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Abstract

Cardiovascular diseases (CVD) comprise the leading cause of mortality worldwide, accounting for 

3 in 10 deaths. Individuals with certain risk factors, including tobacco use, obesity, low levels of 

physical activity, type 2 diabetes mellitus, racial/ethnic minority status and low socioeconomic 

status, experience higher rates of CVD and are, therefore, considered priority populations. 

Technological devices such as computers and smartphones are now routinely utilized in research 

studies aiming to prevent CVD and its risk factors, and they are also rampant in the public and 

private health sectors. Traditional health behavior interventions targeting these risk factors have 

been adapted for technology-based approaches. This review provides an overview of technology-

based interventions conducted in these priority populations as well as the challenges and gaps to 

be addressed in future research. Researchers currently possess tremendous opportunities to engage 

in technology-based implementation and dissemination science to help spread evidence-based 

programs focusing on CVD risk factors in these and other priority populations.
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Cardiovascular diseases (CVD) comprise the leading cause of mortality worldwide, 

accounting for approximately 17.5 million deaths in 2012, including 7.4 million from 

ischemic heart disease and 6.7 million from stroke.1 These statistics translate to 3 in every 

10 deaths.1 Compared to low- and middle-income countries, high-income countries are 

burdened by a higher percentage of deaths from CVD and other non-communicable 

diseases, largely due to the longer lifespan and lower prevalence of communicable diseases 

in these countries.1

Technological devices, such as computers and smartphones, are now routinely utilized in 

research studies aimed at preventing CVD and its risk factors.2 Although these devices are 
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becoming increasingly available in low- and middle-income countries, few studies using 

technology to prevent CVD have been conducted in these less affluent areas.3 Therefore, this 

review will focus on research conducted in high-income countries.

Within high-income countries, certain segments of the population face relatively higher 

CVD risk and are thus considered to be “priority populations.” In particular, individuals with 

the following risk factors (Fig 1) experience higher rates of CVD: tobacco use, obesity, low 

levels of physical activity (PA), type 2 diabetes mellitus (T2DM), racial/ethnic minority 

status, and low socioeconomic status (SES). Technology-based health behavior interventions 

are adaptable and often tailored to match the needs and characteristics of these specific 

populations (Fig 2). For example, a health behavior intervention based on the social 

cognitive theory might focus on smoking cessation for tobacco users, healthy eating habits 

and PA promotion for individuals with T2DM, and all three of these health behaviors for 

racial/ethnic minorities with high rates of these behaviors.

Technology-based health behavior tools are appealing for many reasons, including their 

adaptability, expansive reach, cost-effectiveness, objective data collection capacity, and 

facilitation of real-time data collection and feedback (i.e., ecological momentary assessment 

and intervention). The following sections describe some of the adaptations that have been 

made to technology-based CVD prevention interventions to meet the needs of these priority 

populations as well as the outcomes extracted from these studies. It attempts to summarize 

best practices thus far and identify important gaps that remain for future research studies to 

explore or resolve.

Tobacco Use

Tobacco use has been the leading cause of CVD and preventable premature death for the 

past four decades and has therefore been the target of health behavior change interventions 

more than any other single behavior.4 Technology-based smoking cessation interventions 

have been tested in numerous randomized controlled trials and have also become 

mainstream in the government, public and private sectors.

Telephone counseling for smoking cessation (referred to as Quitlines) marked the first major 

use of technology to help smokers quit, and this method continues to be one of the most 

utilized and evidence-based approaches.5 Telephone counseling is currently delivered in 

multiple languages, and most Quitlines provide free access to additional cessation 

information and services, including telephone-based support and advice from an experienced 

cessation counselor, a personalized quit plan and self-help materials, social support and 

strategies to help them cope with cravings, cessation services and other resources offered 

near their residence, and/or access to the latest information about cessation medications.6 

Quitlines have continued to thrive despite the development of more technologically 

advanced smoking cessation delivery methods, which raises the question of whether or not 

these newer methods provide incremental benefits.

Smoking cessation websites emerged with the increasing utilization of the Internet for health 

information and services.7 These websites contain facts/statistics about smoking and its 
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health risks, questionnaires for smokers to complete to help them determine their stage of 

change, tips and tools to help smokers prepare to quit, strategies for them to use in the 

quitting process, and relapse prevention tools to help them remain tobacco free.

More recently, other technology-based approaches such as text messaging, smartphone 

applications (apps), and social media (e.g., Facebook) have expanded the reach and 

accessibility of smoking cessation interventions and support. For example, researchers and 

government-funded organizations have developed programs that enable smokers to reach out 

for real-time text-based support from smoking cessation counselors and/or other smokers 

trying to quit by texting keywords or codes.2

Countless smoking cessation apps with various features to help smokers quit, such as self-

monitoring of cravings and numbers of cigarettes per day smoked, have been developed by 

research teams, government-funded organizations, and private companies alike.8 Other 

programs have been delivered via Facebook to reach smokers who prefer to engage with 

their existing social media platform in their quitting journey.9

Combining many of the aforementioned methods is the Tobacco Control Research Branch of 

the National Cancer Institute’s comprehensive (Smokefree.gov (http://smokefree.gov) 

program, which “provides free, accurate, evidence-based information and professional 

assistance to help support the immediate and long-term needs of people trying to quit 

smoking”.8 Smokefree.gov provides multiple options to help smokers quit according to their 

preferences, including an extensive website with cessation information and tools; live online 

instant messaging support; a mobile text messaging service with 24/7 encouragement, 

advice, and tips; two smartphone app options (for teens and adults) with tips, tools, goal-

setting, and self-monitoring; and referrals to local or national quitlines. The Smokefree.gov 

website also provides information about healthy eating habits, exercise, and mood 

management to help smokers adopt an overall healthy lifestyle, which may help them quit 

and avoid relapses. Moreover, Smokefree.gov offers tailored versions of these programs for 

specific populations: women (including pregnant women), veterans, teens, and Spanish-

speaking smokers.8

This review only touches on the extensive work of technology-based interventions for 

smoking cessation. Although it is the most developed area of behavior change interventions 

for CVD prevention, it still has many gaps that need to be filled. For example, helping 

smokers to navigate their environmental surroundings and social situations to make smoking 

the more difficult behavior to engage in would constitute novel uses of behavioral 

economics.

Furthermore, although the overall smoking prevalence rate has declined significantly in the 

past few decades, certain segments of the population continue to face higher rates of tobacco 

use and more difficulty quitting. In particular, individuals with certain racial/ethnic 

backgrounds (e.g., African Americans), mental health disorders, fewer years of education, 

and lower SES are more likely to smoke and less likely to successfully quit.3 Therefore, 

technology-based smoking cessation interventions should be designed or tailored to reach 

these and other underserved and vulnerable populations, who have apparently not responded 
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as successfully to traditional cessation approaches and may benefit from these alternative 

approaches. More research is needed to determine whether or not technology-based 

approaches would be more helpful.10

Insufficient PA

Less than 50% of adults in the US meet public health guidelines for recommended levels of 

PA.11 In effect, insufficient PA rivals and is expected to soon surpass smoking as the most 

important CVD risk factor.12–16 Technology-based assessments and interventions for PA 

have proliferated since the dawn of technologies such as pedometers for PA self-

monitoring17 and telephone counseling for PA motivation enhancement.18

Technology-based assessments have enabled more objective and accurate tracking of PA 

behaviors than traditional self-report measures.19 These devices are constantly evolving as 

the engineering within them becomes increasingly accurate and reliable. Accelerometers are 

still considered the gold standard in PA assessment but are utilized almost exclusively by PA 

researchers since the data they collect are complicated to extract and interpret.20 In the 

public domain, traditional pedometers are being quickly replaced by wireless self-tracking 

devices such as the Fitbit, Jawbone UP, Garmin vivo, Apple iWatch, and Nike Fuelband, 

among numerous others, and the latest smartphones incorporate accelerometers and GPS 

tracking to track users’ PA behaviors and encourage them to carry or essentially wear their 

phones.21,22

Self-tracking devices are thriving in a society full of individuals increasingly interested in 

these wearable technologies that enable them to better understand and take control of their 

own health.23 A Pew Internet Research Survey conducted in August through September 

2012 via telephone found that 21% of respondents reported using some form of technology 

to track their health data.24 This number has undoubtedly grown substantially in the past few 

years. The latest versions of these devices incorporate social connectivity and social media 

features that encourage users to challenge their friends with the same devices to achieve 

certain goals and benchmarks, compete with each other, and share their goals and 

accomplishments on social media platforms. Many of these built-in features are rooted in 

classic social psychology strategies known to improve effort and performance in exercise 

and sports (e.g., social facilitation).25 These wireless tracking devices have been increasingly 

incorporated into PA research as evidence supporting their validity and reliability has 

increased.22,26–28

Technology-based PA interventions have incorporated strategies to address the most 

commonly stated barriers to engaging in leisure time PA, including a perceived lack of time, 

motivation, social support, knowledge, and convenient places to be active, among others.29 

Modeled after traditional evidence-based PA interventions, technology-based interventions 

strive to incorporate multiple behavioral adherence strategies such as self-monitoring, social 

support, and goal-setting.28 Telephone counseling sessions with health coaches or nurses are 

still utilized in research and clinical settings.18 However, more modern delivery channels 

such as websites, automated text messaging systems, mobile applications, and social media 

platforms (e.g., Facebook, Twitter) have essentially dominated the public and private sector 
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PA promotion market and become increasingly commonplace in research settings.30 One 

recently completed study was designed based on behavioral theory and integrated 

intervention elements across multiple technology-based touch points, including Facebook, 

text messaging, smartphone apps, blogs, and e-mail in order to give participants the option 

of utilizing one or more devices according to their personal preferences.31

Since accumulating multiple, shorter bouts of PA improves health as much as engaging in 

sustained bouts of PA and may be more convenient and feasible for individuals who are 

short on leisure time, encouraging individuals to break-up their sedentary time with short 

bouts of PA have gained popularity.32,33 Notifications, such as buzzers or vibrations, 

reminding users to break up long periods of sedentary time by standing up and/or going for 

short walks are built-in features on many wearable devices and can be easily programmed in 

to computers or smartphones (e.g., using a simple clock or timer feature).

Encouraging individuals to focus on the immediate rewards of PA (e.g., energy boost, 

enjoyment, mood/affect improvement) rather than on the delayed, long-term effects (e.g., 

decreased risk of CVD, longer lifespan) may help increase their motivation for daily PA.34 

Technology-based approaches naturally capitalize on this approach, as they are equipped to 

provide immediate feedback and positive reinforcement upon meeting PA goals and 

benchmarks.

Individuals with certain demographic characteristics, including female sex, minority race/

ethnicity, low educational attainment, and low SES, are more likely to report insufficient PA 

and also suffer from higher rates of CVD; therefore, PA interventions have and should 

continue to focus on meeting the unique needs of these high-risk populations.35 Recent data 

suggest that an equally high percentage (approximately 90% as of April 2015)36 of high-risk 

individuals own a cellular phone as those from lower-risk groups, so reaching them via 

phone or text is feasible. Decreasing sedentary behavior in addition to increasing PA is 

another area of rapidly growing interest and apparent importance in the activity-related CVD 

prevention literature.37–39

Obesity

Obesity is one of the leading risk factors for CVD, and traditional behavior weight 

management is intensive and expensive.1 Although other variables factor in to the weight 

management equation, obesity treatment programs typically focus primarily on diet and 

exercise because they exert the most influence on weight and are modifiable behaviors.40 

Some programs emphasize one of these behaviors over the other. For example, diet is often 

emphasized during the weight loss phase, whereas exercise is emphasized in the weight 

maintenance phase of weight loss/maintenance programs.40

Over the last 10 years, technology-based interventions, which can increase accessibility and 

reach while promoting evidence-based weight loss strategies at lower cost, have proliferated 

in the treatment of overweight and obesity.41–48 A variety of technological components have 

been included in weight loss interventions. Interactive computer or web-based weight loss 

interventions are most common,42,48 but mobile technologies such as phones for text 
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messaging and smartphone applications have more recently gained popularity.43,45 Other 

technological devices tested have included a personal digital assistant (PDA), wireless and 

electronic weighing scales, and virtual groups.41,44,45

Technology-based interventions for obesity treatment have seamlessly incorporated 

behavioral change strategies. For example, websites, automated “health coaching” text 

messaging systems, mobile applications, and wireless weighing scales facilitate self-

monitoring. Individuals using a self-monitoring app are more likely to consistently enter 

complete days of dietary data than individuals using pencil and paper approaches.49 PDAs 

have similarly shown better adherence to self-monitoring of food intake and physical activity 

than paper diaries.50,51 Self-weighing using Wi-Fi scales and graphic email feedback has 

been associated with frequent self-monitoring and weight loss.52

Computer-tailored feedback is another feature that allows for more individualization of 

counseling delivered in real-time through text or email messages.53,54 Receiving tailored 

versus non-tailored messages has led to greater weight loss.54 In addition to or in lieu of a 

counselor, technology-based interventions have tested the provision of social support 

through online communities. For example, among individuals randomized to a mobile media 

intervention, engagement in a social network such as Twitter was related to weight loss.55 In 

another study, using Facebook resulted in weight loss but only among those who also 

received text messages and personalized feedback and identified a support person, 

suggesting that delivering weight loss content alone via social networking sites may not be 

sufficient to drive changes in behavior.56

In general, technology-based interventions have led to greater weight loss than minimal 

intervention but have produced less weight loss than in-person treatment.42,48 However, as 

with in-person treatment, greater use of the program is associated with better weight loss 

results.47,53 Hence, finding innovative ways to increase and sustain adherence and 

motivation through technology may be key to keeping individuals engaged in treatment.

Currently, most studies on technology-based intervention on obesity have focused on weight 

loss, but interest in their use in long-term weight loss maintenance is growing.46 Employing 

technology-based approaches holds particular promise for weight loss maintenance when in-

person intervention contact is minimal to none. For example, weight loss is more likely to be 

sustained in interventions with a technology component compared with minimal or no 

personal contact during the maintenance or follow-up phase.57,58 More studies are needed to 

determine the effectiveness of technology-based tools in preventing weight regain.

Type 2 Diabetes Mellitus

Certainly T2DM has been identified as a major risk factor for CVD, to the extent that T2DM 

status is included as a factor in the Framingham Risk Score as well as the Pooled Cohort 

Equation.59 Individuals with impaired glucose tolerance or T2DM levels of fasting glucose 

have more than double the risk of CVD mortality as individuals with normal glucose 

tolerance.60 Patients with T2DM, therefore, should be considered a population of 

particularly high priority to target in order to prevent CVD.
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One of the most important self-management behaviors for T2DM is monitoring blood 

glucose. This behavior in particular has important clinical utility; a meta-analysis showed 

that simply tracking glucose significantly improves long-term glycated hemoglobin 

(HbA1c).61 This is a behavior especially amenable to technological approaches; accordingly, 

a large array of literature has emerged exploring the feasibility and effectiveness of different 

technological approaches to glucose monitoring and sharing glucose levels with health care 

providers.

One review examined the effectiveness of telemedicine approaches to glucose monitoring, 

including studies in which technology (web or texting) was used both to share glucose levels 

with providers and to give patients feedback on their data.

Across studies, T2DM participants who monitored their glucose and shared it via the web or 

text with their providers had significantly greater reductions in HbA1c than controls 

receiving usual care.62 One study showed that more data uploads were associated with 

greater improvements in HbA1c, suggesting a dose response.63 A recent meta-analysis 

specifically examined smartphone apps for managing T2DM, and, overall, found a 

meaningful reduction in HbA1c (−0.8%) in T2DM patients using apps.64

While there is some evidence that telemedicine approaches to glucose monitoring reduce 

cost and burden for patients, it can increase burden for providers, who may not be 

compensated for the time they spend reviewing uploaded glucose logs. One possible solution 

is the use of computerized software that is programmed to review logs and generate 

automated responses. A cluster randomized trial of 26 primary care practices assessed the 

efficacy of using the WellDoc System, which provided patients with a Bluetooth-enabled 

glucose monitor that transmitted data to a smartphone software program.65 The software 

program in turn gives automated feedback on how to correct glucose levels outside the 

normal range, asks questions about medication, diet, and other influential factors, and 

generates a quarterly treatment plan. Treatment plans were also sent to health care providers 

to review. Intervention participants showed greater reductions in A1c than controls after one 

year. A smaller trial of the software also showed that participants using the software were 

more likely to have medication errors identified, and found that providers were satisfied with 

the program and found it saved time compared to reviewing traditional logbooks.66

The use of technology thus appears very promising in T2DM management, though there are 

of course questions and complications that remain. As with all technological interventions, 

the success of the approach depends on the comfort and knowledge base of the population 

using it. Most T2DM cases are typically diagnosed between ages 45 and 65 years,67 a 

demographic that is showing increased use of technology (particularly smartphones) but 

which may not be as tech savvy as a younger generation. Additionally, in regards to which 

technological innovations may benefit providers by supplying more information, it remains 

unclear how providers should be expected to view and process this information given their 

busy schedules and reimbursement systems. The available data, however, suggests that 

telemedicine approaches to T2DM management could improve clinical outcomes for 

patients, thus the use of telemedicine will likely increase and should be considered and 

incorporated into health care plans and standard treatment approaches.
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Racial/Ethnic Minority Status

Compared to non-Hispanic whites, prevalence rates of CVD risk factors, such as overweight/

obesity, physical inactivity, and poor nutrition, are higher among non-Hispanic Blacks, 

Latinos, and other racial and ethnic minority groups.68–75 Therefore, racial and ethnic 

minorities are considered priority populations for interventions promoting behaviors 

associated with CVD prevention, including weight management, PA, and nutrition.

Technology has long been used to engage hard to reach populations by utilizing different 

communication channels (e.g., television and radio) for health promotion. For example, 

Risica and colleagues76 conducted a cable TV-based weight control study (SisterTalk) for 

black women. In order to design an appropriately tailored approach, they conducted 

extensive formative research and developed community partnerships for program 

implementation.77 The study found initial program effectiveness, although only dietary 

changes were sustained.76

Newer technologies provide engaging platforms for health promotion research in minority 

racial and ethnic populations, enabling program delivery through text messaging, websites, 

and social media. Text messaging has been successfully used to promote PA and weight 

management among non-Hispanic blacks,78,79 although little information regarding the 

cultural adaptation of such messages has been provided.

A recent intervention to promote PA within a small sample of non-Hispanic black women 

combined the use of Facebook and text messaging.80 The cultural tailoring of this 

intervention was based on the research team’s previous experiences conducting research 

among non-Hispanic black women as well as literature related to PA determinants specific to 

this population and tailoring for minority populations. Tailoring included emphasizing the 

prevalence of physical inactivity and related morbidity among non-Hispanic blacks, 

discussing social norms and barriers specific to this population, and using visual materials 

(e.g., photographs, images) that matched the population’s characteristics. Despite the small 

sample size (N=29), the study found significant differences between the intervention and 

control group in objectively measured sedentary time and increased light and moderate 

intensity lifestyle PA.80

Technology also offers the opportunity of tailoring intervention content, and various studies 

have taken advantage of this feature. For example, the Seamos Saludables study used a 

computer expert system to tailor PA messages for Latinas.81 This intervention was adapted 

for Latinas through a series of focus groups and cognitive interviews.82 The study found a 

significantly greater increase in minutes/week of moderate to vigorous PA in the 

intervention versus control group.83 The knowledge acquired through this formative research 

was used to develop a web-based physical activity intervention for Latinas (Muevete 
Alabama), which allows participants to set goals and track their PA.84 Steinberg recently 

used interactive voice response technology to facilitate self-monitoring in a study for weight 

loss among Black women, which resulted in high adherence and greater weight loss.85

The use of novel technologies in interventions to promote CVD prevention behaviors among 

racial and ethnic minorities is still sparse, but it is growing rapidly. While many of the 
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studies discussed in this review are pilot studies and thus underpowered, their preliminary 

results are promising. Further research with larger samples and enough power to detect 

changes is necessary. Additionally, although using a variety of technological devices and 

tools used to promote CVD preventive behaviors among Latinos and non-Hispanic blacks is 

encouraging, research should also explore the application of technology to promote CVD 

preventive behaviors among other at-risk racial and ethnic minorities.

Socioeconomic Status

Low SES has consistently been associated with a high prevalence of CVD risk factors, 

including smoking, physical inactivity, and poor nutrition.71,86,87 Nevertheless, a paucity of 

research on the adaptation of technology-based interventions for CVD preventive behaviors 

among groups with low SES exists. While older technologies, such as the telephone, have 

been used in interventions to promote CVD preventive behaviors among low SES 

populations,88–90 few studies have used text messaging, social media, and other newer 

technologies for such purposes. Moreover, when they are conducted, the process taken to 

tailor the materials for low SES populations is rarely described.

Nevertheless, a few studies have explored the use of websites for health education among 

low SES populations. Neuenschwander and colleagues91 found that a web-delivered 

nutrition education program for individuals with low income was as effective as an in-person 

program, with the added benefits of ease of dissemination and reduced costs. The 

researchers conducted two stages of cognitive interviews to ensure comprehension and ease 

of use within a sample of low-income adults.91 A more recent study also used a website to 

deliver nutritional information to low-income women.92 The program was initially designed 

for a college population and then adapted for low-income women through a process 

including cognitive interviews and surveys. The intervention resulted in increased use of 

food management skills, such as budgeting and meal planning.92

According to national data, 92% of adults in the US in 2015 reported owning a cellphone. 

The use of cellphones is widespread among most demographic groups, including individuals 

with low SES. For example, 86% of individuals who had less than high school education and 

86% of individuals with household income of less than $30,000 owned a cellphone in 

2015.36 In recognition of the high prevalence of cellphone ownership among people with 

low SES, Vidrine and colleagues adapted and enhanced a standard care smoking cessation 

intervention by adding text-based components and counseling phone calls.93 One of the 

most innovative strategies used in studies promoting CVD preventive behaviors among 

individuals with low SES is the use of virtual advisors to promote walking, such as in the 

Compass study.94 Initial research stages included twelve months of formative participatory 

research to design an appropriate model for mostly Latino older adults with low income and 

low literacy levels. The study found significantly different increases in minutes per week of 

walking between the intervention and control groups. Additionally, participants remained 

engaged with the program even after the study ended.94

Overall, research related to the adaptation and application of technology-based interventions 

to promote CVD preventive behaviors among individuals with low SES is scarce. 
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Nevertheless, the success of existing studies is encouraging and suggests the need for more 

research in the area. Formative research, including cognitive interviews and participatory 

research, emerged as a common strategy used to adapt programs for low SES populations 

and should continue to be used in future research endeavors in this important area.

Summary

In sum, technology-based health behavior interventions have been adapted to address the 

CVD risk factors most relevant to the high-risk and vulnerable populations within high-

income countries identified in this review. A major challenge with future research in this 

area will be keeping up with the constantly evolving technologies on the market so that 

results are not irrelevant by the time they are published.95 Confidentiality and privacy issues 

also constitute an area of growing interest and concern as these technologies often toe the 

privacy and confidentiality lines.96

The so-called technology divide has for the most part fallen within high-income countries, 

enabling equal access to technology-based interventions across individuals with all racial/

ethnic backgrounds and SES. Researchers are primed for a unique time to engage in 

technology-based implementation and dissemination science to help spread evidence-based 

programs focusing on CVD risk factors in these and other priority populations.97 As these 

programs continue to develop and establish effectiveness, researchers will be tasked with 

determining whether they are more efficiently useful as replacements of other types of 

interventions or if they should be used to enhance existing interventions (e.g., face-to-face 

visits, in-person groups). Comparative effectiveness trials and cost-effectiveness analyses 

may be particularly useful methods of reaching those conclusions. Moreover, as the 

proportion of deaths due to CVD and other non-communicable diseases are increasing in 

low- and middle-income countries, researchers should focus on learning more about the 

acceptability and feasibility of technology-based health behavior interventions adapted for 

these populations.
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CVD Cardiovascular disease

PA Physical activity

PDA Personal digital assistant

HbA1c Glycated hemoglobin

SES Socioeconomic status

T2DM Type 2 diabetes mellitus
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Fig 1 –. 
Populations at high-risk for cardiovascular disease.

Linke et al. Page 16

Prog Cardiovasc Dis. Author manuscript; available in PMC 2021 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 2 –. 
Technologies utilized for assessment and intervention within populations at high-risk of 

cardiovascular disease.
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