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Impact of Race on Cumulative Exposure to Antihypertensive 
Medications in Dialysis
James B. Wetmore,1,2 Jonathan D. Mahnken,3 Sally K. Rigler,4,5 Edward F. Ellerbeck,4,6 
Purna Mukhopadhyay,3 Qingjiang Hou3 and Theresa I. Shireman4,5

Background
Racial minorities typically have less exposure than non-minorities to 
antihypertensive medications across an array of cardiovascular condi-
tions in the general population. However, cumulative exposure has not 
been investigated in dialysis patients.

Methods
In a longitudinal analysis of 38,381 hypertensive dialysis patients, pre-
scription drug data from Medicaid was linked to Medicare data con-
tained in United States Renal Data System core data, creating a national 
cohort of dialysis patients dually eligible for Medicare and Medicaid 
services. The proportion of days covered (PDC) was calculated to deter-
mine cumulative exposure to angiotensin converting enzyme inhibi-
tors (ACEIs) and angiotensin receptor blockers (ARBs), β-blockers, and 
calcium-channel blockers (CCDs). The factors associated with use of 
these medications were modeled through weighted linear regression, 
with derivation of the adjusted odds ratios (AORs) for exposure.

results
Relative to non-Hispanic Caucasians, African-American, Hispanic, or 
Other race/ethnicity were significantly associated with less exposure 

to β-blockers (AOR 0.56−0.69, P < 0.001 in each case) and CCBs (AOR 
0.84−0.85, P < 0.001 in each case); African-American race and Hispanic 
ethnicity had AORs of 0.78 and 0.73 for ACEIs and ARBs, respectively 
(P  <  0.001 in both cases). Collectively, the odds of exposure to each 
class of medication for minorities was about three-quarters of that for 
Caucasians.

conclusions
Given that dually Medicare-and-Medicaid–eligible dialysis patients 
have insurance coverage for prescription medications as well as regu-
lar contact with health care providers, differences by race in exposure 
to antihypertensive medications should with time be minimal among 
patients who are candidates for these drugs. The causes of differences 
by race in exposure to antihypertensive medications over the course of 
time should be further examined.
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Racial minorities typically have less exposure than non-
minorities to antihypertensive medications, as has been 
noted across an array of cardiovascular conditions in the 
general population.1–10 Even in environments in which 
there is “universal” access to care, such as the US Veterans 
Administration system (a healthcare system for which all 
United States military veterans are eligible, regardless of 
socioeconomic status)11,12 or state Medicaid programs in the 
United States (which provide financial assistance with pre-
scription drug costs for socioeconomically disadvantaged 
persons),13 minorities have lower rates of treatment for car-
diovascular disorders. Although race-based differences in 
care have been noted in the chronic dialysis environment for 
the creation of arteriovenous fistulas14–16 and outcomes after 

renal transplantation,17,18 there is little understanding of 
whether chronic dialysis patients face the same race-based 
differences in exposure to antihypertensive medications as 
does the general population.

Patients undergoing chronic dialysis have high rates of 
cardiovascular disease19 and are frequently treated with anti-
hypertensive agents that have demonstrated cardioprotective 
properties in other populations20–32 or in animal models,33,34 
such as angiotensin converting enzyme inhibitors (ACEIs), 
angiotensin receptor blockers (ARBs), β-adrenergic antago-
nists (β-blockers), and calcium-channel blockers (CCBs). 
Our previous work in the dually Medicaid-and-Medicare–
eligible dialysis population showed, perhaps paradoxi-
cally, that non-Caucasians are treated with these classes of 
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antihypertensive agents at higher rates than are Caucasians 
when a cross-sectional approach is used,35 but to date, the 
cumulative exposure of these groups to these medications 
over the course of time has not been specifically investigated.

To study this issue in detail, we created a novel linkage 
of data from the United States Renal Data System (USRDS), 
which contains Medicare claims data in chronic dialysis 
patients,  with Medicaid prescription claims data,35 to cre-
ate a large cohort of incident dialysis patients who, by virtue 
of their geographic diversity, are subject to a wide spec-
trum of policies, procedures, and cultures of care. Chronic 
dialysis patients who have dual eligibility for Medicare 
and Medicaid, and who are therefore indigent, constitute 
a uniquely informative population in which to study how 
prescribing patterns vary by race, because: (i) such patients 
have ready access to care and prescription medications via 
these two public programs, and (ii) chronic dialysis is a set-
ting in which all patients have similarly frequent contact 
with health care providers. We determined the percentage of 
time that patients had exposure to ACEIs or ARBs or both, 
β-blockers, and CCBs. The term “exposure” was deliberately 
selected because a filled prescription cannot be used to infer 
either “use” (which suggests proof of ingestion), or adher-
ence (which implies a volitional action by a patient to take 
a drug as prescribed). To confine our analysis to individuals 
who were judged suitable candidates for a drug, we delib-
erately modeled only individuals who received at least one 
prescription for these antihypertensive agents. Given the 
importance of studying the way in which race influences 
care,36 we reasoned that if race is associated with differen-
tial exposure to medication over time, further work would 
be imperative to understand the factors that undermine or 
facilitate exposure. 

Materials

data sources for analysis

We conducted an analysis of ACEI–ARB, β-blocker, and 
CCB prescription drug exposure for an incident cohort of 
dually eligible (Medicare–Medicaid) chronic dialysis patients 
for the years 2000–2005. As previously described,35,37 data 
for these patients were obtained from the USRDS and the 
Centers for Medicare & Medicaid Services (CMS) Medicaid 
files; from the CMS we obtained Medicaid Analytic eXtract 
Personal Summary Files as well as the final action prescrip-
tion drug claims files. The USRDS performed a determin-
istic match of these Medicaid beneficiaries against the core 
USRDS files to identify dually eligible individuals on chronic 
dialysis.

study cohort and rationale for analytic approach

We identified unique individuals over the age of 18 years 
who were receiving chronic dialysis, who survived for at 
least 90 days after the initiation of dialysis, who were con-
tinuously enrolled in Medicare and Medicaid from the initia-
tion of dialysis during the observation period (2000–2005), 
and who had hypertension designated as a comorbidity or 
as the cause of end-stage renal disease (ESRD) on the CMS 

2728 dialysis intake form.38 After surviving the initial 90-day 
survival run-in period (in accordance with USRDS guide-
lines), individuals were removed from the study when they 
lost either Medicare or Medicaid eligibility, received a kid-
ney transplant, died, or reached the end of the observation 
window. Patients enrolled in Medicaid managed care plans 
(e.g., as in Arizona or Tennessee) or in the US Department of 
Veterans Affairs health system were excluded because medi-
cation data were not available for them. (Persons receiving 
chronic dialysis were generally not enrolled in Medicare 
managed care plans before 2006.) We excluded residents of 
Ohio because the number of days of medication supplied, a 
variable required for computing drug exposure over time in 
our study, was not recorded in the Medicaid claim form for 
this state. To assure that patients in our study were actually 
accessing benefits, we eliminated individuals who did not fill 
at least one Medicaid prescription during the first 90 days of 
dialysis. Additionally, because our goal was to study cumula-
tive outpatient medication exposure over time, we eliminated 
all individuals in our cohort who were institutionalized for ≥ 
33% of their respective observation windows, because indi-
viduals who are frequently hospitalized have long periods 
during which their medication exposures are unobservable.

descriptive variables

Demographic and clinical variables were drawn from the 
dialysis intake form, also known as the Medical Evidence 
Form (CMS 2728). Demographic variables included age, 
sex, and race by ethnicity and employment status. Race–
ethnicity consisted of four mutually exclusive groups 
consisting of non-Hispanic Caucasians, non-Hispanic 
African-Americans, Hispanics, and Others (which would 
typically consist of Asian-Americans and Pacific Islanders, 
Native Americans, and individuals who declined self-iden-
tification. Risk behaviors included smoking and substance 
abuse (i.e., alcohol or illicit drugs), and functional status 
markers were ability to ambulate and transfer from a bed to a 
chair. The cause of ESRD was categorized as diabetes, hyper-
tension, glomerulonephritis, or other. Major clinical comor-
bidities were diabetes (types I and II combined), congestive 
heart failure, coronary artery disease, cerebrovascular dis-
ease, peripheral vascular disease, and cardiac dysrhythmia. 
Because the CMS 2728 form is structured so that diseases 
such as diabetes or hypertension may be considered as either 
a cause or a comorbidity of ESRD, diabetes and hypertension 
were considered to exist in an individual if they were listed as 
either the cause or as a comorbidity of ESRD.

We supplemented the medical information provided by 
the CMS 2728 form with an adapted form of the Liu comor-
bidity index,39 an overall measure of comorbidity burden 
developed specifically for the chronic dialysis population. 
In our adaptation, we used only 90 (rather than 180) days 
in which to acquire claims, because we found little differ-
ence in indices generated by using 90 or 180 days of claims 
data and because we had required that patients have com-
plete Medicaid and Medicare coverage throughout the first 
90 days of dialysis. Hemoglobin was dichotomized at 11g/dl,  
in accord with the CMS 2728 form. The modality used for 
dialysis at the time of its initiation was categorized as either 
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in-center hemodialysis or self-care dialysis (home hemodi-
alysis or peritoneal dialysis). The two home-based therapies 
were grouped together because frequency of contact with 
healthcare providers might be a determinant of cumulative 
medication exposure, and patients receiving such therapies 
typically interact with their physicians on a monthly (as 
opposed to a thrice-weekly) basis.

Medication exposure

We matched drug name and therapeutic class information 
for ACEI–ARBs, β-blockers, or CCBs in the Medicaid drug 
claims at the level of the US Federal Drug Administration 
National Drug Code (NDC), using Multum Lexicon (Cerner 
Corporation, www.cerner.com). Details of our specific med-
ication identification strategy have been described.40

We determined the number of days for which each drug 
was supplied from the Medicaid prescription claims files, to 
establish the PDC.41,42 If a prescription was filled > 7 days 
before completion of a previous prescription, treatment was 
considered to have changed in that the previous prescrip-
tion had been truncated and then superseded by the ensu-
ing prescription. If a prescription was filled ≤ 7 days before 
the completion of a previous prescription, the overlap was 
“carried forward,” in that the exposure to the ensuing pre-
scription was extended by the duration of the overlap. For 
time spent in the hospital or in a skilled nursing facility 
(“institutionalized”), we made no assumptions about medi-
cation exposure, and those days were entirely excluded from 
calculation of an individual’s medication exposure. Each 
individual’s medication exposure was then calculated as the 
proportion of that individual’s non-institutionalized days 
with a Medicaid prescription divided by the total number of 
the individual’s non-institutionalized days in the respective 
observation window for each patient.

statistical analysis.

We generated descriptive statistics (means and standard 
deviations for continuous variables and frequencies for cat-
egorical variables) to examine the distributions of our study 
measures for each individual drug class as well as for the 
use of at least one class of the drugs included in our study. 
In bivariate analyses for each individual drug class, the dif-
ference between the percentages of users and nonusers was 
determined for each characteristic. Percentiles (median, 
25th, and 75th) were also generated for the medication-
exposure measures. To identify independent factors asso-
ciated with medication use, we generated ordinary least 
squares (OLS) regression models, with medication sta-
tus being regressed simultaneously on all a priori selected 
explanatory variables. Each model was limited to users of 
that medication (i.e., nonusers were excluded). The response 
measures ranged from (0, 1), and residual analyses indicated 
failure to adhere to OLS regression model assumptions (not 
shown). Thus, we transformed our response measures using 
the logit transformation. (For individuals with a medication 
exposure value of 1 (i.e., logit (100%)), we added a single day 
to the non-institutionalized denominator to produce a value 
of less than 1, as the logit transformation of 1 does not exist 

owing to division by 0.) The use of the logit transformation 
enabled parameter interpretation in the familiar context of 
AORs, with the antilog of the logit used to mathematically 
generate the AOR. To account for the differences in subject 
follow-up times for the response measure, we weighted the 
OLS regression models by the number of non-institutional-
ized days for which each subject was a member of the study-
subject cohort. Visual inspection of residual plots and their 
empiric histograms were used for to assess the models.

Because of the large sample size for the study, statistical 
significance was inferred only when P < 0.01. All statistical 
analyses were done with SAS 9.2 (SAS Institute, Inc., www.
sas.com).

compliance and research participant protection.

The research protocol for the study was approved by 
the institutional review board at the University of Kansas 
Medical Center (KUMC), and the project was undertaken 
according to the principles of the Declarations of Helsinki. 
Data Use Agreements were in place between KUMC and the 
USRDS and CMS.

results

The construction of the study cohort is shown in Figure 1. 
A total of 70,114 dialysis patients who began having dialy-
sis between January 1, 2000 and December 31, 2005 met the 
initial inclusion criteria for the study (dual eligibility, age  
≥ 18 years, single state of residence, survival > 90 days after 
initiation of dialysis, and no Department of Veterans Affairs 
coverage). After limiting the cohort to individuals who had 
documentation of hypertension as a comorbidity or cause 
of ESRD on their CMS 2728 form on initiation of dialysis, 
59,569 individuals remained. The cohort was then further 
refined by excluding residents of Ohio (because no record 
of days of medication supplied is kept by Medicaid in this 
state), individuals who were hospitalized > 33% of the obser-
vation window, and those who, despite having Medicaid 
benefits, were not accessing them. This resulted in 38,381 
individuals remaining in the study cohort. The percentage 
of users of any one of these medications ranged from 63.0% 
for ACEIs–ARBs to 66.6% for CCBs, and 90.6% of the study 
population used at least one of the agents.

The characteristics of the users of ACEIs–ARBS, 
β-blockers, CCBs, and a combined measure of any of the 
agents are shown in Table  1. Each column in the table 
describes the distribution of characteristics of the users of 
the different classes of agents. For each individual drug class, 
the percentage of users (shown) is compared with the per-
centage of nonusers (not shown) for each characteristic. For 
example, for ACEIs–ARBs, the percentage of users who were 
female was significantly different (at a level of P < 0.01, as 
shown by the asterisk) than the percentage of nonusers who 
were female. Similarly, the distribution of races differed sig-
nificantly between users and nonusers of ACEIs–ARBs.

Across the medication cohorts, the mean age was approx-
imately 60  years, the majority was female, and African-
Americans constituted the largest single racial–ethnic group. 
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The primary cause of ESRD was diabetes (present in more 
than 50% of the study population). The distribution of the 
adapted Liu comorbidity index demonstrates that as is typi-
cal of chronic dialysis patients, the study cohort had a sub-
stantial comorbidity burden; fewer than 5% did not have 
any comorbidity included in the Index. More than 80% had 
between 1 and 10 concurrent conditions. In examination of 
individual comorbidities as noted in on the CMS 2728 form, 
nearly two-thirds of the cohort had diabetes and roughly 
one-third had CHF. Nearly 95% were using in-center HD. 
The mean observation time in the study was about 2 years.

Medication exposure statistics describing these distri-
butions were remarkably consistent across drug classes 
(Table  2), with exposure ranging from 0.52 ± 0.31 to 
0.55 ± 0.31 for the individual classes, meaning that on aver-
age, an individual member of the study cohort had the drug 
available for 52%–55% of that individual’s observation time. 
In considering the potential for serial exposures to differ-
ent classes of antihypertensive agents, the mean PDC was 
0.70 ± 0.29 for use of any of the study medications, indicating 
a higher level of coverage over time. Medians (50th percen-
tiles) were very similar to means, suggesting that there was 
minimal skew to the distributions. The 75th percentile for 
the individual classes of antihypertensive agents was nearly 
0.80, the typical threshold or “cut-score” used in studies of 
medication compliance.

In the adjusted statistical analyses of factors associated 
with medication exposure, several findings demonstrated 

substantial consistency across classes of agents (Table  3). 
Increasing ww(P  <  0.0001), while highest BMI strata (> 
30 kg/m2) was significantly associated with decreased expo-
sure (P < 0.0001) for each drug class. A history of a cerebro-
vascular event was significantly associated with increased 
exposure, whereas diabetes mellitus was significantly associ-
ated with increased exposure except in the case of β-blockers.

Race had a marked effect on medication exposure. 
Medication exposure was significantly lower for each medi-
cation class, as well as for the use of any of the classes, for all 
minority groups relative to Caucasians, except for ACEIs–
ARBs and individuals of “other” race. AORs were 0.78 and 
0.73 for ACEI s–ARBs in African-Americans and Hispanics, 
respectively. Medication AORs ranged from 0.56 to 0.69 
among minority groups for β-blockers, and from 0.84 to 
0.85 among minorities for CCBs. When use of any of these 
agents was modeled, the AORs for medication exposure 
were 0.68 for Hispanics (P  <  0.0001), 0.78 for African-
Americans (P  <  0.0001), and 0.85 for individuals of other 
races (P = 0.0005).

discussion

In this study, we applied for the first time to dialysis 
patients, a measure of cumulative drug exposure, to deter-
mine the factors associated with long-term use of anti-
hypertensive medications with putative cardioprotective 

Addi�onal exclusions related to the PDC calcula�on

Resident of Ohio1

Hospitalized > 33% of observed �me

No evidence of filled prescrip�on in Medicaid claims

1Excluded since days supplied is not tracked in this state.
PDC, propor�on of days covered; ACEI, angiotensin conver�ng enzyme inhibitor; ARB,
angiotensin receptor blocker; β-blocker, β-adrenergic antagonist; CCB, calcium channel blocker

ACEI/ARB users

N = 24,177 (63.0%)

β-blocker users

N = 24,818 (64.7%)

CCB users

N = 25,551 (66.6%)

Users of ≥ 1 agent

N = 34,790 (90.6%)

Incident cohort with complete 
informa�on on the CMS 2728 form

N = 70,114

Excluded due to the absence of hypertension

N = 59,569 remaining

N = 38,381 remaining

Figure 1. Flow diagram for construction of the study cohort.
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Table 1. Descriptive statistics for dually-eligible dialysis patients using ACEI/ARBs, β-blockers, and CCBs.

Characteristic ACEI/ARBs β-Blockers CCBs ≥ 1 Agent

Number of users, n (%) 24,177 (63.0) 24,818 (64.7) 25,551 (66.6) 34,790 (90.6)

Age, years 60.0 (15.1)* 60.3 (15.2)* 60.3 (15.3)* 60.8 (15.3)*

Female gender, % 58.0* 57.1 59.0* 57.7*

Race/ethnicity, % −* −* −* −*

 African-American 43.0 43.0 45.2 42.4

 Caucasian 29.5 31.5 27.9 31.1

 Hispanic 20.2 18.6 19.9 19.5

 Other 7.4 6.8 7.0 7.0

Unable to ambulate, % 4.1* 4.4* 4.1* 4.6*

Unable to transfer, % 1.1* 1.3* 1.2* 1.4*

Unemployed, % 97.6 97.6 97.4 97.5

BMI category, % −* −* −* −

 < 20 kg/m2 9.5 9.3 9.9 9.7

 20 − < 25kg/m2 30.0 29.9 30.1 29.7

 25 − < 30 kg/m2 27.4 27.6 27.4 27.2

 ≥ 30 kg/m2 33.2 33.2 32.6 33.3

Smoker, % 7.1* 7.0 7.0 6.8

Substance abuser, % 2.9 2.8* 2.9* 2.8

Cause of ESRD, % −* −* −* −*

 Diabetes 55.4 52.4 52.5 52.5

 Hypertension 28.8 30.1 30.9 30.3

 Glomerulonephritis 7.2 7.5 7.4 7.3

 Other 8.6 10.0 9.3 9.9

Liu comorbidity score 6.2 (3.5) 6.3 (3.6)* 5.9 (3.4)* 6.2 (3.5)*

Liu comorbidity distribution, %: −* −* −* −*

 0 4.2 4.1 4.3 4.2

 1-5 42.8 41.7 45.5 42.8

 6-10 41.1 41.4 39.5 40.7

 11+ 12.0 12.7 10.7 12.3

Major comorbidities, %

 DM 65.7* 63.1* 62.6* 62.9*

 CHF 34.1 34.9* 31.3* 33.9

 CAD 24.7 27.2* 22.3* 24.9

 PVD 14.3 14.6 13.1* 14.3

 CVA 10.5 10.8 10.5 10.7

Hb at baseline < 11.0 g/dL, % 74.7 74.4 75.4* 74.4

In-center hemodialysis, % 94.7 94.9 94.9 94.8

Years in the cohort 2.0 (1.4)* 2.0 (1.4)* 2.0 (1.4)* 1.9 (1.4)*

Bivariate analyses represent comparisons between percentage of users (shown) and non-users (not shown) for each characteristic, within 
an individual drug class; * represents a difference at a level of P < 0.01.

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; β-blocker, β-adrenergic antagonist; CCB, 
calcium channel blocker; BMI, body mass index; ESRD, end stage renal disease; HTN, hypertension; DM, diabetes; CHF, congestive heart 
failure; CAD, coronary artery disease; PVD; peripheral vascular disease; CVA, cerebrovascular accident; HB, hemoglobin.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/article/26/2/234/216328 by guest on 16 M

ay 2023



American Journal of Hypertension 26(2) February 2013 239

Impact of Race on Cumulative Exposure to Antihypertensive Medications in Dialysis

properties. In a large cohort of dually Medicaid–Medicare-
eligible incident dialysis patients, we found several factors to 
be associated with increased cumulative exposure to each of 
several classes of these medications, including age, history of 
a cerebrovascular event, and diabetes; a BMI ≥ 30 kg/m2 was 
associated with decreased exposure to the classes of medi-
cations included in the study. The most striking finding, 
however, was that race/ethnicity was strongly and negatively 
associated with cumulative exposure. Medication exposure 
for each of the three classes of medications included in the 
study, as well as for use of any one of the three classes, was 
consistently lower in non-Caucasians, with the sole excep-
tion of ACEIs–ARBs in individuals of “other” race. The odds 
of exposure to these medications in minorities were only 
about three-quarters that for Caucasians.

Little work has been done in examining the association 
between race–ethnicity and exposure to antihypertensive 
medication in dialysis patients, with many large-scale stud-
ies not having addressed this question systematically.43–47 
A more rigorous approach than those previously used, spe-
cifically one that accounts for cumulative drug exposure over 
time, was therefore needed for several reasons. First, among 
studies that did explicitly examine this issue, conflicting 
results have emerged. For example, such conflicting results 
were found for the specific issue of CCB use by African-
Americans,45,48,49 with one study showing an association of 
African-American race with CCB use, another showing no 
such association, and a yet another showing that African-
Americans were more likely to be prescribed dihydropyri-
dine-type CCBs than other types of CCBs. Second, previous 
work on race–ethnicity and exposure to antihypertensive 
medication in dialysis patients has been limited by use of a 
cross-sectional approach at only a single time point; indeed, 
our own recent work, using such an approach, showed that 
minorities were actually more likely to receive these medica-
tions than were Caucasians.35 Third, older work in a small 
study of patient–related adherence to antihypertensive 
medications in hemodialysis patients found that adherence 
was lower for minorities,50 suggesting the possibility that 
exposure over time in minorities could be less than for non-
minorities. We therefore elected to use the more granular 
detail provided by the PDC,41,42 which has never been used 
in the dialysis population. Another key element of our study 
was that we analyzed only individuals who received at least 
one prescription for the antihypertensive agents included 
in the study, thereby restricting the study to persons who 

were considered suitable candidates for these drugs by their 
providers.

Why minorities showed have less cumulative exposure to 
these antihypertensive medications is unclear. The factors 
contributing to race-based differences in care are complex 
and encompass both provider-centric factors (e.g., provider 
behavior or site of care51) and patient-centric factors (e.g., 
health literacy or healthcare costs52). One intriguing possi-
bility is that minorities might have more discontinuous use 
of these medications than do Caucasians, (i.e., that prescrip-
tions for the medications might be used through a sequence 
of lapse and reinitiation at higher rates in non-Caucasians 
than in Caucasians). Discontinuation followed by later 
resumption of medications occurs often in dialysis, but why 
this would occur at higher rates in minorities is uncertain. 
Another possibility is that differences among providers may 
exist in beliefs about the relative risks and benefits of anti-
hypertensive agents for different racial groups, even after 
the initial selection of an agent. It it also possible that adher-
ence to the filling or refilling of prescriptions over time is 
lower in non-Caucasians than in Caucasians, as suggested 
by limited earlier work.50 It is important to note that our 
results should not be misconstrued as measuring medica-
tion adherence per se, since it was not possible to determine, 
in the present analysis, whether either patients or provid-
ers were making decisions to stop or modify therapy. We 
therefore deliberately termed our analysis one of “exposure,” 
because it did not permit us to ascertain whether a drug was 
actually ingested or whether cessation of medication was a 
volitional choice of the patient or the provider. However, all 
provider- and patient-centric factors, including adherence to 
prescribed medication use, should be investigated in future 
work, with detailed attention given to the complex challenge 
of characterizing variability in prescription-refill patterns 
over time at the level of the individual patient.

It is important to contextualize our findings in the present 
understanding of the utility of the antihypertensive medi-
cations included in our study. Whether these antihyperten-
sive agents actually provide any cardioprotective benefits to 
chronic dialysis patients is unclear.53–55 It would therefore 
be premature to label the differential use of medications 
by race as a “disparity.” However, agreement about the util-
ity of these medications on the part of providers would not 
seem to be sufficient reason to explain why minorities would 
have less cumulative exposure to these medications than do 
Caucasians, and further efforts to extend this work to other 
types of medications may provide insights about the scope of 
this phenomenon.

The present study has several important limitations. First, 
we studied only patients dually eligible for Medicaid and 
Medicare. In having Medicaid, the patients we studied prob-
ably represent the neediest patients and were more likely to 
be female and non-Caucasian, to have functional limitations, 
to engage in risk-creating behaviors, and to be receiving in-
center hemodialysis than hemodialysis at home or perito-
neal dialysis.37 Although it may not be possible to completely 
extend our results to the general dialysis population, they do 
highlight important differences in care for emerging classes 
of dialysis patients. Second, our use of pharmacy prescrip-
tion records to infer medication exposure does not equate 

Table 2. Distribution of proportion of days covered for each class 
of medication.

Drug class Mean ± SD 25th % Median 75th %

ACEI/ARBs 0.52 ± 0.31 0.23 0.53 0.80

β-Blockers 0.53 ± 0.31 0.25 0.54 0.81

CCBs 0.55 ± 0.31 0.28 0.58 0.84

≥ 1 Agent1 0.70 ± 0.29 0.50 0.79 0.95

1 On at least one of the above 3 classes of medications.
Abbreviations: SD, standard deviation; ACEI, angiotensin con-

verting enzyme inhibitor; ARB, angiotensin receptor blocker; 
β-Blocker, β-adrenergic antagonist; CCB, calcium channel blocker.
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to proof of medication use. However, it seems implausible 
that patients would repeatedly fill prescriptions for medica-
tions that they are not taking. Third, although some patients 
may have qualified for participation in Medicaid through a 
spend-down program (whereby they must meet a certain 
threshold of out-of-pocket costs before qualifying for full 
coverage), we attempted to minimize this bias by requiring 
all patients to demonstrate actual use of Medicaid for acquir-
ing their prescriptions during the initial 90 days of dialysis. 
Lastly, although we stipulated that all patients were required 
to have a diagnosis of hypertension at the time of initia-
tion of dialysis, it is conceivable that rates of hypertension 

decrease disproportionately over time in minorities relative 
to Caucasians, obviating the disproportionate use of antihy-
pertensive medications in minority populations. However, 
this seems an unlikely explanation for our findings, in that 
African-Americans in particular have better survival with 
dialysis than do Caucasians,19 and that hypertension is asso-
ciated with improved survival in ESRD.56

In summary, cumulative exposure to ACEIs–ARBs, 
β-blockers, and CCBs was substantially lower among non-
Caucasians than among Caucasians in a cohort of dually 
Medicaid-and-Medicare–eligible chronic dialysis patients. 
Because these dialysis patients have insurance coverage for 

Table 3. Ordinary least squares regression models for the adjusted odds ratios of factors associated with the medication exposure over time 
(measured as the proportion of days covered), for each class. 

ACEI/ARBs B-Blockers CCBs ≥ 1 Agent

AOR P -value AOR P -value AOR P -value AOR P -value

Age, per 10 yrs 1.05 < 0.0001 1.05 < 0.0001 1.10 < 0.0001 1.10 < 0.0001

Male sex 0.98 0.51 1.06 0.035 0.95 0.034 0.93 0.0010

Race/Ethnicity

 Caucasian 1.0 − 1.0 − 1.0 − 1.0 −

 African- 
American

0.78 < 0.0001 0.69 < 0.0001 0.85 < 0.0001 0.78 < 0.0001

 Hispanic 0.73 < 0.0001 0.56 < 0.0001 0.84 < 0.0001 0.68 < 0.0001

 Other 0.97 0.57 0.67 < 0.0001 0.84 0.0005 0.85 0.0004

Inability to 
ambulate

1.16 0.052 1.13 0.10 1.08 0.29 1.10 0.13

Inability to 
transfer

0.61 0.0006 0.75 0.038 0.89 0.39 0.61 < 0.0001

Employed 1.14 0.12 1.04 0.61 1.07 0.44 1.00 0.99

BMI category

 < 20 kg/m2 0.95 0.25 0.99 0.81 0.90 0.024 0.90 0.017

 20-24.9 kg/m2 1.0 − 1.0 − 1.0 − 1.0 −

 25-29.9 kg/m2 0.99 0.87 0.97 0.38 0.90 0.0007 0.93 0.0085

 30+ kg/m2 0.84 < 0.0001 0.85 < 0.0001 0.79 < 0.0001 0.72 < 0.0001

Smoker 1.00 0.98 0.90 0.032 0.97 0.53 0.94 0.15

Substance 
abuser

0.97 0.66 0.90 0.15 0.95 0.51 0.92 0.24

Liu Comorbidity 
Score2

1.02 0.47 1.05 0.12 0.93 0.020 0.99 0.79

Comorbidities

 DM 1.28 < 0.0001 0.99 0.66 1.14 < 0.0001 1.23 < 0.0001

 CHF 0.99 0.68 1.00 0.94 0.93 0.023 0.98 0.48

 CAD 1.00 0.96 1.31 < 0.0001 0.93 0.033 1.11 0.0003

 PVD 1.02 0.57 0.91 0.014 0.88 0.0014 0.93 0.057

 CVA 1.23 < 0.0001 1.29 < 0.0001 1.25 < 0.0001 1.30 < 0.0001

Hb < 11.0 0.93 0.012 0.90 0.0001 1.00 0.89 0.96 0.13

Self-care 
dialysis

0.94 0.27 0.99 0.84 0.73 < 0.0001 0.82 < 0.0001

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor; β-blocker, β-adrenergic antagonist; CCB, calcium 
channel blocker; statin, AOR, adjusted odds ratios; BMI, body mass index; HTN, hypertension; DM, diabetes; CHF, congestive heart failure; 
CAD, coronary artery disease; PVD; peripheral vascular disease; CVA, cerebrovascular accident; Hb, hemoglobin.
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prescription medications as well as regular contact with 
healthcare providers, differences by race in exposure to these 
drugs over time should be minimal among patients who are 
candidates for the drugs. Given this, the factors responsible 
for this finding must be studied in future detailed work.
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