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Background: In patients with end-stage renal disease, use of vitamin D and calcium-based 

phosphate binders have been associated with progression of vascular calcification that might 

have an impact on renal transplant candidacy. Our objective was to examine management of 

mineral metabolism in patients wait-listed for renal transplant and to determine the impact on 

cardiac perfusion imaging.

Methods: Data was collected retrospectively on patients wait-listed for a renal transplant 

(n = 105), being either active (n = 73) or on hold (n = 32). Demographic data, medications, 

serum concentrations of calcium, phosphate, parathyroid hormone, and cardiac perfusion imaging 

studies were collected from the electronic health record. Chi-square and Student’s t-tests were 

used to compare active and on-hold patients as appropriate. Logistic regression was used to 

examine variables associated with worsening cardiac imaging studies.

Results: The wait-listed patients were of mean age 56 ± 14 years and had been on dialysis for 

1329 ± 867 days. On-hold patients had received a significantly greater total dose of calcium 

(2.35 ± .94 kg versus 1.49 ± 1.52 kg; P = 0.02) and were more likely to have developed worsening 

cardiovascular imaging studies (P = 0.03). Total doses of calcium and calcitriol were associated 

with worsening cardiovascular imaging studies (P = 0.05).

Conclusion: Patients on hold on the renal transplant waiting list received higher total doses 

of calcium. A higher total dose of calcium and calcitriol was also associated with worsening 

cardiovascular imaging. Time on dialysis before transplant has been associated with worse 

post-transplant outcomes, and it is possible that the total calcium and calcitriol dose received 

contributed to these inferior outcomes.
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Introduction
Patients with end-stage renal disease (ESRD) have a significantly greater age and 

gender-adjusted risk of cardiovascular mortality compared with the general population.1 

Although many traditional cardiovascular risk factors have been implicated,2 the 

population attributable to risk secondary to mineral metabolism abnormalities has 

been estimated to be approximately 17.5%.3 Medications used to manage mineral 

metabolism abnormalities, such as vitamin D and calcium-based phosphate binders, 

may also contribute to enhanced cardiovascular disease.4,5 Sevelamer hydrochloride, 

a non-calcium-based phosphate binder, has been associated with decreased progression 

of cardiovascular calcification when compared with a calcium-based phosphate binder 

at 52 weeks of therapy, despite similar phosphate control.6 The use of this medication 

is limited in some regions secondary to restricted reimbursement policies because of a 
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lack of convincing benefit with respect to mortality.7,8 At the 

Ottawa Hospital, almost all patients on dialysis are treated 

with calcium-based phosphate binders and calcitriol to con-

trol serum phosphate and parathyroid hormone levels. Only 

patients with private insurance or who develop hypercalcemia 

in addition to hyperphosphatemia and hyperparathyroidism 

qualify for a government-assisted financial subsidy for non-

calcium-based phosphate binders.

The mean waiting time for a renal transplant in the US, 

Canada, and UK is approximately 3 years.9–11 It is unclear 

if the mineral metabolism abnormalities and management 

of these conditions over the prolonged waiting times may 

contribute to enhanced vascular disease for wait-listed 

patients, ultimately impacting on renal transplant candidacy. 

Accordingly, the objectives of this study were twofold, ie, to 

examine the management of mineral metabolism in patients 

with ESRD who were wait-listed for renal transplant and 

to explore the potential contribution of mineral metabolism 

management to clinically significant vascular calcification 

in wait-listed patients.

Materials and methods
Patient population
We undertook a retrospective cohort study that included 

patients on the Ottawa Hospital renal transplant waiting list 

after obtaining approval from the hospital research ethics 

board. Eligible patients included those older than 18 years 

of age with ESRD and treated by hemodialysis or peri-

toneal dialysis. A total of 158 patients were identified on 

the transplant waiting list at the time of data collection in 

July 2010. One hundred and five patients met our inclusion 

criteria and had complete data, with 73 patients being active 

and 32 patients being on hold (infection, vascular disease, 

hyperparathyroidism) on the renal transplant waiting list. 

The majority of patients were excluded secondary to dialysis 

in a satellite unit or renal center in which we did not have 

access to their laboratory values or medication history. Each 

patient was assigned an identification number and entered 

into a database.

Study design
Descriptive data were collected retrospectively from July 31, 

2010 to time of wait-listing using information available from 

the electronic health record. Data collected included age, 

gender, date of ESRD, dialysis modality, date of listing for 

transplant (usually the same as date of ESRD), and diabetes 

mellitus status. Information on medication was collected 

with a focus on mineral metabolism. Specifically, it was 

noted whether patients were prescribed calcium carbonate, 

vitamin D (cholecalciferol), calcitriol, sevelamer hydrochlo-

ride, lanthanum, and/or cinacalcet. Total and average daily 

doses were calculated for calcium carbonate (as elemental 

calcium), calcitriol, ie, 1,25(OH)
2
D

3
, and vitamin D, ie, 

25(OH)D
3
, from the time of transplant list date until July 31, 

2010. This information is updated every 4–8 weeks in the 

electronic health record by the dialysis nurse as part of routine 

clinical practice. In the event that a time period did not specify 

the dose of calcium carbonate, we conservatively assumed 

that the patient was taking 200  mg of elemental calcium 

with meals. Standard dialysate calcium is 1.25 mmol/L for 

both hemodialysis and peritoneal dialysis, and this was not 

considered in the total daily calcium intake. Serum concentra-

tions of calcium, phosphate, and intact parathyroid hormone 

collected at the time of wait-listing for transplant were also 

included in the database.

Lastly, the results of myocardial perfusion imaging 

(persantine, dipyridamole rubidium 82) were collected from 

the Ottawa Hospital database as a measure of clinically signifi-

cant vascular calcification. As per Ottawa Hospital protocol, 

patients with a history of ischemic heart disease, peripheral 

vascular disease, diabetes mellitus, previous renal transplant, 

cigarette smoking, hyperlipidemia, hypertension, body mass 

index . 30, or age . 50 years undergo a stress myocardial 

perfusion imaging that is repeated every 2 years. At least two 

consecutive myocardial imaging studies since diagnosis of 

ESRD were used to determine the evolution of cardiovascular 

disease and were classified as improved, stable, or worsened 

disease, as described by the interpreting cardiologist. Specifi-

cally, we looked for the above words or synonyms in the test 

results narrative to categorize patients. If these words were 

not specifically found, but there was clear evidence of stability 

(eg, a test interpreted as normal both times was judged to be 

unchanged) or change (eg, a first test interpreted as normal and 

a second test interpreted as evidence of ischemia was judged 

to be worsened), patients were categorized accordingly. At the 

time of this study, cardiac territories were not reported in the 

electronic medical record. The ejection fraction documented 

during myocardial imaging was also collected. Those patients 

without at least two cardiac imaging studies were not included 

in the myocardial imaging analysis.

Statistical analysis
Descriptive statistics were calculated to describe the overall 

population and to compare those patients who were active 

on the waiting list versus those who were on hold. Data 

are reported as the mean  ±  standard deviation or median 
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and interquartile range depending on data distribution. The 

Student’s t-test, Chi-square test, and Fisher’s Exact test were 

used as appropriate. Lastly, univariate logistic regression was 

undertaken to examine variables that might be predictive of 

worsening cardiovascular imaging studies. The variables 

included were age, diabetes status, total and daily dose of 

calcium carbonate, total and daily dose of calcitriol, total 

dose of vitamin D, time on dialysis, and serum calcium, 

phosphate, and parathyroid hormone levels.

Results
Descriptive statistics are summarized in Tables  1–3. 

Approximately 68% of the patients were treated with 

hemodialysis and 32% with peritoneal dialysis. Of the 

hemodialysis patients, 70% had either an arteriovenous fistula 

or graft. The average access flow was 337 mL/min. Patients 

were placed on hold for a variety of reasons, including 

cardiovascular disease (n  =  7), peripheral vascular disease 

(n = 4), infection (n = 3), other (n = 17), and unknown (n = 1). 

Active and on-hold patients did not differ significantly in 

terms of basic demographic data (Table 1). There was a trend 

towards a longer dialysis duration for those on hold compared 

with active wait-listed patients but this did not reach statistical 

significance (1547 ± 837.9 versus 1234 ± 867.5 days; P = 0.09). 

A greater proportion of active wait-listed patients were taking 

vitamin D and calcitriol when compared with on-hold patients, 

but this was not statistically significant (Table 2).

The total dose of elemental calcium received for a wait-

listed transplant candidate on dialysis was 1.75 ± 1.7 (range 

0.033–9.56) kg (Table  3). This value was significantly 

higher in the on-hold population compared with the active 

wait-listed population (2.35 ± 1.94 kg versus 1.49 ± 1.52 kg; 

P = 0.02).

Of the 49 patients with two cardiac perfusion imaging 

studies, four (8%) improved, 28 (57%) remained unchanged, 

and 17 (35%) worsened. Nineteen percent of active patients 

(5/26) and 52% (12/23) of on-hold patients developed wors-

ening cardiac perfusion imaging since being listed for a renal 

transplant (P = 0.02). In univariate analysis, total doses of 

calcium and calcitriol were associated with worsened cardio-

vascular imaging (Table 4). Although the ejection fraction did 

not change between the first and second studies for patients 

with improved/stable imaging (62%, 64%) and the patients 

with worsened imaging (57%, 58%), the improved/stable 

patients had a higher ejection fraction overall (P = 0.04).

Discussion
In this single-center retrospective analysis, patients with 

ESRD on dialysis received large amounts of calcium-based 

phosphate binders while waiting for a renal transplant. 

Specifically, an average ESRD patient on the transplant 

waiting list received 1.75 ± 1.70 kg of elemental calcium. 

The amount of calcium carbonate prescribed was greater for 

patients who were on hold compared with those who were 

active on the transplant waiting list. Similarly, in univariate 

analysis, an increased total dose of calcium carbonate was 

associated with worsening of cardiovascular perfusion imag-

ing studies. This same association was seen for increasing 

total calcitriol dose.

Time on dialysis before transplantation is associated 

with decreased patient and graft survival post-transplant.12 

It remains unclear what specific factors contribute to the 

poor post-transplant outcomes for patients with prolonged 

pretransplant dialysis. Disorders of calcium and phosphate 

homeostasis or the medications that are used to treat them 

may be contributory. Aortic calcification in incident renal 

transplant patients is associated with cardiovascular events 

and mortality.12 In our study, increased total doses of elemen-

tal calcium and calcitriol were associated with worsening of 

cardiovascular perfusion imaging studies. In the National 

Table 1 Population characteristics

  Overall (n = 105) Active (n = 73) On-hold (n = 32) P value

Gender
Male, n (%) 64 (61.0) 43 (58.9) 21 (65.6) 0.52
Female, n (%) 41 (39.0) 30 (41.1) 11 (34.4)
Mean age, years (±SD) 55.6 ± 13.4 54.9 ± 14.5 57.2 ± 14.5 0.43
Diabetes mellitus n (%) 34 (32.4) 22 (30.1) 12 (37.5) 0.46
Mean days on dialysis (±SD) 1329.4 ± 866.7 1234 ± 867.5 1547 ± 837.9 0.09
Dialysis modality (n) HD/PD/unknown 72/30/3 48/23/2 24/7/1 0.32
Mean serum calcium, mmol/L (±SD) 2.37 ± 1.93 2.47 ± 2.31 2.13 ± 0.22 0.21

Mean serum PO4, mmol/L (±SD) 1.74 ± 0.49 1.70 ± 0.50 1.83 ± 0.47 0.2
Median serum PTH, pmol/L (IQR) 26.7 (14.9–45.7) 24.5 (14.8–46.3) 30.0 (20.2–44.2) 0.8

Abbreviations: HD, hemodialysis; IQR, interquartile range; PD, peritoneal dialysis; PTH, parathyroid hormone; SD, standard deviation.
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Kidney Foundation Disease Outcomes Quality Initiative 

guidelines, the maximum suggested elemental calcium intake 

from medication is 1500 mg per day, based on imprecise esti-

mates of utilization and loss.13 Although our overall average 

daily intake was below this limit, patients on hold on the renal 

transplant waiting list were above this recommended value. 

Importantly, a recommended daily intake does not address the 

potential for long-term mineral accumulation, that is likely 

to be magnified as renal transplant waiting times increase. In 

the general population, a recent meta-analysis of calcium or 

calcium and vitamin D supplementation in post-menopausal 

women demonstrated an increased risk of myocardial infarc-

tion and the composite of myocardial infarction and stroke 

in women treated with supplements.14 The authors calculated 

that, for every 1000 patients treated for 5 years, there would 

be six additional myocardial infarctions and strokes to pre-

vent three fractures. Furthermore, there did not appear to be 

a dose-response curve, such that doses , 500 mg/day might 

be as harmful as doses . 1000 mg/day.

For patients with ESRD, sevelamer hydrochloride and lan-

thanum are alternatives to calcium-based phosphate binders, 

but are more expensive. In our study, there was limited use 

of either of these medications, despite recent Kidney Disease: 

Improving Global Outcomes guidelines which recommend 

considering use of non-calcium-based phosphate binders for 

patients with ESRD and evidence of vascular calcification.15 

This is consistent with a previous study showing that use 

of .1500 mg of elemental calcium per day was observed in 

regions with restricted access to sevelamer hydrochloride.16

Although higher serum vitamin D and vitamin D analogs 

have been associated with improved outcomes for patients 

on dialysis in some studies, the type of vitamin D may be 

important.17,18 In a study of rats treated with either calcitriol 

or oxacalcitriol, rats given calcitriol had evidence of vascu-

lar calcification which was not seen in rats treated with the 

vitamin D analog.19 Similarly, in a study examining over 

60,000 patients on hemodialysis in the US, the risk of death 

was greater for patients treated with calcitriol than in patients 

treated with paricalcitol.20 The authors hypothesized that the 

benefit of paricalcitol was due to blunted gut absorption and 

bone resorption of calcium and phosphate, leading to lower 

mineral loads with a reduction in vascular calcification and 

cardiovascular death.

Our study has a number of limitations, including its 

observational retrospective design that only allows us to 

describe associations. The small sample size prevented us 

from adjusting for other cardiovascular risk factors in our 

analysis. Just under half of the patients had undergone two 

cardiac perfusion imaging studies, limiting assessment of 

progressive vascular disease to that subgroup. Our single-

center experience is not likely to be representative of world-

wide practice. We also assumed that the dose prescribed was 

the dose ingested, which may be an overestimate of true 

intake. Additionally, the total doses of calcium carbonate 

and calcitriol reported are only after development of ESRD, 

and do not include the management of mineral metabolism 

prior to that time.

Although our results are not new, we believe that the 

message is important. The data are suggestive of a poten-

tially increased risk of morbidity in wait-listed patients with 

respect to transplant candidacy. As the waiting times for renal 

transplant continue to increase, the potential for “harm” on 

Table 2 Medications

  Overall (n = 105) Active (n = 73) On-hold (n = 32) P value

Calcium carbonate, n (%) 105 (100) 73 (100) 32 (100) 1
Calcitriol, n (%) 84 (80.0) 62 (84.9) 22 (68.8) 0.06
Vitamin D, n (%) 33 (31.4) 27 (37.0) 6 (18.8) 0.06
Cincalcet, n (%) 17 (16.2) 11 (15.1) 6 (18.8) 0.64
Lanthanum, n (%) 5 (4.8) 3 (4.1) 2 (6.3) 0.64
Niacin, n (%) 3 (2.9) 3 (4.1) 0 0.55
Sevelamer hydrochloride, n (%) 1 (0.97) 1 (1.4) 0 1

Table 3 Medication doses

Overall (n = 105) Active (n = 73) On-hold (n = 32) P value

Calcium carbonate, mg/day (mean ± SD)  1416 ± 766.2  1349 ± 717.0  1568 ± 861.0 0.18

Total dose of calcium carbonate, kg (mean ± SD)   1.75 ± 1.70   1.49 ± 1.52   2.35 ± 1.94 0.02

Daily dose of 1,25(OH)2D3, μg (mean ± SD)   0.25 ± 0.25   0.25 ± 0.28   0.27 ± 0.15 0.75

Total dose of 1,25(OH)2D3, μg (mean ± SD) 315.5 ± 678.4 288.5 ± 750.7 387.1 ± 438.3 0.46

Abbreviation: SD, standard deviation.
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dialysis also increases. Even if the average daily dose of 

elemental calcium is within the recommended guidelines, 

dialysis patients will be in a positive calcium balance that will 

accumulate with prolonged renal transplant waiting times. In 

the general population, use of calcium or calcium and vitamin 

D has been shown to increase the risk of myocardial infarction 

and stroke over 5 years regardless of dose. Further research is 

required to clarify the amount of elemental calcium required to 

maintain a neutral balance in patients with ESRD, especially 

with loss of residual renal function over time. Similarly, the 

most appropriate type of vitamin D remains to be clarified in 

randomized controlled trials. Lastly, no randomized controlled 

trial has demonstrated the benefits of lower serum phosphate, 

but high doses of calcium carbonate continue to be prescribed 

in Canada, with significant potential morbidity.
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