
Original Article: Patient-Oriented, Translational Research

Am J Nephrol 2003;23:307–314
DOI: 10.1159/000072822

Nephrology American    Journal of

The Effects of Sevelamer and Calcium Acetate
on Proxies of Atherosclerotic and
Arteriosclerotic Vascular Disease in
Hemodialysis Patients

Glenn M. Chertowa Paolo Raggib James T. McCarthyc Gerald Schulmand

Jeffrey Silberzweige Amy Kuhlikf William G. Goodmang Amy Boulayh

Steven K. Burkeh Robert D. Totoi

aDivisions of Nephrology, Moffitt-Long Hospitals and UCSF-Mt. Zion Medical Center, Department of Medicine,
University of California San Francisco, San Francisco, Calif., bDivision of Cardiology, Department of Medicine,
Tulane University, New Orleans, La., cDivision of Nephrology, Department of Medicine, Mayo Clinic,
Rochester, Minn., dDivision of Nephrology, Department of Medicine, Vanderbilt University, Nashville, Tenn.,
eThe Rogosin Institute and Division of Nephrology, Department of Medicine, Cornell University, New York, N.Y.,
fDivision of Nephrology, Department of Medicine, Beth Israel Deaconess Medical Center, Boston, Mass.,
gDivision of Nephrology, Department of Medicine, University of California Los Angeles, Los Angeles, Calif.,
hGelTex Pharmaceuticals, Inc., Waltham, Mass., and iDivision of Nephrology, Department of Medicine,
University of Texas Southwestern Medical Center at Dallas, Dallas, Tex., USA

Received: June 27, 2003
Accepted: June 30, 2003
Published online: August 12, 2003

Glenn M. Chertow, MD, MPH
Department of Medicine Research, University of California San Francisco
UCSF Laurel Heights, Suite 430, 3333 California Street
San Francisco, CA 94118-1211 (USA)
Tel. +1 415 476 2173, Fax +1 415 476 9531, E-Mail chertowg@medicine.ucsf.edu

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 2003 S. Karger AG, Basel
0250–8095/03/0235–0307$19.50/0

Accessible online at:
www.karger.com/ajn

Key Words
Sevelamer W Calcium W Calcification W Arteriosclerosis W

Clinical trial

Abstract
Background: We recently determined that in hemodialy-
sis patients, the use of calcium salts to correct hyper-
phosphatemia led to progressive coronary artery and
aortic calcification as determined by sequential electron
beam tomography (EBT) while the use of the non-cal-
cium-containing binder sevelamer did not. Whether the
specific calcium preparation (acetate vs. carbonate)
might influence the likelihood of progressive calcifica-
tion was debated. Methods: To determine whether treat-
ment with calcium acetate was specifically associated
with hypercalcemia and progressive vascular calcifica-
tion, we conducted an analysis restricted to 108 hemodi-
alysis patients randomized to calcium acetate or seve-

lamer and followed for one year. Results: The reduction
in serum phosphorus was roughly equivalent with both
agents (calcium acetate –2.5 B 1.8 mg/dl vs. sevelamer
–2.8 B 2.0 mg/dl, p = 0.53). Subjects given calcium ace-
tate were more likely to develop hypercalcemia (defined
as an albumin-corrected serum calcium 610.5 mg/dl)
(36 vs. 13%, p = 0.015). Treatment with calcium acetate
(mean 4.6 B 2.1 g/day – equivalent to 1.2 B 0.5 g of ele-
mental calcium) led to a significant increase in EBT-de-
termined calcification of the coronary arteries (mean
change 182 B 350, median change +20, p = 0.002) and
aorta (mean change 181 B 855, median change +73, p !
0.0001). These changes were similar in magnitude to
those seen with calcium carbonate. There were no signif-
icant changes in calcification among sevelamer-treated
subjects. Conclusion: Despite purported differences in
safety and efficacy relative to calcium carbonate, calcium
acetate led to hypercalcemia and progressive vascular
calcification in hemodialysis patients.

Copyright © 2003 S. Karger AG, Basel
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Introduction

Disorders of mineral metabolism, including hyper-
phosphatemia, hypercalcemia, and secondary hyperpara-
thyroidism, are frequently seen in advanced stages of
chronic kidney disease and have been associated with a
significant increase in mortality and morbidity [1–8].
Since the initial reports of the effects of calcium carbonate
on phosphate balance [9–11], calcium-based phosphate
binders have been widely used to control hyperphospha-
temia and hyperparathyroidism in hemodialysis patients
[12, 13]. Noncarbonate salts of calcium, such as calcium
acetate, calcium citrate, and calcium ketoglutarate, were
collectively applied in an attempt to improve the efficien-
cy of phosphate binding and to reduce the fraction of cal-
cium absorbed [14–17]. Whether or not newer calcium
preparations are superior to calcium carbonate remains
debatable.

We recently completed a multinational randomized
clinical trial [18], in which treatment with calcium-based
phosphate binders led to progressive coronary artery and
aortic calcification as demonstrated by electron beam
tomography (EBT), while treatment with the non-cal-
cium-containing phosphate binder sevelamer did not. In
this trial, calcium acetate was employed in the USA and
calcium carbonate in Europe. Calcium acetate provides
fewer milligram of elemental calcium per tablet than cal-
cium carbonate, and some studies have suggested that cal-
cium acetate may be a more effective phosphate binder
[19, 20]. Indeed, letters to the editor questioned the valid-
ity of the study results because of the pooling of re-
sults from both calcium preparations [21–24]. To deter-
mine whether the overall study findings were uniform
across study sites and calcium preparations, we con-
ducted an analysis limited to hemodialysis patients in the
USA.

Patients and Methods

Patients
We enrolled 108 adult (age 619 years) maintenance hemodialy-

sis patients from dialysis units affiliated with seven geographically
diverse academic nephrology programs in six states (California, Mas-
sachusetts, Minnesota, New York, Tennessee, and Texas). Individu-
als with the following medical conditions were excluded from partici-
pation: serious gastrointestinal disease (including dysphagia, active
untreated gastroparesis, severe motility disorder, major intestinal
surgery, markedly irregular bowel function), ethanol or drug depen-
dence or abuse, active malignancy, HIV infection, vasculitis, or
patients whose diabetes mellitus or hypertension were so poorly con-
trolled as to interfere with the conduct of the study as deemed by the

investigator. Written informed consent was obtained from all sub-
jects. The study was conducted in compliance with the Declaration of
Helsinki and Committees on Human Research at each of the partici-
pating universities and dialysis units.

Study Design and Procedures
Washout (Run-In) Phase. After screening, the subjects underwent

a 2-week washout period during which all phosphate binders were
withheld (weeks –2 to 0). Subjects who developed hyperphosphate-
mia (serum phosphorus 15.5 mg/dl) during the washout period were
eligible for randomization.

Randomization. Subjects were randomized (computer generated)
in a 1:1 ratio to receive either sevelamer or calcium acetate and were
stratified by clinical site and the diagnosis of diabetes mellitus at
screening.

Treatment Phase. The subjects were randomized to sevelamer
(Renagel®, 800-mg tablets; GelTex Pharmaceuticals, Waltham,
Mass., USA) or calcium acetate (PhosLo®, 667-mg tablets; Braintree
Pharmaceuticals, Braintree, Mass., USA). Due to size, appearance,
and taste of the tablets, neither the subjects nor the Investigators were
blinded. Adherence to treatment was verified by pill counts.

The treatment phase lasted 52 weeks. During the first 12 weeks,
the dose of the phosphate binder was titrated every 3 weeks to
achieve serum phosphorus and calcium concentrations in the target
ranges of 3.0–5.0 and 8.5–10.5 mg/dl, respectively. Serum calcium
was adjusted for the serum albumin concentration using the formula:
adjusted Ca = [total measured calcium + 0.8 ! (4.0 – albumin g/dl)].
Hypercalcemia was defined as albumin-adjusted calcium 610.5 mg/
dl. The subjects could use aluminum as a rescue binder, if the cal-
cium-phosphorus (Ca ! P) product exceeded 72 mg2/dl2. After 12
weeks, the doses of phosphate binder and vitamin D and the dialy-
sate calcium concentration could be titrated every 4 weeks to achieve
serum phosphorus and calcium levels in the aforementioned target
ranges. The target range for parathyroid hormone (PTH) was 150–
300 pg/ml.

Serum phosphorus and calcium were drawn weekly during the
titration phase and monthly thereafter. PTH was determined at
screening, baseline, 12 weeks, and monthly thereafter, using an assay
that detected 1-84 PTH as well as amino-terminally-truncated frag-
ments (e.g., 7-84 PTH). Total cholesterol, low-density lipoprotein
(LDL) cholesterol, LDL particle size, high-density lipoprotein (HDL)
cholesterol, triglycerides, apolipoprotein A, and apoliprotein B were
drawn at baseline and at 12, 24, and 52 weeks. Homocysteine and
highly sensitive C-reactive protein were drawn at baseline and 52
weeks. LDL particle concentration and size were analyzed at Lipo-
sciences (Raleigh, N.C., USA). All other blood samples were analyzed
at Quest Diagnostics (Van Nuys, Calif., USA). LDL was calculated
according to the Friedewald formula on nonfasting samples [25, 26].

Imaging Procedure. The subjects underwent an EBT imaging pro-
cedure at day 0 and at 26 and 52 weeks. Details of the methods and
reliability of EBT imaging have been published elsewhere [27]. Brief-
ly, all areas of calcification with a minimal density of 130 Hounsfield
units within the borders of coronary arteries, thoracic aorta, mitral
valve, and aortic valve were computed. The traditional calcium score
originally described by Agatston et al. [28] was calculated. The Agat-
ston score is obtained by multiplying the area of a calcified focus by a
weighted density coefficient based on the peak density measured
inside the calcified focus. The median interscan variability for the
Agatston score is 8–10% [27]. Scans were considered of acceptable
research quality only if the images were free from artifacts due to
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Table 1. Baseline characteristics of
the study subjects Sevelamer

(n = 54)
Calcium acetate
(n = 54)

p

Age, years (mean B SD) 58B15 54B17 0.25
Sex, n (% females) 22 (41) 16 (30) 0.31
Race, n (% black) 17 (32) 22 (41) 0.33
Diabetes, n (%) 25 (46) 23 (43) 0.85
Time on dialysis, months; median

(interquartile range) 28 (15–71) 33 (12–56) 0.98
Body mass index, kg/m2 (mean B SD) 25.8B3.9 26.6B5.3 0.47
Primary cause of end-stage renal disease, n (%)

Diabetes
Hypertension
Glomerulonephritis
Polycystic kidney disease
Interstitial nephritis
Other

19 (35)
11 (20)
7 (13)
2 (4)
1 (2)

14 (26)

20 (37)
13 (24)
8 (15)
1 (2)
0 (0)

12 (22)

0.97

Systolic blood pressure, mm Hg (mean B SD) 139B21 146B24 0.11
Diastolic blood pressure, mm Hg (mean B SD) 76B12 79B12 0.13
Coronary artery Agatston score, median

(interquartile range) 570 (1–1,909) 506 (45–1,084) 0.57
Aortic Agatston score, median

(interquartile range) 349 (25–2,516) 190 (0–1,379) 0.23
Current phosphate binder, n (%)

Calcium acetate
Calcium carbonate
Sevelamer
Calcium carbonate with sevelamer
Calcium acetate with sevelamer
Other

24 (44)
22 (41)
3 (6)
2 (4)
2 (4)
1 (2)

24 (44)
25 (46)
1 (2)
1 (2)
2 (4)
1 (2)

0.86

Current smoking, n (%) 1 (2) 2 (4) 0.85
History of kidney transplantation, n (%) 10 (19) 10 (19) 1.00
History of parathyroidectomy, n (%) 5 (9) 1 (2) 0.21
Vitamin D usage, n (%) 33 (61) 32 (59) 1.00
Use of HMG-CoA reductase inhibitors

(‘statins’), n (%) 10 (19) 18 (33) 0.12

motion, respiration, or asynchronous electrocardiographic trigger-
ing.

Statistics
Continuous variables were expressed as mean B SD or median B

interquartile range. Within-group comparisons were made with the
Wilcoxon signed-rank test. Between-group comparisons were made
either with Student’s t test or with the Wilcoxon rank sum test where
appropriate. Categorical variables were compared with Fisher’s exact
test. Laboratory data were analyzed after employing a last value car-
ried forward procedure. For subjects who underwent EBT at week
52, the changes in calcification were calculated by subtracting the
week 52 scores from baseline scores. Nonparametric inference testing
was applied to EBT data to provide conservative p value estimates.
The overall study was powered (1 – ß = 0.9) to achieve a 10-mg2/dl2
difference in the calcium-phosphorus product. The power to demon-
strate differences in EBT scores was unknown at the time the study
was designed, as the standard deviation of change in EBT score in
end-stage renal disease was unknown. We a priori planned a sub-
group analysis of sevelamer versus calcium acetate. All reported

p values are two tailed. p ! 0.05 was considered statistically signifi-
cant. Analyses were conducted using SAS 8.02 (SAS Institute, Cary,
N.C., USA).

Results

Comparing US with European Subjects
To determine whether there were significant differ-

ences among the study subjects by geographic region
(aside from the prescribed calcium salt), we compared
demographic factors and baseline EBT scores in US and
European subjects. There was no difference in mean age
(55.9 B 16.0 vs. 56.9 B 13.7 years, p = 0.63) or in the
proportion of women (35 vs. 34%, p = 0.96). Subjects in
the USA were significantly more likely to be black (37 vs.
1%, p ! 0.0001), to have diabetes mellitus (44 vs. 18%, p =



310 Am J Nephrol 2003;23:307–314 Chertow et al.

Table 2. Biochemical end points

Sevelamer

baseline final

Calcium

baseline final

p

Phosphorus, mg/dl 7.6B1.9 4.9B1.2 7.7B2.1 5.0B1.5 0.53
Calcium, mg/dl 9.4B0.7 9.5B0.7 9.4B0.7 9.6B0.6 0.39
Calcium-phosphorus product, mg2/dl2 71B19 47B13 72B20 48B15 0.59
Intact PTH, pg/ml 232 (159–359) 180 (123–284) 215 (148–320) 161 (78–262) 0.60
Total cholesterol, mg/dl 167B31 135B32 171B43 175B49 !0.0001
LDL cholesterol, mg/dl 96B24 64B20 93B37 97B44 !0.0001
HDL cholesterol, mg/dl 41.8B10.6 43.1B10.8 44.6B16.7 44.2B12.3 0.03
Triglycerides, mg/dl 117 (94–171) 102 (75–188) 132 (84–203) 147 (99–221) 0.44
Highly sensitive C-reactive protein, mg/l 7.0 (2.3–22.8) 3.3 (1.2–9.7) 6.4 (1.8–10.4) 4.3 (1.6–17.4) 0.014
Apolipoprotein A1, mg/l 110B16 112B17 111B16 109B16 0.28
Apolipoprotein B, mg/l 78B18 62B15 78B25 78B27 !0.0001
Lipoprotein A, mg/dl 31 (19–53) 42 (12–39) 36 (16–51) 42 (26–49) 0.25
Homocysteine, Ìmol/l 21 (17–27) 23 (18–25) 22 (19–24) 23 (21–29) 0.79
LDL particles, nmol/l 907B252 749B242 960B290 958B309 0.011
LDL particle size, nm 21B0.6 21B0.6 21B0.6 21B0.6 0.70

Values are expressed as mean B SD, except for intact PTH, triglycerides, highly sensitive C-reactive protein, lipoprotein A, and homocys-
teine which are expressed as median and interquartile range in parentheses.

0.00014), and to have shorter dialysis vintage (median 32
vs. 45 months, p = 0.009) than European subjects. Base-
line coronary artery calcification scores [median 508 (in-
terquartile range 17–1,482) vs. 949 (184–1,808), p =
0.036] and aortic calcification scores [median 253 (inter-
quartile range 2–2,268) vs. 1,802 (144–6,553), p =
0.0014] were significantly lower in US as compared with
European subjects.

Baseline Characteristics of US Subjects by Binder
Assignment
The baseline characteristics of the 108 US study sub-

jects by binder assignment are shown in table 1. The
groups were well balanced by randomization. Coronary
and aortic calcifications tended to be higher at baseline in
the subjects randomized to sevelamer, although the differ-
ences were not statistically significant.

Drug Dosing
The average dose of sevelamer was 6.7 B 3.4 g/day

(approximately 8 B 4 tablets), and the average dose of
calcium acetate was 4.6 B 2.1 g/day (approximately 7 B 3
tablets). Adherence was very good for both regimens (78%
for sevelamer vs. 73% for calcium acetate). Vitamin D
and vitamin D analog usage increased over time in the
sevelamer-treated subjects (median change 0, interquar-
tile range 0–3 Ìg calcitriol equivalents) and decreased

over time in the calcium-treated subjects (median change
0, interquartile range –1.5 to 0 Ìg calcitriol equivalents
(p = 0.0006).

Laboratory Findings
Mineral Metabolism. Table 2 summarizes the key bio-

chemical end points. Baseline values represent laboratory
test results obtained after a 2-week phosphate-binder-free
washout period. Sevelamer and calcium acetate yielded a
similar reduction in serum phosphorus from baseline to
the end-of-study (sevelamer –2.8 B 2.0 mg/dl vs. calcium
acetate –2.5 B 1.8 mg/dl, p = 0.53). The reduction in the
calcium-phosphorus product was likewise similar in both
groups (sevelamer –24.6 B 19.9 mg/dl vs. calcium acetate
–21.0 B 18.0 mg/dl, p = 0.59). While the end-of-study
serum calcium concentrations were not significantly dif-
ferent in the two treatment arms, the time-averaged
serum calcium concentration was higher in the calcium-
acetate-treated subjects (9.6 B 0.7 vs. 9.2 B 0.6 mg/dl,
p = 0.003). Calcium acetate was more likely to lead to
hypercalcemia (36 vs. 13%, p = 0.015). The frequency of
hypercalcemia in the calcium-acetate-treated subjects was
attenuated by several factors specified in the protocol for
safety considerations. These included a reduction in cal-
cium acetate dosage (if the subject was within the target
range for phosphorus), reduction or discontinuation of
vitamin D, a reduction in dialysate calcium (documented
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in more than 10% of the calcium-acetate-treated sub-
jects), and the use of ‘rescue’ aluminum hydroxide. There
was a trend toward lower time-averaged PTH in the cal-
cium-acetate-treated group (median 169, interquartile
range 93–276 pg/ml, vs. median 220, interquartile range
144–280 pg/ml, p = 0.07). Unintended suppression of
PTH was more frequent in calcium-acetate-treated sub-
jects. Figure 1 shows the median PTH values for the 38
subjects who had a PTH level !150 pg/ml by week 12.
Despite provisions to attenuate hypercalcemia (see
above), the median PTH concentration remained well
below the 150- to 300-pg/ml target range in the calcium-
acetate-treated subjects, while the median PTH level
increased to within target in the sevelamer-treated sub-
jects by week 16.

Lipids and Markers of Inflammation. The subjects ran-
domized to sevelamer experienced significant reductions
in total cholesterol (–36.7 B 27.1 mg/dl, p ! 0.0001),
LDL cholesterol (–39.3 B 20.2 mg/dl, p ! 0.0001), LDL
cholesterol particle concentration (–157 B 270 nmol/l,
p = 0.01), and apolipoprotein B levels (–20.0 B 13.7 mg/
dl, p ! 0.0001). Sevelamer also led to a small but signifi-
cant increase in HDL cholesterol (2.1 B 7.9 mg/dl, p =
0.036). There were no significant changes in triglycerides,
apolipoprotein A, or LDL particle size in the sevelamer-
treated subjects. Calcium acetate had no effect on any lip-
id parameters. The sevelamer-treated subjects experi-
enced a relative reduction in highly sensitive C-reactive
protein as compared with calcium-acetate-treated sub-
jects [median change –2.8 (interquartile range from –13.7
to –0.4) mg/l vs. –0.3 (interquartile range from –5.3
to 2.8) mg/l, p = 0.014]. The change in highly sensitive
C-reactive protein was not related to baseline values of, or
change in, leukocyte count or LDL cholesterol concentra-
tion.

EBT Findings
The baseline vascular calcification was extensive (ta-

ble 1), as previously reported [29]. Subjects on calcium
acetate experienced a significant increase in coronary
artery (mean change 182 B 350, median change +20, p =
0.002) and aortic (mean change 181 B 855, median
change +73, p ! 0.0001) calcification scores by EBT.
European subjects experienced a similar magnitude of
progression with calcium carbonate (data not shown).
There was no evidence of progressive coronary artery
(mean change 64 B 471, median change +4, p = 0.18) or
aortic (mean change –127 B 942, median change +30, p =
0.20) calcification scores in the sevelamer-treated sub-
jects.

Fig. 1. Trend in PTH among 38 subjects with a week 12 PTH level
!150 pg/ml. n = 15 and n = 23 for sevelamer (diamonds) and calcium
acetate (squares) groups, respectively.

To allow inclusion of subjects who underwent a 26-week
EBT and may not have completed the 52-week study, we
also estimated the weekly change in coronary artery and
aortic calcification scores. Expressed as a change in calcifi-
cation scores per week, there was a significant increase in
coronary artery (mean change 5.1 B 9.3, median change
+0.6, p = 0.0004) and aortic (mean change 17.9 B 66.5,
median change +1.9, p ! 0.0001) calcification scores in the
calcium-acetate-treated subjects. In contrast, there was no
progression in vascular calcification in the sevelamer-
treated subjects [corresponding mean changes –0.1 and
–2.6 and median changes 0 (p = 0.38) and 0.6 (p = 0.33) for
coronary arteries and aorta, respectively].

The EBT findings are even more noteworthy when
considering that HMG-CoA reductase inhibitors (‘sta-
tins’) were prescribed more frequently in calcium-acetate-
treated subjects (46 vs. 22% of the subjects who had two
or more EBT scans, p ! 0.05).

Safety
The adverse drug events observed in 610% of the sub-

jects are displayed in table 3. 16 of 17 (94%) adverse drug
events were more common in the calcium-acetate-treated
subjects, although, when considered individually, only the
proportion of subjects with headaches (20.4 vs. 3.7%, p =
0.015) was significantly different. There was a significant
reduction in the end-of-study serum bicarbonate concen-
trations in the sevelamer-treated subjects (20.0 B 4.6 vs.
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Table 3. Adverse events associated with sevelamer and calcium ace-
tate

Adverse events Sevelamer
(n = 54)

n %

Calcium acetate
(n = 54)

n %

Vomiting 9 17 14 26
Nausea 10 19 13 24
Diarrhea 10 19 13 24
Pain in limb 8 15 10 19
Pruritus 7 13 3 6
Arthralgia 7 13 8 15
Dyspnea 8 15 10 19
Headache* 2 4 11 20
Constipation 6 11 9 17
Insomnia 5 9 6 11
Cough 5 9 7 13
Chest pain 4 7 6 11
Mechanical complication

of implant 5 9 8 15
Upper respiratory tract

infection 5 9 11 20
Hypertension aggravated 2 4 8 15

* p = 0.015, all other comparisons p 1 0.05.

22.9 B 5.0 mEq/l, p = 0.0006). Twenty (37%) sevelamer-
treated subjects and 26 (48%) calcium-acetate-treated
subjects were hospitalized over the course of the study.

Discussion

Despite the widespread use of phosphate binders in
patients with end-stage renal disease, relatively few stud-
ies have compared their relative safety and efficacy. Most
studies have been small in number (50 subjects or fewer),
short term (12 weeks or less), and have been limited to
biochemical end points such as serum phosphorus, cal-
cium, and PTH. In contrast, the sevelamer-versus-cal-
cium ‘treat-to-goal’ study provided objective, serial mea-
sures of vascular calcification by EBT, in addition to long-
term biochemical end points [18].

Calcium acetate is commonly used in the USA, while
calcium carbonate is the predominant calcium-based
phosphate binder used in Europe. Since calcium salts
were found to be associated with progressive vascular cal-
cification, and since the two calcium salts were pooled in
the primary analyses, it was reasonable to query whether
the specific binder might influence likelihood and extent

of progressive calcification. Since calcium acetate has
fewer milligrams of elemental calcium per tablet than cal-
cium carbonate, one might hypothesize that the quantity
of absorbed calcium (‘calcium load’) might be significant-
ly lower in individuals taking the acetate preparation and
that progressive calcification would be less likely.

Four randomized clinical trials have compared cal-
cium acetate and calcium carbonate. Caravaca et al. [30]
conducted a three-phase randomized open-label trial
comparing calcium acetate and calcium carbonate in 80
maintenance hemodialysis patients. After a 2-week wash-
out period (phase 1), the subjects were given 1.5 g of ele-
mental calcium (6.5 g calcium acetate and 3.75 g calcium
carbonate) for 2 months (phase 2) and then underwent
dose titration for 2 months (phase 3). Pooling the results
from both active phases, there were no significant differ-
ences in serum phosphorus, calcium, or PTH. Ring et al.
[31] conducted a 15-subject randomized double-blind
crossover study (study duration 3 weeks). There were no
significant differences in serum phosphorus, calcium, or
PTH. Pflanz et al. [32] conducted a randomized un-
blinded crossover study (study duration 6 weeks) in 31
maintenance hemodialysis patients, comparing equimo-
lar doses of calcium acetate and carbonate. These authors
reported a lower end-of-study serum phosphorus concen-
tration in the calcium-acetate-treated subjects as well as
higher serum calcium concentrations and lower PTH lev-
els, although their results were reported only for the 23
subjects who completed the protocol. Twice as many sub-
jects were noncompliant with calcium acetate (18 vs. 9%),
and 4 subjects on calcium acetate dropped out due to side
effects (as compared with 1 subject on calcium carbon-
ate). Janssen et al. [33] randomized 53 hemodialysis 
patients to aluminum hydroxide, calcium carbonate, and
calcium acetate, and the subjects were followed for over 1
year (37 subjects completed the study). When comparing
calcium salts, there was no significant difference in the
end-of-study serum phosphorus or PTH concentrations.
The incidence of hypercalcemia (defined as an albumin-
corrected serum calcium 111.2 mg/dl) was significantly
higher in the calcium-carbonate-treated subjects (31
vs. 18%). However, the calcium-acetate-treated sub-
jects received significantly more adjuvant aluminum hy-
droxide (mean daily dose 1.29 vs. 0.69 g) to optimize
phosphorus control and to abrogate hypercalcemia. The
dialysate calcium concentration used in this study was
3.5 mEq/l. Finally, it should be noted that there was a
marked difference in gender by calcium preparation (all
13 subjects who completed therapy with calcium carbon-
ate were women as compared with 7 of 18 subjects who
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completed therapy with calcium acetate) that might have
further confounded the results. Therefore, while advo-
cates of calcium acetate have highlighted these and other
single-meal metabolic studies [17, 18], there is little evi-
dence for a material difference in safety or efficacy of one
or another calcium-based phosphate binder.

This analysis of US subjects randomized to sevelamer
or calcium acetate demonstrates that the use of calcium
acetate is associated with progressive coronary artery and
aortic calcifications. The increase in calcification cannot
be blamed on inferior control of serum phosphorus or the
calcium-phosphorus product or on the use of vitamin D
or vitamin D analogs (which declined in the calcium-ace-
tate-treated subjects). Moreover, the calcium-acetate-
treated subjects were more likely to receive statins, also
known to attenuate progressive coronary artery calcifica-
tion [34]. Treatment with calcium acetate was associated
with an increased incidence of hypercalcemia despite sev-
eral provisions to abrogate elevations in serum calcium.
Hypercalcemia has been previously associated with vas-
cular calcification [35] and an increased risk of death [6].

The daily quantity of ingested elemental calcium (from
calcium acetate) was 1.2 B 0.5 g, less than the 1.5-gram
elemental calcium ‘ceiling’ recommended by the K/DOQI
Clinical Practice Guidelines for Bone Metabolism and
Disease and the 1.6 B 0.7 g ingested by the European
study subjects taking calcium carbonate. Indeed, the dose
of elemental calcium acetate ingested by the study sub-
jects was modest when compared with other studies of
calcium carbonate intake and vascular calcification.
Goodman et al. [36] showed that the mean daily dose of
calcium carbonate prescribed to adolescents and young
adults with and without coronary artery calcification was
6,456 vs. 3,325 mg, corresponding to 2.6 versus 1.3 g ele-
mental calcium (p = 0.02). In the study performed by
Guérin et al. [35], the average doses of elemental calcium
were 1.35, 1.35, 1.50, 1.84, and 2.18 g/day in subjects with
0, 1, 2, 3, or 4 sites of vascular calcification, as determined
by B-mode ultrasonography (p = 0.001). Therefore, the
intake of calcium salts in excess of what can either be
incorporated into bone or excreted into stool or urine (and
not necessarily in doses many-fold higher) may be suffi-
cient to promote vascular calcification. In vitro evidence
suggests that hyperphosphatemia may potentiate these
effects by inducing phenotypic transformation of vascular
smooth muscle cells into cells capable of expressing osteo-
blastic activity [37, 38].

Sevelamer was associated with favorable effects on the
lipid profile and on C-reactive protein, a proxy for inflam-
mation. It is noteworthy that the change in C-reactive pro-

tein was not associated with changes in LDL cholesterol.
Other drugs that lower LDL cholesterol (HMG-CoA re-
ductase inhibitors, ‘statins’) have been shown to have
anti-inflammatory properties [39, 40]. More research will
be required to determine whether sevelamer has indepen-
dent anti-inflammatory effects in persons with kidney dis-
ease.

There are several limitations to this study. While a
highly sensitive tool, EBT cannot differentiate intimal
from medial calcifications. Therefore, we cannot deter-
mine whether sevelamer attenuates the progression of
atherosclerosis or the progression of arteriosclerosis.
While it can be argued that both should best be avoided, a
better understanding of the mechanism of accelerated
vascular calcification in end-stage renal disease and meth-
ods to interrupt these processes would be extremely valu-
able. Although the subjects in this study were random-
ized, we cannot determine whether the benefits afforded
to those on sevelamer were related to differences in exoge-
nous calcium, changes in bone dynamics, or alterations in
lipids or inflammation, since the relative effects of seve-
lamer and calcium extend to each of these domains. These
results may not be generalizable to typical clinical prac-
tice, where many patients may not receive the same
degree of attention given to clinical trial participants and
where protocols for provision of vitamin D analogs and
other therapies may be less stringently followed. Indeed,
the relative effects in less well monitored settings may be
more pronounced. The results may not apply to patients
on peritoneal, rather than to those on hemodialysis. Final-
ly, while vascular calcification has been strongly associat-
ed with mortality in hemodialysis patients, additional
studies will be required to confirm that preventing or at-
tenuating the progression of vascular calcification de-
creases the mortality and the rates of cardiovascular, cere-
bral, and peripheral vascular events.

In summary, targeted therapy for hyperphosphatemia
with calcium acetate led to a high incidence of hypercal-
cemia and progressive coronary artery and aortic calcifi-
cations. Sevelamer provided equivalent control of hyper-
phosphatemia with fewer adverse metabolic effects and
attenuated the progression of vascular calcification. Seve-
lamer also yielded favorable effects on the lipid profile
and may have had an anti-inflammatory effect. The
potential risks and benefits of calcium acetate, like those
of calcium carbonate, aluminum hydroxide, and other
metal-based enterally absorbed phosphate binders, must
be carefully considered. Exogenous calcium loading may
contribute to the epidemic of vascular disease in hemodi-
alysis patients.
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