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Abstract
Background. The contribution of race differences in ac-
cess to health care to disparities in chronic kidney disease
(CKD) incidence in the United States is unknown.
Methods. We examined race differences in usual source of
health care, health insurance and CKD incidence among
3883 Whites and 1607 Blacks with hypertension or dia-
betes enrolled in the Atherosclerosis Risk in Communities
Study. In multivariable analyses, we explored the incre-
mental contribution of access to health care in explaining
Blacks’ excess CKD incidence above and beyond other so-
cioeconomic, lifestyle and clinical factors.
Results. Compared with Whites, Blacks had poorer access
to health care (3 vs 0.3% with no usual source of health care
or health insurance, P < 0.001) and experienced greater
CKD incidence (14.7 vs 12.0 cases per 1000 person-years,
P < 0.001). Blacks’ excess risk of CKD persisted after ad-
justing for demographic, socioeconomic, lifestyle and clin-
ical factors [hazard ratio (HR) (95% confidence interval
(95% CI)) = 1.21 (1.01–1.47)]. Adjustment for these factors
explained 64% of the excess risk among Blacks. The in-
creased risk for CKD among Blacks was attenuated after
additional adjustment for race differences in access to health
care [HR (95% CI) = 1.19 (0.99–1.45)], which explained an
additional 10% of the disparity.
Conclusions. In this population at risk for developing
CKD, we found that poorer access to health care among
Blacks explained some of Blacks’ excess risk of CKD, be-
yond the excess risk explained by demographic, socioeco-
nomic, lifestyle and clinical factors. Improved access to
health care for high-risk individuals could narrow dispar-
ities in CKD incidence.
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Introduction

Race disparities in the incidence and progression of
chronic kidney disease (CKD) have been significant and
persistent in the United States (US), with Blacks experi-
encing four to six times greater incidence of end-stage
renal disease (ESRD) compared with Whites over the past
decade [1]. Although clinical, socioeconomic and lifestyle
factors have been shown to contribute to Blacks’ greater
risk of ESRD, these factors have not been shown to fully
explain the disparity [2–5]. Furthermore, few studies have
assessed factors contributing to race differences in the de-
velopment of earlier stages of CKD among persons with
diabetes or hypertension [6] who are at significantly
greater risk of CKD incidence and progression compared
with the general population and could benefit most from
early clinical intervention.

‘Access to health care’, defined as ‘the timely use of
personal health services to achieve the best possible health
outcomes’ [7], has been associated with superior treatment
and control of risk factors for CKD incidence and progres-
sion [8–16] and represents a potential mechanism through
which the risk of CKD among high-risk individuals could
be ameliorated. The presence of both a usual source of care
and health insurance are important indicators of indivi-
duals’ access to health care, with the presence of a usual
source of care more powerfully predicting access to health
care than insurance status in some studies [17].

The influence of documented race differences in access
and utilization of health care [16,18–28] on race disparities
in CKD incidence is unclear. Improved understanding of
this influence, particularly among persons at greatest risk
of progression to ESRD, could help elucidate mechanisms
for disparities and enhance efforts to narrow disparities.
Using data from the Atherosclerosis Risk in Communities
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(ARIC) Study, we explored the potential contribution of
race differences in access to health care to race disparities
in CKD incidence.

Materials and methods

Study design and population

The ARIC Study is a US population-based prospective cohort designed to
investigate the aetiology and variations in patterns of cardiovascular dis-
ease. Participants aged 45–64 were recruited using probability sampling
from 1987 to 1989 in Forsyth County, NC; Jackson, MS; Washington
County, MD; and Minneapolis, MN. Blacks were over-sampled in NC
and exclusively sampled in Jackson [29]. Participants returned to the clin-
ic every 3 years for follow-up. Information on usual source of health care
was not collected until Visit 2 (1990–1992), defined as the baseline visit
in this analysis. Because we sought to identify the relation between access
to health care and CKD incidence among participants at greatest risk of
progression to ESRD, we limited our analysis to participants with hyper-
tension and/or diabetes at baseline. The protocol was approved by the in-
stitutional review board at each participating site and written consent was
obtained from all participants.

Among 14 348 ARIC participants present at baseline, 6790 Black and
White participants had an estimated glomerular filtration rate (eGFR)
>60 mL/min/1.73 m2 [30] and had either hypertension or diabetes. The
presence of hypertension was determined by baseline systolic blood pres-
sure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg,
self-reported physician diagnosis of hypertension or current use of hyper-
tension medications. The presence of diabetes was determined by baseline
non-fasting glucose≥ 200mg/dL, fasting glucose≥ 140mg/dL (consistent
with recommendations at the time of baseline data collection), self-reported
physician diagnosis of diabetes or use of diabetes medications.

We excluded participants with missing data (n = 487), participants un-
available for follow-up (n = 864) and Black participants from Minneapolis
and Washington County (n = 29) due to their limited numbers. Compared
with 5490 included participants, excluded participants were more likely to
be female (59 vs 54%), Black (50 vs 30%), have annual household incomes
of <$16 000 (34 vs 26%) and smoke (25 vs 20%) (all P < 0.001). Excluded
participants were less likely to have completed high school (26 vs 33%),
have health insurance (84 vs 90%) or have a usual source of health care
(94 vs 96%) (all P < 0.001). Excluded participants also had slightly higher
baseline eGFR (93 vs 90 mL/min/1.73 m2; P < 0.001).

Sociodemographic, lifestyle and clinical data

Participants’ self-reported demographics, smoking status, alcohol con-
sumption and medication use (verified by inspection of medication bot-
tles) were collected at baseline. Body mass index (BMI) was calculated
using measured weight (in kilogrammes)/height (in metres)2. Blood
pressure was recorded as the average of the second and third readings
using a random-zero sphygmomanometer. Methods used for measuring
fasting blood samples [31], serum glucose [32], plasma high-density
lipoprotein (HDL) cholesterol [33] and plasma triglycerides [33] are de-
scribed elsewhere.

Access to health care

Participants were asked ‘When you want help with a health problem,
where do you usually go?’ Answers included ‘private physician’, ‘walk-
in clinic’, ‘HMO’, ‘regular clinic’, ‘emergency room’ and ‘other’. Re-
spondents choosing ‘other’ specified their source of health care by free
response. We considered respondents reporting use of a private physician,
HMO, regular clinic, regular pharmacist, regular hospital (not emergency
room) or regular nurse to have a usual source of health care. Similarly
worded questions assessing participants’ self-reported use of health ser-
vices have been used in several national surveys including the 1977 Na-
tional Medical Care Expenditure Survey, the 1987 National Medical
Expenditure Survey and the 1996 Medical Expenditure Panel Survey
[34]. Respondents were also asked ‘Do you have health insurance, such
as Medicare, or a medical plan, such as an HMO, which pays part of a
hospital, doctor’s or surgeon’s bill?’ We created four categorical levels of
access to health care (usual source of health care present/health insurance

present; usual source of health care present/health insurance absent; usual
source of health care absent/health insurance present; usual source of
health care absent/health insurance absent).

Incident CKD ascertainment

Participants achieving an eGFR ≤ 60 mL/min/1.73 m2 at Visit 4 or
having a hospitalization or death with CKD during the follow-up
period (1990–2004) were classified with incident CKD. Creatinine con-
centrationwasmeasuredwith amodified kinetic Jaffe reaction [18] andwas
corrected for inter-laboratory differences (calibrated with Cleveland Clinic
measurement standards by subtraction of 0.24 mg/dL from baseline mea-
surements and by addition of 0.18 mg/dL to Visit 4 measurements). To
estimate eGFR, we used the CKD-EPI equation: GFR = 141 × min(Scr/
к, 1)α × max(Scr/к, 1)−1.209 × 0.993Age × 1.018 [if female] × 1.159 [if
black] where Scr is serum creatinine, к is 0.7 for females and 0.9 for
males, α is −0.329 for females and −0.411 for males, min indicates the
minimum of Scr/к or 1 and max indicates the maximum of Scr/к or 1
[35].

Participants were telephoned annually to collect information on hospi-
talizations and deaths, which were validated through death certificates and
hospitalization records obtained via ongoing cohort and community sur-
veillance. Hospital and death records with ICD-9 codes for chronic renal
disease (581–583 or 585–588), hypertensive renal disease (403), hyper-
tensive heart and renal disease (404), unspecified disorder of kidney and
ureter (593.9), diabetes with renal manifestations (250.4), kidney trans-
plant, renal dialysis or adjustment/fitting of catheter (V42.0, V45.1 or
V56) or either haemodialysis (39.95) or peritoneal dialysis (54.98) with-
out acute renal failure (584, 586, 788.9 and 958.5) were recorded as
events. Primary or contributing causes of death and hospitalizations with
any related ICD-9 code listed above were included as cases. Hospitaliza-
tions and deaths were not formally adjudicated.

Statistical analysis

We described baseline characteristics and ascertained bivariate associa-
tions with access to health care according to Black or White race. We also
examined race differences in the self-reported sources of usual health care
and explored whether these differences varied according to health insur-
ance status (insured vs uninsured). To assess the association between our
definitions of access to health care with measures of health care delivery,
we examined the independent association of access to care and treatment
or control of hypertension and diabetes among participants with these risk
factors at baseline using a logistic regression model controlling for demo-
graphic, socioeconomic status (SES), lifestyle and clinical factors. We de-
fined treatment of hypertension and diabetes according to participants’
self-reported use of hypertension or diabetes medication at baseline. We
assessed participants as having hypertension control if their baseline SBP
was <140 mmHg and their baseline DBP was <90 mmHg, consistent with
clinical standards at the time of participant recruitment [36]. We assessed
participants as having diabetes control if their baseline non-fasting glucose
was <200 mg/dL or their baseline fasting glucose was <140 mg/dL, also
consistent with clinical standards at the time of participant recruitment
[37]. We did not use haemoglobin A1c, as it was not available on all
participants.

After confirming the assumption of proportional hazards, we per-
formed Cox proportional hazards models to quantify the Black–White
disparity in CKD incidence, adjusting for participant sex, age, site of
study enrolment, annual household income, years of education, access
to health care, smoking, alcohol use, presence of hypertension and dia-
betes, BMI, eGFR, triglycerides and HDL. BMI and HDL cholesterol
were entered as continuous variables. Triglycerides were log transformed
due to a skewed distribution. We created a spline term for eGFR (using
eGFR ≥ 90 mL/min/1.73 m2 as a reference group and allowing for a linear
increase in the log hazard for eGFR values between 60 and 89 mL/min/
1.73 m2). In sequential multivariable Cox proportional hazard models,
we assessed the independent contribution of access to health care in ex-
plaining Blacks’ excess CKD incidence, after adjusting for all other known
risk factors. Model 1 adjusted for age, sex, baseline eGFR and study site.
Model 2 included the variables in Model 1 and socioeconomic factors, life-
style factors and clinical factors. Model 3 included the categorical variable
for access to health care (usual source of health care present/health insur-
ance present; usual source of health care present/health insurance absent;
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usual source of health care absent/health insurance present; usual source
of health care absent/health insurance absent) in addition to the afore-
mentioned risk factors. We quantified the attenuation of the hazard ra-
tio as the percent excess CKD incidence in Blacks explained by the
addition of access to health care to the model using the equation
(HRModel 1 − HRModel n)/(HRModel 1 − 1.0).

Results

Baseline characteristics and access to health care

Among 3883 (71%) White and 1607 (29%) Black partici-
pants with either hypertension or diabetes, most (93%) par-
ticipants had hypertension, 22% had diabetes and 88%
reported having a usual source of health care and health
insurance. Compared with Whites, Blacks were younger,
more likely to be female, had less education and had lower
annual household incomes. Blacks were more likely than
Whites to smoke, have diabetes and have greater BMI, but
were less likely than Whites to consume alcohol, had
greater mean eGFR values, lower triglycerides and higher
HDL cholesterol levels. Although most participants re-

ported having either a usual source of care or health insu-
rance, Blacks were more likely than Whites to report
having neither a usual source of health care nor insurance
(Table 1).

Among all participants, greater access to health care
(presence of a usual source of health care and/or health in-
surance) was associated with female sex, greater education,
greater household income and non-smoking status. Current
consumption of alcohol was associated with greater access
to health care amongWhites but poorer access to health care
among Blacks. Among Blacks, eGFR was lowest among
participants with a usual source of care and health insur-
ance. Among both Blacks and Whites, triglycerides were
lowest among participants without a usual source of care
or health insurance, but among Blacks, HDL levels were
lowest among participants with a usual source of care and
health insurance. Whites with diabetes were more likely
than Whites without diabetes to have a usual source of
health care and insurance, but this trend was not evident
among Blacks. The presence of a usual source of health care
and insurance varied by geographic study site (Table 2).

Table 1. Comparing baseline characteristics of Whites and Blacks with hypertension and/or diabetes and intact kidney function

Baseline characteristics
All
(N = 5490)

Whites
(N = 3883), n (%)

Blacks
(N = 1607), n (%) P-value

Age (years), mean (SD) 57.9 (5.7) 58.3 (5.6) 56.8 (5.8) <0.001
Sex <0.001
Male 2515 (46) 1960 (50) 555 (35)
Female 2975 (54) 1923 (50) 1052 (65)

Socioeconomics
Education (years) <0.001
<11 1409 (26) 728 (19) 681 (42)
12–16 2280 (41) 1818 (47) 462 (29)
17–21 1801 (33) 1337 (34) 464 (29)
Annual household income <0.001
Under $16000 ($25382)a 1424 (26) 529 (14) 895 (56)
$16000–34999 ($25382–55523) 1924 (35) 1450 (37) 474 (30)
$35000–50000 ($55523–79320) 1031 (19) 892 (23) 139 (9)
$50000+ ($79320+) 1111 (20) 1012 (26) 99 (6)
Lifestyle factors
Current smoker 1120 (20) 723 (19) 397 (25) <0.001
Current drinker 2907 (53) 2373 (61) 534 (33) <0.001
Clinical factors
eGFR mL/min/1.73 m2, mean (SD) 90 (14) 87 (12) 96 (17) <0.001
Triglycerides, median (IQRb) 126 (89–181) 135 (97–195) 105 (77–145) <0.001
HDL, mean (SD) 48 (16) 46 (16) 52 (17) <0.001
BMI, mean (SD) 29 (6) 29 (5) 31 (6) <0.001
Hypertensionc 5131 (93) 3625 (93) 1506 (94) 0.481
Diabetesd 1233 (22) 773 (20) 460 (29) <0.001
Access to health care factors <0.001
USOC present/insurance present 4815 (88) 3650 (94) 1165 (73)
USOC present/insurance absent 460 (8) 128 (3) 332 (21)
USOC absent/insurance present 158 (3) 94 (3) 64 (4)
USOC absent/insurance absent 57 (1) 11 (0.3) 46 (3)
Centre
Forsyth County, NC 1207 (22) 1028 (26) 179 (11)
Jackson, MS 1428 (26) 0 1428 (89)
Minneapolis, MN 1292 (24) 1292 (33) 0
Washington County, MD 1563 (28) 1563 (40) 0

USOC, usual source of care.
aTranslated into 2007 dollar amount.
b25th–75th centiles.
cHypertension was defined as SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, self-report or current use of hypertension medications.
dDiabetes was defined as non-fasting glucose ≥ 200 mg/dL or fasting glucose ≥ 140, self-report or current use of diabetes medications.
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Figure 1 shows participants’ self-reported sources of
health care according to their health insurance status.
Among insured participants, Whites were more likely than
Blacks to use a private physician (86 vs 77%) and HMO (5
vs 1%) for their usual source of health care (both
P < 0.001). Conversely, insured Blacks were more likely
than their White counterparts to go to a regular health clinic
(17 vs 8%) or the emergency department (4 vs 1%) for their
usual source of health care (both P < 0.001). Similar trends
in reported sources of health care persisted among partici-
pants lacking health insurance. Uninsured Whites were
more likely than uninsured Blacks to use a private physician
(76 vs 52%); however, uninsured Blacks were three times
more likely to use regular health clinics (36 vs 10%) or

the emergency department (9 vs 3%) for their usual source
of health care (all P < 0.001). There were no statistically
significant race differences in reported use of walk-in
clinics among insured or uninsured participants (1 and
3% of Whites and Blacks, respectively). Among partici-
pants reporting ‘other’ sources of health care, Whites were
more likely than Blacks to receive their health care from
family members or friends, but were equally as likely to
use hospitals or other medical professionals such as
nurses or pharmacists. Overall, only 6% of Whites (vs
28% of Blacks) lacked either a usual source of health care
or insurance.

A multivariable model examining the independent rela-
tion of access to care and treatment or control of CKD risk

A

B

Blacks 

No USOC*= 5% of Insured Blacks
(n=64; 4% of All Blacks)

Whites 

No USOC*= 3% of Insured Whites
(n=93; 2% of All Whites)

Whites 

No USOC*= 7% of Uninsured Whites
(n=10; 0.3% of All Whites)

Blacks 

No USOC*= 12% of Uninsured Blacks
(n=44; 3% of All Blacks)

Fig. 1. Self reported source of health care for (A) insured and (B) uninsured Blacks and Whites (*USOC = usual source of care—Blacks and Whites
statistically significantly different, P < 0.05; Private = private physician; Clinic = regular clinic; HMO = health maintenance organization; Walk-in =
walk-in clinic; ER = emergency room; Other = includes use of family members/friends, pharmacist, nurse, hospital, or no care).

Table 3. Factors explaining the excess risk of incident CKD in Blacks compared with Whites with hypertension and/or diabetes

Variables adjusted for in model HRR* 95% CI P-value (for HRR) % excess risk explaineda

Model 1: age, sex, eGFR, study site 1.59 1.34–1.88 <0.001
Model 2: Model 1 + SES + lifestyle + clinical factors 1.21 1.01–1.47 0.045 64
Model 3: Model 1 + SES + lifestyle + clinical factors + access to health care 1.19 0.99–1.45 0.063 10

Incident CKD = eGFR ≤ 60 mL/min/1.73 m2 and or hospitalization or death with CKD. *HRR = Hazard Rate Ratios representing the relative hazards
for developing incident CKD in Blacks compared with Whites. Access to health care = USOC present/insurance present, USOC present/insurance
absent, USOC absent/insurance present, USOC absent/insurance absent; SES = annual household income, years of education; Lifestyle Factors = current
smoking, current alcohol use; Clinical Factors = presence/absence of hypertension, presence/absence of diabetes, BMI, levels of triglycerides and HDL
cholesterol.
a % excess risk explained = (HR1 − HR2)/(HR1 − 1.0) where HR1 is the HR adjusted for age, sex, and baseline eGFR and HR2 is the HR adjusted for
age, sex, and baseline eGFR plus the additional set of risk factors.
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factors among participants at baseline demonstrated a sig-
nificantly decreased likelihood of treatment or control of
hypertension and diabetes among persons with poorer ac-
cess to care, even after controlling for other demographic,
SES, lifestyle and clinical factors. When compared with
participants reporting they had both a usual source of care
and health insurance, participants with a usual source of
care but no health insurance, with no usual source of care
but with health insurance and with neither a usual source
of care nor health insurance all had less odds of hyperten-
sion treatment and control [adjusted odds ratios (OR)
95% confidence intervals (95% CI) = 0.64 (0.49–0.84),
0.31 (0.22–0.44) and 0.33 (0.18–0.59), respectively, all
P < 0.05]. Similarly, when compared with participants re-
porting they had both a usual source of care and health in-
surance, participants with a usual source of care but no
health insurance, with no usual source of care but with
health insurance and with neither a usual source of care
nor health insurance all had less odds of diabetes treatment
and control [adjusted OR (95% CI) = 0.82 (0.55–1.21),
0.42 (0.21–0.85) and 0.31 (0.11–0.89), respectively, all
P < 0.05].

Incremental contribution of access to health care to race
disparities in CKD incidence

A total of 799 incident CKD events occurred during a
mean follow-up of 11.4 years (12.0 and 14.7 events per
1000 person-years amongWhites and Blacks, respectively).
Events were comprised of participants achieving follow-up
eGFR < 60 mL/min/1.73 m2 (n = 351, 29%), CKD
hospitalization or death (n = 564, 56%) and both endpoints
(n = 116, 15%). Blacks experienced a 59% excess CKD
incidence compared with Whites, after adjusting for age,
sex, study centre and baseline eGFR [HR (95%
CI) = 1.59 (1.34–1.88)]. Additional adjustment for SES,
lifestyle and clinical factors explained 64% of the dispar-
ity, although the excess risk among Blacks remained sta-
tistically significant [HR (95% CI) = 1.21 (1.01–1.47)].
Further adjustment for race differences in access to health
care explained an additional 10% of Blacks’ excess CKD
risk and attenuated the differences between Blacks and
Whites of the disparity [HR (95% CI) = 1.19 (0.99–
1.45)] (Table 3).

Discussion

In this US prospective study of persons with hypertension
or diabetes and eGFR >60 mL/min/1.73 m2 at baseline,
Blacks and Whites at risk of CKD incidence experienced
differences in both the presence and quality of their health
care, with Blacks more likely to lack both health insurance
and a usual source of care and Blacks utilizing different
usual sources of health care compared with Whites. Blacks
had nearly 60% excess risk of CKD incidence compared
with Whites after adjustment for age, sex, study centre
and baseline eGFR. Adjustment for socioeconomic, life-
style and clinical factors explained 64% of the race dispar-
ity in CKD incidence, but the disparity was not completely

attenuated until models were additionally adjusted for race
differences in access to health care. These findings suggest
that whilst socioeconomic, lifestyle and clinical factors ex-
plain the greatest proportion of the disparity, access to
health care may also play a role in ethnic/race disparities
in CKD incidence among persons at high risk for CKD in-
cidence and progression.

Our findings are among the first to provide prospective
evidence of the role of access to health care in explaining
racial disparities in incident CKD above and beyond socio-
economic, lifestyle and clinical factors and have implica-
tions for future efforts to narrow disparities in patients with
CKD risk factors. Whilst several studies have explored
possible explanations for Black–White disparities in the
development of ESRD [2–5,38,39], few have explored
potential explanations for race disparities in the incidence
of earlier stages of CKD. A previous study found that ac-
cess to health care explained some of the disparity in less
advanced CKD, but this study limited the definition of ac-
cess to health care as only the presence or absence of
health insurance [6]. Our study incorporated a broader def-
inition of access to care, which is supported by research
demonstrating that the presence of a usual source of care
is associated with improved continuity, comprehensiveness
and timely receipt of health care [17,40].

Greater access to health care has been associated with
improved treatment and control of hypertension and dia-
betes, a potential mechanism through which better access
to health care could prevent the incidence of CKD. Previ-
ous research has demonstrated that differences in types of
insurance (Medicaid vs Medicare vs private insurance) and
in the source of health care (e.g. private physicians’ office
or emergency rooms) may lead to differences in clinical
services rendered [41–46] as well as health outcomes
[47–49]. Moy et al. showed that, among persons with
hypertension, those without a usual source of health care
or health insurance were less likely to receive ‘screening,
follow-up care or pharmacologic treatment for hyperten-
sion’ [10]. Studies in individuals with diabetes have demon-
strated similar relationships between access to health care
and improved glycemic monitoring and control [11,13–
15, 50–52]. Our own analyses, demonstrating a strong asso-
ciation between our measure of access to health care with
treatment and control of hypertension and diabetes at base-
line, support this hypothesis.

Both race differences in the presence of access to health
care as well as race differences in the quality of access may
have contributed to our findings of race disparities in CKD
incidence. We found Blacks were less likely than Whites to
have health insurance or a usual source of health care and
that the distribution of types of usual care differed between
Blacks and Whites. Whilst the total proportion of Blacks
and Whites with no usual source of health care was small,
differences in the distribution of the type of usual source of
health care reported by Blacks and Whites were signifi-
cant. Therefore, it is possible that differences in quality
of care were more influential than the absence of usual care
itself on disparities in CKD incidence. For example,
Blacks were less likely than Whites to report seeing a pri-
vate physician and more likely to use HMOs, even among
those with a usual source of health care. These results are
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consistent with studies of access to health care in other
clinical areas [16,18–28]. We also found that Blacks were
less likely than Whites to have health insurance, although
data on types of health insurance were not collected in the
ARIC Study, precluding a more in-depth review of the ef-
fects of differences in insurance type (e.g. public vs pri-
vate). Further studies are needed to determine what types
of differences in health insurance (e.g. prescription medi-
cation coverage, co-pays) or usual source of care (e.g. con-
tinuous relationships with a single primary care provider vs
more episodic care, characteristic of health clinics) most
strongly impact the clinical outcomes of patients at risk
of CKD incidence.

Limitations of this study deserve mention. First, it is
possible that ARIC participants at high risk of CKD inci-
dence were not representative of persons at high risk of
CKD in the US general population. Access to health care
among ARIC participants differed from recent population
estimates (7 and 3% of Black and White ARIC participants
with no usual source of health care vs 14 and 13% of
Blacks and Whites in the US general population in
2007; 23 and 4% of Blacks and Whites with no health in-
surance in ARIC vs 17 and 11% of Blacks and Whites in
the US general population in 2007) [53,54]. These differ-
ences may reflect temporal changes in health care occur-
ring after ARIC baseline data was collected and may
limit the generalizability of our findings. Further research
will be needed to assess the impact of recent changes in
US health insurance policy on race disparities in CKD in-
cidence [55].

Second, Blacks were recruited exclusively from Jack-
son, MS, a rural, southern district where access to health
care may be less adequate than other more urban regions.
Although we attempted to adjust for differences in partici-
pants enrolled at different ARIC Study sites using standard
statistical methods, it is possible that we could not com-
pletely eliminate confounding effects of geographic differ-
ences in access to care, quality of care or other social
determinants of health. Such unmeasured and uncontrolled
confounding has the potential to overestimate the race dis-
parities in CKD and could explain the higher rates of poor
access to care among Blacks in this study compared with
national averages. It is also possible that participant's level
of access to health care may have changed during follow-
up, possibly introducing misclassification bias. Third, we
considered participants reporting using pharmacists, regu-
lar health clinics and family members in the health care
field as having a usual source of health care, but the con-
tent of this care is unclear. Fourth, the ARIC Study did not
collect data on urine protein at baseline; some participants
with kidney damage and normal eGFR could have been
misclassified as not having CKD. Furthermore, incident
CKD defined by eGFR was detectable only at Visit 4,
resulting in stepped data and possibly an underestimate
of CKD incidence if cases were more likely to drop
out of the study or die before their follow-up visit. Also,
CKD hospitalizations and deaths may represent more ad-
vanced cases of CKD compared with cases defined by
eGFR ≤ 60 mL/min/1.73 m2 and variations in physicians'
subjective judgments regarding coding practice could
introduce misclassification bias. However, this composite

outcome has been used in several prior studies [39,56–58]
and results of an analysis incorporating more limited de-
finitions of CKD incidence were consistent with our
main findings. Notwithstanding these limitations, our
study provides important evidence regarding influence
of access to health care in explaining Blacks’ excess
CKD incidence.

Conclusion

In summary, the presence and quality of access to health
care was different for Blacks and Whites at risk of CKD
incidence. Poorer access to health care among Blacks com-
pared with Whites explained some of Blacks’ excess CKD
incidence, above and beyond the excess risk explained by
socioeconomic, lifestyle and clinical factors. Improved ac-
cess to health care for high-risk individuals could narrow
disparities in CKD incidence.
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Abstract
Background. Smoking and second-hand smoking [SHS]
cause significant cardiovascular mortality and morbidity.
In healthy individuals and adults with chronic kidney dis-
ease [CKD], cigarette smoking is associated with albumin-
uria, increased risk for CKD, increased graft loss and
progression of renal insufficiency. In children, SHS has
been associated with higher blood pressure variability,
blood pressure load, elevated C-reactive protein and de-
creased cognitive function. Using a survey document and
urine cotinine, we sought to investigate prevalence of
cigarette use and SHS in adolescents with CKD.
Methods. A cross-sectional study was conducted in which
adolescents aged 13 to 18 years with CKD were asked to
complete a single anonymous self-administered survey. In
addition, a single freshly voided urine sample for cotinine
measurement was obtained from eligible subjects.
Results. Of 182 subjects, 60 (34%), 25 (14%) and 93
(52%) were transplant recipients, were dialysis dependent
and had a glomerulopathy, respectively. Renal status was
lacking in four. Twenty-four per cent (24%) had smoked
at some point in their lives, and 13% had smoked within
the last 30 days of taking the survey. Fifty-two per cent
(52%) of all respondents reported living with an adult
who smoked, and 54% reported having friends that

smoked. Forty-seven per cent (47%) and 44% of those
who had never smoked lived with an adult and had friends
that smoked, respectively. There was a discrepancy rate of
7% between self-reported non-smokers and urine cotinine,
suggesting smoking rates were higher. The highest coti-
nine/creatinine levels among the non-smokers were ob-
served in those who lived with a smoker and had friends
that smoked.
Conclusion. Among adolescents with CKD, cigarette
smoking and SHS exposure are prevalent and may be im-
portant variables to consider when evaluating renal and
cardiovascular risk factors and outcomes in children with
CKD.
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Introduction

Tobacco use is the leading preventable cause of cardiovas-
cular morbidity and mortality worldwide, and at least 35
000 deaths occur annually in the USA due to second-hand
smoking (SHS), which increases the risk of cardiovascular
disease [CVD] by as much as 30% [1]. Although the
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