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Abstract. – OBJECTIVE: Autosomal Domi-
nant Polycystic Kidney Disease (ADPKD) is a 
heterogeneous inherited disease characterized 
by renal and extrarenal manifestations with pro-
gressive fluid-filled cyst development leading to 
end-stage renal disease. Our aim was to evalu-
ate the prevalence of obstructive urological dis-
ease in ADPKD patients and possible associa-
tions with endothelial dysfunction, nutritional, 
metabolic and inflammatory markers.

PATIENTS AND METHODS: The study includ-
ed ADPKD patients and control group, who  car-
ried out uroflowmetry, an assessment of renal 
function, metabolic and nutritional parameters 
and an evaluation of endothelial dysfunction and 
atherosclerotic markers, such as  Renal Resis-
tive Index (RRI), Intima-Media Thickness (IMT) 
and Flow-Mediated Dilation (FMD).

RESULTS: We enrolled 37 ADPKD patients (20 
males with 51.0 ± 14.3 years) and 34 control group 
(18 males with 60.7 ± 14.4 years). We showed a 
significant reduction in Max Flow Rate (Qmax) 
(p ≤ 0.001), age (p = 0.006), FMD (p = 0.023) and 
Voiding Volume (p = 0.053), in addition to a sig-
nificant increase in Voiding Time and Diastol-
ic Blood Pressure (p ≤ 0.001, p = 0.049; respec-
tively) in ADPKD patients with respect to control 
group. Moreover, we found a negative correla-
tion between Qmax and creatinine (r= -0.44, p = 
0.007), RRI (r= -0.49, p ≤0.001) and intact Para-
thyroid Hormone (r = -0.329, p = 0.046), while we 
found a positive correlation between Qmax and 
MDRD (r = 0.327, p = 0.048) and between Voiding 
Time and serum uric acid (r= 0.34, p = 0.039) in 
ADPKD patients with respect to control group. 

CONCLUSIONS: In our study, we showed an el-
evated prevalence of urological functional diseas-
es in ADPKD patients; therefore, we suggest to in-
clude uroflowmetry in the assessment of these 
patients, considering the non-invasiveness, re-

peatability and low cost of the exam. An early in-
tervention could slow down the progression of re-
nal damage and an early screening of the main 
cardiovascular risk factors could reduce the high 
morbidity and mortality in ADPKD patients.
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Introduction

The autosomal dominant polycystic kidney 
disease (ADPKD) is a monogenic hereditary di-
sease and it is a systemic disorder which causes 
the development of cysts in kidneys and in other 
areas of the body, leading to many clinical ma-
nifestations both renal and extrarenal. The genes 
involved in this pathology are PKD1 and PKD2, 
whose loci are located on chromosome 16 and on 
chromosome 4, respectively1. These genes encode 
two proteins, polycystin-1 (PC1) and polycystin-2 
(PC2), with control functions on proliferation, 
polarization, differentiation, and secretion of flu-
ids in renal tubular cells. Recently the PKD3 
gene, called GANAB, was also discovered2,3. 
Renal manifestations of ADPKD include many 
types of disorders as urinary tract infections, 
kidney stones and hematuria, while extrarenal 
manifestations can include pain, hypertension, 
left ventricular hypertrophy, hepatic cysts, intra-
cranial aneurysm, diverticulosis and abdominal 
and inguinal hernias4,5. ADPKD is associated 
with different alterations, not only related to 
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the formation of cysts, but also to a possible ab-
normal metanephric differentiation with possible 
dysplasia or ureteropelvic atresia, as reported by 
Kobayashi et al6. Thus, we aimed at evaluating 
the prevalence of an obstructive urological dise-
ase in ADPKD patients and possible associations 
with endothelial dysfunction, nutritional, metabo-
lic and inflammatory markers.

Patients and Methods

Patients
We performed an observational, controlled, 

cross-sectional study on 71 patients, 37 ADPKD 
patients and 34 control group matched by sex and 
estimated glomerular filtration rate (eGFR), at the 
University Hospital “Policlinico Umberto I” of 
Rome, Sapienza University of Rome, Italy. Patients 
were enrolled from September 2015 to June 2017. 
The investigation was approved by the Local Cli-
nical Research Ethics Committee with protocol no. 
3169/15. This research was conducted in accordan-
ce with the principles outlined in the Declaration 
of Helsinki and the written consent was obtained 
from each patient enrolled. Participants were di-
vided into 2 groups, ADPKD patients and control 
group, including CKD patients, comparable by 
gender and eGFR.

Inclusion Criteria
Patients aged > 18 years with ADPKD and 

control group with CKD.
ADPKD was defined according to the Pei’s 

criteria7. The eGFR was calculated with the ab-
breviated Chronic Kidney Disease Epidemiology 
formula (CKD-EPI), as defined by Levey et al8.

Exclusion Criteria
We recorded the cardiovascular history and 

excluded patients affected by heart failure, ne-
oplastic diseases and acute coronary syndrome 
within three months before the study. 

We excluded also patients with known urinary 
abnormalities suggestive of concomitant glome-
rular disease and patients who refused to give 
consent as well as patients with missing data.

Laboratory Measurements
In all patients, the levels of fasting plasma glu-

cose (mg/dL), insulin (µU/mL), total serum chole-
sterol (mg/dL), triglycerides (mg/dL), high-density 
lipoprotein (HDL) (mg/dL), creatinine (mg/dL), 
serum nitrogen (mg/dL), serum uric acid (SUA) 

(mg/dL), fibrinogen (mg/dL), calcium (mg/dL), 
phosphorus (mg/dL), serum electrolytes (mEq/L), 
C-reactive protein (CRP) (μg/L), homocysteine 
(Hcy) (µmol/L) were measured using standard 
automated techniques. LDL-cholesterol was calcu-
lated using the Friedewald equation: LDL (mg/dL) 
= total cholesterol − HDL − (triglycerides/5). Pa-
rathyroid Hormone was measured using a two-site 
assay which measures “intact” hormone (iPTH) 
(pg/ml) and 25-hydroxyvitamin D (25-OH-VitD) 
(ng/mL) was measured by radioimmunoassay. Se-
rum albumin (g/dL) was determined by the bro-
mocresol purple method. Microalbuminuria and 
proteinuria 24 h were carried out. 

Anthropometric Assessments
Body weight was determined to the nearest 0.1 

kg using a calibrated digital scale. Body mass in-
dex was calculated from the patient’s weight and 
height (weight (kg)/[height (m)]2).

Blood Pressure Measurements
Blood pressure (BP) measurements were made 

using a standard automatic sphygmomanometer 
with cuffs adapted to the arm circumference, as 
reported by the guidelines (9). Hypertension was 
defined as Systolic Blood Pressure (SBP) ≥ 140 
mmHg or Diastolic Blood Pressure (DBP) ≥ 90 
mmHg on repeated measurements. We have cal-
culated the Ankle/Brachial Index (ABI), the ratio 
of the SBP in the ankle and in the arm (normal 
values 0.9-1)10.

Echocardiography
All patients underwent transthoracic echocar-

diography with a cardiovascular ultrasound sy-
stem (Vivid E9, GE VINGMED ULTRASOUND 
A/S, Strandpromenaden 45, N-3191 Horten, GE, 
Norway). Measurements of cardiac chambers were 
made according to guidelines11,12. Left ventricular 
ejection fraction and mass index by modified bipla-
ne Simpson’s method were estimated. Peak early 
(E) and late (A) diastolic velocities, deceleration 
time, left ventricular isovolumic relaxation time and 
the myocardial performance index were obtained 
using standard Doppler practices. Standard para-
sternal, apical and subcostal views have been used. 

Carotid Intima-Media Thickness 
Assessment (IMT)

Participants were evaluated with the high-reso-
lution B-mode ultrasound machine Toshiba Aplio 
xV (Toshiba Aplio xV, Toshiba America Medical 
Systems, Inc., Tustin, CA, USA) equipped with a 
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5 to 12 MHz linear transducer, following a stan-
dardized protocol13. IMT was measured at three 
points on the far walls of both left and right distal 
common carotid arteries and the mean IMT was 
calculated as the average IMT on both sides. The 
IMT value was considered normal between 0.55 
and 0.9 mm14.

Flow-Mediated Dilation Brachial 
Artery (FMD)

According to the method described by Ce-
lermajer and others (15), the endothelium-de-
pendent vasodilation of the brachial artery was 
assessed using a B-mode ultrasound machine 
Toshiba Aplio xV (Toshiba Aplio xV, Toshiba 
American Medical Systems, Inc., Tustin, CA, 
USA) equipped with a 5 to 12 MHz linear tran-
sducer, following a standardized protocol (16). 
The flow-mediated-dilation (FMD) was typically 
expressed as a change in the post-stimulus diame-
ter and as a percentage of the baseline diameter. 

FMD: (diameter post-hyperemia-basal diame-
ter/basal diameter) x 100. 

The values of FMD were considered normal if 
they were greater than 10%.  

Renal Resistive Index (RRI)
Participants were studied with the high-resolu-

tion B-mode ultrasound machine Toshiba Aplio 
xV (Toshiba Aplio xV, Toshiba American Me-
dical Systems, Inc., Tustin, CA, USA) equipped 
with a 3-3.5 MHz convex transducer. Renal resi-
stive index (RRI) values were determined with 
the mean of three separate measurements in the 
superior renal pole, regional interpolar and lower 
pole at the level of the interlobar, interlobular or 
arcuate arteries in both kidneys. We used an ante-
rior and an oblique approach, to detect renal arte-
ries and intra-parenchymal vessels, and we used a 
posterior approach with adjustment of direction if 
the cystic lesions were too large and did not per-
mit a clear view. Three to five reproducible and 
consecutive waveforms with similar aspect from 
each kidney were obtained. These measurements 
were used to calculate the average RRI value for 
each kidney, and then, the average RRI value for 
each patient was calculated as the mean of the 
RRI in the left and right kidney17. We determined 
the peak systolic velocity and end-diastolic velo-
city (centimeters/second) to calculate the RRI as 
= [1-(end-diastolic velocity ÷ maximal systolic 
velocity)] x 100 (18). The intra-reader correlation 
coefficient for RRI was 0.97, whereas the inter-re-
ader was 0.92.

Uroflowmetry
All patients have carried out an uroflowme-

try, with a commercially available instrument 
(Dantec Medical®, the Dan Flow 1100-WiFi 
version; Dantec Dynamics Ltd, a Nova Instru-
ments Company, Garonor Way, Royal Portbury, 
Bristol BS20 7XE United Kingdom), evaluating 
Flow Max Rate (Qmax) (20 < normal value < 
35 ml/s), Voiding Time (normal value < 20 s) 
and Voided Volume (normal value > 150 ml) 
values11. The urodynamic examination is a tool 
to evaluate the pressure-flow relation between 
the bladder and the urethra to assess the fun-
ctional status of the lower urinary tract. The 
main goal of the urodynamic evaluation is to 
aid the urologist in the correct diagnosis of the 
lower urinary tract dysfunction based upon its 
pathophysiology19. Urodynamic studies should 
assess the filling and storage phase, as well as 
the voiding phase of the bladder and urethral 
function. Simple urodynamic tests involve per-
forming noninvasive uroflow studies, obtaining 
a post-void residual (PVR) urine measurement, 
the amount of residual urine in the bladder 
after a voluntary void, and the performing 
single-channel cystometrography (CMG). Cur-
rently, the normal values of the PVR are poorly 
defined. However, most urologists agree that 
volumes from of 50 mL to 100 mL constitute 
the lower threshold defining an abnormal resi-
dual urine volume20. CMG is the graphic recor-
ding of the pressure exerted at varying degrees 
of filling of the urinary bladder and it measures 
the contractile force of the bladder in the voi-
ding phase. A single-channel CMG is used to 
assess the first sensation of filling, fullness, 
and urinary urge. Filling CMG measures the 
detrusor muscle function and the intra-abdomi-
nal pressure, while voiding CMG measures the 
detrusor muscle contractility and the detection 
of any obstructions. During this phase, the blad-
der compliance and the evaluation of detrusor 
contractions can also be noted21.

Statistical Analysis
Data were analyzed using the STATA softwa-

re. The normality of the variables was tested 
using the Shapiro-Wilk method for normal di-
stributions. Continuous normal variables were 
expressed as mean ± the standard deviation of 
all. The Student-U or the Mann-Whitney t-test 
were used to determine the difference betwe-
en groups. The bivariate correlations and the 
degree of association between variables were 
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obtained by the Spearman test. A value of p 
<0.05 was considered statistically significant.

Results

The study included 37 consecutive ADPKD 
patients (20 males) with a mean age of 51.02 ± 
14.35 years, and 34 control group (18 males) with 
a mean age of 60.76 ± 14.41 years. Population cha-
racteristics are shown in Table I. There were no 
significant differences between the two groups re-
garding SBP and eGFR (Table I). On the contrary, 
we reported a significant reduction in Qmax (p ≤ 
0.001) (Figure 1), age (p = 0.006) and FMD (p = 
0.023), with a reduction in Voiding Volume (p = 
0.053) (Table I) and a significant increase both in 
Voiding Time (Figure 2) and DBP (Table I) (p ≤ 
0.001, p = 0.049, respectively) in ADPKD patients 

with respect to control group. Moreover, we found 
a significant negative correlation between Qmax 
and creatinine (r = -0.44, p = 0.007), RRI (r = -0.49, 
p ≤ 0.001) and iPTH (r = -0.329, p = 0.046) (Figure 
3), while we found a significant positive correlation 
between Qmax and MDRD (r = 0.327, p = 0.048) 
(Figure 4) and between Voiding Time and Serum 
Uric Acid (r = 0.340, p = 0.039) in ADPKD patien-
ts with respect to control group.

Discussion

Polycystic kidney disease includes a series of 
inherited disorders which determine the cyst de-
velopment in the kidney as well as a series of sy-
stemic manifestations as ADPKD and autosomal 
recessive PKD (ARPKD). However, there are 
many other syndromes such as Meckel, Joubert, 

Table I. Patient’s characteristics. Data are shown as mean ± standard deviation.

 ADPKD Control Group  
Parameters (n=37) (n=34)  p-value
 
Age 51.02±14.35 60.76±14.41 0.006
SBP 134.85 ±16.67 131.62±18.82 0.448
DBP 83.10 ± 11.86 78.38 ± 7.25 0.049
Creatinine 1.50±0.72 1.60±0.70 0.591
eGFR 52.45 ±23.0 45.14 ±18.26 0.145
Voiding volume 281.35 ±138.25 349.23 ±151.90 0.052
Voiding time  31.54±14.86 20.56± 10.94 ≤0.001
FMD 9.58±6.4 12.47±3.9 0.023
Qmax 22.10±13.62 30.08± 11.39 ≤0.001 

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; eGFR, estimated Glomerular Filtration Rate; 
FMD, Flow Mediated Dilation; Qmax, Max Flow Rate.

Figure 1. Bar chart. Mean value of the Max flow rate is significantly reduced in ADPKD Group with respect to control group 
(22.10 ± 13.67 vs. 30.08 ± 11.30, p = 0.009). Boxes represent the averages; Abbreviations: ADPKD, Autosomal dominant 
polycystic kidney disease.
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Bardet-Biedl and tuberous sclerosis, which can 
occur with cystic phenotype2. In addition to PKD1, 
PKD2, and PKD3, the main known genes invol-
ved in the cystic phenotype are Hepatocyte nucle-
ar factor-1-beta (HNF1ß) (associated with the re-
nal cysts and diabetes syndrome), PKHD1 (gene 
involved in the production of a protein called fi-
brocystin). Furthermore, some interbreeding of 
conditional PKD1 or PKD2 mouse models have 
suggested additive cistogenic effects associated 
with mutations of more than one cystogen deter-
mining different pathology form2,22. Primary cilia 
are crucial in the pathogenesis of ciliopathy, in 

fact, the development of cysts results from cilia 
loss and PC reduction in the mammalian23. The 
relation between cilia and PKD is best understood 
in the syndromic ciliopathies24, but the precise 
function of the PC complex on the cilium is still 
an unresolved problem. PC1 and PC2 are the 
polycystins regulating the cilia Ca2+ compartment, 
moreover, changes in the cilium can have global 
cytoplasmic effects. Some studies2,25 showed that 
the PC complex could intervene in regulating cell 
division. Moreover, a direct role of PC in the va-
scular disease associated with ADPKD, and the 
increased cardiovascular risk, has been suggested 

Figure 2. Bar chart. Mean value of Voiding time is significantly higher in ADPKD Group with respect to control group (31.54 
± 14.86 vs. 20.55 ± 10.94, p = 0.0008). Boxes represent the averages; Abbreviations: ADPKD, Autosomal dominant polycystic 
kidney disease.

Figure 3. Linear regression graph. Correlation between Max flow rate and PTHi (r = -0.329 p = 0.046) in ADPKD patients. 
Abbreviations: ADPKD, Autosomal dominant polycystic kidney disease; PTHi, Parathyroid Hormone.
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narrowing in the infundibulopelvic system produ-
ce various congenital anomalies such as hydrone-
phrosis and calyceal diverticulum, and also urete-
ropelvic junction stenosis50,51. In fact, there are 
polymorphic markers such as 3’-HVR, SM-7, KG-
8, and CW3 that map near the locus PKD1 and the 
locus of tuberous sclerosis (TSC-2) on chromoso-
me 1652,53. These anomalies could be part of a se-
ries of obstructive dysplastic renal conditions, 
characterized by an inherited autosomal dominant 
transmission, with variable expressivity54-58. A 
study conducted on patients with polythelia 
showed that accessory breast tissue can be asso-
ciated with congenital and hereditary abnormali-
ties of the kidneys and the urinary tract including 
ADPKD, cystic renal dysplasia, congenital steno-
sis of the pieloureteral junction, suggesting a syn-
dromic manifestation, with the probable autoso-
mal dominant transmission59. Another hypothesis 
which could explain a greater incidence of urolo-
gical alterations, reported also from Wetzel et al60, 
is a greater risk of urinary infection found in 
ADPKD patients that could increase the risk of 
obstructive pathologies. Gao et al61 reported that 
the cellular and molecular mechanisms responsi-
ble for the high urinary tract infection (UTI) inci-
dence in ADPKD patients remain unknown, and 
he showed that α-intercalated cells (α-ICs) of the 
collecting ducts function in the innate immune 
defense against UTI, inhibiting bacterial growth 
by acidifying urine and secreting neutrophil gela-
tinase-associated lipocalin (NGAL) which chela-
tes siderophore-containing iron, suggesting that 

by murine models26. PC1 and PC2 are fundamen-
tal for the differentiation of the tubular epithelium 
during nephrogenesis. An impaired apoptosis ac-
companies the increased cell proliferation in 
polycystic kidneys27-29, in fact an imbalance favo-
ring proliferation over apoptosis contributes to the 
development of cysts, microscopic adenomas and 
epithelial hyperplasia in PKD30-31. Many genes 
controlling proliferation and apoptosis during the 
embryonic development32-34 and tissue regenera-
tion also control cystogenesis in PKD resulting in 
persistent expression of developmental genes nor-
mally downregulated in mature kidneys and in the 
failure to suppress cell proliferation35,36. Epider-
mal growth factor family (EGF) (EGF, Transfor-
ming growth factor alpha, heparin-binding EGF, 
and amphiregulin), hepatocyte growth factor 
(HGF), insulin-like growth factor (IGF1), and 
their tyrosine kinase receptors, ErbB1 to ErbB4, 
MET, and IGF1R, that regulate ureteric bud bran-
ching and collecting duct elongation, in late stages 
of nephrogenesis37-42, in addition to promoting 
tubular regeneration after renal injury43-49, could 
play a role in PKD pathogenesis. In our study, 
ADPKD patients showed a significantly reduced 
Qmax and Voiding volume with a significantly 
higher Voiding time compared to control group, 
showing the presence of urological abnormalities. 
As reported by Kobayashi et al6, the polycystic 
diseases could be associated with different altera-
tions, including a potential abnormal differentia-
tion of metanephros with possible dysplasia or 
ureteropelvic atresia. The site and the degree of 

Figure 4. Linear regression graph. Correlation between Max flow rate and MDRD (r = 0.327, p = 0.048) in ADPKD patients. 
Abbreviations: MDRD, Modification of Diet in Renal Diseases.
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ADPKD patients with recurrent UTI could have a 
reduced number and/or impaired function of 
α-ICs. Symptomatic lower UTI affects 50-75% of 
all ADPKD patients, nearly 30-50% of patients 
with ADPKD will have a UTI, either pyelonephri-
tis or cyst infection, during their lifetime62. This 
work showed a positive correlation between Qmax 
and MDRD, suggesting a possible role of the ob-
structive pathology in the progression of renal 
failure. Age is also significantly reduced in 
ADPKD patients compared to control group, 
excluding more frequent obstructive diseases of 
older adults such as benign prostatic hypertrophy. 
Furthermore, our study showed a positive correla-
tion between Voiding time value and serum uric 
acid and a negative correlation between Qmax and 
iPTH value in ADPKD patients. The serum uric 
acid and iPTH are associated with an increased 
cardiovascular risk. The increase in iPTH, usually 
associated with vitamin D deficiency, leads to an 
increased cardiovascular risk, altering car-
diomyocytes and vascular smooth muscle cells 
determining the left ventricular hypertrophy63. 
Hyperuricemia could play a causal role in the 
oxidative stress, inflammation, and atherosclero-
sis; as demonstrated in several controlled and 
randomized studies, treatment with allopurinol 
resulted in an improvement of oxidative stress and 
endothelial function64,65. Moreover, Qmax was 
negatively associated with the RRI value. The 
VPS-VTD/VPS ratio, called RRI, is considered 
one of the most sensitive tools in the study of me-
dical nephropathies, allowing the quantification of 
changes in the renal plasma flow. The value of 
RRI can be considered a marker of renal damage 
progression66, in fact, a value of RRI > 0.70 can be 
considered an independent risk factor of worse-
ning of renal function in CKD67. Furthermore, our 
study showed that DBP is significantly higher in 
ADPKD patients than in control group. In 
ADPKD, hypertension is an early condition oc-
curring in 60% of patients before the renal fun-
ction is impaired67. The remodeling of the arterial 
wall is crucial in the progression of hypertension 
inducing an increase in peripheral resistance, 
especially in small-caliber vessels. These structu-
ral changes can induce a reduction in vascular 
compliance, an increase in arterial stiffness and 
an increase in vascular resistance68. We also found 
a significant difference in the FMD between the 
two groups. Endothelial dysfunction has a central 
role in the pathogenesis of cardiovascular disea-
se69 and it is mainly due to an alteration of the 
endocrine-paracrine endothelium activity70, cha-

racterized by insufficient endothelium-dependent 
vasodilation. According to Wang et al71 and Koca-
man et al72, the endothelial dysfunction is present 
in both hypertensive and normotensive patients 
with ADPKD. The limitations of our study are the 
relatively small cohort of CKD and ADPKD pa-
tients and the cross-sectional single-center design. 
Moreover, a significant proportion of CKD patien-
ts were on several medications with a potential 
impact on different indices which may have pos-
sibly confounded the results. Moreover, it is based 
on associations rather than on a causality relation 
and therefore it needs further prospective fol-
low-up studies with a larger number of patients 
and stronger endpoints to show causality.

Conclusions

We showed an elevated prevalence of urolo-
gical diseases in ADPKD patients, therefore we 
suggest to insert the uroflowmetry in the asses-
sment of these patients, considering the non-inva-
siveness, repeatability and low cost of the exam. 
Early intervention, whenever possible, could slow 
down the progression of kidney damage. Moreo-
ver, we suggest a screening of the main cardiova-
scular risk factors to reduce the high morbidity 
and mortality of ADPKD patients.
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