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Abstract

Background—The contribution of albuminuria to the increased risk of incident end-stage renal
disease (ESRD) in individuals with a family history of ESRD has not been well studied.

Study Design—Prospective cohort study.

Study Setting & Participants—We analyzed data for family history of ESRD collected from
19,409 participants of the Renal REGARDS (Reasons for Geographic and Racial Differences in
Stroke) cohort study.

Predictor—Family history of ESRD was ascertained by asking “Has anyone in your immediate
family ever been told that he or she had kidney failure? This would be someone who is on or had
been on dialysis or someone who had a kidney transplant.”

Study Outcomes—Incidence rate for ESRD.

Measurements—NMorning urine albumin-creatinine ratio (ACR) and estimated glomerular
filtration rate (eGFR). Incident cases of ESRD were identified through the US Renal Data System.

Results—A family history of ESRD was reported by 11.1% of participants. Mean eGFRs for
those with and without a family history of ESRD were 87.5 + 22.2 (SD) and 86.5 + 19.3 mL/min/
1.73 m?, respectively (2= 0.05) and the respective geometric mean ACRs were 12.2 and 9.7 mg/g
(P<0.001). ESRD incidence rates for those with and without a family history of ESRD were
244.3 and 106.1/100,000 person-years, respectively. After adjusting for age, sex, and race, the
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ESRD HR for those with versus those without a family history of ESRD was 2.13 (95% Cl,
1.18-3.83). Adjustment for comorbid conditions and socioeconomic status attenuated this
association (HR, 1.82; 95% ClI, 1.00-3.28), and further adjustment for baseline eGFR and ACR
completely attenuated the association between family history of ESRD and incident ESRD (HR,
1.12; 95% CI, 0.69-1.80).

Limitations—The report of a family history of ESRD was not validated.

Conclusion—Family history of ESRD is common in older Americans and the increased risk of
ESRD associated with a family history reflects lower GFR, higher alouminuria, and comorbid
conditions.
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METHODS

End-stage renal disease (ESRD) in a first-degree family member (subsequently referred to in
this article as a family history of ESRD) is reported at the start of renal replacement therapy
by as many as 1 in 5 patients in the United States.1# Little is known about the prevalence of
risk factors for progressive kidney disease in these individuals. In particular, the prevalence
of albuminuria, a major risk factor for progression of kidney disease, has not been well
described in individuals with a family history of ESRD.>:6 There have been reports that
albuminuria is associated with a family history of ESRD in small clinic-based populations’
and a European population,8 but this association is poorly described in family members in
the US population. Further, there is limited information about the extent to which
individuals in the general US population with a family history of ESRD progress to ESRD
independently of albuminuria and other established risk factors for progressive kidney
disease.

These issues are a matter of considerable clinical and public health importance. If
individuals with a family history of ESRD have an increased risk of progressive kidney
disease, they might benefit from efforts to identify early kidney disease and subsequent
interventions to prevent or delay progression to ESRD.:10 We address these issues by
reporting the prevalence of albuminuria in participants with a family history of ESRD and
the association between family history of ESRD, albuminuria, and incident ESRD in a large,
population-based, biracial cohort study.

Study Design

Data

The Renal REGARDS (Reasons for Geographic and Racial Differences in Stroke) cohort
study involves a population-based sample of white and black adults 45 years and older
recruited throughout the continental United States between January 2003 and October
2007.11

A family history of ESRD was ascertained by asking “Has anyone in your immediate family
ever been told that he or she had kidney failure? This would be someone who is on or had
been on dialysis or someone who had a kidney transplant.” Individuals answering yes were
asked “What relative or relatives had or has kidney failure?” A family history of ESRD in a
first-degree relative was defined as identification of a sibling, child, or parent as having
ESRD.
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We ascertained awareness of kidney disease by asking the participant “Has a doctor or other
health professional ever told you that you had kidney disease?”

Serum creatinine level was calibrated to a creatinine standard determined by isotope-dilution
mass spectrometry, and estimated glomerular filtration rate (eGFR) was calculated using the
Chronic Kidney Disease (CKD) Epidemiology Collaboration (CKD-EPI) estimating
equation.12 A random morning urine sample was collected for creatinine and albumin
measurement. Urinary albumin was measured using the BN ProSpec Nephelometer from
Dade Behring (www.balticnordic.com/dade-behring-marburg-gmbhmarburg/
company.html). Urinary creatinine was measured with a rate-blanked Jaffé procedure, using
the Modular-P analyzer (Roche/Hitachi, www.gmi-inc.com/Roche-Hitachi-911-Chemistry-
Analyzer.html). The observed assay range was 1-650 mg/dL on initial sampling. Results
were expressed for each participant as urinary albumin-creatinine ratio (ACR) in milligrams
per gram.

All-cause mortality was ascertained by proxy report during follow-up telephone surveys
conducted semiannually. Death status was confirmed by cross-reference to the US Social
Security Death Index. Incident cases of ESRD were identified through linkage of
REGARDS Study participants with the US Renal Data System (USRDS), which records
>90% of incident ESRD cases in the United States. A finder file containing unique
individual identifiers (social security number, date of birth, and last and first name) was
submitted for linkage with the USRDS database. Sequential matching was accomplished
using different configurations of full and partial individual identifiers. Individual records
that did not produce a match candidate were processed again in subsequent rounds. For
individuals with a match, but who did not match on all identifiers, visual inspection of
nonmatching variables was performed in the following rounds to confirm valid matches.
Data from the USRDS included incident ESRD cases through August 2009. Patient follow-
up started on the date of patient enroliment and continued until the first of the following:
date of death, ESRD incidence, or September 1, 2009. We excluded individuals with ESRD
by self-report or data from the USRDS indicating that the incidence of ESRD occurred prior
to their enrollment into the REGARDS cohort.

Covariate information was ascertained during a computer-assisted telephone interview and
subsequent in-home examination. Age, sex, race, marital status, educational attainment,
household income, hypertension, and diabetes were included in our analyses. Diabetes was
defined as self-reported use of diabetic medications or insulin, fasting glucose level 2126
mg/dL or nonfasting glucose =200 mg/dL. Hypertension was defined as an in-home systolic
blood pressure 2140 mm Hg, diastolic blood pressure =90 mm Hg, or self-reported
treatment. Body mass index was calculated as weight in kilograms divided by height in
meters squared.

Baseline characteristics are described as mean values or percentages. We used ftests,
analysis of variance, and y? tests to examine differences in clinical characteristics of
participants with and without a family history of ESRD. ACR was log-transformed in these
analyses and reported as geometric mean. Logistic regression models were used to examine
the association between family history of ESRD and baseline characteristics.

The association between family history of ESRD and ESRD risk was examined using
multivariable-adjusted Cox proportional hazards regression models. We initially controlled
for demographic and clinical characteristics, including age in years, sex, race, hypertension
and diabetes, household income <$20,000, and education less than high school. In
subsequent models, we also included baseline eGFR and ACR, first separately and then in

Am J Kidney Dis. Author manuscript; available in PMC 2013 July 29.


http://www.balticnordic.com/dade-behring-marburg-gmbhmarburg/company.html
http://www.balticnordic.com/dade-behring-marburg-gmbhmarburg/company.html
http://www.gmi-inc.com/Roche-Hitachi-911-Chemistry-Analyzer.html
http://www.gmi-inc.com/Roche-Hitachi-911-Chemistry-Analyzer.html

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

McClellan et al.

RESULTS

Page 4

combination. All analyses were conducted using SAS, version 9.2 (SAS Institute Inc,
WWW.Sas.com).

Of 21,645 eligible REGARDS participants, participants were excluded if they were missing
ACR (n =1,199), eGFR (n = 630), or family history information (n = 196) or had prevalent
ESRD (n = 53). We further excluded 158 persons who had missing data for one or more
covariates. Participant characteristics are listed in Table 1. For the 19,409 (89.7%)
participants included in the present analyses, mean age was 63.9 + 9.7 (SD) years, 37.8%
were men, and 39.9% were African American. There were 11.1% of participants with less
than a high school education and 16.7% with an annual household income <$20,000.
Hypertension was present in 57.6%, and diabetes, in 19.9%. Body mass index =35 kg/m?
was recorded for 16.7%. Mean eGFR was 86.6 = 19.6 mL/min/1.73 m2 and geometric mean
and median ACR values were 9.9 and 7.24 mg/g, respectively.

A family history of ESRD was reported by 11.1% of participants. Individuals with a family
history of ESRD were older on average than those without a family history of ESRD at 62.2
+ 9.3 versus 64.1 + 9.7 years (P< 0.001), and the prevalence of a family history of ESRD
decreased with increasing age (Table 1). Patient characteristics independently associated
with family history of ESRD included female sex (odds ratio [OR], 1.33; 95% confidence
interval [Cl], 1.20-1.46), African American race (OR, 2.35; 95% Cl, 2.13-2.56), those
residing in a household with annual income <$20,000 (OR, 1.36; 95% Cl, 1.21-1.52), and
those with either hypertension (OR, 1.23; 95% CI, 1.11-1.35) or diabetes (OR, 1.44; 95%
Cl, 1.30-1.61; Table 1). Mean body mass index values for those with and without a family
history of ESRD were 31.3 + 7.04 and 29.1 + 6.18 kg/m?, respectively (P< 0.001).

Geometric mean ACR values for those with and without a family history of ESRD were
12.2 and 9.7 mg/g, respectively (< 0.001). As albuminuria increased from <30 to =300
mg/g, the prevalence of a family history of ESRD increased more than 2-fold from 10.4% to
22.7% (OR, 2.22; 95% Cl, 1.76-2.80; Table 1).

Mean eGFRs for those with and without a family history of ESRD were 87.5 + 22.2 and
86.5 + 19.3 mL/min/1.73 m2, respectively (2= 0.05). The prevalence of a family history of
ESRD increased from 10.9% to 23.8% (OR, 2.68; 95% ClI, 1.80-4.00) in those with eGFR
>60 vs <30 mL/min/1.73 m2 (Table 1).

The prevalence of a family history of ESRD for the combined presence of albuminuria and
GFR is shown in Fig 1. At every level of eGFR, the prevalence of a family history of ESRD
increased as ACR increased. For example, for individuals with eGFR =60 mL/min/1.73 m?,
the prevalence of a family history of ESRD increased from 10.4% in those with ACR <30
mg/g to 20.4% in participants with ACR =300 mg/g. The prevalence of a family history of
ESRD was highest (30.3%) in those with eGFR of 15-29.9 mL/min/1.73 m? and ACR =300

mg/g.

Awareness of kidney disease was low in individuals both with and without a family history
of ESRD. Although individuals with a family history of ESRD were more likely to be aware
of their own kidney disease than those without a family history of ESRD (level of kidney
disease awareness, 7.2% and 3.6%, respectively), awareness was low in both groups.

For individuals who might not otherwise have been screened based on current guidelines
(did not have hypertension or diabetes), but who had a family history of ESRD, the
prevalence of GFR <60 mL/min/1.73 m2 without albuminuria was 3.6%, ACR >30 mg/g
without decreased kidney function was 6.2%, and both conditions together was 9.2%.
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During a median 4.0 years of follow-up, 111 (0.58%) participants developed incident ESRD,
including 1.25% (n = 29) and 0.49% (n = 82) of those with and without a family history of
ESRD, respectively (P< 0.001; Table 2). The ESRD incidence rate was 202.4 persons/
100,000 years of follow-up: 433.5 and 170.6 persons/100,000 years in those with and
without a family history of ESRD, respectively. There were 1,266 (6.7%) deaths during
follow-up, including 141 (6.1%) and 1,125 (6.7%) individuals with and without a family
history of ESRD, respectively. Corresponding mortality rates were 2,288 deaths/100,000
years of follow-up: 2,107 deaths/100,000 years in those with and 2,312 deaths/100,000 years
in those without a family history of ESRD. The risk of death was similar for individuals with
and without a family history of ESRD, with crude and age-, sex-, and race-adjusted hazard
ratios (HRs) of 0.92 (95% ClI, 0.78-1.10) and 1.02 (95% ClI, 0.86-1.22), respectively (Table
2).

In comparison with individuals lacking a family history of ESRD, the crude and age-, sex-,
and race-adjusted HRs for developing ESRD in individuals with a family history of ESRD
were 2.58 (95% Cl, 1.69-3.94) and 2.04 (95% CI, 1.33-3.15), respectively (Table 2). After
further adjustment of the age, sex, and race model for additional covariate (hypertension,
diabetes, family income, and educational status), the association between family history of
ESRD and incident ESRD persisted (HR, 1.93; 95% Cl, 1.22-3.07; Table 3). Risk factors
associated with incident ESRD in this model were black race (HR, 3.04; 95% Cl, 1.82-5.06),
hypertension (HR, 4.08; 95% CI, 2.20-10.52), and diabetes (HR, 4.12; 95% Cl, 2.67-6.36).

The association between incident ESRD and family history of ESRD was no longer
significant when either baseline eGFR (HR, 1.56; 95% ClI, 0.97-2.50), ACR (HR, 1.40; 95%
Cl, 0.88-2.24), or both (HR, 1.12; 95% CI, 0.69-1.80) were added to the model. In the final
model controlling for all covariates including ACR and GFR, the only risk factors that
remained independently associated with ESRD were younger age (HR for each increased
year, 0.97; 95% Cl, 0.94-0.99), ACR >30 mg/g (HR, 17.7; 95% Cl, 10.3-30.4), and eGFR
<60 mL/min/1.73 m? (HR, 14.8; 95% ClI, 7.6-28.8). Other covariates that were associated
with incident ESRD in this model included female sex (HR, 1.27; 95% CI, 1.13-1.42) and
black race (HR, 1.92; 95% ClI, 1.72-2.14).

DISCUSSION

Our study extends to individuals in the general population observations of increased risk of
ESRD in individuals with a family history of ESRD. Further, we have shown that the
increased risk of ESRD in those with a family history of ESRD is independent of
demographic factors, comorbid conditions, and socio-economic factors. Finally, we have
shown that the increased prevalence of low eGFR and increased albuminuria in individuals
with a family history of ESRD accounts for the residual risk of ESRD in these individuals.

We have previously reported that Renal REGARDS participants with a family history of
ESRD are characterized by lower eGFRs.12 The increased albumin excretion rates in Renal
REGARDS participants with a family history of ESRD have not been reported previously.
For older REGARDS participants, the prevalence of ACR =30 mg/g was 13.3% for those
without a family history of ESRD and 19.5% for those with a family history of ESRD. The
observations stand in contrast to those from the Third National Health and Nutrition
Examination Survey (NHANES 111).14 The prevalence of ACR =30 mg/g in the NHANES
111 population was 7.8% of the population.14 Prevalences of ACR =300 mg/g in NHANES
I11 participants were 1.4% and 1.5% for men and women, respectively, which was
substantially lower in those with and without a family history of ESRD (5.2% and 2.2%,
respectively) in REGARDS. The difference in prevalence in REGARDS may reflect the
higher proportion of African Americans and older adults in the REGARDS sample.

Am J Kidney Dis. Author manuscript; available in PMC 2013 July 29.
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The increased prevalence of proteinuria with family history of ESRD is consistent with
earlier reports by Bergman et al.” Bello et al® drew a random sample of all patients with
ESRD in a population-based registry in the United Kingdom. These individuals were
contacted and asked to identify first-degree relatives interested in participating in a study of
the familial association of kidney disease. For the 274 relatives identified, the prevalence of
microalbuminuria was 9.5%, significantly greater than the 1.4% prevalence in the age- and
sex-matched controls and greater than that in the general registry population (7.0%). First-
degree relatives of patients with ESRD in the Bello et al® study were younger than the
general registry population and more likely to be women, have less educational attainment,
be obese, have a family history of either hypertension or diabetes, and have histories of
hypertension and cardiovascular disease®; the present study is consistent with these findings.

Tsai et al® compared the prevalence of markers of kidney disease (ACR =30 mg/g or eGFR
<60 mL/min/1.73 m2) in 196 first- and second-degree relatives and 95 spouses of Taiwanese
hemodialysis patients. Both albuminuria (10.7% vs 4.1%) and low eGFR (5.1% vs 3.4%)
were more frequent in family members, although only the difference in prevalence of ACR
>30 mg/g was statistically significant (P = 0.01). Of note, spouses of patients with ESRD,
used as an environmental control group, were concordant with the index ESRD cases for
increased prevalence of diabetes and hypertension, smoking, and increased prevalence of
albuminuria and low eGFR.3

The clinical significance of the increased prevalence of albuminuria in individuals with a
family history of ESRD is evident from the associated increased risk of ESRD we observed
in REGARDS participants. Most importantly, our results suggest that physicians and other
health care providers, when interviewing patients, should ask about a family history of
ESRD in the same manner as a family history of cardiovascular disease or cancer. These
individuals are unlikely to be aware of their kidney disease despite their higher risk of CKD
and ESRD, and targeted screening of ACR and eGFR seem warranted. Finally, our results
provide additional support for ongoing population-based education and screening for CKD
in family members, such as those currently conducted by the National Kidney Disease
Education Program’s Family Reunion Initiativel® and the National Kidney Foundation’s
Kidney Disease Early Evaluation Program (KEEP).16

Individuals with a positive family history were nearly 2.6 times more likely to develop
incident ESRD compared with other REGARDS participants. This increased risk was
attenuated, but not fully explained, by controlling for other risk factors associated with
progressive kidney disease.1” In contrast, after additional control for either baseline eGFR or
ACR alone or both eGFR and ACR, the association between family history of ESRD and
incident ESRD did not persist. It is not surprising that additional adjustment for ACR,
eGFR, or both substantially attenuated the residual risk of ESRD in family members because
both measures of kidney function are in the pathway of progressive kidney failure.

The increased risk of ESRD in African Americans in our study persisted after controlling for
family history of ESRD, sex, and age. Controlling for comorbid factors and socioeconomic
status attenuated but did not fully explain racial disparities in ESRD, whereas additional
control for ACR and eGFR fully accounted for differences in the occurrence of ESRD.
These observations suggest that the increased prevalence of albuminuria and lower eGFR
account for racial differences in ESRD in individuals with a family history of ESRD. There
are multiple factors that may be related to familial differences in albuminuria and eGFR that
warrant exploration. In particular, recently described genetic polymorphisms8-20 are strong
candidates to explain the persistence of racial disparities after controlling for family history
of ESRD.

Am J Kidney Dis. Author manuscript; available in PMC 2013 July 29.
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The limitations and strengths of our study should be noted. First, both ACR and eGFR were
estimated using a single measurement; therefore, we may have misclassified some
individuals with transient abnormalities as having CKD. Additionally, follow-up for incident
ESRD was available through only August 2009. Therefore, our inferences on the role of
ACR in mediating the increased risk of ESRD with family history of ESRD may apply to
only short-term incidence. Finally, our conclusions are based on observational data and thus
cannot be construed as reflecting causal associations. Although we cannot be sure that the
higher prevalence of a family history of ESRD that we observed at more severe degrees of
baseline kidney disease, measured by either eGFR or ACR, does not reflect recall bias, we
believe this is unlikely in the face of the low levels of awareness of individual CKD in
REGARDS participants.

Despite these limitations, the present analysis maintains several strengths. Our findings are
based on a very large population-based sample of older US adults.1! Participants were
sampled within 3 geographic strata, 2 race strata, and age strata, with the goal of recruiting
20% of the sample from the coastal plain of the Southeastern United States, 30% from the
rest of the Southern United States, and 50% from the remaining contiguous United States.
Within each geographic stratum, we sought to recruit 50% blacks, and within each race,
50% men. This sampling strategy was unlikely to introduce sampling bias with respect to
family history of ESRD. Additionally, study data were collected following a standardized
protocol with strict quality-control procedures.

Also, it is unlikely that differential mortality rates in individuals with and without a family
history of ESRD might have contributed to our findings in that death rates were similar in
the 2 groups. Finally, case ascertainment used the USRDS, which identifies >90% of
incident patients with ESRD, and it is unlikely that differences in case ascertainment biased
our observations.
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Figure 1.

Prevalence of a family history (FH) of end-stage renal disease (ESRD) by joint distribution
of albumin-creatinine ratio (ACR) and estimated glomerular filtration rate (eGFR).
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Table 3

Association Between Family History of ESRD and Incident ESRD

HR (95% CI) for Incident ESRD

Modd 1

Model 2 Model 3

Model 4

Family history of ESRD
Age (/1-y older)

Female

African American race
High BP present

Diabetes present

Education <HS

Income <$20,000

eGFR <60 mL/min/1.73 m?
ACR >30 mg/g

2.04 (1.33-3.15)
1.07 (0.88-1.30)
1.51 (1.04-2.20)
5.60 (3.49-8.99)

1.80 (1.17-2.78)  1.93 (1.22-3.07)
1.003 (0.98-1.02)  1.002 (0.98-1.02)
144 (0.98-2.11)  1.50 (0.99-2.29)
3.60(2.22-5.83)  3.04 (1.82-5.06)
4.97 (2.40-10.34)  4.08 (2.20-10.52)
415(2.78-6.17)  4.12 (2.67-6.36)

1.18 (0.71-1.97)

1.22 (0.77-1.94)

1.12 (0.69-1.80)
0.97 (0.94-0.99)
1.45 (0.95-2.21)
2.30 (1.37-3.88)
2.05 (0.87-4.86)
1.73 (1.10-2.73)
1.18 (0.69-2.02)
1.27 (0.76-2.03)
14.8 (7.6-28.8)
17.7 (10.3-30.4)

Page 12

Abbreviations: ACR, albumin-creatinine ratio; BP, blood pressure; Cl, confidence interval; eGFR, estimated glomerular filtration rate; ESRD, end-
stage renal disease; HR, hazard ratio; HS, high school.
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