Individuals With a Family History of ESRD Are a High-Risk Population for
CKD: Implications for Targeted Surveillance and Intervention Activities
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Activities intended to improve the detection, treatment, and control of chronic kidney disease (CKD)
should be incorporated into existing health care systems and targeted to high-risk populations to avoid
redundancy and waste of resources. One high-risk population consists of first- or second-degree family
members of patients with end-stage renal disease (ESRD), who are 2 to 3 times as likely to have
incident ESRD, have high rates of impaired kidney function and undetected and uncontrolled high blood
pressure, and are more likely to be obese. These individuals usually are unaware of their underlying
CKD and may discount their own risk of ESRD. The ESRD Network 6 Family History Project shows that
the ESRD Networks, which constitute a national CKD surveillance system for patients with stage 5 CKD,
may be an existing resource that can be used to identify relatives of incident patients with ESRD and
provide these families with information about CKD. Nationally available resources have been developed
by the National Kidney Disease Education Program for use with these at-risk families. Individuals
interested in population-based CKD control activities should be aware of and use these resources.
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hronic kidney disease (CKD) surveillance
is the routine collection, analysis, and re-
porting of information for the purpose of decreas-
ing the incidence and improving the outcomes of
care of patients with CKD.' CKD surveillance
activities are conducted by the End-Stage Renal
Disease (ESRD) Networks and the US Renal
Data System in the United States.* This popula-
tion-based geographically comprehensive sys-
tem is used to define the epidemiological charac-
teristics of patients with ESRD,” identify potential
quality-of-care problems in patients with ESRD,®
and target and evaluate quality improvement
efforts directed at improving the care of patients
with ESRD.”*
An important question to be answered is the
degree to which this unique resource can be used
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to provide similar surveillance for earlier stages
of CKD in high-risk populations most likely to
benefit from interventions to reduce the risk of
progression to ESRD. The purpose of this report
is to describe one high-risk population for pro-
gression to ESRD, first- and second-degree rela-
tives of incident patients with ESRD, that is
accessible to the existing CKD surveillance sys-
tem and illustrate how the ESRD Networks have
been used to identify and deliver prevention
services to this population. Although the benefit
of early identification and treatment of individu-
als with such Mendelian disorders as autosomal
dominant polycystic kidney disease is increas-
ingly understood,” this review focuses on famil-
ial occurrence of the non-Mendelian forms of
kidney diseases associated with hypertension,
glomerulonephritis, and diabetes that constitute
the most common causes of ESRD and in which
shared family risk likely is caused by a combina-
tion of shared genetic and environmental risk
factors. We describe how nationally available
resources might be targeted at improving the
detection and treatment of CKD in these fami-
lies. Finally, we show how data routinely col-
lected from incident patients with ESRD might
be modified to provide a comprehensive picture
of the degree to which family members of pa-
tients with ESRD are successfully screened and
treated for stage 4 CKD.
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Family History of End-Stage Renal Disease

FAMILIAL AGGREGATION OF ESRD

It has been recognized for some time that
incident patients with ESRD with non-Mende-
lian kidney diseases are more likely to identify a
first- or second-degree family member who is
treated for ESRD.'*!! Ferguson et al' first noted
this association in the general population of
patients with ESRD, reporting that 26% of preva-
lent African American patients with ESRD re-
ported a first- or second-degree relative with
kidney disease compared with 11% of commu-
nity controls. Subsequent studies confirmed this
association in multiple populations with nondia-
betic kidney disease,"''* and the association is
believed to reflect the interplay between a ge-
netic predisposition to kidney injury and mul-
tiple environmental and behavioral risk factors
associated with progression of kidney injury that
is to some degree independent of the underlying
disease."’

CKD IN INDIVIDUALS REPORTING A FAMILY
MEMBER WITH ESRD

There is increasing evidence for the familial
aggregation of kidney injury and related risk
factors, and individuals with a family history of
ESRD have a distinctive phenotype that has been
described most extensively for kidney disease in
individuals with diabetic ESRD'’ and extended
to nondiabetic populations as well (Table 1).
Bergman et al'® reported that nearly 5% of first-
degree relatives of patients with hypertensive
ESRD had a serum creatinine level of 1.4 mg/dL
or greater and 9.7% had proteinuria, whereas
Jurkovitz et al'” found that stage 3 to 4 CKD,

Table 1. Characteristics of Individuals With a Family
History of End-Stage Renal Disease

Characteristic Reference

African American race 9-11,14,16,17,23

Younger age 23
Hypertension 1,12, 14
Diabetes 12, 16, 23, 26
Obesity 16,17
Women 16

Increased C-reactive protein 16
Proteinuria 14,25

Decreased glomerular filtration rate 14, 16
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defined as a creatinine clearance less than 60
mL/min, was present in 14% of screened rela-
tives. In addition, in the family members with
stage 3 and 4 CKD studied by Jurkovitz et al,'’
only 13.0% were aware of their kidney disease
and awareness did not increase in individuals
who reported a recent visit to a physician.

These reports recently have been replicated by
a cross-sectional study of individuals in the Rea-
sons for Geographic and Racial Differences in
Stroke (REGARDS) cohort, a population-based
sample of US residents 45 years and older.'® A
family history of ESRD was ascertained by ask-
ing REGARDS participants: “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 who
answered yes were asked the relationship of the
individual(s) with kidney failure: “What relative
or relatives had or has kidney failure?”” Verbatim
responses of as many relatives as recalled were
reported. A positive personal history of ESRD in
a first-degree relative was defined as: (1) a yes
answer to the first part of the family history
question and (2) unprompted identification of at
least 1 of the following relatives as having ESRD:
sibling, child, or parent.'® A family history was
reported by 9.5% of the more than 12,000 partici-
pants in the cohort, and in these individuals,
African Americans, but not whites, were more
likely to have stage 3 and 4 CKD (glomerular
filtration rate < 60 mL/min/1.73 m?). The preva-
lence of a family history of ESRD increased in
African Americans, but not whites, as glomerular
filtration rate decreased.

CHARACTERISTICS OF INDIVIDUALS WITH A
FAMILY HISTORY ESRD

Speckman et al'® examined the prevalence of
obesity in 25,883 incident patients with ESRD in
Georgia, North Carolina, and South Carolina. In
the 23% who reported a family history of ESRD,
28.0% were overweight, 17.3% were obese, and
16.7% were morbidly obese. After controlling
for age, race, sex, primary cause of ESRD, his-
tory of diabetes, history of hypertension, and
estimated glomerular filtration rate at dialysis
therapy initiation, individuals with a family his-
tory of ESRD were more likely to be overweight
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(odds ratio [OR], 1.17; 95% confidence interval
[CI], 1.08 to 1.26), obese (OR, 1.25; 95% CI,
1.14 to 1.37), and morbidly obese (OR, 1.40;
95% CI, 1.27 to 1.55).

Similar observations were made in the
REGARDS cohort.'® In multivariate analyses
that controlled for age, sex, race, and multiple
comorbidity, individual characteristics indepen-
dently associated with a family history of ESRD
included African American race (OR, 2.14; 95%
CI, 1.82 to 2.53), female sex (OR, 1.28; 95% CI,
1.08 to 1.51), history of diabetes (OR, 1.22; 95%
CI, 1.02 to 1.47), a 1-SD change in log C-
reactive protein level (OR, 1.10; 95% CI, 1.01 to
1.19); and World Health Organization body mass
index weight categories of normal (OR, 2.11;
95% CI, 0.66 to 6.79), overweight (OR, 2.64;
95% CI, 0.82 to 8.42), and obese (OR, 3.48;95%
CI, 1.09 to 11.1) compared with underweight.

PERCEIVED SEVERITY OF HISTORY OF ESRD
BY PATIENTS AND PHYSICIANS

Despite the severity of ESRD, individuals in
the general population with a family member
with ESRD may not be aware of their increased
risk of CKD. Jurkovitz et al*® found that 3.7% of
individuals responding to a population-based tele-
phone survey reported a family history of ESRD,
and a positive history was 6 times more frequent
in African Americans. Respondents were asked
to respond to the question: “How likely are
people like you to get kidney disease sometime
during their life?” In African Americans with a
positive family history, 37% said likely com-
pared with 50% of non—African Americans.

A survey of 465 primary care physicians in 4
communities with populations at high risk of
ESRD was recently reported by the National
Kidney Disease Education Program (NKDEP).?!
The survey examined awareness of CKD risk
factors in respondents who were asked to what
degree specified risk factors increased the risk of
CKD. Primary care physicians reported that dia-
betes and hypertension were significant risk fac-
tors for CKD, whereas 34.4% reported that a
family history of kidney disease and 22% that
African American race were not associated with
increased risk of CKD.
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IDENTIFYING HIGH-RISK PATIENTS WITH
ESRD THROUGH THE ESRD
SURVEILLANCE SYSTEM

Clearly any incident patient with ESRD identi-
fies a high-risk family that can be expected to
include members with undetected kidney disease
and who share a number of risk factors for
progressive CKD, including diabetes, obesity,
increased inflammatory burden, and African
American race.”” In addition, it is likely that
some members of these families and their physi-
cians may underestimate the risk of kidney dis-
ease associated with a positive family history
and thus may neglect current recommendations
for screening for high-risk groups for early kid-
ney injury.?®> One possible way to access these
individuals is through the existing national ESRD
surveillance system.

The ESRD Network 6 Family History Study
illustrates this point. Beginning in 1994, social
workers and nurses at dialysis centers in North
Carolina, South Carolina, and Georgia were asked
to record a family history of ESRD in first- and
second-degree relatives of all incident dialysis
patients.>* Table 2 lists voluntary participation
by treatment centers in the Family History Study
between 1995 and 2003, when the project was
stopped.”” Facility participation rates ranged from
74% at the inception to nearly 50% at the close
of the project, illustrating the capacity of the
ESRD Network system to collect family history
information during a sustained period.*

Table 2. Proportion of ESRD Treatment Centers
Participating in Voluntary Ascertainment of a Family
History of ESRD in Incident Hemodialysis Patients

Mean Patient Participation
Providers Collecting Across Providers
No. of  Family History Data Collecting Family History

Year Providers (% [no.]) Data (%)
1995 257 91.44 (235) 77.89
1996 285 88.07 (251) 72.99
1997 302 81.13 (245) 68.20
1998 319 77.74 (248) 63.03
1999 346 70.81 (245) 56.13
2000 365 73.15 (267) 55.73
2001 392 68.62 (269) 51.86
2002 415 64.58 (268) 43.90
2003 420 45.71 (192) 49.44

Abbreviation: ESRD, end-stage renal disease.
From Freedman et al.?®
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A positive family history was obtained from
20% of the 4,365 dialysis patients and from 83%
of all incident patients, without a diagnosis of
ESRD attributed to Mendelian diseases or uro-
logical causes.”* Characteristics independently
associated with a positive family history in-
cluded African American race, younger age,
higher levels of education, and ESRD caused by
diabetes mellitus. During the subsequent course
of the ESRD Network 6 Family History Study
between January 1, 1995, and December 31,
2003, more than 46% of eligible patients (25,883
of 55,929) provided family history information
and 22.8% of these reported having a positive
family history of ESRD, again independent of
Mendelian or urological causes (Table 3).>> The
associations noted between family history and
female sex, younger age, race, and primary cause
of ESRD persisted in the larger sample with
common complex causes of kidney failure.

LINKING INDIVIDUAL MEMBERS OF
HIGH-RISK ESRD FAMILIES TO CKD
PREVENTION MEASURES USING THE
NATIONAL CKD SURVEILLANCE SYSTEM

This study shows that the surveillance system
is capable of obtaining family history from inci-
dent patients with ESRD and that these individu-
als, in turn, can identify high-risk families. An
important step in the successful use of this infor-
mation is linking it to public health action. Two
pilot projects have been conducted by ESRD
Network 6 investigators to identify screening

Table 3. Availability of Family History Data by Year

No. of Reported Having
Year Patients Total Family History
1995 4,328 3,205 (74.05) 671 (20.94)
1996 5,468 3,618 (66.17) 790 (21.84)
1997 5,842 3,475 (59.48) 772 (22.22)
1998 6,307 3,249 (51.51) 729 (22.44)
1999 6,650 2,887 (43.41) 645 (22.34)
2000 7,201 3,070 (42.63) 699 (22.77)
2001 7,506 2,846 (38.92) 682 (23.96%)
2002 7,418 2,225 (29.99) 593 (26.65%)
Georgia 22,028 8,911 (40.45) 2,022 (22.69)
North Carolina 21,693 12,197 (56.23) 2,813 (23.06)

South Carolina 12,208 4,775 (39.11) 1,066 (22.32)

Note: Values expressed as number (percent) unless
noted otherwise.
From Freedman et al.?®
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options within this context. It was imperative to
implement a low-cost and relatively nonintrusive
screening method in families because these
screenings will need to be repeated at regular
intervals.

The Network 6 Family History of ESRD Pre-
vention Project attempted to contact all living
first-degree relatives of prevalent dialysis pa-
tients to inform them of their heightened risk of
subsequent (or silent) kidney disease. These indi-
viduals were asked to voluntarily report to their
physicians or health departments for perfor-
mance of specified laboratory tests and blood
pressure screening to detect silent kidney dis-
ease, hypertension, and diabetes.

Although many National Kidney Foundation
(NKF) Kidney Early Evaluation Program (KEEP)
participants have been relatives of dialysis pa-
tients, this Network study attempted to screen
only high-risk relatives because they were be-
lieved to be at greater risk of subsequent nephrop-
athy compared with hypertensive or diabetic
individuals lacking relatives with ESRD. Index
cases on dialysis therapy residing in Network 6
(North Carolina, South Carolina, and Georgia)
voluntarily provided contact information for their
close relatives. Potential participants initially were
contacted by mail, with follow-up telephone calls
from a study coordinator. Relatives were asked
to allow the study investigators access to their
recent laboratory results by permitting them to
contact their primary physicians after complet-
ing the screening. Alternatively, if screening had
previously occurred within the 12 months before
the study, permission was requested to obtain
laboratory results.

Outcomes of this pilot study were disappoint-
ing because only 88 of 462 contacted relatives
agreed to participate.”® However, of those
screened, 26.2% had newly detected proteinuria,
21.9% had uncontrolled hypertension, and 18.1%
had fasting hyperglycemia. Major flaws in de-
sign were that relatives were asked to sign a
complicated multipage consent form (and return
it in a self-addressed stamped envelope), routine
screening laboratory tests and the associated
medical visit were performed at the participants’
expense, and participants were first made aware
of the study when they received a letter in the
mail. The institutional review board—mandated
consent form may have intimidated potential
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participants, and the lack of remuneration and
cost of laboratory work were disincentives, espe-
cially for those without health insurance. Al-
though only a minority of contacted relatives
ultimately participated, it is possible that addi-
tional relatives were screened outside the study
after being informed of their heightened risk of
nephropathy. A follow-up study was designed in
an attempt to garner more widespread participa-
tion and simplify the study design.

The second pilot study used a dedicated nurse
coordinator to visit dialysis patients in several large
treatment facilities. Dialysis patients were asked to
inform their first-degree relatives of the availability
of a free medical screening because they are at
increased risk of kidney disease. Free screenings
were offered either in a local medical clinic or at
the dialysis facility, and results were made avail-
able to the participants’ treating physicians. Al-
though informed consent was still required, the
study coordinator personally discussed the study
with potential participants and answered ques-
tions. As opposed to the first pilot, laboratory
work was performed free of charge and partici-
pants were contacted first by their relative on
dialysis therapy, rather than by a mailing. After
calls from the study coordinator, nearly 75% of
200 relatives contacted agreed to participate (al-
though not all dialysis patients agreed to allow
their relatives to be contacted).

We conclude that the optimal method for rou-
tinely and repeatedly screening high-risk rela-
tives of dialysis patients to detect renal disease
and risk factors remains a work in progress.
Minor improvements in Network study protocols
encouraged a far greater percentage of relatives
to participate in the second pilot. However, using
dedicated screening nurses and performing large
numbers of laboratory tests would be cost prohibi-
tive if applied on a nationwide basis.?’

Conversely, the Networks have shown a sus-
tained capacity to assess the presence of a family
history of ESRD and thus could be used to track
the degree to which family members receive
appropriate care before the onset of renal replace-
ment therapy. Information currently gathered on
the Centers for Medicare & Medicaid Services
2728 form at the start of ESRD therapy includes
the duration of pre-ESRD nephrology care, pres-
ence of an arteriovenous fistula, detection and
treatment of anemia, and predialysis nutritional
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counseling and nutritional status. A simple appli-
cation of these data might be to assess the degree
to which the pre-ESRD care of family members
reflected awareness of their high-risk status (ie,
longer duration of nephrology care, greater rates
of arteriovenous fistula placement and anemia
control, and better nutritional status) at the start
of dialysis therapy.

Family-based screening programs could also
be monitored by the Networks. The NKF KEEP
and similar screening programs are critically
important methods for kidney disease detection
and prevention. Linking ESRD Network—based
screening processes for contacting substantial
numbers of family members from incident dialy-
sis patients would provide an effective screening
net. We believe that real-world screening pro-
grams likely would outperform the Network pi-
lot projects because signed consent forms would
not be required. Efforts to screen for and control
diabetes, hypertension, proteinuria, and de-
creased kidney function will need to be per-
formed regularly in family members of patients
with ESRD. Attention to “renal” risk factors also
may ultimately decrease rates of cardiovascular
disease because kidney disease and renal risk
factors clearly contribute to the development and
progression of heart disease.

Recently, tools have been developed by the
NKDEP, an initiative of the National Institutes of
Health, that can be used by these families to
increase the detection and awareness of CKD
and ESRD. The NKDEP Help Your Family Pre-
vent Kidney Failure materials encourage patients
with ESRD to talk to their family members about
their risk of kidney disease and the importance of
getting tested. The resources include a brochure,
video, poster, and button. The brochure empha-
sizes that kidney disease runs in families and
early detection of kidney disease is important.
This piece has a unique feature, a detachable
postcard that patients mail to their family mem-
bers, acting as a personal appeal to find out more
about the kidney disease in the family. The
educational video, showing one family’s experi-
ence with kidney disease, reviews the risk fac-
tors, highlights the importance of getting tested,
and explains what the tests involve. The video is
designed to trigger patients to talk to their family
members about their risk of kidney disease and
talk to their doctors about getting tested. As
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visual cues for waiting rooms and treatment
areas, NKDEP developed a poster reinforcing
the “Help your family prevent kidney failure”
message and buttons designed to be worn by
technicians, nurses, social workers, and other
staff. The button comes attached to a quick
reference card with a few key messages about
kidney disease to assist staff in their efforts to
answer questions about the family history.

INHERITED VERSUS ENVIRONMENTAL
DETERMINANTS OF A FAMILIAL CLUSTERING
OF ESRD

Genetic and environmental factors likely con-
tribute to the familial aggregation of common
forms of kidney disease. Individuals of lower
socioeconomic status are more likely to develop
CKD related to inadequate or inaccessible medi-
cal care. However, molecular genetic techniques
show that genes contributing to structural abnor-
malities in the kidney (podocin [encoded by the
NPHS?2 gene], non-muscle myosin heavy chain 9
[encoded by MYH9]) and activation of the sym-
pathetic nervous system (chromogranin A [en-
coded by CHGA]) contribute to what had been
labeled hypertension-associated ESRD and also
to nonspecified chronic glomerulonephritis—
associated ESRD in African Americans.?®>°
Nonetheless, attention to modifiable environmen-
tal risk factors can alter disease expression in
those who are genetically susceptible to such
complex diseases as type 2 diabetes because of
mutations in the TCF7L2 gene.”' Thus, harbor-
ing a risk allele for ESRD should not alter strict
attempts at slowing nephropathy progression by
using diet, exercise, and medical therapies. Pow-
erful molecular tools, including genome-wide
association studies, promise new breakthroughs
in this field in the coming years. Although gene
polymorphisms may underlie a portion of the
familial aggregation of nephropathy, appropriate
referral to nephrologists for access placement,
anemia treatment, and management of renal-
related bone diseases remains critical.

CONCLUSION

Activities intended to improve the detection,
treatment, and control of CKD should be incorpo-
rated into existing health care systems to avoid
redundancy and waste of resources. In addition,
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these interventions should be targeted at high-
risk populations to efficiently use the available
public health resources. The ESRD Network 6
Family History project shows that 1 high-risk
group for CKD, family members of patients with
stage 5 CKD (ESRD), can be identified by the
ESRD Networks, which constitute a national
CKD surveillance system for stage 5 CKD and
may be an existing resource that can be used to
target CKD prevention programs to these indi-
viduals. One can envision a day when the suc-
cess of existing health systems in identifying and
educating at-risk family members will be rou-
tinely monitored and reported by the ESRD
Network surveillance system. One would antici-
pate that individuals like those in the ESRD
Network 6 Family History project who answer
that they are members of at-risk families also
will be found to have high rates of pre-ESRD
nephrology care, arteriovenous fistulas, informed
modality selection and preemptive transplanta-
tion, and control of risk factors for early mortal-
ity after the start of renal replacement therapy.
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