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Rational & Objective: Neighborhood socioeco-
nomic status (SES) and health insurance status
may be important upstream social determinants of
chronic kidney disease (CKD), but their relation-
ship remains unclear. The aim of this study was to
determine whether neighborhood SES and
individual-level health insurance status were
independently associated with CKD prevalence.

Study Design: Observational study using elec-
tronic health records (EHRs).

Setting & Participants: EHRs of patients
(n = 185,269) seen at a health care system in the
7-county Minneapolis/St Paul area (2017-2018).

Exposures: Census tract neighborhood SES
measures (median value of owner-occupied
housing units [wealth], percentage of residents
aged >25 years with bachelor’s degree or higher
[education]) and individual-level health insurance
status (aged <65 years: Medicaid vs other
insurance; ≥65 years: Medicare vs Medicare and
supplemental insurance plan) were obtained from
the American Community Survey and EHR data.
Neighborhood SES was operationalized into
quartiles, comparing low (first quartile) versus
high (fourth quartile) neighborhood SES.

Outcomes: CKD prevalence: estimated glomer-
ular filtration rate < 60 mL/min/1.73 m2 or
proteinuria.
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Analytic Approach: Multilevel Poisson regression
with robust error variance with a random intercept
at the census-tract level, adjusted for demographic
and clinical covariates, was used to estimate the
association between neighborhood SES,
insurance, and CKD.

Results: Neighborhood SES and insurance were
independently associated with CKD prevalence. In
covariate-adjusted models, patients living in low
versus high neighborhood SES had a higher
CKD prevalence among both younger and older
patients. For example, the prevalence ratios of
CKD in low versus high neighborhood SES as
defined by education among patients younger
than 65 and 65 years and older were 1.11 (95%
CI, 1.05-1.18) and 1.08 (95% CI, 1.04-1.12),
respectively. Patients younger than 65 years
receiving Medicaid had higher CKD prevalence
versus those with other insurance (1.51 [95% CI,
1.43-1.6]). For patients 65 years and older,
insurance was not associated with prevalence of
CKD in the fully adjusted model.

Limitations: One health care system and selection
bias.

Conclusions: Living in low neighborhood SES as
defined by wealth and education and having
Medicaid for patients younger than 65 years were
associated with higher CKD prevalence.
Chronic kidney disease (CKD) is a significant public
health problem in the United States affecting 26

million Americans (14.8% of the adult population).1 CKD
contributes to poor quality of life, leads to premature
death, and is costly for both the public and private sectors.2

Disadvantaged socioeconomic status (SES) populations
have a disproportionate burden of CKD.3

Understanding the relationship between SES and CKD is
important for informing intervention and policy efforts to
reduce CKD burden and deliver appropriate care for
vulnerable populations. This is especially relevant as the
health care community undertakes initiatives related to the
Presidential Executive Order on Advancing American
Kidney Health.4 Factors such as disparities in SES, racial
discrimination, and being underinsured/uninsured all
contribute to the development of CKD.5 A recent system-
atic review of 3,632,531 participants and 832,497 cases of
CKD showed that low SES was associated with CKD (low
estimated glomerular filtration rate [eGFR]/high albu-
minuria; odds ratio, 1.4 [95% CI, 1.2-1.6]).6 Area-level
SES was less studied than individual-level SES and most
studies focused on end-stage kidney disease (ESKD).7-9

Most of these previous analyses examined area-level SES
using large geographical areas that may mask the variation
of CKD within such areas.9-11 Furthermore, the association
of SES and CKD was predominately assessed using
population-level data from cohort studies or was limited to
veterans only, subsequently limiting the generalizability of
results. Moreover, composite measures of neighborhood
SES were commonly used, which are less useful for
informing policy decisions regarding specific neighbor-
hood SES measures.

Overall, low neighborhood SES is associated with
worsening kidney function. Meanwhile, individual-level
health insurance also contributes to disparities in clinical
care and clinical outcomes, including health outcomes of
several diseases (cardiovascular disease and ESKD).12

Receiving Medicaid or Medicare without supplemental
insurance may affect health outcomes independent of SES
as coverage.13 This is true particularly for Medicaid
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PLAIN-LANGUAGE SUMMARY
Neighborhood socioeconomic status (SES) and health
insurance status may be important upstream social de-
terminants of chronic kidney disease (CKD) but their
relationship remains unclear. We used electronic health
record data from a large midwestern US metropolitan
area to assess whether neighborhood SES and
individual-level health insurance status are indepen-
dently associated with CKD prevalence. We found that
patients from low neighborhood SES and Medicaid re-
cipients (among patients aged <65 years) have greater
rates of CKD compared with patients from high SES
tracts and patients with other insurance. These may be 2
of several socioeconomic and individual factors influ-
encing the complexity of identification, management,
and treatment of CKD.
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(aged <65 years) because eligibility is mainly tied to
having income below the poverty line.14 Moreover, pa-
tients with Medicare (aged >65 years) without supple-
mental insurance plans have been shown to receive fewer
preventive services and have higher deductibles for services
and prescription drugs.15-18

Studies to date have focused mainly on the associa-
tion of health insurance in ESKD. Overall, both neigh-
borhood SES and individual-level health insurance play
an important role in health outcomes. However,
research to date has not jointly assessed the independent
association of neighborhood SES and individual-level
health insurance on CKD prevalence. To our knowl-
edge, no studies have further examined whether the
association of neighborhood SES and health insurance
with CKD differs between patients with or without
hypertension or diabetes and by race.

The aim of this study was to determine whether
neighborhood SES and individual-level health insurance
status are independently associated with CKD prevalence in
a cohort of electronic health records (EHRs) from a large
midwestern US metropolitan area.
METHODS

Data

Patients were identified from the EHR database of Fairview
Health Services, the primary affiliate of the University of
Minnesota. The Institutional Review Board at the Univer-
sity of Minnesota approved this study (ID: 1502M63126).
Written informed consent at the patient level was waived
by the Institutional Review Board. We identified patients
from June 1, 2017, through December 31, 2018. The EHR
data incorporate all outpatient visits, laboratory tests,
billing data, geocoded addresses, and census tracts of pa-
tients’ residences.19
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Sample Definition

The sample included all adult patients (aged ≥18 years)
who had their address geocoded and are from the 7-
county Minneapolis/St Paul Minnesota metropolitan area
and who had at least 1 measurement of outpatient creati-
nine level during the included period (ie, excluded pa-
tients with no available outpatient creatinine level).
Patients without outpatient creatinine levels were
excluded. Patients were included if they had insurance data
available (available for all patients) and had at least 1
primary care physician visit in the Fairview health system
during this period (Figs 1 and S1). We defined index
creatinine level as the last available creatinine level during
this period. Patients who opted out of research or moved
from June 1, 2017, to December 31, 2018, were excluded.

Geographic Unit and Neighborhood SES

We selected census tracts as the geographic unit of anal-
ysis, which are small relatively stable areas designed to
include homogeneous populations.20 We linked each pa-
tient’s residence to the appropriate census tract and tract
characteristics. We included 3 measures to operationalize
neighborhood SES at the tract level: median value of
owner-occupied housing units, percentage of residents
older than 25 years with a bachelor’s degree or higher, and
median household income, all as identified from the
2012 American Community Survey 5-year data (2008-
2012).21-24 These measures reflect wealth, education, and
income of the tract.23 We divided neighborhood SES into
quartiles and primarily compared the 2 extremes of the
neighborhood SES distribution, with low and high
neighborhood SES defined as belonging to the first (Q1)
and fourth (Q4) quartiles of the distribution of each of the
measures using American Community Survey data of the
metropolitan area (specifically defined with tract wealth
as <$165,200 [Q1] or ≥$231,300 [Q4]; tract education
as <20.4% [Q1] or ≥48.1% [Q4], and tract income
as <$35,935 [Q1] or ≥$62,343 [Q4]). We present Q2 and
Q3 neighborhood SES results as well for completeness.

Health Insurance

We defined a patient’s most recent insurance status from
the EHR, stratified by age. For individuals younger than 65
years, insurance was defined as either having Medicaid
versus other insurance; for those 65 years and older, in-
surance was defined as having Medicare (Part A, B, or C)
versus having Medicare and supplemental insurance plan
for individuals (Item S1).

CKD Outcome

eGFR was calculated using the CKD Epidemiology
Collaboration (CKD-EPI) equation.25 CKD was defined as
having an outpatient index eGFR < 60 mL/min/1.73 m2

or having proteinuria (last measure available of urinary
albumin-creatinine ratio > 30 mg/g or urinary protein-
creatinine ratio > 150 mg/g or urinalysis > 30 mg/g
Kidney Med Vol 3 | Iss 4 | July/August 2021



All patients receiving care 
at Fairview from 7/1/217 to 

12/31/2018
N = 791,222

Eligible patients
n = 531,145

Excluded:
-no primary care 
physician visit from 
7/1/1017 to 12/31/2018 
(n = 260,077)

Eligible patients
n = 259,247

Excluded:
-patients with no 
outpatient creatinine 
measurement from 
7/1/2017 to 12/31/2018 
(n = 271,898)

Excluded:
-patients from outside 7 
county metro area or who 
moved or with no address 
(n = 73,454)
-patients <18 years of age
(n = 524)Included in study

n = 185,269

Figure 1. Cohort flow chart of Fairview patients from the 7-
county Minneapolis/St Paul metropolitan (metro) area.
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between June 1, 2017, and December 31, 2018). We
manually abstracted clinical and laboratory data for 100
random patient charts and compared them with data
pulled directly from EHRs to ensure data quality.

Covariates

We identified sex and race from the EHR. Age and smoking
status were defined using the last value before or at the
time of the index creatinine level. All creatinine measures
were traceable to an isotope-dilution mass spectrometry
reference measurement. Comorbid conditions were
considered present if at least 2 International Classification of
Diseases, Ninth/Tenth Revision (ICD-9/10) codes for that con-
dition were present at or before the date of the index
creatinine level.26 We used the last value at or before the
date of the index creatinine level for each of the following
covariates: body mass index, urinary albumin-creatinine
ratio, urinary protein-creatinine ratio, and urinalysis. All
laboratory values were derived from outpatient clinical
visits.

Statistical Analysis

We evaluated the possible sparsity of data by using
contingency to assess the number of participants for
each insurance status by tract SES.27,28 We assessed
baseline demographic and clinical characteristics of the
cohort. Categorical variables were presented as fre-
quencies, and continuous variables, as mean (standard
deviation) values. Pearson correlations were used to test
associations among neighborhood SES variables (as
continuous measures).

We used a multilevel model with a random intercept for
census tract to estimate the association between neigh-
borhood SES and insurance status association and CKD
prevalence. Models were stratified by age (<65 and ≥65
years). Because CKD prevalence was a common outcome,
we estimated the prevalence ratio and 95% CI using
Poisson regression with robust error variance.29-31 We fit
the following models: model 1, neighborhood SES (each
measure separately) and health insurance status; model 2,
model 1 plus age, sex, race, obesity, and smoking; and
model 3, model 2 plus history of cardiovascular disease,
stroke, cancer, hyperlipidemia, hypertension, and diabetes.
Effect modification (on the multiplicative and additive
scale) of the neighborhood SES or insurance-CKD rela-
tionship was examined by race, hypertension, and diabetes
(Item S1).32

Because we included only patients who had their kidney
function measured, our analysis may be subject to selec-
tion bias if, for example, people in higher SES neighbor-
hoods and people with CKD are more likely to get
measured. We assessed the possible impact that selection
bias could have had on our results using sensitivity ana-
lyses with different selection probabilities.33 We estimated
an adjusted crude prevalence ratio by multiplying each cell
of the 2×2 table (exposure: patients in low vs high SES;
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outcome: patients with and without CKD) with a selection
factor (probability of a patient being included in cohort
given CKD presence and tract characteristics). A range of
subjectively specified selection factors was used to ascertain
the possible sensitivity of our results to a range of possible
selection probabilities.

We undertook preplanned analysis to assess the
sensitivity of how and/or when CKD, insurance, and the
cohort were defined: limiting our analyses to using a
more restrictive definition of CKD (eGFR < 45 mL/min/
1.73 m2 per year or urinary albumin-creatinine
ratio ≥ 300 mg/g or urinary protein-creatinine
ratio ≥ 500 mg/g or urinalysis ≥ 100 mg/g); only
including creatinine measured during routine clinic visits
(ie, laboratory tests measured during annual clinic well-
being visits); defining CKD as having 2 consecutive
eGFRs more than 3 months apart <60 mL/min/1.73 m2;
defining insurance status as having continuous coverage
by a single provider from June 1, 2017, to December
31, 2019 (more restrictive definition); and changing the
cohort inclusion period from 18 to 12 months
(December 31, 2017, to December 31, 2018). We
accounted for missing data by using “missingness” as a
variable to adjust for rather than by imputation, which
is limited to the assumption of randomness rather than
dropping missing data out of the cohort.34,35 We used
an indicator variable for missingness for obesity (9%
missing) and systolic and diastolic blood pressure (3%
missing). Statistical analyses were conducted using R (R
Core Team) and Stata (StataCorp).36,37
557



Table 1. Characteristics of the Fairview Cohort Overall and by Age (<65 and ≥65 years)

Overall (N = 185,269) Age < 65 y (n = 127,977) Age ≥ 65 y (n = 57,292)
eGFR, mL/min/1.73 m2 82.4 [68.6-97.9] 87.6 [75.2-103.1] 69.8 [56.9-82.9]
CKD 37,098 (20%) 15,374 (12%) 21,724 (38%)
Individual-level characteristics
Age, y 55.0 ± 17.8 45.9 ± 12.7 75.38 ± 7.7
Male sex 84,116 (45%) 58,667 (46%) 25,449 (44%)
Race
Black 16,130 (9%) 13,660 (11%) 2,470 (4%)
White 146,563 (79%) 95,995 (75%) 50,568 (88%)

Ever smokers 77,867 (42%) 49,076 (38%) 28,791 (50%)
Insurance status
Medicaid (among patients <65 y) 5,259 (4%) 5,259 (4%) —
Medicare (among patients ≥65 y) 11,719 (20%) — 11,719 (20%)
BP
Systolic BP, mm Hg 127.2 ± 17.8 125.27 ± 17.0 131.5 ± 18.8
Diastolic BP, mm Hg 77.0 ± 11.3 78.3 ± 11.3 74.2 ± 10.9

Medical history
Hypertension 83,270 (45%) 41,746 (33%) 41,524 (73%)
Diabetes 29,913 (16%) 15,847 (12%) 14,066 (25%)
Obese (BMI ≥ 30 kg/m2) 67,467 (40%) 48,651 (42%) 18,816 (36%)
Cardiovascular disease 26,789 (15%) 8,639 (7%) 18,150 (32%)
Stroke 7,447 (4%) 2,285 (2%) 5,162 (9%)
Hyperlipidemia 80,636 (44%) 40,281 (32%) 40,355 (70%)
Cancer 14,609 (8%) 5,127 (4%) 9,482 (17%)

Median value of owner-occupied housing units
Q1: <$165,200 16,625 (9%) 12,149 (10%) 4,476 (8%)
Q2: $165,200-$188,100 22,475 (12%) 15,758 (12%) 6,717 (12%)
Q3: $188,100-$231,300 63,198 (34%) 43,073 (34%) 20,125 (35%)
Q4: ≥$231,300 82,940 (45%) 56,973 (45%) 25,967 (45%)
Residents > 25 y with ≥bachelor’s degree
Q1: <20.4% 19,825 (11%) 14,637 (11%) 5,188 (9%)
Q2: 20.4%-34.1% 46,939 (25%) 32,831 (26%) 14,108 (25%)
Q3: 34.1%-48.1% 61,027 (33%) 41,261 (32%) 19,766 (35%)
Q4: ≥48.1% 57,452 (31%) 39,229 (31%) 18,223 (32%)

Median household income
Q1: <$35,935 21,363 (12%) 15,025 (12%) 6,338 (11%)
Q2: $35,935-$47,379 23,344 (13%) 16,057 (13%) 7,287 (13%)
Q3: $47,379-$62,343 40,829 (22%) 27,648 (22%) 13,181 (23%)
Q4: ≥$62,343 99,590 (52%) 69,141 (54%) 30,449 (53%)
Note: Values expressed as median [interquartile range], number (percent), or mean ± standard deviation.
Abbreviations and Definitions: Cardiovascular disease, includes congestive heart failure, acute myocardial infarction, ischemic heart disease, and peripheral vascular
disease; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Q, quartile.
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RESULTS

Cohort Characteristics

There were 791,222 patients identified from the EHRs.
After excluding most records due to no primary care
physician visit and no creatinine measurement from June
1, 2017, to December 31, 2018, we included 185,269 in
our cohort (Fig 1). Patients were on average 55 years old
(69% < 65 years), 9% were Black, 45% were men, and
20% had CKD (Table 1). Fairview patients resided in 676
of the 704 tracts in the metropolitan area, with a median
of 187 and interquartile range of 106 to 365 for the
number of patients per tract. Compared with the
558
metropolitan area population, our cohort had a similar
distribution of patients by county and by percent Blacks,
but our cohort consisted of an older population with lower
rates of Medicaid enrollment (Table S1). Tract income was
moderately correlated with tract wealth and education
(r=0.33 and r=0.30, respectively). However, tract wealth
was more strongly correlated with tract education
(r=0.68).

Among younger patients (aged <65 years), 5,259 had
Medicaid (21% with CKD) and 118,430 had other insur-
ance (12% with CKD). Among older patients (aged ≥65
years), 11,718 were receiving Medicare (Parts A, B, or C;
40% with CKD) and 45,573 had Medicare and
Kidney Med Vol 3 | Iss 4 | July/August 2021



Table 2. Multilevel Regression Model for the Association of Tract-Level SES and Insurance Status With CKD Prevalence in
Individuals Younger Than 65 Years

Median Value of Owner-Occupied Housing Units Insurance

High SES:
Q4 (n = 55,332) Q3 (n = 41,562) Q2 (n = 15,145)

Low SES:
Q1 (n = 11,626)

Other Insurance
(n = 118,430) Medicaid (n = 5,259)

Model 1 1.00 1.14 (1.09-1.19) 1.24 (1.17-1.31) 1.38 (1.29-1.48) 1.00 1.71 (1.62-1.81)
Model 2 1.00 1.16 (1.11-1.21) 1.26 (1.20-1.33) 1.42 (1.32-1.52) 1.00 1.82 (1.74-1.92)
Model 3 1.00 1.04 (1.00-1.08) 1.07 (1.02-1.13) 1.16 (1.09-1.24) 1.00 1.51 (1.42-1.59)

% > 25 y With ≥ Bachelor’s Degree Insurance

High SES
(n = 38,118) Q3 (n = 39,882) Q2 (n = 31,605)

Low SES
(n = 14,084)

Other Insurance
(n = 118,430) Medicaid (n = 5,259)

Model 1 1.00 1.18 (1.13-1.23) 1.28 (1.21-1.34) 1.39 (1.30-1.50) 1.00 1.72 (1.62-1.82)
Model 2 1.00 1.17 (1.13-1.23) 1.28 (1.22-1.34) 1.38 (1.29-1.49) 1.00 1.83 (1.72-1.94)
Model 3 1.00 1.07 (1.03-1.12) 1.08 (1.04-1.13) 1.11 (1.05-1.18) 1.00 1.51 (1.43-1.60)

Median Household Income Insurance

High SES
(n = 67,029) Q3 (n = 26,600) Q2 (n = 15,434)

Low SES
(n = 14,626)

Other Insurance
(n = 118,430) Medicaid (n = 5,259)

Model 1 1.00 1.13 (1.07-1.18) 1.14 (1.07-1.21) 1.02 (0.95-1.09) 1.00 1.75 (1.65-1.85)
Model 2 1.00 1.15 (1.09-1.20) 1.16 (1.09-1.23) 1.04 (0.97-1.12) 1.00 1.85 (1.75-1.96)
Model 3 1.00 1.09 (1.04-1.13) 1.08 (1.03-1.14) 0.99 (0.94-1.06) 1.00 1.51 (1.43-1.60)
Note: Values expressed as prevalence ratio of CKD for individual in low SES tract versus high SES tract (95% CI). Median value of owner-occupied housing units: high
SES (Q4), $231,300; Q3, $188,100 to $231,300; Q2, $165,200 to $188,100; low SES (Q1), <$165,200; percent older than 25 years with a bachelor’s degree or
more: high SES (Q4), ≥48.1%; Q3, 34.1% to 48.1%; Q2, 20.4% to 34.1%; low SES (Q1), <20.4%; median household income: high SES (Q4), ≥$62.343; Q3,
$47,379 to $62,343; Q2, $35,935 to $47,379; low SES (Q1), <$35,935. Model 1, tract SES and insurance status. Model 2, model 1 plus race, sex, and age. Model 3,
model 2 plus obesity, smoking, history of cardiovascular disease, stroke, cancer, hyperlipidemia, hypertension, and diabetes. No interaction between tract SES (any of
the 3 measures) and race or diabetes (multiplicative and additive scale). There is an interaction between education and income with hypertension history (multiplicative
scale and on additive scale). No interaction between insurance and race; there is an interaction between insurance and hypertension and diabetes on multiplicative
and additive scale.
Abbreviations: CKD, chronic kidney disease; Q, quartile; SES: socioeconomic status.
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supplemental insurance plans (37% with CKD). Patients
who lived in low neighborhood SES tracts, Whites, and
patients with Medicaid or Medicare without a supple-
mental insurance plan all exhibited a higher prevalence of
CKD and comorbid conditions (Tables S2-S5).

Neighborhood SES

Among patients both younger than 65 and 65 years and
older, low neighborhood SES defined by wealth and
separately by education was associated with greater rates of
prevalent CKD compared with high neighborhood SES,
after adjusting for covariates (Tables 2 and 3). For
example, the prevalence ratio of CKD in low versus high
neighborhood SES defined by education among patients
younger than 65 years was 1.11 (95% CI, 1.05-1.18), and
among patient 65 years and older was 1.08 (95% CI, 1.04-
1.12). However, we found no association between CKD
and tract income when comparing low versus high
neighborhood SES. The prevalence ratio magnitude of the
association of CKD with the Q2 and Q3 of tract wealth SES
and tract education SES versus Q4 was smaller than that
observed comparing the Q1 versus Q4 of tract wealth and
tract education SES.

Hypertension modified the association between tract
SES (education and income) with CKD prevalence (on
additive and multiplicative scale; Table S6; Item S1).
Among patients with a history of hypertension, those
Kidney Med Vol 3 | Iss 4 | July/August 2021
living in low education SES tracts had a 5% (95% CI,
0.98-1.13) greater prevalence of CKD compared with
those living in high education SES tracts. Conversely,
among patients without a history of hypertension, those
living in low education SES tracts had a 19% (95% CI,
1.08-1.32) greater prevalence of CKD compared with
those living in high education SES tracts. There was no
evidence of effect modification (on a multiplicative and
additive scale) of the neighborhood SES-CKD association
by race or diabetes.

Health Insurance

In fully adjusted models, receiving Medicaid was asso-
ciated with a great prevalence ratio of CKD compared
with patients with other insurance (1.51 [95% CI, 1.42-
1.59]; Table 2). There was effect modification of the
Medicaid-CKD association by hypertension and diabetes
for patients younger than 65 years on the additive and
multiplicative scales (Tables S6 and S7). Among patients
with and without a history of hypertension, those with
Medicaid had 35% and 81% greater prevalence rates of
CKD, respectively, compared with patients who have
other insurance. Similarly, among patients with and
without a diabetes history, those with Medicaid had
23% and 81% greater prevalence of CKD, respectively,
compared with patients who have other insurance. We
found no association between insurance status (Medicare
559



Table 3. Multilevel Regression Model for Association of Tract-Level SES and Insurance Status With CKD Prevalence in Individuals
65 Years and Older

Median Value of Owner-Occupied Housing Units Insurance

High SES:
Q4 (n = 25,967) Q3 (n = 20,125) Q2 (n = 6,717)

Low SES:
Q1 (n = 4,483)

Medicare and
Supplemental
Insurance Plan
(n = 45,573)

Medicare
(n = 11,719)

Model 1 1.00 1.13 (1.09-1.16) 1.12 (1.07-1.18) 1.18 (1.12-1.23) 1.00 1.04 (1.02-1.05)
Model 2 1.00 1.09 (1.07-1.12) 1.10 (1.05-1.15) 1.13 (1.05-1.21) 1.00 1.00 (0.99-1.02)
Model 3 1.00 1.03 (1.03-1.07) 1.04 (1.00-1.09) 1.07 (1.02-1.12) 1.00 1.01 (0.99-1.03)

% >25 y With ≥Bachelor’s Degree Insurance

High SES
(n = 18,223) Q3 (n = 19,766) Q2 (n = 14,108)

Low SES
(n = 5,195)

Medicare and
Supplemental
Insurance Plan
(n = 45,573)

Medicare
(n = 11,719)

Model 1 1.00 1.10 (1.06-1.15) 1.16 (1.11-1.20) 1.19 (1.14-1.25) 1.00 1.04 (1.02-1.05)
Model 2 1.00 1.07 (1.04-1.11) 1.13 (1.09-1.17) 1.18 (1.14-1.23) 1.00 1.00 (0.99-1.03)
Model 3 1.00 1.03 (1.00-1.06) 1.05 (1.02-1.08) 1.08 (1.04-1.12) 1.00 1.01 (1.00-1.02)

Median Household Income Insurance

High SES
(n = 30,449) Q3 (n = 13,181) Q2 (n = 7,287)

Low SES
(n = 6,375)

Medicare and
Supplemental
Insurance Plan
(n = 45,573)

Medicare
(n = 11,719)

Model 1 1.00 1.05 (1.01-1.09) 1.07 (1.03-1.12) 0.99 (0.95-1.05) 1.00 1.03 (1.02-1.05)
Model 2 1.00 1.01 (0.98-1.04) 1.04 (1.00-1.07) 0.98 (0.94-1.03) 1.00 1.01 (0.99-1.02)
Model 3 1.00 1.00 (0.98-1.03) 1.01 (0.98-1.04) 1.00 (0.98-1.03) 1.00 1.01 (0.99-1.02)
Note: Values expressed as prevalence ratio of CKD for individual in low SES tract versus high SES tract (95% CI). Median value of owner-occupied housing units: high
SES (Q4), ≥$231,300; Q3, $188,100 to $231,300; Q2, $165,200 to $188,100; low SES (Q1), <$165,200; percent aged 25 years with a bachelor’s degree or
more: high SES (Q4), ≥48.1%; Q3, 34.1% to 48.1%; Q2, 20.4% to 34.1%; low SES (Q1), <20.4%; median household income: high SES (Q4), ≥$62.343; Q3,
$47,379 to $62,343; Q2, $35,935 to $47,379; low SES (Q1), <$35,935. Model 1, tract SES and insurance status. Model 2, model 1 plus race, sex, and age. Model 3,
model 2 plus obesity, smoking, history of cardiovascular disease, stroke, cancer, hyperlipidemia, hypertension, and diabetes. No interaction between tract SES (any of
the 3 measures) and race, hypertension, or diabetes (on both multiplicative and additive scale). No interaction between insurance (any of the 3 measures) and race,
hypertension, or diabetes (on both multiplicative and additive scale).
Abbreviations: CKD, chronic kidney disease; Q, quartile; SES, socioeconomic status.
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vs Medicare and supplemental insurance plan) and CKD
in patients ≥65 years (Table 3).

Selection Bias

In our selection bias analyses, over a range of selection
probabilities, we found that the selection bias–adjusted
prevalence ratios for the association of tract SES/insur-
ance status with CKD were attenuated relative to observed
prevalence ratios (Tables S8 and S9), suggesting that we
may be overestimating associations. For example, among
those younger than 65 years, the prevalence ratio for the
association of neighborhood SES for wealth (low vs high)
and insurance (Medicaid vs other) with CKD was 1.2 and
1.5 in the fully adjusted model, not accounting for selec-
tion bias. However, after adjusting for selection bias,
prevalence ratios ranged between 0.8 to 1.1 and 1.1 to 1.5
for tract low wealth and insurance, respectively.

Our results were consistent when using a more
restrictive definition of CKD, including only routine
creatinine measurements, defining CKD using 2 eGFR
measurements < 60 mL/min/1.73 m2 more than 3
months apart, using a more restrictive definition for in-
surance coverage and changing inclusion time.
560
DISCUSSION

Our study found that both low (vs high) neighborhood
SES, specifically measures of tract wealth and separately,
tract education, were associated with a higher prevalence
of CKD. Moreover, having Medicaid for health insurance
coverage versus other insurance among younger patients
(<65 years) was also associated with a higher prevalence of
CKD.

Because we included only patients who had their eGFR
measured, our results were potentially influenced by se-
lection bias. Included patients were older and more likely
to be smokers, have Medicare without a supplemental
insurance plan, and have more comorbid conditions than
excluded patients. However, the percentage of patients in
each quartile of tract SES was similar for included and
excluded patients (Table S10). To examine the effect of
selection bias from different inclusion patterns, we esti-
mated a selection bias–adjusted prevalence ratio as sensi-
tivity analysis. The magnitude of the association of tract
SES status/insurance status with CKD was attenuated after
adjustment for the potential selection bias; however, the
extent and even direction of the change in the parameter
estimate depended on hypothetical selection probabilities,
Kidney Med Vol 3 | Iss 4 | July/August 2021
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for which there is little information to guide our analysis.
Our results should therefore be interpreted with caution.
We note also that because of this potential bias, in addition
to standard limitations deriving from observational studies,
we are only able to infer associations and not causal effects
of neighborhood SES and insurance with CKD.

Our study found that low neighborhood SES, as defined
by wealth and education, was associated with a higher
prevalence of CKD. However, we did not find associations
for tract income. We hypothesize that neighborhood
wealth and education are more embedded as major com-
ponents of residential segregation, whereas income is part
of social determinants of health that might be overcome to
a greater level by individual actions. The variation of the
association of neighborhood SES and individual SES with
CKD has been shown in several narrative literature re-
views.38-40 A recent meta-analysis showed that low
individual-level SES (income and education) and low
combined-level SES (>1 individual SES or summary score
of area-level SES indicators) were associated with CKD
prevalence.41 Importantly, this meta-analysis did not
differentiate between area- and individual-level SES effect
on CKD due to the scarcity and heterogeneity of the data.
However, making such a distinction will be important as
evidence builds. Because we did not have measures of
individual-level SES, our neighborhood SES measure could
be capturing individual SES associations.

Only 4 cohort studies in the United States have studied
the association of area-level SES with CKD prevalence.
Unlike our analysis, these studies were population based
and were able to adjust for individual-level SES.10,42-44 For
example, in the Atherosclerosis Risk in Communities
Study, the association of neighborhood SES (measures of
income, wealth, education, and occupation for census
block) and CKD progression was studied. Living in the
lowest versus highest quartile of tract neighborhood SES
was not associated with CKD in Blacks or White women; it
was associated with progression only in White men
(hazard ratio [HR], 1.6 [95% CI, 1.0, 2.5]).42 However, in
a study of 4,735 participants from the elderly Cardiovas-
cular Health Study (aged ≥65 years), people living in the
lowest neighborhood SES quartile (based on a composite
SES measure at the census block group level) had 40%
greater risk for progressive CKD (creatinine ele-
vation ≥ 0.4 mg/dL or CKD hospitalization) after adjusting
for demographics, individual-level SES, hypertension, and
diabetes (HR, 1.4; 95% CI, 1.0-1.7). In all, the role of
neighborhood SES and kidney function remains unclear
and findings from the literature and our study are mixed.

Our study tested how health insurance was associated
with CKD. Previous studies have reported worse health
outcomes (hospitalizations and myocardial infarction) for
patients receiving Medicaid or Medicare.45-49 As far as
kidney health, efforts have focused on ESKD and Medicaid
expansion programs. For instance, patients with ESKD and
Medicaid or who are uninsured and live in more generous
Medicaid eligibility states have better outcomes (early
Kidney Med Vol 3 | Iss 4 | July/August 2021
transplant and permanent vascular access).50 Uninsured
patients receive worse predialysis care. We found that in-
surance (Medicaid vs other insurance) was independently
associated with CKD after adjustment, but only for patients
younger than 65 years. Insurance coverage does not fully
capture an individual’s SES. It may be viewed as a measure
of SES, but more importantly, it has been associated with
clinical care and health outcomes.12-18 Medicaid coverage
among patients younger than 65 years might reflect lower
individual-level SES, limited access to care and preventative
services, worse health literacy, and few community and
family resources that promote good health, limited use of
medical services, and worse overall health not related to
aging (unlike Medicare coverage for individuals ≥65 years)
especially because you can enroll into Medicaid retroac-
tively, that is, after you become ill. Therefore, our results
indicating that Medicaid is a strong predictor of CKD
might be an overall reflection of SES and the availability,
accessibility, and acceptability of care.51

Interestingly, we also found that the prevalence of CKD
in patients with Medicaid versus other insurance
(aged <65 years) without a history of hypertension or
diabetes was greater than patients with these comorbid
conditions. Similarly, the prevalence of CKD in patients
living in low versus high tract education without a history
of hypertension was greater than patients with hyperten-
sion. This could be because patients with hypertension or
diabetes have been advised to avoid nephrotoxic medica-
tions and are receiving medications that protect the kidney,
such as renin-angiotensin system inhibitors.52,53 This
might also be due to misclassifying people in low SES tracts
as not having hypertension or diabetes due to lack of
screening. Although health insurance coverage is a mea-
sure of access to care, there is an array of socioeconomic
and individual factors that contribute to CKD. A more
comprehensive look at barriers to CKD care is needed.

Our study has several limitations. First, we studied a
single health care system in Minnesota, which may not be
representative of the general population and other states.
However, we have shown that patients included in this
analysis are similar to those in the 7-county metropolitan
area.

Second, several limitations derive from using EHR data,
including limited ability to assess individual measures of
SES, a coarse race measure that does not capture mixed
race, and inability to measure total time that patients lived
in a certain neighborhood. Our results therefore reflect the
general state of EHR studies given the data collected for
health care delivery; certainly this and other EHR studies
would be greatly strengthened by collecting more com-
plete demographic and socioeconomic data, including
with supplementation by surveys or data linkage. Of note,
some researchers have used individual insurance status as a
proxy for individual-level SES, but the validity of this
proxy is debated.47-49

Third, we were unable to assess the neighborhood SES-
insurance association for the uninsured due to a limited
561
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number of uninsured patients in our sample. Fourth, we are
assuming that the most recent insurance status of patients
reflects their past coverage as well. Given the similar findings
when using a restrictive definition of insurance to the main
analyses, we believe our findings are robust. Fifth, for our
main analyses we used 1-time eGFR measurement to
determine CKD prevalence. However, our findings were
consistent when using a more restrictive definition of CKD
and among a subset of patients who had 2 consecutive
eGFRs measured more than 3 months apart that
were <60 mL/min/1.73 m2 (Tables S11 and S12). Sixth,
we used 2008 to 2012 American Community Survey results
to determine neighborhood SES. However, we might be
subject to misclassification bias if neighborhood SES
changed over time. Seventh, we dichotomized insurance
coverage to Medicaid/other and Medicare/Medicare
and supplemental insurance and were unable to delineate
the specific medical reasons patients were receiving
Medicaid/Medicare. Finally, we used ICD-9/10 codes to
determine comorbid conditions. To minimize misclassifi-
cation bias by ICD-9/10 codes, we used at least 2 ICD-9/10
codes to confirm diagnoses. We also adjudicated 100 patient
charts and found that ICD-9/10 code diagnoses were
consistent with clinic notes.

A major strength of this study is the use of a large EHR
data set from routine clinical practice that, unlike struc-
tured cohort studies, reflects the population of this health
care system and the population it is serving. We used small
geographic areas of tracts to determine area-level SES. Most
studies regarding kidney disease have focused on ESKD and
dialysis facilities and used the US Renal Data System. This
study has the benefit of using observational data found in a
large EHR health system with no recruitment limitations
and encompasses all CKD stages.

In conclusion, we found that patients from low SES
tracts and Medicaid recipients (among patients aged <65
years) have greater rates of CKD compared with patients
from high SES tracts and patients with other insurance.
These may be 2 of several socioeconomic and individual
factors influencing the complexity of identification,
management, and treatment of CKD. Further research is
needed to identify neighborhood structural factors and
individual and clinical factors that could be the target of
public health interventions to reduce the burden of
CKD.
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