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Abstract

The association of different antihypertensive regimens with blood pressure (BP) control is not
well-described among community-dwelling older adults with low comorbidity. We examined
antihypertensive use and BP control in 10,062 treated hypertensives from Australia and the United
States (U.S.) using baseline data from the ASPirin in Reducing Events in the Elderly (ASPREE)
trial. Renin-angiotensin system (RAS) drugs were the most prevalently used antihypertensive in
both countries (Australia: 81.7% of all regimens; U.S.: 62.9% of all regimens; P<0.001). Diuretics
were the next most commonly used antihypertensive in both countries, but were more often
included in regimens of U.S. participants (48.9%, vs. 33.3% of regimens in Australia; P<0.001).
Among all antihypertensive classes and possible combinations, monotherapy with a RAS drug was
the most common regimen in both countries, but with higher prevalence in Australian than U.S.
participants (35.9% vs 20.9%; P<0.001). For both monotherapy and combination users, BP control
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rates across age, ethnicity, and sex were consistently lower in Australian than U.S. participants.
After adjustment for age, sex, ethnicity, and BMI, significantly lower BP control rates remained in
Australian compared to U.S. participants for the most commonly used classes and regimens (RAS
blocker monotherapy: BP control=45.5% vs 54.2%; P=0.002; diuretic monotherapy: BP
control=45.2% vs 64.5%; P=0.001; RAS blocker/diuretic combo: BP control=50.2% vs 65.6%;
P=0.001). Our findings highlight variation in antihypertensive use in older adults treated for
hypertension, with implications for BP control. Differences in BP control that were observed may
be influenced, in part, by reasons other than choice of specific regimens.
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Introduction

Methods

Elevated blood pressure is common with aging and is an important modifiable risk factor for
cardiovascular disease and stroke. High income countries such as the United States (U.S.)
and Australia have rapidly growing geriatric populations, with adults aged 65 years and
older accounting for approximately 15% of the total population in both countries.2:1 An
estimated 60% or more of individuals older than 60 years of age have hypertension, with
nearly half of those having controlled blood pressure.2= After publication of the 2017
ACC/AHA Hypertension Guideline, it is now estimated that 82% of US adults aged =75
years have uncontrolled blood pressure.>:6

The high prevalence of hypertension and its associated sequelae heightens the importance of
identifying the most effective antihypertensives to control blood pressure in older adults
without cardiovascular disease, as one means to help prolong their disability-free survival.
Benchmarking of this type can assist clinicians in choosing antihypertensives most suitable
at lowering cardiovascular events in older adults, and inform population-based health
strategies to optimize treatment success. In this analysis we sought to characterize
antihypertensive medication use and associated blood pressure control in a generalizable
cohort of older adults from Australia and the U.S. who were enrolled in the ASPirin in
Reducing Events in the Elderly (ASPREE) trial.”:8 Data from ASPREE provide an
opportunity to compare hypertension treatment approaches and their effects on blood
pressure control in nationally-representative samples of community-dwelling elderly with
few comorbidities and preserved autonomy.

This cross-sectional analysis used baseline data from the ASPREE trial, a randomized,
placebo-controlled study of daily low-dose aspirin to prolong disability-free survival in
19,114 healthy adults aged 70 and older in Australia and the U.S. (aged 65 and older for
U.S. minorities). To be eligible for ASPREE, individuals had to be free of documented
evidence of significant illness, including cardiovascular disease, dementia, or significant
physical disability, and expected to live for at least another 5 years. Participants were
recruited in the U.S. from academic and community medical centers and health systems, and
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in Australia from community-based general practice providers. Further details of the
ASPREE study and main results have been extensively reported.9-11

All participants enrolled into the trial completed two baseline visits to finalize eligibility
prior to randomization to 100 mg aspirin or placebo. At these visits, participants were asked
about medical diagnoses and assessed for cognition, physical function, lifestyle,
anthropometric measures, concomitant prescription medications, and other clinical
parameters. Prescription medications were obtained via self-report with participants asked to
present at the baseline visit with a list of all regularly-used medications and/or the
medication bottles themselves.

Blood pressure for each participant was measured prior to randomization to aspirin or
placebo at the first baseline visit by trained study staff. Blood pressure was measured
according to standard operating procedures, in the seated position after at least 5 minutes of
rest using an automated oscillometric device with an occluding cuff of appropriate size for
the upper arm circumference. Since it was not designed as a blood pressure study, the
ASPREE protocol did not require the specific model, only that it had to be a validated
oscillometric device (OMRON HEM-7203, 7121, and 7130 models were exclusively used in
Australia; in the U.S., any validated oscillometric device available to study staff could be
used). Readings could be attended or unattended at the discretion of the study staff and
based on the capabilities of the specific device used. Three separate and consecutive blood
pressure readings one minute apart were recorded at the first visit and the average of all
three measurements for each participant was used as the baseline blood pressure. Of the
entire enrolled ASPREE cohort, 73.2% (14,213/19,114) had hypertension at baseline,
defined as a either an average blood pressure =140 mmHg systolic or =90 mmHg diastolic,
or taking at least one antihypertensive medication (regardless of blood pressure value), or
both.12 The focus of this analysis is those hypertensive individuals who were receiving at
least one antihypertensive agent (n=10,062), irrespective of their baseline blood pressure.

We categorized the antihypertensive drugs prescribed according to monotherapy, or
combination therapies with two or more antihypertensives. Specific antihypertensive agents
were classified as described previously, and according to the World Health Organization
(WHO) Anatomical Therapeutic Chemical (ATC) Classification System [i.e., diuretics
(C03), beta blocking agents (C07), calcium channel blockers (C08), agents acting on the
renin-angiotensin system (C09), or other antihypertensives not included in these classes].13
This classification system includes up to five levels according to organ system and their
therapeutic, pharmacological, and chemical properties.

The frequency of use of specific classes and regimens of antihypertensives was examined
across the cohort, both as a total of all antihypertensives and regimens in the cohort (i.e.
expressed as a percentage of a denominator of 100%), as well as within the specific
categories of mono and combination therapies. Blood pressure was considered controlled if
the participant was treated with antihypertensive medication(s) and with systolic blood
pressure <140 mmHg and diastolic blood pressure <90 mmHg. We chose this threshold to
define controlled blood pressure as it was the traditionally accepted blood pressure target for
most adults at the time the baseline data were collected.
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Data were analyzed using the statistical software Stata version 15.2. Descriptive statistics
were used to present the antihypertensive drug prescription pattern and summarize
hypertension control rates. Student t-test, ANOVA or Chi square tests were used to compare
the distributions of baseline characteristics between subgroups of participants based on
medication use (mono or combination therapy). Comparative analyses between Australian
and U.S. participants for specific antihypertensive class/regimen and corresponding blood
pressure control were conducted using logistic regression adjusting for key demographic
characteristics (e.g., age, sex, BMI, race) which can influence choice of, and response to,
specific antihypertensives. P-values less than 0.05 were considered significant.

Demographics of Treated Hypertensive Participants

Overall, 14,213 of ASPREE’s 19,114 participants met criteria for hypertension at the
baseline visit, and 70.8% (10,062/14,213) were receiving at least one antihypertensive agent.
The baseline characteristics of the hypertensive participants taking at least one
antihypertensive are summarized by country in Table 1. The proportion of Australian
participants taking monotherapy or two or more antihypertensive agents was equally divided
(50.7% and 49.3%, respectively). In contrast, the majority of U.S. participants used two or
more antihypertensives (44.4% monotherapy, 55.7% two or more antihypertensive agents;
P<0.001 for comparison of U.S. vs Australia for both monotherapy and two or more).
Among those individuals treated with any antihypertensive at baseline (either monotherapy
or in combination), 47% (4,732/10,062) had controlled blood pressure at enroliment, with a
higher proportion of U.S. participants having controlled BP (US: 57%; AUS: 46%;
P<0.001).

In the U.S., hypertensive participants taking two or more antihypertensives compared to
those taking monotherapy were more likely to be female and black, while in both countries
combination users were more likely to be obese, have lower eGFR, more difficulty walking,
and more likely to have a family history of cardiovascular disease. They were also more
likely to report taking lipid-lowering medication, previous regular use of aspirin, and
diabetes. We did not observe a significant difference in blood pressure control among U.S.
participants receiving monotherapy compared to those taking two or more antihypertensive
medications (57.4% vs. 56.5%); however, Australian participants receiving two or more
antihypertensives had significantly better control rates than those on monotherapy (46.9% vs
44.2%, P=0.01).

Figure 1 shows the overall distribution of antihypertensive use (mono, and two or more) and
corresponding blood pressure control by age, sex, and race subgroups for U.S. and
Australian-treated hypertensive participants. Monotherapy was more commonly used among
Australian than U.S. participants, with significant differences in females and those aged 75—
79 years. A significantly lower blood pressure control was observed in Australians compared
to U.S. participants in several subgroups, including both sexes, and in whites, and
irrespective of use of mono or combination antihypertensive therapies. Among different age
strata, lower blood pressure control was observed in Australian participants aged ‘70-74’
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and ‘75-79” years compared to those U.S. participants on monotherapy in the same age
group, and among participants aged ‘70-74’ years on two or more antihypertensives.

Overall Frequency of All Antihypertensive Classes Used and Blood Pressure Control

When examining use of antihypertensives classes across all regimens, a renin-angiotensin-
system (RAS) drug was most commonly employed (79.3%), followed by diuretic (35.4%),
calcium channel blocker (CCB) (32.8%) and beta-blocker (15.4%). There was higher use of
a RAS drug among Australians compared to U.S. participants (81.7% vs 62.9%; P<0.001),
but lower use of diuretics (33.3% vs 48.9%; P<0.001), CCBs (32.5% vs 35.2%; P=0.02), and
beta-blockers (13.6% vs 27.6%; P<0.001) (Figure 2a). After adjustment for age, sex, BMI,
and race, blood pressure control rates were significantly higher in U.S. participants
compared to Australian participants for regimens containing a RAS drug (56.4% vs 46.4%;
P=0.001), diuretic (60.3% vs 47.8%; P<0.001), or beta-blocker (55.5% vs 45.7%; P=0.001)
but similar for regimens with a CCB (54.6% vs 43.8%; P=0.12) (Figure 2b).

Among those individuals receiving monotherapy, a RAS drug was the most common in both
countries; however, the percentage of those on monotherapy who received a RAS drug was
much higher in Australian participants compared to U.S. participants (70.8% vs 47.1%;
P<0.001) (Supplemental Appendix Table 1). This was also true for combination regimens,
with RAS drugs more common in Australia than the U.S. (93.0% vs 75.6%; P<0.001). We
found that the type of RAS drug used (irrespective of mono or combination therapy) differed
by country — 62.8% of RAS drugs used by the Australian participants were angiotensin |1
receptor blockers (ARBS) (vs 36.8% in U.S.; P<0.001), while angiotensin converting
enzyme (ACE) inhibitors accounted for 62.9% of the RAS drugs used by U.S. participants
(vs 37.2% in Australians; P<0.001) (Supplemental Appendix Table 2). Of the monotherapies
used other than a RAS drug, diuretics and beta blockers were more common in U.S.
participants compared to Australian participants (diuretics: 21.2% vs 7.5%; P<0.001; beta
blockers: 12.8% vs 6.7%; P<0.001), while use of CCBs were similar (16.8% vs 12.0%;
P=0.35). A similar pattern of difference was observed for combination therapies, with the
exception of CCBs, which also differed significantly between both countries. After
controlling for age, sex, race, and BMI, breakdown by the different monotherapies or two or
more antihypertensive combination therapies also showed a significant difference in blood
pressure control favoring U.S. vs Australian-treated hypertensive participants with all classes
except for those using beta blocker or CCB monotherapy, or CCB combination therapy
(Supplemental Appendix Table 1).

Further investigation of the diuretic class revealed notable differences across the countries
(Supplemental Appendix Table 2). Of the total proportion of all diuretics used, there was
higher use of high-ceiling (i.e., loop) diuretics in the Australian participants compared to
U.S. participants (9.3% vs 7.5%; P<0.001); whereas, there was much higher use of
potassium-sparing agents (which included spironolactone) in the U.S. group (14.6% vs
4.2%; P<0.001). Low-ceiling diuretics, excluding thiazides (ATC code CO3B), the most
common of which is indapamide, were more commonly used in Australian than U.S.
participants (27.0% vs 6.8%; P<0.001). Finally, there was greater use of two diuretics in
U.S. participants, compared to Australians (14.5% vs 6.1%; P<0.001).
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Table 2 shows the frequency distribution of all antihypertensive drug classes and regimens,
categorized by monotherapy and combinations, utilized in the cohort. A RAS drug used as a
single antihypertensive agent was the most common regimen, followed by ‘RAS plus a
diuretic’ combination, in both U.S. and Australia. The RAS monotherapy was more
frequently used in Australia compared to U.S. (35.9% versus 20.9%, P<0.001). After RAS
monotherapy, the regimen used most commonly as a single agent were diuretics (9.4%) in
the U.S., whereas it was CCB (6.1%) in Australia. In treated hypertensives taking more than
one antihypertensive, the most common combination after ‘RAS plus diuretic’ was an ‘RAS
plus CCB’ in both U.S. and Australia. Although there were no differences in frequency of
the most common 3 drug regimen (RAS + diuretic + CCB) in both countries (6.0% vs
6.9%), the use of 3 or more antihypertensive in combination was slightly higher overall in
U.S. participants than Australian participants (19% vs 14.6%; P<0.001).

After adjustment for age, sex, ethnicity, and BMI, significantly lower BP control rates
remained in Australian compared to U.S. participants (Table 2) for the most commonly used
classes and regimens (RAS blocker monotherapy: BP control=45.5% vs 54.2%; P=0.002;
diuretic monotherapy: BP control=45.2% vs 64.5%; P=0.001; RAS blocker/diuretic combo:
BP control=50.2% vs 65.6%; P=0.001).

Discussion

Hypertension, defined by blood pressure and/or use of antihypertensive medication, was
highly prevalent among Australian and U.S. participants enrolled in the ASPREE trial.
Although individuals were recruited into ASPREE on the basis of being otherwise healthy
and free of documented cardiovascular disease, the high prevalence of hypertension is
consistent with observations in the general population in the age group enrolled.8:14 Less
than half of participants had blood pressure that was controlled according to the threshold of
<140/90 mmHg.

Examination of patterns of antihypertensive use across the cohort revealed similarities and
differences across countries. For example, the use of RAS drugs was common in participants
of both countries, although overall monotherapy (and specifically monotherapy with a RAS
drug) was more common in Australian participants. Diuretics, either as a monotherapy or in
combination, were utilized more frequently in U.S. participants.

The differences in antihypertensive use could stem from the influence of previous research
studies conducted within the two countries and the demographics of the enrolled cohort. In
Australia, the Second Australian National Blood Pressure Study (ANBP-2), which recruited
mostly white participants from community general practice providers similar to ASPREE,
found a lower rate of cardiovascular events or death from any cause in those randomized to
an angiotensin converting enzyme inhibitor compared to diuretic.1® In the U.S., significantly
more minorities were enrolled into ASPREE, and diuretics figured prominently in U.S.-
based hypertension trials which included large numbers of minorities such as the
Antihypertensive and Lipid-Lowering to Prevent Heart Attack Trial (ALLHAT) and the
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Action to Control Cardiovascular Risk in Diabetes (ACCORD).16:17 Examination of diuretic
use in more detail (Supplemental Appendix Table 2) suggests the possibility of more
intensive diuretic regimens occurring in U.S. participants.

An additional explanation for prescribing differences may be attributed to adherence to
hypertension guidelines at the time of recruitment into ASPREE. Australian blood pressure
guidelines during that period specified initial monotherapy and then addition of a second
agent, while combination therapies were subject to restricted use indications under the
Australian Pharmaceutical Benefits Scheme.18 Previous research conducted during this time
period has shown that more than half of antihypertensive prescriptions initiated in Australia
conformed to Australian guidelines.1® In contrast, U.S. guidelines have more liberally
promoted initial combination therapy.20:21

The differences we observed in use of antihypertensive classes and regimens may have
contributed to differences observed in blood pressure control rates in our cohort, which were
slightly lower in Australian compared to U.S. participants across subgroupings of age, sex,
and race (Figure 1), and in both monotherapy and combination therapy groups. This
occurred despite higher rates of obesity, diabetes, and smoking in U.S. participants, as
previously reported,8 which should have made it more difficult to control blood pressure in
this group. It is possible that dose intensity of regimens may have been different across
participants of both countries, but unfortunately, we lack detailed information to explore that
hypothesis. Similarly, the significantly higher use of ARBs in Australian participants, which
have dose-response effects that are less pronounced than ACE inhibitors and CCBs,22:23
could have led to lower rates of blood pressure control if mostly initial doses were used.
Further evidence supporting this is that we did not observe any differences in blood pressure
control between participants from the U.S. and Australia who used CCBs. Finally, we think
it is unlikely that measurement differences between the two countries existed as standard
operating procedures were followed, sites were regularly monitored, and there were no
differences in the mean blood pressures of hypertensive participants from both countries
who were not receiving antihypertensive medication (data not shown).

The strengths of our study include the large size of the cohort and although not designed as a
blood pressure study, repeated standardized blood pressure measurements using automatic
oscillometric devices were performed according to standard operating procedures. Both the
U.S. and Australia share similar blood pressure profiles within the community;24 since
ASPREE enrolled a sample of older, generally healthy adults with access to healthcare, it is
likely that our findings are highly generalizable and reflective of the broader healthy
community-dwelling elderly hypertensive populations in both countries.

Our findings must be interpreted within the context of important limitations; namely, the
cross-sectional nature of the analysis. We lack data on dose, so it is not known whether the
lower control rates in Australian participants compared to the U.S. can be attributed to
differences in dosing intensity. Adherence with antihypertensives could be different between
the groups, although there was no indication of this within the main ASPREE study based
on adherence to the aspirin/placebo intervention. Although the average of three blood
pressure measurements in one sitting were used, they are nonetheless from only one visit,
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albeit using standard operating procedures which incorporated appropriately recommended
technique. Variability within the blood pressure machines could be a factor since we did not
use the same machines across all sites; however, all machines were inspected and validated
regularly. Finally, medications were self-reported or retrieved through the medical record
when possible, which allows the possibility of ascertainment bias in the completeness of the
prescription record.

Conclusions

Our findings highlight variation in antihypertensive use in older adults treated for
hypertension, with implications for blood pressure control. In the nationally representative
ASPREE study cohort, differences were observed in the use of monotherapy and in specific
medication classes, between participants of both countries, with higher frequencies of RAS
drug use and monotherapy regimens and less diuretic use in Australians compared to U.S.
participants. Even after adjustment for covariates affecting choice of, and response to
antihypertensives, significantly lower blood pressure control rates remained in Australian
compared to U.S. participants for the most commonly used classes and regimens.
Differences in observed BP control may be partly influenced by reasons additional to the
choice of specific regimen.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1A. Monotherapy regimens

BUS M®Aus

4951 50 4851 50 51 4850
42, a1 43 4

% USING

Page 11

59 58

5552

4951
37

Male Female 65-69 70-74 75-79 80-84 85+

a a a =llle= S === Ays

a
62

5:’/.._5'5/.\5-5\5.0

o
o
§ /
€ 47 46
S 43
41 41
o 36
o
=X
Male Female 65-69 70-74 7579 80-84 85+

2 P<0.05 within group between Australia and U.S.

White Black Hispanic Asian Other

64

59
N2
L 4 53
44

40
34

White Black Hispanic Asian Other

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2021 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ernst et al.

Page 12

1B. Combination (two or more) regimens
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Figure 1:
Use of antihypertensive drugs and associated blood pressure control by sex, age, and race

among treated hypertensive participants by country (Note: groups with N <10 ignored)
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2A. Use of specific antihypertensive drug class (all regimens)

81.7
62.9
489 , a
35.2
33.3 32.5 276
RAS CCcB

BB

Diuretics

B US © Australia

2B. Blood pressure control (percent) within participants using specific antihypertensive drug

class (all regimens)
a
60.3
54.6
I 47.8

43.8
Diuretics CCB

a a
55.5

56.4
I 46.4 I 45.7
RAS BB

@ P<0.05 for comparison between U.S. and Australian participants, adjusted for age, sex, BMI,
and race

Abbreviations: RAS = renin-angiotensin blocking drug, CCB = calcium channel blocker, BB = beta
blocker

mUS B Australia

Figure 2:
Distribution (percent) of specific antihypertensive drug classes (irrespective of mono or

combination therapy), and corresponding blood pressure control rates by country
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