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Animal studies suggest that calcium-phosphorus homeostatic abnormalities cause cardiovascular disease in uremia; few
observational studies in humans have explored this. Associations in the retrospective United States Renal Data System Waves
1, 3, and 4 Study of 14,829 patients who were on hemodialysis on December 31, 1993, were examined. Mean age and duration
of renal replacement therapy were 60.0 and 3.2 yr, respectively; 40.7% had diabetes. Quintiles (Q, to Q;) of (albumin-adjusted)
calcium were =8.7, 8.8 to 9.2, 9.3 to 9.6, 9.7 to 10.2, and >10.2 mg/dl; phosphorus, =4.4, 4.5 to 5.3, 5.4 to 6.3, 6.4 to 7.5, and >7.5
mg/d]; calcium-phosphorus product, =40.9, 41.0 to 50.1, 50.2 to 59.2, 59.3 to 71.0, and >71.0 mg*/dl*; and parathyroid hormone
(PTH), =37, 38 to 99, 100 to 210, 211 to 480, and >480 pg/ml. Higher calcium levels were associated with fatal or nonfatal
cardiovascular events (adjusted hazards ratio, 1.08 for Qg versus Q,) and all-cause mortality (Q,, 1.07; Q, 1.11; Q5 1.14).
Phosphorus levels were associated with cardiovascular events (Q,, 1.06; Q, 1.13; Q,, 1.14; Qg, 1.25) and mortality (Q,, 1.10; Q,
1.19), calcium-phosphorus product was associated with cardiovascular events (Q;, 1.09; Q,, 1.14; Q;, 1.24) and mortality (Q,,
1.09; Q5, 1.19), and PTH levels were associated with cardiovascular events (Q;, 1.12) and mortality (Q, 1.17). Despite limitations
(including retrospective design; noncurrent study era; and lack of serial calcium, phosphorus, and PTH measurements), this
study suggests that disorders of calcium homeostasis are associated with fatal and nonfatal cardiovascular events and all-cause
mortality in hemodialysis patients.
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link between secondary hyperparathyroidism and
cardiovascular disease in dialysis patients has been
suspected for decades (1-3). As in other types of cell,
high levels of parathyroid hormone (PTH) seem to damage
cardiac myocytes, possibly through a calcium ionophore effect
(4). Animal models have convincingly demonstrated that PTH
is a “permissive” factor in the development of uremic cardio-
myopathy (5). Some studies have shown left ventricular func-
tion and size to be improved after parathyroidectomy (2,6).
The hypothesis that calcium and phosphorus deposition may
have direct cardiovascular consequences, independent of PTH
levels, also has been a matter of speculation for many years (1).
The possibility that the deposition of calcium and phosphorus
causes vascular disease in ESRD has been the focus of much
recent research. Morphologic studies, for example, suggest that
calcium deposition in blood vessels is a dynamic process (7,8).
Coronary artery calcification is highly prevalent and rapidly
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progressive in hemodialysis patients (9,10). High calcium-phos-
phorus products and PTH levels have been associated with
overall mortality and mortality attributed to cardiovascular
disease in hemodialysis patients (11,12). A calcium-free oral
phosphorus binder, sevelamer, has been found to reduce the
rate of progression of coronary artery calcification in hemodi-
alysis patients, as compared with calcium-containing binders
(13).

To date, few studies have systematically investigated poten-
tial associations of calcium, phosphorus, and PTH levels with
specific cardiovascular events. This study is an attempt to in-
vestigate such associations. The objectives of this study were to
investigate associations between candidate variables:

1. (albumin-adjusted) serum calcium,
2. serum phosphorus,

3. calcium-phosphorus product, and
4. PTH levels

and the following outcomes in hemodialysis patients:

1. The primary outcome was the first nonfatal or fatal cardio-
vascular event, henceforth referred to as “cardiovascular
events.” A nonfatal cardiovascular event was defined as
hospitalization with ischemic heart disease, congestive heart
failure, stroke, transient ischemic attack, or peripheral vas-
cular disease. A fatal cardiovascular event was defined as
cause of death categorized on the ESRD Death Notification
Form as acute myocardial infarction, hyperkalemia, pericar-
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