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ABSTRACT

Objective: Assess whethereighborhood characteristipsedictpatientreported
outcomedor depression

Data.sources: VA electronic medical record data and U.S. census data.

Sudydesign: Retrospectivéongitudinal cohort.

Data extraction methods: Neighborhood and individual characteristics of patients
(N=4,269) with a unipolar depressive disorder diagnosisaamnttial Patient Health
QuestionnaireRHQ-9) score>10wereused to predict 50% improvement in 4-8-moRthQ-9
scores.

Principal findings: The proportion of a patient’s neighborhood living in poverty
(OR=.98; 95% CI:.97-.1.0Q)=.03) was associated with lower likelihood of depression symptom
improvement.in,addition to whether the patient was Black (OR=.76; 95% CI..6(4=.92) had
PTSD (R=.59;95% CI:.50-.6%<.001) or had any service-connected disability (OR=.73; 95%
Cl:.61-.87;p<:001).

Conclusions. Neighborhood poverty should be consideatahg withpatient
characteristicsvhendetermining likelihood of depression improvement.

Key words. depression; improvement; Veterans; neighborhaddinistrative
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INTRODUCTION

The extent to which effective treatments for depresaatmeve their intended symptom
improvement outcomes (i.e., the quality of ca@)vary substantiallyacross treatment settings
However, imorder taccurately asseseatmenguality based on outcomdsis important to
identify and aecount for notreatmentrelated factors thahight also impact symptonesponse.
2 Both anvindividual’s sociodemographic characteristics and characteristies lnfed
environment'may play important roles in determining depression symptom response.

Individual patient demographaharacteristicsuch as age egder, rae, and poor
socioeconamic statusavebeen inconsistelyt associated with depression treatment response;
across studieshesecharacteristics have been shown to have no association, associations with
greater respense, and associations with worse respbr@earacteristics of patients’
neighborhoods such atevatedpovertyrates low educational attainment, or unstable housing
may reflect psychosocial stressargd reduced access to resources (e.g., transportation,
childcare)which,can undermine treatmepdrticipationor moderate treatment response
Systematic reviews of epidemiologic studmesrerepored mixed findings regarding whether
individuals.who live in more socioeconomically disadvantaged neighborhoods are asaacre
risk for depression:® However neighborhood income levelsvebeen associated with
antidepressant adhererfoshich could result in improved treatment outcomes among patients
from neighborhoods with higher incomedther neighborhood characteristics may have similar

effects lut have not been extensively studithin health system populations.
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Understanding the potential effects of neighborhood characteristics on meatme
outcomes could enable comparisons of outcomes across treatments and setinggdigerse
populations. Such comparisons could be used to identify effective care pracicms)ting for
differences in patient populations, in order to replicate highly effectieearat improve less
effective practicedJnderstanding theffects of neighborhood characteristics on treatment
outcomes could also assist with the identificatbpatients less likely to respond to depression
treatment'andlead to the development of personalized approaches for these patients

In the“eurrent studyweused patient characteristics obtained fedectronic medical
records EMRS) and patient neighborhood characteristics obtained from US census data to assess
the interplay between patient and environmental factors on depression care respomgse am
cohort of UiS. Méteran Health Administration @) patients diagnosed with depressive disorders.
We hypothesized that patient residing within disadvantaged neighborfcwdacterizedy
higher rates of poverty, lower rates of employment, and less stable housing) waujtbbeer
depression . symptom response, after controlling for individual demographic acdlclini

characteristicextracted from the EMR

METHODS
Data soureeand cohort selection

We obtained data from the VA Corporate Data Warehouse (CDW), an administrative data
source which contains treatment information for all patients who receivehcangl the VA.
The patient'eohort included all patients with 1) a diagnosis of a unipolar depressidedi
(ICD-10-CMieodesF32.0F32.5, F32.9-33.3, F33.40-F33.42, F33.9, F3yécorded duringra
outpatient encounter icalendaryear CY) 2016, 2 a PHQ9 score>10 (which indicates
probable major depression) recorded within 2 months of the first depression diagyaéis,
and 3) neighborhood characteristics available from US Census data based ongsadiemte
census tct.information within CDW. Our primary analyses included a sub-cohort ohfstie
who also had“at least one additional available PHQ-9 score during the 4-8 montiheafter
initial PHQ9, which is the measurement period proposed by the National Committee on Quality
Assurance for theidealthcare Effectiveness Data and Information BE&i¥IS) measure of
depression symptom resport8&Ve excluded patientsith bipolar, personality, psychotic, and

pervasive developmentdisorder diagnasto be consistent with the HEDIS measure, and
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because the presence of these disorders may result in divergent treatment practices compared to
unipolar depression. 8sitivity analyses were performed arseparate cohort patients with an
availablePHQ-9 score 18-months following thenitial PHQ-9 score

Measures

Medical.record data. Patient demographic data extracted from CDW included age,
gender, raece, Hispanic ethnicity, census tract of home residence, and ratisal €omorbid
PTSD and'substance use disorder diagnoses (ICD-10 codes), inpatient psycradtniernt, and
serviceconnected disability status during the year prior to first depression diagm&sy 16
were obtainedWe also included an indicator of medical comorbiditye Elixhauser medical
comorbiditymeasurewith higher scores indicating higher levelsédical morbidity"*

We defined depression symptom improvenans>50% reduction between the initial
PHQ9 score and the score of the fiFd1Q-9 occurring during the 4-8-month follow-up period
based on the HEDIS measure of depression symptom respéimsehe cohort with #HQ-9
collected in the B-month follow-up windowve used the last PHQ up until 4 months if a
PHQ9 wasmet available in the 4-8-month window. We also conducted sensitivity analyses
using an exploeratory continuous measure of improvement defined as the percentage
improvement from baseline to follow-up (range 0 to 10080yl score improvement as a
continuous*measure of change in the followRPlHQ-9 score relative to the baseliR¢1Q-9
score

Census data. We obtained characteristics of each US census ti@otthe U.S. Census
Bureau 2021=2015 American Community Surveyear estimatesThe census tract
characteristies‘included tipercent okach Census tract that was: male, Vetelgdack or
African American, age 65 years or oldesiding in same residence for 5 years or more, age 25
years and_over with less than a high school education, unemployed, receiving supplemental
nutrition assistance (i.e., food stamps), below the federal poverty level, irakfezaded
household. with'no husband and with any children less than 18 years old, in an owner-occupied
housing unity/and in housing units lacking complete plumbing facilities.

Data Analysis

First, we conducted a multivabke logistic regression model predicting receipt of a

follow-up PHQ-9 during the 4-8-month period following first PHRadministratiorto identify

potential sotces of assessment bias. Next, we explored correlations and variance inflation
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factors (VIF). Weexcluded two neighborhood variables, % of households occhpidte

resident fos or moreyears and %f households on food stamps, from the final models due to
high correlations (> .65) with other variables and large VIF$) (mdicating potential
multicollinearity. Wethenconducted multivariale logistic regression analyses predicting
depressiosymptomimprovement including all remaining individual and neighborhood
characteristicas independent variable®Ve included census tracts as random intercepts to
control for'within-neighborhood clustering of patiertigxt, we conducted a series of sensitivity
analysesFirst;"we evaluated predictor reliability using parallel multivariable linear regression
models predictingwo additionaloutcomemeasuresabsolute PH(@ change and percent PHID
change We also included facilities as fixed effects in these models to control for potentially
unmeasured facility level differences in the care providédally, we repeated all three
outcome modelg the expanded cohattat included patients with a PH&follow-up
assessment during8 monthsWe conducted all analyses using SBSterprise Guide version
7.1

RESULTS
Patient Characteristics

Qursamplavith baselindPHQ-9 scoreof 10 or higher(N=27,1149 was on averagel5
years old (£=15.1), 82.26 male,63.5% White, 26.1% Black, 9.7% Hispanic, and 8.3
married.In‘this sample46.0% of patients had a comorbid PTSD diagnosis%2B8dda
substancemusedisorder diagnosis¥@itad an inpatient psychiatric stdyring the prior year,
and 72.90 had"@/A serviceconnected disability. Baseline PHEEcores were in the
moderately severmange with a mean df6.7(SD=4.4) out of a maximum score of 27.
Neighborhood characteristics

Taking.the neighborhootharacteristics of each cohort memfesach represented as a
percentage), the averagasoss almembes were:48% male (SD=4.6), 10% Vetergd8D=54),
17% Black«(SD=23.2), 18% over 65 years old (SD3&6% (SD=14.0)residing in the same
residencdor5,or moreyears, 1% (SD=9.3) over 25 years old with less tramngh school
education, 9% (SD=5.5) unemployed2485D=11.4) receiving food stamps, 15% (SD=10.4)
belowthepoverty line, 8%(SD=5.3) single femaleheadedvith children 64% (SD=20.6yvith

owner-occupied housing uni@ndless than .5% (SD=1.13cking complete plumbing facilities.
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Patient and neighborhood characteristics associated with follow-up depression assessment

Among the 27,11fatients with at least one positive P¥@core, 4,269 (15%) had a
subsequent PH®Q-assessment withinr@ months. Characteristics significantly associated with
completing a followup depression assessment included older age (OR=1.01 [95% CI 1.01-
1.01]), Hispanic ethnicity (1.19 [1.05-1]34the presence of a servicennected disability (1.33
[1.23-1.49), and the presence of a PTSD diagnosis (1.25 [1.17-1GWAdracteristics associated
with decreased odds of completing a follapr-assessment were male gender3((0876-0.9])
and residence’in a neighborhood vatielevated proportion of Veterans (0.98 [0.97-().99
Predictors of depression symptom response

Of the 4,269 patients that completed a follow-up depression assessment within 4 to 8
months, 924 (21.6%) experienced a 50% or more improvement in their depression skverity.
multivariable moedels, we found lower oddss@R6improvement in depressi@ympgomsfor
individuals who were Black (OR 0.76 [95% CI .61]Q®ad PTSD (.59.50-.69), or had a
serviceconnected disability (.7B61-.87). The percentage of neighborhaedidentdelowthe
poverty line«(0:98 [.97-1.QDor who owned their residence (.£99-1.0Q) were also associated
with decreased likelihood of 50% improvement in depression symtaasl abldl).

Sensitivity analyses to investigate stabilitytbésepredictorsperformed orabsolute
change_in-PHEY scoresand percent change in PHIscoresas measures of depression
improvementesulted in similar findingsvith regard to neighborhood characteristicas@ine
depression severigurfaced aan additionaleliablepredictorof absolutechanggB = 50, SE =
.02,t = 23.60,p< .001)and percent chand8 = .01, SE = .001,=5.77,p< .001) inPHQ9
scores at 4-8=month follow-up Sensitivity analyses of patients witl&8-month follow-up PHQ-
9 (N=8,154) differed in that age (OR 1.01 [95% CI 1.00-1.01]) and Hispanic ethnicity (0.81
[0.66-0.98]) verealso associated with0% improvemenin multivarieble analysesAnalyses
utilizing continuous measures of resporaesplute change and percentagprovement in
PHQ9 scorewith al-8-month follow-up period resulted gimilar findings tosensitivity

analyse®f those with a 4-8-montRHQ-9 follow-up.
DISCUSSION

We foundtwo neighborhood socioeconontbaracteristics- percent poverty anaercent

home ownership to be modest but statisticallygnificant predictors of depressisgmptom
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improvementfter accounting fomdividual demographic and clinical factors available in patient
electronic medical record€Our finding that greater neighborhood poverty was associated with a
lower likelihood of symptom response is consistent with our initial hypothesis amg@nat
epidemiological studies that have shown cross-sectional correlations betwegdy podeates

of depressiofic. Neighborhood poverty may impact depression treatment response through
various mechanisms including fewer health-promoting community resdigrgesaccess to
healthyfoodsrecreational spaces), increased exposure to stressors such aw crime
discriminaton;and less social capital within networks to address needs like employment,
housing, or transportatida.g.,report byWHO onsocial determinants of mental het*
Neighborheodpoverty may also serve as an approximation for individual finaatied, sthich

we were not able to control for given the available medical recordal&ek of individual

financial resourees likely contributes to poor depression symptom response sapéiate
addition to_neighborhood factors.

Although neighborhoodqverty had a statistically significant association with depression
symptom respense, the strength of the effect was modestns of the predictednpact on
PHQ9 scoress Based on an estimated coefficienDdf an absolute difference of 25% in the
poverty rate would confer a 1-point difference in PBIQeores assuming all other factors are
held constant. Thus, the effect of poverty will be most useful to consider when comgsiderin
populations that experience wide variations in neighborhood poverty.

Our finding that greater neighborhood home ownership was associated with decreased
likelihood ef'depression symptom response is in contrast to prior studies which haadlygene
demonstrated-home ownership to be associated with less stress and depressiod tompare
renting’®>* Our study included a number of covariates not included in prior studies and
measured.symptom change rather than esestional associationghich may explain the
discrepancy.in. findings. We note neighborhood home ownership wagatistically significant
in sensitivity analyses, suggesting the association with depression ismeaéiriable
depending.en‘measure of response used.

Ourinding that Black race was associated with worse depression outcarnasigent
with prior general population studies ahtidepressant treatment respoasd surveyseporting
low rates of treatment engagement among Bimtlents'’ Within the VA, Black patients are

equally likely to receive adequate psychotherapy but are less likely to receive adequate

This article is protected by copyright. All rights reserved



NEIGHBORHOOD CHARACTERISTICS 10

antidepressant treatment when compared to White indiviflitese disparitiemay contribute
to our findings of worse symptom improvement among Bla&kpatients Also, consistent with
our findings, comorbid PTSD and anxiety has presfipbeen associated with worse treatment
outcomes in clinical trialef antidepressant medications and psychothetdpworse outcomes
among patients with PTSa@r anxietycould partially be due to a treatment focusgmptoms
related to these conditions rather than depression symgExmasure treatments have alseen
noted to'briefly'exacerbatkepressiorsymptoms in the course of treatment before improvements
were noted'With'the completion aatment®** Finally, worsedepression outcomes among
patients with serviceonnected disabilities ate be expected considering the chronic symptom
burden and impairments to social role functioning associatedmnitbasedlisability relative to
those that'may'not meeiteria for service connectio®verall, teatment adjustments should be
considered to accommodate for differences in the clinical needs of patients with characteristics
that predict worse outcomdsor example, Ell et al. describe several sociocultural adaptations to
collaborative care managemdat depression for ethnic minorities including psychoeducation to
target culturallyspecific misconceptions regarding depression, greater opportunitiesnity
involvement, and specific content focused on coping with socioeconomic stress and limited
access tossocial resouré@s

Interpretation of study findings should incorporatene limitationsThe cohort included
in our primary analyses represented a subset atékall population of VA patients with
depression diagnoses due to limited availability of followR©Q-9 scores within patient EMRs.
While reasonsifor missing PH®scores are not available in the data, multiple factors likely
contribute,ineluding diftulty entering PH®@ scores into VA's EMR system, limited adoption
of measuremerbased care, use of the P¥Qor initial screening and assessment rather than
symptom monitoringand early patient treatment dropt. Treatment factors were not included
in our analyses.in order to focus on baseline predictorslifietences in treatmembhay have
impactedsymptom response and should be considered as potential mediators of neighborhood
effects in future studieglthough the demographic and clinical chaeaistics of our study
cohort is Similar to previously studied cohorts of VA patients with depre$Sam,cohort
differs substantially fronpatiens with depression in the general population (elgpresse®A
patients are predominantly mate olderage and more likely to have PTSB)Thus, our
findings may not be generalizable to non-VA patientstber health systemd=inally, we did
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not have access to individual census datd/fmpatientsandcould not assess the extent to
which VA patientsare similar to the other individuals in their neighborhoods.

Our findings have implications for quality measurement and for predictingnpati
treatment outcomesincorporating neighborhood povedgan indicator of socioeconomic
adversity pasticularly when individual measures of financial resources are not avadiiely
to modestly. improve models of depression symptom outcoRasgal compositiorandthe
prevalence of'comorbid PTSdhd disability may be particularlysefulfor risk-adjustment when
comparing outcomes between different populations of patients with depressiony, Rl
systems such as the VA may wish to consider more robust and systematiicteftdntain
follow-up depression severity assessments to reduce the bias in outcome meaisungprove
the validity'of outcomdsased quality measures, and ultimately improve care.
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50% improvement % improvement absolute improvement
Variables OR (95% CI) B (SE) B (SE)
Intercept .24 (.07, .81)* 24 ((11)* -3.56 (2.35)
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Age (years) 1.00 (1.00, 1.01) .001 (<.001) .01 (.01)*
Gender{(male) 1.10(.89, 1.36) .004 (.01) .08 (.25)
Race (Black) .76 (.61, .96)* -.02 (.01) =75 (.27)**
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SUD diagnesis 93 (.77, 1.13) -.01 (.01) -.15 (.23)
Inpatientpsyehiatry 1.15(.76, 1.74) .02 (.02) .23 (.51)
Disability-rating .73(.61, .87)*** -.04 (.01)*** -.59(.24)*
Elixhauser'score 1.00 (.99,1.02) <.001 (.001) .02(.02)
Neighborhood
% Veteran 1.00 (.98, 1.02) -<.001 (.001) -.02 (.02)
% Male 1.01 (.99, 1.03) .001 (.001) .03 (.02)
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% Black 1.00 (.99, 1.01) -<.001 (<.001) .001(.01)
% > 65 1.01 (.99, 1.02) .001 (.001) .02 (.01)
% 25yo w/less than  1.01 (.99, 1.02) .001 (.001) .02 (.01)
high school education
% Unempleyed 1.00 (.98, 1.02) <.001 (.001) .01 (.03)
% Below poverty line .98 (.97, 1.00)* -.003 (.001)** -.04 (.02)**
% Femaleheaded 1.00 (.98, 1.02) <.001 (.001) -.01(.03)
household

% Owner occupied .99 (.99, 1.00)* -.001 (<.001) -.01 (.01)
% Housing wio .99 (.92, 1.06) .01 (.004) .07(.09)

plumbing facilities

Note: PHQ9 = Ratient Health Questionnaire 9; OR = odds ratio; Cl = confidence interval,
regression unstandardized estimate; SE = standard error; PTSD = Post Traumatic Stress
Disorder; SUD = Substance Use Disorder.

* p<.05, *p=<i01, ***p<.001
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