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Abstract
Background—Little is known regarding chronic kidney disease (CKD) in Hispanics. We
compared baseline characteristics of Hispanic participants in the Chronic Renal Insufficiency
Cohort (CRIC) and Hispanic-CRIC (H-CRIC) Studies with non-Hispanic CRIC participants.

Study Design—Cross-sectional analysis

Setting and Participants—Participants were aged 21–74 years with CKD using age-based
glomerular filtration rate (eGFR) at enrollment into the CRIC/H-CRIC Studies. H-CRIC included
Hispanics recruited at the University of Illinois from 2005–2008 while CRIC included Hispanics
and non-Hispanics recruited at seven clinical centers from 2003–2007.

Factor—Race/ethnicity

Outcomes—Blood pressure, angiotensin-converting enzyme (ACE) inhibitor/angiotensin
receptor blocker (ARB) use, CKD-associated complications

Measurements—Demographic characteristics, laboratory data, blood pressure, and medications
were assessed using standard techniques and protocols
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Results—Among H-CRIC/ CRIC participants, 497 were Hispanic, 1650 non-Hispanic Black,
and 1638 non-Hispanic White. Low income and educational attainment were nearly twice as
prevalent in Hispanics compared with non-Hispanics (p<0.01). Hispanics had self-reported
diabetes (67%) more frequently than non-Hispanic Blacks (51%) and Whites (40%) (p<0.01).
Blood pressure > 130/80 mmHg was more common in Hispanics (62%) compared with Blacks
(57%) and Whites (35%) (p<0.05), and abnormalities in hematologic, metabolic, and bone
metabolism parameters were more prevalent in Hispanics (p<0.05), even after stratifying by entry
eGFR. Hispanics had the lowest receipt of ACE inhibitor/ARB among high-risk subgroups,
including participants with diabetes, proteinuria, and blood pressure > 130/80 mmHg. Mean eGFR
(ml/min/m2) was lower in Hispanics (39.6) than in Blacks (43.7) and Whites (46.2), while median
proteinuria was higher in Hispanics (0.72 g/d) than in Blacks (0.24 g/d) and Whites (0.12 g/d)
(p<0.01).

Limitations—Generalizability; observed associations limited by residual bias and confounding

Conclusions—Hispanics with CKD in CRIC/H-CRIC Studies are disproportionately burdened
with lower socioeconomic status, more frequent diabetes mellitus, less ACE inhibitor/ARB use,
worse blood pressure control, and more severe CKD and associated complications than their non-
Hispanic counterparts.
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Hispanics are now the largest minority group in the United States (U.S.) (1). Of interest,
there has also been a particularly rapid concomitant increase in the incidence and prevalence
of end-stage renal disease (ESRD) in Hispanics observed in the United States over the last
two decades (2). Compared with non-Hispanic Whites, the incidence of ESRD in Hispanics
is nearly two fold higher (2). Because of the high frequency of risk factors for ESRD among
U.S. Hispanics (e.g., diabetes mellitus), it is anticipated that Hispanic ESRD population will
continue to undergo substantial growth (3–4).

Despite the magnitude of this public health problem, little is known regarding earlier stages
of chronic kidney disease (CKD) in Hispanics (5). A few prior reports have noted that
although the prevalence of eGFR < 60 ml/min/1.73m2 is similar among Hispanics and non-
Hispanics, Hispanic ethnicity is associated with higher levels of microalbuminuria and
proteinuria, and almost a two-fold higher risk of ESRD in comparison with non-Hispanic
Whites and Blacks (6–10). Hispanics have not been well represented in most large
prospective studies and clinical trials of CKD; therefore, our understanding of the risk
factors, complications, and outcomes associated with CKD among Hispanics is limited (11–
15). One exception was a post-hoc analysis of the RENAAL (Reduction in End Points in
Non-Insulin-Dependent Diabetes With the Angiotensin II Antagonist Losartan) trial, which
focused on the role of ethnicity and found that while baseline proteinuria and the risk of
ESRD were higher in Hispanics compared with non-Hispanic Whites and Blacks, all ethnic
groups achieved renoprotection from losartan after baseline differences in albuminuria
where taken into account (16).

The Hispanic Chronic Renal Insufficiency Cohort (H-CRIC) Study, an ancillary study to the
multi-center National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)-
sponsored Chronic Renal Insufficiency Cohort (CRIC) Study, is the first prospective
longitudinal study examining risk factors for the progression of CKD and cardiovascular
disease in a sizable cohort of U.S. Hispanics with a broad range of kidney dysfunction (17–
18). The H-CRIC Study was initiated because of less-than-anticipated recruitment of
Hispanics in the CRIC Study, and it was conducted at the University of Illinois at Chicago
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because of disproportionately successful Hispanic recruitment into the CRIC Study at this
clinical site (18). In this article, we compare baseline characteristics among Hispanic and
non-Hispanic participants in the CRIC and H-CRIC studies, especially as they pertain to risk
factors, complications, and management of CKD.

Methods
Study Sample and Design

We conducted a cross-sectional comparative analysis of Hispanic and non-Hispanic
participants at enrollment into the Chronic Renal Insufficiency Cohort (CRIC) and Hispanic-
CRIC (H-CRIC) Studies. The CRIC study is a prospective multicenter cohort study of adult
individuals with chronic kidney disease (CKD). Details of the design and methods of the
CRIC study have been previously published (17–18). Major eligibility criteria for the CRIC
study included adults aged 21 to 74 years with mild to moderate CKD using age-based
estimated glomerular filtration rate (eGFR). Exclusion criteria included inability to consent,
New York Heart Association Class III or IV heart failure, cirrhosis, HIV/AIDS, polycystic
kidney disease, prior dialysis or transplant, immunosuppressive therapy within 6 months, or
chemotherapy for cancer within 2 years. The H-CRIC Study adopted identical eligibility and
exclusion criteria as the parent CRIC Study. However, while CRIC included 169 Hispanics
and 3289 non-Hispanics recruited at seven clinical centers from May 2003 through March
2007, H-CRIC included 327 Hispanics recruited at the University of Illinois at Chicago and
Chicago metropolitan area from October 2005 through June 2008. Recruitment sites
included university-, community-, and private-based health clinics. Both studies were
approved by the Institutional Review Boards of the participating centers and the research
was conducted in accordance with the principles of the Declaration of Helsinki. All study
participants provided written informed consent.

Variables and Data Sources
H-CRIC Study participants underwent the same evaluation and test strategy as CRIC Study
participants, which have been fully described previously (17–18), as well as additional
evaluations (only for H-CRIC participants) focusing on primary language (19).
Sociodemographic characteristics (e.g., age, gender, race/ethnicity, education, annual
household income, smoking, health insurance) were self-reported and recorded at the
baseline visit. Medical conditions (e.g., hypertension, high cholesterol, chronic heart failure,
peripheral arterial disease, diabetes, myocardial infarction or coronary revascularization)
were also self-reported at baseline. Anthropometric measures (height, weight, body mass
index, waist circumference) were measured by trained study personnel and recorded.
Current medications were reviewed and documented. As previously noted, blood pressure
measurements and ankle brachial indices were obtained using standard and validated
protocols (17–18). For each participant at baseline, the urine creatinine and protein was
determined from a 24 hour urine collection and an eGFR was calculated by the CKD-EPI
estimating equation, using a locally measured serum creatinine calibrated to the Roche
Enzymatic Method (20). GFR was assessed by the renal clearance of 125-iodine iothalamate
(measured GFR [mGFR]) in a select subcohort (17–18).

Statistical Analysis
Baseline participant characteristics were summarized using means with standard deviations,
or medians (25th–75th percentile) for continuous variables; and frequency distribution with
percentages for categorical variables. Missing values occurred very infrequently and
generally under the following circumstances: i) when a participant failed to answer a
question on a reporting form, ii) when a physical measure was not obtained, iii) when a
laboratory test was not performed. The only variables with > 3% missing values were:
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primary language spoken (17%) [percentage missing in Hispanics since language only
assessed in this group], health insurance (12%), and urine studies (6%). Analyses for each
variable included only the observed values. Baseline participant characteristics were
compared between groups using t-tests, chi-squared tests, or analysis of variance, as
appropriate. Two-sided p-values less than 0.05 were considered statistically significant. All
statistical analyses were conducted using SAS, version 9.1 (Cary, NC).

Results
Baseline Demographic and Clinical Characteristics

H-CRIC and Hispanic CRIC Participants—Among a total of 497 H-CRIC and CRIC
Hispanic participants, 69% were Mexican American, 16% were Puerto Rican, and 25% had
other Latin American ancestry (Table 1). The proportion of participants with low annual
household income (<$20,000/year), low educational attainment (< high school diploma),
and lack of health insurance was significantly higher among Mexican Americans than
among Puerto Rican Americans and other Latin Americans (p<0.02). Mexican Americans
more often spoke primarily Spanish (76%) relative to other Hispanic groups (≈43%)
(p<0.001). Compared with other Hispanic subgroups, the prevalence of diabetes and blood
pressure > 130/80 mmHg was more frequent in Mexican Americans. Mean eGFR was
significantly lower in Mexican Americans (37.4 ml/min/1.73m2) compared with Puerto
Rican Americans (43.3 ml/min/1.73m2) and other Latin Americans (45.6 ml/min/1.73m2)
(p<0.001), and mGFR results on select participants were consistent with these findings.
Median 24 hour urine protein and spot urine albumin-creatinine ratios were substantially
higher in Mexican Americans compared to Puerto Rican Americans and other Latin
Americans, and these trends persisted in both diabetic and non-diabetic subgroups.
Compared with other Hispanic subgroups, Mexican Americans had significantly lower
serum hemoglobin and calcium and higher serum phosphorus and total parathyroid hormone
values (p<0.05).

Comparison with Non-Hispanic White and Black CRIC Participants—Mean age
was approximately 2 years lower in the 497 Hispanic H-CRIC/CRIC participants than in the
1638 Non-Hispanic White and 1650 Non-Hispanic Black CRIC participants (Table 2).
Compared with non-Hispanic Whites and Blacks, Hispanics more often had low annual
household income, low educational attainment, lack of health insurance, and less current and
former tobacco use (p<0.05). The prevalence of diabetes was highest among Hispanics
(67%), while the self-reported history of myocardial infarction/prior revascularization was
least prevalent among Hispanics (18%). The prevalence of self-reported hypertension for
Hispanics (89%) was between that for non-Hispanic Whites (79%) and Blacks (93%), while
blood pressure > 130/80 mmHg at cohort entry was more common among Hispanics (62%)
than among non-Hispanic Whites (35%) and non-Hispanic Blacks (57%) (p<0.05). Mean
glycosylated hemoglobin in Hispanics (7.0%) was significantly higher than in non-Hispanic
Whites (6.3%) (p<0.05) and similar to non-Hispanic Blacks (6.9%) (p>0.05). Mean eGFR
was significantly lower in Hispanics (39.6 ml/min/1.73m2) compared with non-Hispanic
Whites (46.2 ml/min/1.73m2) and Blacks (43.7 ml/min/1.73m2) (p<0.001), and mGFR
results on select participants were consistent with these findings. Median 24 hour urine
protein and spot urine albumin-creatinine ratios were substantially higher in Hispanics
compared to Non-Hispanic Whites and Blacks, and these trends persisted in both diabetic
and non-diabetic subgroups (p<0.001). Lipoprotein levels, hemoglobin concentration, and
bone metabolism parameters were less favorable in Hispanics compared with non-Hispanic
Whites and similar to those in non-Hispanic Blacks.
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Baseline Frequency of Blood Pressure Medication Use
Overall, use of angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor
blocker (ARB) medications was not significantly different among H-CRIC/CRIC
participants (Table 3). However, among important subgroups, including those with blood
pressure > 130/80 mmHg, diabetes, or urine protein > 0.3 g/d, Hispanics consistently had the
lowest receipt of ACE inhibitor/ARB compared with Non-Hispanic Whites and Blacks
(p<0.05)

Blood Pressure by eGFR and Albuminuria strata
Across all eGFR categories and albuminuria strata, the proportion of participants with blood
pressure > 130/80 mmHg was significantly higher for Hispanics compared with non-
Hispanic White participants (p<0.05) (Table 4). However, only in the eGFR < 30 ml/min/m2

strata was the percentage of Hispanics with blood pressure > 130/80 mmHg significantly
higher than that of non-Hispanic Blacks (p<0.05), whereas this percentage was not
significantly different between these two groups for all other eGFR strata. No significant
differences were found between proportions of Hispanic and non-Hispanic Blacks with
blood pressure > 130/80 mmHg across strata of albuminuria.

Laboratory Parameters by eGFR and Albuminuria strata
Across all eGFR categories and albuminuria strata, Hispanic participants had significantly
lower serum sodium and bicarbonate levels compared with non-Hispanic Whites and Blacks
(p<0.05), while less pronounced differences existed for serum potassium levels among these
groups (Table 5). There were no significant differences in hemoglobin levels between
Hispanics and non-Hispanic Blacks, but levels were significantly lower in Hispanics
compared with non-Hispanic Whites across eGFR and albuminuria (p<0.05). Calcium levels
were lower and serum phosphorus levels higher in Hispanics versus non-Hispanics with
eGFR < 45 ml/min/1.73m2 or albumin-creatinine ratio > = 30 (mg/g) (p<0.05). Total intact
parathyroid hormone (PTH) levels for Hispanics were generally significantly higher than
non-Hispanic Whites but lower than those in non-Hispanic Blacks across eGFR and
albuminuria levels. Serum albumin was consistently the lowest in Hispanics compared with
non-Hispanics, regardless of eGFR or albuminuria group.

Discussion
We found that among participants with CKD in the CRIC and H-CRIC Studies, Hispanics
were disproportionately burdened with lower socioeconomic status, more frequent diabetes
mellitus, worse blood pressure control, lower receipt of ACE inhibitor/ARB medications,
and more severe CKD compared with non-Hispanic Whites and Blacks. In particular, in the
setting of CKD, Mexican Americans had especially unfavorable sociodemographic and
clinical parameters relative to Puerto Rican Americans and other Latin Americans. Even
when level of eGFR was taken into account, Hispanics with CKD more often had
uncontrolled blood pressure, lower serum hemoglobin levels, and worse metabolic and bone
metabolism parameters than non-Hispanic Whites and Blacks.

In contrast to prior reports and studies that focused chiefly on populations with ESRD (2–4),
this work is one of the few systematic evaluations of CKD in Hispanics, who constitute a
growing high-risk population well-known to be affected by health disparities (21–27). The
CRIC and H-CRIC studies were designed to examine prospectively risk factors for CKD
progression and CVD incidence and progression among a large diverse representative cohort
of individuals with CKD (17–18). By capturing a wide array of data on a broad range of
demographic factors and clinical exposures, the H-CRIC and CRIC studies will further
elucidate the reasons for health disparities in Hispanics with CKD and will inform clinical
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trials of therapeutic interventions that may potential lead to improvements in clinical
outcomes (28).

A few prior studies examined differences in the burden of CKD among Hispanics and non-
Hispanics. Although analyses from NHANES have found the prevalence of eGFR < 60 ml/
min/m2 to be similar among Mexican Americans and non-Hispanic Whites, they have
generally noted a higher prevalence of micro- and macroalbuminuria (6, 9–10). In a large
cohort of adults with stage 3–4 CKD from Kaiser Permanente of Northern California, higher
levels of proteinuria were also observed among Hispanics compared with non-Hispanic
Whites, which is consistent with our observations in the H-CRIC/CRIC Studies (7). Less is
known about complications of CKD. Similar to our findings, a recent analysis from
NHANES found that several metabolic abnormalities, including those involving
hemoglobin, phosphorus, potassium, and bicarbonate, were more common in Hispanic than
White adults with an eGFR < 60 ml/min/m2 (29). Differences in socioeconomic status may
explain some of these observed differences. For example, two recent studies found that low
socioeconomic status was strongly associated with higher serum phosphorus in adults with
CKD regardless of race/ethnicity (30–31). The impact of these complications on health
outcomes will be assessed in future longitudinal analyses.

Optimal control of blood pressure and use of renoprotective medications was also found to
be inferior in Hispanics compared with non-Hispanic Whites in H-CRIC/CRIC, despite
evidence supporting these measures to attenuate CKD progression (16). Similar patterns of
greater uncontrolled blood pressure in Hispanics with and without CKD have also been
observed in samples from NHANES (29, 32) and MESA (the Multi-Ethnic Study of
Atherosclerosis) (33), which appear in part due to socioeconomic differences. Only one
prior study has examined the relationship between race/ethnicity and ACE inhibitor/ARB
use among individuals at high risk for progressive CKD. Among near 40,000 diabetic adults
in the Kaiser Permanente of Northern California Diabetes Registry, 59% of Latinos received
an ACE inhibitor/ARB, including 54% with albuminuria, and this proportion was not
significantly different from that observed among Whites (34). Although we observed a
similar proportion of Hispanics receiving ACE inhibitor/ARB in H-CRIC/CRIC overall, we
found that Hispanics had a significantly lower receipt of these medications in high risk
groups (e.g., diabetes, proteinuria, and blood pressure > 130/80 mmHg) compared with non-
Hispanic Whites and Blacks. In addition to local clinical practice patterns, the lower
prevalence of health insurance among Hispanics in H-CRIC/CRIC likely contributes to these
observed differences. Although not specifically evaluated in regard to categories of race and
ethnicity, lack of health insurance has been associated with decreased access to regular care,
worse control of hypertension, and lesser receipt of ACE inhibitor/ARB among adults with
diabetes and CKD (35–36). Because of its robust data collection, future H-CRIC/ CRIC
analyses will delineate the relationships between race/ethnicity, socioeconomic status (e.g.,
income, health insurance, access to healthcare), risk factors for CKD, and CKD progression.

There is notable heterogeneity among Hispanics in the U.S. with regard to race, country of
origin, language, health beliefs, and social customs (37). The H-CRIC and CRIC Studies
also afford an initial examination of differences among subgroups of Hispanics with CKD,
finding that Mexican Americans had more severe CKD (i.e., lower eGFR, higher
proteinuria), a disproportionate burden of unfavorable CKD risk factors, and a higher
prevalence of CKD-related metabolic complications compared with Puerto Rican Americans
and other Latin Americans. Only a few prior studies have investigated differences in CKD
parameters and outcomes among Hispanic subgroups. In a prospective observational study
of nearly 5,000 Hispanics receiving long-term dialysis, Mexican Americans were found to
have significantly lower mortality than their Puerto Rican Americans counterparts over two
years (38). An analysis of NHANES data revealed that Cuban Americans were more likely
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to have an estimated creatinine clearance < 60 ml/min/1.73m2 compared with Mexican
Americans or Puerto Ricans (39). Recently, findings from the MESA demonstrated the
while Puerto Ricans had levels of albuminuria similar to non-Hispanic Whites, Mexicans
and Dominicans had much higher albuminuria than Whites, which appeared to be related to
the heterogeneity in genetic admixture between European, African, and Native American
ancestry among these groups (40). Further analyses are needed to better understand the
diversity among Hispanic subgroups in the United States and to delineate the clinical
implications of these baseline findings.

The causes of racial and ethnic inequities among individuals with CKD are speculated to be
of diverse origins, including patient (e.g., biologic, socioeconomic, environmental), provider
(e.g., bias, communication), and healthcare system-related (e.g., access to services) factors
(22–23). Reasons for these reported disparities in Hispanics have been infrequently
examined. Some have argued that differences in sociodemographic and recognized clinical
factors account for much of observed disparities in health outcomes (27). Others have
contended that intrinsic biologic and genetic predispositions toward CKD and its
complications along with differential responses to treatment may contribute substantially to
these disparities for Hispanics (7). Moreover, few studies incorporated detailed data on
socioeconomic status, health insurance and access to care (3, 8). Of those that did, the
observed disparities in regard to higher rates of ESRD among Hispanics appear to be only
partially explained by these factors (7). By virtue of its prospective longitudinal design and
detailed collection of patient level data, the H-CRIC and CRIC studies are poised to identify
additional genetic, biologic, and sociocultural factors that contribute to racial/ethnic
differences in CKD-related outcomes.

As in other observational analyses, inferences regarding causality are limited by residual
bias and confounding. However, methodologic strategies have been adopted to minimize
these concerns (17–18). Another potential limitation pertains to the generalizability of
findings from the CRIC and H-CRIC participants. As previously described (17–18), the
CRIC cohort oversampled certain subgroups (i.e., African Americans) and recruited
participants from select geographic sites, and therefore is not a population-based sample like
the NHANES CKD cohort. Similarly, a large majority of Hispanic participants in CRIC/H-
CRIC were comprised of Mexican Americans (69%) and recruited from the Chicago
metropolitan area (85%). While many characteristics of our Hispanic cohort, including
country of origin, education, income, and primary language are similar to representative
samples such as those in NHANES (21, 41–42), it is important to recognize that our
Hispanic cohort does not include robust representation from all Hispanic subgroups and
geographic regions of the U.S.; therefore, findings reported here may not fully generalize to
all U.S. Hispanics with CKD. Lastly, although a recent study has indicated that the CKD-
EPI equation for eGFR is relatively accurate among Hispanics (43), this equation has not
been validated in large diverse samples of Hispanics. Hence, eGFR findings reported here
across racial/ethnic groups may be subject to bias.

In conclusion, Hispanics with CKD in CRIC/H-CRIC Studies are disproportionately
burdened with lower socioeconomic status, more frequent diabetes mellitus, worse blood
pressure control, lower receipt of ACE inhibitor/ARB medications, and more severe CKD
with disproportionate associated metabolic complications than their non-Hispanic White and
Black counterparts. The consequences of these observed differences across racial and ethnic
groups are less clear. Although multiple studies have found an increased burden of adverse
sociodemographic characteristics, clinical risk factors, and ESRD among Hispanics
compared with Whites (2–4, 6–10, 29), a decreased risk of cardiovascular events and death
among Hispanics with CKD and ESRD has been observed (7, 24–27), which is consistent
with a phenomenon observed elsewhere called the ‘Hispanic Paradox’ (44). Therefore,
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longitudinal analyses are critically needed to fully examine the impact of these baseline
health disparities as potential mediators of racial/ethnic variation in CKD-related clinical
outcomes. Improving our understanding of the causes and consequences of health disparities
in Hispanics with CKD has the potential to allow us to more effectively identify and address
barriers to health care and improve outcomes for this population (22–23).
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