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Familial Clustering of ESRD in the Norwegian
Population

Rannveig Skrunes,* Einar Svarstad,*" Anna Varberg Reiszter,* and Bjorn Fgil Vikse™

Abstract

Background and objectives Studies and clinical experience suggest that kidney disease clusters in families, but
few population-based studies have been performed. This study investigates risks and causes of ESRD in
Norwegians with and without a first-degree relative with ESRD.

Design, setting, participants, & measurements On the basis of data from the Norwegian Population Registry, first-
degree relatives for most Norwegians were identified. All Norwegians with ESRD (defined as chronic RRT)
since 1980 have been registered in the Norwegian Renal Registry. All Norwegians born in Norway who were
alive in 1980 and had at least one registered relative were included. For this study, data on ESRD were available
through 2009, and individuals without ESRD were censored at December 31, 2009. Data were analyzed in a
cohort design, with ESRD in a first-degree relative of the included person as the main explanatory variable. Risks
of ESRD and different causes of ESRD were analyzed using Cox regression statistics.

Results In total, 5,119,134 individuals were included, of whom 8203 individuals developed ESRD during follow-
up and 27,046 individuals had a first-degree relative with ESRD. Compared with individuals without a first-

degree relative with ESRD, individuals with a first-degree relative with ESRD had a relative risk of ESRD of 7.2
(95% confidence interval, 6.5 to 8.1). Similar analyses showed that relative risk of ESRD caused by nonhereditary
causes was 3.7 (95% confidence interval, 3.1 to 4.4), relative risk of ESRD caused by glomerular disease was 5.2
(95% confidence interval, 4.1 to 6.6), relative risk of ESRD caused by interstitial disease was 4.7 (95% confidence
interval, 3.1 to 7.3), relative risk of ESRD caused by diabetic nephropathy was 2.6 (95% confidence interval, 1.6 to
4.1), and relative risk of ESRD caused by hypertensive nephrosclerosis was 2.6 (95% confidence interval, 1.6 to
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4.1). Relative risk of nonhereditary parenchymal renal disease was 3.8 (95% confidence interval, 3.1 to 4.7).

Conclusions As expected, ESRD clusters in families. Interestingly, ESRD without known hereditary cause also

clusters in families.
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Introduction

Familial clustering of kidney diseases following Men-
delian laws of inheritance is well known (1,2). Few
population-based studies have been performed, and
few studies have investigated the extent to which
other kidney diseases cluster in families.

Several new genes associated with different kidney
diseases have recently been identified. These findings
have greatly expanded the understanding of several
nephropathies, such as FSGS (3,5,6). Similarly, genetic
risk factors for diabetic nephropathy and IgA ne-
phropathy have been identified (7,8). APOLI 1 muta-
tions have been identified as a strong risk factor for
renal disease in African Americans (9-11) and could
explain the higher risks of hypertensive nephroscle-
rosis, FSGS, and HIV nephropathy in this population
(12,13). Complex multifactorial patterns of inheri-
tance are a common characteristic for most of these
genetic risk factors.

Identification of family members at risk of ESRD
permits early focus on modifiable risk factors. On the
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basis of data from the Norwegian Population Registry
and the Norwegian Renal Registry, this study inves-
tigates the excess risk of ESRD in Norwegians with a
first-degree relative with ESRD. The risks of different
causes of ESRD are investigated in additional analyses.
The objectives were to describe the nationwide incidence
of familial clustering of ESRD in a predominantly white
European population and investigate whether non-
Mendelian renal disorders also cluster in families.

Materials and Methods

The study protocol was approved by the regional
ethics committee.

The Norwegian Population Registry was established
in 1960 and comprises an 11-digit personal identification
number for all Norwegian citizens and individuals with
permanent residence in Norway. Parental information
has been registered for all Norwegians residing with
their parents since 1970; thus, parental information is
available for most individuals born after 1953. The
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registration of maternal identification numbers is almost
complete since 1953, and the registration of paternal iden-
tification numbers is approximately 99% complete. Data
collected from 1960 to June of 2009 were available for this
study.

Since 1980, all individuals in Norway developing ESRD
with the need for chronic RRT have been registered in the
Norwegian Renal Registry, and the cause of ESRD was re-
ported by the treating physician using the old European
Renal Association-European Dialysis and Transplant As-
sociation classification (14). The diagnosis reported to the
Registry may, in some cases, be inaccurate, because not all
patients have undergone a kidney biopsy. Data were avail-
able through June of 2009.

The National Cause of Death Registry comprises data
on all deaths; for this study, data were available through
December of 2008.

On the basis of data from the Norwegian Population
Registry, first-degree relatives of Norwegian citizens were
identified; parents, siblings, or children were defined as
first-degree relatives. Siblings were defined as individuals
with the same mother and father. All individuals registered
in the Norwegian Population Registry born in Norway and
alive in 1980 (start of follow-up) with at least one registered
first-degree relative were eligible for inclusion in this study.
The 11-digit national identification number was used to link
data on the included individuals with data from the Norwe-
gian Renal Registry and the National Cause of Death Reg-
istry. Individuals with more than six siblings or more than
four children were excluded to reduce the size of the data file.

Explanatory Variables

The main exposure variable is whether a first-degree rel-
ative of the included individual developed ESRD before
June of 2009, which means that an individual with ESRD
could be registered as a first-degree relative with ESRD for
several of the included individuals. Other variables used
in adjusted analyses were sex, birth year, and number of
recorded first-degree relatives (categorized as one or two,
three or four, five to seven, and eight or more; included in
the adjusted analyses as a continuous variable).

Outcome Variables

The main outcome was ESRD; onset was defined as the
date of starting dialysis treatment or undergoing renal trans-
plantation. Individuals without ESRD were followed until
June 30, 2009 or the date of death. Secondary outcomes were
the different causes of ESRD and death. Cause of ESRD was
categorized into the following six categories: known hered-
itary nephropathy, glomerular disease (primary or second-
ary), interstitial nephritis (including chronic pyelonephritis
and obstructive disease), diabetic nephropathy, hyperten-
sive nephropathy, and other cause of ESRD.

Statistical Analyses

Data were analyzed in a cohort design with ESRD in a
first-degree relative as the main explanatory variable and
development of ESRD as the main outcome variable. Re-
lative risk (RR) of ESRD was analyzed by Cox regression
analyses using age as the time variable. Analyses were
adjusted by including the described variables as covariates
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in the Cox regression model. Death before ESRD was treated
as a censoring event. Because no patients with ESRD had
been registered before 1980, the statistical analyses were left
truncated. Consequently, the counting process formulation
of proportional hazards (Cox regression) was applied (4).
This method does not include individuals in the analysis
until an event could be registered (i.e., an individual born
in 1960 would be included in the analyses at 20 years of age
and right-censored at age 49 years if ESRD or death did not
occur). Rates of ESRD and different causes of ESRD were
calculated as the number of cases per million follow-up
years. If not otherwise stated, means*SDs or estimates
(95% confidence intervals [95% Cls]) are given. The analyses
were performed with the statistical package STATA MP,
edition 11.1 (StataCorp).

Results

This study included 5,119,134 individuals in the ana-
lyses. During follow-up, 8203 included individuals de-
veloped ESRD, and 27,046 included individuals had at least
one first-degree relative with ESRD. The included individ-
uals who developed ESRD were older, were more often
men, and had fewer recorded relatives than individuals
without ESRD (Table 1). Individuals born between 1915
and 1945 were more likely to develop ESRD, and individ-
uals born between 1940 and 1980 were more likely to
have a first-degree relative with ESRD (Figure 1). Of
8203 individuals with ESRD, 313 individuals had a first-
degree relative with ESRD. Of 313 individuals identified
with ESRD, 282 individuals had one relative with ESRD,
and 31 individuals had two relatives with ESRD. Catego-
ries and reported causes of ESRD are given in detail in
Table 2.

Individuals with a first-degree relative with ESRD had a
significantly higher risk of developing ESRD (Figure 2).
The difference was smaller but still highly significant after
excluding individuals and first-degree relatives with
known hereditary ESRD (Figure 3). Compared with indi-
viduals without first-degree relatives with ESRD, RR of
ESRD in individuals with a first-degree relative with
ESRD was 7.2 (95% CI, 6.5 to 8.1) (Table 3). In separate
analyses excluding known hereditary nephropathies in the
included individuals or a first-degree relative, RR was 3.7
(95% CI, 3.1 to 4.4). The RRs given above remained un-
changed when adjusted for sex, birth year, and number of
first-degree relatives. RR for those born after 1952 was 5.3
(95% (I, 4.1 to 6.8), and adjusted RR was 5.6 (95% CI, 4.4
to 7.3). Women tended to have a higher RR associated with
having a first-degree relative with ESRD than men. In
analyses where all known hereditary causes were ex-
cluded, the RR was 4.4 (95% CI, 3.3 to 5.9) for women
and 3.3 (95% CI, 2.6 to 4.2) for men, and a separate anal-
ysis showed a nonsignificant trend toward an interaction
with sex (P=0.06), with a stronger effect in women than
men.

Because kidney diseases differ in their hereditary pat-
terns, risk of ESRD was analyzed using the different
categories of ESRD as end points (Table 3). In these anal-
yses, having a first-degree relative with ESRD was associ-
ated with an RR of developing ESRD caused by hereditary
causes of 36 (95% CI, 30 to 42), an RR of ESRD caused by
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Table 1. Characteristics of included individuals

N (%) with recorded siblings

3,113,134 (61)

2431 (29.6)*

2,802,089 (85.2)

Total Population Born after 1952
Characteristic
No ESRD ESRD No ESRD ESRD
N total 5,110,934 8203 3,288,340 1851
Sex (% men) 51.1 66.6" 51.3 62.8%
Mean (SD) age (yr) at the end of 435+25.4 57.7+18% 28.1+16.4 32.9+12.3%
follow-up or ESRD
Mean (SD) birth yr 196328 1940+187 1980x16 1966+11°7
Mean (SD) age (yr) at death if first-degree 65.9+21.6 58.0+15.9%
relative with ESRD
Mean (SD) age (yr) at death if no 69.0+19.3 67.1x13.5%
first-degree relative with ESRD
N (%) with one or two recorded relatives 1,204,727 (23.6) 3222 (39.3)* 345,087 (10.5) 129 (7.0)*
N (%) with three or four recorded 2,414,181 (41.9) 3059 (37.3)% 1,545,437 (47) 749 (42.9)°
relatives
N (%) with five to seven recorded 1,438,642 (28.2) 1576 (19.2)% 1,142,575 (34.8) 759 (41.0)*
relatives
N (%) with eight or more recorded 326,381 (6.4) 346 (4.2)? 255,241 (7.7) 169 (9.1)
relatives
Mean (SD) no. of recorded relatives 4.0%x2.1 3.4+2% 45*2 4.8+2%
N (%) with recorded parents 3,664,059 (71.7) 3020 (36.8)* 3,238,048 (98.5) 1805 (97.5)°

1625 (87.8)?

ESRD caused by other disease

N (%) with recorded children 3,104,798 (60.7) 6709 (81.8)% 1,407,960 (42.8) 943 (51)°

N (%) with first-degree relative 26,733 (0.5) 313 (3.8)? 17,983 (0.6) 164 (8.7)%
with ESRD

N (%) with one or two parents 16,601 (0.3) 110 (1.3)? 14,267 (0.4) 82 (4.4)%
with ESRD

N (%) with one to three siblings 4879 (0.1) 124 (1.5)% 3491 (0.1) 85 (4.6)?
with ESRD

N (%) with one to three children 5421 (0.1) 92 (1.1)* 379 (0.01) 6 (0.03)*
with ESRD

N (%) with first-degree relative with 8724 (0.2) 76 (0.9)7 5795 (0.2) 36 (1.9)7
ESRD caused by glomerular disease

N (%) with first-degree relative with 2787 (0.05) 22 (0.3)* 1856 (0.06) 17 (0.9)?
ESRD caused by interstitial nephritis

N (%) with first-degree relative with 3169 (0.06) 168 (2.0)* 2303 (0.07) 89 (4.8)*
ESRD caused by hereditary diseases

N (%) with first-degree relative with 3941 (0.08) 18 (0.2)? 2443 (0.07) 11 (0.6)*
ESRD caused by diabetes

N (%) with first-degree relative with 4613 (0.09) 20 (0.2)% 3261 (0.1) 10 (0.5)*
ESRD caused by hypertension

N (%) with first-degree relative with 2726 (0.05) 6 (0.1) 1851 (0.06) 1 (0.05)

#P<0.001 for the comparison between ESRD and no ESRD groups.
PP<0.01 for the comparison between ESRD and no ESRD groups.

glomerular disease of 5.2 (95% CI, 4.1 to 6.6), an RR of
ESRD caused by interstitial disease of 4.7 (95% CI, 3.1 to
7.3), an RR of ESRD caused by diabetic nephropathy of 2.6
(95% CI, 1.6 to 4.1), an RR of ESRD caused by hypertensive
nephrosclerosis of 2.6 (95% CI, 1.6 to 4.1), and an RR of
ESRD caused by other causes of 1.6 (95% CI, 0.8 to 3.1).
When excluding individuals and first-degree relatives
with ESRD caused by hereditary, congenital, obstructive,
or interstitial disease, RR of ESRD was 3.7 (95% CI, 3.0 to
4.6) in the unadjusted analyses and 3.8 (95% CI, 3.1 to 4.7)
after adjustments for sex, birth year, and number of first-
degree relatives. RRs for the different causes of ESRD in
this cohort are shown in Table 3. Because of the low num-
ber of outcomes, some risk estimates are imprecise.

Because data on the cohort were nearly complete for in-
dividuals born after 1952, the analyses in Table 3 were
repeated for this part of the cohort, which included about
60% of the total cohort but only 22.6% of those who de-
veloped ESRD (Table 1). The RR of overall ESRD in indi-
viduals with a first-degree relative with ESRD in this
analysis was 10.2 (95% CI, 8.7 to 12); RR after exclusion
of all patients with known hereditary disease was 5.3 (95%
CI, 4.1 to 6.8), and RR was 4.6 (95% CI, 3.4 to 6.2) when
excluding hereditary, congenital, obstructive, and intersti-
tial disease. Additional analyses of all individuals who did
not develop ESRD showed that average age of death was
65.9+21.6 years for individuals with a first-degree relative
with ESRD compared with 69.0+21.6 years for individuals
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Figure 1. | Number of individuals born in Norway per birth year and whether they have ESRD themselves and/or first-degree relatives with ESRD.

without a first-degree relative with ESRD (P<0.001) (Table
1). Cox regression statistics using death as the primary end
point showed that having a first-degree relative with
ESRD was associated with an RR of death of 1.10 (95%
CI, 1.06 to 1.13; P<<0.001) (Figure 4). The RR of death re-
mained unchanged after adjustments for sex, birth year,
and number of first-degree relatives.

Discussion

This study shows that individuals of a predominantly
Caucasian population with a first-degree relative with
ESRD have a seven times higher risk of developing ESRD.
As expected, the risk was highest for development of ESRD
caused by hereditary causes. When all patients with known
hereditary nephropathies were excluded, the RR decreased
to 3.7 (95% CI, 3.1 to 4.4), which is still highly significant.
Interestingly, having a first-degree relative with ESRD was
associated with a five times higher risk of developing ESRD
caused by GN or interstitial nephritis and a two-to-three
times higher risk of developing ESRD caused by hyper-
tensive nephrosclerosis or diabetic nephropathy.

The 3-fold increase in RR for nonhereditary ESRD in this
study is similar to findings from a Canadian study from the
1990s, where 1.2% of first-degree relatives of individuals
with ESRD developed renal failure, a three times higher
risk than individuals who did not have a first-degree re-
lative with ESRD (1). In a more recent United States study,
approximately 23% of patients on incident dialysis re-
ported a family history of ESRD (2). In both studies, the
contribution from non-Mendelian kidney diseases was im-
portant. Risk factors of familial clustering were women,
young age at ESRD onset, and black race (2). A study in-
cluding Caucasian Americans in North Carolina also
reported a nearly 3-fold increase in the risk of ESRD (15).

There are, however, important design differences. This
study has a national cohort design, and family history of
ESRD was obtained through data from the national regis-
try, whereas the Canadian and North Carolinian studies
were case-controlled studies. Apart from known heredi-
tary nephropathies, this study found glomerular disease
to be associated with the highest RR of familial ESRD,
which was followed by interstitial disease. This finding
contrasts the Canadian study, which found hypertensive
nephrosclerosis to be associated with the highest risk of
familial ESRD. In the study from North Carolina, persons
with chronic GN and diabetes nephropathy had the high-
est percentages of positive family history for ESRD (15).
There is no clear explanation for these differences, but be-
cause the numbers with specific causes of ESRD and fam-
ily history of ESRD are small in all studies, the differing
results may rely on small differences in the renal disease
spectrum as well as a possible difference in diagnostic tra-
dition between populations. Differences in design may
also be important. The case-controlled studies included
individuals on dialysis as patients, and because patients
with hypertensive nephrosclerosis are more often older,
they would be more likely to have at least one relative
with ESRD than younger patients with GN.

In this study, 1.8% of individuals with nonhereditary
ESRD had a first-degree relative with ESRD, similar to the
finding of 1.2% in the Canadian study. In a study from the
southeastern United States, 23% of patients reported a close
relative with ESRD (2). The high percentage in the United
States study could be explained by several factors. Family
history included first- and second-degree relatives, and
about 50% of patients did not report information on family
history and are probably less likely to have a family his-
tory of ESRD. Importantly, the background risk of ESRD is
also much higher in the southeastern United States
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Table 2. List of presumed causes of ESRD in included individuals as reported by the treating nephrologist using the old European Renal
Association-European Dialysis and Transplant Association code list (14)
Total ESRD Cohort First-Degree Relative with ESRD
Cause of ESRD
N Percent N Percent
N total 8203 100 313 100
Hereditary disease category 1004 12.1 173 55.3
Adult polycystic kidney disease 682 8.3 124 39.6
Alport disease 32 0.4 8 2.6
Medullary cystic disease including 64 0.8 26 8.3
nephronophtisis
Congenital renal hypoplasia 35 0.4 1 0.3
Congenital obstructive uropathy 88 1.1 2 0.6
Congenital renal or urinary tract dysplasia or 34 0.4 0 0.0
malformations
Other hereditary causes 69 0.8 12 3.8
Glomerular disease category 2437 29.7 73 23.3
IgA nephropathy 274 3.3 9 29
Wegener disease 127 1.5 1 0.3
Systemic lupus erythematosus 102 1.2 5 1.6
Crescenteric nephritis 99 1.2 1 0.3
Membranoproliferative disease type 82 1.0 1 0.3
Membranous disease 41 0.5 0
FSGS 89 1.1 9 29
Other systemic disease 96 1.2 1 0.3
GN histologically examined (cause not 580 7.1 17 54
given above)
GN not histologically examined 897 11.0 29 9.3
Other GN 50 0.6 0
Interstitial disease category 834 10.2 21 6.7
Pyelonephritis unspecified 361 4.4 10 32
Pyelonephritis with acquired obstructive 229 2.8 2 0.6
uropathy
Vesicoureteric reflux 59 0.7 3 0.9
Interstitial nephritis, unspecified 85 1.0 6 1.9
Interstitial nephritis, drug related 100 1.2 0 0.0
Diabetes nephropathy category 1110 13.5 18 5.8
Diabetes mellitus type 1 585 7.1 12 3.8
Diabetes mellitus type 2 525 6.4 6 1.9
Hypertensive nephropathy category 1653 20.2 19 6.1
Renal vascular disease caused by malignant 64 0.8 1 0.3
hypertension
Renal vascular disease caused by essential 1467 17.9 15 4.8
hypertension
Other 122 1.5 3 0.9
Other causes category 1165 14.2 9 29
Ischemic disease 92 1.1 1 0.3
Multiple myeloma 210 2.6 0 0.0
Amyloidosis 319 3.9 3 0.9
Tubular or medullary necrosis, not reversible 81 1.0 1 0.3
Loss of kidney /kidney tumor 114 1.4 1 0.3
Other identified renal disorders 76 0.9 0 0.0
Unknown cause of ESRD 273 3.3 3 0.9

compared with Norway (348 versus 102 per million inhab-
itants) (16,17). The incidence of ESRD in African Americans
is even greater. Absolute incidence of ESRD caused by dia-
betes mellitus or hypertension is more frequent in American
populations compared with this Norwegian cohort. The dif-
ference in background risk between the Norwegian and
American populations was also reflected in the findings in
the work by McClellan et al. (18), which found that 6.4% of
the Caucasian population in a United States study reported a

family history of ESRD. This finding contrasts this study,
which reports ESRD in a first-degree relative in 0.5% of in-
dividuals who did not develop ESRD themselves. RR of
ESRD in this study did not change after adjustments for
sex, birth year, and number of identified relatives. When
RR was analyzed separately by sex, there was a trend
toward a stronger association with family history in women,
although it was not significant in an interaction analysis
(P=0.06). Stronger association with a positive family history
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Figure 2. | Cumulative risk of ESRD at increasing age according to whether a first-degree relative had ESRD. Cl, confidence interval; RR, relative risk.
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Figure 3. | Cumulative risk of nonhereditary ESRD at increasing age according to whether a first-degree relative had ESRD.

for ESRD in women has also been described previously
(1,18,19). The explanation is unknown, but McClellan et al.
(18) have attributed it to women being more aware of their
family history. Although statistical significance was not
reached in this study, the fact that the trend persisted in
this registry-based cohort study may indicate a stronger as-
sociation that should be further investigated.

In recent years, studies have shown genetic risk factors
for several diseases previously not thought to have genetic
origins or contributions (9,10,20). Different genetic risk fac-
tors have been shown to have variable penetrance ranging
from clinically nonsignificant risk factors to clear disease-
causing genes. Examples of glomerular disorders shown to

have strong hereditary patterns in selected families include
FSGS (3,21) and IgA nephropathy (8). Much of the higher
risk of ESRD caused by glomerular and interstitial disease
can likely be explained by unknown disease-causing or
predisposing mutations in affected families. Part of the
excess risk is probably explained by multifactorial inheri-
tance that increases risk of either hypertension/diabetes
(9,22,23) or progressive renal fibrosis (24).

It should also be acknowledged that individuals who
share genetic risk factors often also share environmental risk
factors. This study shows a higher risk of ESRD in individ-
uals with first-degree relatives with ESRD. The higher risk
may be monogenic or multifactorial. It has not been possible
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Figure 4. | Cumulative probability of death at increasing age according to whether a first-degree relative had ESRD.

to quantify environmental factors or the interplay between
genes and environment. The take-home messages are, nev-
ertheless, that ESRD clusters in families and that screening of
first-degree relatives of patients with ESRD with regard to
renal dysfunction might be considered.

In this study, individuals with a first-degree relative with
ESRD had a significantly higher risk of death, with an average
age at death that was 3 years younger than in individuals
without a first-degree relative with ESRD. This finding ar-
gues for additional hereditary risks in this group, which need
to be addressed in future studies.

The main strengths of this study are that it is a national
cohort study and that the main risk factor for having a first-
degree family member with ESRD was ascertained through
longstanding national registry data. The major weakness is
that data are not complete for the whole period of follow-
up. Family data were only complete for those born after
1952, and ESRD was not registered until 1980. The fact that
family histories were incomplete before 1953 would lead to
an underestimation of the probability of having a relative
with ESRD; however, it is unlikely to have significantly af-
fected the estimates of excess risk. This result is supported
by the even higher RR seen in the cohort born after 1952.
The fact that outcomes were not registered until 1980 was
accounted for by the counting processes modifications of
the Cox regression statistics, which does, however, rely on
the assumption that the effect of the predictor variable was
mostly unchanged across different time periods. It would,
for example, assume that the excess risk attributed to having
a relative with ESRD was similar for a 40-year-old individual
in both 1980 and 2005. In our opinion, this assumption is fair
and unlikely to have affected the results significantly. An-
other weakness is that the cause of ESRD was reported to
the Norwegian Renal Registry by the treating nephrologist
at the time of ESRD for the given individual, and it has not
been possible to review these diagnoses. ESRD caused by
hypertensive or diabetic renal disease accounted for the
lowest number of outcomes, and, therefore, reclassification
of just a few such patients could alter the results for these

categories. Because similar trends were seen for all causes of
ESRD, we do not believe that it would affect our main results.
Another important factor is that the reporting nephrologists
are more likely to report a hereditary disease as the cause of
ESRD if more family members have developed ESRD than if
the patient is the first family member with ESRD.

In conclusion, this study has quantified the proportion of
Norwegians with a family history of ESRD as well as the
excess risks and causes of ESRD in these individuals. Be-
cause several genetic risk factors for renal disease have
been described in recent years, the excess risk was not un-
expected, and it also confirms findings of previous studies
(1,2). In our opinion, the findings of higher risks of hyper-
tensive and diabetic nephropathy argue for the importance
of multifactorial genetic risk factors that also could include
potentially modifiable risk factors for more rapid progres-
sion of renal fibrosis. In the coming decades, more diseases
will likely be identified with genetic causes, and it will be
important to repeat this kind of study to better quantify
the importance of novel disease-causing mutations and
multifactorial inheritance, which increase overall risk of
renal disease development and/or progression.
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