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Close Association of
Vascular and Valvular
Calcification and Prognosis
of Patients on Continuous
Ambulatory Peritoneal
Dialysis

In the present study, we examined the association
between vascular and valvular calcification and the
prognosis of patients on continuous ambulatory peri-
toneal dialysis (CAPD). Data were collected from
the records of patients introduced onto CAPD therapy
during 1999 – 2006 at the Department of Nephrol-
ogy, Saitama Medical University. At the start of CAPD,
cardiac and vascular echography were used to ex-
amine 162 patients (average age: 56 ± 5 years; 58
men, 104 women; 43 with and 119 without diabetes)
for evaluation of vascular and valvular calcification.
Both vascular and valvular calcification were found
in 32 patients. Vascular calcification was found in
16, and valvular calcification in 11. Over 5 years, 11
patients suffered from cardiovascular disease (7 with
stroke, 4 with myocardial infarction). All of these
patients had vascular or valvular calcification at
the start of CAPD therapy.

We also used Cox hazard analysis to examine
values for Ca, P, Ca × P, intact parathyroid hormone
(iPTH), and lipids. None of these values were inde-
pendent contributory factors for incidence of cardio-
vascular disease in patients on CAPD.

These data suggest the importance of vascular
and valvular echography to evaluate patients on
CAPD, especially at the start of CAPD therapy. Vas-
cular and valvular calcification are important fac-
tors for determining the prognosis of patients on
CAPD.
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Introduction
Cardiovascular disease accounts for more than 50%
of deaths in patients receiving dialysis therapy (1). In
patients with end-stage renal disease (ESRD), valvu-
lar and vascular calcifications are increasingly being
recognized as both causes and markers of morbidity
and mortality (2). The incidences of those calcifica-
tions are not only substantially higher in the ESRD
population than in age- and sex-matched patients with
angiographically confirmed coronary artery disease,
but they also progress rapidly within a short period
(3). In the general population, valvular and vascular
calcifications indicate a manifestation of generalized
atherosclerosis and are associated with poor outcome
(4). However, in patients with ESRD, diffuse media
calcification of arterial vessels with no relation to
atheromatosis is prevalent even in young patients (5).

Calcification of the mitral and aortic valves has
previously been emphasized as a powerful predictor
of mortality and cardiovascular death in long-term di-
alysis patients (6–8). Recently, clinical studies have
supported the association between vascular calcifica-
tion and cardiac changes in patients with ESRD (9).
Vascular calcification in the media of medium and small
vessels in ESRD patients is very marked and may dis-
place intimae, causing luminal narrowing (2). This pro-
cess may be applicable to coronary arteries,
contributing to cardiovascular complications. Further,
recent publications have suggested that hyper-
phosphatemia, positive Ca balance, and elevated Ca ×
P product (all of which are closely associated with
calcification) contribute to mortality in patients with
ESRD (10, 11).

With the foregoing information in mind, we under-
took a prospective study to analyze the influence of
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cardiac valvular and vascular calcifications on cardiac
mortality in patients receiving continuous ambulatory
peritoneal dialysis (CAPD).

Patients and methods
This prospective study was initiated in the Depart-
ment of Nephrology of Saitama Medical University,
Saitama, Japan, in 1999. Altogether, 162 patients re-
ceiving CAPD were eligible and were observed over a
period of 5 years. Exclusion criteria for the study in-
cluded underlying malignancy and congenital heart
diseases. All patients provided informed consent. The
protocol was approved by the Human Research Eth-
ics Committee of Saitama Medical University.

Echocardiography with a 3.3-mHz multiphase ar-
ray probe was used to obtain two-dimensional
echocardiograms in subjects lying in the left decubi-
tus position. Two-dimensional assessment of the aor-
tic valve and mitral valve was performed together with
continuous-wave Doppler ultrasound on the basis of
the parasternal long-axis and short-axis views. All
echocardiography exams were performed according
to the recommendations of the American Society of
Echocardiography (12). Cardiac valve calcification was
defined as bright echoes of more than 1 mm on one or
more cusps of the aortic valve or on the mitral annulae.
Left ventricular mass index was calculated by the Penn
convention formula.

Vascular calcification was studied by radiography
series that included the thorax, abdomen, pelvis, and
extremities. Vascular calcification was diagnosed when
found in any of the examined areas.

Laboratory data collected included hematocrit and
serum Ca, P, and creatinine concentrations. The Ca ×
P product was calculated for each subject.

The CAPD treatment consisted of 3 – 4 daily 1.5 –
2 L exchanges using a dialysis solution containing
lactate and 1.5 g/dL or 2.5 g/dL dextrose. All patients
were treated using a disconnect system. Patients with
a parathyroid hormone level greater than 150 pg/mL
by intact molecular assay (iPTH) were treated with
1,25-(OH)2D3 and CaCO3 supplements; patients with
iPTH levels lower than 70 pg/mL were treated with
CaCO3 to reduce the degree of hyperphosphatemia.
Doses were adjusted according to serum levels of Ca
and P. Lipid-lowering drugs, primarily statin deriva-
tives, were administered if serum cholesterol levels
exceeded 240 mg/dL.

Statistical analyses
Continuous data are summarized as mean ± standard
deviation. Comparisons between patients with and
without valvular or vascular calcification (or both) were
performed at study baseline using unpaired t-test
for mean data. Factors predictive of cardiovascular
mortality were identified with Cox regression analy-
sis evaluated by Wald test. Free rate analyses from
nonfatal and fatal cardiovascular events were per-
formed using the Kaplan–Meier method and log-
rank test. Significance was accepted at a p value of
less than 0.05.

Results
Table I outlines the baseline characteristics of sub-
jects with and without calcification. We observed no
significant differences in age, blood pressure, serum
Ca and P, iPTH, total cholesterol, and albumin among
the three groups. During the mean follow-up of 63.5
months (range: 60 – 72 months), 10 patients (4 with
and 6 without calcification) were transferred to hemo-
dialysis. Altogether, 12 deaths occurred during the
follow-up period; half of those deaths were attributed
to cardiovascular causes. Six patients with calcifica-
tion and no patients without calcification died during
this period. Using Cox regression analysis, calcifica-
tion—valvular or vascular or both together—was pre-
dictive of nonfatal and fatal cardiovascular events (risk
ratio: 27.96; 95% confidence interval: 8.35 to 93.62; p <
0.0001; Figure 1), independent of age, male sex, dura-
tion of dialysis therapy, and diabetes status.

Discussion
In the present study, valvular and vascular calcifica-
tions were both strong and independent predictors of
cardiovascular deaths in patients receiving CAPD. Our
findings extend those of Braun et al. (13), who showed
a profound age-related effect on vascular calcifica-
tion, and are consistent with the recent cross-sectional
survey of Raggi et al. (14), who demonstrated asso-
ciation between age, diabetes mellitus, dialysis vin-
tage, higher serum Ca and P, and coronary calcification
in maintenance HD. Furthermore, our study confirms
the findings of Wang et al. (15) that cardiac calcifica-
tions predict all-cause and cardiac mortality in long-
term peritoneal dialysis patients.

In the present study, myocardial infarction and
stroke were major causes of cardiovascular events.
No invasive data on CAPD patients in this study were
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available, but it can be assumed that valvular or vas-
cular calcification and coronary artery disease were
closely associated with the decreased survival of pa-
tients with calcifications. Also, a high prevalence of
left ventricular hypertrophy was detected in patients
with calcifications, indicating the presence of coro-
nary artery disease in these patients. Sharma et al. (8)
strongly emphasized the importance of mitral annular
calcification for prediction of cardiovascular mortality

in renal transplant candidates. On the other hand, other
studies have proposed a frequent association of vas-
cular calcification and cardiac valve calcification
(13,14). It is therefore likely that the observed higher
cardiac mortality of CAPD patients with calcifications
is in part a result of an association with cardiovascular
diseases and cardiac structural abnormalities. In the
present study as well as in other previous studies
(16,17), valvular or vascular calcifications (or both)
were not associated with smoking, hypertension, or
hyperlipidemia, which are known as the risk factors
for cardiovascular diseases, indicating other factors
found in patients with chronic kidney disease, such
as anemia, inflammation, low albumin, hypocalcemia,
hyperphosphatemia, and so on are responsible (18).

In the present study, we did not measure highly
sensitive C-reactive protein (hsCRP) for evaluation of
inflammation; however, we observed no significant
differences in the levels of serum albumin and hemo-
globin between the two groups. Several studies have
demonstrated that the ongoing increased Ca load
and the poor Ca × P control are responsible for accel-
erating the progression of calcification in patients
with chronic kidney disease (19–21). In the present
study, CAPD patients with valvular or vascular cal-
cification had higher serum Ca, P, Ca × P, and iPTH
that did those without calcifications; however, the p
values did not reach significance. Previously Wang
et al. (15) reported that peritoneal dialysis patients

TABLE I Characteristics of patients with and without calcification

Total Calcification
Vascular and Valvular Vascular None

valvular

Patients (n) 1 6 2 32 11 16 1 0 3
Age (years) 56±2 57±5 55±8 57±9 55±4
Male sex [n (%)] 58 (36) 6 (25) 6 (55) 6 (38) 38 (37)
Diabetes mellitus [n (%)] 43 (27) 20 (63) 5 (45) 8 (50) 10 (10)
Systolic blood pressure (mmHg) 154±4 156±8 154±9 152±7 154±5
Diastolic blood pressure (mmHg) 78±2 78±5 79±4 78±8 76±5
Serum Ca (mg/dL) 7.2±0.6 7.4±0.8 7.3±0.9 7.4±1.0 7.1±0.8
Serum P (mg/dL) 6.8±0.5 6.9±1.0 6.6±1.2 7.2±1.0 6.4±0.6
Ca×P 49±6 51±7 49±8 54±10 47±7
Parathyroid hormone (pg/dL) 256±38 354±56 285±46 326±28 213±54
Total cholesterol (mg/dL) 202±13 205±36 212±19 195±24 190±15
Low-density lipoprotein (mg/dL) 102±8 103±8 110±12 100±15 99±6
Serum albumin (g/dL) 3.6±0.4 3.5±0.3 3.4±0.8 3.5±0.7 3.7±0.5
Left ventricular mass index (g/m2) 106±12 116±4a 118±5a 121±11a 101±5

a p < 0.05 as compared with patients with no calcification.

FIGURE 1 Cumulative percentage free of nonfatal and fatal
cardiovascular disease events. In patients with calcification as
compared with patients without calcification, we observed a
significant increase in nonfatal and fatal cardiovascular events
over 5 years.
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with valvular calcification had significantly higher
serum Ca, P, Ca × P, and iPTH than did those without
calcifications. In results from the United States Renal
Data System, hyperphosphatemia and increased Ca ×
P were independent risk factors for mortality in hemo-
dialysis patients (11). In that study, the mortality rate
reported was higher than our current data show, indi-
cating that the ESRD patients in that study might have
been more severely ill. Alternatively, the treatment of
Ca and P abnormalities may have been different.

In the present study, 4 CAPD patients with calcifi-
cations experienced stroke. In previous data reporting
the relationship between calcifications and cardiovas-
cular mortality, the relationship between calcifications
and stroke has been less discussed. All 4 patients
with stroke were found to have cerebral embolisms.
Benjamin et al. (22) reported that the presence of
mitral annular calcification doubled the risk of stroke
independently of traditional risk factors. It is pos-
sible that Ca spicules from the mitral annulus could
embolize and that the presence of left atrial enlarge-
ment found in the present study in CAPD patients
with calcification and atrial fibrillation might predis-
pose to embolic events.

A high prevalence of left ventricular hypertrophy
in CAPD patients with calcifications was found in the
present study. Huting and Schutterle (23) reported that
a relationship between blood pressure and mitral
annular calcification in which the rise of systolic
pressure on the left ventricular wall increases pres-
sure on the valve and accelerates its usual aging
process. On the other hand, Fernández–Vega (24)
did not find any differences in the incidence of left
ventricular hypertrophy between patients with or
without calcifications.

Conclusions
Our study confirms that valvular or vascular calcifica-
tions (or both) at the start of dialysis therapy are not
infrequent findings. Echocardiography demonstrates
that these calcified tissues are associated with left
ventricular hypertrophy. In addition to these struc-
tural abnormalities, Ca and P dysregulation may con-
tribute to tissue damage. These two mechanisms
might contribute to cardiovascular events in CAPD
patients. Vascular and valvular calcification are im-
portant factors for determining the prognosis of pa-
tients on CAPD.
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