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ABSTRACT
Some b-blockers are efficiently removed from the circulation by hemodialysis (“high dialyzability”)
whereas others are not (“low dialyzability”). This characteristic may influence the effectiveness of the
b-blockers among patients receiving long-term hemodialysis. To determine whether new use of a high-
dialyzabilityb-blocker comparedwith a low-dialyzabilityb-blocker associates with a higher rate ofmortality in
patients older than age 66 years receiving long-term hemodialysis, we conducted a propensity-matched
population-based retrospective cohort study using the linked healthcare databases of Ontario, Canada.
The high-dialyzability group (n=3294) included patients initiating atenolol, acebutolol, or metoprolol. The
low-dialyzability group (n=3294) included patients initiating bisoprolol or propranolol. Initiation of a high-
versus low-dialyzabilityb-blocker was associatedwith a higher risk of death in the following 180 days (relative
risk, 1.4; 95% confidence interval, 1.1 to 1.8; P,0.01). Supporting this finding, we repeated the primary
analysis in a cohort of patients not receiving hemodialysis and found no significant association between
dialyzability and the risk of death (relative risk, 1.0; 95% confidence interval, 0.9 to 1.3; P=0.71). b-Blocker
exposurewas not randomly allocated in this study, so a causal relationship betweendialyzability andmortality
cannot be determined. However, our findings should raise awareness of this potentially important drug
characteristic and prompt further study.

J Am Soc Nephrol 26: 987–996, 2015. doi: 10.1681/ASN.2014040324

Nearly half of all deaths among patients receiving
hemodialysis are causedby cardiovascular disease.1 In
the general population, b-adrenergic receptor antag-
onists (b-blockers) reduce cardiovascularmortality,1,2

so by extension, these drugs are recommended for the
same indications among patients receiving hemodialysis.3

However, the extent to which individual b-blockers
are removed from the circulation by hemodialysis,
referred to as “dialyzability,” varies considerably
within this class. Acebutolol, atenolol, andmetoprolol
have high dialyzablility,4–9 whereas bisoprolol and
propranolol have low dialyzablility.10–14 This charac-
teristic could theoretically affect patient outcomes by

lowering the average plasma concentration achieved
in patients receiving high-dialyzability agents. We
conducted this study to test the hypothesis that
among patients receiving long-term hemodialysis,
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initiation of high-dialyzability b-blockers was associated with
higher risks of death and cardiovascular events compared with
low-dialyzability b-blockers.

RESULTS

Baseline Characteristics
Figures 1 and2 showhow thehemodialysis andnondialysis cohorts
were assembled. In both cohorts, high-dialyzability b-blockers
(acebutolol, atenolol, metoprolol) were prescribed twice as fre-
quently as low-dialyzability b-blockers (bisoprolol, propranolol).
Table 1 shows the baseline characteristics of the hemodialysis co-
hort before and after matching (Supplemental Table 1 shows the
baseline characteristics of the nondialysis cohort). Propensity

matching removed many small but significant imbalances in the
unmatched cohorts, particularly in the baseline prevalence of heart
failure (standardized difference decreased from 20% to 1%), pe-
ripheral vascular disease (from 25% to 1%), and diabetes mellitus
(from 18% to 2%). Matching resulted in loss of 3967 (37.6%) pa-
tients from the hemodialysis cohort (n=56 in the low-dialyzability
group and n=3911 in the high-dialyzability group), and 22,516
(45.3%) patients from the nondialysis cohort (n=21 in the low-
dialyzability group and n=22,495 in the high-dialyzability group).
In both cohorts, atenolol or metoprolol accounted for .95%
of high-dialyzability prescriptions and bisoprolol accounted
for more than 80% of low-dialyzability prescriptions. A similar
proportion of each group in the hemodialysis cohort received a
kidney transplant during follow-up, 16 (0.5%) patients using
low-dialyzability b-blockers and 22 (0.7%) patients using
high-dialyzability b-blockers.

Primary Outcome: Mortality
In the hemodialysis cohort, the relative risk
(RR) of death was 40% higher in patients
prescribed a high-dialyzability b-blocker
than in those prescribed a low-dialyzability
b-blocker (RR, 1.4; 95% confidence interval
[95% CI], 1.1 to 1.8; P,0.01) (Table 2). The
absolute risk increase was 1.4%, giving a
number needed to harm of 71. In the non-
dialysis cohort the dialyzability of the pre-
scribed b-blocker was not associated with a
significant difference in mortality (RR, 1.0;
95% CI, 0.9 to 1.3; P=0.71).

Secondary Outcomes: Cardiovascular
Disease
Supplemental Table 2 shows the results of
the analyses of secondary outcomes as-
sessed in the hemodialysis cohort. The
composite of death, myocardial infarction,
or heart failure occurred more frequently
in those prescribed a high-dialyzability
b-blocker (RR, 1.2; 95% CI, 1.0 to 1.5;
P=0.03), but this was driven by the in-
creased risk of death because no significant
differences in the risk of myocardial infarc-
tion or heart failure were observed when
each outcome was assessed separately.

Additional Analyses
Dose Stability of b-Blockers
Our hypothesis depended on the combi-
nation of high-dialyzability b-blockers and
hemodialysis resulting in lower average de-
grees ofb blockade. If prescribing physicians
titrated the dose to a clinical effect such as
heart rate, the effect of dialyzability would
be diluted. To assess this, we examined theFigure 1. Flow diagram showing the assembly of the long-term hemodialysis cohort.
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change inb-blocker dose during the 180-day observation period
and expressed the change standardized to the initial dose ([initial
dose2final dose]/initial dose3100). We observed very little
change in dose over the 180 days. The mean change in the stan-
dardized dose difference was 20.17% for low-dialyzability
b-blockers and 20.15% for high-dialyzability b-blockers. We
also recorded the frequency and direction of dose changes within
the cohort. Doses were stable in 72.5% of the low-dialyzability
group and in 72.2% of the high-dialyzability group. Doses in-
creased in only 8.5% of the low-dialyzability group and 10.1%
of the high-dialyzability group.

b-Blocker Indications
Although most b-blockers in our study have similar indications,
propranolol and acebutolol have unique properties. Propranolol

is a nonselective b-blocker with many non-
cardiac indications, and acebutolol has in-
trinsic sympathomimetic activity.To eliminate
the influence of these special indications and
properties, we repeated the primary analysis
with propranolol users, acebutolol users, and
their matches removed from the cohort. This
resulted in the loss of 211 patients from each
group and no substantial change in the es-
timated risk of death associated with high-
dialyzability agents (RR, 1.4; 95% CI, 1.1 to
1.7; P,0.01).

Tracer Outcome
We tested the specificity of our findings by
determining each group’s risk of admission
with bowel obstruction, an outcome we did
not expect to be influenced by the dialyzability
of the prescribed b-blocker. We identified
admissions with bowel obstruction using
corresponding diagnostic codes in any of
the Canadian Institute for Health Information–
DischargeAccessDatabase (CIHI-DAD)’s di-
agnosticfields (InternationalClassificationof
Diseases, Ninth Revision, [ICD-9] code, 560;
ICD, 10th revision [ICD-10] code, K56).
Comparedwith low-dialyzabilityb-blockers,
we found no significant increase in the risk of
bowel obstruction with high-dialyzability
agents (RR, 1.8; 95% CI, 0.9 to 3.7; P=0.09).

Cox Proportional Hazards Model
When we repeated the primary outcome
analyses with Cox regression stratifying on
matched sets, the results were materially
similar (low-dialyzability, 8.5 deaths per
100 person-years; high-dialyzability, 11.5
deaths per 100 person-years; hazard ratio,
1.3 [95% CI, 1.1 to 1.7], P=0.02) (Supple-
mental Table 3).

Post hoc Analysis: Ventricular Arrhythmia
We initially believed that ventricular arrhythmia would have
very low sensitivity as an outcome measure; however, we
conducted this analysis as a proxy for the risk of sudden cardiac
death. We defined ventricular arrhythmia using the ICD-10
code I490. The difference in the risk of ventricular arrhythmia
did not reach statistical significance in the hemodialysis cohort
(RR, 1.3; 95%CI, 0.9 to 2.0; P=0.20) or the nondialysis cohort
(RR, 1.1; 95% CI, 0.7 to 1.5; P=0.79) (Table 3).

DISCUSSION

Among patients receiving chronic hemodialysis, we ob-
served a significantly higher risk of death in those prescribed

Figure 2. Flow diagram showing the assembly of the nondialysis cohort.
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a high-dialyzability b-blocker compared with those prescribed a
low-dialyzability b-blocker. We did not see this association
among patients not receiving hemodialysis. The mechanism of
death did not appear to be related to an excess risk ofmyocardial
infarction or heart failure among the high-dialyzability
b-blocker group; however, the confidence intervals around the
risk of ventricular arrhythmia suggest that a more sensitive out-
comemeasure could have yielded a statistically significant result.

Interpretation
With only one randomized controlled trial of a b-blocker in
hemodialysis,15 treatment recommendations must be based
largely on nondialysis trial data.2 However, important differ-
ences exist between patients who do and do not require long-
term hemodialysis, one of which may be the opportunity for
drug removal during dialysis. Our findings should prompt
further investigation into the pharmacokinetics and pharma-
codynamics of drugs commonly used in this population.

Strengths
Toourknowledge, this is thefirst study to examine thepotential
effect of dialyzability on patient outcomes. No randomized
trials have compared high- and low-dialyzabilityb-blockers in
patients receiving hemodialysis. We are confident in our
study’s findings for several reasons. First, the findings in the
nondialysis cohort support the physiologic basis for the effect
we observed in the hemodialysis cohort. Second, indication
bias is unlikely to have substantially influenced our findings
because we studied drugs with similar indications and the
imbalances between groups were minimized through propensity-
based matching. When we excluded b-blockers with alternate
indications (propranolol, acebutolol), there was no material
effect on our findings. Third, because b-blocker doses remained
constant during the observation period we are reassured that the
effects of high-dialyzability were not being lost to physicians
titrating to clinical effect.

Limitations
Our results must be interpreted in the context of the study’s
limitations. We relied on health administrative data to ascer-
tain exposure and outcome data. Although the databases are
reliable for the data they contain, they do not provide infor-
mation on some potentially important parameters such as
heart rate, BP, the timing of drug ingestion, or the hemodialysis
prescription. Although indication bias was limited because all
patients were prescribed b-blockers, we could not eliminate its
influence. Atenolol, metoprolol, and bisoprolol made up the
bulk of prescriptions in our study, and their evidence-based in-
dications differ. We can infer from the baseline characteristics
that hypertension and coronary artery disease were the most
common indications for b-blockade in our cohort (Table 1).
For this indication, practice guidelines do not differentiate
among these agents.16–18 However, 30% of the cohort had heart
failure, and in this setting, bisoprolol is the only study drug
proven to lower mortality.19 Although extended-releaseTa
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metoprolol carries similar evidence,20 this cannot be extrapolated
to the short-acting formulation we studied.21

Our study lacked a control group to whom b-blockers
were not prescribed. This group would have allowed us to
determine whether high-dialyzability b-blockers were more
protective than no b-blocker at all. However, the findings
from such an analysis would have been strongly influenced
by indication bias and the overall interpretation of our results (to
choose low- instead of high-dialyzability b-blockers) would not
have been altered. Furthermore, observational data have shown
associations between b-blocker use and decreased mortality in
patients receiving dialysis,22–24 although this is not the case in
patients with CKD not requiring hemodialysis.25

Among patients receiving hemodialysis, sudden cardiac
death is a common cause of death that occurs less frequently
with b-blocker use.1,23 Therefore, sudden cardiac death may
have accounted for the excess mortality we observed with the
use of high-dialyzabilityb-blockers. However, because sudden
cardiac death is more likely to happen at night,26 it occurs
outside the health care system and patients do not receive
diagnostic administrative codes. This makes sudden cardiac
death difficult to quantify using administrative data. We at-
tempted to circumvent this issue by assessing the risk of ven-
tricular arrhythmia in a post hoc analysis but were limited by a
low event rate related to the code’s low sensitivity.27

Bisoprolol’s high degree of b-1 selectivity may offer an al-
ternative biologic explanation for our findings. Bisoprolol’s
ratio of b-1 to b-2 selectivity is 13.5, compared with only
2.3 for metoprolol and 4.7 for atenolol.28,29 The hypotensive
effects of b-2 antagonism, which are more pronounced with
metoprolol and atenolol, may explain the excess risk of peri-
operative stroke seen with these agents,30,31 but not with
bisoprolol.32 The same mechanism may have contributed
to the excess mortality we observed.

Carvedilol is an important b-blocker for
patients receiving hemodialysis. It has low di-
alyzability and has been proven effective in a
randomized trial of hemodialysis-dependent
patients with dilated cardiomyopathy and
symptomatic heart failure.15 However, we
did not include carvedilol in our analysis be-
cause in our jurisdiction, access to this med-
ication is restricted to those with documented
severe symptomatic heart failurewith a recent
exacerbation and a left ventricular ejection
fraction less than 35%. These restrictions
wouldhave produced a strong indicationbias.

Finally, we recognize that the dialyzability
of a drug is a complex interaction among
many aspects of its pharmacokinetics and the
dialysis prescription.33,34 Although a drug’s
volume of distribution, molecular weight,
and protein binding are readily available,
the literature lacks data on factors such as
the degree of red blood cell binding and

changes in hepaticmetabolism. Furthermore, studies describing
changes in the elimination half-life of drugs during hemodialysis
(Supplemental Table 4) have two important limitations. First,
none were conducted using modern high-flux, high-efficiency
dialysis membranes, and second, the amount of drug removed
during hemodialysis is only a proxy for the true variable of in-
terest, which is the degree of b blockade achieved. Overall, we
determined dialyzability based on the balance of all available data
(Table 4), and althoughwe are confidentwith the conclusionswe
reached, the evidence leaves room for debate.

In conclusion,we found that amongpatients receiving long-
term hemodialysis, the risk of death was significantly higher
among those prescribed high-dialyzability b-blockers than
those prescribed low-dialyzability b-blockers. The importance
of dialyzability of b-blockers and other medications used to
treat patients receiving long-term dialysis should be investi-
gated further.

CONCISE METHODS

Study Design and Setting
We conducted a one-to-one matched population-based retrospective

cohort study using health administrative data from Ontario, Canada.

The Ontario Health Insurance Plan is the single payer for 13 million

residents who receive universal access to hospital and physician

services. Those older than65yearsof age also receiveprescriptiondrug

coverage. The Research Ethics Board at Sunnybrook Health Sciences

Centre approved the protocol, and we have reported it according to

established guidelines for observational studies.35

Data Sources
Weused linkeddatabaseshousedat the Institute forClinical Evaluative

Sciences.Weascertainedvital statistics, includingmortality, for people

Table 2. All-cause mortality (conditional logistic regression model)

Variable Patients (n) No. of Events (%) RR (95% CI) P Value

Hemodialysis cohort
High-dialyzability b-blockers 3294 182 (5.5) 1.4 (1.1 to 1.8) ,0.01
Low-dialyzability b-blockers 3294 135 (4.1) 1 (referent)

Nondialysis cohort
High-dialyzability b-blockers 13,586 186 (1.4) 1.0 (0.9 to 1.3) 0.71
Low-dialyzability b-blockers 13,586 179 (1.3) 1 (referent)

Table 3. Ventricular arrhythmia (conditional logistic regression model)

Variable Patients (n) No. of Events (%) RR (95% CI) P Value

Hemodialysis cohort
Hemodialysis cohort
High-dialyzability b-blockers 3294 52 (1.6) 1.3 (0.9 to 2.0) 0.20
Low-dialyzability b-blockers 3294 40 (1.2) 1 (referent)

Nondialysis cohort
High-dialyzability b-blockers 13,586 65 (0.5) 1.1 (0.7 to 1.5) 0.79
Low-dialyzability b-blockers 13,586 62 (0.5) 1 (referent)
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issued a provincial health card from the Registered Persons Database.

We used the Ontario Drug Benefits database to ascertain prescription

drug exposure anddrug-related baseline characteristics. This database

records prescription drug dispensing for patients older than age 65

years and has a basic error rate of,1%.36We identified admissions to

hospital and baseline characteristics using the CIHI-DAD. We used

the Ontario Health Insurance Plan database to ascertain information

on physician services.

b-Blocker Dialyzability
The dialyzability of b-blockers is determined by several parameters,

including molecular weight, the degree of protein binding, water

solubility, and the volume of distribution.33,34,37 To categorize

b-blockers according to dialyzability, we first consulted each drug’s

product monograph and looked for statements relating to dialyzability

or dosing in the setting of hemodialysis. This yielded clear statements

regarding dialyzability for all study drugs except metoprolol (Table 4).

To supplement these data, we consulted the 2013 Dialysis of Drugs

handbook.37 This resource agreed with the product monographs but

also listed metoprolol as dialyzable. We then searched MEDLINE and

EMBASE for review articles that addressed drug dosing in hemodialysis.

This search yielded four peer-reviewed articles that discussed the

dialyzability of b-blockers (Table 4). The categorization of atenolol,

bisoprolol, and propranolol was consistent across these four publica-

tions; however, the categorization of acebutolol and metoprolol varied.

Using the review article reference lists and primary search terms, we

identified articles that described the pharmacokinetics of b-blockers in

patients receiving hemodialysis. The key findings of these studies are

presented in Supplemental Table 4, and their important limitations are

summarized in Supplemental Table 5.On the balance of the industry data,

we concurredwith Levin et al. and categorized propranolol and bisoprolol

as “low dialyzability” and acebutolol, atenolol, and metoprolol as “high

dialyzability.”38Note that carvedilol is a low-dialyzabilityb-blocker, butwe

did not include it our analysis because its coverage in Ontario is limited to

patients with echocardiographic and symptomatic evidence of advanced

heart failure. We considered the addition of an intermediate dialyzability

category with labetalol, nadolol, pindolol, and timolol, but these agents

were too infrequently used in Ontario to yield meaningful results. At the

time the study was conducted, nebivolol was not available in Canada.

Patients
Hemodialysis Cohort
We assembled a cohort of patients who received their first study

b-blocker while receiving hemodialysis. To accomplish this, we used

physician billing records from April 1, 2002, to March 31, 2011, to

identify all patients who received long-term hemodialysis. Because

Ontario residents older than age 65 years receive prescription drug

coverage, we restricted enrollment to patients older than 66 years to

ensure at least 1 year of drug use data before inception. We then

identified patients who filled a prescription for one of the five study

b-blockers. To identify b-blocker use during hemodialysis, we ex-

cluded prescriptions that were not preceded within 30 days by a long-

term hemodialysis code. To ensure b-blocker use was new, we

excluded patients who filled any b-blocker prescription within 120

days before the first prescription filled during hemodialysis.Ta
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Nondialysis Cohort
We assembled a cohort of patients not requiring dialysis who filled a

new study b-blocker prescription during the same time period as the

hemodialysis cohort. To accomplish this, we first restricted enrollment

to patients who had an outpatient eGFR$45 ml/min per 1.73 m2. We

then applied a set of inclusion criteria analogous to those used for the

hemodialysis cohort.

Outcomes
Outcomes were ascertained identically for the hemodialysis and

nondialysis cohorts, and the primary, secondary, and additional

outcomes were specified before the analysis. All outcomes were

assessed in the 180 days after the index b-blocker prescription. We

chose this duration of follow-up on the basis of our findings that the

median (interquartile range) duration of continuous use was 471

(85–646) days for high-dialyzability b-blockers and 508 (78–752)

days for low-dialyzability b-blockers. We chose a short observation

period of 180 days tominimize the likelihood of dropout or crossover

between exposure groups.

Primary Outcome
The Registered Persons Database has a sensitivity of 97.8% and

specificity of 100% for the finding of death.39

Secondary Outcomes
Wedefinedhospital admissions asbeingdue toamyocardial infarction

when the appropriate diagnostic codes appeared in the “Most Re-

sponsible Diagnosis” field of the CIHI-DAD (ICD-10 I21 or I22).

This field records the single diagnosis that contributed most to the

patient’s length of stay in the hospital. We defined admission due to

heart failure the same way (ICD-10 I50.0). We also assessed each

component of the composite outcome individually. The coding of car-

diovascular disease in the CIHI-DAD is highly specific (92.8%–96.8%)

and moderately sensitive (58.5%–88.8%).40

Additional Analyses
We conducted additional analyses to support the findings of our

primary analysis. We examined the stability of b-blocker dosing dur-

ing the 180-day observation period. We tested the specificity of our

findings using a tracer outcome of bowel obstruction. We repeated

the primary outcome analyses with Cox regression stratifying on

matched sets. Because of the unique properties and indications asso-

ciated with propranolol and acebutolol, we repeated the primary

analysis without these drugs. As a proxy for sudden cardiac death,

we conducted a post hoc analysis of hospital admission with ventric-

ular arrhythmia. The rationale, methods, and results of the additional

analyses are presented together in the Results section.

Statistical Analyses
For both the hemodialysis and nondialysis cohorts, we compared the

prevalence of baseline characteristic between the high- and low-

dialyzability groups using standardized differences, which describe a

difference between group means as percentages of the pooled standard

deviation. Standardized differences .10% represent meaningful imbal-

ances.41,42 After this comparison, we pair-matched low-dialyzability patients

tohigh-dialyzability patients in a one-to-one ratio basedon age (63 years),

sex and propensity score (60.2 SD). We estimated propensity scores

using a logistic regression model in which high-dialyzability b-blocker

use was the dependent variable. Independent variables included age,

year of index, sex, comorbid conditions (coronary artery disease, periph-

eral vascular disease, abdominal aortic aneurysm, diabetes mellitus, heart

failure, stroke, or transient ischemic attack), general measures of comor-

bidity (duration of dialysis, number of unique prescriptions in the last

year), and concomitant medications (angiotensin-converting enzyme in-

hibitors, angiotensin-receptor blockers, calcium-channel blockers, statins).

Comparisonsbetweendialyzability groupswere subsequentlymadewithin

the matched cohorts. We used conditional logistic regression analyses to

estimate odds ratios and 95% CIs. Odds ratios were interpreted as RRs

(which was appropriate given the incidences observed). We conducted all

analyses with SAS software, version 9.2 (SAS Institute Inc., Cary, NC).
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