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ABSTRACT

Hypertension guidelines recommend calcium channel blockers (CCBs), thiazide diuretics, and
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEi/ARBs) as first-line agents
to treat hypertension. Hypertension is common among kidney transplant (KTx) recipients, but data are
limited regarding:patterns of antihypertensive medication (AHM) use in this population. We examined a
novel database that links national registry data for adult KTx recipients (age >18 years) with AHM fill
records from a pharmaceutical claims warehouse (2007-2016) to describe use and correlates of AHM
use during ‘menths 7-12 posttransplant. For patients filling AHMs, individual agents used included:
dihydropyridine (DHP) CCBs, 55.6 %; beta blockers (BBs), 52.8%; diuretics, 30.0%; ACEi/ARBs, 21.1%;
non-DHP CCBs, 3.0%; and others, 20.1%. Both BB and ACEi/ARB use was significantly lower in the time
period following the 2014 Eighth Joint National Committee (JNC-8) guidelines (2014-2016), compared
with an earlieFperiod (2007-2013). The median odds ratios generated from case-factor-adjusted models
supported variation in use of ACEi/ARBs (1.51) and BBs (1.55) across transplant centers. Contrary to
hypertension guidelines for the general population, KTx recipients are prescribed relatively more BBs

and fewer ACEi/ARBs. The clinical impact of this AHM prescribing pattern warrants further study.

KEY WORDS: Antihypertensive Medications, Kidney Transplant, Pharmacoepidemiology, Practice

Patterns,
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INTRODUCTION

Hypertensionmistawhighly prevalent (50%-80%) comorbid condition among kidney transplant (KTx)
recipients.:2 Complications of uncontrolled hypertension after KTx include injury to the renal allograft,
cardiovascular disease, and mortality.? Effective antihypertensive medications (AHMs) can control blood
pressure and improve patient and graft survival.* Several studies have been conducted to determine the
ideal bloodgressure management strategy for KTx patients, primarily focused on use of angiotensin-
converting enzyme inhibitors/angiotensin Il receptor blockers (ACEi/ARBs) and calcium channel blockers
(CCBs).> However, the optimal medical regimen in this population remains undefined. Factors to be
considered in_prescribing AHMs include comorbid conditions that are indications for particular agents,®

or drug interactions with immunosuppressive therapy.’

In a cohort of 16,157 KTx recipients, we previously examined AHM use at the first transplant anniversary
and found:beta-blockers (BBs) to be the most commonly used, followed closely by CCBs.8 This study was
limited by an observation period (2005-2010) that preceded the 2014 Eighth Joint National Committee
(JNC-8) hypertension guidelines,® and it did not consider the impact of transplant center variation
practices. We recently identified center effect as a strong correlate of immunosuppressive regimen
choice after“transplant,®!! and hypothesized that such center-driven variations may also affect AHM

regimens.

To advance/understanding of AHM use in a large, national sample of KTx recipients, we integrated U.S.
transplant registry data with national pharmacy fill records from a large pharmaceutical claims
warehouse. Our primary goal was to describe current AHM prescription patterns in months 7-12
posttransplant. This observation period was chosen because kidney function has typically stabilized, as
have immunosuppressive regimens. We examined the impact of patient characteristics and center
effects on"/AHM choices after kidney transplant. In particular, we hypothesized that ACEi/ARB use may
have increased, and BB use declined, after publication of JNC-8 hypertension guidelines, based on

prioritization of agent use in these guidelines for the general population.
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METHODS

Data sources and sample selection

Transplant registry data were obtained from the Scientific Registry of Transplant Recipients (SRTR),
which includes®data on all transplant recipients in the U.S., submitted by members of the Organ
Procurementyand Transplantation Network (OPTN). The Health Resources and Services Administration
(HRSA) provides oversight of the activities of the OPTN and SRTR contractors. Pharmacy fill data were
obtained from billing claims for KTx recipients from a large U.S. pharmaceutical claims data (PCD)
warehouse (that collects prescription drug fill records, including self-paid fills and fills reimbursed by
private and publigpayers. The PCD comprised National Council for Prescription Drug Program 5.1-format
prescription claims aggregated from multiple sources including data clearinghouses, retail pharmacies,
and prescription Ybenefit managers for approximately 60% of U.S. retail pharmacy transactions.
Individual claim records included the dates of given pharmacy fills with National Drug Code identifying
agents and 'dosage. After Institutional Review Board and HRSA approvals, PCD records were linked with
SRTR records:fer-Kidney recipients.® Eligible patients had PCD data for months 7-12 posttransplant. We
studied overall'prescribing patterns for all eligible transplant recipients, and examined variation in use of

specific agents among recipients receiving AHMs.

AHM regimen and covariate ascertainment

AHM regimens were classified based on components in the medications filled: (1) ACEi/ARB; (2) DHP
CCB; (3) non-DHP (NDHP) CCB; (4) BB; (5) diuretic; and (6) other AHM. Recipient characteristics (Table 1)

and transplant centers were identified from the SRTR registry.

StatisticalrAnalyses

In the initial description of prescribing patterns, distributions of recipient, donor, and transplant
characteristics according to regimen (not mutually exclusive) were described as percentages. To visually
assess unadjusted variation in AHM use at the transplant center level across the U.S., observed

proportidns of patients receiving each regimen were determined and displayed as stacked bar plots.

Among patients receiving AHMs, we examined variation in use of BBs and ACEi/ARBs as two regimens of
key interest given particular focus in JNC-8,% considering clinical factors and center. Bi-level hierarchical
models were constructed to adjust for clustering effects, similar to previous methods.?121> Level 1

comprised patient/donor and transplant (case) factors and level 2 represented centers, wherein use of
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each regimen (BB and ACEi/ARB) was compared with absence of use. Empirical Bayes estimates (EBEs)
provided an adjusted proportion of use of a regimen of interest compared with the reference regimen,
incorporating case-mix adjustment from the hierarchical model, where case-level associations were
quantified as adjusted odds ratios (gsec. aOR 959 ucL)- A 95% confidence interval (Cl) for a center’s EBE of
use of a regimen of interest not including the median national rate of use indicated a prescribing pattern

statistically sighificantly different from the expected rate of use for that regimen.

Heterogeneity.in AHM prescribing across centers was quantified using median odds ratios (MOR). The
MOR gives the median of the odds that patients with identical characteristics will receive the AHM
regimen of interest when two centers are drawn at random (performed for all possible pairs of centers).
For example, @ MOR of 2.0 means that if centers are selected at random across all centers, a patient
with a given set of characteristics has, on an average, twice the odds of receiving the AHM regimen of
interest (BB=or=ACEi/ARB) at one of the randomly selected centers than at the other.® The aORs of
receiving ansAHM regimen other than the reference was determined for patient and donor factors, after
accounting (for center effect using the hierarchical model. Data were analyzed using Stata/IC 12.0,

StataCorp LP, College Station, TX.

RESULTS

A total of 147,304 patients underwent kidney-alone transplant between July 2006 and December 2015
(age >18 years)."Of these, 104,082 had pharmacy fill records for months 7-12 posttransplant; 57,185
(54.9%) used AHMs. Patients with and without captured AHM fills in the study period are compared in
Supplementary Table 1. Those with AHM fills were more commonly older, male, and African American;
more commonly had hypertension or diabetes as the cause of ESRD; more commonly had comorbid
coronary sartery,cerebral vascular and peripheral vascular diseases; and more commonly received
deceased donor (Vs living donor) transplants, had acute rejection in the first 6 months, had 6-month
eGFR <60 mlfmin per 1.73 m?, and received mTOR inhibitor-based maintenance immunosuppression.
CCBs wererthe most commonly prescribed AHM (58.6%) among recipients who used AHMs; most
received DHP CCBs (55.6%, vs. only 3.0% using NDHP CCBs) (Table 1), followed by BBs (52.8%), diuretics
(30.0%), ACEi/ARBs (21.1%), and other agents (20.1%). Diuretic use was more common among recipients
who were older, female, or obese, with lower estimated glomerular filtration rate (eGFR) and comorbid
conditions such as diabetes mellitus, coronary artery disease, or peripheral vascular disease. CCB and

ACEi/ARB use declined, while diuretic use increased, with lower 6-month eGFR.
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We observed a modest variation in use of AHM class across various transplant centers, but overall CCBs
and BBs remained the most commonly used (Figure 1). Controlling for demographic and clinical factors,
ACEi/ARB use was less likely in recipients with lower eGFR (aOR (550.64, ), or of younger (<30 years) or
older (age =60 years) age (aOR (5,0.890.65 and 40.9044¢) or black race (aOR (540.89044). ACEi/ARB use
was more likely ingrecipients with end-stage renal disease (ESRD) caused by diabetes (aOR 1¢31.14,,1) or
polycystic kidneyadisease (aOR ;41.1345,), or with a history of coronary artery disease (aOR ;051.15; 55)
at transplantiregistration. ACEi/ARB use was also lower in previous transplant recipients (aOR (7,0.7703,)
but higher among those using mTOR inhibitor-based immunosuppression (aOR ;131.27, 4,). Similarly, BB
use was less likely in recipients aged younger than 30 or older than 60 years (aOR (550.92y49 and
0.890.940 90).[Regimens containing both ACEi/ARBs (aOR 500.53¢.5¢) and BBs (aOR (50.82,5¢) were filled

less commonly inithe more recent study period of 2014-2016, compared with 2007-2013 (Table 2).

In the unadjusted=model addressing center effects alone, the MOR for BB fills was 1.55; adding case
factors madesno:difference (Table 3), suggesting that differences in case factors did not explain variation
in BB fills famong transplant centers. Similarly, variation in ACEi/ARB use was not explained by
differences in case factors, as the MOR (1.50) did not change when case factors were added. Twenty-
five percent of transplant centers were above and 19% were below the reference range for BB use; 18%

were above.and.13% below the reference range for ACEi/ARB use (Table 3, Figure 2).

DISCUSSION

In this study of linked national U.S. transplant registry and pharmacy claims data, we examined practice
patterns in AHMprescription across transplant centers. We observed that in KTx recipients 7-12 months
posttransplant, CCBs were the most commonly used AHM, followed by BBs, while ACEi/ARB use
remained relatively low. In addition, we observed that the odds of BB and ACEi/ARB use declined in
2014-2016 (post JINC-8) compared with 2007-2013. Finally, while we observed some clinical associations,

most variation in AHM use patterns was driven by transplant center.

Despite increased cardiovascular risk after KTx compared with the general population, the optimal AHM
regimen is not_well defined.”'” Based on the JNC-8 guidelines, ACEi/ARBs, thiazide diuretics, and CCBs
are the first=line agents for management of primary hypertension in the general population, but specific
indications for use of each of these medications are based on comorbid illnesses. For example,
ACEi/ARBs are recommendation as first line AHM for all patients with chronic kidney disease, and BBs
for those with a history of coronary artery disease. In this analysis, we specifically focused on ACEi/ARB

and BB use in KTx recipients. The rationale for this interest was low use of ACEi/ARBs despite the 2014
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JNC-8 guidelines recommendation for use as first-line agents, and high frequency of BB use (secondly

only to CCBs) despite their being accorded a lower tier (second- or third-line) status.®

We observed a 48% reduction in ACEi/ARB use in the post-JNC-8 era compared with the earlier time
period. This pattern contrasts with JNC-8 recommendations for the general population and with the
observation'that ACEi/ARB use has increased in the general population.!® The difference may relate to
specific considerations or concerns in KTx recipients. In a systemic review of 21 trials (1549 KTx
recipients), ACEi/ARB treatment was noted to significantly reduce proteinuria and GFR posttransplant,
but data were insufficient to determine effects on hard outcomes such as patient or graft survival.'® In a
recent multi-center clinical trial of 213 KTx recipients with proteinuria, ACEi therapy was not associated
with improved renal outcomes or patient survival, suggesting that findings from the non-transplant
population Imay not extrapolate to the transplant population.?° Another randomized control trial by
Ibrahim et ral=comparing losartan versus placebo found no difference in their primary outcome
(composite iof:datbling of the fraction of renal cortical volume occupied by interstitium and ESRD from
interstitial fibrosis [IF]/tubular atrophy [TA]).?! Notably, in a recent study by Cockfield et al, renin-
angiotensin-aldosterone system (RAAS) blockade was associated with lower risk of T-cell-mediated
rejection eveniwhen combined with low-dose tacrolimus. In addition, the combination led to lower 24-
month IF/TA compared with other regimens.?? Further, this study did not identify reduced GFR to be a
problem despite*very early RAAS blockade initiation. Interestingly, we observed lower ACEi/ARB use in
African Americans; a group shown to have lower rates of GFR decline with ACEi/ARBs compared with
other AHMs in hypertension-associated mild-to-moderate CKD.?® In addition to inconclusive data
supporting "benefits in the KTx population, the relatively lower use of ACEi/ARB in KTx recipients
compared to the general population may also reflect concern for side effects and drug interactions that
might be more problematic after a recent KTx, such as a decline in GFR or hyperkalemia that can be

exacerbated.in patients receiving calcineurin inhibitors.

We also noted an 18% reduction in BB use among KTx recipients after JNC-8. This is consistent with
overall trends and data, and resonates with clinical trial meta-analysis in the non-transplant population,
showing BBs tosbe inferior to CCBs, ACEi/ARBs and diuretics regarding cardiovascular and survival
outcomes.?:2> Despite BBs being recommended for patients with coronary artery disease, we did not

note increased use among these patients.

As in the general population, CCB use appears to have increased in recent years.'® A study directly
comparing ACEi to CCB use in KTx recipients showed similar safety and efficacy; however, CCBs were

associated with improved GFR 2 years posttransplant. Whether this represents an actual improvement
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versus the vasodilatory properties of CCBs remains to be determined.?® Common use of CCB in the KTx
population may also reflect efficacy in reducing blood pressure without side effects such as serum
creatinine elevation or hyperkalemia, concerns that may pose barriers to ACEi/ARB use after KTx, as
discussed above. For this analysis, we categorized both classes of CCBs together, partly because NDHP
CCB use was veryjlow. Low NDHP CCB use in this population is likely related to the known interactions
with calcineurinminhibitors. Lastly, we noted that while some case-level factors were associated with
AHM use, theyvariation in use was almost entirely driven by prescribing practices of transplant centers.
This finding is consistent with our previous studies highlighting and quantifying center-level variation in
immunosuppressive agents.>! Future studies are needed to specifically assess whether centers with the
best short-and long-term graft and patient outcomes employ certain practices and treatment patterns

that drive theseioutcomes.

Our study hassstrengths. We identified a large, national sample of KTx recipients across U.S. transplant
centers to describe current trends and associations of AHM use, considering center and clinical factors.
We compared differences in prescribing patterns before and after a major JNC guideline revision. Our
study also has limitations, such as lack of indication for a given prescription and lack of data on some
granular clinical factors such as blood pressure control or the presence of proteinuria. As with any
observational study, we can describe associations but cannot prove causation. Notably, our capture of
AHM use among:55% of the study sample is lower than some prior studies,?®> which may reflect use of
different/pharmacies by kidney transplant patients (e.g. immunosuppression fills at a captured specialty
pharmacy but AHM fill at a pharmacy not captured in the PCD), or dispersal of inexpensive generic AHM
without cost'errecord in the pharmacy claims warehouse. However, the pattern of characteristics of
patients with versus without captured AHM fills are consistent with clinical expectations. While our data
allow identification of a large national cohort, not all KTx recipients are represented, and prescribing

may differ for recipients using other pharmacies.

In conclusion, we found that CCBs and BBs were the most commonly used AHMs in months 7-12 after
KTx. ACEi/ARB use was noted to be lower, and BB use higher, in KTx recipients than is recommended for
the general population. While there were some case-level correlates of BB and ACEi/ARB use,
prescribingwaried across transplant centers after adjusting for case factors. Continued study is needed

to provide evidence to inform AHM choice to optimize outcomes for KTx recipients.?”
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FIGURE LEGENDS

Figure 1. Variation of AHM regimen class prescribed in months 7 to 12 posttransplant, across U.S.
transplant centers. ACEi, angiotensin converting enzyme inhibitor. AHM, antihypertensive medication.
ARB, angiotensin Il receptor blocker. BB, beta blocker. CCB, calcium channel blocker. DHP,

dihydropyridine. NDHP, non-dihydropyridine.
Figure 2. Center-level variation in use of BB and ACEi/ARB in months 7 to 12 after KTx. ACEi, angiotensin

converting enzyme inhibitor. AHM, antihypertensive medication. ARB, angiotensin Il receptor blocker.

BB, beta blocker. MOR, median odds ratio.
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Table 1. Characteristics of kidney transplant recipients according to antihypertensive medication use in months

7-12 after transplant

pHpcce  NDHP  aAcki/arB BB Diuretics Other
# lolal"! AHRMA
(N=31,814) (N=1,699) (N=12,082) (N=30,196) (N=17,126) (N=11,479)
n % % % % % %
Recipient factors
Age, years
19to 30 7.6 8.6 7.1 7.2 3.8 7.5
31to 44 19.8 22.5 20.8 20.6 15.2 20.6
45 to 59 39.6 38.0 41.3 39.5 38.9 39.9
>60 33.0 31.0 30.9 32.7 42.1 32.0
Female 33.9 34.4 33.4 36.6 41.0 28.7
Race
White 45.8 45.4 51.5 50.8 52.7 41.6
African Amernican 32.7 34.6 28.1 29.7 30.9 38.2
Hispanic 14.9 15.2 14.3 13.4 11.9 14.1
Other 6.6 4.8 6.2 6.2 4.5 6.1
Body mass index, kg/m?
<18.5 14 1.9 1.6 1.6 1.1 1.6
18.51t024.9 26.4 28.7 25.7 26.8 18.5 27.3
25t0 30 34.1 33.2 34.0 33.2 30.3 33.6
>30 36.3 34.7 36.4 36.5 48.0 35.2
Unknown 1.8 1.6 2.3 2.0 2.1 2.4
Cause of ESRD
Diabetes 27.5 22.8 28.1 26.2 33.9 28.9
Glomerulonephritis 21.1 22.6 22.9 22.3 17.5 18.9
Hypertension 31.0 29.1 27.6 294 27.5 35.8
Polycystic kidney disease 8.3 9.7 10.3 8.6 9.0 6.3
Other 12.2 15.8 11.3 13.5 12.2 10.2
Comorbidity
Coronary artery-disease 6.1 6.1 7.0 6.6 8.6 6.9
Cerebral vasculardisease 2.7 2.0 2.5 2.7 2.9 2.8
Peripheral vascular.disease 6.9 5.9 5.6 6.5 9.0 7.2
COPD 1.4 1.4 1.3 1.3 1.9 1.4
eGFR at 6 months, ml/min
>60 44.2 40.8 45.0 42.0 32.2 39.3
30to 59 48.0 50.7 48.4 49.8 54.9 50.3
<30 5.9 7.0 4.0 6.1 11.2 7.6
Missing 1.9 1.6 2.5 2.1 1.8 2.9
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Table 1, continued. Characteristics of kidney transplant recipients according to antihypertensive medication use

in months 7-12 after transplant.

Donor and transplant factors

Previous transplant 11.4 15.5 10.7 13.6 13.6 12.8
Acute rejectionat 6 months 6.3 6.6 5.5 6.5 7.6 7.0
Maintenance regimeniat 6 months
mTOR inhibitor-based 4.0 4.5 5.1 4.5 7.0 6.1
Cyclosporine-based 1.3 2.9 1.6 1.3 1.9 1.6
Tac+MMF/MPA+Pred 37.0 36.6 38.7 37.6 35.5 36.8
Tac+MMF/MPA 13.9 13.4 15.5 13.8 13.0 12.1
Tac, Tac+Pred 8.7 7.1 7.4 8.7 8.5 8.6
Other 35.1 35.5 31.7 34.1 34.3 34.7
Donor type
Living donor 31.4 35.9 36.2 335 26.6 27.2
Standard criteria deceased 44.9 42.3 44.0 44.0 46.4 47.8
Expanded criteria’deceased 12.5 10.1 10.3 11.5 15.0 13.3
Donation after cardiac death 11.3 11.7 9.4 11.0 12.1 11.7
Year of treatment
2007-2013 66.3 74.2 78.8 70.5 70.8 73.2
2014-2016 33.7 25.8 21.2 29.5 29.2 26.8

Column percentages reflect proportions of patients who received a given AHM who have the indicated clinical
traits.

ABBREVIATIONS: ACEi/ARB, angiotensin-converting-enzyme inhibitor/angiotensin Il receptor blocker; COPD,
chronic obstructive pulmonary disease; DHP CCB, dihydropyridine calcium channel blocker; NDHP CCB, non-

dihydropyridine ealcium channel blocker; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal
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Table 2. Associations of BB and ACEi/ARB use with recipient, donor, and transplant characteristics, from

multi-level modeling including transplant center.

Glomerulonephritis
Hypertension
Polycystic Kidney Disease
Other

Comorbidity
Coronary artery disease
Cerebralivascular disease
Peripheral vascular disease
COPD

eGFR at 6 months, ml/min per 1.73 m?
>60
30to 59
<30
Missing

Donor and transplant factors

Previous transplant
Acute rejection by 6 months

0.94 (0.90-0.99)*
Reference
0.79 (0.74-0.85)%
0.89 (0.84-0.94)%

1.05 (0.98-1.13)
1.06 (0.95-1.18)
1.01 (0.94-1.08)
0.91 (0.78-1.05)

0.95 (0.91-0.98)*
Reference
0.97 (0.90-1.05)
1.14 (1.01-1.30)

1.10 (1.05-1.16)%
1.05 (0.98-1.13)

BB ACEi/ARB
aOR aOR
m m (95% Cls) (95% Cls)
Recipient factors
Age, years
19to 30 0.92 (0.85-0.99)* 0.89 (0.82-0.98)*
31to44 Reference Reference
45to0 59 0.98 (0.93-1.03) 1.01 (0.96-1.07)
>60 0.94 (0.89-0.99)* 0.90 (0.84-0.96)*
Female 1.01 (0.97-1.04) 1.01 (0.97-1.05)
Race
White Reference Reference
African American 0.99 (0.94-1.03) 0.89 (0.84-0.94)%
Hispanic 0.96 (0.91-1.02) 0.99 (0.93-1.06)
Other 0.99 (0.92-1.07) 0.98 (0.90-1.08)
Body mass index, kg/m?
<18.5 0.89 (0.78-1.02) 0.99 (0.84-1.17)
18.5t0 24.9 Reference Reference
25 to 30 0.97 (0.92-1.01) 1.05 (0.99-1.11)*
>30 0.96 (0.92-1.01) 1.01 (0.95-1.06)
Unknowa 1.18 (1.03-1.35)* 1.25 (1.07-1.46)*
Cause of ESRD
Diabetes 0.91 (0.87-0.96)% 1.14 (1.08-1.21)%

1.08 (1.01-1.15)*
Reference
1.13 (1.04-1.22)*
0.84 (0.78-0.91)%

1.15 (1.05-1.25)*
0.99 (0.87-1.13)
0.87 (0.79-0.96)*
1.06 (0.88-1.27)

1.11 (1.06-1.16)%
Reference
0.64 (0.58-0.71)%
1.44 (1.25-1.67)%

0.77 (0.72-0.82)%
0.92 (0.84-1.01)
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Table 2, continued. Associations of BB and ACEi/ARB use with recipient, donor and transplant

characteristics, from multi-level modeling including transplant center.

Maintenance regimen at 6 months
mMTOR inhibitor-based
Cyclosparine—based
Tac+tMMF/MPA+Pred
Tac+MMF/MPA
Tac, Tac+Pred
Other

Donor type
Living donor
Standard criteria deceased
Expanded criteria deceased
Donation after cardiac death

Year of treatment
2007-2013
2014-2016

0.95 (0.86-1.04)
0.89 (0.76-1.03)
Reference
0.99 (0.93-1.05)
0.98 (0.91-1.05)
0.99 (0.94-1.04)

0.97 (0.93-1.01)
Reference
1.08 (1.02-1.14)*
1.02 (0.96-1.08)

Reference
0.82 (0.79-0.86)*

1.27 (1.13-1.42)*
1.19(0.99-1.42)
Reference
1.02 (0.95-1.10)
0.89 (0.81-0.97)
1.03 (0.97-1.10)

1.06 (1.01-1.11)
Reference
0.98 (0.91-1.05)
0.89 (0.83-0.96)*

Reference
0.53 (0.50-0.56)%

P-value vsfreference: *P <0.05-0.002; ¥P=0.001-0.0002; ¥P <0.0001.

ABBREVIATIONS:ACEi/ARB, angiotensin-converting enzyme inhibitor/angiotensin I
receptor blocker; Cl, confidence interval; COPD, chronic obstructive pulmonary disease;
DHP CCB;dihydropyridine calcium channel blocker; NDHP CCB, non-dihydropyridine

calcium channel'blocker; eGFR, estimated glomerular filtration rate; ESRD, end-stage

This article is protected by copyright. All rights reserved




Table 3.

A. Heterogeneity in BB and ACEi/ARB use, from hierarchical logistic regression models adjusting for

case-level characteristics.

——

Model Q MOR (unadjusted) MOR (adjusted)

N
BB. (vs No'BB) 1.55 1.55
ACEi/ARB (vs no"ACEi/ARB) 1.50 1.50

ABBREVIATIONS: ACEi/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor

blocker; BB, beta blocker; MOR, median odds ratio.

B. EmpiricalBayes estimates for BB and ACEi/ARB use adjusting for case-level characteristics.

L No. of centers in No. of centers No. of centers
m pairwise significantly above significantly below
Model comparison reference probability reference probability
BB (vsNOBB) 247 62 (25%) 47 (19%)
ACEi/ARB«(vs no ACEi/ARB) 247 44 (18%) 33 (13%)

ABBREVIATIONS: ACEi/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor

blocker; BB, betarblocker; MOR, median odds ratio.
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