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Abstract
Hypertension is commonly associated with autosomal dominant polycystic kidney disease (ADPKD), often discovered before the
onset of renal failure, albeit the pathogenetic mechanisms are not well elucidated. Hyperaldosteronism in ADPKD may contribute to
the development of insulin resistance and endothelial dysfunction, and progression of cardiorenal disease. The aim of study was to
evaluate the prevalence of primary aldosteronism (PA) in ADPKD patients and identify some surrogate biomarkers of cardiovascular
risk.
We have enrolled 27 hypertensive ADPKD patients with estimated glomerular filtration rate (eGFR) ≥ 60mL/min, evaluating the

renin–angiotensin–aldosterone system (RAAS), inflammatory indexes, nutritional status, homocysteine (Hcy), homeostasis model
assessment-insulin resistance (HOMA-IR), mineral metabolism, microalbuminuria, and surrogate markers of atherosclerosis [carotid
intima media thickness (cIMT), ankle/brachial index (ABI), flow mediated dilation (FMD), renal resistive index (RRI) and left ventricular
mass index (LVMI)]. Furthermore, we have carried out the morpho-functional magnetic resonance imaging (MRI) with high-field 3 T
Magnetom Avanto.
We have divided patients into group A, with normal plasma aldosterone concentration (PAC) and group B with PA, present in 9

(33%) of overall ADPKD patients. Respect to group A, group B showed a significant higher mean value of LVMI, HOMA-IR
and Hcy (P=0.001, P=0.004, P=0.018; respectively), and a lower value of FMD and 25-hydroxyvitamin D (25-OH-VitD) (P=0.037,
P=0.019; respectively) with a higher prevalence of non-dipper pattern at Ambulatory Blood Pressure Monitoring (ABPM) (65% vs
40%, P<0.05) at an early stage of the disease.
In this study, we showed a high prevalence of PA in ADPKD patients, associated to higher LVMI, HOMA-IR, Hcy, lower FMD, and

25-OH-VitD, considered as surrogate markers of atherosclerosis, compared to ADPKD patients with normal PAC values. Our results
indicate a higher overall cardiovascular risk in ADPKD patients with inappropriate aldosterone secretion, and a screening for PA in all
patients with ADPKD is recommended.

Abbreviations: 25-OH-VitD = 25-hydroxyvitamin D, ABI = ankle/brachial index, ABPM = ambulatory blood pressure monitoring,
ACE = angiotensin-converting enzyme, ADPKD = autosomal dominant polycystic kidney disease, AGT = angiotensinogen, APA =
aldosterone-producing adenoma, ARR = aldosterone-to-renin ratio, AT-I = angiotensin I, AT-II = angiotensin II, BMI = body mass
index, cIMT = carotid intima media thickness, CKD-EPI = chronic kidney disease-epidemiology formula, CRP = C-reactive protein,
DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, EH = essential hypertension, FMD = flow mediated
dilation, Hcy= homocysteine, HDL= high-density lipoprotein, HOMA-IR= homeostasis model assessment-insulin resistance, IHA =
idiopathic adrenal hyperplasia, iPTH = intact Parathyroid hormone, LDL = low-density lipoprotein, LVMI = left ventricular mass index,
MRI = magnetic resonance imaging, PA = primary aldosteronism, PAC = plasma aldosterone concentration, PRA = plasma renin
activity, RAAS = renin–angiotensin–aldosterone system, RRI = renal resistive index, SBP = systolic blood pressure, TTKG = trans-
tubular potassium gradient, WC = waist circumference.
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1. Introduction Table 1
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Autosomal dominant polycystic kidney disease (ADPKD) is the Patient’ s characteristics. Data are shown as mean±standard
liver disease, chronic obstructive airway disease, congenital heart

2.1. Laboratory measurements

deviation.

Group A Group B P

SBP-D, mm Hg 135.0±16.6 130.0±13.3 n.s.
DBP-D, mm Hg 84.1±9.2 82.7±7.75 n.s.
SBP-N, mm Hg 125.7±16.6 120.3±13.3 n.s.
DBP-N, mm Hg 74.36±9.21 74.33±7.75 n.s.
Duration of hypertension, y 9.7±5.3 10.2±6.1 n.s.
Ace inhibitors, num. 6 8 n.s.
ARBs, num. 3 4 n.s.
Ca-antagonists, num. 5 7 n.s.
a-lithic, num. 2 3 n.s.
b-blockers, num. 2 2 n.s.

Group A: patients affected by alone ADPKD; Group B: patients affected by ADPKD and primary
aldosteronism.
DBP-D=diurnal diastolic blood pressure, DBP-N=nocturnal diastolic blood pressure, SBP-D=
diurnal systolic blood pressure, SBP-N=nocturnal systolic blood pressure.
most common genetic kidney disease, with a reported prevalence
between 1:400 and 1:1000 live births[1] characterized by
formation of cystic dilatation of renal tubules with progressive
destruction of renal parenchyma carrying to the end-stage renal
disease in half of patients aged 50 to 60 years.[2,3] Thus, ADPKD
is the worldwide fourth most common cause for renal
replacement therapy.[4] ADPKD is caused by mutations in the
PKD1 gene in ∼85% of patients and in the PKD2 gene in the
remaining 15%.[5,6] These 2 genes encode membrane-associated
proteins polycystin-1 and polycystin-2, determining the forma-
tion of cysts in nephron segments, including proximal and distal
tubules and collecting ducts.[7] Cardiovascular complications are
a major cause of morbidity and mortality in ADPKD patients,[8]

and today cardiovascular death is estimated to be 1.6 to 3.2-fold
higher in these patients than in the general population.[9]

Hypertension is very common and often is diagnosed before
the onset of renal failure in 50% to 75%of ADPKD patients.[2,10]

The pathogenesis of hypertension in ADPKD is not yet fully
elucidated, but some mechanisms has been revealed such as
activation of the renin–angiotensin–aldosterone system (RAAS),
impaired nitric oxide-related vasorelaxation, increased sympa-
thetic nerve activity, increased plasma endothelin-1 concentra-
tions and insulin resistance.[2] Primary aldosteronism (PA),
caused by autonomous hypersecretion of aldosterone with
suppressed renin levels, is another possible cause of
hypertension,[2–9] but the prevalence of PA in ADPKD is still
unknown. In particular, Kao et al[10] reported a lower prevalence
of PA in ADPKD (3 on 346 patients studied) and only 11 patients
has been reported in the literature.[10] These data suggest a
delayed diagnosis of PA in ADPKD because the renal cysts can
obscure the identification of adrenal adenomas. In addition to
development of hypertension, hyperaldosteronism contributes to
further growth of cysts and renal fibrosis; thus, it is well known
that aldosterone excess contributes to the development and
progression of cardiorenal disease. This effect is attributed at
the aldosterone-induced target organ inflammation and fibrosis
and at the development of metabolic syndrome associated
to arterial hypertension, endothelial dysfunction, and insulin
resistance.[11]

The aim of study was to evaluate the prevalence of PA in
ADPKD patients and identify some surrogate markers of
atherosclerosis and cardiovascular risk.
2. Materials and methods
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The study protocol was approved by the Clinical Research Ethics
Committee of University Hospital “Policlinico Umberto I,”
“Sapienza” University, Rome, Italy. The study conforms to the
principles outlined in the Declaration of Helsinki and we
obtained a written consent by each patient enrolled. We
performed a brief pilot observational study on 27 ADPKD
patients at the University Hospital “Policlinico Umberto I” of
Rome, “Sapienza” University, Rome, Italy. Patients were
consecutively enrolled from January 2010 to September 2014.
Inclusion criteria were: age >18 years, ADPKD (defined

according to the criteria of Ravine),[12] coexistence of ADPKD
and arterial hypertension, estimate glomerular filtration rate [e
(GFR)] ≥ 60mL/min, calculated with abbreviated chronic kidney
disease-epidemiology formula (CKD-EPI).[13] Exclusion criteria
were previous heart failure disease, neoplastic diseases, chronic
disease, human immunodeficiency virus, and acute coronary
syndrome within 3 months before the study. Patients previously
treated with surgery or drainage of renal cysts were excluded, and
patients who refused to give consent and with missing data were
also excluded.
We enrolled a total of 27 ADPKD patients (16 female and 11

male), divided into 2 groups: group A with normal plasma
aldosterone concentration (PAC), and group B with PA. Three
patients of group A were smoking and 1 patient of group B
was a mildly smoker up to 10 years before. Antihypertensive
therapies were continued in all patients included in the study
(Table 1).
Blood was drawn in the morning after an overnight fasting of at
least 12h. In all patients, the levels of fasting plasma glucose
(mg/dL), insulin (mU/mL), total serum cholesterol (mg/dL),
triglycerides (mg/dL), high-density lipoprotein (HDL, mg/dL),
creatinine (mg/dL), serum nitrogen (mg/dL), serum uric acid
(mg/dL), serum electrolytes (mEq/L), C-reactive protein (CRP)
(mcg/L), and homocysteine (Hcy) (mmol/L) were measured
using standard automated techniques. Low-density lipoprotein-
cholesterol (LDL) was calculated using the Friedewald equation:
LDL (mg/dL)= total cholesterol�HDL� (triglycerides/5). Para-
thyroid hormone (PTH) was measured using a 2-site assay that
measures“intact”hormone (iPTH) (pg/mL) and25-hydroxyvitamin
D (25-OH-VitD) (ng/mL) were measured by radioimmunoassay.
Serum albumin (g/dL) was determined by the bromcresol purple
method. Urinary microalbuminuria excretion was carried out
(normal values 30–300mg/24h). The determination of plasma
renin activity (PRA) was performed by radioimmunoassay tests
using a commercial kit (Ren CTK, Sorin Biomedica). The normal
range at rest andwith normal sodiumdietwas 0.2 to 2.7ng/mL/h.
The determination of PAC was performed by RIA tests using a
commercial kit (Aldosterone Maia Kit, Adaltis Italia S.p.A.,
Bologna, Italy). The normal range in the supine position was 30
to 160ng/dL. Moreover, the aldosterone (ng�dL�1) and PRA
(ng�mL�1�h�1) ratio (ARR) were calculated (normal
values:<30ng/dL:ng/mL/h). We have calculated, also, the
trans-tubular potassium gradient (TTKG) by the following
formula: TTKG= (K +) urine/(urine/plasma)osm/(K +) plasma.



Insulin resistance was assessed using the homeostasis model 5- to 12-MHz linear transducer with a 0.01-mm resolution,
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assessment (HOMA-IR) originally described by Matthews
et al.[14]
2.2. Anthropometric assessments

2.6. Renal resistive index (RRI)
Body weight was determined to the nearest 0.1kg using a
calibrated digital scale. The body mass index was calculated from
a person’s weight and height (weight [kg]/height [m]).[2] We have
determined ankle/brachial index (ABI), the measurement of the
ratio of the systolic blood pressures in the ankle and the arm
(normal values 0.9–1), and we have also measured the waist
circumference (WC) by tape measure, considering pathological
values > 102cm in males and > 88cm in females.
2.3. Blood pressure measurements

2.7. Echocardiography

2.8. Flow mediated dilation (FMD)
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Clinic BP measurements were made 3 times after 10 minutes at
rest in a seated position using a standard sphygmomanometer
and cuffs adapted to the arm circumference, according to the
British Hypertension Society Guidelines.[15] Then, the mean
values for systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were calculated for all participants. The SBP and
DBP values were taken as the points of appearance and
disappearance of Korotkoff sounds, respectively. Hypertension
was defined as SBP >140 mm Hg and/or DBP >90 mm Hg on
repeated measurements.[16] Furthermore, all patients had
performed the 24h ambulatory blood pressure monitoring
(ABPM) with evaluation of the values of SBP, DBP, and the
physiological circadian rhythm. This monitoring was performed
during therapy (Table 1).

2.4. Diagnosis of primary aldosteronism

After 2 weeks of a regular sodium and potassium dietary habit,
fasting blood samples for PAC and plasma renin activity (PRA)
were obtained in overall patients. Subjects were comfortably
lying in bed position for at least 2 hours. Diagnosis of PA was
made as previously described.[17] In case of hypokalemia, the
patients underwent potassium supplementation. A cut-off ARR
of >30ng/dL:ng/mL/h, in the presence of PAC higher than 15ng/
dL and plasma renin activity ∼0.5ng/mL/h, was used as a
screening test for PA. A 24-h urine sample (the first urine of the
day was included in the 24-h urine sample), which was kept
refrigerated until analysis, was collected from all patients. In the
case of ARR >30, patients underwent a saline infusion (0.9%
NaCl at 500mL/h for 4h) as a confirmatory test, and only those
with PAC that failed to decrease to <7ng/dL after the saline
infusion were diagnosed as having PA. In these patients,
computed tomography scan or magnetic resonance imaging of
the adrenal glands and adrenal venous sampling were performed
to differentiate between aldosterone-producing adenoma (APA)
and idiopathic adrenal hyperplasia (IHA). In APA patients
unilateral adrenalectomy was performed, and an adrenal
adenoma was confirmed at histological examination.[17,18]

2.5. Carotid intima-media thickness assessment (cIMT)

Right (R) and left (L) carotid ultrasound was blindly performed
by an experienced sonographer (S.L.) who was unaware of the
characteristics of the patients under examination. Participants
were studied with the high-resolution B-mode ultrasound
machine Toshiba Aplio XV (Toshiba AplioxV, Toshiba
American Medical Systems, Inc., Tustin, CA) equipped with a
following a standardized vascular protocol. Three different
longitudinal views (anterior oblique, lateral, and posterior
oblique) and a transverse view were obtained.[19] Carotid intima
media thickness was measured at 3 points on the far walls of both
left and right distal common carotid arteries, carotid bulb, and
the proximal portion of the internal carotid arteries. The mean
cIMT was computed as the average cIMT on both sides. The
value of cIMT was considered normal when between 0.55 and
0.9mm.[20]
Participants were studied with the high-resolution B-mode
ultrasound machine Toshiba Aplio XV (Toshiba AplioxV,
Toshiba American Medical Systems, Inc., Tustin, CA) equipped
with a 3–3.5MHz convex transducer. All measurements were
made by a single, blinded, experienced ultrasonographer (S.L.).
We used an anterior approach, in the prone position, and an
oblique approach, in lateral position, for detecting the renal
arteries and intra-parenchymal vessels. Transverse and longitu-
dinal scans were obtained to study the renal parenchyma. The
interlobular, interlobar or arcuate arteries in both kidneys were
identified by color-flow imaging and blood-flow profile in the
artery was monitored by spectral analysis. If blood flow did not
direct straight to the probe, because the cystic lesions were too
large to detect, adjustment of direction was performed, and/or
posterior approach was used.[21] In each patient, we determined
the peak systolic velocity and end-diastolic velocity (centimeters/
second) to calculate the renal resistive index (RRI) as= (1 – [end-
diastolic velocity � maximal systolic velocity]) � 100.[22,23] RRI
values were determined with the mean of 3 separate measure-
ments in the renal superior pole, interpolar regional, and inferior
pole in both kidneys. Three to five reproducible and consecutive
waveforms with similar aspect from each kidney are obtained.
Thesemeasurements 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
kidneys.[24] The intrareader correlation coefficient for RRI was
0.97, whereas the inter-reader was 0.92.
M-mode 2D echocardiographic examinations by a single
experienced sonographer (A.G.) in the echocardiography
laboratory and using a standard institutional protocol were
completed.[25] Commercially available instruments (Toshiba
AplioxV, Toshiba American Medical Systems, Inc., Tustin,
CA) equipped with 2.25- to 7.5-MHz imaging transducers were
used; the patients were in the left decubitus position, and the
sonographer was blinded to all clinical details of the patients. All
echocardiographic data according to the guidelines of the
American Society of Echocardiography were recorded.[26] The
end-diastolic and end-systolic left ventricular internal diameter,
interventricular septum thickness, and posterior wall thickness
were measured. The left ventricular mass index (LVMI) by
Devereux’s formula normalized by the body surface area and
height was estimated.[27]
According to the method described by Celermajer and others,[28]

the endothelium-dependent vasodilation (FMD) of the brachial
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artery was assessed using a high-resolution B-mode ultrasound the surface phased array. Scan protocol included morphologic

2.10. Statistical analysis
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machine Toshiba Aplio XV (Toshiba AplioxV, Toshiba
American Medical Systems, Inc., Tustin, CA) equipped with a
5- to 12MHz linear transducer with a 0.01-mm resolution, by the
same blinded experienced ultrasonographer (S.L.), following a
standardized vascular protocol.[29]

The brachial artery was imaged above the antecubital fossa in
the longitudinal plane. A segment with clear anterior and
posterior intimal interfaces between the lumen and vessel wall
was selected for continuous 2D grayscale imaging. To create a
flow stimulus in the brachial artery, a sphygmomanometric cuff
was initially placed on the forearm. Typically, the cuff was
inflated to at least 50mmHg above the SBP to occlude the arterial
inflow for a standardized length of time. The release of the
occluding cuff resulted in reactive hand hyperemia and an
associated increase in the blood flow through the brachial artery,
which induced shear stress on the arterial wall and provided a
stimulus for endothelium-dependent dilatation. Brachial artery
diameter following reactive hyperemia was recorded for 5min
after tourniquet release. Flow-mediated vasodilatation was
typically expressed as the change in poststimulus diameter as a
percentage of the baseline diameter.[19] FMD: (diameter post-
hyperemia-basal diameter/basal diameter) � 100. The values of
FMD were considered normal if they were >10%.
2.9. Magnetic resonance imaging (MRI)
All patients underwent MR examination of superior abdomen at
3TMagnet (DiscoveryMR 750, 3T, GEHealthcare) equipped by
Table 2

Patient’ s characteristics. Data are shown as mean±standard deviat

Group A

Age, y 42.36±9.35
Body mass index, kg/m[2] 23.12±3.65
Wc, cm 87.78±8.17
SBP, mm Hg 135.0±16.6
DBP, mm Hg 84.1±9.2
eGFR, mL/min 81.61±13.45
Sodium, mEq/L 141.9±2.66
Potassium, mEq/L 4.0±0.49
Total cholesterol, mg/dL 170.5±24.72
Microalbuminuria 24 h, mg/24 h 35.7±23.1
HDL, mg/dL 55.5±9.32
LDL, mg/dL 97.8±19.02
Serum uric acid, mg/dL 5.0±1.32
∗
CRP, mcg/L 400 (200;1300)
Triglycerides, mg/dL 83.6±60.6
iPTH, pg/mL 67.56±29.90
HOMA-IR 1.45±0.50
Homocysteine, mmol/L 6.5±2.6
Calcium, mg/dL 9.4±0.6
Phosphorus, mg/dL 3.6±0.5
25-hydroxyvitamin D, ng/mL 20.7±7.1
Plasma aldosterone, ng/dL 176.1±49.2
Plasma renin activity, ng/mL/h 1.2±0.4
PAC/PRA ratio 15.8±5.4
TTKG ratio 4.6±0.7

Group A: patients affected by alone ADPKD; Group B: patients affected by ADPKD and primary aldoste
CRP=C-reactive protein, DBP=diastolic blood pressure, eGFR= estimated glomerular filtration rate, HD
intact parathyroid hormone, LDL= low-density lipoprotein, PAC=plasma aldosterone concentration, PRA=
waist circumference.
∗
Not normally distributed values (CRP) are expressed as median (25th, 75th percentile).
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imaging with single-shot T2-weighted sequences on the axial and
coronal planes and GRE T1-weighted sequences; dynamic
contrast enhanced perfusion using Turbo-FLASH T1-weigthed
sequence on coronal plane, during i.v. injection of 8 mL of 1M
contrast agent (Gadovist, Bayer); urographic imaging using 3D
FLASH T1-weigthed sequence. In each patient was evaluated the
anatomy of the kidneys and adrenal glands and their character-
istics (the sizes, the cortex medulla ratio; the number, the
dimension and the type of the cists) by using morphological
sequences and functional patterns related to the perfusional
phase. Functional characteristics in terms of perfusional volume
and the perfusional time by using intensity/time curves were
evaluated in detail. Total scan time for each patient was
15minutes.
Datamanagement and analysis were performed using IBM
®

SPSS
®

Statistics 17.0 software forWindows
®

software (IBMCorporation,
New Orchard Road Armonk, NY). All continuous variables were
expressed as mean± standard deviation, and categorical variables
were expressed as number (percentage). The comparison of the
data of patients, for all quantitative variables considered, was
performed using nonparametricWilcoxon test and Student’s t test.
For comparing proportions, the chi-square test was performed.
Correlation coefficients were calculated according to Pearson and
where appropriateweused themethod of logistic regression linear.
It was considered a statistically significant p value<0.05.
ion.

Group B P

39.11±11.75 n.s.
23.2±2.90 n.s.
92.59±26.12 n.s.
130.0±13.3 n.s.
82.7±7.75 n.s.
75.14±12.60 n.s.
141.6±2.18 n.s.
4.2±0.15 n.s.
183±26.72 n.s.
43.3±18.0 n.s.
56.5±7.49 n.s.
110.7±27.1 n.s.
4.8±0.78 n.s.

500 (300;1200) n.s.
76.8±24.4 n.s.
81.42±37.72 n.s.
2.18±0.54 0.001
18.2±9.6 0.0001
9.3±0.6 n.s.
3.7±0.6 n.s.
14.1±3.1 0.014

267.2±116.9 0.008
0.5±0.4 0.0002
63.5±27.2 0.0001
6.5±0.9 0.0001

ronism.
L=high-density lipoprotein, HOMA-IR=Homeostasis Model Assessment-Insulin Resistance, iPTH=
plasma renin activity, SBP= systolic blood pressureTTKG= trans-tubular potassium gradient, Wc=



3. Results 5 patients we found an IHA. Only 1 patient with alone ADPKD

Table 3

Instrumental parameters of the study participants. Data are shown as mean±standard deviation.

Group A Group B P

FMD, % 13.6±5.38 8.5±6.26 0.037
CIMT, mm 0.68±0.11 0.66±0,14 n.s.
RRI, average 0.60±0.09 0.64±0.06 n.s.
ABI, ratio 1.07±0.08 1.1±0.11 n.s.
LVMI, g/cm[2] 126.19±34.90 188.30±49.57 0.001

Group A: patients affected by alone ADPKD; Group B: patients affected by ADPKD and primary aldosteronism.
ABI= ankle brachial index, CIMT= carotid intima media thickness, FMD= flow mediated dilation, LVMI= left ventricular mass index, RRI= renal resistive index (average RRI value for each patient was calculated
as the mean of the RRI in the left and right kidney).
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In all ADPKDpatients we found 9 patients (33%)with PA (group
B). In Table 2, we have reported the characteristics of 2 studied
groups. None significant differences were observed in age, BMI,
WC, lipid profile, inflammatory indexes, eGFR, iPTH and serum
electrolytes between group A and group B, also if trans-tubular
potassium gradient (TTKG) was significantly different between 2
groups (P<0.001). Higher microalbuminuria values were
present in both groups, without statistically difference (Table 2).
Moreover, we have not found statistically significant difference
for cIMT, RRI, and ABI values between the 2 groups (Table 3).
On the other hand, respect group A, the mean value of LVMI,
HOMA-IR, and Hcy was significantly higher in group B
(P<0.001, P=0.018, P<0.001, respectively), whereas FMD
and 25-OH-VitD values were significantly lower (P=0.037, P=
0.014, respectively) (Tables 1–3). CRP was increased in group B
but not statistically significant. A high prevalence of non-dipping
pattern (65% vs 40%; P<0.05) during ABPM was also found
(Table 1). In all ADPKD patients, the study correlation showed a
positive correlation between LVMI with HOMA-IR (r=0.520,
P=0.013) (Figure 1) and Hcy (r=0.583, P=0.009) (Figure 2). In
ADPKD with PA, abdominal MRI showed 2 patients with
adrenal unilateral hyperplasia, 2 subjects with APA, and in
Figure 1. Linear regression plot. Correlation between LVMI (g/m2) and HOMA-
IR in ADPKD patients, r=0.520, P=0.013. Group A: ADPKD patients with
normal plasma aldosterone concentration; Group B: ADPKD patients with
primay aldosteronism. ADPKD =autosomal dominant polycystic kidney
disease, HOMA-IR =homeostasis model assessment of insulin resistance,
LVMI= left ventricular mass index.

5

showed a non functioning adrenal adenoma. All patients have
BP in the normal range and their BP control had been quite easy
to achieve with RAAS blockers (Table 1). Also, the serum
electrolytes remained within the normal range.

4. Discussion

ADPKD is a systemic disease, characterized by an elevated
cardiovascular morbidity and mortality.[30] The main cardiac
manifestations, such as left ventricular hypertrophy, pericardial
effusions, and cardiac valvular abnormalities, may be present
before the development of renal failure or even before the onset of
hypertension.[8] In 1929, Ritter and Baehr proposed a relation-
ship between hypertension and vascular anomalies in ADPKD
patients.[31] Interstitial fibrosis, tubular atrophy, and sclerosis of
preglomerular vessels were observed also in patients with normal
renal function or early renal failure.[32] The clinical studies
searching the role of the RAAS in the pathogenesis of
hypertension in ADPKD started in the late 1970s first with
Nash et al[33] that reported an elevated PRA levels, and
subsequently Chapman et al[34] revealed that the RAAS is
Figure 2. Linear regression plot. Correlation between LVMI (g/m2) and
homocysteine (mmol/L) in ADPKD patients, r=0.583, P=0.009. Group A:
ADPKD patients with normal plasma aldosterone concentration; Group B:
ADPKD patients with primay aldosteronism. ADPKD =autosomal dominant
polycystic kidney disease, LVMI = left ventricular mass index.

http://www.md-journal.com


stimulated significantly more in hypertensive ADPKD patients et al[21] showed that in ADPKD patients, without renal failure,
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than in patients with essential hypertension (EH). Several studies
have shown an overactivity of intrarenal RAAS in ADPKD.
Torres et al[11] in 1992 reported ectopic renin expression by cysts
epithelium and dilated tubules. Loghman-Adham et al[2] con-
firmed these observations, highlighting also an abundant and
ectopic production of renin, angiotensinogen (AGT), angioten-
sin-converting enzyme (ACE), and angiotensin II (AT-II) receptor
by cystic epithelium of the proximal and distal tubules dilated in
ADPKD kidneys, responsible for the increased concentration of
intratubular angiotensin I (AT-I) and ATII, determining an
increased renal tubular sodium and water reabsorption, with
possible development of hypertension. Moreover, increased AT-
II receptors seem to contribute to cell proliferation, growth of
cysts, and interstitial fibrosis in the early stages of ADPKD. Other
hypotheses have been advanced on the mechanism of upregu-
lation of intrarenal RAAS in ADPKD. The production of renin is
regulated by variation of sodium extracellular and calcium
intracellular from the juxtaglomerular apparatus.[35] Therefore,
polycystin-2 functions as a nonselective cation channel, regulated
by polycystin-1,[36] and it is possible that mutations of the
polycystins induce defects of the channel, reducing the
intracellular concentration of sodium and calcium and stimulat-
ing the production of renin.[37] In the juxtaglomerular apparatus,
the increase of renin is controlled also by changes in the tubular
flow. In particular, Nauli et al[38] showed that polycystins
contribute to fluid-flow by the primary cilium in renal epithelium
and that polycystins both function in the same mechanotrans-
duction pathway that normally regulate tissue morphogenesis;
therefore, loss or dysfunction of polycystins may lead to the
growth of cysts owing to the inability of cells to perceive
mechanical stimuli. Furthermore, the production of AGT and AT
II in the renal epithelium cystic may be linked to the mechanical
stretching and hypoxia that are due to the increase the volume of
cysts.[39]

At last it is assumed that in ADPKD may be present mutations
regulating gene expression of AGT.[40] AT II is one of the main
stimuli for the production of aldosterone, an important molecule
with mineralocorticoid action, secreted by the adrenal zona
glomerulosa. Aldosterone is a biological mediator with physio-
logical effects relevant on the hydrosaline and metabolic
homeostasis, BP control, and the systemic repair processes. PA
is a condition caused by overproduction of aldosterone, that
occurs in ∼10% of newly onset patients and up to 20% of
patients with severe or resistant hypertension, strongly associated
with higher cardiovascular morbidity and mortality.[41] In our
study, the prevalence of PA in ADPKD patients was 33%, greater
than in the general population, and is known that aldosterone
determines development and progression of cardiovascular
disease. Respect to previous studies, the higher PA prevalence
found in our study can be related to use of more precise and
specific diagnostic tool recently validated.[42] Moreover, in our
study the patients with coexistence ADPKD and PA showed
lower FMD and 25-OH-VitD values, higher LVMI, Hcy values
and insulin resistance, surrogate markers of atherosclerosis,
compared to patients with alone APDKP. These results were
found in previous studies reported in the literature[43–45] that
showed a reduced FMD and increased LVMI in patients with
hyperaldosteronism. Lin et al[46] showed increased cIMT,
whereas in our study we have not revealed significant difference
for cIMT, RRI, and ABI between the 2 ADPKD groups. Several
studies have shown higher RRI in hypertensive and normotensive
ADPKD patients compared to controls,[47] whereas Ramunni
the RRI values were significantly higher in hypertensive than in
normotensive patients. Moreover, Chapman et al[34] showed that
RRI is comparable in patients with EH and hypertensive ADPKD,
and recently has been demonstrated that patients with PA have
higher RRI, reversible after treatment.[48] The mechanisms by
which aldosterone exerts its negative effect include an oxidative
stress and an endothelial dysfunction through a decreased
synthesis and release of nitric oxide,[27,49] the production of
reactive oxygen species mediated by nicotinamide adenine
dinucleotide phosphateoxidase-dependent mechanisms,[50] in-
flammation and fluid retention, determining vascular remodeling,
hypertrophy, and fibrosis.[51–54] Furthermore, aldosterone seems
also involved in the development of metabolic syndrome,
dyslipidemia, and insulin resistance.[55] The majority of these
effects are mediated by activation of the mineralocorticoid
receptors that are expressed in cardiomyocytes, cardiac fibro-
blasts, vascular smooth muscle cells, and mediated by the
genomic and nongenomic effects of the hormone.[56–58] In our
study, the ADPKD patients with PA showed a statistically
significant higher LVMI, that is most likely multifactorial with
increased aldosterone levels possibly contributing to cardiac
myocyte growth and insulin resistance.[59] The mechanisms of
aldosterone-induced renal cyst formation have not been
elucidated. Kao et al[10] have discussed the role of chronic
hypokalemia to develop the cyst formation in patients with PA
and ADPKD. In fact, hypokalemia has been shown to increase
cyst formation in rat models[60] and chronic hypokalemia in
humans is accompanied by enhanced renal cytogenesys.[61]

Hypokalemia is held to be an hallmark of PA, although
normokalemia is currently detectedmore often than hypokalemia
in PA patients.[17] According with this view, in our study only
11% of PA and ADPKD patient showed a hypokalemia. Very
little is known regarding vitamin D involvement in ADPKD. In
this study we have showed lower 25-OH-VitD levels in PA and
ADPKD patients compared to alone ADPKD patients. These data
confirmed our previous research,[62] where we have found lower
serum 25-OH-VitD levels in PA patients compared with EH
patients, and a higher prevalence of vitamin D deficiency.
Vitamin D presents pleiotropic actions, beyond mineral metabo-
lism regulation, indeed active vitamin D mediates its biological
effects by binding to the vitamin D receptor, that are expressed
not only in the classical target organs (bone, parathyroid glands,
kidneys, and intestine) but also in other nonclassical targets
including arteries, heart, immune system, endocrine organs, and
nervous system.[24,63] Therefore, the deficiency of vitamin D may
explain hypertrophy of the left ventricle and proliferation of
vascular smooth muscle cells and favor atherosclerosis and
endothelial dysfunction.[64] Furthermore, vitamin D deficiency
predisposes to upregulation of the RAAS, indeed the vitamin D is
a negative endocrine regulator of the RAAS by suppressing renin
biosynthesis.[40,62–67] Vitamin D is also involved in glycemic
control, lipid metabolism, insulin secretion, and sensitivity,
explaining the association between vitamin D deficiency and
metabolic syndrome.[55] PA may also contribute to worsening
glucose tolerance by impairing insulin sensitivity or insulin
secretion in humans.[68] The mechanisms by which aldosterone
may contribute to insulin resistance, include an increased
degradation of insulin receptor substrates, reduced transcription
of the insulin receptor gene, interference with insulin signaling
mechanisms, inflammation, reduced adiponectin production and
increased oxidative stress.[56,69] Moreover, Hcy is an indepen-
dent risk factor for atherosclerosis and cardiovascular disease,
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dysfunction and results increased in ADPKD patients, even in
those with preserved kidney function and in many studies results
associated with an increased PAC.[19,70,71] Chronic inflammation
has been shown to be an independent predictor of cardiovascular
mortality both in ADPKD patients that in PA, but in our study,
CRP is higher in group B compared to group A but not
statistically significant (P=0.48). These data could indicate that
aldosterone, insulin resistance, endothelial dysfunction, and
chronic inflammation independently affect the cardiovascular
system or in different stages. The adverse effects of aldosterone
may result in greater risk of cardiovascular diseases, but the long-
term effects of aldosterone on ADPKD patients are currently
unknown. Large clinical trials are needed to establish the
prevalence of PA in ADPKD patients and further studies are
necessary to determine if the progression of ADPKD is modified
by treatment of PA. This study is a pivotal study, conducted in a
relatively small group of ADPKD patients, and it is based on
associations with surrogate end points; the generated hypothesis
thus needs further prospective follow-up studies with a larger
number of patients and stronger end points to show causality. A
significant proportion of ADPKD patients were on antiplatelet,
antihypertensives, and statins, and the potential impact of
hypertension, hypercholesterolemia, and their treatments on
FMD, LVMI and insulin resistance may have potentially
confounded our results.
5. Conclusions
Our results indicate a major cardiovascular risk in patients with
coexistence of APDKP and PA. Therefore, routinely screening of
PA and cardiovascular screening in ADPKD patients, in the early
stage of disease with conserved renal function, should be
recommended, considering elevated cardiovascular morbidity
and mortality of this population.
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