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ABSTRACT 

Background. Clinical variability among individuals with heterozygous pathogenic/likely pathogenic (P/LP) variants in the 
COL4A3 / COL4A4 genes (also called autosomal dominant Alport syndrome or COL4A3/COL4A4 -related disorder) is huge; many indi- 
viduals are asymptomatic or show microhematuria, while others may develop proteinuria and chronic kidney disease (CKD). The 
prevalence of simple kidney cysts (KC) in the general population varies according to age, and patients with advanced CKD are prone 
to have them. A possible association between heterozygous COL4A3 , COL4A4 and COL4A5 P/LP variants and KC has been described 
in small cohorts. The presence of KC in a multicenter cohort of individuals with heterozygous P/LP variants in the COL4A3 / COL4A4 
genes is assessed in this study. 

Methods. We evaluated the presence of KC by ultrasound in 157 individuals with P/LP variants in COL4A3 (40.7%) or COL4A4 (53.5% ) 
without kidney replacement therapy. The association between presence of KC and age, proteinuria, estimated glomerular filtration 

rate (eGFR) and causative gene was analyzed. Prevalence of KC was compared with historical case series in the general population. 

Results. Half of the individuals with P/LP variants in COL4A3 / COL4A4 showed KC, which is a significantly higher percentage than 

in the general population. Only 3.8% (6/157) had cystic nephromegaly. Age and eGFR showed an association with the presence of KC 

( P < .001). No association was found between KC and proteinuria, sex or causative gene. 

Conclusions. Individuals with COL4A3 / COL4A4 P/LP variants are prone to develop KC more frequently than the general population, 
and their presence is related to age and to eGFR. Neither proteinuria, sex nor the causative gene influences the presence of KC in 

these individuals. 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 
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• Insufficient information is available in the literature on the p
pathogenic (P/LP) variants in the COL4A3/COL4A4 genes .

This study adds: 

• This is the largest cohort published to date of individuals
assessment to evaluate the presence of KC.

• It demonstrates that the presence of KC in these individuals
• The prevalence of KC is associated with age and estimated g

Potential impact: 

• This study demonstrates that there is an association betwee
• There is currently insufficient evidence to recommend testi

be considered. The clinical impact of KC in these individuals

INTRODUCTION 

Kidney cysts (KC) result from genetic and nongenetic processes
and occur in multiple diseases as well as in healthy individuals.
The most common type of radiologically evident KC in adults are
simple cysts [1 ]. Simple KC are commonly observed in normal-
sized kidneys, with an increasing incidence with age [2 , 3 ].
Although the volume of the kidney is usually normal, these cysts
can exceptionally increase the total kidney volume. 

KC are benign, asymptomatic lesions that rarely require treat-
ment [4 –6 ]. The clinical concerns that usually arise regarding
lence of kidney cysts (KC) in individuals with pathogenic/likely 

 P/LP variants in the COL4A3/COL4A4 genes and ultrasound 

igher than in age-matched general population.
rular filtration rate.

P variants in the COL4A3/COL4A4 genes and presence of KC.
r COL4A3 –COL4A5 variants in cystic kidney panels but it may 
s to be negligible.

KC are (i) whether malignancy can be ruled out and 
(ii) whether the KC can be considered simple cysts or part of a
disease [7 ]. 

The prevalence of simple KC varies according to the studied 
series, for example from 0% to 10% in individuals younger than 
20 years [8 ], from 5% to 20% in those aged between 20 and 50 years,
and from 30% to 50% in those older than 60 years [1 , 2 , 9 ]. Bilat-
eral KC are much less common and seem to be rare in subjects
< 50 years of age [1 , 9 –11 ]. It has also been reported that KC are
more common in men than in women [1 ]. 
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The most frequent inherited cystic kidney disease is autoso-
al dominant polycystic kidney disease (ADPKD) [12 , 13 ]. It is
haracterized by multiple bilateral fluid-filled cysts, progressively
ncreased kidney volume and irreversible renal insufficiency [13 ,
4 ]. However, KC also occur in other inherited kidney diseases,
uch as autosomal recessive polycystic kidney disease, auto-
omal dominant tubulointerstitial kidney disease, nephronoph-
hisis, tuberous sclerosis complex, von Hippel–Lindau disease,
ereditary angiopathy with nephropathy, aneurysms and muscle
ramps (HANAC) syndrome, autosomal dominant liver disease,
NF1B nephropathy and oral–facial–digital syndrome [15 ]. 
Acquired cystic kidney disease (ACKD) is defined as the pres-

nce of three or more cysts in each kidney in patients with ad-
anced cystic kidney disease (CKD) or on kidney replacement
herapy (KRT), and small or normal-sized kidneys. It seems to be
aused by prolonged uremia and may represent aberrant com-
ensatory tubular growth as its prevalence increases as kidney
unction declines [16 –19 ]. The reported prevalence of ACKD is as
ow as 7% in predialysis patients and as high as 80% in patients
ho have been on KRT for 10 years [17 ]. 
Pathogenic/likely pathogenic (P/LP) sequence variants in the

OL4A3/COL4A4 genes cause a condition that is under-recognized
ranging from completely normal urine sediment to microhema-
uria, proteinuria and renal insufficiency), poorly understood and
ot yet well classified [20 –22 ]. Recently, the prevalence of het-
rozygous P/LP variants in COL4A3/COL4A4 has been reported to
e as high as 1 in 106 of the population [23 ]. Although we have
reviously published a cohort of patients with this condition and
eferred to them as having autosomal dominant Alport syndrome
24 ], this name is probably no longer appropriate, given the high
revalence in the population and the lack of extrarenal or even
enal manifestations in most individuals. Also, from a medical-
thical point of view, it seems inappropriate to consider individ-
als without any clinical features as “patients.” Further insight
nto this entity is needed before an appropriate name can be given
25 –28 ]. 
Small cohorts of individuals with collagen type IV nephropathy

nd KC have been reported [29 , 30 ], which raises the possibility of
 link between P/LP variants in these genes and KC. 
Here we present the largest series published to date, which

emonstrates an increased prevalence of KC in individuals with
eterozygous P/LP variants in the COL4A3/COL4A4 genes . 

ATERIALS AND METHODS 

 multicenter cohort, based in part on a previously reported
ohort of patients with heterozygous P/LP variants in the
OL4A3/COL4A4 genes [24 ] and kidney ultrasound, was retrospec-
ively studied ( Supplementary data, Table S1). Individuals were 
eferred for genetic testing in the context of families with autoso-
al dominantly inherited hematuria ± proteinuria and/or CKD,
r index patients with an abnormal glomerular basement mem-
rane. It consisted of a total of 157 adults ( > 18 years old) without
RT, belonging to 104 families from different Spanish hospitals
24 ]. 
The following clinical data were recorded at the time of kidney

ltrasound: age, sex, serum creatinine, estimated glomerular fil-
ration rate (eGFR; measured by CKD Epidemiology Collaboration),
resence of hematuria, presence of lithiasis, and proteinuria mea-
ured by urinary protein/creatinine ratio and divided into four
ategories: no proteinuria, albuminuria (30–300 mg/gCr), non-
ephrotic proteinuria (300–3500 mg/gCr) and nephrotic-range
roteinuria ( > 3500 mg/gCr). Kidney length and number of KC in
ach kidney were recorded. Nephromegaly was considered when
he kidney size was > 13 cm by ultrasound [31 –33 ]. 
One plus (1 + ) KC were defined as the presence of at least one

yst in one kidney. Three plus (3 + ) KC were considered present
hen three or more KC were observed, either unilaterally or
ilaterally. 
Data from a published general population cohort that assessed

he prevalence and size of KC using magnetic resonance imag-
ng (MRI) was used to compare the presence of KC [3 ]. This cohort
omprised 2063 participants in the Pomeranian Health Study con-
ucted in a general German population sample between 2008 and
012 [3 ]. 
This study was approved by the Fundació Puigvert institutional

eview board and the different healthcare provider institutional
eview boards. All participants signed their informed consent to
articipation in the study. 

enetic testing 

enetic testing had been performed by next generation sequenc-
ng of a kidney-disease gene panel containing COL4A3 , COL4A4
nd COL4A5 genes, along with other genes associated to inher-
ted kidney diseases [24 , 34 , 35 ] ( Supplementary data, Table S2) in
06 individuals. In all of them, 85 genes related to KC were thor-
ughly analyzed to discard any other genetic cause of KC. In the
emaining 51 individuals, targeted familial variant analysis was
erformed by Sanger or multiplex ligation-dependent probe am-
lification analysis (MLPA). Variants were classified using Amer-
can College of Medical Genetics and Genomics/Association for
olecular Pathology guidelines [36 ], and P or LP variants were con-
idered causative. Segregation analysis was performed, in patients
ith available family members, by Sanger sequencing or MLPA.
 digenic/complex inheritance pattern was considered present
hen two P/LP variants were identified in both COL4A3 / COL4A4
enes. 

tatistical analysis 
ategorical variables are expressed as percentages and frequen-
ies and were compared using Pearson’s chi-squared test. Quan-
itative variables with normal distribution are expressed by mea-
ures of central tendency, including mean and standard deviation,
nd were compared using Student’s t -test. The logistic regression
nalysis was modelled with age and eGFR as dependent variables.
he general population comparison analysis was performed
sing the two-proportions z-test. A P -value < .05 was considered
tatistically significant. 
All statistical analyses were conducted in R (R version 4.1.2). 

ESULTS 

aseline characteristics of the study cohort 
he cohort included a total of 157 individuals from 104 families
56.6% women 89/157) with P/LP variants in the COL4A3 (40.1%;
4/157) or COL4A4 (54.1%; 86/157) gene (Table 1 ). Nine individ-
als showed a digenic inheritance (5.7%; 9/157). Hematuria was
resent in 92.3% (145/157) and albuminuria or proteinuria were
resent in 63.7% (100/157) of the patients. Only 12.1% (19/157) of
he patients exhibited a severe eGFR category (G4 and G5). The
ean age at the time of kidney ultrasound was 47.8 ± 13.6 years
ld and the mean eGFR was estimated at 73.0 ± 32.5 mL/min/
.73 m2 . Average right and left kidney lengths fell within the ex-
ected normal distribution (104.2 ± 13.1 and 105.3 ± 12.1 mm, re-
pectively). Nephromegaly was observed in six patients, and three

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae031#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae031#supplementary-data


M. Furlano et al. | 1445

Table 1: Baseline characteristics of the cohort. 

Cohort study N = 157 [ n / N (%)] 

Sex (female) 92/157 (58.6) 
Hematuria 145/156 (92.9) 
Causative gene 
COL4A3 64/157 (40.7) 
COL4A4 84/157 (53.5) 
Digenic ( COL4A3 and COL4A4 ) 9/157 (5.7) 

eGFR category 
G1 58/157 (36.9) 
G2 38/157 (24.2) 
G3a 19/157 (12.1) 
G3b 23/157 (14.6) 
G4 14/157 (8.9) 
G5 5/157 (3.2) 

Proteinuria/creatinine ratio 
No albuminuria ( < 30 mg/gCr) 57/157 (36.3) 
Albuminuria (30–300 mg/gCr) 52/157 (33.12) 
Non-nephrotic (300–3500 mg/gCr) 43/157 (27.3) 
Nephrotic ( > 3500 mg/gCr) 5/157 (3.2) 

Lithiasis 3/142 (2.1) 
Presence of 1 + KC 
Either kidney 84/157 (53.5) 
Bilateral 53/157 (33.7) 

Presence of 3 + KC 
Either kidney 44/157 (28.0) 
Bilateral 41/157 (26.1) 

Cohort study N = 157 (mean ± SD) 

Kidney length 
Right kidney (mm) 104.2 ± 13.1 
Left kidney (mm) 105.3 ± 12.1 

Age (years) 47.8 ± 13.6 
eGFR (mL/min/1.73 m2 ) 73.0 ± 32.5 

 

 

 

 

 

 

 

 

 

 

Table 3: Association analysis for presenting 1 + KC in either kidney. 

1 + KC No KC P -value 

Sex (female) 55.9 (47/84) 61.6 (45/73) .57 
Hematuria 91.7 (77/84) 93.1 (67/72) .98 
Causative gene ( COL4A3 ) 43.2 (35/81) 43.3 (29/67) 1 
Lithiasis 2.8 (2/72) 1.4 (1/70) 1 
Age (years) 53.3 ± 12.9 41.5 ± 11.6 < .001 
eGFR (mL/min/1.73 m2 ) 62.3 ± 31.2 85.3 ± 29.7 < .001 
PCR (mg/gCr) 488.5 ± 946.6 509.0 ± 1069.4 .89 

Data are presented as % ( n / N ) or mean ± SD. 
PCR: protein/creatinine ratio. 

Table 4: Association analysis for presenting 3 +KC in either kidney. 

3 + KC < 3 KC P -value 

Sex (female) 52.3 (23/44) 61.1 (69/113) .41 
Hematuria 93.2 (41/44) 91.9 (103/112) 1
Causative gene ( COL4A3 ) 38.1 (16/42) 45.3 (48/106) .54 
Lithiasis 0.0 (0/37) 2.8 (3/105) .71 
Age (years) 56.3 ± 11.2 44.4 ± 13.1 < .001 
eGFR (mL/min/1.73 m2 ) 51.1 ± 29.2 81.5 ± 29.7 < .001 
PCR (mg/gCr) 664.2 ± 1184.1 433.3 ± 919.8 .24 

Data are presented as % ( n / N ) or mean ± SD. 
PCR: protein/creatinine ratio. 

Table 5: Logistic regression analysis for presenting 1 + KC or 
3 + KC in either kidney. 

1 + KC (OR, P -value) 3 + KC (OR, P -value) 

Age (years) 1.06, P < .003 1.05, P < .008 
eGFR (mL/min/1.73 m2 ) 0.99, P = .09 0.97, P < .001 

OR: odds ratio. 
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of them showed bilateral nephromegaly with 3 + KC (Table 2 ). The
mean kidney lengths of the right and left kidneys of these patients
with nephromegaly were 143.83 ± 16.31 and 134.17 ± 11.99 mm
respectively. Only three patients showed lithiasis at ultrasound.

Association of KC and clinical variables 
KC were present in 53.5% of the patients (84/157) and bilateral
KC in 63% (53/84) of those. Besides, 28.0% (44/157) of the patients
showed 3 or more KC in either kidney. The percentage of individ-
uals by age and eGFR strata and the number of KC are shown in
Supplementary data, Table S3. In a univariate association analy-
sis, only older age and lower eGFR were found to be statistically
associated with the presence of 1 + KC ( P < .001) (Table 3 ), as well
Table 2: Characteristics of patients with nephromegaly (kidney length

Patient Sex 
Age 

(years) 
eGFR 

(mL/min/1.73 m2 ) 
CKD 

category

07–0440 M 37 101 1 
12–508 M 51 38 3b 
20–0003 F 38 56 3a 
20–0517 M 46 105 1 
21–0463 M 22 125 1 
22–0640 M 65 54 3a 

F: female; LKC: left kidney cysts; LKS: left kidney size; M: male; PCR: protein/creatini
as the presence of 3 + KC ( P < .001) (Table 4 ). Both variables were
then included in a multivariate logistic regression analysis that 
showed a statistically significant association of age with the pres- 
ence of 1 + KC ( P = .003), and of age and eGFR with the presence
of 3 + KC ( P = .008 and P = .001, respectively) (Table 5 ). 

Causative gene and presence of KC 

Among patients with P/LP variants in COL4A3 , 54.7% (35/64) 
presented with KC while among patients with P/LP variants in 
COL4A4 , 54.8% (46/84) presented with KC; there was no statisti- 
cally significant association between gene and the presence of KC.
 > 130 mm) and KC. 

 

PCR 
(mg/gCr) 

RKS 
(mm) 

LKS 
(mm) 

Number 
RKC 

Number 
LKC 

207 132 132 0 0 
761 170 150 3 + 3 + 

284 139 145 3 + 3 + 

15 133 125 1 1 
40 131 118 0 1 
65 158 135 3 + 3 + 

ne ratio; RKC: right kidney cysts; RKS: right kidney size. 

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae031#supplementary-data
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Table 6: Comparison of prevalence in presenting 1 + KC in either kidney by sex and age in this cohort study and a cohort from the general 
population. 

Age (years) 20–29 30–39 40–49 50–59 60–69 > 70 Total 

Males 
This cohort study 1/4 (25) 4/10 (40) 8/17 (47) 11/17 (64.7) 8/10 (80) 4/4 (100) 36/62 (58.1) 
General population a 13/92 (14.1) 29/146 (19.8) 62/239 (25.9) 84/236 (35.5) 86/177 (48.6) 67/121 (55.3) 341/1011 (33.7) 
P -value 1 .267 .108 .030 .107 .277 < .001 

Females 
This cohort study 2/7 (28.6) 7/23 (30.4) 9/20 (45) 15/25 (60) 11/13 (84.6) 4/4 (100) 48/92 (52.1) 
General population a 5/70 (7.1) 17/151 (11.2) 40/263 (15.2) 50/267 (18.7) 71/209 (33.9) 40/92 (43.4) 223/1052 (21.2) 
P -value .233 .031 .002 .0001 .0007 .087 < .001 

Data are presented as n / N (%). 
a From Mensel et al . [3 ] Three patients under 20 years were not included in this analysis (all without kidney cysts). 
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omparison with a cohort from the general 
opulation 

ata from Mensel et al . [3 ] were used to perform a sex- and age-
atched general population comparison analysis of 1 + KC preva-

ence estimates found in this study cohort (Table 6 ). Males with
OL4A3 or COL4A4 P/LP variants showed a prevalence of 58.1%
36/62) compared with 33.7% (341/1011) in the general population
 P < .0001). Females showed a prevalence of 52.1% (48/92) com-
ared with 21.2% (223/1052) in the general population ( P < .0001).
dditionally, an age-matched analysis showed higher prevalence
cross all age groups within each sex, but only reached a statisti-
ally significant association in the group age of 50- to 59-year-old
ales, and in the group age of 30- to 69-year-old females. 

ISCUSSION 

ome small cohort studies have reported the presence of KC in in-
ividuals with COL4A3 / COL4A4 [30 ] . It has also been shown that
C coexist with focal segmental glomerulosclerosis, suggesting
hat KC can be caused by a severe defect in the glomerular base-
ent membrane [37 , 38 ]. In addition, KC have been described in a
mall cohort of 32 patients with kidney biopsy-proven thin base-
ent membrane disease (TBMD) without genetic testing, showing
 positive correlation with proteinuria; in contrast, no KC were de-
ected in patients with TBMD with normal kidney function and
ithout proteinuria [29 ]. It has been hypothesized that KC may
esult from distension of basement membranes weakened by dis-
uption of the collagen type IV and that the cysts originate from
he glomeruli or distal tubules because the collagen type IV α3, α4
nd α5 chains are expressed only in these membranes [30 , 37 , 38 ].
The present study provides genetic, clinical and radiologic in-

ormation of a cohort of 157 individuals from Spanish hospitals
ith heterozygous P/LP variants in COL4A3/COL4A4 genes . 
In the general population, the incidence of KC seems to in-

rease with age, and this also held true in the present cohort [1 –3 ,
9 –42 ]. However, the prevalence of KC in the present cohort was
igher than that in the age-matched general population studied
y Mensel et al. [3 ] even though Mensel’s cohort was assessed by
RI, where a higher sensitivity is expected. This finding supports

he hypothesis that these individuals have a greater predispo-
ition to develop bilateral KC. In the general population KC are
ore common in males; this was also true in the present cohort,
lthough it did not reach statistical significance. 
It is also known that patients with CKD are more prone to have

C and this correlates with the decline in eGFR [9 , 16 , 40 , 43 ]. In
he present cohort, worse eGFR was also associated with the pres-
nce of KC. However, even very mildly affected individuals showed
n increased prevalence of KC. One study in healthy individuals
n the general population found creatinine to be a risk factor for
he development of KC, with serum creatinine 1.5 mg/dL (eGFR
 60 mL/min/1.73 m2 ) as a cut-off point [9 ]. However, we have not
een able to identify studies evaluating the presence of KC for
ach CKD category, although it is well known that ACKD occurs
n advanced CKD categories (G4 and G5) and individuals on KRT.
ur study shows that the presence of KC increases along with
GFR decline in individuals with heterozygous P/LP variants in the
OL4A3/COL4A4 genes. However, unlike what has been published
n a smaller cohort [29 ], we do not observe an association with
roteinuria in our cohort. 
No genotype–phenotype association regarding presence of KC
as identified in the present study. P/LP variants in other genes
ssociated with ciliopathies that cause cystic kidney disease were
uled out, therefore collagen type IV variants are presumably the
nly genetic drivers of this feature. Cystic nephromegaly mimick-
ng ADPKD has been reported in patients with COL4A3/COL4A4
ariants [30 ] but in the present series only 3.8% of patients
ad nephromegaly. In view of this very low percentage of pa-
ients with P/LP variants in the COL4A3/COL4A4 genes with cystic
ephromegaly, it seems advisable to exclude other inherited kid-
ey diseases when cystic nephromegaly is present. 
One limitation of our study is its inherent bias towards more

everely affected individuals, which is a common characteristic
f all clinical cohorts with P/LP variants in the COL4A3/COL4A4 .
his bias may be attributed to the underdiagnosis of individuals
ith a very mild or even nonexistent phenotype. Typically, indi-
iduals without kidney disease are not referred to nephrologists.
owever, the present cohort included individuals categorized as
KD-G1 and without proteinuria, most of them being relatives of
he index case. Another limitation is the lack of evidence in the
iterature of the presence of KC in each CKD category, so we can-
ot make a direct comparison with other patients with CKD to
etermine whether this association is independent of eGFR. 
In conclusion, we provide evidence that the prevalence of KC

n individuals with P/LP variants in the COL4A3 / COL4A4 genes is
igher than in the general population and is associated with aging
nd worsening eGFR (advancing CKD category). However, it has no
linical consequences, and no cyst-specific treatment is required.
arger studies of clinical features in individuals with P/LP variants
n the COL4A3/COL4A4 genes are needed to better understand this
ntity. 
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