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Background: Identifying genetic mutations in individuals with inherited cystic kidney disease is necessary for precise treatment. We
aimed to elucidate the genetic characteristics of cystic kidney disease in the Korean population.

Methods: We conducted a 3-year prospective, multicenter cohort study at eight hospitals from May 2019 to May 2022. Patients with
more than three renal cysts were enrolled and classified into two categories, typical autosomal dominant polycystic kidney disease
(ADPKD) and atypical PKD. We identified the clinical characteristics and performed a genetic analysis using a targeted gene panel.
Results: A total of 725 adult patients were included in the study, of which 560 (77.2%) were diagnosed with typical ADPKD and 165
(22.8%) had atypical PKD. Among the typical ADPKD cases, the Mayo imaging classification was as follows: 1A (55, 9.9%), 1B (149,
26.6%), 1C (198, 35.8%), 1D (90, 16.3%), and 1E (61, 11.0%). The atypical PKD cases were classified as bilateral cystic with bilater-
al atrophic (31, 37.3%), lopsided (27, 32.5%), unilateral (nine, 10.8%), segmental (eight, 9.6%), bilateral cystic with unilateral atrophic
(seven, 8.4%), and asymmetric (one, 1.2%). Pathogenic variants were found in 64.3% of the patients using the ciliopathy-related tar-
geted gene panel. The typical ADPKD group demonstrated a higher discovery rate (62.3%) than the atypical PKD group (41.8%).
Conclusion: We present a nationwide genetic cohort’s baseline clinical and genetic characteristics for Korean cystic kidney disease.
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Introduction

Inherited cystic kidney disease is a heterogeneous group
of diseases caused by mutations in genes involved in the
cilium-centrosome complex, leading to cilium dysfunction
and the development of kidney cysts of various sizes [1].
The disease spectrum of cystic kidney disease includes
autosomal dominant polycystic kidney disease (ADPKD),
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nephronophthisis, autosomal recessive polycystic kidney
disease, tuberous sclerosis complex, and autosomal domi-
nant tubule-interstitial kidney disease [1]. Currently, more
than 100 genes are known to be involved in kidney cysto-
genesis [2].

Among the various disease entities, ADPKD stands as the
most prevalent inherited cystic kidney disease [3-5]. Clin-
ical diagnosis of ADPKD typically relies on family history
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and kidney imaging [6,7], but accurately diagnosing pa-
tients with mild phenotypes or late-onset symptoms pres-
ents a significant challenge [8]. Genetic testing has greatly
improved diagnostic accuracy [9], and recent research on
genotype-phenotype correlations in ADPKD has yielded
valuable insights into prognostic prediction [10-12].

However, despite ADPKD being caused by a single gene,
it displays significant variability in both renal and extra-
renal manifestations, which can be attributed to the pres-
ence of multiple variants within the disease-causing genes
[13]. These challenges are further compounded by other
gene-associated factors, such as the intricate nature of the
PKDI gene [14,15], the high allelic heterogeneity of both
the PKD1 and PKD2 genes, and genotype-phenotype dis-
crepancies. Consequently, achieving an accurate diagnosis
of ADPKD remains a complex task [8]. In addition, there is
a lack of research specifically focused on atypical ADPKD
cases that do not have typical imaging features or family
history [16]. Therefore, conducting a comprehensive genet-
ic analysis linked to clinical data within a well-established
cystic kidney disease cohort is essential. This approach will
help identify specific genetic variants, establish associa-
tions between genotypes and phenotypes, and develop a
precise diagnostic protocol that guides appropriate treat-
ment planning.

We conducted a 3-year prospective, multicenter, nation-
wide cohort study of Korean cystic kidney disease to estab-
lish a comprehensive database of the disease and identify
its genetic profiles. The primary focus of this study is to
present the baseline clinical and genetic characteristics of
the Korean cystic kidney disease cohort.

Methods
Study design

This 3-year prospective, multicenter study was designed
to establish a cohort of Korean patients with cystic kidney
disease. It aimed to develop an individualized genetic anal-
ysis protocol for each patient (Clinical Research Service:
KCT0005580). The study design for the cohort was previ-
ously published [16].
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Study population

Participants aged 18 years and older, presenting with three
or more renal cysts in either or both kidneys, were regis-
tered between May 2019 and May 2021. The enrollment
process took place in eight medical centers. Cases involv-
ing simple renal cysts or acquired cystic kidney disease
resulting from kidney failure were excluded from the study.
Patients who passed away or withdrew their consent were
also excluded from the analysis. The participants were
categorized into two groups: typical ADPKD and atypical
polycystic kidney disease (PKD). Typical ADPKD cases
were characterized by bilateral and diffuse distribution of
cysts, resulting in the replacement of kidney tissue, and
were identified based on the Pei-Ravine criteria.

Patients displaying features not aligning with the typical
radiological presentation were classified as having atypical
PKD. In particular, within the atypical PKD group, further
classification was performed, resulting in two distinct
subclasses: 1) subclass 2A included cases with unilateral,
segmental, asymmetric, or lopsided imaging findings, and
2) subclass 2B encompassed cases with bilateral cystic
manifestation accompanied by either unilateral atrophy or
bilateral kidney atrophy. Additionally, patients with typical
radiological features but lacked a family history were clas-
sified as having clinically atypical PKD.

Data collection

Demographic data, including age, gender, height, and
weight, were collected. The medical history of hyperten-
sion, diabetes mellitus, cardiovascular diseases, cerebro-
vascular accidents, malignancy, liver diseases, and compli-
cations associated with cystic kidney disease were obtained
through patient interviews or by reviewing electronic med-
ical records. The definitions of comorbidities and relevant
drugs can be found in Supplementary Table 1, 2 (available
online). Systolic and diastolic blood pressure measure-
ments were taken, and laboratory analyses were conduct-
ed based on blood and urine sample test results. Kidney
function was evaluated using the estimated glomerular
filtration rate (eGFR), calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation.
The stage of chronic kidney disease was defined according
to the Kidney Disease Improving Global Outcome (KDI-


https://www.krcp-ksn.org/upload/media/j-krcp-23-097-Supplementary-Table-1.pdf
https://www.krcp-ksn.org/upload/media/j-krcp-23-097-Supplementary-Table-2.pdf

Cho, et al. Genetic cohort of inherited cystic kidney disease

GO) serum creatinine classification. Non-enhanced kid-
ney computed tomography (CT) scans were performed to
classify patients as having typical or atypical cystic kidney
disease. Genetic analysis was conducted using an 89-gene
panel designed to detect pathogenic variants associated
with ciliopathies, including polycystic kidneys and liver.
The composition of the gene panel was described in our
previous publication [16].

Assessment of volumetry and Mayo imaging classification

The assessment of well-established prognostic factors for
ADPKD, including total kidney volume (TKV), height-ad-
justed TKV (htTKV), and Mayo imaging classification
(MIC), was conducted [17,18]. TKV and total liver volume
(TLV) were measured using both the ellipsoid and ste-
reological volume equations [19]. For the stereological
equation, kidney CT images were carefully screened to
ensure complete coverage of both the kidneys and liver.
The images were then reconstructed into 5-mm sections
for axial images and 3-mm sections for coronal and sagittal
sections. TKV and TLV were measured by a trained radiol-
ogist using the semiautomatic volumetry software Image]J
ver. 1.5a (https://image].nih.gov/ij/). Given the high cor-
relation between the two volume measurement methods
(Pearson correlation coefficient r = 0.952 [0.969-0.980], p
< 0.001; unpublished data), stereologically calculated TKV
and TLV values were analyzed. The htTKV was calculated
by dividing the TKV by the patient’s height. Using MIC, pa-
tients with typical ADPKD were stratified into five subclass-
es (1A-1E) based on the yearly increase in htTKV estimated
using baseline htTKV measurements and age-specific
htTKV limits. The subclasses were defined as 1A for a year-
ly increase of <1.5%, 1B for 1.5%-3%, 1C for 3%-4.5%, 1D
for 4.5%-6%, and 1E for >6%. In atypical PKD, patients were
stratified into two subclasses: 2A (unilateral, asymmetric,
segmental, lopsided) and 2B (bilateral cystic with unilater-
al atrophy, bilateral cystic with bilateral atrophy).

Variant prioritization

Variants were prioritized based on several criteria for pre-
dicted deleteriousness and rarity.

Class 1: Loss-of-Function (LoF) variants, including
canonical splice site, frameshift insertion, frameshift de-

letion, and stop gain variants. Additionally, missense vari-
ants annotated as “(Likely) Pathogenic” for PKD-related
phenotypes in ClinVar, polycystic kidney disease database,
Rheinisch-Westfilische Technische Hochschule Aachen
University’s Datenbank, or annotated as “DM” (Damaging)
for PKD-related phenotypes in Human Gene Mutation Da-
tabase (HGMD).

Class 2: LoF and missense variants predicted as “delete-
rious” by MetaSVM (Dmis). These variants are either anno-
tated as “DM” in the HGMD for indirect relevance to PKD
phenotypes, “DM?” for PKD-related phenotypes in HGMD
or have a minor allele frequency (MAF) of <2 x 10”° in both
gnomAD and BRAVO when not reported in HGMD. Addi-
tionally, missense variants predicted as “tolerated” by Met-
aSVM (Tmis) are included if they are annotated as “DM”
for indirect relevance to PKD phenotypes in HGMD, “DM?”
for PKD-related phenotypes in HGMD while meeting ad-
ditional deleteriousness criteria (CADD > 20 and REVEL
> 0.75), or not reported in clinical databases in addition to
any population database.

Class 3A: LoF and damaging missense (Dmis) variants
with a MAF of <1 x 107 (1 x 10™ for homozygotes) in East
Asian populations from gnomAD. Additionally, Tmis vari-
ants were annotated as “DM?” for PKD-related phenotypes
in HGMD.

Class 3B: LoF or Dmis variants with a MAF of <1 x 10~
(1 x 10 for homozygotes) in East Asian populations from
gnomAD and Tmis variants that do not meet the classifica-
tion criteria for class 3A.

Class 4: LoF and missense variants annotated as “(Likely)
benign” or “Likely neutral” for PKD-related phenotypes in
clinical databases.

Statistical analyses

Statistical analyses were conducted using R version 4.2.1
(R Foundation for Statistical Computing). Continuous vari-
ables with a normal distribution were reported as mean +
standard deviation, while variables with a skewed distribu-
tion were reported as median (interquartile range [IQR]).
Categorical variables were presented as frequencies. Base-
line characteristics were compared between the typical
ADPKD and atypical PKD groups using the independent t
tests for continuous variables and the chi-square tests for
categorical variables. A p-value of <0.05 was considered
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statistically significant.
Ethics declarations

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and was approved by the
Institutional Review Boards of each participating center: 1)
Seoul National University College of Medicine/Seoul Na-
tional University Hospital (No. H-1907-067-1047), 2) Chon-
nam National University Hospital (No. CNUH-2019-276), 3)
Kangbuk Samsung Hospital (No. KBSMC 2019-07-029), 4)
Inje University Busan Paik Hospital (No. 19-0151), 5) Seoul
Metropolitan Government Seoul National University Bora-
mae Medical Center (No. 30-2019-104), 6) Hallym Univer-
sity Kangnam Sacred Heart Hospital (No. 2019-07-015), 7)
Keimyung University Dongsan Hospital (No. DSMC 2019-
07-055-008), and 8) Seoul National University Bundang
Hospital (No. 19-0151). Informed consent was received
upon study enrollment from all participants.

Results
Study population

A total of 751 adults over 18 years old with three or more
kidney cysts in either or both kidneys were included in the
study conducted from May 2019 to May 2021. Twenty-six
patients who died or withdrew their consent were excluded
from the analysis. Ultimately, 725 individuals were enrolled
in the study. Among them, 560 (77.2%) were classified as
typical ADPKD cases, while 165 (22.8%) were classified as
atypical PKD cases (Fig. 1).

Demographic and clinical characteristics

The mean age of the study population was 46.2 + 14.0 years,
with 48.4% being male. The average age at PKD diagno-
sis was 37.1 + 13.1 years. Out of the study participants, 479
(66.7%) reported never smoking, 87 (12.1%) were current
smokers, and 152 (21.2%) were former smokers. A history of
drinking was reported by 338 participants (47.0%). The mean
eGFR was 76.5 + 32.9 mL/min/1.73 m® and the mean serum
creatinine level was 1.3 + 1.4 mg/dL. The median (IQR) urine
protein/creatinine ratio was 0.11 g/g (0.09-0.31 g/g).

The mean ages of the typical ADPKD and atypical PKD
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groups were 45.3 + 13.3 years and 48.9 + 15.8 years, respec-
tively, indicating a significantly younger age in the typical
group (p = 0.003). The age at PKD diagnosis was also lower
in the typical group (36.5 + 12.4 years) compared to the
atypical group (41.8 + 14.6 years; p < 0.001). Blood urea
nitrogen (BUN) levels were higher in the typical group (p
= 0.03), while high-density lipoprotein (HDL) cholesterol
was higher in the atypical group (p = 0.02). No significant
differences were found in either serum creatinine or eGFR
between the groups. Comorbidities, including diabetes
mellitus, cerebrovascular disease, cardiovascular disease,
malignancy, and liver disease, did not differ significantly
between the groups. Table 1 presents the demographic and
clinical characteristics.

Volumetry and Mayo imaging classification profiles

Out of the total population, the median htTKV was 1,161.0
mL/m (IQR, 631.2-1,895.7 mL/m,) and the median htTLV
was 1,460.0 mL/m (IQR, 1,232.0-1,888.0 mL/m). The medi-
an htTKV of the typical ADPKD group (1,338.0 mL/m [IQR,
749.2- 2,113.2 mL/m]) was significantly higher than that of
the atypical group (651.5 mL/m [IQR, 408.0-1,013.8 mL/m];
p < 0.001). However, there was no significant difference in

Participants over 18 years old with
23 cysts in either or both kidney
(n=751)

Excluded due to consent
withdrawal or death
(n = 26)

\ 4

A 4

Participants enrolled to genetic
analysis
(n=725)

A A4

Typical ADPKD
(n =560, 77.2%)

Atypical PKD
(n =165, 22.8%)

Figure 1. Study flowchart.
ADPKD, autosomal dominant polycystic kidney disease; PKD,
polycystic kidney disease.



Cho, et al. Genetic cohort of inherited cystic kidney disease

Table 1. Characteristics of study participants

Characteristic Total Typical ADPKD group Atypical PKD group p-value
No. of participants 725 560 165
Male sex 351 (48.4) 267 (48.1) 84 (51.5) 0.51
Age (yr) 46.2 +14.0 453+ 13.3 489 + 15.8 0.003
Height (cm) 162.3 + 17.9 166.2+9.5 165.3+9.6 0.26
Weight (kg) 64.0+ 175 67.4 + 13.8 66.2 + 13.5 0.34
Body mass index (kg/m?) 23.7+4.0 242 + 3.7 241 +35 0.60
Smoking 0.53
Never smoker 479 (66.7) 375 (67.7) 103 (63.2)
Current smoker 87 (12.1) 4 (11.6) 3(14.1)
Former smoker 152 (21.2) 115 (20.8) 7 (22.7)
Drinking 338 (47.0) 257 (46.4) 81 (49.7) 0.51
Serum creatinine (mg/dL) 1.3+14 1.4+13 1.35+15 0.76
eGFR (mL/min/1.73 m?) 76.5+32.9 75.6 +£33.2 79.5+32.0 0.19
CKD stage 0.48
1 (90 < eGFR) 304 (42.5) 232 (42.0) 2(2.2)
2 (60 < eGFR < 90) 191 (26.7) 141 (25.5) 50 (54.3)
3a (45 < eGFR < 60) 74 (10.3) 61 (11.0) 12 (13.0)
3b (30 < eGFR < 45) 63 (8.8) 51(9.2) 12 (13.0)
4 (15 < eGFR < 30) 52 (7.3) 43 (7.8) 9(9.8)
5 (eGFR < 15) 32 (4.5) 25 (4.5) 7 (7.6)
Hemoglobin (g/dL) 133+ 1.7 133+ 1.7 134 +1.9 0.37
BUN (mg/dL) 20.1+ 13.6 20.8 +14.0 18.2 £ 10.8 0.03
Uric acid (mg/dL) 55+1.6 56+1.6 56+1.7 0.52
Total cholesterol (mg/dL) 174.7 £ 37.7 175.2 + 39.6 176.1 £ 35.2 0.35
LDL-cholesterol (mg/dL) 86.5 +46.7 102.2 £ 30.8 1045+ 31.3 0.08
HDL-cholesterol (mg/dL) 44.8 +23.8 53.2+14.3 54.4 +14.7 0.02
UPCR (g/g) 0.11 (0.07-0.23) 0.12 (0.07-0.34) 0.09 (0.06-0.22) 0.45
UACR (mg/g) 5.05 (1.4-15.1) 5.45 (1.6-13.4) 3.75(1.0-13.8) 0.17
Comorbidities
Diabetes mellitus 5 (4.8) 3(4.1) 12 (7.3) 0.15
Cerebrovascular accident 7 (10.6) 2(11.1) 15 (9.1) 0.44
Cardiovascular disease 2(4.4) 3(4.1) 9 (5.5) 0.18
Malignancy 24 (3.3) 19 (3.4) 5(3.0) 0.31
Liver disease 59 (8.1) 38 (6.8) 21 (12.7) 0.51
Age at diagnosis of PKD (yr) 37.1+131 36.5+12.4 41.8+14.6 <0.001
HETKV (mL/m) 1,161.0 (631.2-1,895.7) 1,338.0(749.2-2,113.2) 651.5(408.0-1,013.8) <0.001
HETLV (mL/m) 1,460.0 (1,232.0-1,888.0) 886.0(754.4-1,164.5) 791.7 (679.6-977.2) 0.20
MIC subclass® -
Class 1
1A 55 (9.9)
1B 149 (26.9)
1C 198 (35.8)
1D 90 (16.3)
1E 61 (11.0)

(Continued to the next page)
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Table 1. Continued

Characteristic Total Typical ADPKD group Atypical PKD group p-value
Class 2

2A Unilateral 9(10.8)
Asymmetric 1(1.2)
Segmental 8(9.6)
Lopsided 27 (32.5)

2B Bilateral cystic with unilateral atrophic 7(8.4)
Bilateral cystic with bilateral atrophic 31(37.3)

Data are expressed as number only, number (%), mean * standard deviation, or median (interquartile range).

ADPKD, autosomal dominant polycystic kidney disease; BUN, blood urea nitrogen; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
HDL, high-density lipoprotein; HtTKV, height-adjusted total kidney volume; HtTLV, height-adjusted total liver volume; LDL, low-density lipoprotein; MIC, Mayo
imaging classification; PKD, polycystic kidney disease; UACR, urine albumin/creatinine ratio; UPCR, urine protein/creatinine ratio.

An eGFR was calculated using the creatinine-based Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation from 2009.

A p-value < 0.05 was considered statistically significant between typical ADPKD and atypical PKD groups. The t test was performed for comparing continu-

ous variables and chi-square for categorical variables between groups.

Seven patients with typical ADPKD and 82 patients with atypical PKD were excluded from imaging classification due to unclear imaging tests or unmea-

sured total kidney volume.

Table 2. Renal and extrarenal manifestations of study partici-
pants
Variable

No. of participants (%)

Renal manifestation

Hypertension 532 (73.4)
Proteinuria 187 (25.8)
Hematuria 122 (16.8)
Kidney stone 68 (9.4)
Kidney pain 40 (5.5)
Cyst infection 21 (2.9)
Urinary tract infection 15 (2.1)
Cyst hemorrhage 12 (1.7)
Extrarenal manifestation
Liver cyst 461 (63.5)
Cerebral aneurysm 6 (6.3)
Hernia 8(1.1)
Hyperuricemia 76 (10.5)
Gout 5 (4.8)
Heart failure 4 (0.6)
Valvular heart disease 4 (0.6)

the median htTLV between the typical ADPKD and atypical
PKD groups (886.0 mL/m [IQR, 754.4-1,164.5 mL/m] vs.
791.7 mL/m [IQR, 679.6-977.2 mL/m]; p = 0.20). The distri-
bution of the study population based on MIC is presented
in Table 1. Among the participants in the typical ADPKD
group (n = 553), they were categorized into different MIC
classes based on htTKV and age to predict the change in
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eGFR over time: 1) 1A, 55 (9.9%), 2) 1B, 149 (26.9%), 3) 1C,
198 (35.8%), 4) 1D, 90 (16.3%), and 5) 1E, 61 (11.0%). In
the atypical PKD group, 83 (50.3%) participants were clas-
sified into MIC class 2 based on radiological features. The
most common subtype was bilateral cystic with bilateral
atrophic type (31, 37.3%), followed by lopsided (27, 32.5%),
unilateral (nine, 10.8%), segmental (eight, 9.6%), bilateral
cystic with unilateral atrophic (seven, 8.4%), and asymmet-
ric (one, 1.2%). Within the atypical PKD group, 119 partici-
pants (72.1%) did not have a known family history of PKD.
Seven patients with typical ADPKD and 82 patients with
atypical ADPKD could not be classified into specific sub-
types due to unclear imaging tests or unmeasured TKV.

Renal and extrarenal manifestations

Table 2 displays the renal and extrarenal manifestations
observed in the study participants. Hypertension was the
most prevalent kidney complication, observed in 73.4%
of all participants. The mean age at diagnosis was 40.5 +
11.6 years, and the mean systolic/diastolic blood pressure
was 129.6 + 14.0/80.3 + 10.8 mmHg. The prevalence of hy-
pertension was significantly higher in the typical ADPKD
group (430, 76.8%) compared to the atypical group (102,
61.8%; p < 0.001). Proteinuria was the second most com-
mon kidney complication, observed in 187 participants
(25.8%), followed by hematuria (122, 16.8%), kidney stones
(68, 9.4%), kidney pain (40, 5.5%), cyst infections (21, 2.9%),
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A

Others (28, 5%)

DM
(62, 11%)

PKD2
(67, 12%)

B

PKD2
(12, 7%)

DM
(20, 12%)

Figure 2. Genetic profile of typical ADPKD and atypical PKD groups using targeted gene panel. In 725 patients, the mutation de-
tection rate based on the gene panel was 64.3% (466 out of 725). In typical ADPKD group (A, n = 560) and atypical PKD group (B, n =

165), mutation detection rates were 62.3% and 41.8%, respectively.

ADPKD, autosomal dominant polycystic kidney disease; DM, damaging; NV, no variants; PKD, polycystic kidney disease; VUS, variants

of unknown significance.

urinary tract infections (15, 2.1%), and cyst hemorrhages
(12, 1.7%). The most frequent extrarenal manifestation
was liver cysts (461, 63.5%), followed by hyperuricemia
(76, 10.5%), cerebral aneurysm (46, 6.3%), gout (35, 4.8%),
hernia (eight, 1.1%), heart failure (four, 0.6%), and valvular
heart disease (four, 0.6%).

Genetic characteristics

During the 3-year study period, a gene panel analysis was
conducted on a total of 725 patients. The mutation de-
tection rate in our cohort was 64.3% (466 out of 725). No
variants were identified in 99 cases (13.7%), and variants of
unknown significance were detected in 85 cases (11.7%).
Damaging (DM) variants were found in 75 cases (10.3%).
Fig. 2 presents the genetic profiles obtained from the gene
panel analysis of the typical ADPKD and atypical PKD
groups. Among clinically typical ADPKD patients (560 cas-
es, 70.2%), the mutation detection rate was 62.3%. PKDI
was found to be the most common genotype (252, 45%),
followed by PKD2 (67, 12.1%). The other genotypes re-
sponsible for the typical ADPKD phenotype were found to
include COL4A5 (1.1%), TSCI (0.5%), HNFI1p (0.4%), AVP
(0.4%), AHII, ALG8, COL4A1, COL4A3, DYNC2H1, EYAI,
HSPAG6, LRP5, NEK8, PRKCSH, TSC2, and UMOD (all 0.2%).
The clinically atypical PKD group (165 cases, 20.7%) pre-

sented a lower mutation detection rate (41.8%) based on
a gene panel. In 45 cases (27.3%), no pathogenic variants
were found based on a gene panel. PKDI (36, 21.8%) and
PKD2 (12, 7.3%) were the two most common genotypes,
followed by HNFIp (2.4%), TSCI (1.8%), GANAB (1.8%),
COL4A3 (1.2%), COL4A5 (1.2%), UMOD (1.2%), TSC2,
DYNC2H]1, and PAX2 (all 0.6%). The patients with family
histories of PKD but showing atypical imaging features
comprised 45 cases (27.4%).

Among those cases, the PKD2 genotype was predomi-
nant (15.9%) compared to those without family histories of
PKD (4.2%).

Discussion

We conducted a prospective, multicenter, nationwide
cohort study on Korean cystic kidney disease in order to
identify the baseline characteristics and genetic profiles
of this heterogeneous disease group. Over 3 years, we en-
rolled a total of 725 participants who had more than three
kidney cysts, regardless of their clinical diagnosis, family
history, kidney function, or phenotype. We collected and
analyzed various clinicodemographic data and performed
a primary genetic analysis using a targeted gene panel. Our
analysis revealed significant differences in the age at PKD
diagnosis, htTKV, and prevalence of hypertension between
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patients with typical ADPKD and those with atypical PKD.
Furthermore, our findings showed that the two most com-
mon genetic mutations among Korean cystic kidney dis-
ease patients were in the PKD1 and PKD2 genes.

Joint research consortia for inherited cystic kidney dis-
ease have been established in the United States, Canada,
and Europe. Given that ADPKD is the most prevalent in-
herited kidney disease, multiple ADPKD cohorts have been
formed worldwide, including the Consortium for Radio-
logic Imaging Studies of Polycystic Kidney Disease (CRISP)
[20], the French Genkyst cohort [10], the Toronto Genetic
Epidemiology Study of PKD (TGESP) [12], and the cohort
for genotype-PhenotypE correlation in ADPKD (HOPE-
PKD) in Korea [21]. These cohorts have contributed to
identifying various classification criteria and prognostic
factors for ADPKD patients, such as the Mayo classification,
TKV, and PKDI or PKD2 genotype [17]. However, there is
still a lack of comprehensive understanding regarding cys-
tic kidney diseases. Specifically, limited data on predictive
markers, diagnostic criteria, or classification guidelines for
atypical PKD is available. Therefore, there is a need for a
cystic kidney disease cohort that encompasses both clin-
ical and genetic information for both typical ADPKD and
atypical PKD.

Understanding the clinicodemographic factors associat-
ed with severity and renal outcomes in both typical ADP-
KD and atypical PKD is crucial, as these factors play a sig-
nificant role. Previous studies have suggested that younger
age at PKD diagnosis, higher TKV [17], elevated serum uric
acid levels [22], decreased HDL levels [23], and increased
proteinuria [24,25] are associated with adverse outcomes in
ADPKD. Our current study identified significant differenc-
es in various factors between typical ADPKD and atypical
PKD patients. Since atypical PKD is mainly classified based
on radiologic patterns and its clinical characteristics are
not fully understood [26], these findings may provide valu-
able insights for differential diagnosis, prognosis, and even
potential endpoints in clinical trials involving patients with
atypical PKD. However, further investigation is necessary
to determine whether these factors are indeed associated
with adverse outcomes in cystic kidney diseases.

Genetic profiling of cystic kidney disease can be a valu-
able tool for dissecting and classifying these heterogeneous
disease entities. In our current study, we performed ge-
netic analysis using a targeted gene panel to detect vari-
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ous genotypes in both typical ADPKD and atypical PKD
groups. However, the overall mutation detection rate in our
cohort was lower than that of other cohorts such as HALT/
CRISP (92%) [11], TGESP (84.5%) [12], and Genkyst (89.9%)
[10,27], which utilized molecular analysis techniques in-
cluding Sanger sequencing, multiplex ligation-dependent
probe amplification, and long-range polymerase chain
reaction (Supplementary Table 3, available online). One
possible explanation for this discrepancy could be the
composition of our study population, as HALT/CRISP,
TGESP, and Genkyst included patients with typical ADPKD
but not those with atypical PKD. Furthermore, the complex
structure of the PKDI gene, responsible for nearly 85% of
ADPKD cases, presents challenges in its detection using a
targeted gene panel, resulting in a lower mutation detec-
tion rate. The PKDI gene consists of exons 1-33 with 97.7%
identical six pseudogenes, which complicates sequencing
[6,8,14]. Exon 1 of PKDI has a guanine-cytosine nucleo-
tide-rich content, so not all genomic regions are equally
covered by next-generation sequencing [28]. The sensitivity
of whole exome sequencing within exons 1-32 is only 7.14%
[29]. While a targeted gene panel can be used as a potential
screening method for cystic kidney disease patients, addi-
tional genetic analysis is necessary for patients who have
been identified with no pathologic variants or variants of
uncertain significance by the targeted gene panel.

Our study has several strengths. First, by including both
typical ADPKD and atypical PKD groups in our cohort, we
could identify differences in clinical and genetic charac-
teristics between these two groups. This comprehensive
approach adds to the understanding of these distinct con-
ditions. Second, a noteworthy aspect of our cohort is the
inclusion of approximately 21% of individuals with atypical
PKD. Given the limited research on atypical PKD in the
adult population, the substantial representation of atypical
PKD cases in our study holds significant value. Third, we
successfully detected genetic mutations in cystic kidney
disease patients using a customized, targeted gene panel
comprising 88 ciliopathy-related genes. In particular, for
the challenging PKDI gene, which is structurally complex
and poses difficulties in mutation detection, we addressed
technical issues by increasing read depth and coverage for
PKD exon 1 (Supplementary Fig. 1, available online). Our
study suggests that the targeted gene panel could be a po-
tential screening method for cystic kidney disease patients,
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considering that currently used genetic analytic methods
such as Sanger sequencing and whole exome sequencing
are time-consuming. Lastly, our study is a nationwide co-
hort that includes 725 patients, representing approximately
15% of the total cystic kidney disease population in the
country. This large dataset provides sufficient statistical
power for robust analyses. Moreover, given that most ADP-
KD cohorts primarily include Western populations, our co-
hort is optimized to reflect the characteristics of the Korean
cystic kidney disease population. The clinical and genetic
profiles identified in our cohort offer valuable insights for
Korean patients with cystic kidney disease.

The current study has a limitation in terms of the relative-
ly low mutation detection rate compared to other cohorts
that specifically include typical ADPKD cases. This discrep-
ancy may be attributed to the inclusion of a heterogeneous
disease entity within our cohort. Therefore, further genetic
investigations are warranted for individuals who were not
genetically diagnosed through the targeted gene panel
tests. Another limitation is the potential underestimation
of comorbidities, renal complications, and extrarenal com-
plications due to the reliance on self-reporting from patient
interviews for clinical data. For instance, the prevalence of
cerebral aneurysm or valvular heart disease may have been
underestimated because not all patients underwent brain
imaging tests or echocardiography. Additionally, certain
renal complications, such as kidney pain, were reported
based on subjective patient accounts, introducing potential
bias in assessing these complications.

Our study provides valuable insights into the baseline
clinical and genetic characteristics of the Korean cohort
with cystic kidney disease. These findings serve as a foun-
dation for future research focused on diagnosis, prognosis,
and potential therapeutic interventions for cystic kidney
diseases. Furthermore, additional genetic analyses are
needed for patients who presented with renal or extrare-
nal manifestations but did not show significant genetic
mutations. These further investigations will contribute to
a deeper understanding of the underlying genetic factors
and expand our knowledge of cystic kidney diseases.
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