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Abstract

Because hemodialysis treatment has a limited ability to remove phosphorus, dialysis patients must
restrict dietary phosphorus intake and use phosphorus binding medication. Among patients with
restricted dietary phosphorus intake (1000 mg/d), phosphorus binders must bind about 250 mg of
excess phosphorus per day and among patients with more typical phosphorus intake (1500 mg/d),
binders must bind about 750 mg per day. To determine the phosphorus binding capacity of binder
prescriptions among American hemodialysis patients, we undertook a cross-sectional study of a
random sample of in-center chronic hemodialysis patients.

We obtained data for one randomly selected patient from 244 facilities nationwide. About one-
third of patients had hyperphosphatemia (serum phosphorus level > 5.5 mg/dL). Among the 224
patients prescribed binders, the mean phosphorus binding capacity was 256 mg/d (SD 143). 59%
of prescriptions had insufficient binding capacity for restricted dietary phosphorus intake, and
100% had insufficient binding capacity for typical dietary phosphorus intake. Patients using two
binders had a higher binding capacity than patients using one binder (451 vs. 236 mg/d, p <0.001).

A majority of binder prescriptions have insufficient binding capacity to maintain phosphorus
balance. Use of two binders results in higher binder capacity. Further work is needed to
understand the impact of binder prescriptions on mineral balance and metabolism and to determine
the value of substantially increasing binder prescriptions.
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Introduction

Methods

Individuals with moderate to severe renal disease have an impaired ability to excrete
phosphorus. As a result, they tend to develop hyperphosphatemia, especially in settings of
high phosphorus intake. Elevated serum phosphorus levels are independently associated
with increased morbidity and mortality. For example, serum phosphorus levels greater than
those recommended by practice guidelines (5.5 mg/dL), are independently associated with a
20%-40% increase in mortality risk among patients with end stage renal disease (ESRD).
(1-9) In addition, hyperphosphatemia appears to be involved in the development of
atherosclerotic heart disease, secondary hyperparathyroidism, and bone disease among
patients with renal disease. (10-12)

Because hemodialysis treatment has a limited ability to remove phosphorus, dialysis patients
must both restrict dietary phosphorus intake and use phosphorus binding medication. Even
with these interventions, about one third to one half of ESRD patients have
hyperphosphatemia. (3,7,9,13) Previous efforts to improve phosphorus management have
focused on limiting phosphorus intake and improving adherence to phosphorus binders.
(14-17) By contrast, little is known about phosphorus binder prescriptions. We sought to
determine the adequacy of phosphorus binder prescriptions among a national sample of
hemodialysis patients.

Dialysis Facilities and Randomization

The publically available database Dialysis Facility Compare was used to identify American
chronic hemodialysis facilities that had at least 5 stations and 30 patients. (18) We excluded
1,057 facilities that did not have at least 5 stations or 30 patients, 588 dialysis facilities that
did not report the number of patients, 38 pediatric facilities, and 9 facilities located outside
the 50 United States. We used a random number generator to select 300 of the remaining
3,636 facilities for our study sample. This study was approved by the MetroHealth Medical
Center Institutional Review Board.

Data Collection

To ensure that patients were randomly selected, each facility was first assigned a random
letter of the alphabet. Study personnel then called each facility and asked to speak to the
dietitian. The dietitian was asked to look at an alphabetical list of facility patients and
provide de-identified data about the first patient on the list whose last name began with the
random letter assigned to that facility. Data requested included: phosphorus binder
prescription, most recent serum phosphorus level, post-dialysis weight, height, age, gender,
race/ethnicity, and years on dialysis. Because binder prescriptions written in patient charts
may be out of date, we asked dietitians to provide the exact prescriptions that they
communicated to the identified patients. Dietitians who declined to participate or could not
be contacted despite 5 attempts were excluded from the study.

Phosphorus Binding Capacity

We calculated the PBC for each patient’s binder prescription using summary statistics from
a recent systematic review by Daugirdas et al. (19) PBC refers to the /n vivo phosphorus
binding ability of various binders and may be used to compare the potency of prescriptions
involving different binders. (19) To determine the adequacy of binder prescriptions, we used
standard estimates of dietary phosphorus intake, gut absorption of phosphorus, and dialytic
removal of phosphorus. Practice guidelines recommend a restricted dietary phosphorus
intake of 1,000 mg/d. (1) Approximately 60% of naturally occurring phosphorus is absorbed
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by the intestinal tract. (20-22) Conventional hemodialysis removes approximately 800 mg of
phosphorus per treatment or 2400 mg/week. (19,23,24) As a result, phosphorus binders must
bind about 250 mg/d of phosphorus to maintain balance. However, many processed and fast
foods have phosphorus-containing additives. Such additives are completely absorbed and
may increase dietary phosphorus by 500-1000 mg/d. We used 1,500 mg/d as an estimate of
typical phosphorus intake. Under this scenario, binders must bind about 750 mg/d of
phosphorus to maintain balance.

Sample Size Calculation

We calculated the sample size required to estimate the percent of inadequate prescriptions
with a 95% confidence interval of + 7.5%. To be conservative, we assumed that the percent
of inadequate prescriptions would be as high as 50%. This leads to a sample size
requirement of 171 participants. (25) To account for a possible non-participation rate as high
as 40%, we approached 300 dietitians.

Statistical Analysis

Results

Means and standard deviations are reported for continuous variables and percentages are
reported for categorical variables. The t test and analysis of variance were used to determine
the univariate relationship between PBC and patient and facility characteristics. Multiple
linear regression was used to determine the independent relationship between PBC and
patient and facility characteristics. We defined 30 mg as a clinically meaningful difference
in binding capacity since this corresponds to the binding capacity of one tablet of calcium
acetate. All analyses were conducted using JMP statistical software version 9.0.2 (SAS
Institute, Cary, North Carolina).

Patient and Facility Characteristics

We obtained data for one randomly selected patient from each of 244 facilities (participation
rate 81%). As indicated in Table 1, the average age of patients was 62 years, about half were
white, and one third had hyperphosphatemia (serum phosphorus level > 5.5 mg/dL).
Facilities had an average of 67 patients, and most were for profit and affiliated with large
dialysis organizations.

Phosphorus Binder Prescriptions

The most commonly prescribed single binders were sevelamer carbonate and calcium
acetate (Table 2). The most commonly prescribed dual binder combination was calcium
acetate and sevelamer carbonate. Twenty (8%) patients were not prescribed any binders.
Among the 224 patients prescribed binders, the binder pill burden averaged 8 tablets per day
(SD 5) and ranged from 1-27 tablets per day.

Phosphorus Binding Capacity

Among the 224 patients prescribed binders, the mean phosphorus binding capacity (PBC)
was 256 mg/d (SD 143). As indicated in Figure 1, 59% of prescriptions had insufficient
binding capacity for restricted dietary phosphorus intake, and 100% had insufficient binding
capacity for typical dietary phosphorus intake. Patients using two binders had a higher
binding capacity than patients using one binder (451 vs. 236 mg/d, p <0.001).

On univariate analysis, increased binding capacity was associated with younger age, male
gender, increased weight, longer time receiving dialysis, higher serum phosphorus level, and
large dialysis organizations (Table 3). However, there were no clinically significant
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relationships between binding capacity and patient or facility characteristics on multivariate
analyses (Table 4).

Discussion

By examining binder use in the context of a dietary and dialytic framework of phosphorus
balance, we identified a previously unrecognized potential contributor to the high prevalence
of hyperphosphatemia among hemodialysis patients. We found that all examined
phosphorus binder prescriptions were inadequate for typical dietary phosphorus intake, and
a majority were inadequate for restricted dietary intake. Although dual binder use conferred
significantly more PBC, a minority of patients were prescribed two binders. In addition,
there was a sizeable pill burden from binders, with an average patient prescribed 8 tablets
per day. Strengths of our study include a large and nationally representative sample, a high
participation rate, and the quantification of binding capacity across a variety of binder types
and prescriptions.

It is worth noting that the prevalence of hyperphosphatemia in our sample (34%) is less than
the prevalence of inadequate prescriptions (59%). It is possible that serum phosphorus levels
underestimate actual phosphorus burden, e.g. serum levels may not reflect calcium-
phosphorus deposition in vasculature and soft tissue. Alternatively, malnourished patients
may have a phosphorus intake much lower than 1000 mg/day. (26) It is also possible that
some patients have significant residual renal function that contributes to phosphorus
excretion. It is also worth noting that hyperphosphatemia increased slightly with increased
PBC in our sample (Table 4). This finding is consistent with a previous study which found
that more phosphorus binders do not necessarily result in lowering of serum phosphorus
levels. (27) It is likely that binder prescriptions are increased in response to
hyperphosphatemia among patients who have very high levels of dietary phosphorus intake
and/or are non-adherent with binders. In these situations, we would expect to see a positive
association between hyperphosphatemia and binding capacity. Paradoxically, reported dose-
response studies for selected binders, namely lanthanum and sevelamer, show an inverse
relationship between dose and phosphorus binding. However, these studies were conducted
using normal volunteers or patients with non-dialysis dependent CKD. (19,28-30)

Our findings have implications for patients, providers, and policy makers. Patients and
providers should work together to limit dietary phosphorus intake, maximize dialytic
phosphorus removal, and optimize binder use. However, these may be difficult to
accomplish. The increased use of phosphorus-containing food additives in processed meats,
fast food, and beverages makes it challenging for patients to limit phosphorus intake to an
amount that can be managed with dialysis and binders. (31-35) We used a conservative
estimate of additive phosphorus (500 mg per day). Some reports indicate that phosphorus
additives account for 1,000 mg of added phosphorus intake per day. (20) Even maximum
tested dose of the commonly used binders would be insufficient to maintain phosphorus
balance with these levels of additive phosphorus intake. (36-40) Therefore, our conclusion
that binder prescriptions are inadequate may be tempered by the observation that the ability
to formulate a reasonably adequate phosphorus binder prescription is outstripped by the high
prevalence of phosphorus-containing additives in foods. Although weight-based protein
requirements have been used as an estimated dietary phosphorus intake, it is recognized that
this correlation may be skewed. Phosphorus intake may be underestimated if solely based on
protein content of food given the increased use of phosphorus additives. (31,33,41)
Optimizing binder use will also be challenging given the already high pill burden, cost, and
binder non-adherence among hemodialysis patients. (27,42,43) Dialytic removal of
phosphorus is roughly proportional to treatment time. As a result, increased dialytic removal
would require greatly lengthened treatments, which may not be acceptable to patients or
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providers. (44,45) Policy makers should be aware of these challenges when utilizing serum
phosphorus levels as a marker of quality of hemodialysis care. Helpful policy interventions
may include restricting the widespread use of phosphorus additives and requiring labeling of
phosphorus content on food packages.

Several limitations must be considered in interpreting our results. We did not directly
measure phosphorus binding capacity, dietary phosphorus intake, adherence to binder
prescriptions, or dialytic phosphorus removal. We obtained only a single serum phosphorus
level and did not assess other influences such as vitamin D and parathyroid hormone.

We report that a majority of binder prescriptions among American hemodialysis patients
appear to have insufficient binding capacity to maintain phosphorus balance. Phosphorus
binders alone are insufficient to overcome a positive phosphorus balance without taking into
account increased intake of phosphorus containing additives as well as increasing dialysis
treatment time to accommaodate phosphorus removal. Specifically, in reference to
phosphorus binder therapy, further work is needed to understand the impact of binder
prescriptions on mineral balance and metabolism, to determine the value of substantially
increasing binder prescriptions, and to examine patient adherence to and tolerability of
increased binder prescriptions.
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Figure 1.

Distribution of Phosphorus Binding Capacity. Dark bars represent 203 patients prescribed a

single binder. Light bars represent 21 patients prescribed two binders.
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Table 1
Patient and Facility Characteristics

Patient Characteristics

Number of patients 244
Age, mean (SD), y 62 (15)
Female (%) 45
Race/Ethnicity (%)
Black 30
White 46
Hispanic 14
Other 9
Weight, mean (SD), kg 81 (23)

Time receiving dialysis, mean (SD), y 3(3)
Serum phosphorus, mean (SD), mg/dL 5.2 (1.6)

Serum phosphorus > 5.5 mg/dL (%) 34
Facility Characteristics

Number of facilities 244

Large dialysis organization (%) 73

For profit (%) 84

Number of patients, mean (SD) 67 (32)

Number of stations, mean (SD) 21 (8)
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Phosphorus Binder Prescription and Binding Capacity
Number  Prescribed Pill Burden, o !
Binder (s) of Dose, mean, mean, Binding Capacity,
Patients g/d (SD) number/d mean, mg/d (SD)
(SD)
Calcium Acetate Only 74 5.0 (2.5) 75(3.7) 225 (112)
Calcium Carbonate Only 7 4.5 (2.0) 5.0(2.7) 201 (88)
Lanthanum Only 12 2.7(0.7) 3.0(0.5) 241 (59)
Magnesium Carbonate
Only 1 24(-) 6.0 () 184 ()
Sevelamer Carbonate Only 92 7.4(4.2) 8.9(5.2) 249 (143)
Sevelamer Hydrochloride
Only 17 6.8 (3.8) 8.5 (4.8) 229 (129)
Calcium Acetate and 2 5.3(3.8) 8.0(5.7) 240 (170)
Calcium Carbonate 3.3(3.9) 35(3.5) 146 (175)
Calcium Acetate and 10 4.6 (1.4) 6.9 (2.0) 207 (61)
Sevelamer Carbonate 75(5.2) 8.8 (6.8) 254 (176)
Calcium Acetate and 2 3.3(3.8) 5.0 (5.7) 150 (170)
Sevelamer Hydrochloride 4.4 (0.6) 55(0.7) 149 (19)
Calcium Acetate and 2 6.5(2.1) 9.8(3.2) 293 (96)
Lanthanum 2.8(0.4) 25(0.7) 248 (32)
Calcium Carbonate and 2 53(1.1) 10.5(2.1) 236 (48)
Sevelamer Carbonate 10.8 (1.7) 135(2.1) 365 (57)
Calcium Carbonate and 2 5.3(2.1) 6.0 (4.2) 236 (95)
Lanthanum 2.0 (1.4) 2.0(1.4) 180 (127)
Lanthanum and 1 0.5(--) 1(-) 45 (--)
Sevelamer Carbonate 9.6 (-) 12 (--) 324 (--)
No Binders 20 0(-) 0(-) 0(-)
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Huml et al.

Multivariate Relationship Between Phosphorus Binding Capacity and Patient and

Facility Characteristics

Table 4

Effect on phosphorus

binding capacity, mg/d pvalue
Age, per 10 years -20 <0.001
Weight, per 5 kg 8 <0.001
Time receiving dialysis, per 1 year 10 <0.001
Serum phosphorus, per 0.5 mg/dL 16 <0.001
Non-profit facility -25 0.03
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