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ABSTRACT 

Background – This study was conducted to examine the association between ideal 

cardiovascular health (CVH) and health-related quality of life and health status indicators. 

Methods – This cross-sectional study included adult NHANES participants from 2001-2010 

without CVD (N=7,115).  CVH was defined according to AHA definitions with poor, 

intermediate and ideal levels of the seven factors (diet, BMI, physical activity, smoking, blood 

pressure, glucose, and cholesterol) assigned scores of 0, 1, and 2, respectively.  A CVH score 

(CVHS) was calculated as the sum of the scores from each individual health factor (range 0-14; 

higher score indicating greater CVH).  CVHS was categorized as poor (0-7), intermediate (8-10), 

and ideal (11-14).   Linear regression models examined the association between CVHS category 

with health status and number of unhealthy days per month, adjusted for socio-demographic 

characteristics and disability.  

Results – Among US adults 20-79 years, 14%, 46% and 40% had ideal, intermediate and poor 

CVHS, respectively.  Compared to those with poor CVH, individuals in intermediate and ideal 

CVH were 44% and 71% less likely to report being in fair/poor health.  Participants with ideal 

CVH scores reported a mean of 2.4 fewer unhealthy days over the past month, including one less 

day in which their physical health was not good and two fewer days in which their mental health 

was not good. 

Conclusions - Ideal CVH is associated with greater overall health status and fewer physically 

and mentally unhealthy days. 

 

Key words:  Quality of Life, Cardiovascular diseases, Risk factors    
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BACKGROUND 

Cardiovascular (CVD) disease remains the leading cause of death in the United States, 

accounting for nearly 800,000 deaths each year.[1]  Up to 90% of these deaths may be 

attributable to known and modifiable cardiovascular risk factors.[2-4]  To quantify and 

ultimately reduce the overall burden of cardiovascular risk factors the American Heart 

Association (AHA) recently defined cardiovascular health[5] with 7 health factors and behaviors 

including blood pressure, cholesterol, glucose, body mass index (BMI), smoking status, diet, and 

physical activity.  Ideal levels of these cardiovascular health metrics are associated with reduced 

cardiovascular and cancer morbidity and mortality, lower healthcare costs, improved cognitive 

function and greater longevity.[6-11]   

Prior literature has demonstrated an association of individual cardiovascular risk factors with 

health-related quality of life. [12-15]    To date, however, data are sparse on the association of 

CV health (CVH) as a measure of overall risk factor burden with general health status and 

health-related quality of life,[16] which have been highlighted by the AHA as important 

secondary outcomes in defining CV health[5] and is also an important indicator measured by 

Healthy People 2020.[17]  The association between ideal cardiovascular health, objectively 

measured at physical exam, and HRQoL remains unknown, and it is unclear whether there are 

differences in this association by gender or race/ethnicity.  The goal of this study was to examine 

the association between cardiovascular health and self-reported health status and HRQoL 

measures using data from the National Health and Nutrition Examination Survey (NHANES) 

from 2001 through 2010.   
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METHODS 

Study Population 

We used cross-sectional data from participants in NHANES, a nationally-representative survey 

conducted in two year cycles, from 2001 thru 2010.  Participants were interviewed in their home 

and then invited to undergo physiologic and anthropometric examinations at a mobile 

examination center (MEC).  NHANES participants are sampled through a complex, multi-stage 

sampling methodology to ensure that the sample is nationally representative. The 2001 through 

2010 continuous NHANES surveys were approved by the National Center for Health Statistics 

Ethics Review Board, and all participants provided written informed consent.  Participants aged 

20 to 79 years were included in this study in order to align with the AHA 2020 strategic goals. 

Among 11,187 participants aged 20-79 with a fasting glucose measurement, 543 were excluded 

for being pregnant or breastfeeding and 969 were excluded with missing information on any 

component of the cardiovascular health score.  We additionally excluded participants with CVD 

(presence of angina or ever told had heart failure, angina, coronary heart disease, heart attack, 

stroke; n=1,095), missing data for socio-demographic variables or HRQol measures (n=1,033) or 

had nonpositive sampling weights (n=432). The final analytic sample was 7,115 participants.   

Cardiovascular Health Score 

The cardiovascular health score (CVHS) includes 3 health factors (total cholesterol, fasting 

blood glucose, and blood pressure (BP)) and 4 health behaviors (BMI, diet, physical activity, and 

smoking status).  In brief, smoking status, diet and physical activity were based on participant 

self-report.  Individuals were asked about their use of cigarettes, pipes, and cigars currently and 

in the past.  Physical activity was assessed based on responses regarding frequency and duration 
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of moderate- and vigorous-intensity activity.  Two interviewer-administered dietary recalls were 

collected.  Using data from the MyPyramid Equivalents Database and the methodology 

established by the US Department of Agriculture Center for Nutrition Policy and Promotion, 

each participant was assessed as to the number of dietary components they met.  These 5 

components include: consuming (1) ≥4.5 cups per day of fruits and vegetables, (2) ≥two 3.5-oz 

servings of fish per week, (3) ≥three 1-oz-equivalent servings per day of fiber-rich whole grains, 

(4) <1500 mg per day of sodium, and (5) ≤450 kcal (36 oz) per week of sugar-sweetened 

beverages.  During the examination, up to three resting and seated BP measurements were made.  

We used the average of these BP measurements in these analyses.  NHANES participants were 

weighed and their height measured according to a standardized protocol, from which BMI was 

calculated as kg/m
2
.  Fasting blood samples were obtained for the measurement of total 

cholesterol and glucose.    

Ideal, intermediate, and poor levels of each risk factor are defined in Table 1 based on the AHA 

2020 Strategic Impact Goals.[5]  Poor, intermediate, and ideal levels for each component were 

assigned a score of 0, 1, or 2, respectively.  An overall CVHS was calculated as the sum of each 

individual component score.  The CVHS thus ranges from 0-14, with 14 corresponding to the 

best CV health (and lowest burden of cardiovascular risk factors).  As in previous publications, 

participants were categorized into poor (0-7), intermediate (8-10), or ideal (11-14) levels of 

CVHS. [18]   

Health Status and Health-Related Quality of Life 

General health status based on participants’ perceived quality of health was dichotomized into 

fair/poor or excellent/very good/good.  Health-related quality of life was determined using the 
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validated HRQoL-4 tool developed by the Centers for Disease Control and Prevention.[19] This 

generic HRQoL scale for use in general health surveys compares well against the Medical 

Outcomes short study form (SF-36) and disease specific scales.[19]  It consists of four questions 

about self-rated health in the past 30 days: overall perceived quality of health, number of days 

when physical health was not good in the past 30 days, number of days when mental health was 

not good in the past 30 days, and number of days in which their usual activity was limited 

because of either poor physical or mental health in the past 30 days.  As in prior studies, total 

number of unhealthy days was calculated as the sum of number of days when either physical or 

mental health was not good (maximum of 30 days). This HRQoL-4 tool has been shown to have 

strong psychometric properties and has been validated among many patient populations.[20, 21]   

Other variables 

Age, gender, race (non-Hispanic white, non-Hispanic black, Mexican-American, and other), 

poverty income ratio (PIR, as calculated by dividing family income by the poverty thresholds 

defined by the Department of Health and Human Services’ poverty guidelines) and disability 

(using the NHANES Activities of Daily Living [ADL] scale) [22]  were assessed during in-

person interviews.  Age and PIR were standardized (mean=0, SD=1) for this analysis. 

Components of the NHANES ADL scale were categorized into 4 disability scales for this 

analysis: activities of daily living (ADL), instrumental activities of daily living (IADL), lower 

extremity mobility (LEM) and social activities (SA). Each scale is a sum of the number of 

activities in that scale in which the participant has some or much difficulty or is unable to do (the 

ranges for ADL: 0-3, IADL: 0-3, LEM: 0-5, SA: 0-3 activities).     

Statistical Analysis 
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SAS survey procedures were used to account for the complex multistage sampling design of 

NHANES. Weighted means and standard errors were calculated for continuous variables, and 

weighted percentages were calculated for categorical variables.  Laboratory weights were used 

since the sample was restricted to those with a fasting glucose. As in previous studies, we 

examined the prevalence of ≥14 unhealthy days by ideal CV health score.[15, 12, 23] We used 

logistic regression models to examine the association between CVHS category and fair/poor 

perceived general health.  Poisson models were used to examine the association between CVHS 

category and the counts of total unhealthy days, days physical health was not good, days mental 

health was not good, and impaired activity days.  For all outcomes, model I was adjusted for 

gender, race, standardized age, standardized PIR, and survey year, and model II was adjusted for 

all variables in model I plus ADL, IADL, LEM, and SA scores.  Effect modification by race, 

gender, age ≥65 years and year of NHANES cycle was tested by including interaction terms with 

CVHS in each model.  All analyses were conducted in 2014 using SAS 9.3 (SAS Institute Inc., 

Cary, NC).  P-values less than 0.05 were considered statistically significant.   

 

RESULTS 

A total of 7,115 NHANES participants from 2001 through 2010 were included.  Among 

individuals without existing heart disease 14% had an ideal CVHS (11-14), 46% had an 

intermediate CVHS (8-10) and 40% had a poor CVHS (0-7 points).  Individuals with an ideal 

CVHS tended to be younger, male, and more likely to be non-Hispanic White, wealthier, and 

with a higher PIR than individuals with intermediate or poor CVHS (Table 2).  They were also 
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more likely to be non-Hispanic White, Other, and non-Hispanic Blacks as compared to Mexican 

American. 

In unadjusted analyses, differences in overall health status were observed (p-value < 0.001), with 

the highest prevalence of good/very good/excellent health reported among those with high 

CVHS.  The number of unhealthy days was also lower with greater CVHS (Table 2).  Similar 

patterns were seen when physically unhealthy and mentally unhealthy days were examined 

separately, although mean differences between individuals in poor versus ideal CVH were larger 

for physical health than for mental health (mean difference was 2.2 days for physically unhealthy 

days and 1.6 days for mentally unhealthy days).  In unadjusted analyses, individuals in poor 

CVH reported an average 1.9 days in which their usual daily activities were impaired because of 

their health in comparison to 1.2 days and 0.9 days among individuals with an intermediate and 

ideal CVHS respectively; p-value <0.001 for overall differences (Table 2).  The proportion of 

individuals who experienced 14 or more physically or mentally unhealthy days was significantly 

lower for intermediate vs poor CV health and ideal vs intermediate CV health (Figure 1).   

After adjusting for socio-demographics and disability (model II) significant differences remained 

in the number of physically unhealthy days, mentally unhealthy days, total unhealthy days, and 

the likelihood of being in fair/poor health (Figure 2).  As compared to those in poor CVH, 

individuals in intermediate CVH were 44% less likely to report being in fair or poor health and 

individuals in ideal CVH were 71% less likely to report being in fair or poor health.  Similarly, 

individuals in ideal health reported 2.4 fewer unhealthy days in the past month as compared to 

individuals in poor CVH.  Findings were consistent for both physically and mentally unhealthy 

days.  For example, individuals in ideal CVH reported one day less of being physically unhealthy 

and almost two fewer days of being mentally unhealthy in the fully adjusted model (model II).  
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The number of days in which either participants’ physical or mental health prevented them from 

performing their usual activities was lower for individuals in intermediate and ideal CV health 

adjusting for socio-demographics (model I).  However, upon further adjustment for disability 

(model II), the association was attenuated.         

The patterns described above were consistent by gender, race/ethnicity and age; however, 

significant interaction terms were identified for some outcomes.  Adjusted mean differences in 

total unhealthy days and physically unhealthy days were more than 2 times larger for women in 

ideal CVH than for men in ideal CVH, 3.2 versus 1.3 fewer total unhealthy days than individuals 

with a poor CVHS in women and men, respectively (Figure 3 and eTable 1).  While women also 

had a greater number of mentally unhealthy days, the difference in overall unhealthy days 

between women and men was primarily driven by larger differences in physically unhealthy days 

among women compared with men (1.5 versus 0.3 fewer days, respectively).  Significant 

interactions were also noted by age for the number physically unhealthy days and the number of 

days in which either physical or mental health kept participants from doing their usual activities 

(eTable 3).  Younger individuals (<65 years of age) in ideal CVH reported 1.0 less physically 

unhealthy day in the last 30 days and 0.4 fewer days of impaired activity than individuals in poor 

CVH; in contrast, no significant differences were seen among older (≥ 65 years) individuals for 

either of these outcomes.  After adjustment, no significant interactions by race/ethnicity or year 

(NHANES cycle) were identified (eTable 2). 

 

DISCUSSION 
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Among a large, nationally representative sample, individuals in intermediate and ideal CVH 

reported better health status and HRQoL as defined by the number of physically and mentally 

unhealthy days within the past month compared to individuals with a poor CVHS.  Individuals 

with an ideal CVHS reported 2.4 fewer unhealthy days over the past month as compared to 

individuals with a poor CVHS, and they were also 71% less likely to report being in only fair or 

poor health.  These findings were consistent for both physically and mentally unhealthy days, 

although with women experiencing fewer more physically and mentally unhealthy days than did 

men.   

HRQoL represents an important patient-centered outcome.  Our results provide evidence that 

individuals in better CVH experience higher quality of life and fewer physically and mentally 

unhealthy days each month.  These findings are consistent with studies of individual 

cardiovascular risk factors including smoking, diet, exercise, hypertension and metabolic 

syndrome with HRQoL.[12-15]  This study provides new information on the association between 

overall CVH, namely ideal CVH as defined by the AHA, and HRQoL in the US population.  

Using NHANES data, our study extends previous research findings of an inverse association 

between self-reported CVD risk factor burden and HRQoL using both self-reported and directly 

measured physiologic data. [24, 25]  Our findings suggest that ideal CVH is associated with 

HRQoL in multiple ways beyond simply decreasing the prevalence of CVD and disability.  

Further research is needed to explore the psychosocial mechanisms, such as optimism and 

resiliency, which may play a role in this association.   

These findings are important not only at an individual level but also for the population.  The 

indirect costs of CVD due to lost productivity is expected to grow dramatically over the next 20 

years.  By 2030, the projected total annual costs of CVD including the direct and indirect costs 
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will exceed $1 trillion, including $275.8 billion in lost productivity costs.[26]  Every day where 

poor physical or mental health keeps an individual from performing their usual activities 

translates to 0.312 missed work days with a loss of $341 (inflation adjusted) per missed work 

day[27].  Thus, our findings suggest that improving the CV health of workers might translate to 

reduced absenteeism and improved productivity for employers.   

This study included a large, nationally representative sample of US adults with clinical and 

physical examination data.  However, there are limitations to this study that should be 

considered.  People with CVD were excluded from our analyses.  However, people with CVD 

would be expected to have worse HRQoL than those without and therefore if they were included 

(in the poor CVHS), differences would be expected to be larger than observed.  As with any 

cross-sectional study, we are limited in our ability to infer causality between the exposure and 

outcomes.   

In conclusion, this study supports an association between ideal CVH and reduced number of 

physically and mentally unhealthy days, which may extend the benefits of improving CVH 

beyond reducing the incidence of CVD and disability.  Primordial prevention, i.e. preventing the 

development of risk factors, could help achieve the goals of Healthy People 2020 and AHA’s 

2020 Strategic Impact Goals by improving both the life expectancy and the quality of life for all 

Americans.  These benefits are likely to extend beyond the individual to have a larger societal 

impact through reduced health care costs and lost productivity costs.   
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Figure Legends 

Figure 1. Prevalence of ≥ 14 unhealthy and impaired activity days by CVHS, NHANES 2001-

2010 

Note: p-values represent overall differences between groups 

 

Figure 2. Adjusted
a
 mean difference and 95% CI in unhealthy days

b
 by CVHS category, 

NHANES 2001-2010  

a
Model I is adjusted for race, gender, standardized age, standardized PIR, and survey year; 

Model II is adjusted for all variables in Model I as well as Activities of Daily Living, 

Instrumental Activities of Daily Living, Lower Extremity Mobility, and Social Activities scores 

b
per month 

 

Figure 3. Adjusted
a
 mean unhealthy and impaired activity days

b
 by gender for each CVHS 

category, NHANES 2001-2010 

a
Adjusted for race, gender, standardized age, standardized PIR, and survey year, Activities of 

Daily Living, Instrumental Activities of Daily Living, Lower Extremity Mobility, and Social 

Activities scores 

b
in the last month 

 

*p-value for comparison with mean days in poor CV health score category <0.05 
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Table 1. Ideal, intermediate and poor categories of cardiovascular health score components 
 

Component Score Definition 

Physical Activity   
  0 No exercise 
  1 1-149 minutes of moderate exercise or 1-74 minutes of vigorous 

exercise/week 
  2 150+ minutes of moderate exercise or 75+ minutes of vigorous 

exercise/week 

Diet*   
  0 0-1 components of healthy diet 
  1 2-3 components of healthy diet 
  2 4-5 components of healthy diet 
Glucose   
  0 ≥126 mg/dL fasting 
  1 100-125 mg/dL fasting or treated to <100 mg/dL 
  2 <100 mg/dL fasting, unmedicated 
Blood Pressure   
  0 Systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg 
  1 Systolic blood pressure 120-139 mmHg or diastolic blood pressure 80-89 

mmHg or treated to <120/80 mmHg 

  2 <120/80 mmHg, unmedicated 
BMI   
  0 ≥30 kg/m2 

  1 25.0-29.99 kg/m2 

  2 <25.0 kg/m2 

Cholesterol   
  0 ≥240 mg/dL 
  1 200-239 mg/dL or treated to <200 mg/dL 
  2 <200 mg/dL, unmedicated 
Smoking   
  0 Current smoker 
  1 Former smoker, quit ≤12 months ago 
  2 Never smoker or quit >12 months ago 

*Dietary components include: consuming (1) ≥4.5 cups per day of fruits and vegetables, (2) ≥two 3.5-oz 

servings of fish per week, (3) ≥three 1-oz-equivalent servings per day of fiber-rich whole grains, (4) 

<1500 mg per day of sodium, and (5) ≤450 kcal (36 oz) per week of sugar-sweetened beverages. 
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Table 2. Demographics and unhealthy days by CV health score category, NHANES 2001-2010 

 Poor CV 
Health 
Score  

(Score 0-7) 
N=2848 

Intermediate 
CV 

Health Score  
(Score 8-10) 

N=3248 

Ideal CV 
Health Score  
(Score 11-14) 

N=1019 p-
value 

Age (years), weighted mean (SE) 48.8 (0.36) 42.6 (0.37) 37.0 (0.58) <0.001 
Male, weighted % 55.7 51.5 58.9 <0.001 
Race, weighted %    0.002 

Non-Hispanic white 34.8 47.6 17.6  
Non-Hispanic black 40.7 45.5 13.8  
Mexican American 38.4 47.8 13.8  
Other 29.7 49.3 20.9  

Poverty Income Ratio, weighted mean 
(SE) 

2.9 (0.05) 3.2 (0.04) 3.4 (0.07) <0.001 

Disability score, weighted mean (SE)     
Activities of daily living 0.15 (0.01) 0.07 (0.01) 0.03 (0.01) <0.001 
Instrumental activities of daily living 0.18 (0.01) 0.09 (0.01) 0.04 (0.01) <0.001 
Lower extremity mobility 0.66 (0.03) 0.28 (0.02) 0.10 (0.01) <0.001 
Social activities 0.19 (0.01) 0.09 (0.01) 0.04 (0.01) <0.001 

Would you say in general your health 
is…, weighted % 

   
<0.001 

Excellent  5.6 12.9 24.6  
Very good 27.9 40.1 44.4  
Good 45.7 36.7 26.2  
Fair 18.6 9.1 4.7  
Poor 2.3 1.2 0.1  

Unhealthy days during past month, 
weighted mean (SD) 7.4 (0.23) 5.8 (0.19) 4.5 (0.26) <0.001 

For how many days during the past 30 
days was your physical health not 
good?, weighted mean (SD) 

4.2 (0.19) 2.7 (0.14) 2.0 (0.18) <0.001 

For how many days during the past 30 
days was your mental health not 
good?, weighted mean (SE) 

4.3 (0.17) 3.5 (0.15) 2.7 (0.20) <0.001 

For how many days did poor physical 
or mental health keep you from doing 
usual activities?, weighted mean (SE) 

1.9 (0.14) 1.2 (0.11) 0.9 (0.09) <0.001 
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