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Abstract

Although mean blood pressure (BP) increases with age, there may be a subset of individuals 

whose BP does not increase with age. Characterizing the population that maintains normal BP 

could inform hypertension prevention efforts. We determined the proportion of Jackson Heart 

Study participants that maintained normal BP at 3 visits over a median of 8 years. Normal BP 

was defined as systolic BP <120 mm Hg and diastolic BP <80 mm Hg without antihypertensive 

medication. We identified lifestyle and psychosocial factors associated with maintaining normal 

BP and calculated the incidence rate for cardiovascular disease (CVD). Overall, 757 of 3,432 

participants (22.1%) had normal BP at baseline, and 262 of these participants (34.6%) maintained 

normal BP. Among participants with normal BP at baseline, normal body mass index (BMI; 

Risk Ratio [RR] 1.37; 95% confidence interval [CI]: 1.08–1.75), ideal physical activity (RR 

1.28, 95%CI: 0.99–1.65) and never smoking (RR 1.48; 95%CI: 0.99–2.20) at baseline were 

associated with maintaining normal BP. Maintaining normal BMI (RR 1.42; 95%CI: 1.10–1.84) 
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and ideal physical activity (RR 1.51; 95%CI: 1.18–1.94) at all study visits were associated with 

maintaining normal BP. The CVD incidence rate was 4.5, 6.3, and 16.4 per 1,000 person-years 

among participants who maintained normal BP, had normal BP at baseline but did not maintain 

normal BP and had elevated BP or hypertension at baseline, respectively, over 5.9 years of follow

up. These data suggest that maintaining normal BMI and ideal physical activity are potential 

approaches for African American adults to maintain normal BP.

Graphical Abstract

Keywords

blood pressure; cardiovascular health; health behaviors; psychosocial factors; cardiovascular 
disease; primordial prevention

High blood pressure (BP) is a major modifiable risk factor for cardiovascular disease (CVD) 

and mortality.1 The mean BP for the US population increases with age, with rises in BP 

occurring as early as childhood.2 Studies conducted among non-industrialized populations 

have reported relatively stable mean BP levels from 20 to 60 years of age, suggesting 

that the age-related increases in BP that occur in the US may not be an inevitable part of 

aging.3, 4 Even in the US, prior studies have reported that a subset of adults experience only 

minimal BP increases as they age.5, 6

On average, African Americans develop hypertension at younger ages and have a higher 

prevalence of hypertension compared with other racial/ethnic groups in the US.2, 7 The 

higher prevalence of hypertension among African Americans compared with whites may 

contribute to their higher risk for CVD events.8, 9 Efforts to reduce racial/ethnic BP 

disparities have predominately focused on improving BP control among adults with 

hypertension.7 Primordial prevention efforts that support maintaining normal BP across 
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the life course could prevent the development of racial/ethnic disparities in hypertension. 

Lifestyle and psychosocial factors have been associated with the risk for hypertension,10–13 

but little is known about the extent to which levels of these factors may protect against 

increases in BP over the life course, particularly among African Americans.

The objectives of this study were to determine the proportion of African Americans 

that maintain normal BP as they age, identify lifestyle and psychosocial factors that are 

associated with maintaining normal BP, and determine the rate of incident CVD among 

African Americans who maintain normal BP. To accomplish these goals, we analyzed data 

from the Jackson Heart Study (JHS).

Methods

Study population

Requests to access the data set from qualified researchers trained in human 

subject research protocols may be sent to the JHS publications committee at https://

www.jacksonheartstudy.org. The JHS is a prospective, community-based, cohort study 

designed to investigate the etiology of CVD in African Americans.14 Between 2000 and 

2004, the JHS enrolled 5,306 non-institutionalized African Americans ≥ 21 years of 

age from the Jackson, MS metropolitan area.14 Data were collected during a baseline 

examination in 2000–2004 (visit 1) and during two follow-up examinations in 2005–2008 

(visit 2) and 2009–2013 (visit 3).14 We restricted the current analysis to JHS participants 

who completed all three examinations (n = 3,568). We excluded participants who were 

missing data on BP or antihypertensive medication use at any visit (n = 136). After these 

exclusions were applied, we included 3,432 participants in the analysis for identifying the 

proportion of participants who maintained normal BP and the lifestyle and psychosocial 

factors associated with maintaining normal BP. For determining CVD incidence rates, we 

further excluded participants who had a history of CVD at baseline (n = 284), did not 

provide consent for CVD event follow-up (n = 104) or had an adjudicated CVD event 

between visits 1 and 3 (n = 251). The JHS was approved by the institutional review boards 

of all participating institutions and all participants provided written informed consent at each 

study visit.14

Lifestyle factors

Height and weight were measured by trained technicians at each visit and were used to 

calculate body mass index (BMI, kg/m2). BMI was categorized as normal (<25 kg/m2), 

overweight (25 to < 30 kg/m2) or obese (BMI ≥ 30 kg/m2).15 Physical activity was assessed 

at visits 1 and 3 using a 30-item modified Baecke questionnaire16 and categorized into ideal, 

intermediate or poor levels as defined by the American Heart Association’s (AHA) Life’s 

Simple 7 metric (Table S1).15 Diet was assessed at baseline using a 158-item food frequency 

questionnaire with a healthy diet being defined as having ≥ 2 healthy diet components, 

based on the AHA’s Life’s Simple 7 metric.15 Alcohol consumption and cigarette smoking 

were assessed by self-report at visits 1 and 3 and categorized as ‘any’ or ‘no consumption’ 

for alcohol use and ‘ever’ or ‘never’ use for smoking. Maintenance of normal BMI, ideal 
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physical activity, no alcohol consumption and never smoking was defined as having ideal 

levels of each factor at all visits at which they were assessed.

Psychosocial factors

Five psychosocial measures were included in this analysis: weekly stress, anger expression, 

daily discrimination, social support, and depressive symptoms. Weekly stress was assessed 

at baseline using the Weekly Stress Inventory (WSI).17 Total WSI scores were categorized 

into tertiles based on the distribution among eligible study participants. At baseline and visit 

3, the Spielberger Trait Anger scale with two 8-item subscales, anger-in and anger-out, was 

used to assess participants’ reactions when feeling angry and each subscale was categorized 

into tertiles.17 At baseline and visit 3, daily discrimination was assessed by responses 

to 9 statements that captured common experiences of unfair treatment on a day-to-day 

basis.17 Responses were compiled into a summary score and categorized into tertiles.18 

At basline, the Interpersonal Support Evaluation List (ISEL) was used to assess perceived 

availability of social support, which was categorized into tertiles.19 Depressive symptoms 

during the preceding week were measured using the 20-item Center for Epidemiological 

Studies Depression Scale (CES-D) at basline.17 Participants with CES-D scores ≥ 16 were 

categorized as having high depressive symptoms.20 Maintenance of ideal anger-in, anger

out, and daily discrimination were defined as having the lowest tertile of each factor at all 

visits at which they were assessed.

Blood pressure

At each study visit, trained technicians measured participants’ BP while they were seated 

after a 5-minute rest following a standardized protocol. Two BP measurements were taken 

at each visit, one minute apart, with an appropriately sized cuff on the participants’ right 

arm using a random-zero sphygmomanometer (Hawksley and Sons, Ltd, London, UK) 

at visits 1 and 2, and a semi-automatic oscillatory device (Omron HEM-907XL, Omron 

Healthcare Inc., Lake Forest, IL) at visit 3. Based on the results of a BP comparability study, 

all BP measurements taken with the random-zero sphygmomanometer were calibrated to 

the semi-automatic oscillatory device using robust regression.21 The two BP measurements 

taken at each visit were averaged. Normal BP was defined as systolic BP (SBP) < 120 mm 

Hg and diastolic BP (DBP) < 80 mm Hg without the use of antihypertensive medication. 

Elevated BP was defined as SBP between 120 and 129 mm Hg with DBP < 80 mm Hg 

without the use of antihypertensive medication. Hypertension was defined as SBP ≥ 130 mm 

Hg and/or DBP ≥80 mm Hg and/or the use of antihypertensive medication.22

Incident cardiovascular disease and all-cause mortality

Among participants without a history of CVD at baseline or an adjudicated event between 

baseline and visit 3, incident CVD was defined by the occurrence of coronary heart disease 

(CHD; non-fatal myocardial infarction or CHD death), stroke or heart failure hospitalization 

after JHS visit 3. The occurrence of CVD events was ascertained during annual telephone 

follow-up interviews with participants or proxy respondents. The interviews were conducted 

by trained staff and medical records for potential events were retrieved and adjudicated.23 

If the JHS participant was deceased, physicians, medical examiners, coroners, and next of 

kin were contacted to obtain additional details about the events surrounding the death and 

Hardy et al. Page 4

Hypertension. Author manuscript; available in PMC 2022 May 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



death certificates were reviewed to identify CVD events.23 Participants were censored on the 

date of their first CVD event after visit 3, their last contact with the study, their death, or 

December 31, 2016, the last date for which outcomes were adjudicated, whichever occurred 

first.

Statistical analysis

The percentage of participants with normal BP at baseline was calculated, with all included 

study participants used as the denominator. Among participants with normal BP at baseline, 

we calculated the percentage who maintained normal BP at all three visits and summary 

statistics for characteristics of participants who maintained and did not maintain normal 

BP over follow-up. We also calculated the proportion of participants who maintained 

normal BP by levels of each lifestyle and psychosocial factor. We calculated risk ratios 

(RR) for maintaining normal BP associated with lifestyle and psychosocial factors using 

three multivariable Poisson regression models with robust standard error estimates. Model 

1 included adjustment for age, sex and family income (<$25,000/year, ≥$25,000/year) at 

baseline. Model 2 included adjustment for the variables in model 1 and diet, physical 

activity, BMI, alcohol consumption and smoking at baseline. Model 3 included adjustment 

for the variables in model 2 and weekly stress, anger in, anger out, depressive symptoms, 

social support, and everyday discrimination at baseline. As BMI, physical activity, alcohol 

consumption, smoking, anger-in, anger-out, and discrimination were re-assessed at visits 2 

and/or 3, we estimated the proportion of participants who maintained ideal levels of each 

of these factors across all visits at which they were assessed. We estimated the association 

between maintenance of ideal levels of each characteristic and maintenance of normal BP 

using Poisson regression models as described above. We conducted a sensitivity analysis 

where the outcome of maintaining normal BP was defined as having the same or lower 

SBP and DBP at visits 2 and 3 compared to baseline. We estimated the association between 

lifestyle and psychosocial characteristics and maintaining normal BP with no increases in 

SBP and DBP using Poisson regression models as described above.

After excluding participants with a history of CVD at baseline and those who had an 

adjudicated CVD event between baseline and visit 3, we calculated the crude incidence 

rates (IR) for the composite outcome of CVD, its individual components (CHD, stroke and 

heart failure) and all-cause mortality among participants who maintained normal BP. For 

comparison, we calculated the IR for CVD and all-cause mortality among participants who 

did not maintain normal BP across the three visits and among those with elevated BP or 

hypertension at baseline. Statistical significance was defined by a 2-sided P-value <0.05.

The number and percentage of participants with missing data for each variable are reported 

in Table S2. Missing data were accounted for by using multiple imputation with chained 

equations and 10 imputations.24 The fully conditional specifications regression algorithms 

were used for imputing continuous variables and logistic and discriminant algorithms 

were used for binary and categorical variables, respectively. All statistical analyses were 

performed with SAS 9.4 software (SAS Institute, Cary, NC).
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Results

Among 3,432 JHS participants with BP and antihypertensive medication data at all 3 study 

visits, 757 (22.1%) participants had normal BP at baseline (Figure 1). Over a median of 

8.0 years (25th–75th percentile: 7.3–8.2) of follow up, 262 of the 757 participants (34.6%) 

maintained normal BP at both follow-up examinations. Among participants with normal BP 

at baseline, those who maintained normal BP over follow up were younger, less likely to 

have an income < $25,000 at visit 3 and had a lower SBP at baseline compared to those who 

did not maintain normal BP (Table 1, Table S3). A larger proportion of participants who had 

normal BMI and ideal level of physical activity at baseline (43.3% and 40.9%, respectively) 

maintained normal BP compared to those with intermediate (32.7% and 34.8%, respectively) 

and poor (31.8% and 30.4%, respectively) levels (Table S4).

Lifestyle and psychosocial factors associated with maintaining normal BP

After adjustment for sociodemographic, lifestyle, and psychosocial factors (Model 3), 

normal BMI (RR 1.39; 95% CI: 1.09–1.76), ideal physical activity levels (RR 1.25; 95% CI: 

0.97–1.60) and never smoking (RR 1.48; 95% CI: 0.99 – 2.20) at baseline were associated 

with maintaining normal BP over follow-up (Table 2). There was no evidence of an 

association between healthy diet, no alcohol consumption, and ideal levels of psychosocial 

factors at baseline and maintaining normal BP.

Among participants who did and did not maintain normal BP over follow-up, 13.4% 

and 7.6% had normal BMI at baseline and maintained normal BMI over follow-up, 

respectively, and 16.0% and 8.9% had ideal physical activity at baseline and maintained 

ideal physical activity over follow-up, respectively (Table 3). Maintaining normal BMI (RR 

1.46; 95% CI: 1.13–1.88) and ideal physical activity (RR 1.45; 95% CI: 1.14–1.85) were 

associated with maintaining normal BP after adjustment for sociodemographic, lifestyle and 

psychosocial factors at baseline (Table 4). There was no evidence of an association between 

maintaining no alcohol consumption, no smoking and ideal levels of psychosocial factors 

with maintaining normal BP.

Maintaining normal BP without an increase in SBP and DBP

Among participants with normal BP at baseline, 51 of the 757 participants (6.7%) did not 

have an increase in SBP or DBP during follow-up. After adjustment for sociodemographic, 

lifestyle, and psychosocial factors, ideal physical activity at baseline was associated with 

maintaining normal BP without an increase in SBP or DBP (RR 2.27; 95% CI: 1.12–4.60; 

Table S5). Maintaining ideal physical activity was also associated with maintaining normal 

BP without an increase in SBP or DBP (Table S6).

Risk for incident cardiovascular disease and crude all-cause mortality rates

Among 2,793 participants without a history of CVD at visit 3 there were 212 incident CVD 

events over a median of 5.9 years of follow‐up (Figure 2; Table S7). The IR for CVD was 

4.5 (95% CI: 2.0–10.0), 6.3 (95% CI: 3.9–10.3) and 16.4 (95% CI: 14.2–18.9) per 1,000 

person-years among participants who maintained normal BP, had normal BP at baseline but 

did not maintain normal BP and had elevated BP or hypertension at baseline, respectively. 
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The all-cause mortality rate was lower among participants who maintained normal BP or 

had normal BP at baseline but did not maintain normal BP over follow-up compared to those 

with elevated BP or hypertension at baseline.

Discussion

In this prospective, community-based, cohort study, 34.6% of African American adults 

with normal BP at baseline maintained normal BP over 8 years of follow-up. Ideal levels 

of physical activity and BMI at baseline were associated with maintaining normal BP. 

However, only 43.3% and 40.9% of those with normal BMI and ideal physical activity at 

baseline maintained normal BP, respectively. Participants who maintained versus did not 

maintain ideal levels of BMI and physical activity over follow-up were more likely to 

maintain normal BP. Incident CVD and all-cause mortality were lower among participants 

who maintained normal BP over follow-up compared to those with elevated BP or 

hypertension at baseline.

Evidence from observational studies consistently shows that few US adults, particularly 

African Americans, reach older age without developing elevated BP or hypertension.25–28 

African Americans are often viewed homogeneously as having the highest prevalence of 

hypertension in the world.26, 29 However, over one-third of African American participants in 

the current study who had normal BP at baseline maintained it over 8 years of follow-up. A 

prior study showed that adults with normal BP and total cholesterol <180 mg per deciliter 

who reported not smoking and not having diabetes at the age of 55 years were unlikely to 

develop CVD over their lifetime.30 With evidence suggesting that the majority of African 

Americans with normal BP at 25 years of age develop hypertension before 50 years of age,28 

the biggest gains in prevention may result from maintaining normal BP from childhood and 

young adulthood through middle age. While maintaining normal BP is important, recent 

results from the Multi-Ethnic Study of Atherosclerosis (MESA) suggest that even within the 

normal range, lower SBP is associated with lower risk for CVD.31 These data emphasize the 

need to develop public health programs aimed at the prevention of increases in BP across the 

life course.

The increase in BP with age is often considered a consequence of structural changes in 

the cardiovascular system, including arterial stiffening and atherosclerosis.32, 33 On average, 

SBP increases by 7 to 15 mm Hg per decade of life after 40 years of age in industrialized 

societies.34–36 In the present study of African American adults with a mean age of 46 years 

at baseline, 6.7% of those with normal BP at baseline had no increase in BP over 8 years of 

follow-up. These results support a growing body of evidence that increases in BP with age 

in mid- to late- life are not uniform, but rather are heterogeneous and potentially avoidable, 

even among high-risk populations.5, 6, 35 Further research is needed to determine age periods 

over the life course when lifestyle and psychosocial factors exhibit the most influence on 

age-related increases in BP.

Despite the focus on cardiovascular health in the AHA’s 2020 goals, only a modest 

increase in the proportion of US adults with normal BP occurred over the past decade.29 

Understanding the lifestyle and psychosocial factors that are associated with maintaining 
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normal BP is of clinical and public health importance for informing strategies to maintain 

CVD health.37, 38 In the current study, normal BMI and ideal physical activity at 

baseline were associated with maintaining normal BP over follow-up. Associations between 

maintenance of normal BP, normal BMI and ideal physical activity over the life course 

reinforce the benefits of lifelong adoption of lifestyles that promote cardiovascular health. 

An abundance of evidence indicates that nonpharmacologic lifestyle interventions such 

as weight loss and increases in regular physical activity are effective in lowering BP in 

those with hypertension.22, 39 There is less evidence on strategies to motivate and support 

continuous use of positive lifestyle behaviors over time.40, 41 Identifying and addressing 

barriers to achieving and maintaining optimal levels of health behaviors is particularly 

pertinent for maintaining normal BP, given reports of persistent adverse levels of BMI and 

physical activity throughout the life course among those with and at increased risk for 

hypertension.42

Although the results of this study emphasize the importance of normal weight and 

ideal physical activity for maintaining normal BP, a large proportion of participants who 

maintained normal BP over follow-up had intermediate or poor levels of physical activity or 

BMI at baseline. Decades of research has documented that hypertension is a multifactorial 

condition involving interactions between sociodemographic, lifestyle, psychosocial, genetic 

and environmental factors.43, 44 Maintaining normal BP is presumably also multifactorial 

with ideal levels of a single component being insufficient for maintaining normal BP across 

the life course. In addition to the strong associations between ideal physical activity and 

normal BMI with maintaining normal BP, future studies should consider combinations of 

lifestyle, psychosocial and sociodemographic factors that support maintaining normal BP 

across longer periods of follow-up.

The large, well-characterized sample of African Americans in the JHS allowed us to 

evaluate the effects of several lifestyle and psychosocial factors on maintaining normal 

BP through mid- to late- life. Despite its strengths, the results of the current study should 

be considered in the context of potential and known limitations. African Americans in the 

JHS were recruited from a single metropolitan area, which may limit the generalizability 

of results. The mean age of participants with normal BP at baseline was 46 years and 

the median follow-up period was only 8 years. Future studies are needed to determine 

the factors associated with maintaining normal BP from young adulthood through middle 

age, over longer time periods and among other racial/ethnic groups. The evaluation of the 

association between psychosocial factors and maintaining normal BP has been limited by 

the absence of established cut points for most of the psychosocial measures. Ascertainment 

of CVD events for this analysis was restricted to a follow-up period of 5 years. Longer 

follow-up and a larger sample size would have allowed us to determine the effect of 

maintaining normal BP on the risk of CVD events with more precision.

Perspectives

Approximately one-third of African American adults in the current study maintained normal 

BP over a median of 8 years of follow up. Ideal levels of BMI and physical activity 

at baseline and the maintenance of these factors across study visits were associated with 
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maintaining normal BP through mid- to late- life. However, a large proportion of participants 

who maintained normal BP over follow-up had intermediate or poor levels of physical 

activity or BMI at baseline. Participants who maintained normal BP had a low risk of 

developing CVD. These findings suggest that primordial prevention efforts should begin 

early in the life course and focus on achieving and preserving ideal levels of physical activity 

and BMI to protect against BP increases with age and reduce CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What Is New?

Mean blood pressure (BP) usually increases with age. Characterizing the population that 

maintains normal BP across the life course could inform hypertension prevention efforts.

What Is Relevant?

Among participants with normal BP at baseline, 34.6% maintained normal BP over a 

median of 8 years of follow-up. Ideal levels of body mass index (BMI) and physical 

activity were associated with maintaining normal BP. Participants who maintained 

normal BP had a low risk of developing CVD.

Summary

These data suggest that maintaining normal BMI and ideal physical activity are potential 

approaches for maintaining normal BP.
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Figure 1: 
Flow chart depicting the number of Jackson Heart Study participants included in the analysis 

and the number of participants who maintained normal blood pressure over follow-up

Abbreviations: BP - blood pressure
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Figure 2: 
Cardiovascular disease incidence rates by blood pressure status

● Maintained normal BP

■ Normal BP at baseline, did not maintain over follow-up

▲ Elevated BP or hypertension at baseline

BP, blood pressure; CI, confidence interval; CVD, cardiovascular disease; CHD, coronary 

heart disease

*Incidence rate per 1,000 person-years; Follow-up for CVD events began upon completion 

of JHS visit 3. Median follow-up in years (25th – 75th percentiles) = 5.9 (5.1–6.8)
†CVD incidence rate is higher than the rate among the maintaining normal BP category at p 

< 0.05.

P-values comparing those with normal blood pressure at baseline that did not maintain 

normal blood pressure over follow-up versus those who maintained normal blood pressure 

were p=0.469 for cardiovascular disease, p=0.511 for coronary heart disease, p=0.507 for 

stroke, p=0.927 for heart failure and p=0.509 for all-cause mortality.

P-values comparing those with elevated blood pressure or hypertension at baseline versus 

those who maintained normal blood pressure were p=0.002 for cardiovascular disease, 

p=0.053 for coronary heart disease, p=0.076 for stroke, p=0.032 for heart failure and 

p=0.003 for all-cause mortality.
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P-values comparing those with normal blood pressure at baseline that did not maintain 

normal blood pressure over follow-up versus those with elevated blood pressure or 

hypertension at baseline were p<0.001 for cardiovascular disease, p=0.019 for coronary 

heart disease, p=0.043 for stroke, p=0.003 for heart failure and p<0.001 for all-cause 

mortality.
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Table 1:

Characteristics of participants with normal blood pressure at baseline, overall, and among those who 

maintained and did not maintain normal blood pressure during follow-up.

Maintained normal blood pressure

Characteristics
Overall

(N = 757)
Yes

(N = 262)
No

(N = 495)

Socio-demographic characteristics

Age at visit 1, years 46.4 (11.1) 43.8 (10.9) 47.7 (11.1)

Age at visit 2, years 51.1 (11.1) 48.5 (10.8) 52.4 (11.0)

Age at visit 3, years 54.4 (11.1) 51.8 (10.9) 55.8 (11.0)

Male 33.4 33.2 33.5

Income less than $25,000 at visit 1 25.0 26.5 24.2

Income less than $25,000 at visit 3 23.9 19.1 26.5

Systolic blood pressure, mm Hg

  Visit 1 110.1 (6.6) 107.4 (7.0) 111.5 (5.9)

  Visit 2 116.8 (12.5) 107.7 (7.2) 121.5 (12.1)

  Visit 3 118.6 (13.9) 108.2 (7.1) 124.1 (13.5)

Diastolic blood pressure, mm Hg

  Visit 1 70.2 (5.8) 68.9 (5.5) 70.9 (5.9)

  Visit 2 71.8 (8.5) 67.2 (6.0) 74.2 (8.6)

  Visit 3 73.7 (9.6) 68.3 (6.0) 76.6 (9.9)

Lifestyle factors

Body mass index at visit 1

  Obese 41.2 37.8 43.0

  Overweight 37.5 35.5 38.6

  Normal 21.3 26.7 18.4

Body mass index at visit 2

  Obese 47.0 44.7 48.2

  Overweight 37.7 34.4 39.5

  Normal 15.3 21.0 12.3

Body mass index at visit 3

  Obese 50.0 45.4 52.4

  Overweight 34.6 35.5 34.1

  Normal 15.4 19.1 13.5

Physical activity at visit 1

  Poor 38.3 33.7 40.8

  Intermediate 37.3 37.6 37.2

  Ideal 24.3 28.7 22.0

Physical activity at visit 3

  Poor 35.9 33.5 37.1

Hypertension. Author manuscript; available in PMC 2022 May 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hardy et al. Page 18

Maintained normal blood pressure

Characteristics
Overall

(N = 757)
Yes

(N = 262)
No

(N = 495)

  Intermediate 35.8 36.1 35.7

  Ideal 28.3 30.3 27.2

Healthy diet at visit 1 38.9 36.1 40.3

No alcohol consumption at visit 1 44.7 44.0 45.2

No alcohol consumption at visit 3 44.3 42.7 45.1

Never smoker at visit 1 87.6 85.6 91.3

Never smoker at visit 3 89.6 88.6 91.5

Psychosocial factors

Weekly stress at visit 1

  High 33.3 32.1 34.0

  Moderate 33.3 35.9 32.0

  Low 33.3 32.0 34.0

Anger in at visit 1

  High 29.8 28.5 30.5

  Moderate 34.3 36.7 33.0

  Low 35.9 34.8 36.5

Anger out at visit 1

  High 33.3 30.2 35.0

  Moderate 29.9 30.4 29.7

  Low 36.8 39.4 35.3

Anger in at visit 3

  High 31.7 30.6 32.3

  Moderate 35.5 37.0 34.8

  Low 32.7 32.4 32.9

Anger out at visit 3

  High 37.5 38.3 37.0

  Moderate 27.4 31.0 25.5

  Low 35.2 30.7 37.5

Daily discrimination score at visit 1

  High 32.9 31.8 33.5

  Moderate 34.7 37.5 33.3

  Low 32.4 30.7 33.3

Daily discrimination score at visit 3

  High 32.7 31.5 33.3

  Moderate 33.4 34.3 32.9

  Low 34.0 34.2 33.8

Social support: score at visit 1

  Low 33.3 34.3 32.8
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Maintained normal blood pressure

Characteristics
Overall

(N = 757)
Yes

(N = 262)
No

(N = 495)

  Moderate 31.5 33.3 30.6

  High 35.1 32.4 36.6

Depression score <16 at visit 1 78.4 78.5 78.4

Table values are mean (standard deviation) for continuous variables and percent for categorical variables.
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Table 2:

Association of baseline lifestyle and psychosocial risk factors with maintaining normal blood pressure.

Maintained normal blood pressure Risk ratios (95% confidence intervals)

Variables at baseline Model 1 Model 2 Model 3

Lifestyle factors

Body mass index

  Obese 1 (ref) 1 (ref) 1 (ref)

  Overweight 1.11 (0.88–1.41) 1.11 (0.88–1.41) 1.15 (0.91–1.47)

  Normal 1.35 (1.06–1.72) 1.36 (1.07–1.73) 1.39 (1.09–1.76)

Physical activity

  Poor 1 (ref) 1 (ref) 1 (ref)

  Intermediate 1.12 (0.88–1.41) 1.10 (0.88–1.39) 1.09 (0.86–1.37)

  Ideal 1.27 (0.99–1.63) 1.25 (0.97–1.60) 1.25 (0.97–1.60)

Diet

  Poor diet 1 (ref) 1 (ref) 1 (ref)

  Healthy diet 0.97 (0.79–1.20) 0.97 (0.78–1.20) 0.94 (0.76–1.17)

Alcohol consumption

  Any 1 (ref) 1 (ref) 1 (ref)

  None 1.05 (0.86–1.29) 1.02 (0.83–1.26) 1.02 (0.82–1.27)

Smoking

  Ever 1 (ref) 1 (ref) 1 (ref)

  Never 1.51 (1.03–2.22) 1.51 (1.02–2.24) 1.48 (0.99–2.20)

Psychosocial factors

Weekly stress

  High 1 (ref) 1 (ref) 1 (ref)

  Moderate 1.21 (0.85–1.73) 1.28 (0.95–1.73) 1.29 (0.95–1.75)

  Low 1.16 (0.74–1.81) 1.21 (0.87–1.69) 1.21 (0.84–1.73)

Anger in

  High 1 (ref) 1 (ref) 1 (ref)

  Moderate 1.18 (0.89–1.55) 1.21 (0.85–1.71) 1.18 (0.82–1.71)

  Low 1.10 (0.81–1.49) 1.12 (0.81–1.56) 1.06 (0.71–1.58)

Anger out

  High 1 (ref) 1 (ref) 1 (ref)

  Moderate 1.16 (0.87–1.55) 1.12 (0.80–1.56) 1.09 (0.77–1.54)

  Low 1.27 (0.97–1.67) 1.18 (0.81–1.72) 1.16 (0.77–1.75)

Daily discrimination

  High 1 (ref) 1 (ref) 1 (ref)

  Moderate 1.15 (0.91–1.45) 1.13 (0.89–1.42) 1.06 (0.83–1.36)

  Low 1.02 (0.79–1.31) 1.01 (0.78–1.30) 0.94 (0.71–1.24)

Social support

Hypertension. Author manuscript; available in PMC 2022 May 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hardy et al. Page 21

Maintained normal blood pressure Risk ratios (95% confidence intervals)

Variables at baseline Model 1 Model 2 Model 3

  Low 1 (ref) 1 (ref) 1 (ref)

  Moderate 1.02 (0.80–1.31) 1.05 (0.82–1.36) 1.04 (0.80–1.35)

  High 0.87 (0.68–1.12) 0.91 (0.70–1.20) 0.90 (0.66–1.22)

Depression

   High 1 (ref) 1 (ref) 1 (ref)

  Low 1.08 (0.84–1.39) 1.01 (0.72–1.41) 0.88 (0.60–1.29)

Model 1 adjusted for age, sex, and income less than $25,000 at visit 1.

Model 2 adjusted for variables in model 1 and body mass index, physical activity, diet and alcohol consumption at visit 1.

Model 3 adjusted for variables in model 2 and weekly stress, anger in, anger out, daily discrimination, social support, and depression at visit 1.
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Table 3:

Proportion of participants who maintained ideal levels of lifestyle and psychosocial factors among those who 

maintained and did not maintain normal blood pressure

Maintained normal blood pressure

Maintenance of factors
Yes

(N = 262)
No

(N = 495)

Lifestyle factors

Normal body mass index 13.4 7.6

Ideal physical activity 16.0 8.9

Ideal/no alcohol consumption 33.9 36.2

Ideal/never smoking 84.7 88.5

Psychosocial factors

Low anger-in 16.1 15.9

Low anger-out 17.4 18.0

Low daily discrimination 19.1 19.0

Table values are column percent.
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Table 4:

Association between maintaining ideal levels of lifestyle and psychosocial risk factors and maintaining normal 

blood pressure.

Risk ratios (95% Confidence intervals)

Maintenance of factors* Model 1 Model 2 Model 3

Lifestyle factors

Body mass index

 Did not maintain normal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained normal levels 1.43 (1.10–1.86) 1.48 (1.15–1.90) 1.46 (1.13–1.88)

Physical activity

 Did not maintain ideal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained ideal levels 1.43 (1.12–1.83) 1.43 (1.11–1.83) 1.45 (1.14–1.85)

Alcohol consumption

 Did not maintain ideal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained ideal levels 1.06 (0.85–1.31) 1.01 (0.82–1.25) 1.02 (0.81–1.28)

Smoking

 Did not maintain ideal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained ideal levels 1.28 (0.92–1.78) 1.26 (0.90–1.78) 1.23 (0.87–1.73)

Psychosocial factors

Anger in

 Did not maintain ideal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained ideal levels 1.15 (0.89–1.50) 1.13 (0.87–1.47) 1.09 (0.82–1.45)

Anger out

 Did not maintain ideal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained ideal levels 1.06 (0.78–1.43) 1.03 (0.76–1.40) 1.01 (0.74–1.38)

Daily discrimination

 Did not maintain ideal levels 1 (ref) 1 (ref) 1 (ref)

 Maintained ideal levels 0.97 (0.75–1.24) 1.01 (0.79–1.29) 1.06 (0.82–1.38)

*
This analysis was limited to lifestyle and psychosocial factors that were assessed at more than 1 study visit.

Model 1 adjusted for age, sex and income less than $25,000 at visit 1.

Model 2 adjusted for variables in model 1 and body mass index, physical activity, diet and alcohol consumption at visit 1.

Model 3 adjusted for variables in model 2 and weekly stress, anger in, anger out, daily discrimination, social support, and depression at visit 1.
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