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Abstract

The purpose of this study was to investigate whether the amount of time participants exercised in 

the target heart rate zone (THRZ) influenced change in blood pressure (BP) 1 year following a 

cardiac event. Lifestyle exercise (habitual, small exercise opportunities) and intensity were 

objectively measured using portable heart rate monitors. Linear mixed models were used to 

analyze change in BP among 331 participants. Mean BP at baseline was 118/70 mmHg, and both 

systolic and diastolic BP increased from baseline to 1 year, 4.79 mmHg (p <.001) and 2.09 mmHg 

(p =.002), respectively. Overall, participants had a decrease in levels of lifestyle exercise. After 

controlling for time, age, gender, and study group, SBP change was inversely associated with 

amount of time in THRZ. Given suboptimal engagement in recommended exercise, the underlying 

mechanisms of lifestyle exercise effects on the time spent in THRZ to reduce BP warrants further 

study in this population.
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Cardiovascular disease (CVD) is a leading cause of disability, morbidity, and mortality in the 

United States and the prevalence of CVD is projected to affect 131 million people by 2035 

(Virani et al., 2020). As the population ages, adverse cardiac events (e.g., myocardial 

infarction, ischemic heart disease, and heart failure) are more common, and one-third of 

individuals 65 years and older required some type of cardiac surgery (coronary artery 
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bypass, angioplasty) in 2014, costing an estimated $200 billion annually (Odden et al., 2011; 

Virani et al., 2020). Moreover, high BP (defined as a BP >130/80 mmHg; P. K. Whelton et 

al., 2017) is a major risk factor for CVD, and affects 48% of the U.S. population and is the 

leading contributor to poor health outcomes (Virani et al., 2020). A strong body of literature 

has identified exercise as a key factor for secondary prevention of a cardiac event and BP 

reduction (Anderson et al., 2016; Smith et al., 2011).

Exercise is defined as a subcategory of physical activity that is planned, structured, 

repetitive, and purposeful to maintain and improve fitness and is beneficial to health (U.S. 

Department of Health and Human Services [HHS], 2018). For example, exercise has been 

shown to significantly reduce all-cause mortality by 33%, as well as increase life expectancy 

(Byberg et al., 2009; Wen et al., 2011). Other health benefits associated with exercise 

include improved BP control (P. K. Whelton et al., 2017), weight loss (HHS, 2018), and 

improved glucose and cholesterol levels (Wright et al., 2018). In addition to exercise, there 

is considerable scientific evidence that suggest the incorporation behavioral modifications, 

which can have an additive lowering effect on improving CVD and reducing related risk 

factors (Chiuve et al., 2006; Shan et al., 2020). Health-promoting behaviors such as 

adherence to a healthy diet and medication-taking for chronic diseases (e.g., hypertension, 

hyperlipidemia, diabetes) have been shown to favorably reduce CVD related risk factors by 

10% to 27% (Shan et al., 2020; P. K. Whelton et al., 2017). In general, the American Heart 

Association (AHA, 2018) recommends approximately 30 minutes a day, 5 days a week (2.5 

hours/week) of moderate-intensity exercise for the prevention of CVD. Furthermore, 

optimizing healthy behaviors, including exercise can decrease the likelihood of recurrent 

CVD events (P. K. Whelton et al., 2017).

Central to secondary prevention of cardiac events and prescribed for most adults recovering 

from a cardiac event is the participation in an outpatient, phase II cardiac rehabilitation 

program (CRP; Anderson et al., 2016; Lin et al., 2014). Most CRPs are medically 

supervised, 12-week exercise programs focused on exercise counseling and training, 

education on behavior modifications such as the mangement of diet, weight loss, stress, 

cholesterol, and BP to help improve cardiovascular health after a cardiac event (Anderson et 

al., 2016). However, CRPs do not emphasize lifestyle exercise to participants. Lifestyle 

exercise is habitual exercise that incorporates everyday activities from one’s daily routine 

into small exercise opportunities (Lin et al., 2014). Therefore, engaging in lifestyle exercise 

could be an integral part of secondary prevention of CVD (Smith et al., 2011).

While exercise is important to achieve health benefits, the effects of exercise on health is 

intensity dependent. One way of assessing exercise intensity is to monitor the target heart 

rate zone (THRZ; HHS, 2018) defined as the maximum heart rate in a given amount of time 

in order to reach the level of exertion necessary for cardiovascular fitness, specific to a 

person’s age, sex, or physical fitness (AHA, 2018). The estimated maximum heart rate (220 

minus an individuals’ age) is most beneficial when an individual engages in moderate-

intensity physical activity at 50–70% or vigorous-intensity physical activity at 70–85% of 

their maximum heart rate during an exercise (Cornelissen & Smart, 2013; HHS, 2018).
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Exercise has been a major recommendation for secondary prevention of CVD and the 

reduction of high BP (AHA, 2018; P. K. Whelton et al., 2017). The relationships between 

exercise intensity, frequency, duration, and BP response have been studied for decades, yet 

studies are inconsistent in their conclusions (Cornelissen & Smart, 2013; Costa et al., 2018). 

A number of studies have found that intensity, duration, and the type of exercise play a 

significant role in reducing BP (Cornelissen & Smart, 2013; Devereux et al., 2010; Wen et 

al., 2011). Evidence suggests that isometric exercise can elicit significant reductions in BP 

when compared with aerobic and resistance exercise (Cornelissen & Smart, 2013; Herrod et 

al., 2018). Isometric resistance training has the potential to produce BP reductions in both 

systolic BP, a reduction by 5 mmHg and diastolic BP by 3 mmHg, respectively (Devereux et 

al., 2010; Herrod et al., 2018). Other research, however, has found that aerobic exercise 

produce greater BP reduction than isometric exercise (Wen et al., 2011; Moore et al., 2006). 

However, research is inconsistent regarding which type of exercise (isometric, aerobic, or 

resistance) can elicit significant reductions in BP (Costa et al., 2018). Such results might be 

explained by the differences in exercise intensity rather than in the type of exercise (Lamotte 

et al., 2005). However, such results are limited as they are not conducted in individuals 

engaging in lifestyle exercise after participating in a CRP. Furthermore, the optimal exercise 

intensity required to achieve significant BP reduction remains unclear.

Purpose

Current exercise recommendations suggest that individuals with high BP should engage in 

moderate-intensity physical activity within 40% to ≤60% of their maximum heart rate to 

reduce BP (AHA, 2018; Pescatello et al., 2015; P. K. Whelton et al., 2017). However, the 

extent to which a person who engages in lifestyle exercise in their THRZ after a cardiac 

event reduces BP is unknown. Thus, the purpose of this study was to explore the effect of 

long-term lifestyle exercise in the THRZ on BP in the year after a cardiac event in older 

adults. We hypothesized that an increase in the number of hours of lifestyle exercise in the 

THRZ would result in a greater reduction in BP in older adults in the year following a 

cardiac event.

Methods

Study Design

The parent study, a lifestyle exercise trial, was a 3-group randomized controlled trial 

developed to test the effects of two theoretically driven behavior change interventions 

compared to usual care to improve lifestyle exercise after completion of a CRP, over a 1-year 

period. Details of this trial have been previously reported and are summarized briefly (Sattar 

et al., 2017; Wright et al., 2018). The first experimental intervention consisted of 

contemporary approaches to behavior change, increasing self-efficacy, motivation, problem-

solving skills, and relapse management. In the second experimental intervention, 

participants were taught to use a series of small, self-designed experiments to change their 

health behaviors. In addition to the usual CRP education, both experimental groups targeted 

psychoeducational behavior change approaches that consisted of five small-group education 

sessions provided in three 1.5-hour sessions once a week during the last 3 weeks of the CRP, 
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and two sessions held at 1 and 2 months after the CRP. The Usual Care group consisted of 

routine care provided by the CRP (Sattar et al., 2017; Wright et al., 2018).

Study Population and Setting

Participants in the parent study consisted of 379 individuals who provided informed consent 

and met the following inclusion criteria: age ≥ 54 years; experienced a myocardial 

infarction, coronary artery bypass graft, or angioplasty; resided within a 60-mile radius of 

the study sites; able to read and speak English; and were enrolled in a phase II CRP. 

Individuals were excluded if they had concurrent valve surgery, neurological deficits, acute 

renal failure, pulmonary complications (pneumonia, congestive heart failure), or any obvious 

musculoskeletal functional disabilities that limited one’s ability to engage in lifestyle 

exercise. In addition, individuals considered high-risk for safe participation in cardiac 

exercise programs were excluded if they presented with cardiac clinical features such as 

severe left ventricular dysfunction (ejection fraction < 20%), decrease in systolic BP > 15 

mmHg with exercise, serious arrhythmias at rest or exercise-induced, and exercise-induced 

ischemia > 2 mm of ST depression on the electrocardiogram. Individuals with completed BP 

data were included in this secondary analysis.

Participants were consecutively recruited from five Phase II CRPs, similar in prescribed 

CRP-structured exercise, in the Cleveland, Ohio. Individuals meeting inclusion criteria were 

approached in Week 9 of a 12-week Phase II CRP and recruited over a 2-year period 

between January 2008 and June 2010. After enrollment, participants were randomized to 

receive one of the three interventions that begin Week 10 of their CRP. At the end of the 

CRP, all individuals were given an exercise prescription that included their target heart rate 

and were counseled to exercise at least 30 minutes per day, 5 days per week. The study’s 

protocol was approved by the University Hospitals Cleveland Medical Center’s Institutional 

Review Board.

Measures

Lifestyle exercise.—Exercise was measured using portable heart rate monitors, Polar 

RS400 (Polar Electro Inc., Lake Success, NY), while exercise diaries were used as a 

secondary data source to gain information about the type of exercise and corroborate 

information about exercise frequency, duration, and intensity. These heart rate monitors 

provides valid data on heart rate reflecting exercise and has high correlation and agreement 

with electrocardiographic data (Engström et al., 2012). Participants wore the monitors 

during all exercise sessions during the study year. If a participant forgot to wear or activate 

their monitor, daily exercise was recorded in their diary along with the number of minutes 

and the type of exercise.

The Polar RS400 heart rate monitor has an estimated battery life of 2 years (1 hour/day, 7 

days/week) with a memory that can store up to 99 exercise files, and was programmed to 

record the heart rate at 15-second intervals, for a total of 60 hours (www.polar.com). Heart 

rate monitors were exchanged monthly to allow close follow-up during long-term data 

collection and to frequently check the devices for any issues. Participants returned the heart 

rate monitors monthly by mail after receipt of new heart rate monitors from the study team; 
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thus, there was no lapse in exercise monitoring. Data was downloaded to a database file 

monthly using a Polar IR interface and analyzed with Polar software.

Three dimensions of lifestyle exercise (frequency, duration, intensity) were measured. 

Exercise frequency was the number of sessions exercised monthly and calculated for a total 

number of exercise sessions over a 1-year period. The duration of exercise was calculated as 

the total number of 15-second intervals containing an elevated heart rate—from monitored 

baseline heart rate on the heart rate monitor to the target heart rate achieved—lasting at least 

10 minutes. Lastly, exercise intensity consisted of the amount of time the participants 

exercised in their THRZ, which was calculated prior to completing a CRP. The amount of 

exercise (number of minutes/session × number of sessions) over the 1-year period was also 

evaluated.

Target heart rate zone (THRZ).—The THRZ was calculated for each person at the 

completion of the CRP. Because some of the cardiac rehabilitation centers used in this study 

did not routinely use exercise testing to calculate the maximum heart rate, we employed two 

methods to determine the THRZ. For participants without exercise testing data, the age-

predicted maximum heart rate formula (220 minus age) was used to calculate the THRZ 

(Anderson et al., 2016; Tabet et al., 2006). The second method employed was for individuals 

on medications known to attenuate heart rate response to exercise (e.g., beta-blockers), the 

Karvonen method ([MHR − resting heart rate] × [training intensity, expressed as a decimal] 

+ resting heart rate) was employed (Diaz-Buschmann et al., 2014).

Blood pressure assessment.—Measures of participants’ sitting BP were collected by 

trained research staff (undergraduate/graduate nursing students and registered nurses). At the 

time of data collection, the study’s protocol for obtaining BP was guided by the Seventh 

Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment 

of High Blood Pressure (JNC 7; Chobanian et al., 2003). BP readings were obtained 

manually with Welch Allyn aneroid sphygmomanometers. Participants were required to sit 

still for 5 minutes, with feet flat on floor, before BP was measured (Chobanian et al., 2003). 

Two BP readings were collected 1 minute apart and then averaged for a final BP reading at 

baseline and 12-month visits.

Covariates.—A set of covariates (age, sex, race, education, employment status, body mass 

index [BMI], comorbidities) were self-reported on a demographic questionnaire. These 

variables were selected based on their known associations with both exercise and BP. 

Functional capacity was measured using a modified 6-minute walk test (6MWT), which 

incorporates body weight to improve the prediction of maximal oxygen uptake (Carter et al., 

2003). Participants completed the self-report survey on perceived adherence to a cardiac risk 

reduction regimen using the 20-item Health Behavior Scale (HBS; Miller et al., 1982). The 

HBS is comprised of five subscales (diet, taking medications, performing activity, stress 

reduction, and smoking cessation), each with 4-items on a 5-point Likert scale ranging from 

(1) rarely to (5) almost always performs their prescribe cardiac risk reduction regimen, for a 

total mean subscale score (Miller et al., 1982). Higher scores are reflective of better 

adherence to a cardiac risk reduction regimen.
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Statistical Analyses

Of the 379 participants enrolled in the parent study, only individuals with complete BP 

readings (N = 331) were selected for this analysis. Descriptive statistics were used to 

describe the participants’ sociodemographic and baseline characteristics. The mean 

difference between BP at baseline and 1 year was compared using paired t-tests. Additional 

analyses were performed to compare the difference between individuals who exercised 

<50% in their THRZ (non-intensity compliant; n = 23) vs individuals who exercised 50% or 

greater in their THRZ (intensity complaint; n = 113).

Prior to conducting logistic regression analysis, Spearman’s correlation analyses were used 

to assess the relationships between clinical measures, health behaviors, and BP at baseline. 

Linear mixed effects models with random intercept were used in studying associations 

between BP change over 1 year and the amount of time in the THRZ after controlling for 

age, intervention group, gender, and duration in study (time), with the latter being treated as 

a random effect. We also considered alternative analyses and compared adjusted and 

unadjusted models to evaluate and control for covariates (demographic, clinical, and health 

behavioral measures) that may have significantly affected outcome measure (BP change). 

For better convergence of the linear mixed effects models across the analyses, we used 

exchangeable covariance structure for the random effects and Gaussian distribution for 

errors. We assumed the missing exercise data in the regression models were missing at 

random. A significance level of .05 (two-sided) was used for all tests. Statistical analyses 

were performed using Stata 16.0 (StataCorp., 2016).

Results

Descriptive statistics for the participant’s baseline and clinical characteristics are shown in 

Table 1. A total 331 participants were included in this secondary analysis study. Overall, the 

mean age was 67.07 years (standard deviation [SD] = 7.94 years, range 54 to 89 years) with 

at least 1.89 (SD = 1.63) chronic conditions, and were overweight or obese (M = 29.89, SD 
= 5.84). The majority of participants in the sample was male and reported on average, had 

15.18 (SD = 2.92) years of education. This samples’ demographic profile is representative of 

patients attending a CRP― white male, relatively high levels of education, and income 

(Ades et al., 2017; Li et al., 2018). Table 2 shows the lifestyle exercise characteristics of the 

sample―intensity, frequency, duration of exercise, and functional capacity. Results of the 

mean changes in study variables are presented in Table 3. Overall, mean changes in both 

systolic BP (SBP) and diastolic BP (DBP) from baseline to 1 year after completion of a CRP 

increased by 4.80 mmHg (p < .001) and 2.12 mmHg (p = .002).

Between-group comparison of demographic characteristics for non-intensity compliant (n = 

218) vs intensity compliant groups (n = 113) were only significant for the number of chronic 

conditions (p = .039, data not shown). Both groups showed a significant decrease in levels of 

exercise (amount and intensity); however, only the intensity compliant group was noted to 

have a significant increase in SBP (p < .001) and DBP (p = .02).

Results of Spearman’s correlations coefficient indicated that there were significant 

associations between study variables at baseline. SBP and DBP were positively associated 
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with age (p < .05 and p < .001). Total time in the THRZ was positively associated with 

exercise (p < .001), functional capacity (p < .01), and diet adherence (p < .01), while 

negatively associated with BMI (p < .01) and comorbidities (p < .05).

In the linear mixed effects models, an increase in SBP was negatively associated with 

amount of time in the THRZ (β = −0.03, 95% CI: −0.058, −0.001), after adjusting for study 

time, age, gender, and study groups. The amount of time in the THRZ was not significantly 

associated with DBP. In another analysis, using linear mixed effects models, including study 

variables, yielded significant inverse associations between change in SBP and income (p 
= .001) and years of education (p = .003: Table 4). This data suggest that increases in SBP 

were associated with fewer years of education and lower income. Change in DBP was 

negatively associated with diet adherence (p = .002). BMI was positively associated with 

change in SBP and DBP; one unit increase in BMI was associated with 0.47 mmHg (p 
< .001) and 0.15 mmHg (p < .05) increase in SBP and DBP, respectively.

Discussion

The primary purpose of this study was to investigate the effect of exercise time spent in the 

THRZ on change in BP among older adults 1 year following a CRP. Findings of this 

secondary analysis study indicate that time in the THRZ is negatively associated with SBP, 

interpreted as the less time spent in the THRZ, the higher the BP; and that changes in DBP 

were not associated with time in the THRZ, but were positively associated with BMI.

In the present study, on average, participants exercised 114 hours over a 1-year period and 

spent an average of 3 hours per month in the THRZ in contrast to current recommendations 

(150 hour/year or 10 hours/month; AHA, 2018). These results are not surprising and could 

be partly explained by the downward trend observed in exercise behaviors of clinical and 

healthy populations (Moore et al., 2006). In one study, Glazer et al. (2013) investigated the 

relationship between moderate to vigorous physical activity (measured in bouts of ≥10 and 

<10 minutes) on CVD risk factors in community dwellers. Regardless of short vs. long bouts 

of physical activity, this study suggest that the accumulated total exercise improved blood 

lipids, BMI, waist circumference, and Framingham risk score (p < .001; Glazer et al., 2013).

Our study found that less time in the THRZ in this study influenced an increase in SBP by 

approximately 5 mmHg, 1 year following a CRP. This finding is important because an 

increase in SBP is likely to increase mortality risk (P. K. Whelton et al., 2017; SPRINT 

Research Group et al., 2015). From a clinical perspective, epidemiological studies indicate 

that exercise associated with a decrease in BP can have a clinical and meaningful impact (P. 

K. Whelton et al., 2017). For example, a 2 mmHg reduction in SBP is likely to reduce the 

mortality associated with stroke by 6% and coronary heart disease by 4%, whereas a 

reduction of 5 mmHg is likely to reduce the risk of these diseases by 14% and 9%, 

respectively (P. K. Whelton et al., 2017; S. P. Whelton et al., 2002). The literature also 

suggests that the association of exercise and BP reduction in individuals with hypertension is 

more pronounced, and a mean reduction of 7 mmHg for SBP and 5 mmHg DBP are 

observed and clinically meaningful (P. K. Whelton et al., 2017). In the current analysis, it is 

important to note that on entry into the study, 96% of the adults were diagnosed with 
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hypertension, and 50% of the study sample had mean SBP <120 mmHg at baseline, while 

only 9% had SBP greater than 140 mmHg (SBP range 85–170 mmHg).

Moreover, in the current analysis, 84% of the sample were prescribed a beta-blocker 

antihypertensive, a medication known to reduce resting heart rate and attenuate heart rate 

response that ultimately affects exercise intensity (Tabet et al., 2006). In one study, Westhoff 

et al. (2007) found that older adults (mean age 67.8) engaged in aerobic endurance exercise 

training program, prescribed a beta-blockers heart rate was 18% lower than in the non-beta-

blocker group with patients of comparable age. Despite lower heart rates, older adults on 

beta-blockers demonstrated comparable CVD benefits and BP reduction to those individuals 

not prescribed a beta-blocker (Westhoff et al., 2007), suggesting that other factors may play 

a role in the lack of lack of BP reduction in the current study (Tabet et al., 2006). Of note, 

however, the current analysis did not formally test for differences between those prescribe 

and not prescribe a beta-blocker antihypertensive due to majority of the current sample 

prescribed a beta-blocker.

Another important consideration that may influence our study results are potential 

unmeasured cofounders such as cultural and personnel characteristics, beliefs, self-

regulations, stress, and depression, all of which could have a potential impact on the lack of 

change in exercise and BP that may not be related to the THRZ (McMahon et al., 2020; Park 

et al., 2014).

In addition, Donlasky et al. (2010) found that the adoption of exercise in cardiac patients 

were associated with muscle and joint pain, exercise self-efficacy, and abdominal girth; 

whereas, exercise maintenance was associated with fitness, comorbidities, and race. Thus, 

assisting individuals to adopt and maintain healthy behaviors remains a major challenge and 

the effectiveness of exercise programs, however, does not in itself justify their adoption. 

Importantly, evidence suggest that even after a recent life-threatening cardiac event and 

participation in 12-week CRP that individuals decrease their level of exercise, in which 

approximately 15% to 40% of these individuals are exercising 6 months later, and even 

fewer at 1-year after a CRP (Anderson et al., 2016; Li et al., 2018; Moore et al., 2006).

A strength of this study is that it is one of the first to focus on the objective measure of 

lifestyle exercises (habitual exercise incorporated into everyday activities that are small 

exercise opportunities), and the level of exercise in cardiac patients 1 year after a CRP. These 

data also demonstrate that the effects of exercise are independent of those obtained with 

other lifestyle behavior modifications (smoking, diet, weight loss). Although findings 

suggested an negative relationship of exercise on BP, we can postulate that the ongoing 

benefits of lifestyle exercise can reduce BP. Additional research, however, on lifestyle 

exercise beyond intensity is needed, and should include relevant factors such as type (i.e., 

aerobic or resistance), muscles involved, whether the exercise is performed intermittently or 

continuously, and the time of day when it is performed.

Our study also had a few limitations. First, this is a secondary analysis study, and by design, 

utilized a predetermined sample, method, and measures. Second, the sample consisted of 

predominately-White males enrolled in a CRP, which limits the generalization of study 
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results to racial and ethnic minorities who carry the heaviest burden of adverse cardiac 

events such as myocardial infarction, ischemic heart disease, and heart failure (Virani et al., 

2020; P. K. Whelton et al., 2017). In contrast, while the current participation in CRP is about 

20% to 30% (Ades et al., 2017), approximately 7% to 11% of racial-ethnic minorities use 

CRPs (Mead et al., 2016). However, African Americans, Hispanics, and Asians populations 

are 20%, 30%, and 50%, respectively, less likely to be referred to, participate in, or benefit 

from CRP (Li et al., 2018). Thus, it is unknown if minorities would have yielded similar 

findings and our results should be interpreted with those considerations. Lastly, individuals 

enrolled in this study had lower BPs at baseline and future studies should include a diverse 

group of participants with uncontrolled BP and compare their results to those who have their 

BP under control.

In summary, our study demonstrated that less time spent exercising in the THRZ influenced 

an increase in BP 1 year following a CRP in older adults. Due to suboptimal engagement in 

recommended exercise, the underlying mechanisms of lifestyle exercise effects on time 

spent in the THRZ to reduce BP warrants further study in this population.
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Table 1.

Characteristics of the sample (N = 331)

Characteristics n (%)

Age (years)

 55–64 years 133 (40.2)

 65–74 years 133 (40.2)

 75–84 years 58 (17.5)

 > 85 years 7 (2.1)

Male (sex) 240 (72.5)

Race

 White 289 (87.6)

 Non-White 41 (12.4)

Marital status

 Married 249 (75.2)

 Single 82 (24.8)

Employment

 Employed 153 (46.2)

 Unemployed (includes retirees) 178 (53.8)

Income

 <$20,000 23 (7.1)

 $20,000–$39,000 74 (23.0)

 $40,000-–$79,000 117 (36.3)

 >$80,000 108 (33.5)

Insurance

 Medicare 180 (54.5)

 Medicaid 6 (1.8)

 Private/AARP 305 (92.4)

 Out of pocket 143 (43.3)

Non-smoker 323 (97.6)

Diagnosed with hypertension 312 (95.7)

Prescribed a beta-blocker 261 (81.1)

Note: Participants had more than one type of insurance.
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Table 2.

Lifestyle exercise characteristics of the sample (N = 331)

Characteristics Mean SD Range

Exercise intensity

 Exercised in the THRZ (hours/month) 3.03 4.13 0–24.9

 Total THRZ time (hours/12 months) 38.01 53.97 0–323.73

Exercise frequency

 Number of exercised sessions/month 9.38 7.10 0–39.15

 Number of exercised sessions/12 months 118.53 93.28 0–509

Exercise duration

 Hours of exercise/month 9.06 7.77 0–42.95

 Total exercise time (hours/12 months) 114.80 100.87 0–558.33

Functional capacity, m
a 1,092.56 299.04 148.5–1,795.0

Abbreviations: THRZ, target heart rate zone.

a
Using the 6-mintue walk test.
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Table 4.

Associations between change in blood pressure and the demographic, clinical, and health behavioral 

characteristics

Outcome Variable Covariates Est. of β SE(β) 95% CI (β) P value

Systolic BP, mmHg Employment 0.407 1.605 −2.739, 3.553 0.800

HDL cholesterol, mg/dL −0.014 0.081 −0.172, 0.144 0.861

Body mass index, kg/m2 0.470 0.126 0.223, 0.718 <0.001

Functional capacity, m
a −0.001 0.003 −0.006, 0.004 0.729

Smoking
1 3.328 4.748 −5.977, 12.633 0.483

Diet adherence
b −1.506 0.902 −3.274, 0.261 0.095

Medication adherence
b 2.793 2.434 −1.978, 7.564 0.251

Education, in years −0.730 0.248 −1.216, −0.243 0.003

Income −1.580 0.489 −2.538, −0.621 0.001

Race
2 −2.300 2.237 −6.683, 2.087 0.304

Marital status −0.549 1.815 −4.107, 3.009 0.762

Diastolic BP, mmHg Employment −0.454 0.898 −2.214, 1.307 0.613

HDL cholesterol, mg/dL 0.039 0.044 −0.049, 0.126 0.386

Body mass index, kg/m2 0.145 0.072 0.004, 0.285 0.043

Functional capacity, m
a 0.0004 0.002 −0.003, 0.003 0.814

Smoking
1 0.798 2.620 −4.338, 5.933 0.761

Diet adherence
b −1.549 0.501 −2.531, −0.568 0.002

Medication adherence
a 0.289 1.342 −2.341, 2.920 0.829

Education, in years −0.055 0.140 −0.329, 0.220 0.983

Income 0.126 0.277 −0.416, 0.669 0.696

Race
2 0.929 1.251 −1.523, 3.382 0.458

Marital status 0.372 1.009 −1.606, 2.350 0.712

Note: Using mixed effects models, we controlled/adjusted for study duration (time), age, sex, and intervention group. Each covariate was fit and 
tested individually for a relationship with blood pressure. Time was modeled as a fixed and random effect. For example, when we study the 
association between Systolic BP and BMI, we have the following linear mixed model: Systolic BP = β0 + β1 BMI + β2 Time + β3 Age + β4 Sex + 

β5 Group + b0 + b1 Time + Errors, where βs are the regression coefficients of the fixed effects. The b0 and b1 represent the random intercept and 

slope of the model. We presented only the coefficient of the covariate of interest, and omitted the coefficients of controlled variables in this Table 4.

1
Reference was nonsmoker.

2
Reference was White.

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein.

a
Using the 6-mintue walk test.

b
The Health Behavior Scale (HBS) mean subscale scores for both diet and medication adherence range from 1 to 5; higher scores indicate better 

adherence.
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