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Abstract. Chronic kidney disease pro-
foundly disturbs calcium-phosphate metabo-
lism and predisposes to premature athero-
sclerosis. Both coronary artery calcification 
(CAC) and endothelial dysfunction are com-
mon in hemodialysis (HD) patients. We hy-
pothesized that a calcium-free phosphate 
binder would improve endothelial function 
and delay progression of vascular calcifica-
tion in HD patients. Methods: This was a ran-
domized parallel-group trial in HD patients 
comparing lanthanum carbonate (LC) with 
a non-LC phosphorus binders control group 
(non-LC) at a 1 : 1 randomization. CAC was 
obtained at baseline, 6, and 12 months, and en-
dothelial function (brachial artery flow-mediat-
ed dilation – FMD) at baseline and 6 months. 
Results: 13 patients were randomized (LC n = 7 
and non-LC n = 6). CAC scores (Log ± SE) at 
baseline were 7.21 ± 0.62 (LC) and 6.07 ± 0.73 
(control). CAC increased in the non-LC group 
(33 ± 17% and 77 ± 22% at 6 and 12 months), 
but tended to decrease in the LC group (–10 
± 11% and –2 ± 11% at 6 and 12 months). 
There was statistically less progression in 
CAC in the LC group compared to control 
at 6 (p = 0.002) and 12 months (p = 0.003). 
There was no difference between groups in 
FMD (p = 0.7). Markers of inflammation 
did not change significantly. Conclusion: A 
slower rate of progression of CAC occurred 
in the LC group, independent of changes in 
FMD. This is the first study showing dissocia-
tion between progression of CAC and FMD 
in HD patients. Larger studies are warranted 
to elucidate the impact of different phosphate 
sequestration therapies on atherosclerosis in 
HD patients.

Introduction

Cardiovascular disease is the main cause 
of death in dialysis patients [1]. More than 
30 years ago, Lindner et al. [2] reported that 

patients on hemodialysis (HD) suffer from 
accelerated atherosclerosis. Vascular calcifi-
cation is highly prevalent in dialysis patients, 
and may explain their high cardiovascular 
morbidity and mortality [3]. Vascular calci-
fication has two components, namely arte-
riosclerosis (thickening and hardening of the 
arterial walls) and atherosclerosis (the most 
common type of arteriosclerosis character-
ized by deposition of fatty acids in the intima 
leading to plaque formation and obstruction 
of blood flow); both are present in renal vas-
cular calcifications. Coronary artery calcifi-
cation (CAC) has been used as a surrogate 
marker of coronary atherosclerotic disease in 
the general, predialysis, and dialysis popula-
tions [4, 5, 6]. Furthermore, the rate of pro-
gression of CAC has been shown to predict 
coronary events in the general population 
[7]. Uremia is an inflammatory state, and, as 
with most of the inflammatory states, it leads 
to endothelial dysfunction [8, 9, 10]. This 
may represent another mechanism of ac-
celerated atherosclerosis in dialysis patients 
[11, 12, 13, 14].

Hyperphosphatemia is a well-known pre-
disposing factor for vascular calcification in 
dialysis patients [15, 16], and has been re-
ported more recently in the general popula-
tion as well [17]. Poor control of phosphate 
levels in dialysis patients is associated with 
higher cardiovascular mortality [18, 19]. Op-
timal control of hyperphosphatemia may be 
cardiovascularly protective by attenuating 
vascular calcification. It is not known wheth-
er or not control of hyperphosphatemia with 
different phosphate binders ameliorates en-
dothelial function or coronary calcification. 
It is also not known if better endothelial func-
tion predicts improved coronary calcifica-
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tion. This prospective, randomized pilot trial 
examined these mechanisms of atherosclero-
sis in patients receiving calcium-free, resin-
free lanthanum carbonate (LC) compared to 
non-LC phosphate binders (sevelamer and/or 
calcium-based phosphate binders).

Materials and methods

Study subjects

Stage V CKD patients age 18 or older on 
chronic HD at the University of Iowa Hospi-
tals and Clinics dialysis units requiring a phos-
phate binder to treat chronic hyperphosphate-
mia were eligible to participate in the study. 
Patients being treated with LC were excluded, 
as were pregnant patients, patients in nursing 
homes, and patients with poor compliance to 
dialysis treatments. Eligible patients received 
the consent form at their dialysis session for 
their perusal. Two weeks after receiving the 
consent document, they were asked to consid-
er participating in the study. All patients with 
history of good adherence to the dialysis treat-
ments were approached.

Study design

This was a pilot, prospective, random-
ized, open-label, parallel-group, single-center 
study. The study was approved by the Univer-
sity of Iowa Institutional Review Board.

After signing the consent form, study 
subjects underwent a phosphate binder wash-
out period of 10 days. At the randomization 
visit to the Clinical Research Unit, patients 
were randomized to receive LC (Fosrenol®, 
Shire Pharmaceuticals) or to stay under the 
same binder(s) used prior to the randomiza-
tion at 1 : 1 ratio. Baseline demographic data 
including age, gender, race, cause of chronic 
kidney disease, and dialysis vintage were 
obtained after consent. A serum pregnancy 
test was obtained in premenopausal female 
patients. At randomization (Visit 1), all pa-
tients underwent a CAC scan, an endothelial 
function study by measuring flow-mediated 
dilatation (FMD) of the brachial artery, and 
a blood sample draw. At Visit 2, 6 months 
postrandomization, study subjects returned 
to the Clinical Research Unit for the same 

procedures and blood tests performed on 
Visit 1. At 12 months postrandomization (fi-
nal study visit), study subjects returned for a 
coronary calcium scan and blood tests only.

Study drug

Dosing of LC was started at 500 mg t.i.d. 
with meals. Tablets were chewed and taken 
after food. To achieve target range of phos-
phorus levels (3.5 – 5.5 mg/dl), dose incre-
ments of 250 mg were used as needed. The 
maximum allowed daily dose was 4,500 mg. 
Patients were monitored for adverse effects. 
The LC dose was decreased or temporar-
ily discontinued if suspected adverse effects 
were present. Patients randomized to stay on 
the same binders (non-LC group) were started 
on the same dose after the wash out period.

Study procedures

CAC scores: CAC scores were obtained 
from 16 slice multidetector retrospectively 
gated noncontrast CT of the coronary arter-
ies. Data containing 3 mm contiguous slices 
of the entire coronary tree at ± 70% %RR 
interval were sent for automated scoring. 
Both Agatston and volumetric scoring were 
done [20]. The radiologist was blinded to the 
randomization group of the study. Studies 
were performed at baseline, 6 months, and 
12 months after randomization. Endothelial 
function: measurements were performed at 
the Human Cardiovascular Physiology Lab-
oratories of the University of Iowa Institute 
for Clinical and Translational Science. En-
dothelial function was assessed by measur-
ing brachial artery diameter during changes 
in brachial artery flow (FMD). A 13 MHz 
linear array transducer (AU5, BioSound Es-
aote) was employed to obtain these measure-
ments. A 5 cm length of the brachial artery 
was imaged in longitudinal section above the 
antecubital fossa. Baseline images of bra-
chial artery diameters and Doppler velocities 
from the center of the vessel were obtained. 
An occluding forearm cuff was placed 5 cm 
below the antecubital fossa and inflated to 
50 mmHg above systolic pressure for 5 min, 
and than deflated to induce reactive hyper-
emia. Brachial artery diameter and velocity 
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were continuously measured during cuff in-
flation and at 2 min after cuff deflation. Bra-
chial artery dilatation was maximal 1 minute 
after cuff release and was used as the mea-
sure of FMD (endothelium-dependent). The 
difference in diameter of the brachial artery 
between baseline and 1 minute after defla-
tion expressed in % was the main parameter 
for this test. The sonographer performing the 
studies and analysis was blinded to the ran-
domization of the patient.

Laboratory parameters

Laboratory tests were measured at the 
central laboratories at the University of Iowa 
Hospitals and Clinics and the analytical 
laboratory of the Institute for Clinical and 
Translational Science. Standard biochemical 
values were obtained at baseline and quar-
terly after randomization. These included 
calcium, intact parathyroid hormone (iPTH), 
alkaline phosphatase, and 25(OH)-D3. Phos-
phorus levels were obtained at randomiza-
tion, and then monthly for adjustment of 
dose of phosphate binder as needed. Bio-
markers of inflammation were obtained at 
baseline, 6 months and 12 months. These 
markers included high-sensitivity C reac-
tive protein (hs CRP), interleukin-6 (IL-6), 
asymmetric dimethylarginine (ADMA), and 
homocysteine. Human IL-6 was assayed by 
the use of the sandwich enzyme immunoas-
say technique using a high sensitivity quan-
tikine kit (R&D Systems Inc, Minneapolis, 
MN, USA). hsCRP concentrations were 
measured using a sandwich enzyme immu-
noassay (EIA) from American Laboratory 
Products (ALPCO Diagnostics, Windham, 
NH, USA). Plasma ADMA concentrations 
were measured using a validated HPLC 
mass spectroscopy method as previously 
described [21]. Plasma homocysteine con-
centrations were measured with a validated 
HPLC method utilizing fluorescence detec-
tion as previously described [22].

Statistical analysis

All data are expressed as mean ± SE un-
less otherwise stated. FMD was compared 
between LC and non-LC groups using the 

changes from baseline and 6 months ex-
pressed in %. The effect of LC treatment, as 
compared to non-LC treatment, on the mean 
change in laboratory measures was tested us-
ing linear mixed model analysis for repeated 
measures. The fixed effects in the mixed mod-
el included treatment (LC or non-LC), time, 
and treatment-time interaction. A significant 
treatment time indicates that the changes over 
time differ significantly between the treatment 
groups. To test specific comparisons of inter-
est (i.e., test for mean change from baseline 
within each treatment group at 6 months and 
12 months; test for between-group difference 
in mean change from baseline at 6 months and 
12 months), a test of mean contrast based on 
the fitted mixed model was performed. For 
these tests, a p value < 0.05 was considered 
statistically significant. For the CAC scores 
and hs-CRP, log-transformed data were used 
in the analysis. This was needed to normalize 
the data distribution of these two measures, 
which were both left skewed, to satisfy the 
assumption of normality for the linear mixed 
model. Mean change at each follow-up time, 
expressed as mean percent change, was com-
puted by back transformation of the mean 
change based on the log values. All the statis-
tical analyses were performed using SAS ver-
sion 9.2 (SAS Institute Inc. Cary, NC, USA).

Results

Demographics

20 patients signed the consent form. In 
the LC group, 3 study subjects did not fin-
ish the study due to diarrhea, noncompliance 
with study visits and death due to cardiovas-
cular disease. In the non-LC group, 4 patients 
did not complete the study due to withdraw-
ing after signing consent or moving to differ-
ent town or converting to LC by a primary 
nephrologist due to poor control with other 
binders. 11 patients completed 3 visits (6 in 
the LC and 5 in the non-LC group), and 2 
patients, 1 in each group, completed 2 visits 
totaling 13 study participants for data analy-
sis. In an additional 2 patients who devel-
oped diarrhea, a temporary discontinuation 
(1 – 2 weeks) and gradual reintroduction of 
LC worked well with no relapse of the symp-
toms. Age ± SD for LC and non-LC groups 
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was 65 ± 9 and 68 ± 9 y, respectively (p = 
0.64). Dialysis vintage was 7.5 ± 5 and 3.7 
± 2 y for LC and non-LC, respectively (p = 
0.07). Five of the 7 (71%) patients in the LC 
group were diabetics and 3 of the 6 (50%) 
control patients were diabetics.

Phosphate binders utilized before 
and after randomization

At the randomization, in the LC group, 4 
subjects were taking a combination of calci-
um-based plus sevelamer, 1 patient was taking 
calcium only and 1 patient was on sevelamer 
only. In the non-LC group, 4 patients received 
a combination of calcium acetate (Phoslo®) 
and sevelamer (Renagel®). Two patients were 
maintained on a calcium-based binder only. 
After randomization, the daily dose of LC 
varied from 2,250 to 4,000 mg. In the non-LC 

group, patients taking calcium-based binders 
were on a dose range of 2,500 – 4,002 mg dai-
ly, and patients on sevelamer were on a dose 
range of 1,600 – 4,800 mg. Phosphorus levels 
at baseline (post wash-out period) were 7.0 ± 
0.5 mg/dl and 7.7 ± 0.5 mg/dl for LC and non-
LC groups, respectively. Phosphorus levels in 
both groups through the study period were not 
statistically different (Figure 1).

Coronary artery calcification

All participants had detectable CAC at 
baseline with scores of 2,669 ± 2,723 (182 
– 7,083) for the LC group and 1,245 ± 15,70 
(48.5 – 1,291) for for the non-LC group. Sub-
jects receiving LC had stabilization of CAC, 
with a change of –10 ± 11% and –2 ± 11% at 
6 and 12 months. In contrast, subjects in the 
control group exhibited an increase in CAC, 
with a change of 33 ± 17% and 76 ± 22% 
at 6 and 12 months (Figure 2A). At baseline 
CAC scores were not significantly different 
(p = 0.26). There were significant differences 
between groups in the change from baseline 
in CAC at 6 (p = 0.02) and 12 months (p = 
0.003). These differences were based on the 
log-transformed scores. Baseline, 6 and 12 
months CAC for LC were 7.2 ± 0.6, 7.1 ± 
0.6 and 7.19 ± 0.6, respectively. Baseline, 6 
and 12 months CAC for the non-LC group 
were 6.0 ± 0.7, 6.41 ± 0.7 and 6.66 ± 0.7, 
respectively (Figure 2B).

Using the absolute CAC scores to compare 
the changes in variation over time, the results 
were as follows: At 6 and 12 months, the LC 
group had a change (median with 25th – 75th 

percentile) of –202 (–441 – 38.5), p = 0.56 
Figure 1.  Phosporus levels at randomization day 
(post-wash out period), at 1,3,6,9 and 12 months.

Figure 2.  A: Change in CAC LC vs. control: p = 0.02 and 0.003 at 6 and 12 months compared to baseline. 
B: Coronary artery calcification (log transformed) changes over time, –—— lanthanum; •••••• control.
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and 9.2 (–219.7 - 417), p = 0.84. For the non-
LC group at 6 months, the change was 229.9 
(42 – 859), p = 0.25, and at 12 months 225.8 
(68 – 1,017), p = 0.06. Wilcoxon-rank-sum test 
did not detect significant difference between 
the two groups in nonlog-transformed scores at 
6 months (p = 0.11) or 12 months (p = 0.12).

Endothelial function

FMD was impaired at baseline following 
phosphate binder wash out. Baseline FMD 
was 2.3 ± 0.7% and 2.6 ± 0.9% for LC and 
non-LC, respectively (usually FMD is > 5% 
in healthy subjects [23]). FMD remained 
impaired at 6 months despite adequate phos-
phorus control. At the 6-month visit, no sig-
nificant changes were observed when com-
pared to baseline, 1.8 ± 0.7% and 2.4 ± 0.9% 
for LC and non-LC groups, respectively 
(Figure 3).

Laboratory parameters

Phosphorus, calcium, PTH, alkaline 
phosphatase, homocysteine, and 25(OH)-
D3 levels were similar at baseline, 6 and 12 
months in both groups (Table 1). Baseline 
hsCRP levels were higher in the non-LC 
group, but changes over time were not sta-
tistically different between the two groups. 
Interestingly, there was a reduction in IL-6 
of more than 50% from baseline in the LC 
group, with no change in the non-LC group, 
but these differences did not reach statistical 
difference at any timepoint (Table 1).

Discussion

Adequate phosphate control is recom-
mended as a major step towards controlling 
vascular calcification and improving car-
diovascular outcomes in patients receiving 
chronic HD [24]. The main goal of this study 
was to examine whether phosphate control 
with LC compared to calcium-based bind-
ers with/without sevelamer would improve 
endothelial function and/or CAC. Due to the 
well-established association between inflam-
mation, endothelial dysfunction and athero-
sclerosis, we hypothesized that an improve-
ment in CAC score would be associated with 
improvement in endothelial function and 
markers of inflammation. To our knowledge, 
this is the first prospective study investigat-
ing whether phosphate binders impact vas-
cular calcification, endothelial function, and 
markers of inflammation concomitantly in 
dialysis patients. In a diabetic population, 

Figure 3.  LC vs. control: Flow-mediated dilatation 
(FMD) at baseline and 6 months. Change in FMD 
from baseline at 6 months from baseline did not 
differ significantly between groups (p = 0.77).

Table 1. 

Laboratory test Baseline 6 months 12 months
Study Group LC

n = 7
Control
n = 6

LC
n = 7

Control
n = 6

LC
n = 6

Control
n = 5

Phosphorusa 7 ± 0.5 7.7 ± 0.5 5.4 ± 0.5 6.3 ± 0.6 5.2 ± 0.6 5.1 ± 0.6
Calciuma 9.8 ± 0.2 9.5 ± 0.3 9.4 ± 0.2 8.9 ± 0.2 8.7 ± 0.3 9.3 ± 0.4
PTHa 329 ± 85 321 ± 85 327 ± 85 382 ± 85 420 ± 87 302 ± 120
Alk Phosa 97 ± 23 134 ± 25 101 ± 13 100 ± 14 120 ± 21 123 ± 23
25 (OH) D3a 26 ± 8 18.3 ± 8 23 ± 8 33 ± 8 29 ± 8 18 ± 8
ADMAa 0.53 ± 0.06 0.64 ± 0.07 0.63 ± 0.06 0.61 ± 0.07 0.5 ± 0.07 0.58 ± 0.09
hsCRP (log)b 0.9 ± 0.4 2.4 ± 0.4 0.8 ± 0.7 2.4 ± 0.9 0.4 ± 0.6 1.5 ± 0.7
IL6a 9.3 ± 1.6 7.3 ± 1.7 7.6 ± 1.6 6.9 ± 1.9 3.9 ± 1.8 7.4 ± 1.9
Homocysteinea 28 ± 3.2 22 ± 3.5 28 ± 3.2 21 ± 3.7 21.8 ± 3.9 20 ± 5.2

Baseline, 6 months and 12 months post randomization levels of laboratory parameters. ªp = NS at base-
line and 6 and 12 months. bp = 0.02 at baseline.
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Schindler et al. [25] recently reported an im-
provement in coronary endothelial function, 
associated with slowed progression of CAC 
in Type 2 diabetics with glucose-lowering 
treatment at 1 year.

We demonstrate, for the first time, that LC 
decreases the rate of progression of coronary 
calcification, despite similar control of phos-
phate levels in both of our groups. All our 
study patients had detectable CAC at base-
line, which was expected considering their 
dialysis vintage. It is important to note that 
interscan variability in measuring coronary 
calcium ranges from 11% to 19% in different 
series [26, 27]. However, this technical vari-
ability would not explain the magnitude of 
difference observed in our study. In a previ-
ous prospective study by Chertow et al. [28], 
it was demonstrated that dialysis patients 
receiving a calcium-based phosphate binder 
exhibited significantly higher CAC scores at 
1 year (median increase 25%), compared to 
patients on sevelamer who had a 5% median 
increase, under the same phosphate control 
in both groups. This study did not address 
endothelial function or markers of inflamma-
tion.

Ours is the first study to compare LC to 
calcium-based phosphate binders with/with-
out sevelamer. Ideally we would have com-
pared LC with monotherapy, either calcium 
or sevelamer alone. However, in our patient 
population, many patients require a combi-
nation of binders to achieve adequate phos-
phate control, and due to cost and adherence 
reasons, calcium-based binders are the pri-
mary choice for most of the patients. Other 
investigators, such as Hutchison and Laville 
[29] also demonstrated that a significant frac-
tion of dialysis patients, up to 40%, require 
more than one binder to achieve adequate 
control. Non-LC patients received a mix of 
calcium-based binder with/without sevelam-
er. It is possible that, in part, the worsening 
calcification scores observed in the control 
group were due to the use of calcium in all 
patients. There are two factors that may have 
underestimated the possible benefit of LC on 
CAC. First, there were more patients with di-
abetes mellitus in the LC group. It is known 
that diabetics have a higher rate of CAC, 
even in the predialysis stages [30]. This 
would have predisposed to worsening CAC 
in the LC group. Second, the higher baseline 

CAC in the LC group would predict a higher 
rate of progression based on data showing 
that asymptomatic patients with higher CAC 
at baseline have more marked progression of 
CAC [31].

Interestingly, despite the attenuation in 
coronary calcification, no parallel improve-
ment in endothelial function was observed. 
Virtually all known traditional coronary ar-
tery disease risk factors lead to endothelial 
dysfunction. The endothelium is a major tar-
get of multiple inflammatory pathways caus-
ing atherosclerotic plaque formation [32, 
33]. Uremia is known to cause endothelial 
dysfunction [9]. It was somewhat surprising 
to find that progression of CAC was slowed 
independently of endothelial dysfunction 
or markers of inflammation after achieving 
a similar phosphate level in both groups. 
Also, one reason that FMD might not have 
changed is that structural changes in the ar-
teries may not have reversed by 6 months. 
This dissociation between changes in CAC 
and endothelial function has not been dem-
onstrated before in dialysis patients. This ob-
servation leads us to speculate that there are 
nontraditional mechanisms of progression of 
atherosclerosis in dialysis patients. It is inter-
esting that FMD remained nearly unchanged 
despite correction of hyperphosphatemia. 
Our data cannot clearly explain the reasons 
for this dissociation. It is possible that ure-
mia is the leading cause of endothelial dys-
function in our patients, and that other meta-
bolic factors such as bone mineral disorder 
will not change vascular function in the pres-
ence of advanced uremia, even if adequately 
controlled.

ADMA is a potent inhibitor of endog-
enous nitric oxide synthesis (eNOS) and is 
found in elevated levels in CKD patients [34, 
35]. It is also associated with cardiovascu-
lar mortality in HD patients and associated 
with endothelial dysfunction [36]. ADMA 
levels did not change over time in both of 
our groups. Markers of inflammation (such 
as hsCRP and IL-6) are known to be elevated 
in HD patients and linked to cardiovascular 
disease and mortality. We found that hsCRP 
levels were higher in the non-LC group at 
baseline. Whether or not this difference had 
an impact in the progression of the CAC is 
not known. Another marker of inflamma-
tion, IL-6, had a near 50% reduction from 
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baseline for the LC group and no changes in 
the non-LC group, but these differences did 
not reach statistical differences. We saw no 
changes in homocysteine, another marker of 
cardiovascular mortality in HD patients [37].

This study had several limitations

–– 1. In dialysis patients, CAC is multifacto-
rial, and arterial medial calcifications are 
highly prevalent, in addition to intimal 
deposits. Vascular media calcification 
has a different pathophysiology of the 
classic intimal plaque formation and pos-
sibly a different impact on cardiovascular 
outcomes in dialysis patients. Although 
there was a progression of the CAC, one 
cannot tell if the progression was mainly 
in the intimal, media or both. However, 
despite these anatomical differences, 
London et al. [38] demonstrated an asso-
ciation between arterial media calcifica-
tion and cardiovascular outcomes.

–– 2. Patients randomized to LC had higher 
baseline CAC scores. Whether or not the 
rates of progression of CAC would have 
differed if both groups had a similar base-
line CAC score is not known. In non-HD 
patients, a study examining progression 
of CAC revealed that a higher baseline 
CAC is the most important factor de-
termining higher rates of progression of 
CAC [31]. There are no published data 
suggesting that HD patients with higher 
rates of CAC have different rates of pro-
gression.

–– 3. CAC measured with noncontrast CT is 
an intermediate surrogate marker for ath-
erosclerosis. In the general population, 
there is a known association between 
high CAC scores and cardiovascular 
events [4] because CAC is predominantly 
found in the intimal layer and correlates 
better with plaque formation/progression.

–– 4. The sample size was small, although 
the magnitude of change in FMD (almost 
none) suggests that even with a larger 
number of patients, the results would not 
have been significantly different.

–– 5. We tested FMD as a possible asso-
ciation with changes in CAC along with 
some markers of inflammation. This as-
sessment is limited to measurement of 

NO-dependent endothelial function. Ad-
ditional methods to assess vascular health 
such as measuring vascular “stiffness” 
with pulse wave velocity assessment 
might have shown stronger links to CAC 
progression.

–– 6. The multifactorial nature of vascular 
calcification in uremia makes it difficult 
for a pilot study to draw firm conclusions. 
The simple avoidance of extra calcium as 
a binder in the LC group could be a factor 
in the differences observed here since it is 
known that high calcium intake leads to 
higher rates of CAC in the general popu-
lation.

In large, prospective randomized trials, 
some atheroprotective interventions such as 
aggressive lipid-lowering with statin drugs 
did not translate into protective benefits in 
dialysis patients [39, 40]. These trials raise 
the possibility of different mechanisms un-
derlying the progression of vascular dis-
ease in HD and atherosclerosis patients and 
should prompt future mechanistic studies in 
this high-risk population.

In summary, we show that chronic dialy-
sis patients have slower progression of CAC 
under the treatment with LC as a phosphate 
binder without parallel improvement in endo-
thelial function or markers of inflammation. 
Future larger studies are needed to continue 
to explore causes of progression and poten-
tial interventions aimed to improve vascular 
calcification in dialysis patients. Without bet-
ter understanding of the pathophysiology of 
progression of coronary artery disease in this 
patient population, it will be very difficult to 
explore new therapeutic options to improve 
cardiovascular outcomes in dialysis patients.

Disclosures

This study was supported through an in-
vestigator-initiated study grant (R.K.) from 
Shire Pharmaceuticals.

Acknowledgment

Dr. Kalil is supported by a grant from the 
National Heart and Lung and Blood Insti-
tute (NHLBI # 5K23 HL08410-02) and by 
a Clinician Scientist Award from the Nation-



Kalil, Flanigan, Stanford and Haynes	 8

al Kidney Foundation (NKF). Dr. Haynes 
is supported by the National Institutes of 
Health, grant NHLBI P50 HL14388. Por-
tions of this work were presented as a poster 
at the Renal Week 2009, San Diego, CA, 
USA.

References
[1]	 Foley RN, Parfrey PS, Sarnak MJ. Clinical epide-

miology of cardiovascular disease in chronic re-
nal disease. Am J Kidney Dis. 1998; 32 (Suppl 3): 
S112-S119. doi:10.1053/ajkd.1998.v32.pm98​
20470 PubMed

[2]	 Lindner A, Charra B, Sherrard DJ, Scribner BH. 
Accelerated atherosclerosis in prolonged mainte-
nance hemodialysis. N Engl J Med. 1974; 290: 
697-701. doi:10.1056/NEJM19740328​290​13​01 
PubMed

[3]	 Goodman WG, Goldin J, Kuizon BD, Yoon C, 
Gales B, Sider D, Wang Y, Chung J, Emerick A, 
Greaser L, Elashoff RM, Salusky IB. Coronary-
artery calcification in young adults with end-stage 
renal disease who are undergoing dialysis. N Engl 
J Med. 2000; 342: 1478-1483. doi:10.1056/
NEJM200005183422003 PubMed

[4]	 Greenland P, LaBree L, Azen SP, Doherty TM, 
Detrano RC. Coronary artery calcium score com-
bined with Framingham score for risk prediction 
in asymptomatic individuals. JAMA. 2004; 291: 
210-215. doi:10.1001/jama.291.2.210 PubMed

[5]	 Mehrotra R, Budoff M, Christenson P, Ipp E, Ta-
kasu J, Gupta A, Norris K, Adler S. Determinants 
of coronary artery calcification in diabetics with 
and without nephropathy. Kidney Int. 2004; 66: 
2022-2031. doi:10.1111/j.1523-​17​
55.2004.00974.x PubMed

[6]	 Russo D, Palmiero G, De Blasio AP, Balletta MM, 
Andreucci VE. Coronary artery calcification in pa-
tients with chronic renal failure not undergoing 
dialysis. Am J Kidney Dis. 2004; 44: 1024-1030. 
PubMed doi:10.1053/j.ajkd.2004.07.022

[7]	 Arad Y, Goodman KJ, Roth M, Newstein D, Guerci 
AD. Coronary calcification, coronary disease risk 
factors, C-reactive protein, and atherosclerotic car-
diovascular disease events: the St. Francis Heart 
Study. J Am Coll Cardiol. 2005; 46: 158-165. 
doi:10.1016/j.jacc.2005.02.088 PubMed

[8]	 Oberg BP, McMenamin E, Lucas FL, McMonagle 
E, Morrow J, Ikizler TA, Himmelfarb J. Increased 
prevalence of oxidant stress and inflammation in 
patients with moderate to severe chronic kidney 
disease. Kidney Int. 2004; 65: 1009-1016. 
doi:10.1111/j.1523-1755.2004.00465.x PubMed

[9]	 Hand MF, Haynes WG, Webb DJ. Hemodialysis 
and L-arginine, but not D-arginine, correct renal 
failure-associated endothelial dysfunction. Kid-
ney Int. 1998; 53: 1068-1077. doi:10.​111​1​/j.1523-
1755.1998.00851.x PubMed

[10]	 Kari JA, Donald AE, Vallance DT, Bruckdorfer 
KR, Leone A, Mullen MJ, Bunce T, Dorado B, 
Deanfield JE, Rees L. Physiology and biochemis-
try of endothelial function in children with chron-
ic renal failure. Kidney Int. 1997; 52: 468-472. 
doi:10.1038/ki.1997.354 PubMed

[11]	 Zimmerman J, Herlinger S, Pruy A, et al. Inflam-
mation enhances cardiovascular risk and mortali-
ty in hemodialysis patients. Kidney Int. 1999; 55: 
648-658.

[12]	 Haydar AA, Hujairi NM, Covic AA, Pereira D, 
Rubens M, Goldsmith DJ. Coronary artery calcifi-
cation is related to coronary atherosclerosis in 
chronic renal disease patients: a study comparing 
EBCT-generated coronary artery calcium scores 
and coronary angiography. Nephrol Dial Trans-
plant. 2004; 19: 2307-2312. doi:10.1093/ndt/
gfh120 PubMed

[13]	 London GM, Marchais SJ, Guerin AP et al. In-
flammation, arteriosclerosis, and cardiovascular 
therapy in hemodialysis patients. Kidney Int. 
2003; 78 (Suppl 1): S66-S93.

[14]	 Jung HH, Kim SW, Han H. Inflammation, mineral 
metabolism and progressive coronary artery calci-
fication in patients on haemodialysis. Nephrol 
Dial Transplant. 2006; 21: 1915-1920. doi:​
10.1093/ndt/gfl118 PubMed

[15]	 Giachelli CM. The emerging role of phosphate in 
vascular calcification. Kidney Int. 2009; 75: 890-
897. doi:10.1038/ki.2008.644 PubMed

[16]	 Tuttle KR, Short RA. Longitudinal relationships 
among coronary artery calcification, serum phos-
phorus, and kidney function. Clin J Am Soc 
Nephrol. 2009; 4: 1968-1973. doi:10.2215/CJN.​
01250209 PubMed

[17]	 Foley RN. Phosphate levels and cardiovascular 
disease in the general population. Clin J Am Soc 
Nephrol. 2009; 4: 1136-1139. doi:10.2215/CJN.​
01660309 PubMed

[18]	 Block GA, Hulbert-Shearon TE, Levin NW, Port 
FK. Association of serum phosphorus and calci-
um x phosphate product with mortality risk in 
chronic hemodialysis patients: a national study. 
Am J Kidney Dis. 1998; 31: 607-617. doi:10.1053/
ajkd.1998.v31.pm9531176 PubMed

[19]	 Ganesh SK, Stack AG, Levin NW, Hulbert-
Shearon T, Port FK. Association of elevated se-
rum PO(4), Ca x PO(4) product, and parathyroid 
hormone with cardiac mortality risk in chronic 
hemodialysis patients. J Am Soc Nephrol. 2001; 
12: 2131-2138. PubMed

[20]	 Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, 
Viamonte M Jr, Detrano R. Quantification of coro-
nary artery calcium using ultrafast computed tomog-
raphy. J Am Coll Cardiol. 1990; 15: 827-832. 
doi:10.1016/0735-1097(90)90282-T PubMed

[21]	 Dayal S, Rodionov RN, Arning E, Bottiglieri T, 
Kimoto M, Murry DJ, Cooke JP, Faraci FM, 
Lentz SR. Tissue-specific downregulation of di-
methylarginine dimethylaminohydrolase in hy-
perhomocysteinemia. Am J Physiol Heart Circ 
Physiol. 2008; 295: H816-H825. doi:10.1152/
ajpheart.01348.2007 PubMed

[22]	 Pfeiffer C, Huff D, Gunter E. Rapid and accurate 
HPLC assay for total plasma homocysteine and 
cysteine in a clinical lab setting. Clin Chem. 1999; 
45: 290-292. PubMed

[23]	 Black MA, Cable NT, Thijssen DH, Green DJ. Im-
pact of age, sex, and exercise on brachial artery 
flow-mediated dilatation. Am J Physiol Heart Circ 
Physiol. 2009; 297: H1109-H1116. doi:10.1152/
ajpheart.00226.2009 PubMed

[24]	 KIDGO clinical reference practice guidelines for 
the diagnosis, evaluation, prevention, and treat

http://dx.doi.org/10.1053/ajkd.1998.v32.pm9820470
http://dx.doi.org/10.1053/ajkd.1998.v32.pm9820470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9820470&dopt=Abstract
http://dx.doi.org/10.1056/NEJM197403282901301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4813742&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4813742&dopt=Abstract
http://dx.doi.org/10.1056/NEJM200005183422003
http://dx.doi.org/10.1056/NEJM200005183422003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10816185&dopt=Abstract
http://dx.doi.org/10.1001/jama.291.2.210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14722147&dopt=Abstract
http://dx.doi.org/10.1111/j.1523-1755.2004.00974.x
http://dx.doi.org/10.1111/j.1523-1755.2004.00974.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15496175&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15558523&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15558523&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2004.07.022
http://dx.doi.org/10.1016/j.jacc.2005.02.088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15992651&dopt=Abstract
http://dx.doi.org/10.1111/j.1523-1755.2004.00465.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14871421&dopt=Abstract
http://dx.doi.org/10.1111/j.1523-1755.1998.00851.x
http://dx.doi.org/10.1111/j.1523-1755.1998.00851.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9551419&dopt=Abstract
http://dx.doi.org/10.1038/ki.1997.354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9264003&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfh120
http://dx.doi.org/10.1093/ndt/gfh120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15213315&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfl118
http://dx.doi.org/10.1093/ndt/gfl118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16554319&dopt=Abstract
http://dx.doi.org/10.1038/ki.2008.644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19145240&dopt=Abstract
http://dx.doi.org/10.2215/CJN.01250209
http://dx.doi.org/10.2215/CJN.01250209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19965546&dopt=Abstract
http://dx.doi.org/10.2215/CJN.01660309
http://dx.doi.org/10.2215/CJN.01660309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19423568&dopt=Abstract
http://dx.doi.org/10.1053/ajkd.1998.v31.pm9531176
http://dx.doi.org/10.1053/ajkd.1998.v31.pm9531176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9531176&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11562412&dopt=Abstract
http://dx.doi.org/10.1016/0735-1097(90)90282-T
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2407762&dopt=Abstract
http://dx.doi.org/10.1152/ajpheart.01348.2007
http://dx.doi.org/10.1152/ajpheart.01348.2007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18567702&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9931056&dopt=Abstract
http://dx.doi.org/10.1152/ajpheart.00226.2009
http://dx.doi.org/10.1152/ajpheart.00226.2009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19633208&dopt=Abstract


Coronary artery calcification and endothelial function therapy in HD patients	 9

ment of Chronic Kidney Disease-Mineral and 
Bone Disorder (CKD-BMD). Kidney Int Suppl. 
2009 Aug; (113): S1-S130.

[25]	 Schindler TH, Cadenas J, Facta AD, Li Y, Olschews-
ki M, Sayre J, Goldin J, Schelbert HR. Improvement 
in coronary endothelial function is independently 
associated with a slowed progression of coronary 
artery calcification in type 2 diabetes mellitus. Eur 
Heart J. 2009; 30: 3064-3073. doi:10.1093/eur-
heartj/ehp482 PubMed

[26]	 Horiguchi S, Akiyamay Y et al. Electrom Beam 
CT vs. 16-MDCT in the variability of repeated 
coronary artery measurements in a variable heart 
phantom. Am J Roentgenography. 2005; 185: 
995-1006. doi:10.2214/AJR.04.1057

[27]	 Budoff MJ, McClelland RL, Chung H, Wong ND, 
Carr J et al. Variability of repeated coronary ar-
tery calcium scoring and radiation dose on 64- 
and 16- slice computed tomography by prospec-
tive electrocardiographically-triggered axial and 
retrospective electrocardiographically gated spi-
ral computed tomography: A phantom study. Am J 
Roentgenography. 2009; 192: 613-617. 
doi:10.2214/AJR.08.1242

[28]	 Chertow GM, Burke SK, Raggi P; Treat to Goal 
Working Group. Sevelamer attenuates the progres
sion of coronary and aortic calcification in hemo
dialysis patients. Kidney Int. 2002; 62: 245-252. 
doi:10.1046/j.1523-1755.2002.00434.x PubMed

[29]	 Hutchison AJ, Laville M; SPD405-313 Lantha-
num Study Group. Switching to lanthanum car-
bonate monotherapy provides effective phosphate 
control with a low tablet burden. Nephrol Dial 
Transplant. 2008; 23: 3677-3684. doi:10.1093/
ndt/gfn310 PubMed

[30]	 Mehrotra R, Budoff M, Hokanson JE, Ipp E, Ta-
kasu J, Adler S. Progression of coronary artery 
calcification in diabetics with and without chronic 
kidney disease. Kidney Int. 2005; 68: 1258-1266. 
doi:10.1111/j.1523-1755.2005.00522.x PubMed

[31]	 Yoon HC, Emerick AM, Hill JA, Gjertson DW, 
Goldin JG. Calcium begets calcium: progression 
of coronary artery calcification in asymptomatic 
subjects. Radiology. 2002; 224: 236-241. 
doi:10.1148/radiol.2241011191 PubMed

[32]	 Lerman A, Zeiher AM. Endothelial function: car-
diac events. Circulation. 2005; 111: 363-368. doi:​
10.1161/01.CIR.0000153339.27064.14 PubMed

[33]	 Anderson T, Uehata A, Gerhard MD, Meredith IT, 
Knab S. Close relation of endothelial function in 
the human coronary and peripheral circulations. J 
m Coll Cardiol 1995; 26: 1235-1241.

[34]	 Vallance P, Leone A, Calver A, Collier J, Monca-
da S. Accumulation of an endogenous inhibitor of 
nitric oxide synthesis in chronic renal failure. 
Lancet. 1992; 339: 572-575. doi:10.1016/0140-
6736(92)90865-Z PubMed

[35]	 Kielstein JT, Böger RH, Bode-Böger SM, Frölich 
JC, Haller H, Ritz E, Fliser D. Marked increase of 
asymmetric dimethylarginine in patients with in-
cipient primary chronic renal disease. J Am Soc 
Nephrol. 2002; 13: 170-176. PubMed

[36]	 Zocalli C, Bode-Boger SM, Mallamaci F, Bene-
detto FA et al. Plasma concentrations of asymmet-
ric dimetylarginine and mortality in patients with 
end-stage renal disease: a prospective study. Lan-
cet. 2001; 58: 2113-2117. doi:10.1016/S0140-
6736(01)07217-8

[37]	 Heinz J, Kropf S, Luley C, Dierkes J. Homo
cysteine as a risk factor for cardiovascular disease 
in patients treated by dialysis: a meta-analysis. 
Am J Kidney Dis. 2009; 54: 478-489. doi:​10.​
1053/j.ajkd.2009.01.266 PubMed

[38]	 London GM, Guérin AP, Marchais SJ, Métivier F, 
Pannier B, Adda H. Arterial media calcification in 
end-stage renal disease: impact on all-cause and 
cardiovascular mortality. Nephrol Dial Trans-
plant. 2003; 18: 1731-1740. doi:10.1093/ndt/
gfg414 PubMed

[39]	 Fellström BC, Jardine AG, Schmieder RE, Hold-
aas H, Bannister K, Beutler J, Chae DW, Chevaile 
A, Cobbe SM, Grönhagen-Riska C, De Lima JJ, 
Lins R, Mayer G, McMahon AW, Parving HH, Re-
muzzi G, Samuelsson O, Sonkodi S, Sci D, Süley-
manlar G et al; AURORA Study Group. Rosuvas-
tatin and cardiovascular events in patients 
undergoing hemodialysis. N Engl J Med. 2009; 
360: 1395-1407. doi:10.1056/NEJMoa0810177 
PubMed

[40]	 Wanner C, Krane V, März W, Olschewski M, 
Mann JFE, Ruf G, Ritz E; German Diabetes and 
Dialysis Study Investigators. Atorvastatin in pa-
tients with type 2 diabetes mellitus undergoing 
hemodialysis. N Engl J Med. 2005; 353: 238-248. 
doi:10.1056/NEJMoa043545 PubMed

http://dx.doi.org/10.1093/eurheartj/ehp482
http://dx.doi.org/10.1093/eurheartj/ehp482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19914919&dopt=Abstract
http://dx.doi.org/10.2214/AJR.04.1057
http://dx.doi.org/10.2214/AJR.08.1242
http://dx.doi.org/10.1046/j.1523-1755.2002.00434.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12081584&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfn310
http://dx.doi.org/10.1093/ndt/gfn310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18577536&dopt=Abstract
http://dx.doi.org/10.1111/j.1523-1755.2005.00522.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16105059&dopt=Abstract
http://dx.doi.org/10.1148/radiol.2241011191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12091689&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000153339.27064.14
http://dx.doi.org/10.1161/01.CIR.0000153339.27064.14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15668353&dopt=Abstract
http://dx.doi.org/10.1016/0140-6736(92)90865-Z
http://dx.doi.org/10.1016/0140-6736(92)90865-Z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1347093&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11752034&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(01)07217-8
http://dx.doi.org/10.1016/S0140-6736(01)07217-8
http://dx.doi.org/10.1053/j.ajkd.2009.01.266
http://dx.doi.org/10.1053/j.ajkd.2009.01.266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19359080&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfg414
http://dx.doi.org/10.1093/ndt/gfg414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12937218&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0810177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19332456&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19332456&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa043545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16034009&dopt=Abstract

