoods with increased
hospitalization rate across King County, WA,
where hospitalization rate was much higher than
the overall VHA population and the national rate
(18.43% and higher at several of the census tracts
in the western border of the county mostly in the
Seattle and its surrounding urban areas vs 6.63%
for overall VHA population and 7.0% nationally).29
The area corresponded to the neighborhoods containing several census tracts with a lower average
SES, which would be a contributing factor in the
high utilization as was presented in our models.
Future studies with an in-depth assessment of other
factors playing role in high hospitalization in these
neighborhoods would help VHA to identify potential modiﬁable factors in these inner city neighborhoods. Similar interventions would be applicable to
other inner city neighborhoods experiencing low
SES and high health care utilization.
The geo-derived SDOH variables addressing
housing issues had a low predictive power for hospitalization especially after incorporating robust
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SES measures (eg, NSES index). However, using
spatial analysis in the smaller geographic area enabled the identiﬁcation of areas of high hospitalization rate that could then be mapped along with geoderived SDOH to identify where resources would be
invested to improve behavior or the built environment. For example, areas with high hospitalization
rate had neighborhoods with high vacancy rates or
poor housing condition. This information would allow the VHA to develop interventions and focus resources to help veterans ﬁnding better housing. Performing the spatial analysis in a smaller geographic
area also helped us to limit the effect of potential
unmeasured environmental factors (eg, availability of
transportation) in an area more homogenous with
regard to those environmental factors.
Study Limitations
Our study had some limitations. The hospitalization data only reﬂected the overnight hospital stay
in the VHA facilities but no other facilities. It did
not distinguish between needed care due to acute
or chronic health conditions and avoidable hospital
utilization due to lack of access to other types of
care. This secondary data analysis was limited to
available patient-level data in VHA’s EHR, which
similar to most other EHRs did not include data on
SDOH.19 –21 Therefore, our assessment of SDOH
was limited to population-level data and we did not
assess whether any observed associations between
SDOH and hospitalization were related to the
composition of the area (ie, they served as proxies
for individual factors) or whether they reﬂected the
contextual factors of the area itself. For instance, we
assessed the association between hospitalization
and housing insecurity in a neighborhood as a
proxy for housing insecurity of a veteran living in
that neighborhood, but did not assess the association between hospitalization and the number of
abandoned houses in the neighborhood as the contextual factor of the area itself. We did not include
any variables to measure homelessness in our analysis, since the VHA has performed comprehensive
assessment of veteran’s homelessness status internally and US Census Bureau, American Community Survey23 did not include any data on homelessness.
Our NSES index was a robust measure of several
key socioeconomic characteristics of the neighborhoods. The development of standard SDOH composite measures using both patient-level EHR and
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pitalization.39 Lastly, living in newer and properly
maintained buildings, neighborhoods with newer
housing stock with no outward signs of physical
deterioration, and buildings with a richer set of
amenity features have decreased mental health care
costs.40 The difference in our ﬁndings and those of
other studies might reﬂect the different approach
to development of variables addressing selected
SDOH domains. It also indicates the necessity for
development of standard quality measures for assessment of SDOH so that the results of different
studies are comparable. In addition, our study population included all hospitalizations across VHA
primary care population and did not include subgroup analysis of patients with speciﬁc clinical conditions such as asthma. Some SDOH factors might
play a signiﬁcant role in the health outcomes of
speciﬁc patient populations (eg, housing issues and
asthma).
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holders: philanthropy, social service providers, and
health systems to address gaps in resources and
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Model 4

0.67;
⬍.001 (0.66 to 0.68)

4th Quartile

2464233

2464261

1.07;
⬍.001 (1.01 to 1.017)

0.66;
⬍.001 (0.65 to 0.664)

0.73;
⬍.001 (0.72 to 0.735)

0.81;
⬍.001 (0.80 to 0.82)

3.33;
⬍.001 (3.30 to 3.35)

2464533

1.00;
⬍.01 (1.001 to 1.008)

0.63;
⬍.001 (0.631 to 0.64)

0.71;
⬍.001 (0.70 to 0.72)

0.80;
⬍.001 (0.79 to 0.81)

3.33;
⬍.001 (3.30 to 3.35)

0.85;
⬍.001 (0.84 to 0.854)

1.16;
⬍.001 (1.15 to 1.18)

2463986

0.99;
⬍.001 (0.98 to 0.992)

0.63;
⬍.001 (0.629 to 0.64)

0.71;
⬍.001 (0.70 to 0.72)

0.80;
⬍.001 (0.79 to 0.81)

3.33;
⬍.001 (3.30 to 3.35)

0.84;
⬍.001 (0.83 to 0.85)

1.17;
⬍.001 (1.15 to 1.18)

9956.717

1.01;
⬍.001 (1.00 to 1.03)

0.71;
⬍.001 (0.59 to 0.85)

0.89;
.29 (0.74 to 1.06)

0.99;
.95 (0.84 to 1.18)

3.71;
⬍.001 (3.33 to 4.14)

0.91;
.13 (0.81 to 1.03)

1.18;.13 (0.95 to 1.47)

9960.148

0.99;
.73 (0.97 to 1.02)

0.65;
⬍.001 (0.55 to 0.77)

0.84;
⬍.05 (0.71 to 1.10)

0.96;
.67 (0.81 to 1.14)

3.72;
⬍.001 (3.33 to 4.15)

0.91;
.13 (0.81 to 1.03)

1.18;
.13 (0.95 to 1.47)

9951.153

1.07;
⬍.05 (1.02 to 1.11)

0.68;
⬍.001 (0.58 to 0.81)

0.85;
.84 (0.72 to 1.02)

1.005;
.94 (0.85 to 1.20)

3.71;
⬍.001 (3.20 to 4.14)

0.91;
.12 (0.81 to 1.03)

1.17;
.14 (0.95 to 1.46)

9943.414

1.10;
⬍.05 (1.05 to 1.15)

0.70;
⬍.001 (0.59 to 0.82)

0.89;
.21 (0.75 to 1.07)

1.04;
.64 (0.87 to 1.24)

3.69;
⬍.001 (3.30 to 4.12)

0.92;
.18 (0.82 to 1.04)

1.18;
.13 (0.95 to 1.46)

*Gagne comorbidity score was presented as a binary variable (above 0 vs. 0 and below 0) in the GEE model.
†
The NSES index was a summary measure of six geographic-level census-based variables linked to the census tract of a participant’s residence. The higher values corresponded to higher
socioeconomic status.
‡
Percentage of households that moved across census tracts in the past year and had an income below 100% poverty line.
§
Percentage of vacant houses in each census tract.
储
The QIC (Quasi likelihood under the Independence model Criterion) statistic is analogous to the AIC (Akaike’s Information Criterion) statistic used for comparing models ﬁt with
likelihood-based methods. Since the GEE method is not a likelihood-based method, the AIC statistic is not available. Smaller QIC value presents a better model.
Model 1. GEE Model—Patient-level characteristics, NSES index, housing instability.
Model 2. GEE Model—Patient-level characteristics, NSES index, home vacancy rate.
Model 3. GEE Model—Patient-level characteristics, NSES index, percentage of of houses with no plumbing.
Model 3. GEE Model—Patient-level characteristics, NSES index, percentage of of houses with no heating.
GEE, Generalized Estimating Equation; NSES, neighborhood socioeconomic status; VHA, Veterans Health Administration.

QIC储

Percentage of houses with
no heating

Percentage of houses with
no plumbing

Characteristics of the house

Home vacancy rate§

Housing instability‡

1.01;
⬍.001 (1.00 to 1.012)

0.74;
⬍.001 (0.73 to 0.75)

3rd Quartile

Housing issues

0.82;
⬍.001 (0.81 to 0.83)

2nd Quartile

1st quartile as reference

NSES Index

†

0.85;
⬍.001 (0.84 to 0.86)

1.16;
⬍.001 (1.14 to 1.18)

3.33;
⬍.001 (3.30 to 3.35)

Model 3

Gagne Comorbidity Score*,
0/ below 0 as Reference

Model 2

0.85;
⬍.001 (0.84 to 0.853)

Model 1

Reported race, non-white as
reference

Model 4

1.17;
⬍.001 (1.15 to 1.18)

Model 3

Sex, female as reference

Model 2

King County, WA

1.003;
1.003;
1.003;
1.003;
1.02;
1.02;
1.02;
1.05;
⬍.001 (1.003 to 1.0031)
⬍.001 (1.002 to 1.0034)
⬍.001 (1.003 to 1.0034)
⬍.001 (1.003 to 1.0034)
⬍.001 (1.01 to 1.028)
⬍.001 (1.01 to 1.026)
⬍.001 (1.01 to 1.029)
⬍.001 (1.01 to 1.02)

Model 1

Odds Ratio; P-Value (95% CI)

Age, Years

Variables

United States

Appendix Table 1. The Multivariate Analysis of Factors Affecting Hospitalization Among Veterans at VHA Primary Care Clinics Across the United States and in King
County, WA in 2015
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E1

Variance Inﬂation Factor* (Degree of Freedom)
United States
Variables
Age
Sex
Reported Race
Gagne Comorbidity Score
NSES Index
Housing Issues
Housing Instability
Home Vacancy Rate
Characteristics of the House
Percentage of houses with no plumbing
Percentage of houses with no heating

King County, WA

Model 1

Model 2

Model 1

Model 2

1.068765 (1)
1.032169 (1)
1.053327 (1)
1.014003 (1)
1.036799 (3)

1.071784 (1)
1.032579 (1)
1.055482 (1)
1.015308 (1)
1.438241 (3)

1.068765 (1)
1.032169 (1)
1.053327 (1)
1.014003 (1)
1.036799 (3)

1.071784 (1)
1.032579 (1)
1.055482 (1)
1.015308 (1)
1.438241 (3)

1.582049 (1)
1.025891 (1)

1.582049 (1)
1.025891 (1)

1.253458 (1)
1.248236 (1)

1.253458 (1)
1.248236 (1)

*Variance Inﬂation Factor close to 1 presents least collinearity among variables in a model.
Model 1. GEE Model—Patient-level characteristics and NSES index.
Model 2. GEE Model—Patient-level characteristics, NSES index, and housing issues.
NSES, Neighborhood socioeconomic status; VHA, Veterans Health Administration.
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Appendix Table 2. Variance Inflation Factor Presented for the Multivariate Analysis of Factors Affecting
Hospitalization Among Veterans at VHA Primary Care Clinics Across the United States and in King County, WA in
2015

