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Effect of spironolactone on the progression of coronary 
calcification in peritoneal dialysis patients: a pilot study

Efeito da espironolactona na progressão da calcificação coronariana 
em pacientes em diálise peritoneal: um estudo piloto

Introdução: Existem evidências de que a al-
dosterona exerça um papel na patogênese 
da calcificação vascular. O objetivo deste es-
tudo foi avaliar o efeito da espironolactona, 
um antagonista do receptor mineralocorti-
coide, na progressão da calcificação corona-
riana (CC) de pacientes em diálise peritone-
al, e identificar os fatores envolvidos nessa 
progressão. Métodos: Trinta e três pacientes 
com escore de cálcio coronariano (ECC) ≥ 
30, detectado por tomografia computado-
rizada com múltiplos detectores (TCMD) e 
expresso em unidades de Agatston, foram 
randomizados para um grupo que recebeu 
25 mg de espironolactona por dia durante 
12 meses (grupo espironolactona) e um gru-
po controle que não recebeu este medica-
mento. O desfecho primário foi a mudança 
percentual do ECC do início para o final do 
estudo (progressão relativa), quando uma 
nova TCMD foi realizada. Os pacientes que 
tiveram progressão de CC foram compara-
dos com aqueles que não progrediram. Re-
sultados: Dezesseis pacientes, sete no grupo 
espironolactona e nove no grupo controle, 
concluíram o estudo. A progressão relati-
va do ECC foi semelhante nos dois grupos, 
17,2% e 27,5% nos grupos espironolacto-
na e controle, respectivamente. Cinquenta e 
sete por cento dos pacientes tratados e 67% 
daqueles no grupo controle apresentaram 
progressão nos escores de CC (p = 0,697). 
Os pacientes progressores diferiram dos não 
progressores porque apresentaram níveis 
séricos mais elevados de cálcio e LDL-co-
lesterol e menores níveis de albumina. Con-
clusão: Em pacientes em diálise peritoneal, 
a espironolactona não atenuou a progres-
são da CC. No entanto, estudos em grande 
escala são necessários para confirmar essa 
observação. Distúrbios do metabolismo 
mineral e dislipidemia estão envolvidos na 
progressão da CC.

Resumo

Palavras-chave: Insuficiência Renal Crô-
nica; Calcificação Vascular; Diálise Peri-
toneal; Espironolactona.

Introduction: There is evidence that al-
dosterone plays a role in the pathogen-
esis of vascular calcification. The aim of 
this study was to evaluate the effect of 
spironolactone, a mineralocorticoid re-
ceptor antagonist, on the progression of 
coronary calcification (CC) in peritoneal 
dialysis patients and to identify the factors 
involved in this progression. Methods: 
Thirty-three patients with a coronary cal-
cium score (CCS) ≥ 30, detected through 
multi-detector computed tomography 
(MDCT) and expressed in Agatston units, 
were randomly assigned to a group re-
ceiving 25mg spironolactone per day for 
12 months (spironolactone group) and a 
control group not receiving this drug. The 
primary outcome was a percentage change 
in CCS from baseline to end of the study 
(relative progression), when a further 
MDCT was conducted. Patients who had 
progression of CC were compared with 
those who did not progress. Results: Six-
teen patients, seven in the spironolactone 
group and nine in the control group, con-
cluded the study. The relative progression 
of the CCS was similar in both groups, 
17.2% and 27.5% in the spironolactone 
and control groups respectively. Fifty-
seven percent of the treated patients and 
67% of those in the control group pre-
sented progression in the CC scores (p = 
0.697). Progressor patients differed from 
non-progressors because they presented 
higher levels of calcium and low-density 
lipoprotein cholesterol and lower levels 
of albumin. Conclusion: In peritoneal di-
alysis patients, spironolactone did not at-
tenuate the progression of CC. However, 
large-scale studies are needed to confirm 
this observation. Disorders of mineral me-
tabolism and dyslipidemia are involved in 
the progression of CC.
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Introduction

Vascular calcification (VC) is prevalent in dialy-
sis patients and is associated with mortality.1,2 The 
mechanisms involved in chronic kidney disease 
(CKD) VC are still not fully understood. It is an 
active process, in which a series of conditions, su-
ch as mineral and bone metabolism disorders and 
inflammation interfere with the vascular microen-
vironment and interact with promoters and inhibi-
tors of calcification.

Identification of the mineralocorticoid recep-
tor (MR) in cell of the vascular smooth muscle 
layer (VSMC)3,4 has extended knowledge regard-
ing the action of aldosterone thereby shedding new 
light on the pathogenesis of VC. Klotho-depleted 
mice, characterized by an excessive concentration 
of calcitriol, hypercalcemia and hyperphospha-
temia, suffer from hyperaldosteronism.5 Patients 
with CKD also present with heightened levels of 
aldosterone,6 severe klotho deficiency, resistance 
to the action of fibroblast growth factor 23 (FGF-
23) and vascular damage. The involvement of al-
dosterone in VC was clearly demonstrated when 
klotho-depleted mice treated with spironolactone 
showed increased survival rates and decreased VC, 
without altering the levels of calcitriol, FGF-23, 
calcium and phosphorus. This study demonstrated 
that VC mediators, such as Pit-1, a sodium-depen-
dent phosphorus transporter, TNF-α, the Cbfa-1/
Runx2 (core-binding factor subunit 1 alpha/runt-
related transcription factor 2) protein and alkaline 
phosphatase were present in increased levels in the 
aorta of these mice and that transcriptional lev-
els decreased after treatment with spironolactone.7 
Later authors also reported that inhibition of MR 
suppressed the osteogenic transformation of aortic 
VSMC in uremic mice.8

Recently, it has also been demonstrated that 
hyperphosphatemia increases the expression of 
CYP11B2, an enzyme involved in the synthesis of 
aldosterone present in human VSMC. A deficiency 
or inhibition of the action of this enzyme inhibits 
the osteoinductive pathway and the calcification 
caused by hyperphosphatemia.9 While the quan-
tity of aldosterone produced by VSMC is low and 
does not affect serum levels, it is nonetheless suffi-
cient to act on the local MR and trigger osteogenic 
stimuli.9

Since VC is indisputably a marker of cardio-
vascular outcomes, there is a need to investigate 
procedures that impede its development or attenu-
ate its progression. The aim of the present study 
was to evaluate the effect of spironolactone on the 
progression of CC in patients on peritoneal dialy-
sis (PD), and to identify factors involved in this 
progression.

Patients and methods

The present study was conducted in the Nephrology 
Division at IMIP, between November 2014 and 
November 2016, in accordance with the principles 
of the Declaration of Helsinki and was approved 
by the IMIP ethics committee. All patients signed 
the informed consent forms. This study was regis-
tered at ClinicalTrials.gov (NCT03314493).

Subjects

Patients, aged 18 years or older, on PD for at least 
6 months and with a CCS ≥ 30 were eligible for the 
study. Patients were excluded if they had taken spi-
ronolactone up to three months prior to recruitment, 
presented with hypotension, defined as systolic blood 
pressure < 100 mmHg and/or diastolic blood pressure 
< 60 mmHg, had presented in the past three months 
with mean serum potassium > 6 mEq/L, reported ma-
lignant neoplasms or serious liver disease, had under-
gone heart surgery or stent placement, presented with 
cardiac arrhythmia or were pregnant.

At the time of inclusion in the study, the majori-
ty of the patients (82%) were in automated PD and 
only 3 patients used dialysate with low calcium 
concentration (2.5 mEq/L), 1 in the spironolactone 
group and 2 in the control group.

Study design

This study was a prospective, randomized, open 
label, controlled, single-center trial. One hundred 
and fifty patients were assessed, 81 of whom un-
derwent a multi-detector computed tomography 
(MDCT). Thirty-eight (47%) patients presented 
with a CCS ≥ 30, while 34 (53%) were not consi-
dered calcified, with a CCS < 30. Thirty-three pa-
tients were randomly assigned, at a ratio of 1:1, to 
the spironolactone or the control group (Figure 1). 
Randomization was conducted through a list gene-
rated by “Random Allocation” 1.0, in blocks of 20 
and using sealed envelopes.
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Intervention

Patients in the treatment group received a 25 mg 
oral dose of spironolactone per day for 12 months. 
Patients in the control group did not receive placebo. 
During follow-up, all patients were assessed monthly 
to investigate any clinical occurrences and undergo 
laboratory tests. They were not subject to further 
dietary restrictions regarding potassium and conti-
nued taking their habitual medication, including anti-
-hypertensives that interfere with the renin-angioten-
sin-aldosterone system and medications for mineral 
and bone metabolism disorders, such as oral phos-
phate binders (calcium carbonate and sevelamer), cal-
citriol and calcimimetics.

Hyperkalemia, defined as serum potassium > 6 
mEq/L, hypotension and gynecomastia, characterized 
as enlargement of the breasts, with or without pain, 
were considered adverse effects of spironolactone and 
an adjustment of the dose to 12.5 mg per day was 
therefore indicated. In cases where there was no im-
provement or severe hyperkalemia (serum potassium 
> 7 mEq/L), the individual discontinued the study. 
Other losses were caused by withdrawal of consent, 

transfer to hemodialysis, kidney transplantation and 
death.

Laboratory tests

At baseline and monthly: potassium, total calcium, 
phosphorus and albumin levels were measured, using 
an Architect C8000 (Abbott, Abbott Park, Illinois, 
USA) analyzer. At baseline and quarterly: alkaline 
phosphatase (Architect C8000); total cholesterol, hi-
gh density lipoprotein cholesterol, low density lipo-
protein cholesterol (LDL), triglycerides, C reactive 
protein (CRP) and 25 (OH) vitamin D levels were 
measured, using an Architect I2000 (Abbott, Abbott 
Park, Illinois, USA) analyzer; and intact parathyroid 
hormone (iPTH) levels were determined using a che-
moluminescence method with a reference range of 
12-65 pg/mL. At baseline and at the end: aldoste-
rone (immunoenzyme assay method; normal range 
2.5-31.5 ng/dL) and fetuin A (ELISA, cat# DY1184; 
R&D Systems, Inc. Minneapolis, MN, USA; reference 
value for healthy volunteers cat# DFTA00 473 ± 95 
µ/mL) levels were determined. Calcium was corrected 
using albumin, according to the following formula: 

Figure 1. Enrollment, randomization, and follow-up of study patients. PD, peritoneal dialysis; MDCT, multidetector computed tomography; CCS, 
coronary calcium score; HD, hemodialysis.
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corrected calcium = calcium measured + [(4 - albu-
min) x 0.8]. Women < 50 years took a pregnancy test 
(β-HCG; immunochromatographic method) before 
randomization.

Evaluation of the coronary calcium score

Patients underwent a MDCT (Brilliance TM CT, 
Philips Medical Systems Nederland B.V.) at ba-
seline and at the end of the observation period. 
Structures with attenuation coefficients of more 
than 130 Hounsfield units and a minimum area of 
1mm2 were considered foci of calcification. The CCS 
was the sum of all these areas, calculated using the 
Agatston method. The images were analyzed using 
a Workstation (Extended Brilliance TM Workspace, 
Philips Healthcare Nederland B.V.) by an experienced 
researcher blind to the other study data.

Based on the initial CCS, patients with a score of ≥ 
30 were considered to have CC. The value ≥ 30 was used 
because the inter-exam variability was reported as being 
equal to or less than 15% with a standard deviation of 
10%, and the ability of detecting the progression of cal-
cification was more precise in patients with intermediate 
to higher scores, since the absolute error in measuring the 
score was close to the measurements of patients with low 
scores (1 to 30).10 The absolute progression of the CCS 
was calculated as the difference between the initial and fi-
nal CCS and the relative progression as the ratio between 
the absolute progression and the initial CCS multiplied 
by 100. Progression was considered as existing in pa-
tients with a relative progression > 15% and not in those 
with a relative progression of ≤ 15%.11 Investigation of 
the factors involved in the progression of CCS was car-
ried out by dividing the patients into progression and 
non-progression groups.

Clinical outcomes

The primary outcome was a percentage change in the 
CCS from baseline to the end of the study (relative 
progression). Secondary outcomes included absolute 
progression, changes in laboratory parameters over 
the 12 months, frequency of adverse effects of spi-
ronolactone, a need to reduce the dose and causes of 
discontinuing the study.

Sample size

This study was considered as preliminary, a conse-
cutive convenience sample was obtained for patients 
with CCS ≥ 30.

Statistical analysis

The variables are expressed as mean ± standard de-
viation or median and interquartile interval. Numeric 
variables were compared using the Student’s t test or 
the Mann-Whitney test, depending on the normality 
of the distribution, evaluated using the Kolmogorov-
Smirnov test. The Fischer’s chi-squared test was used 
to compare qualitative variables.

The characteristics of the patients in the spirono-
lactone and control groups were compared in order 
to determine selection bias. Thereafter, the relative 
progression of the CCS in these groups was compared 
and adjusted for the baseline characteristics that dif-
ferentiated the groups using a logistic regression 
model.

A comparison was made between the base-
line laboratory parameters and those after the 
12-month period, for both the spironolactone and 
the control groups. The Student’s t test was used 
for paired samples when the variable met the con-
ditions for normality, and the Wilcoxon test when 
it did not.

ANOVA for repeated measurements (MANOVA) 
was used to examine blood pressure and all laborato-
ry parameters, with the exception of fetuin-A and al-
dosterone, in the spironolactone and control groups, 
for the 12-month period. This analysis considered the 
interaction between treatment and time.

A comparative analysis of the baseline and fol-
low-up characteristics was conducted between the 
progression and non-progression patients in order to 
determine the factors associated with the progression 
of CCS.

The software used for statistical analysis was 
STATA 12.0. All tests adopted a level of significance 
of 5% (p<0.05).

Results

Patient characteristics at baseline

Of the 33 patients included in this study, 16 conclu-
ded the protocol, seven in the spironolactone group 
and nine in the control group (Figure 1). The baseline 
characteristics of the patients who completed the stu-
dy are presented in Table 1. The groups differed in 
terms of length of time on PD, longer in the control 
group, and diastolic blood pressure and serum potas-
sium, both of which were higher in the spironolactone 
group.
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Spironolactone group (n=7) Control group (n=9) p Value

Age (years) 69.7± 8.9 61.3 ± 8.6 0.077

Male, n (%) 3 (42.9%) 5 (55.6%) 0.614

Time on peritoneal dialysis (months) 10 (6;24) 53 (33;72) 0.017

Etiology of CKD (%) 0.662

Diabetes mellitus 71.4 33.3

Hypertension 0 22.2

Chronic glomerulonephritis 0 11.1

Unknown 14.3 22.2

Other 14.3 11.1

Urine Volume (mL/24h) 1000 (400;1800) 0 (0;500) 0.053

Systolic blood pressure (mmHg) 134.3 ± 18.1 124.4 ± 21.9 0.353

Diastolic blood pressure (mmHg) 85.7 ± 7.9 76.7 ± 8.7 0.049

Coronary calcium score (AU) 359 (105;490) 422 (161;1125) 0.596

Comorbidities

Smoking 3 (42.9) 4 (44.4) 0.949

Diabetes mellitus 5 (71.4) 3 (33.3) 0.157

Hypertension 7 (100) 8 (88.9) 0.562

Coronary artery disease 2 (28.6) 0 (0) 0.175

Dyslipidemia 4 (57.1) 5 (55.6) 0.671

Peripheral vascular diesase 0 (0) 0 (0) -

Cerebrovascular accident 0 (0) 0 (0) -

Medications, n (%)

ACEI/ARB 5 (71.4) 3 (33.3) 0.157

β-Blocker 4 (57.1) 4 (44.4) 0.5

Statin 5 (71.4) 7 (77.8) 0,608

Furosemide 4 (57.1) 4 (44.4) 0.5

Acetylsalicylic acid 3(42.9) 2 (22.2) 0.365

Calcium carbonate 1 (14.3) 2 (22.2) 0.6

Sevelamer 2 (28.6) 5 (55.6) 0.286

Calcitriol 2 (28.6) 2 (22.2) 0.608

Cinacalcet 1 (14.3) 2 (22.2) 0.6

Cholecalciferol 0 (0) 1 (11.1) 0.562

Laboratory parameters

Total calcium (mg/dL) 9.8 ± 0.4 10.1 ± 1.1 0.489

Phosphorus (mg/dL) 4.4 ± 1.1 4.1 ± 1.3 0.52

Alkaline phosphatase (UI/L) 93 (88;128) 75 (72;92) 0.633

Intact parathyroid hormone (pg/mL) 237 (174;316) 250 (143;354) 0.906

25OH vitamin D (ng/mL) 18.4 ± 7.3 19.3 ± 5.7 0.805

Albumin (g/dL) 3.2 ± 0.3 3.6 ± 0.4 0.09

C- reactive protein (mg/dL) 6.6 (4.6;12.3) 2.8 (2;6.3) 0.157

Potassium (mEq/L) 4.7 ± 0.8 3.9 ± 0.5 0.035

Total cholesterol (mg/dL) 186 ± 29.7 200.1± 32.4 0.386

LDL cholesterol (mg/dL) 108 ± 21.6 111.6 ± 27.2 0.813

HDL cholesterol (mg/dL) 35 ± 10.2 37.2 ± 12.4 0.721

Table 1	 Baseline demographic, clinical and laboratory characteristics of patients
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Triglyceride (mg/dL) 210 (106;305) 247 (184-295) 0.874

Fetuin-A (µg/mL) 180 (135;235) 191 (174;206) 0.711

Aldosterone (ng/dL) 21.5 (17;27.3) 34.7 (23.5;36.8) 0.223
Values are expressed as number (percentage), median (25th percentile; 75th percentile) and mean ± SD. CKD: chronic kidney disease; ACEI: 
angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; LDL: low density lipoprotein; HDL: high density lipoprotein.

Continued Table 1.

Initially, hypoalbuminemia was observed in 50% 
of patients, high levels of CRP in 46.6%, and high 
levels of total cholesterol, LDL and triglycerides of 
37.5%, 66.6% and 75% respectively. The iPTH lev-
els were lower than 150 pg/mL in 26.6% and higher 
than 150 pg/mL in 66.6%. Only one patient present-
ed iPTH higher than 600 pg/mL.

The influence of spironolactone on clinical and 
laboratory parameters

No differences were observed in the final laboratory 
parameters between the spironolactone and control 
groups. In the control group, albumin was lower 
(p=0.007) at the end of the study. Levels of fetuin-A 
increased in both groups (Table 2).

MANOVA demonstrated that only albumin be-
haved differently during follow-up in the two groups, 
in terms of interaction between treatment and time. 
There was an increase in the serum levels of patients 
in the spironolactone group and a decrease in the con-
trol group (p=0.007).

Primary and secondary outcomes

There was no difference in relative progression betwe-
en the spironolactone and control groups, even when 
adjusted for the length of time on PD, diastolic blood 
pressure and potassium. There was also no difference 
in absolute progression. There was an absolute incre-
ase in the CCS in both groups (Table 3). Progression 
of CCS occurred in 57.1% and 66.7% of patients in 
the spironolactone and control groups respectively.

There was no difference in the behavior of potas-
sium between the two groups in the interaction be-
tween treatment and time. There was also no differ-
ence in episodes of hyperkalemia between the groups, 
whereby there were four episodes amongst treated 
patients and three in the control group. Only one pa-
tient, from the spironolactone group, discontinued 
the study due to severe hyperkalemia. One patient 
from each group developed hypotension and there 
were no episodes of gynecomastia. Two patients in 
the treatment group needed to reduce the dosage of 

spironolactone to 12.5 mg per day, one because of 
hypotension, the other because of hyperkalemia. Both 
patients however concluded the study.

Seventeen patients (51.5%) discontinued the 
study, nine in the spironolactone group and eight in 
the control group. The reasons for discontinuation 
were similar (Figure 1). Peritonitis non-responsive to 
clinical treatment was a significant cause of transfer to 
hemodialysis. The frequency of peritonitis was higher 
in the spironolactone group (p=0.026). Two patients 
in the spironolactone group died of acute myocardial 
infarction and one in the control group of complica-
tions involving infection.

Baseline and follow-up characteristics of pro-
gression patients

The patients in the progression and non-progres-
sion groups were differentiated by levels of calcium 
(p=0.001) and LDL (p=0.009), both of which were hi-
gher in the progression group (Table 4). With regard 
to the annual mean of laboratory tests (follow-up va-
lues), progressor patients presented higher serum cal-
cium levels (p=0.004) and lower albumin (p=0.006) 
when compared to non-progressors (Table 4).

At baseline, 10% of patients in the progression 
group had iPTH lower than 150 pg/mL and 80% 
higher than 150 pg/mL, with only one patient in this 
group with iPTH higher than 600 pg/mL. In the non-
progression group, 40% of patients had iPTH lower 
than 150 pg/mL, compared to 60% with levels higher 
than 150 pg/mL and none higher than 600 pg/mL.

Discussion

This is the first study to prospectively evaluate the 
effect of the use of spironolactone on the progression 
of CC in patients undergoing PD. The main result was 
the failure of spironolactone to attenuate the progres-
sion of CCS.

Chronic kidney disease is a state of hyperaldo-
steronism, as observed in our patients. Studies have 
indicated the benefit of using MR antagonists for car-
diovascular outcomes, both in the general population 
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Spironolactone group

(n=7)

Control group

(n=9)

Baseline Final Baseline Final

Total calcium (mg/dL) 9.8 ± 0.4 9.7 ± 1.1 10.1 ± 1.1 9.7 ± 0.7

Phosphorus (mg/dL) 4.4 ± 1.1 4.6 ± 0.9 4.1 ± 1.3 4 ± 1.5

Alakaline phosphatase (UI/L) 93 (88;128) 86 (51;128) 75 (72;92) 87 (61;108)

Intact parathyroid hormone (pg/mL) 237 (174;316) 28 (23;229) 250 (143;354) 179 (154;301)

25OH vitamin D (ng/mL) 18.4 ± 7.3 19.1 ± 7.8 19.3 ± 5.7 19.2 ± 6.1

Albumin (g/dL) 3.2 ± 0.3 3.5 ± 0.4 3.6 ± 0.4b 3.4 ± 0.4

C- reactive protein (mg/dL) 6.6 (4.6;12.3) 3.1 (2.2;10.5) 2.8 (2;6.3) 2.4 (1.5;5.4)

Potassium (mEq/L) 4.7 ± 0.8 5 ± 0.9 3.9 ± 0.5 4.1 ± 0.9

Total cholesterol (mg/dL) 186 ± 29.7 211 ± 66.9 200.1 ± 32.4 220.1± 46.6

LDL cholesterol (mg/dL) 108 ± 21.6 111.3 ± 55.6 111.6 ± 29.7 118.9 ± 35.2

HDL cholesterol (mg/dL) 35 ± 10.2 31.8 ± 7.4 37.2 ± 12.4 36.8 ± 14.4

Triglyceride (mg/dL) 210 (106;305) 208 (185;378) 247 (184;295) 206 (183;257)

Fetuin-A (µg/mL) 180 (135;235)a 363 (236;414) 191 (174;206)b 336 (274;360)

Aldosterone (ng/dL) 21.5 (17;27.3) 29.7 (22;64.6) 34.7 (23.5;36.8) 24 (18.1;29.5)
Values are expressed as median (25th percentile; 75th percentile) and mean ± SD. LDL: low density lipoprotein; HDL: high density lipoprotein. 
a Spironolactone group baseline vs. final (p<0.05); b Control group baseline vs. final (p<0.05).

Table 2	 Laboratory parameters of the patients at baseline and end of study

Spironolactone group (n=7) Control group (n=9) p Valueb p Valuec

Coronary calcium score (AU)

Baseline 359 (105;490) 422 (161;1125) 0.596

Final 385 (144;900) 932 (228;1323) 0.427

p Valuea 0.042 0.011

Absolute progression (AU) 26.2 (16;253.4) 77.3 (46.2;398.6) 0.27 0.824

Relative progression (%) 17.2 (4.2;84) 27.5 (14.1;43) 0.491 0.772

Table 3	 Progression of the coronary calcium score

Values are expressed as median (25th percentile; 75th percentile); a intragroup comparison; b comparison between groups; c comparison between 
groups adjusted for time on peritoneal dialysis, diastolic blood pressure and potassium.

and in patients with CKD.12,13 Furthermore, it has 
been demonstrated experimentally that MR blocking 
is capable of modifying pathways involved in the de-
velopment of VC.8 These observations raise the fol-
lowing question: is the cardiovascular benefit of MR 
antagonists also related to the development and pro-
gression of CC?

The present study has not revealed any benefit 
from inhibiting the action of aldosterone in the pro-
gression of CC. Indeed, in most patients, there was 
a substantial progression of CC. There are no stud-
ies with similar methodologies with which to com-
pare the results. To date, just one clinical study has 
evaluated the effect of spironolactone on VC in dialy-
sis patients. Nitta et al. demonstrated, after 3 years 
of observing of 5 patients on hemodialysis, that the 

use of spironolactone reduced aortic calcification. 
This study however, did not have a control group.14 
Another study, aiming to evaluate the effect of spi-
ronolactone on the progression of thickening of the 
tunica intima and media of the carotid, observed that 
spironolactone reduced progression in 53 patients un-
dergoing hemodialysis.15

Similar to other studies,16,17 CC was found to be 
prevalent in our patients, even when limiting selection 
criteria were applied. Patients with CKD are prone 
to cardiovascular disease, since the prevalence of dia-
betes mellitus, hypertension and dyslipidemia is high 
in this population. In fact, the main cause of CKD in 
our patients was diabetes and the majority presented 
with hypertension and dyslipidemia and were elderly. 
These comorbidities, advanced age, a longer time on 
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Baseline Follow-up

Progression 
group n=10

Non-progression 
group n=6

Progression 
group n=10

Non-progression 
group n=6

Age (years) 66.9 ± 7.2 61.8 ± 12.5

Male (%) 40 66.7

Time on peritoneal dialysis 
(months)

30 (16;53) 24 (10;72)

Comorbidities (%)

Diabetes mellitus 50 50

Hypertension 100 83.3

Dyslipidemia 40 83.3

Smoking 60 50

Systolic blood pressure (mmHg) 133 ± 18.9 121.7 ± 22.3

Diastolic blood pressure (mmHg) 81 ± 8.7 80 ± 10.9

Coronary calcium score (AU) 333 (120;925) 367 (85;1125) 595 (227;1323) 388 (94;1119)

Laboratory parameters

Total calcium (mg/dL) 10.4 ± 0.6a 9.2 ± 0.4 9.7 ± 0.5b 9 ± 0.3

Phosphorus (mg/dL) 4.4 ± 1 4 ± 1.5 4 ± 0.8 4 ± 1.3

Alakaline phosphatase (IU/L) 91.5 (75;104) 82.5 (72;127) 88 (62;122) 74 (64;87)

Intact parathyroid hormone (pg/mL) 253 (194;421) 143 (137;280) 218 (173;347) 175 (101;273)

25OH vitamin D (ng/mL) 17.6 ± 3.9 21.4 ± 8.8 19.6 ± 7.3 25.8 ± 8.4

Albumin (g/dL) 3.35 ± 0.3 3.58 ± 0.54 3.3 ± 0.3b 3.7 ± 0.1

C- reactive protein (mg/dL) 5.4 (2.8;7.6) 2 (1.8;7) 3.5 (2.9-10) 4 (2.2;6.3)

Potassium (mEq/L) 4.16 ± 0.74 4.6 ± 0.83 4.2 ± 0.8 4.5 ± 0.7

Total cholesterol (mg/dL) 197 ± 28.5 188.8 ± 37.2 208 ± 40.9 173 ± 31.2

LDL cholesterol (mg/dL) 119.6 ± 17.6a 81.7 ± 18 119.8 ± 27.3 75.1 ± 16.8

HDL cholesterol (mg/dL) 37.1 ± 13.1 34.8 ± 7.1 35.4 ± 13.0 36.4 ± 4.4

Triglyceride (mg/dL) 188 (119;295) 257 (210;447) 200 (176;211) 176 (162;219)

Fetuin-A (µg/mL) 194 (160;229) 178 (174;206) 320 (219;385) 384 (274;372)

Table 4	 Characteristics of patients by coronary calcium score progression

Values are expressed as number (percentage), median (25th percentile; 75th percentile) and mean ± SD. Follow-up values are the means for all 
doses for each parameter during the study. The figures for the coronary calcium score and fetuin-A are for twelve months. a Progression group vs. 
non-progression group at baseline (p<0,05); b Progression group vs. non-progression group on follow-up (p<0,05).

dialysis and mineral and bone metabolism disorders 
are associated with the development and progression 
of CC.17-19

We observed the influence from the use of spi-
ronolactone on various clinical and laboratory pa-
rameters involved in VC and analyzed the association 
between these and the progression of CC. Given the 
two-way relation between aldosterone and the para-
thyroid hormone, characterized by mutual stimula-
tion of the synthesis of both hormones,20-22 changes 
in the levels of iPTH may have occurred as a result of 
taking spironolactone. However, no alterations were 

demonstrated in the serum levels of iPTH, calcium, 
phosphorus, alkaline phosphatase or 25 (OH) vita-
min D with the use of spironolactone. Nitta et al. did 
not observe any changes in serum levels of iPTH or 
the calcium x phosphorus product with spironolac-
tone.14 Vukusich et al. also detected no changes in lev-
els of calcium, phosphorus or iPTH resulting from the 
use of this drug.15 The EPATH study, which examined 
the effect of eplerenone, a selective MR antagonist on 
serum levels of iPTH in patients with primary hyper-
parathyroidism, found no changes in the levels of this 
hormone.23
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The present study has demonstrated that mineral 
metabolism played a significant role in the progres-
sion of CC, as has been well established by other 
studies.18,24 In fact, serum levels of calcium remained 
higher in the progression patients. Initially, the iPTH 
levels of the patients were within a range considered 
adequate for dialysis.25 Bone remodeling disorders, 
both adynamic bone disease and secondary hyper-
parathyroidism, are strongly associated with VC.26,27 
Since no bone biopsy was performed, it was not pos-
sible to measure the role of these disorders in the pro-
gression of CC.

Inflammation, malnutrition and oxidative stress 
contribute to the high prevalence of cardiovascular 
disease in patients on dialysis.28 Inflammation, mea-
sured using CRP, is associated with the progression 
of VC in such patients.29,30 Aldosterone has also been 
implicated as a cause of inflammation and fibrosis, 
by way of both genomic and non-genomic action.31,32 
Tatsumoto et al. demonstrated that spironolactone 
reduces serum levels of TNF-α, thereby inhibiting 
inflammatory pathways and helping to retard the 
progression of VC in uremic rats.8 Nitta et al. dem-
onstrated that a reduction in aortic calcification, 
with a treatment of spironolactone, was associated 
with reduced levels of inflammatory markers, such 
as osteopontin.14 Although the patients in our study 
presented inflammation, it was not possible to dem-
onstrate the anti-inflammatory effect of spironolac-
tone, as observed through serum CRP levels at the 
end of the study. Serum albumin is a marker of nutri-
tional status as is acute-phase inflammation protein. 
The high levels of CRP and hypoalbuminemia pres-
ent in our patients may thus reflect the presence of 
malnutrition-inflammation-atherosclerosis (MIA syn-
drome), as they were patients with calcification that 
progressed significantly within a short period of time. 
These observations are corroborated by the fact that 
the albumin levels of progression patients were signif-
icantly lower than those of the non-progression group 
throughout the follow-up period. Other authors have 
reported that patients with calcification, including 
those on PD, have lower albumin levels than those 
without calcification.33,34 When the effect of spirono-
lactone on albumin was evaluated, an increase in se-
rum level of the treatment group was demonstrated, 
which may have reflected a beneficial effect of the 
MR blocking on inflammatory status.

Fetuin-A is a potent circulating inhibitor of calci-
fication and its serum levels are lower in patients on 
dialysis, correlating negatively with CCS and becom-
ing a predictor of mortality.35,36 Examining MIA syn-
drome in patients on DP, Wang et al. reported that, 
when fetuin-A was stratified into terciles, CRP levels 
were higher in the lower terciles, demonstrating the 
role of fetuin-A as an inflammatory marker.36 The 
low serum levels of fetuin-A in our patients further 
corroborates the presence of MIA syndrome. The use 
of spironolactone did not bring about any difference 
in serum levels of fetuin-A between the treatment and 
control groups.

Dyslipidemia is a classic risk factor for cardiovas-
cular disease and is associated with VC.17,37 Inhibition 
of MR did not alter serum levels of lipid markers but 
the influence of dyslipidemia in the progression of CC 
was confirmed.

There was a significant loss of patients during 
follow-up and this greatly influenced the results and 
represented a significant limitation of the present 
study. The main cause of this was transfer to hemo-
dialysis, which in most cases was due to peritonitis 
non-responsive to treatment. A higher frequency of 
peritonitis was found in patients treated with spirono-
lactone, but this would seem to be an incidental re-
sult, since there is no justification for such a finding 
in the literature.38-40 The most dreaded adverse effect 
of spironolactone is hyperkalemia. Aldosterone in-
creases renal excretion of potassium and thus patients 
on dialysis with urinary output may develop hyper-
kalemia when using MR antagonists. Clinical trials 
using spironolactone in PD patients, using different 
definitions of hyperkalemia, were included in a recent 
systematic review/meta-analysis to evaluate the safety 
and efficacy of the use of MR antagonists in dialysis, 
which showed that the use of MR antagonists was 
significantly associated with hyperkalemia.41 The 
present study observed no significant differences in 
serum potassium over time between treatment group 
and control patients. There was also no difference 
between these patients regarding episodes of hyper-
kalemia, although one severe episode of hyperkale-
mia did occur in the spironolactone group. Our study 
demonstrated no distinct change in blood pressure re-
lated to spironolactone. Other studies have produced 
various results for arterial pressure, although with ob-
servations more favorable towards reducing pressure 
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levels.41 Gynecomastia, considered an antiandrogenic 
effect of spironolactone, was not encountered in any 
of the patients. Despite the small sample size, in gen-
eral terms, the use of spironolactone was found to be 
safe. Two patients required a reduction in the dosage 
to 12.5mg per day and concluded the study. It should 
be noted that a dose of 12.5mg per day inhibits MR, 
as shown in other studies.12,42

The present study had significant limitations: the 
low number of participants, the high number of losses 
during follow-up, the short observation period and 
the fact that it was not double-blind. It should there-
fore be considered a preliminary study, to be con-
tinued or followed by others with more appropriate 
methodologies, with a view to ascertaining whether 
MR blocking helps to attenuate the progression of 
CV.

In summary, this study has demonstrated that CC 
is highly prevalent and has a high progression rate in 
PD patients. Because of the previously mentioned lim-
itations, it is not possible to draw conclusions about 
the effect of spironolactone on the progression of CC 
in this population. Furthermore, we have shown that, 
even in dialysis patients with residual diuresis, the use 
of spironolactone is feasible, although serum potas-
sium needs to be controlled. The present study has 
underlined the need for continued monitoring of VC 
risk factors such as mineral and bone metabolism dis-
orders, dyslipidemia and inflammation.
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