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Abstract
Background—Heterogeneity manifest as more severe disease in successive generations has been
attributed to genetic anticipation in patients with autosomal dominant polycystic kidney disease
(ADPKD). We evaluated variation in age at end-stage renal disease (ESRD) in ADPKD families for
evidence of anticipation.

Study Design—Retrospective.

Setting & Participants—413 families with ADPKD seen at our single center between 1985 and
2004 (including 95 families with documented polycystic disease type 1 [PKD1] and 213 ADPKD
families with parents born before 1930).

Predictor—Generational status.

Outcome—Age at ESRD onset.

Measurements—Time to ESRD was evaluated by using survival analysis, Cox regression, and
descriptive statistics. Unstable trinucleotide repeat expansion was evaluated by means of genotyping
in 6 PKD1 families.

Results—We analyzed 413 ADPKD families (1,391 parent-offspring pairs) with known age at
ESRD or last known age without ESRD (informative pairs). There was no difference in age at ESRD
between parents and offspring by means of Cox regression after adjusting for correlations among
family members and sex (hazard ratio, 1.019; 95% confidence interval, 0.919 to 1.13; P = 0.7). Similar
analysis of PKD1 informative pairs and those with parents born before 1930 showed no differences
in age at ESRD. Male ADPKD patients were 42% more likely to reach ESRD (P < 0.001), and male
patients with documented PKD1 were 41% more likely to reach ESRD (P = 0.01) than female
patients.

Limitations—Hypertension treatment unknown.
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Conclusions—We found no evidence for anticipation of ESRD in patients with ADPKD; thus, the
observed variation in age at ESRD may result from other genetic, sex, or environmental causes.

INDEX WORDS
End-stage renal disease; autosomal dominant polycystic kidney disease (ADPKD); genes; renal
disease

Autosomal dominant polycystic kidney disease (ADPKD) is the most common life-threatening
hereditary kidney disease.1 The clinical course ofADPKD is variable, with end-stage renal
disease (ESRD), ie, stage 5 chronic kidney disease, in our ADPKD center ranging from age 3
years to patients reaching their 80s without ESRD. Dalgaard,2 in his seminal treatise in 1957,
found no tendency toward anticipation and observed “a certain familial uniformity and
characteristic in the course of the disease.”2 However, this is not always the case because
differences in age of onset of ESRD in the same family of 20 or more years were reported.3
Extreme differences in age at ESRD have occurred in which the offspring reached ESRD earlier
than the parent. This observation raised the possibility that the phenomenon of genetic
anticipation, ie, earlier onset and more severe disease in successive generations, occurs in
ADPKD.3 Although genetic anticipation caused by unstable expansion of nucleotide repeats
was reported for patients with several diseases,4–9 the issue of genetic anticipation in patients
with ADPKD remains controversial.10–16

Previously, 242 ADPKD families from the University of Colorado Health Sciences Center
(UCHSC; Denver, CO) ADPKD database were examined for evidence of anticipation.3 Of 242
families, 86 were informative for age at ESRD. Anticipation of ESRD (defined as a 10-year
earlier onset of ESRD in an affected offspring than in the affected parent) was reported in 49%
of 86 families that were informative for age at ESRD and 24% of parent-offspring pairs from
these families. However, it should be noted that 178 of the 242 families were noninformative
for age at ESRD at the time of the previous study. Moreover, in patients with ADPKD, when
the offspring has worse renal survival than the parent, this obviously is observed earlier than
when the offspring has longer renal survival than the parent. Considering this bias and with a
larger ADPKD population in the present study, the possibility of genetic anticipation in
ADPKD was examined further.

METHODS
ADPKD Study Subjects and Families

The polycystic disease (PKD) clinical database at the UCHSC containing 1,228 families and
4,618 individuals was searched, and families with a confirmed diagnosis of ADPKD were
identified. Selection of study families was limited to those in which at least 1 member had been
clinically evaluated at the General Clinical Research Center at UCHSC and those with the
added criteria that the family have at least 1 affected child and parent (parent-offspring pair)
for study. A total of 413 families with 2,409 affected individuals was identified based on
selection criteria. A description of data available for these subjects is listed in Table 1. All
subjects provided written informed consent in accordance with protocols approved by the
Colorado Multi-Institutional Review Board.

Information for ADPKD diagnosis and ESRD status for deceased family members and those
who were not contacted was obtained from participating family members when possible. In
subjects participating in clinical studies, ADPKD diagnosis was established by means of renal
ultrasound.1,17 A diagnosis of PKD type 1 (PKD1) or PKD2 was based on demonstrated
linkage to gene loci on chromosomes 16 or 4, respectively, or by means of mutation
identification.18 Families suitable for linkage analysis were the largest multigen-eration
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families in our database. Age at ESRD, ie, stage 5 chronic kidney disease, was defined as age
at initiation of dialysis therapy or renal transplantation. Age without ESRD was defined as the
last known age without ESRD. Pairs informative for ESRD were those in which either age at
ESRD or last known age without ESRD were available for both child and parent. For survival
analyses, an observation was considered an event if the individual reached ESRD before the
last observation time. An observation was censored if an individual did not reach ESRD by the
last observation time; however, such observations were informative for last known age without
ESRD. Pairs informative for the difference in age at ESRD existed when 1 of 3 conditions were
present: (1) both parent and offspring had reached ESRD, (2) the parent had reached ESRD
and the child was now older than the parent’s age at ESRD, or (3) the child reached ESRD
earlier than the last known parental age without ESRD. Pairs in which the child was without
ESRD and younger than the parent’s age at ESRD were excluded in this definition. Selection
criteria for study patients are shown in Fig 1 and Table 2.

ADPKD Study Subjects With Parental Birth Date Before 1930
In an attempt to eliminate the effect of antihypertensive therapy, we also selected older parent-
offspring pairs based on birth date of parent before 1930 (or if parent’s birth date was unknown,
birth date of offspring before 1945).

PKD1 Study Subjects and Families
Ninety-five of 413 ADPKD families with 785 affected were determined to have PKD1 by
means of gene linkage (N = 62 families), mutation screening (N = 24 families), or both gene
linkage and mutation screening (N = 9 families). Three hundred fifty-one individuals with
PKD1 from these 95 families participated in clinical studies at UCHSC, and 94 additional
affected family members supplied DNA for genetic studies.

PKD1 Study Subjects With Birth Date Before 1930
Older PKD1 parent-offspring pairs were selected for separate analysis by using the same
criteria described for ADPKD subjects born before 1930.

Genotype Analysis
DNA was prepared from either whole blood or saliva by using a Pure Gene DNA extraction
kit (Gentra Biosystems, Minneapolis, MN). To identify potential unstable repeats in the
PKD1 gene, we analyzed the sequence (Genbank Accession No. L39891) for the repeats
(CAG)n, (GAA)n, (CGG)n, and (CTG)n, which previously were shown to undergo unstable
expansion in human disease.4–9 Six PKD1 families were selected for analysis of the candidate
repeats based on the occurrence of ESRD 10 years earlier in the offspring compared with the
affected parent’s age at ESRD and availability of DNA from affected parent and child.
Selection criteria are shown in Fig 1. Fragments of the PKD1 gene were amplified as previously
described,19 and areas of interest subsequently were amplified by means of nested polymerase
chain reaction from these long primary products. The following primers and conditions were
used to amplify the specific repeat-containing regions: primers N1F and N1R and conditions
as described previously20 were used to generate a 326–base pair (bp) amplicon containing the
repeat c.-132CAG(3) (ie, 3 repeats of the trinucleotide sequence CAG starting at a position
132 bases upstream of the start of the coding sequence [numbering based on complementary
DNA sequence; thus, the first nucleotide of the translation initiation codon is position 1];
reference sequence NM_ 000296.2). The potential repeat c.7,274+400CTG(3) (ie, 3 CTG
repeats in intron 16 at a position 400 bases beyond coding DNA nucleotide 7,274) was
amplified by using primers Int16F 5′-CAGAGGTAGCCACTGTCC-3′and Int16R 5′-
ATCAG-GCCAGCTGAGGAA-3′; this generated a 206-bp amplicon. The candidate repeat c.
10,708+724CGG(3) was amplified directly from genomic DNA using primers Int34F 5′-
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ATGGTCATATAGAGGTTACC-3′and Int34R 5′-AGCA-CACCTGAGCATAG-3′, which
generated a 137-bp amplicon. Polymerase chain reaction conditions used for amplification
were initial denaturation for 10 minutes at 94°C, followed by 35 cycles of 1 minute at 94°C
and 1 minute at 56°C for intron 16 or 1 minute at 62°C for intron 34, 1 minute at 72°C, and a
final incubation of 7 minutes at 72°C. The candidate repeat c.11,928CTG(3) was amplified
directly from genomic DNA by using primers and conditions as previously described.19

Amplicon sizes were compared in the affected offspring/parent pairs after electrophoresis on
a 2% agarose gel with visualization by means of ethidium bromide staining. In each analysis,
a nonaffected control DNA sample was included for size comparison.

Statistics
Frequency counts and percentages were used to describe numbers and proportions of offspring
reaching ESRD earlier than their PKD-affected parents. Survival analysis using the Kaplan-
Meier method and log-rank statistic were used to compare survival curves between parents and
offspring. A Cox proportional hazards model was used to test the difference in age at onset of
ESRD in parents and children, and potential correlation within members of the same family
was accounted for and significance was tested by using a robust variance estimator as described
by Lin and Wei.21 In addition, sex was included as a covariate. χ2 test of independence was
used to compare distributions among age-of-onset categories between all patients with PKD
and those with the affected parent born before 1930. Kolmogorov-Smirnov and Cramer-von
Mises tests were used to test the shape of the distribution of differences in age at onset of ESRD
in parents and children.

RESULTS
Analyses in All Informative PKD Pairs

Four hundred thirteen ADPKD families (95 PKD1, 3 PKD2, and 315 nonclassified) were
identified in our database, resulting in 1,807 parent-offspring pairs, as shown in Fig 1 and Table
2. Of 1,807 parent-offspring pairs, 1,391 pairs were informative for ESRD, meaning that
information was available for both parent and offspring for age at ESRD or last known age
without ESRD; thus, both censored and uncensored data were used. Four hundred twenty-five
of 1,391 informative pairs were informative for difference in age at ESRD. Distribution of the
1,807 parent-offspring pairs is listed in Table 2. Survival analysis using all 1,391 informative
pairs showed no difference in survival curves between children (median age, 57 years; 95%
confidence interval [CI], 55 to 58) based on the log-rank statistic and their parents (median,
56 years; 95% CI, 55 to 57) for survival to ESRD (P = 0.9). A Cox proportional hazards method
using all 1,391 informative pairs, including sex as a covariate, and accounting for correlations
among families showed no difference between children and parents (hazard ratio [HR], 1.019;
95% CI, 0.919 to 1.130; P = 0.7), a significant effect of male sex (HR, 1.424; 95% CI, 1.180
to 1.719; P < 0.001), with males 42% more likely to reach ESRD (Fig 2). Using the survivor
function to estimate median age of onset, survival time until ESRD was 58 years for females
in the parental generation versus 57 years in female offspring and 54 years for males in the
parental generation and 54 years in male offspring. To further explore those informative for
difference in age of onset of ESRD in which the child was not younger than parental age at
ESRD, 425 parent-offspring pairs informative for difference in age at ESRD were grouped into
5 possible categories, and the distribution of age at ESRD onset among the 425 is listed in
Table 3. Overall, 107 of the parent-offspring pairs informative for the difference in the age at
ESRD (25%) had an offspring who reached ESRD at least 10 years earlier than the affected
parent. Two empirical distribution tests, the Kolmogorov-Smirnov and Cramer-von Mises,
were performed to test the shape of the distribution of differences in age at onset of ESRD in
285 parent-offspring pairs in which both members reached ESRD during the observation time.
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For both tests, the null hypothesis that distribution was normal was retained (P = 0.2 and P =
0.3, respectively).

Analysis of PKD Pairs With Parental Birth Dates Before 1930
Because many pairs (76%) were not informative for difference in age of onset of ESRD and
also because antihypertensive medication may have an impact on age at ESRD onset, we also
examined older pairs in which the parent was born before 1930 (or if the parent’s year of birth
was unknown, the offspring was born before 1945). Distribution of 925 pairs from this category
is listed in Table 2. In this category, 725 pairs were informative for ESRD and 366 pairs (24%)
were informative for difference in age at onset of ESRD. Distribution of the 366 informative
pairs with the parent born before 1930 is listed in Table 3. χ2 test of independence showed that
distribution of age at ESRD onset among informative pairs with the parent born before 1930
closely resembled the distribution seen in the total group (P = 0.9; Table 3). The log-rank
statistic showed no difference in survival curves between children (median, 57 years; 95% CI,
56 to 59) and their parents (median, 57 years; 95% CI, 55 to 58) for survival to renal failure
(P = 0.4). A Cox proportional hazards method showed no difference in survival to ESRD
between children and parents (HR, 1.080; 95% CI, 0.950 to 1.227; P = 0.2). However, a
significant effect of male sex was observed (HR, 1.431; 95% CI, 1.149 to 1.781; P = 0.001),
with males 43% more likely to experience ESRD than females (Fig 3).

Analyses in All Informative PKD1 Pairs
Ninety-three PKD1 families with 689 affected parent-offspring pairs were studied. Information
for age at ESRD or last known age without ESRD was available for 585 PKD1 parent-offspring
pairs from 92 families. Distribution of these pairs is listed in Table 2. One hundred seventy-
four PKD1 pairs (25%) were informative for difference in age of onset of ESRD. Distribution
of informative pairs is listed in Table 4. Log-rank statistic showed no difference in survival
curves between children (median, 57 years; 95% CI, 55 to 59) and their parents (median, 55
years; 95% CI, 55 to 56) for survival to ESRD (P = 0.5). A Cox proportional hazards method
showed no difference between children and parents (HR, 0.947; 95% CI, 0.803 to 1.117; P =
0.5), a significant effect of male sex (HR, 1.412; 95% CI, 1.084 to 1.839; P = 0.01), with males
41% more likely to reach ESRD than females (Fig 4).

Analyses in All Informative PKD1 Pairs With Parental Birth Dates Before 1930
We also examined older pairs in which the parent was born before 1930 (or if the parent’s year
of birth was unknown, the offspring was born before 1945). Distribution of 341 pairs in this
category is listed in Table 2. Two hundred eighty-three pairs were informative for ESRD. Using
all 283 informative pairs, there was no significant difference in survival time until ESRD
between parents and children by means of either the Kaplan-Meier method (P = 0.5) or Cox
regression (P = 0.7; Fig 5). However, a Cox proportional hazards method showed a significant
effect of male sex (HR, 1.380; 95% CI, 1.027 to 1.855; P = 0.03) on survival until ESRD, with
males 38% more likely to reach ESRD than females.

Ninety-two PKD1 families with older parents had at least 1 parent-offspring pair informative
for ESRD, and 148 PKD1 pairs (43%) with older parents were informative for the difference
in age at ESRD. χ2 test of independence showed that distribution of age at ESRD onset in the
subgroup of 148 informative parent-offspring pairs with the parent born before 1930 closely
resembled distribution in the total PKD1 group, as listed in Table 4 (P = 0.9). Only 3 PKD2
families were informative for age at ESRD; therefore, no analysis of PKD2 families was
performed.

In 13 families with offspring who reached ESRD at least 10 years earlier than the affected
parent, age at ESRD was available for 3 generations (grandparent, parent, and offspring). In
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these multigeneration families, there was no consistent trend toward earlier onset of ESRD in
successive generations indicative of genetic anticipation.

Genotype Analysis
The PKD1 gene was analyzed for all triplet repeats previously associated with unstable
expansion. Four candidate repeats were chosen for genotype analysis in 6 affected parent-
offspring pairs, including c.-132CAG(3), c.7,274+400CAG(3), c.10,708+724CGG(3), and c.
11,928CTG(3), based on location within 750 bp of an exon or within an exon. Each of these
repeats comprised 3 replicates of the trinucleotide. We previously identified a germ-line
mutation in 3 of the families chosen for genotype analysis. There was no evidence for expansion
of the analyzed repeats in the 6 parent-offspring pairs, as listed in Table 5; in each instance,
the size of the respective amplicon was the same in both the control, affected parent, and
offspring with apparent evidence for anticipation.

DISCUSSION
ADPKD is a clinically heterogeneous disease. It is not uncommon to find significant variation
in disease severity in members of the same family who carry the same germline mutation. This
intrafamilial variation may be attributed to both genetic and/or environmental causes. Several
earlier studies proposed genetic anticipation as an explanation for the extreme variability in
disease severity in certain pedigrees.3,11–13 However, the occurrence of anticipation in patients
with ADPKD has been controversial.12,14–16 Several studies identified specific stable
mutations in families with evidence of anticipation,14–16 and it was proposed that this ruled
out the possibility of a dynamic mutation in PKD1. To date, no evidence for repeat instability
in the PKD1 gene was reported, although no study specifically screened for repeat expansion
in parent-offspring pairs with potential evidence of anticipation.

In a previous study, 86 informative ADPKD pedigrees from patients studied at UCHSC were
examined for evidence of potential anticipation of ESRD. Anticipation of ESRD was indicated
in 24% of informative parent-offspring pairs from 42 families. At the time of analysis, 148 of
these families were uninformative for ESRD. In an updated analysis that included additional
data collected in the intervening period, including age at ESRD and last known age without
ESRD, we reevaluated the original families and studied additional families by using survival
analysis and Cox regression methods. These analyses were possible based on the availability
of the UCHSC clinical ADPKD database. This resource is the largest comprehensive
longitudinal clinical database in this country for human ADPKD, with information spanning
more than 38 years. In the present study, 413 families with ADPKD were analyzed. Of these
families, 337 yielded at least 1 informative parent-offspring pair, enabling study of 1,391 pairs
informative for age at ESRD or last known age without ESRD and 425 total pairs informative
for difference in age at onset of ESRD. There was no significant difference in survival curves
between parent and offspring when both censored and uncensored data were used.

In the present analysis, we classified 95 families as PKD1 and 4 as PKD2 based on linkage
analysis or mutation identification. Ninety-two PKD1 families yielded 689 parent-offspring
pairs, with 585 informative for age at ESRD or last known age without ESRD, and 174 parent-
offspring pairs were informative for difference in age at onset of ESRD. Median age at ESRD
in PKD1 families was similar to that for the total data set, and there was no significant difference
in survival curves between parents and children. Examination of pairs informative for
difference in age at ESRD showed extreme variability in age at ESRD in members of the same
family. For example, although 10-year earlier onset of ESRD occurred in 1 offspring, others
developed ESRD at least 6 to 10 years later than a parent. Moreover, in 13 of our larger families
with age at ESRD available for 3 successive generations, there was no consistent trend toward
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earlier age at onset of ESRD in consecutive generations. Thus, within the same family, both
increased risk and increased protective influences are possible.

Because antihypertensive therapy may slow the progression of renal disease22 and children
born after 1930 were more likely to have received antihypertensive therapy, we analyzed the
total group of 366 ADPKD parent-offspring pairs and 148 PKD1 pairs from this category
separately. Again, there were no differences in age at ESRD between parents and children.

In the previous study of ADPKD patients from UCHSC, potential anticipation was noted more
frequently in offspring of an affected mother.3 This may be accounted for in part by slightly
later onset of ESRD in females compared with males,23 and hence a bias toward detection of
earlier ESRD onset in male offspring compared with affected mothers. Conversely, others
reported earlier onset of ESRD in ADPKD offspring with paternal inheritance irrespective of
sex of the offspring.12 In this study, Cox regression confirmed that males were at greater risk
of ESRD than females.

Structurally, the PKD1 gene does not contain long nucleotide repeat regions that are susceptible
to unstable expansion. It therefore is not surprising that we found no evidence for expansion
of the studied repeats in our PKD1 families with early age at ESRD. There are long
polypyrimidine tracts located in intron 21 of PKD1 that are susceptible to triple helix formation
and hence occurrence of mutation.24,25 However, no mutational “hot spots” within the
PKD1 gene were reported to date. Although the occurrence of a second mutation in certain
patients with early onset of ESRD cannot be ruled out, similar to previous reports, we identified
a single germ-line mutation that segregated with disease status in 3 of the studied PKD1
families.14–16 It should be emphasized that analysis of trinucleotide repeats in 6 PKD1 families
excluded only 1 genetic cause of anticipation in these families. Because DNA samples were
unavailable for the key parent-offspring pairs in our other families, we cannot eliminate the
possibility of unstable trinucleotide repeat expansion in these other families. Likewise, other
genetic causes may explain the apparent anticipation of ESRD in the studied families.18

This updated study using survival analysis and Cox regression suggests there is no evidence
of anticipation of ESRD in patients with ADPKD. Examination of parent-offspring pairs
informative for the difference in age at ESRD agrees with the outcome of an earlier study of
UCHSC ADPKD families. However, bias toward detection of earlier ESRD and overall
variability in age at ESRD onset in successive generations of the same family indicates other
genetic influences as the cause of the extreme phenotypic variability in ADPKD. We previously
showed that genetic variation of all sources (mutation, modifier genes, and wild-type allele)
accounted for a significant proportion of phenotypic variation in expression of ADPKD
measured by means of heritability analyses.18,26
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Figure 1.
Selection criteria for families with parent-offspring pairs for study. The polycystic kidney
disease (PKD) database at University of Colorado Health Sciences Center containing 1,228
PKD families with 4,618 individuals was queried, and 413 families (2,409 affected) with 1,807
parent-offspring pairs for potential analysis were identified. Detailed distribution of the 1,391
parent-offspring pairs informative for age at end-stage renal disease (ESRD) or last known age
without ESRD identified is listed in Table 2. Abbreviation: ADPKD, autosomal dominant
PKD.
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Figure 2.
Survival until end-stage renal disease (ESRD) in all polycystic kidney disease parents and
offspring. Survival functions from the Cox regression are plotted against age (years) for parents
and offspring from 1,391 parent-offspring pairs informative for age at ESRD onset or survival
age without ESRD. Male and female affected parents and children are plotted separately. A
Cox proportional hazards method showed a significant effect of male sex (hazard ratio, 1.424;
95% confidence interval, 1.180 to 1.719; P < 0.001) on survival until ESRD. The lines for
female parent and female child overlay each other and are indicated by an arrow on the right
of the figure. An arrow to the left indicates the position of the lines for male parent and male
child that are similarly overlaid.
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Figure 3.
Survival until end-stage renal disease (ESRD) in all polycystic kidney disease (PKD) parents
and offspring with parental birth dates before 1930. Survival functions from the Cox regression
are plotted against age (years) for parents and offspring from 725 parent-offspring pairs with
parental birth dates before 1930 (or if the parent’s year of birth was unknown, the offspring
was born before 1945) that were informative for age at ESRD onset or survival age without
ESRD. Male and female affected parents and children are plotted separately. Cox proportional
hazards method showed a significant effect of male sex (hazard ratio, 1.431; 95% confidence
interval, 1.149 to 1.781; P < 0.01) on survival until ESRD.
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Figure 4.
Survival until end-stage renal disease (ESRD) in all informative polycystic kidney disease type
1 (PKD1) parents and offspring. Survival functions from the Cox regression are plotted against
age (years) for parents and offspring from 585 PKD1 parent-offspring pairs informative for
age at ESRD onset or survival age without ESRD. Male and female affected parents and
children are plotted separately. A Cox proportional hazards method showed a significant effect
of male sex (hazard ratio, 1.412; 95% confidence interval, 1.084 to 1.839; P = 0.01) on survival
until ESRD.
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Figure 5.
Survival until end-stage renal disease (ESRD) in all polycystic kidney disease type 1 (PKD1)
parents and offspring with parental birth dates before 1930. Survival functions from Cox
regression are plotted against age (years) for parents and offspring from 725 PKD1 parent-
offspring pairs with parental birth dates before 1930 (or if the parent’s year of birth was
unknown, the offspring was born before 1945) that were informative for age at ESRD onset
or survival age without ESRD. Male and female affected parents and children are plotted
separately. There were no significant differences in survival time until ESRD between parents
and children. A Cox proportional hazards method showed a significant effect of male sex
(hazard ratio, 1.380; 95% confidence interval, 1.027 to 1.855; P = 0.03) on survival until ESRD.
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Table 1
Description of the Autosomal Dominant Polycystic Kidney Disease Study Population

Total patients for potential analysis 2,409

Male 1,102 (46)

Female 1,307 (54)

No. with data on year of birth 2,096

Median year of birth (range) 1949 (1860–2004)

No. with known age at ESRD or last known age without ESRD 2,048

Note: Values expressed as number (percent) or median (range) unless noted otherwise.

Abbreviation: ESRD, end-stage renal disease.
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Table 3
Summary of Autosomal Dominant Polycystic Kidney Disease Parent-Offspring Pairs Informative for Difference in
Age of Onset of ESRD Between Parent and Offspring

Parent-Offspring Pairs

Category Definition
All PKD (N =

425)

PKD With
Parent Born

Before 1930 (N =
366)

Offspring ESRD ≥10 y
earlier

Offspring reached ESRD ≥10 y earlier than parent (or ≥10
y earlier than parent’s death without ESRD)

107 (25) 86 (24)

Offspring ESRD 2–≥9 y
earlier

Offspring reached ESRD 2–9 y earlier than parent (or 2–9
years earlier than parent’s death without ESRD)

102 (24) 89 (24)

Same age at ESRD onset Offspring reached ESRD within 1 y of the parent’s age of
ESRD onset

39 (9) 31 (8)

Offspring ESRD 2–≥9 y
later

Offspring reached ESRD 2–9 y later than parent (or is 1–9
y older than age at which the parent reached ESRD)

123 (29) 109 (30)

Offspring ESRD ≥10 y
later

Offspring reached ESRD ≥10 y later than parent (or is ≥10
y older than age at which parent reached ESRD)

54 (13) 51 (14)

Note: Values expressed as number (percent).

Abbreviations: ESRD, end-stage renal disease; PKD, polycystic kidney disease.
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Table 4
Summary of PKD1 Parent-Offspring Pairs Informative for Difference in Age of ESRD Onset Between Parent and
Offspring

Parent-Offspring Pairs

Category Definition
PKD1 (N =

174)

PKD1 With
Parent Born

Before 1930 (N =
148)

Offspring ESRD ≥10 y
earlier

Offspring reached ESRD ≥10 y earlier than parent (or ≥10 y
earlier than parent’s death without ESRD)

38 (22) 30 (20)

Offspring ESRD 2–≥9 y
earlier

Offspring reached ESRD 2–9 y earlier than parent (or 2–9
years earlier than parent’s death without ESRD)

40 (23) 32 (22)

Same age at ESRD onset Offspring reached ESRD within 1 y of the parent’s age of
ESRD onset

13 (7) 10 (7)

Offspring ESRD 2–≥9 y
later

Offspring reached ESRD 2–9 y later than parent (or is 1–9 y
older than age at which the parent reached ESRD)

56 (32) 52 (35)

Offspring ESRD 10+ years
later

Offspring reached ESRD ≥10 y later than parent (or is ≥10 y
older than age at which parent reached ESRD)

27 (16) 24 (16)

Note: Values expressed as number (percent).

Abbreviations: ESRD, end-stage renal disease; PKD1, polycystic kidney disease type 1.
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