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Abstract

:

Obesity is associated with increased risk for cardiovascular diseases compared to normal-weight and overweight status. We hypothesized that obese subjects would have lower ideal cardiovascular health than normal-weight and overweight subjects, but a subset among the obese would have a favorable cardiovascular health profile. Differences in ideal cardiovascular health between normal-weight (n = 523), overweight (n = 378), and obese (n = 660) subjects were examined using data from the Life’s Simple 7 survey and digital health devices. Obese participants were more likely to have prevalent cardiovascular disease, diabetes mellitus, hypertension, and hypercholesterolemia compared to normal weight and overweight (all p < 0.01). Life’s Simple 7 Health Scores, a measure of ideal cardiovascular health, were lower in obese than in normal-weight and overweight groups (5.6 ± 1.2 vs. 8.0 ± 1.1 vs. 6.8 ± 1.1, p < 0.01). A subset of obese with ideal cardiovascular health scores was identified (n = 103). Compared to obese with non-ideal health scores (n = 557), these individuals were more likely to have ideal cardiovascular risk factor status, diet, and exercise profiles. These findings indicate that there is heterogeneity among obese persons and suggest that an assessment of cardiovascular health factors and behaviors can identify areas for intervention beyond weight reduction alone to optimize cardiovascular health.
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1. Introduction


Obesity is recognized as an independent risk factor for incident cardiovascular diseases and major adverse cardiovascular and cerebrovascular events [1,2,3]. The National Heart, Lung, and Blood Institutes (NHLBI) define obesity as a body mass index (BMI) ≥ 30 kg/m2: a BMI of <25 kg/m2 is normal weight and a BMI ≥ 25–29.9 kg/m2 is considered overweight [3,4]. In the United States, using National Health and Nutrition Examination Survey (NHANES) study data from 2015 to 2016, the prevalence of obesity was 39.6% [5]. In this study population, 36.0% of males and 40.4% of females met criteria for obesity with a higher percentage of women than men having severe or class III obesity (BMI ≥ 40 kg/m2) [5,6]. The age-standardized prevalence of obesity among adults in the United States has increased substantially over the past decade with a linear trend observed in women (36.5% to 41.1%), but not in men (33.4% to 35.1%) [5,7]. There are also race, ethnic, and regional differences in the prevalence of obesity with higher rates in Hispanics and non-Hispanic blacks than in whites and Asians, and variability is also noted by region [3,6].



The correlation between obesity and cardiovascular risk is substantial with increased risk associated with a higher BMI [8]. This relationship has been attributed, in part, to a higher prevalence of diabetes mellitus, hypertension, and hypercholesterolemia in obese compared to non-obese individuals [3,8,9]. In 2013, a meta-analysis reported that there was an obesity paradox, and that cardiovascular mortality was lower in overweight and obese individuals compared to normal-weight individuals [10]. This concept was controversial in the field, and investigators suggested that the observed obesity paradox was due to misclassification bias, selection bias, or reverse causation [11,12,13,14,15]. An important concept known as the “fat-but-fit” paradigm emerged from the controversy surrounding the meta-analysis: a subgroup of obese individuals exists with high levels of cardiorespiratory fitness and lower cardiovascular risk than unfit obese individuals [16]. It has been estimated that ~17% of individuals aged 20–49 years in the United States would be considered fat-but-fit, and this has been observed in both men and women [16,17,18,19,20].



The American Heart Association has recognized the role of body weight in achieving ideal cardiovascular health [3,21,22]. The Life’s Simple 7 survey, an instrument created by the American Heart Association to assess ideal cardiovascular health, includes maintenance of a healthy body weight (BMI < 25 kg/m2) as an ideal component of the overall health score. In addition to weight, the Life’s Simple 7 instrument evaluates 6 other health factors and health behaviors that are related to cardiovascular health and disease and are modifiable with lifestyle interventions [22,23]. These health factors and behaviors include blood pressure, cholesterol levels, blood glucose levels, smoking, diet, and physical activity [23]. By focusing on weight, associated comorbidities, and lifestyle behaviors related to cardiorespiratory fitness, the Life’s Simple 7 survey provides a comprehensive picture of cardiovascular health.



In the current study, we hypothesized that ideal cardiovascular health assessed by Life’s Simple 7 would be lower in obese compared to normal-weight and overweight individuals. We further hypothesized that there was heterogeneity among obese individuals and that we would identify a subgroup of obese individuals with ideal cardiovascular health factor status and health behavior profiles that differed significantly from obese individuals who did not achieve ideal cardiovascular health.




2. Materials and Methods


2.1. Study Cohort


The My Research Legacy study was a cross-sectional study that examined ideal cardiovascular health in samples from across the United States [24]. This was a direct-to-participant study that was conducted entirely online and enrolled participants between November 2016 and October 2018. The study was sponsored by the American Heart Association and open to all individuals ≥18 years of age who resided in the United States and had internet access. The study was approved by the Advarra Institutional Review Board (www.advarra.com accessed on 27 April 2021) (approval# 31995). Individuals who participated in the study signed informed consent online. Participants in the study self-reported demographic data, prior history of cardiovascular diseases, and cardiovascular disease risk factors and answered questions about health and lifestyle data in the Life’s Simple 7 survey of ideal cardiovascular health [24].



Participants were also offered the option to provide digital health device data for the study; however, the study protocol did not mandate use of these devices for participation. A subgroup of participants who provided informed consent for this part of the study either registered their own device with the study or were provided a Fitbit Charge 2 digital health and activity device by the sponsor. Individuals who submitted digital weight data had linked their digital scales to their other digital health devices. The subgroup of participants who registered digital devices received a unique link to Validic (Validic Inc., Durham, NC, USA) to upload their digital health device data. The uploaded digital health device data were de-identified, sorted into weight, fitness, or routine data by Validic based on device-specific algorithms, and transmitted as JSON files to secure servers at The Broad Institute (Cambridge, MA, USA) and REAN Cloud LLC (Herndon, VA, USA) [24].




2.2. Overweight, Obesity, and Ideal Cardiovascular Health


Weight status was ascertained by participant self-report and categorized as normal weight (BMI < 25.0 kg/m2), overweight (BMI ≥ 25.0 kg/m2 and ≤ 29.9 kg/m2), or obese (BMI ≥ 30 kg/m2). Obesity class was determined using NHLBI categories (class I = BMI 30–35 kg/m2; class II = BMI > 35–39.9 kg/m2; class III = BMI > 40 kg/m2) [3]. The Life’s Simple 7 survey instrument was used as a tool to assess ideal cardiovascular health. Study participants answered survey questions online about health factors (blood pressure, cholesterol, and blood glucose levels) and health behaviors (weight, smoking history, diet, and moderate and vigorous exercise). A score of 0, 1, or 2 is assigned to each category based on criteria defined by a panel of experts and corresponds to poor, intermediate, or ideal for each of the health factors and health behaviors. The overall Life’s Simple 7 Health Score ranges between 0 (poor) and 10 (ideal) and is calculated using scores from the 7 health factors and behaviors category scores [22,23]. Ideal cardiovascular health has also been defined by having an ideal score for a minimum of 5 health factor and behavior categories as well as a Life’s Simple 7 Health Score of >7.0 [3,21].




2.3. Statistical Analysis


Sample size estimation to ensure that obese individuals were represented adequately in our study cohort was determined based on the study population of 1561 participants who completed the Life’s Simple 7 survey instrument. Assuming a prevalence of obesity of 39.6% at the time of the start of the study [25], to achieve 95% power with an alpha = 0.05, the minimum sample size of obese individuals required was 298 participants.



Normality was assessed using the Shapiro–Wilk test. Comparisons between continuous variables were performed using t-tests or one-way ANOVA. Categorical variables were analyzed using a chi-square or Fisher’s exact test. Nonparametric data were analyzed using the Wilcoxon-rank sum test or Kruskal–Wallis test. Data are presented as mean ± SD, and p values < 0.05 were considered significant. Data were analyzed using Stata 15/SE 15.1 (StataCorp LLC, College Station, TX, USA) and Prism 9.0 (GraphPad, San Diego, CA, USA).





3. Results


3.1. Differences in Ideal Cardiovascular Health Data among Normal-Weight, Overweight, and Obese Participants


Of the 1561 participants who completed the Life’s Simple 7 assessment of ideal cardiovascular health, 523 were normal weight, 378 were overweight, and 660 were obese (class I: n = 303; class II: n = 180; class III: n = 177). Normal-weight participants were younger than overweight and obese participants (Table 1). There were differences between the weight groups with respect to sex distribution with a higher percentage of women being normal weight or obese compared to overweight (p < 0.01). There were also differences in race, ethnicity, and regionality among the weight groups (p < 0.01). A higher percentage of Hispanic and black participants were obese compared to normal weight. In contrast, individuals who were Asian or white were more likely to be normal weight than obese. There was also a difference between the weight groups in the prevalence of prior cardiovascular diseases, diabetes mellitus, hypertension, hypercholesterolemia, and smoking status, with obese individuals having the highest burden of established cardiovascular diseases and cardiovascular disease risk factors compared to normal-weight and overweight participants (all p < 0.01).



There were also significant differences among the weight groups with respect to health factors, including systolic and diastolic blood pressure (p < 0.01), total cholesterol (p < 0.04), and blood glucose levels (p < 0.01), with obese individuals having higher blood pressure, cholesterol, and glucose levels compared to normal-weight and overweight participants (Table 1). The weight groups differed significantly in their dietary choices and exercise health behaviors. There were differences between normal-weight, overweight, and obese individuals with respect to servings of vegetables (p < 0.01), fruits (p < 0.01), fish (p < 0.02), whole grains (p < 0.01), and weekly consumption of sugar-sweetened beverages (p < 0.01). Compared to normal-weight and overweight participants, obese participants were more likely to consume prepackaged foods (p < 0.01). There was also a significant difference in the weekly minutes of moderate or vigorous exercise, with obese participants exercising fewer minutes than normal-weight and overweight individuals (p < 0.01). As a result of these differences, the percentage of individuals with 5 or more Life’s Simple 7 health factors and behaviors categories scored as ideal was lower in obese compared to overweight or normal-weight individuals (p < 0.01) (Figure 1a). Similarly, Life’s Simple 7 Health Scores, a measure of ideal cardiovascular health, were lower in obese than in normal-weight and overweight groups, respectively (5.6 ± 1.2 vs. 8.0 ± 1.1 vs. 6.8 ± 1.1, p < 0.01) (Figure 1b).




3.2. Ideal Cardiovascular Health in Obese Participants


Next, we identified 103 obese individuals with a Life’s Simple 7 Health Score > 7.0 (mean = 7.3 ± 0.3) and compared these individuals to the remaining 557 obese individuals who had a mean health score of 5.2 ± 1.0 (p < 0.01) (Table 2). We utilized this strategy to determine if there was a subpopulation of fat-but-fit-like individuals in our study or if other factors contributed to their ideal health score. Obese individuals with ideal health scores were significantly younger with no differences in sex distribution, race, and ethnicity, or regionality than obese individuals with non-ideal health scores. There was, however, a higher percentage of individuals with class I obesity and a lower percentage with class III obesity in the group with ideal health scores than non-ideal health scores (p < 0.04).



Obese participants with ideal health scores reported more weekly minutes of moderate activity (300.9 ± 257.0 vs. 144.1 ± 176.3 min/week, p < 0.01) and vigorous activity (82.8 ± 122.5 vs. 22.8 ± 64.0 min/week, p < 0.01) than obese individuals with non-ideal health scores, suggesting that they resembled the fat-but-fit paradigm (Figure 2a). Obese individuals with ideal health scores were less likely to have prior cardiovascular disease (p < 0.03) and had a lower prevalence of hypertension, diabetes mellitus, hypercholesterolemia, and current smokers than those with non-ideal health scores (all p < 0.01). They also had lower systolic and diastolic blood pressures, blood glucose levels, and cholesterol levels than individuals with non-ideal health scores (p < 0.01). Individuals with ideal health scores subscribed to more heart healthy dietary habits with higher intake of vegetables, fruits, fish, and whole grains (all p < 0.01) as well as a lower consumption of sugar-sweetened beverages (1.7 ± 2.5 vs. 3.2 ± 3.8 drinks/week, p < 0.01) (Figure 2b). They also tended to avoid eating out (p < 0.01), consuming prepackaged foods (p < 0.01), and use of salt at home (p < 0.05) compared to individuals with non-ideal cardiovascular health scores. A total of 39.8% of individuals with ideal health scores had ideal scores in 5 or more cardiovascular health factors and behaviors categories compared to 0.0% of individuals with non-ideal health scores (p < 0.01).




3.3. Digital Health Data and Life’s Simple 7 Health Score


We next examined how objective weight and exercise data collected from digital health devices informed ideal cardiovascular health among normal-weight, overweight, and obese participants. Of the 390 individuals who consented to provide digital device data, weight data were not transmitted by 95 participants, and digital exercise data were not transmitted by 35 individuals. There was no difference between the weight groups with respect to the type of digital health device registered with the study (p = 0.89).



Weights measured by digital health devices differed significantly between normal-weight, overweight, and obese participants (63.4 ± 9.2 vs. 78.2 ± 10.0 vs. 101.3 ± 27.4 kg, p < 0.01) as did BMI (22.4 ± 2.2 vs. 27.2 ± 1.9 vs. 36.2 ± 5.7 kg/m2, p < 0.01) (Table 3). The mean difference between self-reported and digital health device measured weight or BMI was similar between the groups. There was, however, reclassification of the weight score for 29 individuals based on digital weight data, with 11.1% of individuals in the normal weight group moving from an ideal to an intermediate score. In the overweight group, 7.4% of participants moved from an intermediate to poor score, while an additional 7.4% moved to an ideal score. In the obese group, 6.8% of individuals moved from a score of poor to intermediate. The distribution of poor, intermediate, and ideal scores remained significantly different between the groups (p < 0.01).



Exercise and activity data recorded by digital health devices over a 7-day period were also evaluated. Compared to normal-weight and overweight individuals, obese participants recorded a similar number of weekly minutes of moderate exercise (157.3 ± 206.6 vs. 135.8 ± 170.8 vs. 112.2 ± 138.3 min/week, p = 0.12) and vigorous exercise (184.6 ± 234.0 vs. 167.9 ± 218.0 vs. 140.9 ± 233.4 min/week, p = 0.31). This distribution of participants with poor, intermediate, and ideal activity scores was also similar between the weight groups (p = 0.12). When the digital health device recorded weight and activity data were used to recalculate the Life’s Simple 7 Health Score, it remained higher in normal weight and overweight individuals than obese participants (7.9 ± 1.0 vs. 7.1 ± 1.2 vs. 6.0 ± 1.0, p < 0.01). We also examined average daily step count and found differences between normal-weight, overweight, and obese individuals (8593.0 ± 5186.2 vs. 8069.6 ± 4463.9 vs. 6756.0 ± 4145.0 average steps/day, p < 0.01).





4. Discussion


We evaluated ideal cardiovascular health among individuals that were normal weight, overweight, and obese using the American Heart Association’s Life’s Simple 7 survey that examines cardiovascular health factors and health behaviors. Compared to normal-weight and overweight participants, obese individuals had a higher burden of prevalent cardiovascular disease and associated risk factors. Analysis of the modifiable health factors further revealed that obese individuals had higher blood pressures, blood glucose levels, and total cholesterol levels and were more likely to take medications for these conditions compared to overweight and normal-weight individuals. Obese individuals consumed fewer servings of heart healthy foods, more sugar-sweetened beverages, and were less likely to practice other heart healthy eating habits compared to normal-weight and overweight groups. The exercise profiles of obese individuals revealed fewer minutes of weekly exercise compared to normal-weight and overweight individuals. This resulted in obese participants having, on average, lower ideal cardiovascular health scores than the other weight groups.



A second key finding from our study was the identification of a subgroup of obese individuals who did achieve ideal cardiovascular health. These individuals differed significantly from other obese patients in that they were younger, had a lower prevalence of established cardiovascular disease and associated risk factors, and had optimized heart healthy lifestyle behaviors, including dietary choices and habits as well as exercise. When incorporating digital health data from a subset of participants, we found that obese participants performed fewer minutes of moderate exercise activity than self-reported on the Life’s Simple 7 survey and had fewer average steps per day compared to the other weight groups. However, obese participants recorded more weekly minutes of vigorous exercise than self-reported, resulting in a distribution of poor, intermediate, and ideal activity scores that were similar to normal weight and overweight participants. This suggests the benefit of using digital activity devices to provide objective exercise data for more precise allocation of the exercise status among individuals.



Over the past several decades, the prevalence of obesity in the United States and worldwide has reached epidemic proportions [4,6,16,26]. In adults (age ≥ 20 years) in the United States alone, age-standardized obesity increased from 30.5% in 1999–2000 to 39.5% in 2015–2016, with the Centers for Disease Control and Prevention reporting the prevalence of obesity was 42.4% in 2017–2018 [5,6]. Worldwide, the prevalence of obesity has almost tripled since 1975 [26]. In the context of cardiovascular disease, obesity is recognized as an independent risk factor and viewed as a complex and heterogeneous condition that increases risk owing to its association with hypertension, diabetes mellitus, and hypercholesterolemia [27]. The rate of development of these comorbid conditions, and, therefore, increased cardiovascular risk is proportional to the BMI. In our study, 42.2% of participants were obese, which is reflective of the United States population [4,6].



The concept of fat-but-fit acknowledges heterogeneity among obese individuals, and several studies from the Aerobics Center Longitudinal Study support the fat-but-fit paradigm. In one study of 25,714 men, individuals classified as obese by BMI that were physically fit had a lower risk of cardiovascular mortality than men who were normal weight (or obese) and physically unfit [17]. A second study evaluated 21,925 men and used percentage of body fat as a measure of obesity. This analysis also reported that fat-but-fit individuals had lower cardiovascular disease mortality than individuals who were lean and unfit [18]. These findings were subsequently confirmed in women as well as individuals with diabetes mellitus and hypertension [19,20,28,29]. A contemporary study from the United Kingdom Biobank also examined the relationship between fatness and fitness in 77,169 individuals. This study reported an increased risk of early mortality for unfit participants regardless of their level of adiposity as compared to the normal weight and fit reference group [30]. The relationship between ideal cardiovascular health and cardiorespiratory fitness was also investigated in the Aerobics Center Longitudinal Study. Individuals with high cardiorespiratory fitness levels had 45% higher health scores than individuals with poor cardiorespiratory fitness. However, the proportion of individuals who were obese, fat-but-fit, or fat-but-unfit and how these categorizations related to health score was not examined [31]. Although our study was cross-sectional and did not examine hard clinical endpoints, such as cardiovascular mortality, we identified a subset of obese individuals that could be considered fat-but-fit as they had ideal cardiovascular health scores. These obese individuals were younger with lower rates of established cardiovascular disease and cardiovascular risk factors than the obese and unfit participants. The fat-but-fit participants had also adopted a heart healthy diet and exercise program, which is in agreement with expert consensus opinion regarding the mechanisms that explain the fat-but-fit paradigm [16,32].



Our study has several limitations that may affect the generalizability of our findings. First, our study is cross-sectional, and the duration of obesity remains unknown. Furthermore, our study did not collect data on abdominal circumference, hypertriglyceridemia, or HDL levels to determine if participants had metabolic syndrome. Although the duration of obesity has been associated with an increased cardiovascular risk, several studies provide evidence to indicate that current BMI is a more robust predictor of outcomes than the duration of obesity [33,34,35]. Since our study enrolled a mostly white sample and substantially fewer participants that identified as other races and ethnicities, we are unable to assess the relationship between race, ethnicity, and obesity in our study. Using longitudinal data from the National Health and Nutrition Examination Study from 1999 to 2016, investigators reported that 56.3% of non-Hispanic black women and 46.7% of Hispanic women were obese as compared to 35.2% of non-Hispanic white women [35]. In men, approximately one-third of non-Hispanic white, non-Hispanic Black, and Hispanic men met criteria for obesity. This underscores the need for better representation of different races and ethnicities in studies of ideal cardiovascular health. Furthermore, data on social determinants of health, which may provide insights into differences between non-ideal and ideal cardiovascular health, should also be collected [21,36]. Our study design may have introduced bias as enrollment in the study was voluntary, and demographic as well as Life’s Simple 7 data were self-reported. Since our study protocol did not mandate registration of a digital health device to participate in the study, only 21% of obese individuals enrolled in the study provided digital device data. Interestingly, only 20% of the individuals who transmitted data would have been classified as fat-but-fit, indicating that our digital health data were representative of the entire obese (and normal-weight and overweight) study population. Our finding that digital activity devices recorded more minutes of vigorous activity than self-reported is important for future clinical studies that enroll obese individuals and address weight, exercise, and ideal cardiovascular health. This conclusion is supported by a systematic review of intervention studies for long-term weight management in obese individuals. This study reported that wearable digital devices could improve weight loss and physical activity but indicated that further study was needed [37].



Findings from our study have important clinical care and public health implications for obese and overweight individuals. We propose that the American Heart Association’s Life’s Simple 7 survey instrument should be administered to all persons at the time of first contact for an assessment of cardiovascular health and annually thereafter. This strategy, which can be readily implemented using electronic health records, provides both immediate identification of normal-weight, overweight, and obese status as well as a history, physical and laboratory assessment of cardiovascular disease risk factors as well as longer-term follow-up (Figure 3). The additional information gathered by including an assessment of dietary choices and habits as well as exercise profiles would allow for a more complete picture of cardiovascular health. The subgroup of obese individuals that meet criteria for fat-but-fit could be distinguished from other obese and inactive patients that require more advanced interventions to optimize several cardiovascular health factors and behaviors. For those individuals that are overweight or obese and have ideal cardiovascular health, a weight reduction program could lead to improvements in other comorbidities that are not assessed by the Life’s Simple 7 survey. For example, weight reduction has been shown to improve obstructive sleep apnea and non-alcoholic steatotic hepatitis [38]. This schema also identifies normal-weight but unfit individuals who are at higher risk for cardiovascular diseases than their active counterparts and would similarly benefit from targeted interventions to improve ideal cardiovascular health. Longitudinal administration of the survey would serve as a check-in to review progress toward establishing or maintaining ideal cardiovascular health. Digital health devices should also be considered a mechanism to provide additional objective data between visits. Utilizing the Life’s Simple 7 survey with digital health devices allows for a personalized and precision medicine approach to achieve ideal cardiovascular health for obese and non-obese individuals.
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Figure 1. Ideal cardiovascular health in normal-weight, overweight, and obese individuals. (a) The Life’s Simple 7 survey instrument assesses 7 health factors and health behaviors that are scored as poor, intermediate, or ideal based on criteria defined by an expert panel. The number of categories scored as ideal is shown for normal-weight (n = 523), overweight (n = 378), and obese individuals (n = 660). (b) The distribution of Life’s Simple 7 Health Scores for normal-weight, overweight, and obese participants is shown as violin plots. Median and quartiles are identified by dashed lines. 
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Figure 2. Exercise and diet profiles of obese individuals with ideal cardiovascular health and non-ideal cardiovascular health. (a) Self-reported minutes/week of moderate exercise and vigorous exercise are shown for obese individuals with ideal cardiovascular health (ObICVH) (n = 103) and obese individuals with non-ideal cardiovascular health (ObNon-ICVH) (n = 557). (b) Self-reported dietary choices are shown for obese individuals with ideal cardiovascular health (ObICVH) and obese individuals with non-ideal cardiovascular health (ObNon-ICVH). Daily servings of vegetables, fruits, and whole grains as well as weekly servings of fish and sugar-sweetened beverages are shown. Data are presented as mean ± standard deviation. 






Figure 2. Exercise and diet profiles of obese individuals with ideal cardiovascular health and non-ideal cardiovascular health. (a) Self-reported minutes/week of moderate exercise and vigorous exercise are shown for obese individuals with ideal cardiovascular health (ObICVH) (n = 103) and obese individuals with non-ideal cardiovascular health (ObNon-ICVH) (n = 557). (b) Self-reported dietary choices are shown for obese individuals with ideal cardiovascular health (ObICVH) and obese individuals with non-ideal cardiovascular health (ObNon-ICVH). Daily servings of vegetables, fruits, and whole grains as well as weekly servings of fish and sugar-sweetened beverages are shown. Data are presented as mean ± standard deviation.



[image: Obesities 01 00004 g002]







[image: Obesities 01 00004 g003 550] 





Figure 3. Life’s Simple 7 survey as a tool to achieve ideal cardiovascular health for normal weight, overweight, and obese individuals. The Life’s Simple 7 survey is a useful tool to assess ideal cardiovascular health in all weight classes and encourages individuals with ideal cardiovascular health to continue their heart healthy behaviors. In those individuals with non-ideal cardiovascular health, the survey identifies areas that could improve with intervention. 
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Table 1. Participant self-reported demographics, clinical, and Life’s Simple 7 data.
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Normal Weight

(n = 523)

	
Overweight

(n = 378)

	
Obese

(n = 660)

	
p Value






	
Age (years)

	
42.7 ± 14.0

	
44.8 ± 13.6

	
45.1 ± 11.8

	
<0.01




	
Gender (% female)

	
82.6

	
74.3

	
81.5

	
<0.01




	
Race and Ethnicity (no.)

	

	

	

	
<0.01




	
Asian

	
17

	
17

	
8




	
Black

	
12

	
10

	
38




	
Hispanic

	
16

	
22

	
30




	
White

	
458

	
322

	
557




	
Other

	
20

	
7

	
27




	
Region (no.)

	

	

	

	
<0.01




	
Northeast

	
74

	
61

	
92




	
South

	
199

	
148

	
275




	
Midwest

	
120

	
77

	
181




	
West

	
130

	
92

	
112




	
Diagnosed with Cardiovascular Disease (%)

	
29.3

	
36.0

	
42.0

	
<0.01




	
Diabetes mellitus (%)

	
1.5

	
6.9

	
19.2

	
<0.01




	
Hypertension (%)

	
34.2

	
47.9

	
63.3

	
<0.01




	
Hypercholesterolemia (%)

	
13.8

	
22.5

	
24.9

	
<0.01




	
Medications (%)

	

	

	

	
<0.01




	
Diabetes mellitus

	
1.5

	
5.3

	
16.5




	
Hypertension

	
16.6

	
29.9

	
46.5




	
Hypercholesterolemia

	
17.4

	
17.4

	
24.9




	
Smoking status (%)

	

	

	

	
<0.01




	
Current

	
5.5

	
5.3

	
8.9




	
Quit ≤ 1 year

	
2.9

	
4.0

	
4.4




	
Quit > 1 year

	
18.4

	
23.0

	
28.2




	
Never

	
73.2

	
67.7

	
58.5




	
Clinical Data

	

	

	

	




	
Weight (kg)

	
62.7 ± 9.0

	
77.9 ± 9.6

	
104.8 ± 21.9

	
<0.01




	
BMI (kg/m2)

	
22.2 ± 1.9

	
27.3 ± 1.4

	
37.6 ± 6.8

	
<0.01




	
Systolic blood pressure (mmHg) *

	
113.5 ± 11.4

	
118.5 ± 12.1

	
121.4 ± 13.0

	
<0.01




	
Diastolic blood pressure (mmHg) *

	
70.7 ± 8.0

	
73.6 ± 8.1

	
75.3 ± 8.9

	
<0.01




	
Total cholesterol (mmol/L) *

	
186.0 ± 29.9

	
189.7 ± 31.6

	
190.2 ± 27.1

	
<0.04




	
Blood glucose (mmol/L) *

	
94.9 ± 12.0

	
99.3 ± 14.6

	
102.7 ± 22.7

	
<0.01




	
Diet

	

	

	

	




	
Vegetables/day (cups)

	
2.1 ± 1.4

	
2.0 ± 1.3

	
1.6 ± 1.2

	
<0.01




	
Fruit/day (cups)

	
1.5 ± 1.1

	
1.4 ± 1.2

	
1.2 ± 1.0

	
<0.01




	
Fish (servings/week)

	
1.0 ± 1.1

	
1.0 ± 1.0

	
0.8 ± 1.0

	
<0.01




	
Whole grains (servings/day)

	
1.7 ± 1.2

	
1.6 ± 1.2

	
1.5 ± 1.1

	
<0.01




	
Sugar-sweetened beverages (servings/week)

	
1.9 ± 3.0

	
2.2 ± 3.2

	
3.0 ± 3.6

	
<0.01




	
Avoid prepackaged foods (%)

	
62.7

	
56.4

	
41.5

	
<0.01




	
Avoid eating out (%)

	
40.3

	
37.6

	
35.5

	
0.23




	
Avoid salt at home (%)

	
52.8

	
56.4

	
59.9

	
0.05




	
Exercise

	

	

	

	




	
Moderate exercise (min/week)

	
237.2 ± 224.1

	
219.9 ± 219.9

	
168.6 ± 199.2

	
<0.01




	
Vigorous exercise (min/week)

	
102.7 ± 137.4

	
79.6 ± 123.9

	
32.2 ± 79.1

	
<0.01




	
Life’s Simple 7

	

	

	

	




	
Smoking score (%)

	

	

	

	
<0.05




	
Poor

	
5.5

	
5.3

	
8.9




	
Intermediate

	
2.9

	
4.0

	
4.4




	
Ideal

	
91.6

	
90.7

	
86.7




	
Activity score (%)

	

	

	

	
<0.01




	
Poor

	
1.2

	
0.5

	
3.3




	
Intermediate

	
23.7

	
30.2

	
53.0




	
Ideal

	
75.1

	
69.3

	
43.7




	
Diet score (%)

	

	

	

	
<0.01




	
Poor

	
36.0

	
41.5

	
52.3




	
Intermediate

	
51.8

	
48.7

	
42.4




	
Ideal

	
12.2

	
9.8

	
5.3




	
Weight score (%)

	

	

	

	
<0.01




	
Poor

	
0

	
0

	
100.0




	
Intermediate

	
0

	
100

	
0.0




	
Ideal

	
100

	
0

	
0.0




	
Blood glucose score (%)

	

	

	

	
<0.01




	
Poor

	
0.2

	
3.2

	
7.1




	
Intermediate

	
29.3

	
40.0

	
38.5




	
Ideal

	
70.5

	
56.8

	
54.4




	
Cholesterol score (%)

	

	

	

	
<0.01




	
Poor

	
3.2

	
3.7

	
1.4




	
Intermediate

	
40.0

	
52.9

	
55.9




	
Ideal

	
56.8

	
43.4

	
42.7




	
Blood pressure score (%)

	

	

	

	
<0.01




	
Poor

	
3.3

	
4.5

	
9.4




	
Intermediate

	
37.7

	
56.9

	
61.8




	
Ideal

	
59.0

	
38.6

	
28.8








* Contains imputed data from Life’s Simple 7; categorical variables are analyzed by Chi-Square test; continuous variables are analyzed by ANOVA; non-parametric variables were analyzed by Kruskal–Wallis test.
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Table 2. Self-reported data from obese with ideal and non-ideal cardiovascular health.
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Obese

Ideal

Cardiovascular Health

(n = 103)

	
Obese

Non-Ideal

Cardiovascular Health

(n = 557)

	
p Value






	
Age (years)

	
38.3 ± 11.1

	
46.3 ± 11.5

	
<0.01




	
Gender (% female)

	
85.4

	
80.8

	
0.26




	
Race and Ethnicity (no.)

	

	

	
0.36




	
Asian

	
1

	
7




	
Black

	
8

	
30




	
Hispanic

	
7

	
23




	
White

	
81

	
476




	
Other

	
6

	
21




	
Region (no.)

	

	

	
0.67




	
Northeast

	
18

	
74




	
South

	
42

	
233




	
Midwest

	
28

	
153




	
West

	
15

	
97




	
Diagnosed with Cardiovascular Disease (%)

	
32.0

	
43.8

	
<0.03




	
Diabetes mellitus (%)

	
1.0

	
22.6

	
<0.01




	
Hypertension (%)

	
31.1

	
69.3

	
<0.01




	
Hypercholesterolemia (%)

	
17.5

	
65.7

	
<0.01




	
Medications (%)

	

	

	
<0.01




	
Diabetes mellitus

	
1.0

	
19.4




	
Hypertension

	
20.4

	
51.4




	
Hypercholesterolemia

	
3.9

	
28.7




	
Smoking status (%)

	

	

	
<0.01




	
Current

	
0.0

	
10.6




	
Quit ≤ 1 year

	
0.0

	
5.2




	
Quit > 1 year

	
35.0

	
26.9




	
Never

	
65.0

	
57.3




	
CLINICAL DATA

	

	

	




	
Weight (kg)

	
97.6 ± 17.1

	
106.2 ± 22.4

	
<0.01




	
BMI (kg/m2)

	
35.6 ± 5.0

	
37.9 ± 7.1

	
<0.01




	
Systolic blood pressure (mmHg) *

	
113.3 ± 9.6

	
122.9 ± 13.0

	
<0.01




	
Diastolic blood pressure (mmHg) *

	
71.2 ± 6.2

	
76.1 ± 9.2

	
<0.01




	
Total cholesterol (mmol/L) *

	
180.5 ± 21.4

	
191.9 ± 27.3

	
<0.01




	
Blood glucose (mmol/L) *

	
94.1 ± 6.0

	
104.3 ± 24.2

	
<0.01








* Contains imputed data from Life’s Simple 7; categorical variables are analyzed by Chi-Square test; continuous variables are analyzed by t-test; non-parametric variables were analyzed by Kruskal–Wallis test.
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Table 3. Digital health device measured weight and exercise data.
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Normal Weight

(n = 108)

	
Overweight

(n = 81)

	
Obese

(n = 103)

	
p Value






	
Weight (kg)

	
63.4 ± 9.2

	
78.2 ± 10.0

	
101.3 ± 27.4

	
<0.01




	
Delta reported vs. measured weight (kg)

	
−0.8 ± 3.9

	
0.0 ± 2.8

	
−0.7 ± 5.7

	
0.47




	
BMI (kg/m2)

	
22.4 ± 2.2

	
27.2 ± 1.9

	
36.2 ± 5.7

	
<0.01




	
Delta reported vs. measured BMI (kg/m2)

	
−0.3 ± 1.4

	
0.0 ± 1.0

	
−0.3 ± 2.0

	
0.42




	
Healthy Weight Score (%)

	

	

	

	
<0.01




	
Poor

	
0.0

	
7.4

	
93.2




	
Intermediate

	
11.1

	
85.2

	
6.8




	
Ideal

	
88.9

	
7.4

	
0.0




	

	
Normal Weight

(n = 128)

	
Overweight

(n = 103)

	
Obese

(n = 124)

	
p Value




	
Moderate exercise (min/week)

	
157.3 ± 206.6

	
135.8 ± 170.8

	
112.2 ± 138.3

	
0.12




	
Delta reported vs. measured

moderate exercise (min/week)

	
90.1 ± 288.4

	
75.9 ± 244.4

	
72.5 ± 216.8

	
0.84




	
Vigorous exercise (min/week)

	
184.6 ± 234.0

	
167.9 ± 218.0

	
140.9 ± 233.4

	
0.31




	
Delta reported vs. measured

vigorous exercise (min/week)

	
−66.0 ± 236.2

	
−66.0 ± 192.0

	
−97.1 ± 239.1

	
0.46




	
Physical Activity Score (%)

	

	

	

	
0.12




	
Poor

	
0.0

	
0.0

	
0.0




	
Intermediate

	
35.2

	
35.9

	
46.8




	
Ideal

	
64.8

	
64.1

	
53.2




	

	
Normal Weight

(n = 99)

	
Overweight

(n = 79)

	
Obese

(n = 94)

	
p Value




	
Recalculated LS7 Health Score

	
7.9 ± 1.0

	
7.1 ± 1.2

	
6.0 ± 1.0

	
<0.01




	

	
Normal Weight

(n = 137)

	
Overweight

(n = 107)

	
Obese

(n = 131)

	
p Value




	
Steps per day

	
8593.0 ± 5186.2

	
8069.6 ± 4463.9

	
6756.0 ± 4145.0

	
<0.01
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