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Abstract

BACKGROUND—Smartphone-based health applications are increasingly popular, but their real-

world use for cardiovascular risk management remains poorly understood.

OBJECTIVES—The purpose of this study was to investigate the patterns of tracking health goals 

using smart devices, including smartphones and/or tablets, in the United States.

METHODS—Using the nationally representative Health Information National Trends Survey for 

2017 to 2020, we examined self-reported tracking of health-related goals (optimizing body weight, 

increasing physical activity, and/or quitting smoking) using smart devices among those with 

cardiovascular disease (CVD) or cardiovascular risk factors of hypertension, diabetes, obesity, 

and/or smoking. Survey analyses were used to obtain national estimates of use patterns and 

identify features associated with the use of these devices for tracking health goals.

RESULTS—Of 16,092 Health Information National Trends Survey participants, 10,660 had CVD 

or cardiovascular risk factors, representing 154.2 million (95% CI: 149.2-159.3 million) U.S. 
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adults. Among the general U.S. adult population, 46% (95% CI: 44%-47%) tracked their health 

goals using their smart devices, compared with 42% (95% CI: 40%-43%) of those with or at risk 

of CVD. Younger age, female, Black race, higher educational attainment, and greater income were 

independently associated with tracking of health goals using smart devices.

CONCLUSIONS—Two in 5 U.S. adults with or at risk of CVD use their smart devices to 

track health goals. While representing a potential avenue to improve care, the lower use of smart 

devices among older and low-income individuals, who are at higher risk of adverse cardiovascular 

outcomes, requires that digital health interventions are designed so as not to exacerbate existing 

disparities.
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The widespread availability of smartphones and their potential role in the management of 

cardiovascular risk factors highlight their utility in improving cardiovascular health.1-12 

In the United States, 12.4 million and 8.8 million disability-adjusted life years of 

cardiovascular disease (CVD) were attributable to metabolic and behavioral risk factors, 

respectively, in 201913,14; however, these modifiable cardiovascular risk factors may be 

managed through smartphone-based cardiovascular health applications.4-11 Therefore, 220 

million U.S. adults who own a smartphone may benefit from its various features, including 

health or wellness applications that could potentially help them to control these risk 

factors and boost the adoption of a healthier lifestyle with the ultimate hope of preventing 

CVD.1,2,12

The health applications of smart devices, including smartphones and/or tablets, provide 

opportunities to mitigate multiple modifiable cardiovascular risk factors simultaneously, 

including hypertension, diabetes mellitus (DM), obesity, and cigarette smoking.4-11 This 

integrated approach, targeted at improving multiple sources of cardiovascular risk by 

encouraging and promoting lifestyle modifications is a potentially useful tool against CVD3; 

nevertheless, data on the real-world utilization of smart devices for improving cardiovascular 

health remains scarce. It is imperative to understand the uptake patterns of smart devices 

for improving health to enable the implementation of novel mobile health technologies in 

routine health care because the current use patterns indicate the gaps and the readiness 

of the population to adopt these technologies. Additionally, their equitable uptake in the 

community may serve as an avenue to overcome the inequities in cardiovascular risk factor 

management.15,16 On the other hand, the knowledge of the uptake patterns of smart devices 

may help to prevent the digital divide that exacerbates health disparities.17

In this nationally representative study of U.S. adults, we investigated the patterns of 

ownership of a smart device, having health applications on smart devices, and using smart 

devices for tracking key health goals, such as optimizing body weight, increasing physical 

activity, and quitting smoking. We also explored sociodemographic features associated with 

the use of smart devices to track health goals among U.S. adults with or at risk of CVD.
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METHODS

DATA SOURCE.

In this cross-sectional study, we used data from the Health Information National Trends 

Survey (HINTS), the largest nationally representative survey of health technology utilization 

among the noninstitutionalized U.S. adult population, to examine the knowledge, attitude, 

and practice of seeking and employing health information. HINTS captures data on the use 

of technologies for improving health, which distinguishes it from other national surveys in 

the United States. The National Cancer Institute conducted HINTS-5 through 4 nationally 

representative cross-sectional surveys, from cycle 1 to cycle 4, from 2017 to 2020.18

Briefly, each cycle of HINTS-5 utilized a 2-stage stratified probability sampling strategy. In 

the first stage, an equal-probability sample of addresses was selected from 2 sampling strata 

of all nonvacant residential addresses in the United States in the Marketing Systems Group 

database. The 2 sampling strata were based on the concentration of minority populations, 

high-minority areas (≥34% of the population are Hispanics or African Americans) and 

low-minority areas (the rest of the addresses). The high-minority area addresses were 

oversampled in all 4 cycles to enhance the representativeness of the minority population 

in the survey (Supplemental Table 1). In the second stage, one adult from the sampled 

household was selected to participate in the survey. To ensure accurate estimates and 

adjust for nonresponse and noncoverage biases, the full-sample weights were computed 

in 4 steps, including calculating household-level base weights, adjusting for household 

nonresponse, calculating person-level initial weights, and calibrating the person-level 

weights to population counts (Supplemental Methods). We combined 4 cycles of HINTS-5 

from 2017 through 2020 to obtain a nationally representative sample of U.S. adults in this 

period.

STUDY POPULATION.

We included all adults (≥18 years of age) with a self-reported history of CVD or at least 

one cardiovascular risk factor. CVD was defined as a positive response to the question, “Has 

a doctor or other health professional ever told you that you had a heart condition such as 

heart attack, angina, or congestive heart failure?” Self-reported cardiovascular risk factors 

that have been recorded in all 4 cycles of HINTS-5 were metabolic, including hypertension, 

DM, and obesity, and behavioral, including cigarette smoking. Hypertension and DM were 

defined as ever being told by a doctor or other health professional that they had high blood 

pressure or hypertension, and diabetes or high blood sugar, respectively. We defined obesity 

as a body mass index ≥30 kg/m2. Current cigarette smoking every day, or some days, was 

considered a behavioral risk factor.19

STUDY OUTCOMES.

The primary outcome was the proportion of U.S. adults with or at risk of CVD who 

reported tracking of their progress to achieve a health goal using their smart devices, 

including smartphones and/or tablets, according to the following question: "Has your tablet 

or smartphone helped you track progress on a health-related goal, such as quitting smoking, 

losing weight, or increasing physical activity?" The study outcome was assessed among 
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those participants who owned a smart device. We also evaluated if being affected by CVD or 

cardiovascular risk factors is associated with the use of smart devices for improving health.

STUDY COVARIATES.

We included self-reported demographics and socioeconomic characteristics to assess the 

patterns of tracking health goals using smart devices, and to identify the characteristics 

associated with the use of smart devices for tracking health goals. These included age, 

sex, race, ethnicity, educational attainment, household income, and residence area. Age was 

recorded as a continuous measure and was categorized into 18 to 49, 50 to 64, and ≥65 

years of age. Race and ethnicity consisted of 4 groups of non-Hispanic White, non-Hispanic 

Black, Hispanic, and other, including non-Hispanic American Indian or Alaska Native, 

non-Hispanic Asian, non-Hispanic Native Hawaiian or other Pacific Islander, or multiple 

races. Residence area was defined as metropolitan and nonmetropolitan (micropolitan, small 

town, and rural) based on the size and direction of primary commuting flows using the 

rural-urban commuting area codes.

STATISTICAL ANALYSIS.

All analyses accounted for the complex survey design. We used full-sample weights to 

calculate point estimates and employed the sampling clusters, stratification by minority 

density, and person-level full-sample weights to calculate standard errors of estimates. We 

evaluated weighted annual trends of owning a smart device, having health applications on 

smart devices, and tracking health goals using smart devices from 2017 through 2020. The 

slope of each time trend was computed by separate survey logistic regression models fitted 

for calculating odds of the dependent variable, including owning a smart device, having 

health applications, or tracking of health goals, using calendar year as the independent 

variable.

To compare the use of smart devices for monitoring health behaviors between individuals 

with or at risk of CVD and those without CVD or cardiovascular risk factors, we used 

survey logistic regression models that were sequentially adjusted for demographics (age, 

sex, and race and ethnicity) and socioeconomic characteristics (educational attainment, 

household income, and residence area). We next evaluated independent factors associated 

with tracking of health goals using smart devices through survey logistic regression models 

that were sequentially adjusted for demographics (age, sex, and race and ethnicity), 

cardiovascular risk factors (hypertension, DM, obesity, and cigarette smoking), and 

socioeconomic characteristics (educational attainment, household income, and residence 

area). The first model focused on demographics. The second model accounted for 

demographics but also included cardiovascular risk factors. The third model included 

socioeconomic characteristics in addition to demographics and cardiovascular risk factors.

Analyses were conducted using R version 4.0.3 (2020-10-10). All statistical tests were 

2-sided, with an alpha of 0.05 as the level of statistical significance. The protocol of HINTS 

has been reviewed by the Westat Institutional Review Board and was exempted from review 

by the U.S. National Institutes of Health Office of Human Subjects Research Protections.18 
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This study complies with the Strengthening the Reporting of Observational Studies in 

Epidemiology reporting guidelines.20

RESULTS

STUDY POPULATION CHARACTERISTICS.

We identified 16,092 participants with a mean age of 56.9 ± 16.7 years between 2017 and 

2020, representing 251 million U.S. adults with a mean age of 49.0 (17.6) years, including 

51% (95% CI: 50%-53%) women. This included 10,660 (68.3%) participants with or at 

risk of CVD with a mean age of 60.4 ± 15.5 years, representing 154.2 million (95% CI: 

149.2-159.3 million) U.S. adults with or at risk of CVD with a mean age of 53.0 ± 16.9 

years. In the study population, 49% (95% CI: 47%-51%) were women, 13% (95% CI: 

12%-14%) were of non-Hispanic Black race/ethnicity, and 16% (95% CI: 15%-17%) were 

of Hispanic race/ethnicity (Table 1). From 2017 to 2020, 19.2 million (95% CI 17.6-20.8 

million) U.S. adults had CVD, and 134.4 million (95% CI: 129.5-139.4 million) U.S. adults 

were at risk of CVD (Supplemental Table 2).

USE OF SMART DEVICES.

Compared with an estimated 87% (95% CI: 86%-88%) of the total U.S. adult population 

who had a smart device, 84% (95% CI: 83%-85%) of individuals with or at risk of CVD 

owned a smart device (Table 2, Central Illustration). From 2017 to 2020, the odds of owning 

a smart device significantly increased among both the general population and those with 

or at risk of CVD every year (OR for calendar-year change: 1.16 and 1.17, respectively) 

(Figure 1). Individuals with or at risk of CVD were less likely to own a smart device 

compared with individuals without CVD or cardiovascular risk factors (OR: 0.37, 95% 

CI: 0.30-0.45). This association remained significant after accounting for demographic 

differences of age, sex, and race and ethnicity (OR: 0.66, 95% CI: 0.53-0.82). However, 

there were no significant differences after accounting for socioeconomic differences 

of educational attainment, household income, and residence area (OR: 0.90, 95% CI: 

0.69-1.17).

HAVING HEALTH APPLICATIONS ON SMART DEVICES.

Among U.S. adults who had a smart device, 51% (95% CI: 50%-53%) had health and 

wellness applications on their smart device, compared with 48% (95% CI: 46%-50%) for 

those with or at risk of CVD (Table 2, Central Illustration). There was a year-to-year 

increase in the use of health applications on smart devices between 2017 and 2020 (OR for 

calendar-year change: 1.18 overall and 1.21 for those with or at risk of CVD, respectively) 

(Figure 1). Compared with U.S. adults without CVD or cardiovascular risk factors, those 

with or at risk of CVD had significantly lower use of health applications on their smart 

devices (OR: 0.69, 95% CI: 0.61-0.78). This pattern was consistent after accounting for 

demographic differences between groups (OR: 0.82, 95% CI: 0.72-0.94), but not after 

additional adjustment for socioeconomic characteristics (OR: 0.97, 95% CI: 0.85-1.11).
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USE OF SMART DEVICES TO TRACK HEALTH GOALS.

Overall, an estimated 46% (95% CI: 44%-47%) of the U.S. adults reported tracking of their 

progress to achieve a health goal using their smart devices. Among those with or at risk 

of CVD, 42% (95% CI: 40%-43%) tracked their health goals with smart devices (Table 2, 

Figure 2, Central Illustration). Between 2017 and 2020, the odds of tracking of health goals 

using smart devices significantly increased among both the general population and those 

with or at risk of CVD across calendar years (OR for calendar-year change: 1.11 and 1.10, 

respectively) (Figure 1). U.S. adults with or at risk of CVD less frequently used their smart 

devices to track their progress to achieve a health goal compared with those without CVD 

or cardiovascular risk factors (OR: 0.67, 95% CI: 0.59-0.77); nevertheless, this difference 

was no longer significant after accounting for differences in demographics (OR: 0.89, 95% 

CI: 0.78-1.02), or both demographics and socioeconomic characteristics (OR: 1.02, 95 CI: 

0.88-1.17).

CHARACTERISTICS ASSOCIATED WITH TRACKING OF HEALTH GOALS USING SMART 
DEVICES.

Among individuals with or at risk of CVD, younger individuals (<65 years of age), women, 

those of non-Hispanic Black race/ethnicity (vs White race/ethnicity), and those with higher 

educational attainment (college education or higher vs high school or lower) and greater 

household income (>$50,000 vs <$20,000) were more likely to track their health goals using 

smart devices. In contrast to individuals with obesity, those with hypertension and cigarette 

smoking reported lower use of smart devices to track health goals (Table 3).

In multivariable models, younger individuals (<65 years of age) compared with older 

individuals and women compared with men were more likely to track their health 

goals using smart devices after accounting for differences in demographic characteristics, 

cardiovascular risk factor profile, and socioeconomic features. While there were no 

differences between Black and White individuals in health tracking using smart devices 

after accounting for either demographic differences or differences in demographics and 

cardiovascular risk factors, Black individuals were more likely to report higher use when 

also accounting for socioeconomic differences. Higher educational attainment (college 

education or higher vs high school or lower) and greater household income (>$50,000 vs 

<$20,000) were independently associated with tracking health goals using smart devices 

among U.S. adults with or at risk of CVD (Table 3, Figure 3). Similar results were observed 

among U.S. adults with CVD and at-risk populations (Supplemental Table 3, Supplemental 

Figure 1).

DISCUSSION

In this nationally representative study of U.S. adults between 2017 and 2020, 2 in 5 adults 

with or at risk of CVD used their smart devices to track their progress toward achieving 

a health goal, such as optimizing body weight, increasing physical activity, and/or quitting 

smoking. The odds of owning a smart device, having health applications on smart devices, 

and using smart devices to track health goals all significantly increased both in the general 

U.S. adult population and among those with or at risk of CVD across calendar years during 
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2017-2020. While U.S. adults with or at risk of CVD were less likely to own a smart 

device, have health applications on smart devices, or use smart devices to track health 

goals when compared with those without CVD or cardiovascular risk factors, differences in 

demographics and socioeconomic characteristics may explain these differences. Among U.S. 

adults with or at risk of CVD, younger age, female sex, non-Hispanic Black race/ethnicity, 

higher educational attainment, and greater household income were independently associated 

with tracking of health goals using smart devices.

Previous studies have demonstrated the effectiveness of smart device-based interventions 

for both primary and secondary prevention of CVD among those at-risk and those with 

established CVD, respectively.8-10,21 According to the Pew Research Center survey for 

2021, 85% of U.S. adults have a smartphone, which is in agreement with our estimates.1 

Our work builds on the literature and identifies a lower access to smart devices and health 

applications and a lower use of smart devices to track health goals among individuals with or 

at risk of CVD compared with individuals without CVD or cardiovascular risk factors. This 

suggests that the use of novel technologies remains suboptimal in the populations that are at 

the highest risk of major adverse cardiovascular events and may derive the greatest absolute 

health benefit from smart devices.8,21

To leverage the potential cardiovascular health benefits of smart devices, it is imperative 

to ensure their equitable and effective utilization across clinical and sociodemographic 

subgroups.22 Our observation that younger individuals, women, and those with higher 

educational attainment and greater household income had higher use of smart devices 

to improve cardiovascular health is in agreement with previous studies,23,24 though our 

study establishes the nationally representativeness of such patterns. A key consideration 

is that groups with a lower use of smart devices for health management, including 

older individuals, men, and those with a lower socioeconomic status also have worse 

cardiovascular outcomes.25,26 This represents a key consideration for technology-driven 

implementation studies that would need to explicitly factor such differences in current use 

patterns to ensure smart health interventions ameliorate rather than exacerbate disparities in 

health outcomes.

It is worth noting that among those who already possessed smart devices, an estimated 

58% did not use their devices to track their cardiovascular health goals, despite substantial 

evidence on the efficacy of these interventions.3,4,8-11 This may be due to a lack of 

recognition of these opportunities by clinicians. To maximize the available technology, 

clinicians and healthcare providers should consider including an evaluation of access 

to smart devices as a consideration in patient evaluation. When smart device access 

is confirmed, identifying potential tools that patients can use to better manage their 

cardiovascular health may be an important proximate step, especially in sociodemographic 

groups with lower use of smart devices.27,28

STUDY LIMITATIONS.

Our findings should be interpreted in light of the following limitations. First, our study is 

based on self-report. However, the use of a standardized survey by trained interviewers 

likely improves the quality of the observations. Second, the survey-based assessments 
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are prone to recall bias, and there was no verification of how participants used their 

smart devices to track health goals, whether they successfully achieved a health goal, 

or how they defined tracking of health goals using smart devices. However, this is the 

first report that will allow the design of large studies that objectively measure specific 

cardiometabolic benefits of smart devices. Third, the definition of CVD was based on a 

question that combined atherosclerotic CVD and heart failure, though a history of stroke 

or peripheral arterial disease was not explicitly recorded. Fourth, although we included all 

metabolic and behavioral cardiovascular risk factors recorded in HINTS, dyslipidemia was 

not reported and was not considered for this study. Given the high correlation between 

different atherosclerotic diseases and cardiovascular risk factors with each other, we likely 

captured most of the individuals with conditions not explicitly evaluated in the survey.

CONCLUSIONS

Two in 5 U.S. adults with or at risk of CVD use their smart devices to track health goals. 

The lower use of smart devices among older individuals, men, and those with a lower 

socioeconomic status, who are also at higher risk of adverse cardiovascular outcomes, 

requires that digital health interventions are designed so as not to exacerbate existing health 

disparities.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Two in 5 U.S. adults with or at risk of CVD use their smart devices to track their 

progress toward achieving a health goal, such as optimizing body weight, increasing 

physical activity, and/or quitting smoking. From 2017 to 2020, the use of smart devices 

for improving cardiovascular health significantly increased among U.S. adults with or at 

risk of CVD; however, these individuals remain less likely to derive health benefits from 

smart devices compared with individuals without CVD or cardiovascular risk factors. The 

lower use of smart devices for improving health is more pronounced among older or male 

individuals, as well as those with lower educational attainment and income, who are at 

higher risk of major adverse cardiovascular outcomes.

TRANSLATIONAL OUTLOOK:

Smart devices represent a potentially meaningful advance in cardiovascular risk 

management, enabling patients to track their cardiovascular health goals. Health care 

providers may need to participate in the rigorous evaluation of the benefits of these 

devices for their patients. With interventions that have been recognized to be effective, 

clinicians will also need to actively engage to improve their use among patients, 

particularly among sociodemographic subgroups with lower digital literacy and poor 

cardiovascular outcomes. This study informs the design of future studies that objectively 

measure specific cardiometabolic benefits of smart devices.

Aminorroaya et al. Page 11

JACC Adv. Author manuscript; available in PMC 2023 December 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. Owning a Smart Device, Having Health Applications, and Tracking of Health Goals 
Using Smart Devices Among U.S. Adults and U.S. Adults With or At Risk of Cardiovascular 
Disease From HINTS, 2017-2020
CVD = cardiovascular disease; HINTS = Health Information National Trends Survey.
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FIGURE 2. Distribution of Demographics and Socioeconomic Characteristics Among U.S. 
Adults and Those With or at Risk of CVD Who Tracked Their Progress to Achieve a Health 
Goal Using Their Smart Devices From HINTS, 2017 to 2020
CVD = cardiovascular disease; HINTS = Health Information National Trends Survey.
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FIGURE 3. Multivariable-Adjusted Characteristics Associated With Tracking of Health Goals 
Using Smart Devices Among U.S. Adults With or at Risk of CVD From HINTS, 2017 to 2020
CVD = cardiovascular disease; HINTS = Health Information National Trends Survey.
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CENTRAL ILLUSTRATION. Use of Smart Devices to Improve Cardiovascular Health in the 
United States From HINTS, 2017 to 2020
Values are % (95% CI). CVD = cardiovascular disease; HINTS = Health Information 

National Trends Survey.
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