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Abstract

Background—Due to multiple comorbidities, hemodialysis (HD) patients are prescribed many
oral medications, including phosphate binders (PBs), often resulting in a high “pill burden”.

Methods—Using data from the international Dialysis Outcomes and Practice Patterns Study
(DOPPS), we assessed associations between PB pill burden, patient-reported PB non-adherence,
and levels of serum phosphorus (SPhos) and parathyroid hormone (PTH), using standard
regression analyses. The study included data collected from 5,262 HD patients from dialysis units
participating in the DOPPS in 12 countries.

Results—PB prescription ranged from a mean of 7.4 pills/day in the United States (US) to 3.9
pills/day in France. About half of the patients were prescribed at least 6 PB pills/day, and 13%
were prescribed at least 12 PB pills/day. Overall, the proportion of patients who reported skipping
PBs at least once in the past month was 45% overall, ranging from 33% in Belgium to 57% in the
US. There was a trend toward greater PB non-adherence and a higher number of prescribed PB
pills/day. Non-adherence to PB prescription was associated with high SPhos (>5.5 mg/dL) and
PTH (> 600 pg/mL).
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Conclusions—Adherence to PB is a challenge for many hemodialysis patients and may be
related to the number of PB pills prescribed. Prescription of a simplified PB regimen could
improve patient adherence and perhaps improve SPhos and PTH levels.
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INTRODUCTION

Mortality remains high in end-stage renal disease (ESRD) patients, and cardiovascular (CV)
disease is the major cause 1. Accumulated observational data support disordered mineral
metabolism, including high serum phosphorus (SPhos) levels as risk factors for CV and
overall mortality 2-6. These observations are supported by mechanistic studies showing
adverse effects of high phosphorus on smooth muscle, vascular calcification, and endothelial
function 789, thus providing strong supporting evidence for the role of high SPhos levels in
the pathophysiology of CV events. Determinants of SPhos levels in hemodialysis (HD)
patients include dietary intake, residual renal function, and clearance of phosphorus by
dialysis as well as phosphate binders (PB) regimens. A causal link between lowering SPhos
with PB and reducing CV risk has not been shown. Observational studies do show an
association between PB prescription and better survival in incident and prevalent HD
patients 1011 and in facilities with a greater percentage of PB prescriptions 11, Bias by
indication may contribute to these findings, as healthier patients tend to have better nutrition
and higher phosphorus levels. However, based on observational data most HD patients with
hyperphosphatemia are prescribed PBs, both with the goal of potentially reducing CV risk
and bone disease 12,

Adherence to a prescribed medication regimen can be a challenge for HD patients 13, In
addition to medications for often multiple comorbid conditions, prescription patterns of the
most common PBs indicate that patients must take 1-4 PB pills 3-5 times daily. Previous
studies have shown a high pill burden in HD patients 141°, and that PBs account for
approximately half the daily pill burden of dialysis patients. Both the higher total and higher
PB pill burden have been associated with lower PB regimen adherence 16, Few studies have
assessed whether HD patients actually take all of their medications, although studies in other
populations have shown high levels of non-adherence to self-administered medication
regimens 17. Non-adherence to PB treatment likely contributes to higher SPhos levels, in
addition to expense.

Given the high pill burden in HD patients, we hypothesized that prescription of more PB
pills would be associated with higher patient-reported PB non-adherence, and that non-
adherence would be associated with higher SPhos and parathyroid hormone (PTH) levels.

Hemodial Int. Author manuscript; available in PMC 2016 January 29.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fissell et al. Page 3

METHODS

Data Source

The Dialysis Outcomes and Practice Patterns Study (DOPPS) is an international prospective
cohort study of in-center HD patients =18 years old. Patients are randomly selected from a
representative sample of dialysis facilities in each country 18.19, This analysis included data
from participants in DOPPS phase 4 (2009-2011) in Australia, Belgium, Canada, France,
Germany, Italy, Japan, New Zealand, Spain, Sweden, the United Kingdom, and the United
States (US). Demographics, comorbid conditions, laboratory values, and prescriptions were
abstracted from medical records using uniform and standardized data collection tools in all
countries.

Variables

Patient-reported PB non-adherence was assessed on the DOPPS self-administered patient
questionnaire (PQ) for patients prescribed PBs. The PQ was typically completed shortly
after study entry (median: 1.1 months, interquartile range [IQR]: 0.6 to 2.3 months, 95"
percentile: 12.2 months). For the question “During the last month, how often did you skip
taking your phosphate binders altogether?” response categories included: (1) 1-3 times, (2)
3-6 times, (3) 7-10 times, (4) more than 10 times, and (5) | took all the phosphate binders
that my doctor prescribed. Categories 3 and 4 (= 7 times) were combined for analyses to
avoid sparse data cells.

The number of prescribed PB pills/day at the time the patient completed the PQ was
abstracted from medication records, and categorized into 5 groups: (1) 1-2, (2) 3-5, (3) 6-8,
(4) 9-11, and (5) = 12. Facility median PB pills/day was calculated among patients
prescribed a PB and categorized into 3 groups: (1) 1-3, (2) 4-6, and (3) = 7. PB type was
classified into 5 mutually exclusive groups: (1) calcium-based only, (2) sevelamer only, (3)
lanthanum only, (4) other PB type only, and (5) multiple PB types. The Phase 4 Medical
Director Survey also requested the serum phosphorus facility target range for most patients
in the facility.

Outcome variables SPhos and PTH were collected as often as measured, up to monthly.
SPhos was used from the same month the PQ was completed. Because PTH was measured
less frequently, the most recent value (up to 3 months prior to PQ completion) was used. For
the majority of the study period, intact PTH was the only assay available for clinical
practice, and fewer than 10% of DOPPS facilities reported using bio-intact PTH assays.
Data on comorbid conditions were collected at study baseline. Other adjustments — body
mass index (BMI), serum albumin, creatinine, normalized protein catabolic rate (nPCR),
hemoglobin, and single pool Kt/V — were updated with the most recent value. Self-reported
data on marriage status, education, employment, living status, and patient-physician contact
frequency were collected on the PQ and supplemented with baseline medical questionnaire
(MQ) data if missing.

Among 10,843 patients who completed a PQ, 6,762 were prescribed a PB and responded to
the PB non-adherence question. Patients were excluded if, at the time of PQ completion,
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they had no available laboratory values, they were not prescribed PBs, or they were on
dialysis less than 90 days. 5,262 patients met the study inclusion criteria.

Statistical Analysis

Patient characteristics were summarized descriptively by (a) number of PB pills/day and (b)
patient-reported PB non-adherence. Proportional odds models based on generalized
estimating equations (GEE) were used to estimate the association between number of PB
pills/day and patient-reported PB non-adherence (treated as a 4-category ordinal outcome
variable). To account for clustering within facilities, an independent working correlation was
assumed. The proportional odds assumption was verified using a score test. We also
estimated the association between PB type and PB non-adherence in a similar proportional
odds model.

Adjusted logistic regression models with SPhos > 5.5 mg/dL as the outcome were used to
estimate the effects of both patient number of PB pills/day and facility median PB pills/day,
with and without PTH adjustment. Models were based on GEE and assumed a compound
symmetry covariance structure. Similar models were used to assess the association between
PTH > 600 pg/mL and PB pills/day, with and without SPhos adjustment. Adjusted logistic
regression was used to estimate the effects of PB non-adherence on both SPhos > 5.5 mg/dL
and PTH > 600 pg/mL. Different cutpoints were used in sensitivity analyses: SPhos > 4.5
mg/dL and PTH > 300 pg/mL. Models were adjusted for country, age, sex, black race, BMI,
dialysis vintage, 13 comorbidities (listed in Table 1), albumin, creatinine, nPCR, facility
percent Kt/V <1.2, and facility percent catheter use.

Missing covariate values were imputed multiply using the chained equation method 20 by
IVEWARE 2. Results from five imputed data sets were combined for the final analysis
using Rubin’s formula 22. The proportion of missing data was below 5% for all imputed
covariates, with the exception of nPCR (19%), Kt/V (18%), number of pills/day (13%), PTH
(11%), and BMI (6%). Sensitivity analyses were performed using 20 imputed datasets to
reduce the between-dataset variability of the regression coefficients, and results were all
qualitatively consistent. All analyses used SAS software, version 9.2 (SAS institute, Cary,
NC). Study approval was obtained by a central institutional review board. Additional study
approval and patient consent were obtained as required by national and local ethics
committee regulations.

RESULTS

Number of phosphate binder pills prescribed per day

Proportions of patients prescribed only one type of PB were: (1) calcium-based: 37%, (2)
sevelamer: 25%, (3) lanthanum: 7%, and (4) other PB type: 3%. Twenty-eight percent were
prescribed any combination. Overall mean + standard deviation (SD) number of PB pills/day
was 6.0 £ 4.3 and ranged from 7.4 + 4.7 in the US to 3.9 + 2.7 in France (Figure 1). Mean £
SD number of PB pills/day was 8.4 + 4.9 among patients with multiple types of PBs, 6.1 £
4.4 among those on sevelamer only, 4.9 + 3.1 among those on an “other” PB type, 4.7 £ 3.1
among those on calcium-based PBs only, and 3.1 + 1.5 among those on lanthanum only.
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Table 1A shows the study population demographic and clinical characteristics across the
five categories of PB pills prescribed per day. Patients prescribed more PB pills/day were
younger, had a higher BMI, higher serum creatinine, higher phosphorus and PTH levels, and
were more likely to have a high school education and be employed, but were less likely to
have a catheter for access. Patients prescribed only 1-2 PB pills/day were more likely to see
their physician 2-3 times/week than those prescribed =12 PB pills/day (51% vs. 32%).
There was little variation in facility serum phosphorus targets across the 12 countries, as
reported by the medical directors (data not shown). The mean lower target ranged from 2.59
(Sweden) to 3.55 (France) mg/dL; the mean upper target ranged from 4.96 (Australia-New
Zealand) to 5.88 (Japan) mg/dL.

Patient-reported PB non-adherence

Patient-reported PB non-adherence, defined as skipping PBs more than 3 times in the past
month, varied across countries. It was highest in the US (24%) and lowest in Belgium,
Japan, Germany, and Spain (12% in each country) (Figure 2). Overall, 55% of patients
reported taking all of their PB pills in the past month, 27% skipped 1-3 times, 10% skipped
3-6 times, and 8% skipped =7 times. Table 1B shows demographic and clinical
characteristics across the four categories of patient-reported PB non-adherence. Patients who
reported skipping PB pills more frequently were younger, had higher phosphorus and PTH
levels, were more likely to have a psychiatric disorder, and were less likely to be married.
Among patients who reported taking all their PBs, 46% saw their physician 2—-3 times/week.
Among patients who reported skipping PBs =7 times in the past month, only 29% saw their
physician 2-3 times/week. Overall, patients prescribed sevelamer were less likely to be non-
adherent than patients prescribed a Ca-based PB (data not shown).

Number of PB pills prescribed per day and patient-reported PB non-adherence

Figure 3 shows the association between number of prescribed PB pills/day and PB non-
adherence. The cumulative odds ratio (OR) of skipping PB pills more often (i.e., being in a
higher category) was 1.05 (95% confidence interval [CI]: 1.01-1.10) per 3 more PB
pills/day adjusted for country, and 1.03 (95% CI: 0.99-1.08) per 3 more PB pills/day after
further case-mix adjustment. There was a trend towards better adherence for patients
prescribed only 1-2 PB pills/day versus =3 PB pills/day; cumulative OR=0.86 (95% CI:
0.72-1.03).

Number of PB pills prescribed per day and control of SPhos and PTH levels

Patients prescribed a higher number of PB pills/day were more likely to have SPhos > 5.5
mg/dL (Figure 4, Panel 1), consistent with the indication for PB prescription and/or possible
non-adherence to the higher pill burden regimen. Treating PB pills/day as a continuous
variable to assess the trend, OR (95% CI) of SPhos > 5.5 mg/dL was 1.09 (1.03-1.15) per 3
more PB pills/day. On the other hand, facilities with a higher median number of prescribed
PB pills/day were less likely to have patients with SPhos > 5.5 mg/dL, probably reflecting
the therapeutic effect of more aggressive PB prescription. The OR (95% CI) of SPhos > 5.5
mg/dL was 0.86 (0.76-0.97) per 3 PB pills/day higher facility median. Results were
qualitatively consistent after adjustment for PTH and also when using a cutpoint of 4.5
mg/dL. Patients with a higher number of prescribed PB pills/day were more likely to have
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PTH > 600 pg/mL, but this relationship was attenuated after adjustment for SPhos (Figure 4,
Panel 2). Facility median prescribed PB pills/day was not strongly associated with PTH >
600 pg/mL. In sensitivity analyses using a cutpoint of 300 pg/mL, PB pills/day was similarly
weakly associated with elevated PTH.

Patient-reported PB non-adherence and SPhos and PTH levels

Patients who skipped PBs more often were more likely to have high SPhos in a model
adjusted for case-mix but not for PB pills/day (Figure 5). Compared to patients who took all
of their PB medications, patients who skipped PBs = 7 times in the past month were much
more likely to have a SPhos > 5.5 mg/dL (OR=2.14, 95% CI: 1.68-2.72). Even patients who
only skipped 1-3 times in the past month were more likely to have SPhos > 5.5 mg/dL
(OR=1.36, 95% ClI: 1.18-1.57). The association was attenuated only slightly by adjustment
for PTH. Results were consistent within each DOPPS region: North America, Europe/
Australia-New Zealand, and Japan (data not shown, p for region interaction = 0.7). Patients
on hemodiafiltration (within Europe only) and with longer dialysis session length were less
likely to have a high SPhos, though a sensitivity analysis additionally adjusting for these two
variables only minimally attenuated the association between PB adherence and SPhos.
Further adjustment for total alkaline phosphatase did not impact model results. It must also
be noted that the association between HDF, longer treatment time, and lower S Phos was
observed within this subset of the DOPPS sample restricted to patients who both responded
to the self-administered patient questionnaire and were prescribed a PB; the association may
differ when analyzing the complete DOPPS cohort.

Patients who skipped PBs more often were also more likely to have high PTH levels (Figure
5). The estimated effects were attenuated greatly, by nearly one half, after adjustment for
SPhos; patients who skipped PBs = 7 times in the past month were more likely to have a
PTH > 600 pg/mL (OR=1.35, 95% CI: 0.93-1.95) compared to patients who took all their
PBs. Results were qualitatively consistent when using a cutpoint of 300 pg/mL.

DISCUSSION

Our study is the first to report high prescribed PB pill burden and high patient-reported PB
non-adherence in an international cohort of HD patients. It is notable that in the US, fewer
than half of the patients reported taking all their PBs in the month prior to the survey. Even
in Japan, a country where remarkable adherence to treatment regimens has been
demonstrated 23, 35% of the patients reported skipping PBs at least once in the month prior
to the survey.

Reasons for PB non-adherence may include overall treatment non-adherence, lower
socioeconomic status, or lack of understanding of likely benefits of lower SPhos 242526,
Another possible reason is a high pill burden. Consistent with other observational studies,
we show a trend towards an association (unadjusted p=0.01, adjusted p=0.15) between
higher PB pill burden and patient-reported PB non-adherence 1627, Qur results are also
consistent with findings from a recent paper by Wang et al that estimated adherence using
the medication possession ratio (MPR), defined as the proportion of time a patient had
sufficient medication to have taken it as prescribed 28, Wang et al, in a sample of patients
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limited to the US, showed an association between lower MPR and higher pill burden. It is
notable that the Wang et al study and our study, using different definitions of adherence,
both found associations between lower adherence and higher prescribed pill burden. At least
one other study, a randomized trial, showed improved PB adherence and equivalent
phosphorus control with fewer prescribed pills 2°. Simpler, more achievable PB regimens
could lead to better adherence and perhaps lower phosphorus and PTH levels. For patients
with high SPhos, it may be more effective to first assess what pills patients are actually
taking and make efforts to reduce the pill number, before increasing the PB prescription.
Assessment of other causes of a high SPhos such as high dietary intake, inadequate dialysis
treatment time, and increased bone resorption may be particularly relevant for some patients.
If inadequately addressed, these factors may lead to prescription of additional PBs, an
increased PB burden, and thus may perhaps contribute to non-adherence. Other strategies
include patient education, increasing prescribed PB strength, addressing financial barriers,
and perhaps even addressing mental health issues such as depression. The trend toward
improved PB adherence with greater physician-contact time could be related to selection
bias, as physicians may spend more time with patients who follow the treatment plan.
However, the trend toward improved PB adherence with greater physician-contact time
could also be because the greater contact time gives physicians and other staff more chance
to review a PB regimen, emphasize the importance of adherence, address patient-specific
barriers to adherence, and tailor the prescription to an individual patient.

Our study shows a trend toward an association between higher number of PB pills
prescribed and SPhos > 5.5 mg/dL and serum PTH > 600 pg/mL, cutpoints chosen based on
common clinical practice guidelines at the time of the study. Because patients with higher
SPhos are likely to be prescribed more PBs, even with adjustment, SPhos levels may be
higher in patients using more binders. A facility-level approach was applied to reduce this
potential treatment by indication bias. The facility-level analysis should lessen bias in the
estimate of the causal association between number of prescribed PB pills and SPhos, by
capturing facility tendency to prescribe more or fewer PBs rather than patient-level
indications for PB dosing. This approach can reduce confounding due to unmeasured or
poorly specified patient-level variables. In the facility-level analysis, higher facility median
prescribed PB pills was associated with lower SPhos, suggesting that PB adherence may be
related to dialysis unit practices. Responsibility for medication adherence may sometimes be
placed entirely on the patient, but dialysis facilities have an important role in patient
education and consistent medication review and reconciliation. Focused education and
implementation of standardized nutrition guidelines by renal dieticians may increase patient
and staff knowledge, as well as improve nutrition status and reduce SPhos 30:31.

The remarkably high patient-reported PB non-adherence suggests cost savings potential. For
2010 in the US, 4 of the most costly 6 oral medications for Part D-enrolled dialysis patients
were PBs, with an estimated one year total cost of $448,170,874 32, Inclusion of oral
medications in the Medicare Part B ESRD bundled payment system has been delayed until
2024 33, Monthly SPhos measurements are required in the US, and will be included in the
Quality Incentive Program (QIP) starting in 2015 34, In the future, these reimbursement
changes may provide financial incentive for efficient PB use. In the 2010 DOPPS Annual
Report, 85% of US patients were prescribed PBs 3°. Our analysis suggests that the number
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of PB pills the patient is prescribed, and that are paid for when filled, may be higher than the
number of PB pills the patient actually takes. In response to high SPhos, providers may
increase PBs, instead of assessing what pills patients are actually taking. Providers may also
automatically refill expired PB prescriptions, instead of confirming adherence with the
patient. Aligning prescriptions with actual patient behavior could provide net cost savings.

Patient characteristics and comorbid conditions were evenly distributed across groups of
pills/day (Table 1A), and times PBs were skipped (Table 1B), with a few notable exceptions.
Patients with skipped or shortened treatment sessions were also likely to report a higher
number of skipped PB times in the past month. Higher vintage was associated with higher
number of PB pills prescribed, consistent with the natural history of secondary
hyperparathyroidism in ESRD patients 3, but was not associated with a higher number of
skipped PB pills per month. Higher vintage patients were more compliant with a more
complicated PB regimen than lower vintage patients. Our study does not assess whether
higher vintage leads to better understanding of phosphorus control. However, in theory,
education by nephrologists, renal dieticians, and nurses could improve a dialysis patient’s
knowledge base over time, and thus improve PB adherence. More adherent patients may
also simply live longer, whether because of better phosphorus control or because better
phosphorus control is an indicator of better general adherence.

One of the strengths of this study is that it includes detailed information on socioeconomic
factors that have been associated with adherence, such as education, living status, and
employment. The most notable finding was that a high percentage of patients who were
married or living with family reported that they took all their PBs in the month prior to the
survey. This is consistent with prior work showing better outcomes in married patients, and
may confirm the importance of family support in helping patients adhere to a treatment
regimen 37.

This study has limitations. It is an observational study, so we cannot rule out bias by
unmeasured confounders. The study design is cross-sectional, so inference of cause and
effect between variables is limited, though analysis of facility-level variables can help
reduce this limitation. In addition, cause and effect between different variables related to
metabolic bone disease may be difficult to precisely describe using observational models,
and the possibility for over-adjustment exists. We thus present models in Figures 4 and 5
with and without potential over-adjustment for SPhos and PTH.

There are also limitations to the data that were collected in this multinational, population-
based study. There may be variability in PTH levels, depending on how the sample was
collected, and depending on the assay used. It is likely that bias from type of assay is
minimal, because fewer than 10% of DOPPS facilities reported using bio-intact PTH assays,
and for most of the study period intact PTH (iPTH) was the only clinical assay in use. In
addition, the bio-intact assay yields lower values than the intact PTH assay, leading to a
decrease in the strength of the associations reported between non-adherence and higher PTH
levels 38, It is also notable that actual pill counts are beyond the scope of the DOPPS dataset,
and so we cannot verify patient self-reported data on the number of times they skipped their
binders in the month prior to the survey. We cannot determine whether patients under- or
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over-reported their adherence. Our study also does not specifically collect information about
patients’ diets, and so we cannot estimate the influence of actual phosphorus intake on the
associations shown.

In summary, our results provide evidence that PB pill burden and adherence vary by
country, and show a trend toward greater non-adherence with a higher PB pill burden. In
addition to patient education and dietary advice, simplified and streamlined PB regimens
could potentially offer opportunities for improvements in patient outcomes and cost savings.
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Figure 1.
Distribution of number of prescribed phosphate binder (PB) pills/day, by country, among

N=4,569 patients (13% missing data). US=United States, JPN=Japan, ANZ=Australia/New
Zealand, GER=Germany, SWE=Sweden, CAN=Canada, SPA=Spain, BEL=Belgium,
ITA=Italy, UK=United Kingdom, FRA=France.
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How often

skipped PBs in
past month
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Distribution of patient-reported PB non-adherence, defined as how often the patient skipped
taking their PB medication in the past month, by country, among N=5,262 patients.
BEL=Belgium, JPN=Japan, GER=Germany, SPA=Spain, ITA=Italy, SWE=Sweden,
FRA=France, CAN=Canada, ANZ=Australia/New Zealand, UK=United Kingdom,
US=United States.
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Cumulative Odds Ratio (95% CI) of skipping PB pills more often

Page 14
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Figure 3.

Proportional odds logistic regression models used to estimate the association between
number of PB pills/day and PB non-adherence (treated as a 4-category ordinal outcome
variable). Both models adjusted for country and accounted for facility clustering effects
using Generalized Estimating Equations (GEE). Case-mix adjustment: age, sex, black race,
body mass index, vintage, 13 comorbidities, albumin, creatinine, nPCR, facility percent
Kt/V < 1.2, and facility percent catheter use. Trend was assessed by including number of PB
pills/day as a continuous variable (p for trend = 0.01 adjusted for country and 0.15 after
case-mix adjustment).
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Figure 4.

Logistic regression models with SPhos > 5.5 mg/dL and PTH > 600 pg/mL as the outcome
variables used to estimate the effects of (a) patient number of PB pills/day and (b) facility
median number of PB pills/day. All models adjusted for country and accounted for facility
clustering effects using Generalized Estimating Equations. Case-mix adjustment: age, sex,
black race, body mass index, vintage, 13 comorbidities, albumin, creatinine, nPCR, facility
percent Kt/V < 1.2, and facility percent catheter use. For models with SPhos > 5.5 mg/dL as
the outcome, effects were estimated with and without adjustment for PTH. For models with
PTH > 600 pg/mL as the outcome, effects were estimated with and without adjustment for
SPhos.
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Figure 5.

Logistic regression models with SPhos > 5.5 mg/dL and PTH > 600 pg/mL as the outcome
variables used to estimate the effects of non-adherence to PB prescription, defined as how
often the patient skipped taking their PB medication in the past month. All models adjusted
for country and accounted for facility clustering effects using Generalized Estimating
Equations. Case-mix adjustment: age, sex, black race, body mass index, vintage, 13
comorbidities, albumin, creatinine, nPCR, facility percent Kt/V < 1.2, and facility percent
catheter use. For models with SPhos > 5.5 mg/dL as the outcome, effects were estimated
with and without adjustment for PTH. For models with PTH > 600 pg/mL as the outcome,
effects were estimated with and without adjustment for SPhos. Test for trend for SPhos:
p<0.0001 adjusting for case-mix and p<0.0001 after additional adjustment for PTH. Test for
trend for PTH: p=0.001 adjusting for case-mix and p=0.06 after additional adjustment for
SPhos.
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