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The prevalence of vascular calcification
in patients with end-stage renal disease
on hemodialysis: a cross-sectional
observational study

Mark A. Kraus, Philip A. Kalra, John Hunter, José Menoyo and Nicole Stankus

Abstract

Background: This multicenter international cross-sectional observational study characterized
vascular and valvular calcification burden and correlations with pulse pressure, diabetes,
hypertension, and cardiovascular diseases in prevalent hemodialysis patients.

Methods: We enrolled 275 consecutive adults with end-stage renal disease on maintenance
hemodialysis for =3 months. Coprimary endpoints were prevalences of: (1) echocardiographic
calcification in mitral valve, aortic valve or mitral annulus; (2) aortoiliac tree vascular
calcifications by plain lateral lumbar X-ray. Correlations among calcification sites and with
demographics and comorbidities were determined. Pulse pressures were determined.
Results: Subjects’ mean +standard deviation (SD) age was 56 £15.9 years; mean (SD] dialysis
duration was 4.5+4.3 years. Overall, 100% of echocardiographically imaged patients (n=243)
had calcification in aortic valve, mitral valve, or mitral annulus; 77.8% of X-rayed patients
(n=248) had abdominal aortic calcification. Radiographic abdominal aortic calcification

score correlated significantly with calcification of aortic valve (p <0.0001) and mitral annulus
(p=0.0001) but not mitral valve. Aortic valve, mitral valve, and mitral annulus calcification
correlated significantly among themselves (p <0.0001). Moderate/severe aortic valve
calcification was significantly more prevalent in patients aged =65 years than <65 years, men
than women, and Whites than African Americans. Pulse pressure correlated significantly with
vascular calcification score (p=0.0049) but not with valvular calcification at any site.
Conclusions: Vascular and valvular calcification are highly prevalent in the hemodialysis
population. Peripheral vascular calcification correlates significantly with elevated pulse
pressure and can be assessed easily using lateral lumbar X-ray. Further studies investigating
the interaction between pulse pressure and development or progression of vascular
calcification are of interest.

Keywords: chronic kidney disease, echocardiography, hemodialysis, lumbar X-ray, vascular
calcification, valvular calcification

Introduction

Up to 40-50% of patients with end-stage renal dis-
ease (ESRD) die of cardiovascular disease (CVD)
[US Renal Data System, 1998], reflecting their rap-
idly progressing atherosclerotic burden [Goodman
et al. 2000, 2004] and heavy arterial calcification
[Schwarz er al. 2000]. Altered calcium, phosphorus,
parathyroid hormone (PTH), and vitamin D levels
in ESRD induce mediators of bone-like

metabolism and mineralization in the vascular
tunica media [Moe and Chen, 2008].

Management of chronic kidney disease—mineral
and bone disorder (CKD-MBD) appropriately
includes assessment of vascular and valvular calci-
fication according to the US National Kidney
Foundation [KDIGO, 2009]. Although the refer-
ence standard diagnostic methods for calcification
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are electron beam computed tomography (EBCT)
and multislice spiral computed tomography
[Rumberger ez al. 1999; Floege and Ketteler, 2004],
clinically accessible first-line methods include echo-
cardiography and lumbar lateral X-ray [Raggi and
Bellasi, 2007].

Calcification stiffens vessels and valves and
reduces their compliance, contributing to left
ventricular hypertrophy (LVH) and increasing
all-cause mortality risk. Aortic calcification is
associated with high cardiovascular risk in
patients without CKD [London, 2003; London
et al. 2003] or with CKD [Kauppila ez al. 1997;
Wilson er al. 2001]. Aortic pulse wave velocity, a
marker of arterial stiffness related to sudden car-
diac death, is associated with abdominal aortic
calcification and borderline associated with tho-
racic aortic and coronary calcification in hemodi-
alysis patients [Raggi et al. 2007].

Few studies have evaluated both vascular and
valvular calcification in the same dialysis patients
in relation to mortality. Higher baseline coro-
nary artery and aortic valvular calcification pre-
dicted mortality in univariate post hoc analysis of
127 hemodialysis patients receiving sevelamer or
calcium-based phosphate binders followed for
3.6 years; calcium-based binder use predicted
multivariate mortality risk [Spiegel er al. 2007].
Similarly, peritoneal dialysis patients (z=102)
with both valvular and coronary arterial calcifi-
cation had higher mortality over 4 years than
those with coronary arterial calcification alone
[Janicka ez al. 2011]. Finally, in ADVANCE, 360
prevalent dialysis patients on calcium binders
were randomized to vitamin D sterols with/with-
out cinacalcet [Raggi er al. 2011]. Results showed
coronary artery, aortic, and valvular calcification
scores increased numerically from baseline in all
patients and aortic valve calcification increased
significantly less in cinacalcet/low-dose vitamin
D recipients than those receiving vitamin D
alone.

Valvular and vascular calcifications contribute to
cardiovascular mortality risk in dialysis recipi-
ents, raising interest in interventions to reduce
calcification incidence and progression. The cur-
rent study determined prevalence of vascular and
valvular calcification in prevalent hemodialysis
patients using noninvasive imaging (echocardi-
ography and lateral lumbar X-ray) and correla-
tions with pulse pressure, an indicator of vascular
elasticity.

Methods

Study design

This multicenter international observational
study involved 12 centers in the United States,
Canada, Puerto Rico, Spain, and the United
Kingdom. Consecutive consenting adults with
ESRD on maintenance hemodialysis for =3
months were recruited. The first patient enrolled
in November 2004, the last patient’s last visit was
in August 2005, and the study closed 5 October
2005. Pregnancy, lactation, or planned pregnancy
within 6 months post study, as well as unobtain-
ability of imaging in male or female patients, were
exclusionary.

Assessments

Centrally read echocardiography measured left
ventricular mass (LVM) and ejection fraction
(LVEF) and scored calcification at the mitral
valve, mitral annulus, and aortic valve [Raggi
et al. 2007]. Data quality was assessed as optimal,
readable, unreadable, or data missing; if visuali-
zation remained suboptimal on repeat imaging,
calcification was not graded. Calcification in
scorable images was categorized as none, mild
(bright ring), moderate, or severe (dense), and
scores were grouped into none/mild and moder-
ate/severe for analysis. The proportion of patients
with echocardiographic calcification at any site
was scored.

Centrally read plain lateral lumbar X-rays assessed
presence of abdominal aortic calcifications [Raggi
et al. 2007]. Eight locations were evaluated (ante-
rior and posterior abdominal aortic walls at verte-
bral segments LL1-1.4) and assigned Framingham
calcification scores (0=no detectable calcifica-
tion; 1=small scattered calcifications over <1/3
of segment; 2 = calcification of 1/3 to <2/3 of the
segment’s aortic wall; 3 =calcification of =2/3 of
the segment’s aortic wall). The eight measure-
ments were summed for the total calcification
score ranging from 0 to 24 [Kauppila ez al. 1997].
Scores were grouped into categories of 0, 1-6,
7-12, 13-18, and 19-24. The proportion of
patients with any radiographic aortic calcification
was also scored.

Laboratory data were recorded for serum phos-
phorus, calcium, albumin, PTH, triglycerides;
cholesterol (total, high-density lipoprotein, and
low-density lipoprotein); mean standard weekly
Kt/V; and urea reduction ratio (URR). Systolic
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and diastolic blood pressures were recorded pre-
dialysis, and pulse pressures were determined
(systolic minus diastolic blood pressure).

Additional exploratory analyses evaluated the
relationship of calcification to age, gender (includ-
ing a subanalysis of women before and after 51
years of age to examine menopausal effects), eth-
nicity, comorbidities (diabetes, hypertension, car-
diac disorders, and other chronic diseases), and
kidney history (dialysis duration in patients with
or without prior transplantation histories).

Institutional review board or institutional ethics
committee approvals were obtained for each par-
ticipating center (see the online supplement for
specific organizations providing approval). All
participants granted written informed consent.
This study conformed to Good Clinical Practice
and the Declaration of Helsinki.

Statistical analysis

Calcification extent and prevalence at aortoiliac
segments, aortic and mitral valves, and mitral
annulus were examined with descriptive statistics.
Spearman correlations determined relationships of
pulse pressure, radiographic abdominal aortic cal-
cification score, and echocardiographic valvular
calcifications as well as relationships of age with
calcifications (adjusted or unadjusted for dialysis
duration). Cochran—Mantel-Haenszel chi-squared
tests assessed correlations of radiographic aortic
and echocardiographic valvular calcification with
age, gender, race/ethnicity, dialysis vintage, and
diabetes/hypertension. Multivariate analyses were
not designed into the study in 2004-2005; resource
limitations precluded their retroactive inclusion.

Results

Enrolled were 275 patients (63.3% were male),
with a mean (standard deviation [SD]) age of 56
(15.9) years (median, 57 years; range, 19-84
years) and a mean (SD) dialysis duration of 4.5
(4.3) years. Among the 36 previously transplanted
patients, the mean (SD) time since transplanta-
tion was 10.4 (5.5) years. Other demographics
are shown in Table 1. Renal failure etiologies
were diabetic nephropathy in 19.8% of patients
and hypertension in 32.1%. A total of 96 (35.2%)
patients had a major cardiovascular event (myo-
cardial infarction [MI], ischemic heart disease,
cardiac arrest, cardiac dysrhythmia, pericarditis,
peripheral vascular disease, or cerebrovascular

Table 1. Patient characteristics.

disease); two patients lacked cardiovascular his-
tory data (Table 1).

Biochemical values are shown in Table 2. Partici-
pants were adequately dialyzed (URR mean*SD,
72.417.5%; median, 73.0%; average weekly Kt/V,
1.5) and had normal serum albumin. Mean serum
calcium (8.9mg/dl) and phosphate (5.2mg/dl) were
within National Kidney Foundation’s Kidney Disease
Outcomes Qualiry Imiriarive (K/DOQI) dialysis target
ranges [National Kidney Foundation, 2003], which
were current during the study. Patients had
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Table 2. Biochemical and cardiovascular parameters.

Table 3. Echocardiographic findings of calcification frequency and degree.

moderate secondary hyperparathyroidism (mean
PTH, 348.9pg/ml). K/DOQI guidelines were met
by 31.6% of patients for PTH (150-300pg/ml),
62.6% for calcium (8.4-9.5mg/dl), and 46.7% for
phosphorous (3.5-5.5mg/dl).

Table 2 also shows echocardiographic measure-
ments and predialysis blood pressure values; the
latter were within K/DOQI targets. Pulse pressure
exceeded 40mmHg in 91.2% of patients; 95.7%
had abnormal LVM (>2SD from 92 £ 16.0 g/m?),
and 49.0% had reduced left ventricular systolic
function (LVEF <0.67£0.08).

No patient of the 262 with available echocardio-
graphic or X-ray data was free of calcification at
all sites, i.e. the prevalence of calcification visible
to at least 1 of the 2 techniques was 100% in our

evaluable patient set. The prevalence of echocar-
diographic valvular calcification was 100% among
243 imaged patients, all of whom had at least
mild calcification in at least one site (aortic valve,
mitral valve, or mitral annulus). Fewer than 2% of
patients had any one site calcification-free; more
than 50% had at least mild calcifications.
Moderate calcifications affected the mitral annu-
lus in 31.3% (of 217) of patients, the aortic valve
in 27.3% (of 198), and the mitral valve in 16.2%
(of 167) (Table 3). Mitral valve echocardiographic
data were incomplete due to the readability and
quality of the scans.

Radiographic aortic calcification scores were avail-
able in 248 patients, with an overall mean (SD)
calcification score of 7.7 (7.3) and a median
(range) of 6.0 (0-24.0). A total of 55 (22.2%)
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Aortic Calcification by Age
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Figure 1. Relationship between age and overall aortic calcification score (r,=0.65, p<<0.0001). No patients
aged 65 years and older were free of radiographic aortic calcification; overall score categories from 7-12
through 19-24 were more prevalent in this older age group than among those younger than 65 years.

patients were free of abdominal aortic calcifica-
tions. The prevalence of radiographic aortic calci-
fications was 77.8%, affecting 193 of 248 evaluable
patients.

Aortic calcification score correlated significantly to
aortic valve (r,.=0.31;p<<0.0001; = 180) or mitral
annulus (r,=0.27; p=0.0001; #=198) calcifica-
tions and to pulse pressure (r,=0.18; p=0.0049;
n=248), but not to mitral valve calcification.

Calcification and age

Moderate/severe echocardiographic aortic valve
calcification was three times more common in
patients aged =65 years than in those younger
(46.1% wersus 15.7%, respectively; p<<0.0001).
Moderate/severe mitral valve calcification preva-
lence did not differ statistically by age. Moderate/
severe mitral annulus calcification was nearly twice
as prevalent in older than younger patients (45.0%
versus 23.5%, respectively; p=0.0011); older
patients also had a higher prevalence and severity
of radiographic abdominal aortic calcification
(p<<0.0001; Figure 1). Overall radiographic calci-
fication scores of 19-24 affected 26.2% of older
versus only 3.7% of younger patients; conversely,
one-third of younger patients but no older patients
were aortic calcification-free.

Spearman correlation coefficients showed that
radiographic overall abdominal aortic and echo-
cardiographic aortic valve calcifications, respec-
tively, correlated significantly with age with
adjustment (r,=0.65 and r,=0.39; p<<0.0001 for
each) or without adjustment for dialysis duration
(r,=0.67 and r,=0.3; p<<0.0001 for each). Mitral
annulus calcification correlated significantly with
age with adjustment (r,=0.32; »p=0.0003) or
without adjustment for dialysis duration (r,=0.26;
p»=0.0001); mitral valve calcification showed no
significant correlation with age irrespective of
vintage.

Calcification and gender

Moderate/severe calcification at the aortic valve
(but not mitral valve or mitral annulus) was sig-
nificantly more prevalent in men than in women
(32.8% wersus 17.1%, respectively; p=0.0182).
Proportionately more women than men had zero
radiographic abdominal aortic calcification
(31.2% wversus 16.8%, respectively), whereas men
had higher prevalence of moderate abdominal
aortic calcification (scores of 7-18).

Female participants were separated into age
groups (=51 and >51 years) to allow for meno-
pausal effects. The Cochran—Mantel-Haenszel
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Table 4. Dialysis duration distribution by age groups.

procedure showed a statistically significant asso-
ciation between gender/age groups and overall
radiographic abdominal aorta calcification score
(»p<0.0001) or echocardiographic aortic valve
calcification (p=0.0120), with older women hav-
ing the greatest rates of calcification in each
modality. Mitral valve or mitral annulus calcifica-
tion scores were not significantly associated with
gender or age groups.

Calcification and ethnicity

Prevalence of moderate/severe aortic valve
(»p=0.0202) and mitral annulus (p=0.0068) calci-
fication differed significantly by ethnicity. Whites
had higher prevalence (34.8%) of moderate/severe
aortic valve calcification than did African
Americans (17.5%) and other races (15.0%).
African Americans, meanwhile, had lower preva-
lence (17.8%) of mitral annulus calcification than
did Whites (37.4%) and other ethnic groups
(45.0%). In contrast, prevalence of moderate/
severe mitral valve calcification did not signifi-
cantly differ by ethnicity. Radiographically, signifi-
cantly fewer Whites (9.1%) were calcification-free
at the abdominal aorta than African Americans
(37.6%) and other races (36.4%; p<<0.0001).
Proportionately more Whites had abdominal aor-
tic calcification scores in the most severe category
(19-24).

Calcification and dialysis vintage

Calcification data were compared by dialysis vin-
tage (duration of <1 year, 1-3 years, and >3 years;
Table 4 summarizes the dialysis characteristics of
the population). Echocardiographic data are seg-
mented by dialysis vintage in patients with and
without prior transplants in Table 5. Prevalences
of moderate/severe calcification at the aortic valve
(among 172 evaluable patients) and mitral valve

(among 144 evaluable patients) did not differ sig-
nificantly by vintage. Prevalence of moderate/
severe mitral annulus calcification (among 215
evaluable patients) increased significantly with
longer dialysis vintage overall (18.4% wversus 30.2%
versus 36.0% for dialysis duration of <1 year, 1-3
years, and >3 years, respectively; p=0.0470).
After excluding patients with previous transplan-
tations (leaving 189 patients with evaluable mitral
annulus data), mitral annulus moderate/severe
calcification percentages for the same dialysis
duration subsets were 16.7% versus 29.8% wversus
34.4%, respectively; the association became bor-
derline significant (p=0.0581). No other signifi-
cant associations of calcifications with dialysis
durations were observed; radiographic aortic cal-
cifications (Table 6) did not correlate significantly
with dialysis duration in patients with (p=0.3814)
or without (p=0.4304) prior transplants.

Mitral annulus calcification showed a low but sig-
nificant Spearman correlation with dialysis dura-
tion unadjusted for age (r,=0.13; »p=0.0499).
Adjustment for age abrogated significance (r,=0.14;
p=0.121). No other calcification sites were signifi-
cantly correlated with dialysis durations.

Calcification and diabetes and hypertension
Echocardiographically, prevalences of moderate/
severe calcification of the aortic valve, mitral valve,
or mitral annulus did not differ significantly by
diabetes or hypertension status. Radiographically,
overall abdominal aortic calcification severity dis-
tribution did not differ significantly with or with-
out diabetes or hypertension.

Calcification and cardiovascular history
Calcification scores were compared by history or
absence of prior cardiovascular events. Figure 2
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Table 5. Prevalences of moderate to severe echocardiographic valvular calcification, analyzed by dialysis
vintage among patients with and without histories of prior transplantation.

presents data for MI and ischemic heart disease.
History of MI (Figure 2A) was significantly associ-
ated with more severe radiographic abdominal
aortic calcification (p=0.03), although only 24
patients reported prior MIs. All patients with prior
MIs had abdominal aortic calcification, whereas
24.4% of MlI-free patients were also aortic calcifi-
cation-free. Moderate/severe valvular calcification
did not differ by MI history. Patients with ischemic
heart disease (Figure 2B) had significantly more
severe radiographic abdominal aortic calcification
than those without (»p<<0.0001). Echocardio-
graphically, prevalences of moderate/severe aortic
valve and mitral annulus calcification, respectively,
were numerically greater among those with ische-
mic heart disease (38.6% versus 24.3%; p=0.0623)
than without ischemic heart disease (42.6% versus
28.0%; p=0.0571). Mitral valve calcification did
not differ by ischemic heart disease status.

Patients with cardiac dysrhythmia had significantly
greater prevalence of echocardiographic moderate/
severe aortic valve than those without dysrhythmia
(50.0% wversus 23.5%; p=0.0037), mitral valve
(43.5% wversus 11.8%; p=0.0001), and mitral
annulus calcification (52.0% versus 28.6%;
p»=0.0182). Radiographically assessed overall
abdominal aortic calcification scores were signifi-
cantly more severe among patients with dysrhyth-
mia (p=0.0008).

Peripheral vascular disease was significantly asso-
ciated with greater prevalences of moderate/severe

aortic valve calcification (45.5% of patients with
peripheral vascular disease versus 25.1% of those
without; p=0.0447) and with significantly more
severe overall aortic calcification (p=0.0004).
Mitral valve and mitral annulus calcification did
not differ significantly in patients with or without
peripheral vascular disease.

Calcification and pulse pressure

Pulse pressure correlated significantly to radio-
graphic vascular calcification score (,=0.18;
p»=0.0049; 248 evaluable patients) but not to
echocardiographic valvular calcification at any
site. As expected, aortic valve, mitral valve, and
mitral annulus calcification correlated signifi-
cantly with each other (»<<0.0001).

Discussion

Nephrology organizations promote clinically
accessible noninvasive imaging of vascular and
valvular calcification. The National Kidney
Foundation K/DOQI cardiovascular guidelines
for dialysis patients [National Kidney Foundation,
2005] emphasize  echocardiography; the
Foundation’s K/DOQI bone metabolism/disease
guidelines [National Kidney Foundation, 2003]
and the Kidney Disease Improving Global
Outcomes (KDIGO) CKD-MBD Working Group
guidelines for CKD-MBD [Moe et al. 2006;
KDIGO, 2009] propose radiographic detection of
vascular calcification, including abdominal aortic

90

http://taj.sagepub.com



MA Kraus, PA Kalra et al.

‘uoljejue)dsuedy Jolud Jo Sa110}sIYy INOYYM pue yiim syuaned buowe abejuia siskielp Aq pazAjeue ‘uoijeaiyidied oijdoe jeujwopge olydesfolped jo saousjerald 9 ajqel

91

http://taj.sagepub.com



Therapeutic Advances in Chronic Disease 6(3)

O No history of myocardial
infarction (n = 225)

A 45 - m History of myocardial
40.91 infarction (n = 22)
40 A
35
—_ 29.78
X 304 27.27
24.44
.Z,’ 25
g 20 17.78 17.33 18.18
=3
@ | 13.64
s 10.67
10
5 -
0.00
0 T T T T
0 1-6 7-12 13-18 19-24
No Most Extensive
Calcification Calcification
Overall (.:alcmcatlon Score P=00312
(combined x-ray score)
O No history of ischemic heart
disease (n = 198)
B
m History of ischemic heart
40 + disease (n = 49)
35 1 32.32
30.61
—_ 30 1 27.27 26.53
X
- 254 22.45
2
g 20 4 18.37 18.18
=3
e 154 13.64
w
10 4 8.59
51 2.04
0 - : : :
0 1-6 7-12 13-18 19-24
No Most Extensive
Calcification Calcification
Overall Calcification Score P =0.0001

(combined x-ray score)

Figure 2. Relationship between overall aortic calcification and prior cardiovascular events: (A] myocardial
infarction (p=0.0312) and (B) ischemic heart disease (p<0.0001). Almost a quarter of patients (24.44%)
without myocardial infarction history, but no patients with myocardial infarction history, had an overall aortic
calcification score of 0. Patients with histories of ischemic heart disease had significantly more severe aortic

calcification than those without.

calcification, which allows both scoring for pres-
ence and semiquantitative evaluation.

No formal recommendations exist for coronary or
peripheral vascular calcification screening in
patients on dialysis, despite their 83-92% preva-
lence of coronary calcification by EBCT [Goodman

et al. 2000; Oh er al. 2002; Raggi er al. 2002] and
data linking vascular calcification to mortality
[Kauppila ez al. 1997;Wilson ez al. 2001]. KDIGO
CKD-MBD guidelines, however, state that if calci-
fication is observed in the abdominal aorta, carot-
ids, iliofemoral axis, or femoropopliteal axis,
identification of calcification at another site should
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be sought [KDIGO, 2009]. The same source
[KDIGO, 2009] suggests that patients with CKD
and known prevalent vascular or valvular calcifica-
tion be treated as belonging to the highest category
of cardiovascular risk; that the dose of calcium-
based phosphate binders be restricted in patients
with ESRD and known calcification (and those
with persistent hypercalcemia, persistent low PTH,
or adynamic bone disease); and that non-
calcium-containing phosphate binders should be
considered in patients with vascular calcifications
at two or more sites. KDIGO acknowledges the
need for more research into the role of calcium ver-
sus non-calcium binders in the pathogenesis of cal-
cification, but regards limiting binder-associated
calcium intake as justified [KDIGO, 2009].

Certain studies associate non-calcium binders
with less progression of calcification than cal-
cium-based binders [Chertow er al. 2002; Block
et al. 2005; Toussaint et al. 2011; Kalil et al.
2012]. Although a 2011 Cochrane meta-analysis
[Navaneethan ez al. 2011] found data insufficient
to establish superiority of non-calcium to cal-
cium-containing binders for all-cause mortality
and cardiovascular outcomes in CKD, a 2012
meta-analysis of 11 randomized studies
(n=4622) reported a significant 22% mortality
reduction with non-calcium versus calcium bind-
ers [Jamal er al. 2013]. Similarly, the 36-month
INDEPENDENT-HD randomized trial in 466
incident dialysis patients observed significantly
reduced all-cause and cardiovascular mortality
with sevelamer wersus calcium carbonate [Di
Torio ez al. 2013]. The potential contribution of
binder choice to prevention of calcification and
its complications merits clinical consideration. A
major limitation of our study is the unavailability
of data on concomitant medications, including
phosphate binders, which were not retrievable
from the 2004-2005 archival data.

Calcium and phosphate levels and other CKD-
MBD anomalies leading to calcification also con-
tribute to increased pulse wave velocity and pulse
pressure, associated with increased mortality
in ESRD [Klassen ez al. 2002; Blacher ez al. 2003].
Ultrasound-measured calcification is propor-
tional to increases in pulse pressure and velocity
[Guerin ez al. 2000]. In our study, pulse pressure
correlated significantly to radiographic overall
abdominal aortic calcification score. Whether ele-
vated pulse pressure could serve as a surrogate
marker of calcification in dialysis patients requires
further study.

We compared and contrasted our findings with
those of prior studies relating calcification to
hemodialysis patients’ characteristics. Older age
was associated with vascular calcification in both
our study and its predecessors [Honkanen ez al.
2008; Jean er al. 2009]. Abdominal aortic calcifi-
cation score did not differ significantly by diabetes
status among our patients, perhaps because fewer
than 20% of our patients had diabetic nephropa-
thy. This finding contrasts with that of Jean and
colleagues [Jean ez al. 2009], but resembles the
Calcification Outcome in Renal Disease (CORD)
study (933 European dialysis patients with lumbar
X-rays) [Honkanen ez al. 2008]. History of CVD
in CORD was associated with higher abdominal
aortic calcification scores and predicted calcifica-
tion on multivariate analysis. In our current study,
and consistent with CORD, the patients with prior
MI, ischemic heart disease, dysrhythmia, or
peripheral artery disease had increased abdominal
aortic calcification. Furthermore, the proportion
of major cardiovascular events among our patients
(35.2%) was comparable to combined on-study
cardiovascular event rates in the German Diabetes
in Dialysis (4D) Study (39 and 33% in 4D pla-
cebo and atorvastatin groups, respectively); our
prior MI rate (8%) was also comparable to 4D on-
study nonfatal MI rates (12% with placebo and
11% with atorvastatin) [Wanner et al. 2005].

Vascular calcification could be expected to increase
with dialysis duration. In the study of Goldsmith
and colleagues in 38 patients on hemodialysis for
10-25 years, radiographic vascular calcification
prevalence increased from 39% at dialysis onset to
92% after an average dialysis duration of 16 years,
with a mean onset 9.7 years after starting dialysis
[Goldsmith ez al. 1997]; calcification severity also
increased with vintage. Similarly, in CORD, dialy-
sis duration independently predicted abdominal
aortic calcification on multivariate analysis (odds
ratio, 1.110 per 1l-year increase; p<<0.001)
[Honkanen et al. 2008]. In the current study,
patients’ radiographic abdominal aortic overall
calcification scores did nor increase with dialysis
vintage, perhaps because most participants were
long-time dialysis survivors (0.3-25.0 vyears).
Exclusion of prior transplantees rendered the
association of echocardiographic mitral annulus
calcification with dialysis vintage borderline sig-
nificant. Relevantly, the patient population in the
current study reflects a lower-risk profile than is
typical in prevalent dialysis, with younger age,
<20% type 2 diabetes prevalence, and low-risk
albumin levels (>3.5g/dl).
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We found no correlation between pulse pressure
and calcification of the aortic valve, mitral valve,
or mitral annulus. All echocardiographically eval-
uated patients had at least one calcified site.
Mild/moderate mitral valve and aortic valve cal-
cification were reported in 98.8% and 94.4% of
patients, respectively, exceeding previously docu-
mented prevalences. Echocardiographic preva-
lences of mitral valve calcification of 45% and
aortic valve calcification of 52% occurred in a
predominantly White-European patient popula-
tion [Ribeiro ez al. 1998], whereas EBCT investi-
gations observed prevalent mitral valve
calcification in 59% of dialysis patients and aor-
tic valve calcification in 55% [Braun ez al. 1996].

Cardiovascular calcification predicts cardiovascu-
lar morbidity and mortality in general popula-
tions and dialysis recipients. In the prospective
general-public Framingham Heart Study with 22
years of follow up, radiographic abdominal aortic
calcification was associated with increased rela-
tive risk of CVD, coronary heart disease, and car-
diovascular mortality [Wilson ez al. 2001]. Among
205 hemodialysis recipients with EBCT imaging,
coronary artery calcification was related to preva-
lent MI and angina; aortic calcification was
related to prevalent peripheral artery disease and
aortic aneurysm [Raggi er al. 2002]. Higher
peripheral vascular calcification levels on X-rays
were associated with a doubled 1-year mortality
rate in 161 long-hemodialysis French patients
[Jean ez al. 2009]. Valvular calcification predicts
LVH in hemodialysis recipients, particularly those
with both aortic valve and mitral valve calcifica-
tion [Strozecki et al. 2005]. Mitral annular calcifi-
cation in hemodialysis patients has been associated
with clinical coronary artery disease and increased
mortality [Sharma et al. 2007]. Arterial medial
calcification in hemodialysis patients was associ-
ated with increased mortality but less so than
arterial intimal calcification [London ez al. 2003].
Pulse pressure predicted 30-month all-cause
mortality in peritoneal dialysis patients [Liu ez al.
2008].

Limitations of this study include its cross-sectional
design, single centralized imaging readers, and una-
vailability of concomitant medication data and mul-
tivariate analyses. Notwithstanding our having
collected serum phosphate and calcium laboratory
results, data on use of phosphate binders and other
CKD-MBD drugs would have been relevant if avail-
able. In addition, only 24 of our patients reported
prior MI, whose relationship to calcifications was

thus determined on a small sample size. Although
in an ideal study multivariate analyses would be
more informative, these were not performed due to
statistical resource limitations for reanalysis of the
20042005 data set.

Conclusions

Among 262 imaged hemodialysis patients, 100%
had calcification detectable by either valvular
echocardiography or abdominal aortic radiogra-
phy. The prevalence of echocardiographic valvu-
lar calcification (at =1 of the 3 sites) was 100%
and that of radiographic aortic calcification
77.8%. Peripheral vascular calcification, visible
on lateral lumbar aorta X-ray, had a statistically
significant, though relatively low correlation
(r=0.18), with elevated pulse pressure. Further
studies are needed to evaluate interactions of
pulse pressure with vascular calcification and die-
tary and pharmacologic interventions intended to
reduce calcification.
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