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Abstract: This pilot randomized controlled trial (RCT) was designed to provide the preliminary data
necessary to conduct a full-scale trial to compare the efficacy of differing first-line antihypertensive
medications in improving functional status in older adults, when combined with exercise. The primary
objectives were to assess study feasibility, safety, and protocol integrity. Dependent outcomes included
gait speed, exercise capacity, body composition, and systemic cardiometabolic biomarkers. Thirty-one
physically inactive older adults (70.6 ± 6.1 years) with hypertension and functional limitations were
randomly assigned to (1) Perindopril (8 mg/day n = 10), (2) Losartan (100 mg/day; n = 13),
or (3) Hydrochlorothiazide (HCTZ: 25 mg/day; n = 8). Participants were also assigned to a 24-week
multimodal exercise intervention, separated into an aerobic and concurrent (aerobic + resistance)
phase to evaluate potential mode effects. Retention was 84% (26/31), and compliance was >90%
and >79% with medication and exercise, respectively. A total of 29 adverse events (Perindopril = 5;
Losartan = 12; HCTZ = 11) and one unrelated serious adverse event were observed throughout the
trial. Overall, this pilot RCT provided critical data and identified several challenges to ultimately
designing and implementing a fully powered trial.

Keywords: angiotensin-converting enzyme inhibitors; antihypertensive medication; exercise;
functional status; hypertension; aging

1. Introduction

Functional status is an indicator of health and health-related quality of life [1], and the loss of
physical function in advanced age is associated with the onset of disability, the loss of independence,
and increased risk of cardiovascular morbidity and mortality [2–7]. For instance, the decline in
usual-pace gait speed—a known measure of functional status [8,9]—has been associated with the
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incidence of stroke and adverse events after cardiac surgery [5], as well as with cardiovascular and
all-cause mortality [2,4,7].

Evidence from the Charleston Heart, Cardiovascular Health, Three-City, and Lifestyle Interventions
and Independence for Elders studies [10–13] has indicated that compared to normotensive peers,
hypertensive seniors experienced accelerated declines in gait speed and higher rates of disability. Thus,
older adults with hypertension represent a specific high-risk group for accelerated functional decline
and cardiovascular-related events [10–12,14,15]. Given the remarkable demographic shift in the older
population in the next decades [16], along with the increase of hypertension and cardiovascular
disease prevalence [17] and the disproportionate utilization discrepancy of healthcare resources by
the elderly [18,19], there is a need to identify effective interventions that minimize the clinical and
economic effects associated with age-related functional decline.

As previously outlined [15,20], accumulating evidence has suggested that first-line
antihypertensive medications may have an important impact on the rate of functional decline among
older adults with hypertension. In particular, angiotensin-converting enzyme (ACE) inhibitors have
been suggested as a promising therapeutic option [21–23] due to their blood pressure regulation
mechanisms [24] and to their potential independent pleiotropic cardiovascular effects [25,26]. Notably,
it appears that the impact of antihypertensive medications may be strongest among persons engaging
in physical exercise. Prior work [13,22,27–29] has suggested that the choice of antihypertensive
medications may impact functional status when combined with exercise [18,30], though disparate
findings exist [31]. Therefore, as previously outlined [15], the primary objective of this pilot randomized
controlled trial (RCT) was to evaluate feasibility, safety, and protocol integrity to compare the
efficacy of different first-line antihypertensive medications on physical function in older adults, when
combined with physical exercise. These preliminary data will provide evidence to support the
conduct of a full-powered RCT to test our central hypothesis that, compared to other antihypertensive
medications, ACE inhibitors improve functional status of hypertensive seniors, when combined with
regular exercise.

2. Materials and Methods

2.1. Study Design and Procedures

The study design has been described in detail previously [15]. Briefly, the study was a three-arm,
pilot RCT conducted in Gainesville, Florida (USA), between 2013 and 2017. Participant safety was
overseen by a comprehensive study team, including the principal investigator, study physicians, study
staff, and an appointed Data Safety Monitoring Board. All statistical analyses were performed by a
biostatistician who remained masked to the intervention assigned until the completion of analyses,
providing a triple-masked design. Prior to enrollment, all participants provided written informed
consent approved by the University of Florida Institutional Review Board. Additionally, the study was
registered at www.clinicaltrials.gov (NCT01891513).

2.2. Participants

Community-dwelling adults with hypertension were recruited from the Gainesville, Florida,
community using a multimodal approach of direct mailings, newspaper advertisements, and other
community approaches. Eligibility criteria included (1) age ≥60 years; (2) untreated systolic/diastolic
blood pressure (SBP/DBP) ≥140/90 mmHg or treated with antihypertensive medication consistent
with the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure guidelines at the beginning of the study [32]; (3) an inactive lifestyle, defined as
<150 min/week of moderate physical activity [33], assessed by the Community Health Activities Model
Program for Seniors (CHAMPS) questionnaire [34]; (4) objective signs of functional limitations, defined
as walking speed <1.2 m/s during a 400-m usual-paced test [35]; and (5) willingness to participate in
all study procedures.

www.clinicaltrials.gov
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Exclusion criteria included a primary indication of ACE inhibitor use, known hypersensitivity
to ACE inhibitors, treatment with ≥3 antihypertensive drugs, or uncontrolled hypertension (treated
office blood pressure >180/110 mmHg). Additional exclusion criteria can be seen in the Supplemental
Materials, Table S1.

2.3. Randomization

Randomization and dispensing of study medication were conducted by an academic
investigational pharmacy. Block randomization stratified by gender was used to assign subjects
to intervention arms, with a 1:1:1 allocation ratio, to ensure approximately equal accrual to each
intervention group throughout the study. The randomization scheme was performed by an
independent biostatistician using a random number generator program specifically designed for
this purpose (Mersenne-Twister) and was sent directly to the academic investigational pharmacy
(University of Florida Investigational Drug Service). Treatment allocation was concealed from all
involved (investigators, study staff, and participants) until the end of the study.

2.4. Pharmacological Intervention

At baseline, participants were randomly assigned to one of three antihypertensive medications
(Perindopril, Losartan, or Hydrochlorothiazide (HCTZ)). Perindopril intervention started with a
4-mg/day dose and was titrated to 8 mg/day after 2 weeks. The same scheme was used with
Losartan (titration from 50 mg/day to 100 mg/day) and HCTZ (from 12.5 mg/day to 25 mg/day),
as previously described [15]. When the starting dose was not tolerated due to issues such as
hypotension, cough, or hyperkalemia, participants maintained the lower tolerated dose. Study
doses were also adjusted and supervised by a study cardiologist to safely control the blood pressure
target (SBP/DBP <140/90 mmHg) [32]. Study medication was loaded into identical capsules to
assure double-masking for study staff and participants. Unused study medication was returned
for tracking purposes. Where necessary to control blood pressure, the study physician prescribed a
supplemental drug (e.g., amlodipine), and the rate of supplemental drug usage was tracked for future
study design purposes.

2.5. Exercise Intervention

In addition to pharmacological intervention, participants also enrolled in a supervised multimodal
center and home-based exercise intervention designed to achieve a total of 150 min/week to meet the
American College of Sports Medicine guidelines [36]. The intervention was designed with two distinct
exercise modes: Aerobic and concurrent [15]. During the aerobic phase (i.e., first 12 weeks), participants
engaged in three days/week center-based exercise training and two days/week (30 min/day) of
home-based moderate intensity walking. In the concurrent phase (i.e., the last 12 weeks), center-based
sessions were reduced to two days/week and home-based walking intervention increased to three
days/week. In this phase, a resistance training component was added to investigate potential
differences in exercise mode. The intervention was designed to gradually increase volume and
intensity while minimizing discomfort and risk of injury. Exercise protocols were designed according
to physical activity and exercise guidelines for older adults with hypertension [36–39] (Figure 1).

In the aerobic phase, exercise sessions began with a brief warm-up followed by 30 min of moderate
intensity walking and ended with flexibility and balance exercises. Exercise intensity was monitored
with Borg´s category ratio (CR) 10 subjective physical exertion scale [40] and with a heart rate monitor
(Polar FT2, Lake Success, NY, USA) according to the guidelines [36]. Walking intensity started on a 5–6
CR 10 scale, and participants were encouraged, as possible, to incorporate brief periods of vigorous
walking (7–8 on the CR 10 scale) to target a goal of at least 10 min of vigorous walking/session.

In the concurrent training phase, resistance exercise was added to the center-based intervention.
Both lower- and upper-body exercises were performed using standard isotonic resistance equipment
(Life Fitness, Schiller Park, IL, USA). Exercises varied by session and included leg press, leg extension,
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leg curl, calf flexion, chest press, arm curl, triceps extension, and seated row. Resistance training
involved two sets of each exercise, with 8–10 repetitions per set. Resistance exercise intensity was
designed to progressively increase from moderate (5–6) to vigorous (7–8) throughout the intervention.
Intensity started at 75% of participants’ one-repetition maximum (1RM), and the load for a given
exercise increased 10% in the next session when the participant was able to complete ≥12 repetitions
on both sets.J. Clin. Med. 2019, 8, 196 4 of 20 
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Figure 1. Intervention design characteristics.

A home-based walking exercise was also performed at moderate intensity throughout the
intervention (5–6 category ratio (CR) 10 scale [40]), and participants self-reported home-based walking
in a written log throughout the intervention. In addition, habitual daily physical activity was also
objectively measured using a wearable physical activity monitor (SenseWear armband®, Body media,
Pittsburgh, PA, USA) for 7 days at baseline and at the end of the intervention. Data were sampled in
1-min epochs over 24-h periods to estimate average daily energy expenditure and total minutes in
low (<3.0 metabolic equivalents (METS)) and moderate or higher (≥3.0 METS) physical activity, using
manufacturer algorithms accordingly with participants’ height, weight, handedness, and smoking
status [41,42].

2.6. Retention, Adherence, and Safety

Indicators of study feasibility were based on process and scientific purposes [43] and included
the integrity of the study protocol, the assessment of treatment safety, and the estimation of treatment
effect in primary and secondary outcomes based on the numbers of (a) recruitment and retention
rates of the intervention, (b) adherence to the medication and exercise intervention, (c) participants’
safety adherence (adverse events), and (d) estimation of treatment effect on dependent outcomes.
These outcomes were chosen to accurately calculate the sample size needed to power the future full
RCT [44,45] and help the development and refinement of a manual of procedures.

The success of recruitment and retention rates was measured by the number of participants
recruited, the number of withdrawals, and losses to follow-up throughout the intervention. Medication
adherence was assessed by study staff and measured through a pill count [46]. Compliance with the
exercise intervention was carefully documented by study staff and was measured by the number
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of sessions attended. Adherence to the home-based intervention was self-reported by participants
and was measured by weekly walking minutes with the use of written logs. Lastly, safety was
measured by the number and/or seriousness of adverse events attributable to the intervention and
was monitored and recorded by study staff during the intervention or spontaneously reported by
participants to research staff. Furthermore, to evaluate the safety of the intervention, clinical chemistry
and hematology panels were performed at each study visit.

2.7. Assessments

Gait speed was assessed from baseline to the 24-week intervention through the 4-m walk test [35],
a simple and cost-effective screening tool to assess functional status [6,7,47,48]. Exercise capacity
was assessed using the fast-paced 6-minute walk test, a safe and reliable test of exercise capacity in
older adults and/or those with cardiovascular conditions [48,49] due to the strong reproducibility and
modest correlation with peak VO2 [50].

Body composition was assessed using dual X-ray absorptiometry at baseline and at the end of
the intervention (24 weeks). Fat mass and fat-free mass were assessed using a fan-bean densitometer
(Hologic, Bedford, MA, USA). Body composition analysis was performed in lower and upper body
compartments using Lunar Software.

Fasted blood samples were collected at each study visit to assess clinical safety parameters, blood
lipids, and a glucose profile. In addition, blood samples were also assayed for prominent biomarkers
of inflammation and oxidative stress, including tumor necrosis factor α (TNF-α), interleukin-6 (IL-6),
vascular cell adhesion molecule-1 (VCAM-1), endothelium selectin (E-selectin), oxidized low-density
lipoprotein (oxLDL), and myeloperoxidase (MPO).

Office blood pressure was manually taken by study staff at each study visit. In addition,
throughout the study, participants also recorded home blood pressure twice daily (morning and
night) with an automatic digital home blood pressure monitor (Microlife, Dunedin, FL, USA) that met
independent validity standards [51].

2.8. Statistical Analyses

Analyses were performed in R version 3.5.1 following a published protocol [15]. As recommended
by the Consolidated Standards of Reporting Trials (CONSORT), we reported estimates of change over
time with 95% confidence intervals (CIs) and did not conduct formal hypothesis testing, as previously
outlined [44,45]. Participant characteristics were computed overall and by treatment group. Data from
all randomized participants were analyzed, regardless of adherence (i.e., the intent-to-treat principle).
Linear mixed models were applied to estimate change over time, adjusted for age, sex, and baseline
outcome measure, in primary and secondary outcomes overall and by treatment group [52,53]. Normality
of error terms was assessed using the Shapiro-Wilks test. Log-transformation was applied to outcomes
as needed to achieve normally distributed error distributions.

3. Results

3.1. Participant Recruitment and Randomization

The screening process began in May 2014 and ended in August 2016. The first participant
was randomized on 5 May 2014 and the last on 9 August 2016. The trial ended in July 2017 due
to the end of financial support. A total of 103 participants were screened for eligibility (Figure 2).
Of these, 31 participants (30%) met eligibility screening criteria, provided written informed consent,
and completed baseline assessment procedures. Sixty participants (58%) were excluded based on
screening study entry criteria. Eight participants (8%) withdrew informed consent prior to randomization,
and 4 participants (6%) were lost to follow-up pre-randomization. Thirty-one participants were randomly
assigned to the intervention (Perindopril = 10; Losartan = 13; HCTZ = 8).
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3.2. Retention

After randomization, five (16%) participants withdrew informed consent (Perindopril = 2;
Losartan = 3; Figure 2). One participant discontinued pharmacological intervention (Perindopril = 1),
and one discontinued exercise intervention (HCTZ = 1). Moreover, one participant from the Losartan
group discontinued both the drug and exercise interventions but completed study assessment visits.
Overall, 26 (retention rate: 84%) participants completed the study (Perindopril = 8; Losartan = 11;
HCTZ = 8).

3.3. Adherence and Safety

Overall, adherence to pharmacological intervention was 93% (Perindopril = 90%; Losartan = 94%;
HCTZ = 97%), and 19% of participants (Perindopril = 1; Losartan = 3; HCTZ = 2) used a second
antihypertensive medication to control blood pressure (Amlodipine = 3 (5 mg = 1; 10 mg = 2);
Metoprolol 25 mg = 2; Nifedipine 90 mg = 1). Furthermore, the overall compliance with the center-based
exercise intervention was 83% (Perindopril = 87%; Losartan = 79%; HCTZ = 84%) and with home-based
exercise was 91.4 (62.6, 120.2) min/week (Perindopril: 92.0 (55.1, 128.9); Losartan: 98.4 (21.7, 175.1);
HCTZ: 82.6 (24.0, 141.1)). Furthermore, groups exhibited similar average range changes over time
in daily energy expenditure and in physical activity patterns. The average change in daily energy
expenditure ranged from −184 (Losartan 95% CI: −337, −30) cal/day to 24 (HCTZ: −136, 184) cal/day.
Further, the average change in low physical activity ranged from −13.2 (Losartan: −32.3, 5.8) min/day
to −1.2 (HCTZ: −22.2, 19.8) min/day and in moderate or higher physical activity ranged from −22.9
(Losartan: −37.6, −8.3) min/day to −4.4 (HCTZ: −20.4, 11.6) min/day.

Regarding safety, only one serious adverse event was observed and was unrelated to the study
(one participant required hospital admission due to rectal bleeding). Following randomization,
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29 adverse events related or possibly related to the intervention were reported (Perindopril = 5;
Losartan = 12; HCTZ = 11). Observed adverse events were categorized as expected based upon the
study interventions, with the most frequent being musculoskeletal issues (n = 10), spontaneous reports
of elevated blood pressure (n = 7), swelling (n = 3), falls (n = 2), and cough (n = 2). Moreover, groups
presented similar average range changes in comprehensive blood chemistry and in complete blood
count outcomes, and values were within the reference range [54] (Supplementary Materials, Table S2).

3.4. Participant Characteristics

Baseline characteristics are shown in Table 1. At baseline, 68% of the sample was Caucasian and
61% were female. Overall, the study sample had a mean age (standard deviation (SD)) of 70.6 (6.1)
years and used an average of 3.7 (1.6) medications. As required by the protocol, the eligible participants
were functionally impaired (4-m walk test: 0.97 (0.15) m/s) and physically inactive (CHAMPS: 51.0
(51.1) min/week) and were not cognitively impaired (Mini Mental State Examination: 27.8 (1.5) points).

Table 1. Baseline characteristics of the study sample according to the randomization group.

Outcomes Total
(n = 31)

Perindopril
(n = 10)

Losartan
(n = 13)

HCTZ
(n = 8)

Female, % 61.3 50.0 69.2 62.5
Age, years 70.6 (6.1) 72.9 (7.2) 71.0 (6.2) 67.1 (2.2)
MMSE 27.8 (1.5) 27.9 (1.3) 27.8 (1.7) 27.6 (1.5)
Race, Caucasian, % 67.7 80.0 69.2 50.0
Education, college graduate, % 54.8 60.0 53.8 50.0
Measurements

Weight, kg 91.3 (14.3) 88.6 (14.8) 93.6 (16.4) 91.0 (10.9)
Body mass index, kg/m2 33.4 (6.0) 31.7 (6.6) 34.5 (6.4) 33.8 (4.5)
Total body fat mass, kg 38.5 (11.4) 37.1(12.2) 40.3 (12.6) 37.6 (9.2)
Total lean mass, kg 48.0 (7.4) 47.2 (7.7) 48.5 (8.8) 48.1 (5.2)
Systolic blood pressure, mmHg 133.8 (15.3) 133.2 (10.9) 134.8 (14.5) 132.9 (22.2)
Diastolic blood pressure, mmHg 81.1 (9.1) 79.3 (4.6) 81.2 (10.0) 83.1 (12.3)
Total cholesterol, mg/dL 187.1 (37.3) 187.6 (29.6) 193.2 (43.9) 176.4 (36.3)
HDL cholesterol, mg/dL 58.4 (14.0) 63.2 (10.4) 56.2 (15.6) 55.9 (15.5)
LDL cholesterol, mg/dL 105.0 (31.3) 100.1 (27.5) 111.5 (37.6) 100.6 (26.0)
Triglycerides, mg/dL 122.1 (50.5) 121.5 (49.6) 134.9 (58.4) 101.9 (33.7)
Fasting glucose, mg/dL 95.7 (9.5) 93.9 (6.7) 96.4 (12.1) 96.8 (8.4)
Creatinine, mg/dL 0.9 (0.2) 0.9 (0.1) 1.0 (0.2) 0.9 (0.2)
BUN/Creatinine ratio, mg/dL 20.2 (6.3) 20.7 (4.5) 19.1 (6.9) 21.2 (7.5)

Functional Measures
6-min walk distance, m 394.8 (80.9) 392.5 (72.2) 388.1 (97.8) 408.8 (68.2)
SPPB 10.5 (1.3) 10.1 (1.5) 10.4 (1.4) 11.1 (0.8)
CHAMPS, min/week 51.0 (51.1) 46.0 (48.4) 50.8 (46.2) 57.5 (66.5)
4-m gait speed, m/s 0.97 (0.15) 0.95 (0.17) 0.98 (0.14) 0.99 (0.13)

Energy Expenditure
Energy expenditure, cal/day 2267 (352) 2279 (375) 2492 (647) 2162 (269)
Low PA, min/day 283.0 (190.1) 317.6 (171.8) 442.8 (226.4) 236.2 (137.4)
Moderate or higher PA, min/day 46.9 (30.0) 55.0 (30.5) 72.8 (30.2) 41.2 (22.7)

Dietary intake
Total intake, kcal/day 1737 (569) 1938 (508) 1624 (725) 1655 (304)
Protein, gr/day 68.9 (21.4) 73.9 (17.7) 63.6 (26.7) 70.8 (17.2)
Carbohydrate, gr/day 215.9 (67.8) 240.7 (64.6) 206.3 (77.4) 199.0 (54.5)
Sugar, gr/day 77.8 (30.0) 78.1 (25.5) 79.5 (35.9) 74.6 (29.4)
Fat, gr/day 69.2 (33.4) 74.9 (31.3) 62.5 (42.9) 72.2 (17.7)
Vitamin D, µg 2.76 (4.74) 2.79 (3.14) 3.61 (6.90) 1.37 (1.18)

Medication
Total medication, n 3.7 (1.6) 3.8 (1.8) 3.9 (1.7) 3.4 (1.5)
Antidyslipidemic medication, % 45.2 50.0 30.8 62.5
ACEs, % 32.3 50.0 30.8 12.5
ARA, % 22.6 10.0 23.1 37.5

Notes: ACEs: Angiotensin-converting enzyme inhibitors. ARA: Angiotensin receptor antagonist. BUN: Blood urea
nitrogen. CHAMPS: Community Health Activities Model Program for Seniors questionnaire. HDL: High-density
lipoprotein. LDL: Low-density lipoprotein. MMSE: Mini Mental State Examination. PA: Physical activity.
SPPB: Short physical performance battery. HCTZ: Hydrochlorothiazide. Physical activity was defined as low
(<3.0 metabolic equivalents (METS)) and as moderate or higher (≥3.0 METS). Data are expressed as mean (SD),
count, or percentage as appropriate.
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3.5. Gait Speed

From pre-intervention (week 0) to post-intervention (week 24), the estimated overall change in
gait speed was 0.06 (95% CI: −0.01, 0.13) m/s, with adjusted mean changes within groups ranging
from 0.05 (Perindopril: −0.04, 0.14) m/s to 0.14 (HCTZ: 0.05, 0.24) m/s (Figure 3A–E). Interestingly,
though as expected not statistically significant, directional changes within groups may have been
influenced by exercise mode as changes in the aerobic phase ranged from 0.05 (HCTZ: −0.05, 0.14)
m/s to 0.10 (Perindopril: 0.01, 0.19) m/s and in the concurrent phase ranged from −0.05 (Perindopril:
−0.15, 0.05) m/s to 0.09 (HCTZ: −0.01, 0.20) m/s (Figure 3F).J. Clin. Med. 2019, 8, 196 9 of 20 
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3.6. Blood Pressure, Body Composition, and Exercise Capacity

Throughout the intervention, the target range of blood pressure was achieved across groups.
Overall, groups exhibited similar average range changes in blood pressure, body composition,
and exercise capacity (Figure 4A–E). Though not significant, potential differences in the patterns
of change among groups may have existed, particularly in HCTZ. For instance, the average change in
SBP, in DBP, and in total lean mass in HCTZ (−1.8 (−11.4, 7.8) mmHg; −1.0 (−6.0, 4.0) mmHg; and
−1.4 (−2.6, −0.3) kg, respectively) were directionally contrary to the changes in the Perindopril and
Losartan groups.
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Figure 4. Adjusted mean change within groups in blood pressure (A,B), body composition (C,D),
and exercise capacity (E) from baseline to 24-week follow-up. Data are expressed as adjusted mean
change within groups with 95% confidence intervals adjusted to age, sex, and baseline status.

3.7. Clinical Metabolic Profiles

Overall, changes in metabolic profiles were generally similar across groups, with a few possible
exceptions where directional differences were observed (Figure 5A–F). For instance, the average
change in total cholesterol and in low-density lipoprotein (LDL) cholesterol in the Losartan group was
respectively +7.9 (−6.7, 22.4) mg/day and +2.4 (−11.6, 16.5) mg/dL, compared to directional declines
in the other groups.
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Figure 5. Adjusted mean change within groups in lipid (A–D) and fasting glucose profiles (E) and
in high-sensitivity C-reactive protein (F) from baseline to 24-week follow-up. Data are expressed as
adjusted mean change within groups with 95% confidence intervals adjusted to age, sex, and baseline
status. HDL cholesterol: High-density lipoprotein cholesterol; hsCRP: High-sensitivity C-reactive
protein; LDL cholesterol: Low-density lipoprotein cholesterol. Log-transformation was used to
normalize data distribution (Shapiro–Wilks test, p < 0.05).

3.8. Inflammatory and Oxidative Stress Biomarkers

Throughout the intervention, the overall average range changes in the inflammatory and oxidative
stress biomarkers were modest and generally similar across groups (Figure 6A–F). Notable results
included the mean change in the HCTZ group in the inflammatory biomarkers TNF-α (+0.2 (−0.2,
0.6) log pg/mL) and IL-6 (+0.2 (−0.1, 0.6) log pg/mL) and the mean change in MPO observed in the
Perindopril group (−0.3 ( −0.5, −0.0) log µg/L).
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Figure 6. Adjusted mean change within groups in inflammatory (A–D) and oxidative stress
biomarkers (E,F) from baseline to 24-week follow-up. Data are expressed as adjusted mean
change within groups with 95% confidence intervals adjusted to age, sex, and baseline status.
Log-transformation was used to normalize data distribution (Shapiro-Wilks test, p < 0.05). IL-6:
Interleukin-6; MPO: Myeloperoxidase; oxLDL: Oxidized LDL; TNF-α: Tumor necrosis factor-α;
VCAM-1: Vascular cell adhesion molecule-1.

3.9. Exercise Mode

Similarly to gait speed, we explored the potential impact of exercise mode on changes in secondary
study outcomes, with some interesting findings observed (Table 2). For instance, in exercise capacity,
the average changes in the Perindopril group ranged from +45.8 (19.1, 72.6) m in the aerobic phase
to −27.1 (−55.9, 1.6) m during the concurrent phase, while the Losartan group ranged from +67.5
(aerobic: 44.7, 90.3) m to +2.3 (concurrent: −23.2, 27.8) m. Additional changes in study outcomes,
separated by study phase (i.e., exercise mode), are shown in Table 2.
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Table 2. Change within groups in secondary outcomes according to exercise mode intervention.

Outcomes
Perindopril Losartan HCTZ

Aerobic Concurrent Aerobic Concurrent Aerobic Concurrent

Baseline-8 Weeks 8–24 Weeks Baseline-8 Weeks 8–24 Weeks Baseline-8 Weeks 8–24 Weeks

6-min walk distance, m 45.8 (19.1, 72.6) −27.1 (−55.9, 1.6) 67.5 (44.7, 90.3) 2.3 (−23.2, 27.8) 40.0 (8.9, 63.2) 19.6 (−10.6, 49.7)
SBP, mmHg 5.0 (−4.4, 14.5) 1.8 (−11.7, 15.2) 8.9 (0.8, 17.0) −5.1 (−16.9, 6.7) −2.3 (−11.9, 7.3) 0.5 (−12.9, 13.9)
DBP, mmHg 1.1 (−3.8, 6.1) 1.4 (−7.7, 10.4) 3.4 (−0.8, 7.6) 3.1 (−11.0, 4.9) 2.4 (−2.6, 7.4) 3.4 (−12.4, 5.7)
Total cholesterol, mg/dL −11.7 (−27,9, 4.6) 9.8 (−11.5, 40.0) −8.3 (−22.3, 5.6) 16.2 (−2.5, 34.9) −7.3 (−24.6, 10.1) 3.3 (−18.9, 25.5)
HDL cholesterol, mg/dL −0.3 (−4.9, 4.4) 4.8 (−0.4, 9.9) 2.1 (−1.9, 6.2) −0.2 (−4.8, 4.4) −0.3 (−5.1, 4.6) 2.3 (−3.2, 7.7)
LDL cholesterol, mg/dL −9.8 (−25.7, 6.0) 3.4 (−16.4, 23.2) −9.1 (−22.5, 4.5) 11.5 (−6.0, 28.9) −7.4 (−24.1, 9.3) 2.6 (−18.1, 23.4)
Triglycerides, mg/dL −22.0 (−48.8, 4.8) 9.5 (−25.2, 44.2) −6.7 (−29.6, 16.2) 22.8 (−7.7, 53.3) 3.7 (−25.7, 33.1) −1.3 (−37.6, 35.0)
Fasting glucose, mg/dL 1.0 (−3.5, 5.4) −1.3 (−8.4, 5.9) −3.6 (−7.3, 0.2) 0.4 (−5.8, 6.7) −1.2 (−5.6, 3.3) 4.4 (−2.7, 11.5)
hsCRP, log mg/L 0.2 (−0.2, 0.7) −0.5 (−1.1, 0.2) −0.1 (−0.5, 0.3) 0.1(−0.5, 0.6) −0.1 (−0.6, 0.3) 0.0 (−0.7, 0.7)
TNF-α, log pg/mL 0.2 (−0.2, 0.6) −0.3 (−0.8, 0.2) −0.0 (−0.4, 0.3) −0.3 (−0.8, 0.2) 0.1 (−0.3, 0.5) 0.1 (−0.4, 0.6)
IL-6, log pg/mL 0.0 (−0.3, 0.4) −0.0 (−0.6, 0.6) −0.0 (−0.3, 0.3) −0.1 (−0.6, 0.4) 0.3 (0.0, 0.7) −0.1 (−0.7. 0.4)
VCAM-1, log ng/mL 0.0 (−0.1, 0.2) −0.0 (−0.2, 0.1) −0.1 (−0.2, −0.0) 0.0 (−0.1, 0.2) −0.0 (−0.2, 0.1) 0.0 (−0.2, 0.2)
E-selectin, log ng/mL 0.1 (−0.1, 0.2) −0.1 (−0.2, 0.1) 0.0 (−0.1, 0.1) 0.0 (−0.1, 0.2) −0.1 (−0.3, 0.0) 0.1 (−0.0, 0.3)
oxLDL, log mU/L −0.3 (−0.6, 0.0) 0.3 (−0.2, 0.8) −0.2 (−0.5, 0.1) 0.2 (−0.3, 0.6) −0.1 (−0.4, 0.2) 0.0 (−0.5, 0.5)
MPO, log µg/L −0.1 (−0.3, 0.2) −0.2 (−0.4, 0.1) −0.1 (−0.4, 0.1) 0.2 (−0.1, 0.4) −0.1 (−0.3, 0.2) 0.2 (−0.1, 0.5)

Notes: DBP: Diastolic blood pressure; HDL: High-density lipoprotein; hsCRP: High-sensitivity C- reactive protein; IL-6: Interleukin- 6; LDL: Low-density lipoprotein; MPO:
Myeloperoxidase; oxLDL: Oxidized LDL; SBP: Systolic blood pressure; SPPB: Short physical performance battery; TNF-α: Tumor necrosis factor- α; VCAM-1: Vascular cell adhesion
molecule-1. Data are expressed as within-groups adjusted mean change with 95% confidence intervals, adjusted to age, sex, and baseline status. Log-transformation was used to normalize
data distribution (Shapiro-Wilks test, p < 0.05).
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4. Discussion

This three-arm, triple-masked pilot RCT assessed feasibility, safety, and protocol integrity to
support the conduct of a fully powered RCT to evaluate the efficacy of different antihypertensive
medications to improve functional status in hypertensive seniors, when combined with exercise [15].
Our preliminary data indicated satisfactory recruitment and retention rates and good adherence rates
to the pharmacological and exercise intervention, and there was no evidence of increased risk for
adverse events in any treatment group relative to the others. Moreover, our results also suggested
potential evidence of different patterns of change over time with respect to treatment groups and
exercise mode, particularly in gait speed. Thus, this 24-week multimodal intervention designed
to improve physical function in functionally impaired older adults is feasible and safe, and can be
implemented as a full-scale RCT.

One of the most important aspects of the trial was to determine the safety and feasibility of the
protocol in the target population (functionally impaired hypertensive older adults). As expected in
this study population [55], a number of adverse events were reported, many of which were anticipated
for this high-risk population (e.g., elevated blood pressure (n = 7), swelling (n = 3), and cough (n = 2)).
However, only one serious adverse event was recorded and was determined to be unrelated to the
study intervention. These data support the application of the pilot RCT’s protocol in a full-scale
RCT. Moreover, the trial demonstrated a good overall adherence to both the pharmacologic and
exercise interventions (>90% and >79%, respectively). Furthermore, the retention rate (84% of the
participants randomized) was satisfactory and provides an overall estimate for projecting drop-out in a
full-scale RCT and for accurately calculating the sample size needed to power the future RCT [31,56,57].
Additionally, the overall mean change in gait speed across groups of 0.06 m/s (−0.01, 0.13) was a
positive indicator of intervention feasibility and efficacy, demonstrating the overall benefit of the study
intervention given that increases >0.05 m/s have been associated with meaningful improvements
in the performance of the activities of daily life and a decreased risk of functional impairment in
advanced age [58,59].

One of the challenges experienced in the trial was participant recruitment, commonly one of the
most challenging aspects of study execution [60,61]. The trial was conducted in a relatively small
metropolitan area that, coupled with a relatively significant time commitment (24 weeks, two to
three days/week), may have limited overall recruitment in the trial. Potential solutions may include
multiple sites for recruitment and/or implementing the study in a larger metropolitan area. Moreover,
the study provided important information regarding the substantial financial and time resources
necessary to randomize each participant, indicating that a fully powered trial will require significant
financial resources and a longer time period to successfully execute such a trial. Another common
challenging barrier to study recruitment in trials is study entry criteria [60]. In this pilot, approximately
one-third of the screened participants fulfilled all of our study entry criteria, an indicator of study
feasibility when compared to previous pilot studies [62]. Interestingly, the majority of the exclusions at
the screening visit were based on a lack of an objective functional physical limitation (18%), regular
physical activity (15%), or the presence of a medical condition that precluded safety enrollment in the
intervention (10%). Given that the objective was to improve function via structured physical activity
(i.e., exercise), it is important to keep these criteria to prevent potential ceiling effects.

Notably, one important change occurred during the study period that should improve recruitment
in future studies. During the study, clinical recommendations changed related to antihypertensive
prescription for persons with type 2 diabetes (T2D) [63,64], broadening the available first-line therapies
for those with T2D. This group represented a significant portion of those excluded from the study,
and thus this change should enhance recruitment in the future trial. Moreover, we excluded persons
with known hypersensitivity to ACE inhibitors from this trial. It is possible that a future trial might
include separate randomization strata wherein these individuals are randomized to one of the other
two drugs, to facilitate broader participation in the study.
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As previously outlined [15], the use of supplemental medication to control blood pressure in
participants unable to reach target ranges of blood pressure was tracked and used to refine the design
of the future trial. Throughout the intervention, 19% of participants required a supplemental drug
prescription. During the pilot, supplemental drug prescription was left to the study physician’s
discretion, and thus it varied between individuals. However, the future trial could be enhanced
by standardizing the supplemental drug choice and dosages and integrating them tightly with the
first-line medication provided.

Regarding exercise intervention, two different modes were used to evaluate potential differences in
outcomes, per prior evidence in this area [31,65]. Though not statistically significant per the pilot study
design, directional changes in outcomes suggested that, as prior evidence has suggested, exercise mode
may influence study outcomes. Notably, the average change in the 4-m gait speed in the Perindopril
group ranged from +0.10 m/s in the aerobic phase to −0.05 m/s during the concurrent phase,
with similar evidence observed for exercise capacity, blood pressure, and systemic cardiometabolic
biomarkers. Collectively, these preliminary data seem to suggest that the aerobic exercise mode may
be more appropriate to test our central hypothesis, which is consistent with previous preclinical
studies [27]. Thus, future studies may need to isolate exercise modalities to specifically answer
questions related to efficacy differences in combination with specific antihypertensive medications,
particularly studies using ACE inhibitors and angiotensin receptor blockers. Moreover, the home-based
exercise intervention in the study was assessed via self-report. Future RCTs are likely to benefit from
the use of objective devices to measure home physical activity to decrease social desirability and
nonresponse bias [61]. Furthermore, the use of objective measures would also prevent participant
burden and would accurately calculate adherence to home physical activity since self-reported methods
tend to overestimate physical activity levels compared to objective measurement devices [66,67].

Interestingly, after the intervention, groups exhibited potential different directional patterns in
the lipid profile. Previous preclinical studies [68,69] have suggested an interaction between lipid
metabolism and the renin-angiotensin system [69] and have suggested that both ACE inhibitors
and angiotensin receptor antagonists (e.g., Losartan) have a beneficial lipid lowering effect [69–72]
through the inhibition of LDL oxidation and macrophage cholesterol biosynthesis [68,69]. Although
our results supported directional declines in the Perindopril group, our pilot data did not suggest
changes in total cholesterol and LDL cholesterol in the Losartan group. These contradictory findings
may have been due to differences in study intervention length (4-week short-term [70] vs. our
12-week long-term intervention), participant baseline clinical characteristics (diabetic nephropathic
patients and/or with dyslipidemia [70,71] vs. our participants in a normal range), and the drug used
(Telmisartan [72] vs. Losartan). Furthermore, differences in the underlying mechanism(s) of these
different antihypertensive medications may have contributed to the potential directional differences
found between the Perindopril and Losartan groups in our pilot study. Although speculative,
prior preclinical evidence [69,73] has suggested that angiotensin receptor antagonists may improve
dyslipidemia by reducing triglycerides through the activation of peroxisome proliferator-activated
receptor (PPAR) gamma, which regulates lipid metabolism [69] and influences the expression of
PPARgamma target genes involved in carbohydrate and lipid metabolism reducing glucose, insulin,
and triglyceride levels [73]. Remarkably, Benson and colleagues [73] have reported that apart from
Telmisartan, which has a structurally unique characteristic that allowed it to function as a partial
agonist of PPARgamma, none of the other angiotensin receptor antagonists appeared to activate
PPARgamma when tested at concentrations typically achieved in plasma with conventional oral
dosing. Notably, triglyceride results in the Losartan group (+16.1 (−7.8, 40.0) mg/dL) seem to support
this rationale and may explain the directional changes in the lipid profile in the Losartan group
in our trial. Hence, these results suggest that ACE inhibitors and angiotensin receptor antagonists
may have different underlying mechanism(s) in lipid metabolism and that the Losartan mechanism
(or mechanisms) is not well understood.
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Lipid metabolism is associated with atherosclerotic plaque [74], which is associated with increases
in blood pressure [63], the accumulation of inter- and intramuscular adipose tissue, and the decline
of skeletal muscle quality and function [8,75]. Thus, understanding how antihypertensive therapies
influence these outcomes in conjunction with exercise could provide further mechanistic insight into
potential changes in physical function. Thus, lipid metabolism may represent an important target for a
future trial in this area.

In summary, this study indicated that a study protocol randomizing first-line antihypertensive
medications combined with exercise training among functionally impaired hypertensive older adults
is safe and feasible, although several challenges (particularly in the area of recruitment) must be
considered and overcome in the execution of a larger-scale trial. As a pilot, data from the study
should not be overinterpreted, but they do provide important preliminary data necessary for the
design of a fully powered RCT. Several important considerations were learned from this trial,
including those related to study entry criteria, participant recruitment, randomization, and intervention
implementation, and they should benefit the design of a future trial in this area. Such a trial may
ultimately address, at least for specific exercise modes, long-standing questions regarding the efficacy
of exercise among older persons when combined with differing antihypertensive medications.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/2/196/s1,
Table S1: Additional exclusion criteria [76,77], Table S2: Change in clinical safety parameters from baseline to
24-week follow-up according to the randomization group.
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