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Abstract

The authors used 2009 Behavioral Risk Factor Surveillance System data to assess the prevalence 

of taking actions to control hypertension among adults with self-reported hyper-tension. 

Differences by descriptive characteristics (sex, age, race/ethnicity, access to health care, 

medication adherence), presence of other health risk factors (overweight/obesity, smoking, heavy 

drinking, inadequate fruit/vegetable intake, and physical inactivity), and comorbidities (diabetes, 

high cholesterol, coronary heart disease, and stroke) were compared. The prevalence of 

hypertension was 29.6%, and 75.0% of these patients reported taking antihypertensive 

medications, 73.1% changed eating habits, 72.8% decreased the use of salt, 78.8% reduced alcohol 

consumption, and 69.9% increased their physical activity. Overall, 87.2% reported taking two or 

more actions to reduce blood pressure. Patients taking antihypertensive medications were more 

likely to take two or more actions than their counterparts (90.6% vs 79.4%, P<.01). Those with at 

least one other health risk factor were 1.85 times as likely to take two or more actions as their 

counterparts (95% confidence interval, 1.18–2.92 times). More than 80% of hypertensive adults 

reported taking two or more actions to control blood pressure. The prevalence of taking actions 

differed significantly by descriptive characteristics, the presence health risk factors, and 

comorbidities. J Clin Hypertens (Greenwich). 2015;17:172–182. Published 2015. This article is a 

U.S. Government work and is in the public domain in the USA.

In the United States during 2011–2012, 29.1% of adults had hypertension,1 and the 

estimated direct and indirect costs for hypertension in 2011 were more than $46.4 billion.2 

Among adults with hypertension in 2009, about 17% were not aware that they were 

hypertensive.1 Among adults with diagnosed hypertension, nearly 24% were not taking 

medication to lower their blood pressure (BP).1 Awareness and treatment of hypertension 
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did not change from 2009–2010 to 2011–2012, and only half of adults with hypertension 

had their BP under control during both survey periods.1–6

Treatment guidelines recommend lifestyle modifications to lower BP as the initial step for 

adults with a consistent elevated BP between ≥140/90 mm Hg and <160/100 mm Hg, and if 

goal BP is not reached then antihypertensive medication is added.7 Patients with a BP 

≥160/100 mm Hg, or with compelling indications, are to be initially treated with 

antihypertensive medication and lifestyle modifications.7 There are recommendations for 

effective BP management specifically for elderly (60 years and older), African Americans, 

and those with diabetes or chronic kidney disease.8–10 Several reports have documented that 

many adults initiate lifestyle modifications (eg, changing eating habits, reducing sodium 

intake, reducing alcohol consumption, and increasing physical activity) to treat hypertension.
11–15 These actions target health risk factors such as heavy alcohol consumption, eating five 

or more servings of fruits and vegetables per day, smoking, being overweight or obese, or 

being physically inactive.16,17

Several reports on taking action to control hypertension have used the Behavioral Risk 

Factor Surveillance System (BRFSS) for state-level estimates.18,19 The first was based on 

2005 BRFSS data from 20 states19 and the second was from 2007 BRFSS data from all 50 

states and the District of Columbia.20 Healthy People 2020 highlights the importance of 

lifestyle modifications in the treatment and control of hypertension and includes several 

developmental objectives (heart disease and stroke 10.1–5) to increase the proportion of 

adults with hypertension who meet the recommended guidelines (10.1, body mass index 

[BMI]; 10.2, saturated fat consumption; 10.3, sodium intake; 10.4, physical activity; 10.5, 

alcohol consumption).21–23 We used the most recent BRFSS data available (2009) to assess 

self-reported actions to control hypertension in 18 states and the District of Columbia. We 

report the overall and state-specific prevalence of taking specific actions to control BP 

(change eating habits, reduce sodium intake, reduce alcohol consumption, and increase 

physical activity) and provide estimates on the proportion of people with hypertension who 

take antihypertensive medications.

METHODS

The BRFSS is an ongoing, state-based, random-digit–dialed telephone survey of 

noninstitutionalized adults aged 18 years and older. The survey has been conducted since 

1984 by US state and territorial health departments with assistance from the Centers for 

Disease Control and Prevention (CDC). The standard BRFSS questionnaire has three parts: 

(1) core questions, (2) optional modules on selected topics, and (3) state-added questions. 

All states use the core questions but can choose whether to include the optional modules and 

state-added questions. In 2009, the “Actions to Control High Blood Pressure” module was 

included in 18 states and the District of Columbia. Details on BRFSS methodology are 

published elsewhere (http://www.cdc.gov/BRFSS/).16,24–26 In 2009, the median survey 

response rate was 57.2% (range, 39.9%–65.9%).

Participants were classified as having awareness of high BP if they answered yes to the core 

question, “Have you been told by a doctor or other health professional that you have high BP 
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(not including hypertension during pregnancy)?” Only those who responded yes were asked 

questions from the “Actions to Control High Blood Pressure” module. In this module, if 

participants answered yes to the question, “Were you told on two or more different visits to a 

doctor or other health professional that you had hypertension?,” they were classified as 

having self-reported hypertension. The module also asked the following four questions about 

specific actions the participants were currently taking to lower their blood pressure: “Are 

you changing your eating habits to help lower or control your high blood pressure?,” “Are 

you cutting down on salt to help lower or control your high blood pressure?,” “Are you 

reducing alcohol use to help lower or control your high blood pressure?,” and “Are you 

exercising to help lower or control your high blood pressure?” Finally, participants were 

asked about taking antihypertensive medications: “Are you currently taking medicine for 

your high blood pressure?”

Descriptive characteristics analyzed were sex, age (18–44, 45–64, 65 years or older), race/

ethnicity (non-Hispanic white, non-Hispanic black, non-Hispanic other, Hispanic), education 

(less than high school, high school graduate, some college, college graduate or more), 

household income (<$25,000, $25,000–$49,999, ≥$50,000), employment (employed, 

unemployed, retired), health insurance (yes, no), primary care provider (yes, no), and 

medication adherence (taking or not taking antihypertensive drugs). Health risk factors 

included BMI calculated from self-reported weight and height (in kg/m2) and categorized 

into three groups:27,28 underweight and normal weight (<25.0), overweight (25.0–29.9), and 

obese (>30); fruit/vegetable intake (<5 or ≥5 servings per day), heavy alcohol consumption 

(>1 drink per day for women and >2 drinks per day for men); physical activity (inactive, <10 

min/wk; insufficient, 10–149 min/wk; active, ≥150 min/wk of moderate-intensity equivalent 

physical activity);29 and smoking status (current, former, none). Diabetes, high blood 

cholesterol, coronary heart disease, and stroke were ascertained by self-report.

Data analysis

Data were age-standardized to the 2000 US standard population (when applicable). Among 

those with self-reported hypertension, differences in taking actions to lower or control BP by 

demographic characteristics, health risk factors, comorbidities, health care access, and 

medication compliance using chi-square tests were assessed.

We categorized hypertensive adults as taking none or one or two or more actions and 

assessed differences by demographic characteristics, presence of other health risk factors, 

presence of comorbidities, healthcare access, and medication compliance using chi-square 

tests. We calculated state-specific prevalence of taking two or more actions to lower or 

control BP and determined quartile ranks to allow for geographic distribution.

Using multiple logistic regression models, we estimated the odds ratios and adjusted odds 

ratios (AORs) of taking two or more actions to control hypertension compared with taking 

no or one action. Stepwise regression was used with the a priori elimination of variables 

with a significance of P<.20. Model 1 was unadjusted and compared those with no health 

risk factors with those with one or more health risk factors. Model 2 adjusted for age, sex, 

race/ethnicity, education, health insurance, and primary care physician. Model 3 adjusted for 
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all variables in model 2 and also for taking antihypertensive medications and having 

diabetes.

We calculated the prevalence of taking two or more actions to lower BP for each of the 18 

states and the District of Columbia that participated in the CDC-funded Heart Disease and 

Stroke Prevention (HDSP) state programs. We identified each state program’s participation 

as capacity building (CB) and basic intervention (BI) and the year they first received funding 

and the status of the program in 2009. Additional details about HDSP state programs can be 

found at http://www.cdc.gov/dhdsp/programs/nhdsp_program/index.htm. We categorized the 

prevalence of taking two or more actions into quartiles and ranked them from lowest 

prevalence to highest within the quartiles. We examined for differences in CP and BI by 

quartiles of action prevalence.

All analyses used sampling weights to account for the complex sampling design and were 

performed using SAS-Callable SUDAAN (Research Triangle Institute, Research Triangle 

Park, NC).30 All statistical tests were two-tailed, and significance was defined as P<.05. Any 

estimate with a standard error >30% was considered to be unreliable.

RESULTS

During 2009, a total of 52,068 of 126,718 (41.2%, ±0.2%) BRFSS respondents reported 

high BP and 39,469 (22.0% ±0.2) were classified as having self-reported hypertension (ie, 

told on two or more occasions). Among adults with hypertension, 75.0% were currently 

taking antihypertensive medications (Table I) and 98.5% stated that they were taking one or 

more lifestyle action to control their BP: 73.1% changed eating habits, 72.8% reduced 

sodium intake, 78.8% reduced alcohol consumption, and 69.9% increased physical activity.

A significantly smaller proportion of older adults (65 years and older) with hypertension 

reported changed eating habits compared with those aged 18 to 44 years and those 45 to 64 

years. However, a greater proportion of those aged 65 years and older reported reducing 

sodium intake (73.6%) compared with all other age groups (P<.05). Women reported 

changing eating habits, reducing sodium intake, and reducing alcohol consumption more 

than men but increasing their physical activity less than men. Compared with other race/

ethnic groups, non-Hispanic blacks had higher proportions reporting changing eating habits, 

reducing their sodium intake, reducing alcohol consumption, and increasing their physical 

activity levels than non-Hispanic whites and Hispanics (P<.05).

In general, significantly smaller proportions of adults with hypertension who reported 

selected health risk factors (smoking, being overweight or obese, consuming five or fewer 

fruit or vegetable servings per day, heavy drinking, or low physical activity levels) took 

actions to control BP compared with adults without the same risk factors (Table I).

Overall, 87.2% of adults with hypertension reported taking two or more lifestyle actions to 

control BP (Table II). A significantly larger proportion of those aged 45 to 65 years (89.8%) 

took two or more lifestyle actions compared with those aged 18 to 44 years (85.8%) and 

those 65 years and older (87.0%). Significantly more women (89.5%) than men (85.2%) 

reported taking two or more actions, as did non-Hispanic blacks (92.7%) compared with 
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non-Hispanic whites (85.8%). A significantly higher proportion of retired adults (94.1%) 

reported taking two or more actions compared with unemployed (88.6%) or employed 

(85.3%) adults. A higher proportion of adults who reported taking antihypertensives (90.6%) 

took two or more actions compared with those not taking antihypertensives (79.4%).

Overall, 88% of hypertensive adults with one or more additional health risk factor took two 

or more actions. Significantly lower proportions of hypertensive adults with the additional 

health risk factors of consuming five or fewer servings of fruits and vegetables per day, 

consuming heavy alcohol, and being inactive reported taking two or more actions compared 

with respondents without these risk factors. A significantly higher proportion of 

hypertensive adults with diabetes reported taking two or more actions than those without 

diabetes.

Among hypertensive adults, the odds of taking two or more actions were 1.35 times higher 

for women than men (Figure). Non-Hispanic blacks and Hispanics were 2.35 and 2.23 times 

as likely to report taking two or more actions than non-Hispanic whites, respectively. Those 

with less than a high school education and high school education were 1.58 and 1.38 times 

as likely as college graduates to report taking two or more actions, respectively. Those taking 

antihypertensive medications were 1.83 times as likely to take two or more actions as those 

not taking antihypertensives. Adults who were overweight and obese were 1.31 and 1.22 

times as likely to report taking two or more actions as those classified as under and normal 

weight, respectively. Adults who consumed five or fewer servings of fruits and vegetables 

per day were 1.61 as likely to report taking two or more actions as those who consumed 

fewer than five per day. Adults who were not heavy drinkers were 0.47 times as likely to 

report taking two or more actions as those classified as heavy drinkers. Insufficiently active 

adults were 2.14 times and active adults were 2.95 times as likely to report taking two or 

more actions as inactive adults. Finally, those with diabetes were 1.44 times and those with 

coronary heart disease were 1.83 times as likely to report taking two or more actions as their 

counterparts without these conditions.

The AOR modeling shows that hypertensive adults with one or more of the selected health 

risk factors were 1.66 as likely to take two or more actions as those with no health risk 

factors (Table III). Additionally, hyper-tensive adults with one or more health risk factors 

were 1.71 times as likely to take two or more actions than those without health risk factors 

when controlling for age, sex, race/ethnicity, education, and having health insurance and a 

primary care provider. Controlling for participants taking antihypertensive medications and 

having diabetes and coronary heart disease did not change the level of significance.

Among the 18 states and District of Columbia, the proportion of hypertensive adults who 

reported taking two or more actions varied by state from 75.1% in North Dakota to 90.7% in 

North Carolina (Table IV). The lowest quartile included North Dakota, Arizona, Iowa, 

District of Columbia, and Wisconsin.
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DISCUSSION

We found that about 87% of US adults with self-reported hypertension were taking at least 

two actions to control their BP and that the prevalence of taking actions differed by 

descriptive characteristics, health risk factors, comorbidities, and geography. Another report 

using 1999–2002 data from the National Health and Nutrition Examination Survey 

(NHANES) showed that about two thirds of American adults followed most heart-healthy 

actions related to the Healthy People 2010 recommendations, eg, consuming <2400 mg/d of 

sodium (65%), engaging in ≥150 min/wk of physical activity (50%), and abstaining from 

alcohol or drinking moderately (50%).31 These estimates are lower than our study results, 

possibly because our study assessed only adults with self-reported hypertension taking 

actions to lower or control BP, such as reducing sodium intake (72.8%), engaging in 

physical activity (69.9%), and reducing alcohol consumption (78.8%). Additionally, 

NHANES measures dietary intake and physical activity instead of relying on self-report, 

therefore comparisons should be interpreted with caution.

Current guidelines for the prevention and treatment of hypertension recommend reducing 

dietary sodium intake, achieving and maintaining healthy weight, following the Dietary 

Approach to Stop Hypertension (DASH) diet,32–39 engaging in regular physical activity, and 

limiting alcohol consumption.2,7,8 Clinical trials have shown the effectiveness of lifestyle 

modifications36,40–43 among hypertensive adults with and without comorbidities. For 

example, studies have found that following the DASH recommendations lowers BP among 

people with hypertension,7,8 and hypertensive adults who follow DASH recommendations 

have improved BP control even while lowering or titrating medication amounts.40–46 

Reducing sodium intake can be challenging because an estimated 75% of intake in the 

United States comes from processed and restaurant foods,32,33 and about 37% of meals are 

consumed away from home.33 In addition, recent findings from the Institute of Medicine33 

indicate that preferences for salty foods may develop at an early age and could influence the 

consumption of sodium over the life course. Reducing dietary sodium intake should also be 

accompanied by regular physical activity, achieving and maintain healthy weight, and 

limiting alcohol consumption to optimize BP control.2,7,8,40–46

A previous report using 2007 BRFSS data found that black adults with hypertension had a 

greater prevalence of engaging in physical activity, reducing sodium intake, changing dietary 

habits, and taking antihypertensives to control hypertension than white adults (P<.001).20 

However, the 2007 report did not include Hispanic ethnicity. In our report, a greater 

proportion of non-Hispanic blacks and Hispanics compared with non-Hispanic whites 

reported taking two or more lifestyle actions. We found that adults with hypertension who 

had a primary care physician (PCP) or routine place for healthcare were more likely to take 

two or more lifestyle actions than those without a PCP. These findings are comparable to 

data from the 2003–2010 NHANES showing that people who had been diagnosed with 

hypertension who had their BP under control were more likely to have a routine place for 

healthcare than were those with uncontrolled BP.47 Hispanics also had the greatest 

prevalence of uncontrolled hypertension compared with their counterparts, and the 

prevalence of uncontrolled hypertension within each racial/ethnic group varied by age group, 

healthcare coverage, and having a routine place for healthcare.47 There were some patterns 
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that could provide information on intervention to improve healthy behaviors among patients 

with hypertension. Furthermore, hypertensive women, Hispanics, and those with the lowest 

income had lower rates of physical activity compared with their counterparts. This suggests 

that there are still opportunities to increase physical activity among these populations. 

Further examinations of socioeconomic characteristics that may account for these sex and 

racial/ethnic differences in taking lifestyle actions to control BP are needed.

We found that adults who took antihypertensive medications were significantly more likely 

to take two or more actions than those not taking antihypertensive medications. Compared 

with a previous report using 2005 BRFSS data from 20 states, our estimates show that a 

higher proportion of adults with hypertension are taking medication, but lower proportions 

are reducing salt intake; there was no change in proportion who engaged in physical activity.
19 However, the previous report was conducted in different states, and comparisons should 

be interpreted with caution.

Patients with hypertension and their providers must work together to initiate and sustain 

lifestyle modifications and adhere to medications when prescribed. Although those with 

some health risk factors (eg, fewer than five servings of fruits/vegetables, physical inactivity, 

and comorbidities) were more likely to take two or more actions than those without the same 

risk factors, those with other health risk factors (eg, heavy drinking, smoking) were less 

likely to take action to control their BP. Patients who participate in their care by monitoring 

their own BP or getting involved in medication decisions may have better hypertension 

control.48,49 Intensification of healthcare provider advice and counseling, patient education, 

and clinician-patient partnerships could help adults with hypertension to take more action.31

One novel tool to develop community interventions for BP control is the Motivators of and 

Barriers to Health-Smart Behaviors Inventory (MB-HSBI), which identifies motivators in 

different racial and ethnic communities.50 MB-HSBI scores can guide the development of 

assessment-based, culturally sensitive interventions customized to populations of focus. 

Broader public health education programs in schools and work-places, as well as health 

communication efforts through the media, may also further educate the public about the 

importance of getting diagnosed and treated for hyper-tension and making lifestyle changes 

to keep BP under control.

The CDC has funded National HDSP programs from 1998 to 2013. An assessment of the 

programs funded from 1998 through 2004 showed that 41 states and the District of 

Columbia were funded—28 as CB programs and 14 as BI programs. The states with the 

highest quartiles of hypertensive adults who reported taking two or more actions are those 

who started HDSP programs during 1998 and 2000, the first years of funding. The states 

with the lowest quartile of hyper-tensive adults that reported taking two or more actions 

started HDSP programs after 2001. Those with shorter funding periods (eg, 1–2 y) are not 

expected to have proportions of hypertensive patients who reported taking two or more 

actions similar to states with longer funding periods. South Carolina had the highest 

proportion of hypertensive adults who reported taking two or more actions and was one of 

the first states to receive funding.
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STUDY LIMITATIONS

This report has several limitations. First, because of the cross-sectional design of the survey 

we are unable to examine temporal associations. Second, all data for hypertension, risk 

factors, and behaviors were based on self-report and subject to recall bias. Additionally, self-

reported information may be less accurate than that based on physical measurements, and 

this potential bias can result in underreporting.51 Also, using self-reported data, there is an 

inability to verify “intention to treat” or that the individuals are really adopting the actions 

that they reported.52 Third, the survey included only households with a landline telephone 

number; however, studies have established the validity of the BRFSS telephone survey.24,25 

Lastly, the overall number of BRFSS respondents is sufficiently large for statistical inference 

purposes, but subgroup analyses may lead to estimates that are unreliable.51 However, the 

BRFSS is a large, nationally representative sample of US adults, with oversampling of 

priority population subgroups; it is also the only data source to compare state-level public 

health action.15,24,25,51

CONCLUSIONS

Almost all US adults with self-reported hypertension reported taking one or more lifestyle 

action to lower their BP, and 87% were taking two or more actions recommended by 

guidelines. Lifestyle actions are effective at preventing and controlling hypertension. Health-

care providers, public health professionals, and other key stakeholders should encourage and 

promote the adoption of lifestyle actions for priority populations at risk for hypertension and 

among those with hypertension. Further analysis of this association is needed to determine 

whether the associations seen can be considered causal factors and why. Additional 

examination of whether access to health care or other factors play contributing roles in these 

differences.
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FIGURE. 
18 states and the District of Columbia, 2009.a,b,c NH indicates non-Hispanic.
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TABLE III.

Odds of Taking Two or More Lifestyle Actions to Control Blood Pressure Among Hypertensive Adults by 

Presence of Health Risk Factors in 18 States and the District of Columbia, 2009
a,b,c,d

Model AOR (95% CI)

1: Unadjusted
Taken ≥2 actions vs <2, having no risk factors (positive health) vs ≥1

1.66 (1.07–2.60)

2: Same as model 1 plus adjusted for: Age, sex, race/ethnicity, education Having health insurance, primary care provider 1.71 (1.08–2.71)

3: Same as model 2 plus adjusted for taking antihypertensive medication and having diabetes 1.85 (1.18–2.96)

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.

a
Data are from the Behavioral Risk Factor Surveillance System and are weighted for sample characteristics age, sex, race, household income, and 

education level and age-standardized to the 2000 US standard population (when applicable).

b
Actions to control blood pressure include changing eating habits, reducing sodium intake, reducing alcohol consumption, and increasing physical 

activity.

c
Respondents with self-reported hypertension were defined as being told on two or more occasions by a doctor or other healthcare provider that 

they had hypertension. Questions about taking medications and taking actions to control high blood pressure were only asked in the optional 
“Actions to Control High Blood Pressure” module.

d
Health risk factors include the following: being overweight or obese, currently smoking, consuming fewer than five servings of fruits and 

vegetables per day, being a heavy alcohol drinker (consuming an average of one or more drinks per for women and two or more drinks per day for 
men), and being inactive (no physical activity) or insufficiently active (<30 min/d physical activity, <5 d/wk).
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