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Comprehensive Cardiovascular Risk Factor 
Control With a Mobile Health Cardiovascular 
Risk Self- Management Program
Edo Paz , MD; Vedant S. Pargaonkar , MD; Brian J. Roach , MS; Morgan Meadows, MS; 
Jennifer M. Roberts, MS; Tomer Gazit, PhD; Amanda L. Zaleski , PhD, MSc, ACSM- CEP;  
Kelly Jean Thomas Craig , PhD; Steven J. Serra , MD, MPH, MSc; Pat Dunn , PhD;  
Erin D. Michos , MD, MHS

BACKGROUND: Mobile health technology’s impact on cardiovascular risk factor control is not fully understood. This study evalu-
ates the association between interaction with a mobile health application and change in cardiovascular risk factors.

METHODS AND RESULTS: Participants with hypertension with or without dyslipidemia enrolled in a workplace- deployed mo-
bile health application- based cardiovascular risk self- management program between January 2018 and December 2022. 
Retrospective evaluation explored the influence of application engagement on change in blood pressure (BP), total cholesterol 
(TC), low- density lipoprotein cholesterol (LDL- C), and weight. Multiple regression analyses examined the influence of guideline- 
based, nonpharmacological lifestyle- based digital coaching on outcomes adjusting for confounders. Of 102 475 participants, 
49.1% were women. Median age was 53 (interquartile range, 43–61) years, BP was 134 (interquartile range, 124–144)/84 (in-
terquartile range, 78–91) mm Hg, TC was 183 (interquartile range, 155–212) mg/dL, LDL- C was 106 (82–131) mg/dL, and body 
mass index was 30 (26–35) kg/m2. At 2 years, participants with baseline systolic BP ≥140 mm Hg reduced systolic BP by 18.6 
(SEM, 0.3) mm Hg. At follow up, participants with baseline TC ≥240 mg/dL reduced TC by 65.7 (SEM, 4.6) mg/dL, participants 
with baseline LDL- C≥160 mg/dL reduced LDL- C by 66.6 (SEM, 6.2) mg/dL, and participants with baseline body mass index 
≥30 kg/m2 lost 12.0 (SEM, 0.3) pounds, or 5.1% of body weight. Interaction with digital coaching was associated with greater 
reduction in all outcomes.

CONCLUSIONS: A mobile health application- based cardiovascular risk self- management program was associated with favorable 
reductions in BP, TC, LDL- C, and weight, highlighting the potential use of this technology in comprehensive cardiovascular 
risk factor control.

Key Words: artificial intelligence ■ blood pressure ■ cardiovascular diseases ■ cholesterol ■ heart disease risk factors ■ mobile health 
■ weight loss

High blood pressure (BP) or hypertension is the 
most common, costly, but modifiable major risk 
factor for the development of cardiovascular dis-

ease (CVD), including heart failure and stroke, as well as 
premature death, both in the United States and glob-
ally.1 This silent but pervasive condition affects nearly 
half (47%) of the US adult population.2 Hypertension 

prevalence is highest among non- Hispanic Black men 
and women, and education (specifically a college edu-
cation) appears to be protective.3 In 2019, the estimated 
direct and indirect cost associated with hypertension 
was $52.2 billion, with projections expected to triple by 
2030.2 Recognizing the clinical and economic burden 
of this issue, the US Department of Health and Human 
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Services has designated hypertension as a top- priority 
health indicator, issuing a national call to action aimed 
at reducing hypertension diagnoses and increasing 
control of BP among adults with established hyperten-
sion by 2030.4

Hypertension rarely occurs in isolation and often 
coexists with ≥1 risk- enhancing CVD comorbidities 
such as overweight/obesity, dyslipidemia, metabolic 
syndrome, and diabetes.5 Global cardiovascular risk 
factor optimization through shared lifestyle and phar-
macologic interventions markedly reduces CVD- 
related morbidity and death.6–8 Indeed, a recent 
American Heart Association scientific statement re-
inforces lifestyle modification as a critical component 
of first- line treatment for individuals with mild to mod-
erately elevated BP and blood cholesterol.9 Despite 
well- established guidelines, significant gaps persist 
in addressing global cardiovascular health and rep-
resent a significant public health challenge. Equally 
important is the need to bridge these gaps by promot-
ing equitable access to care that empowers individu-
als with the tools and knowledge required to enable 
self- management of comprehensive cardiovascular 
risk factor optimization. In this evolving landscape, 
mobile health (mHealth) technology emerges as a 

transformative solution to address these challenges. 
Given that 85% of US adults now own smartphones, 
mHealth interventions have the potential to play an im-
portant role in facilitating the prevention, management, 
and control of CVD risk factors.10–12 Yet still, despite 
the ubiquity of smartphone- based mHealth interven-
tions, many lack an evidence- based foundation and 
are often confined to addressing single risk factors or 
conditions, serving as what is commonly termed “point 
solutions.”13

The current study aims to fill this gap by evaluat-
ing an mHealth application- based digital health in-
tervention (DHI) designed to support comprehensive 
cardiovascular risk factor modification. Briefly, this 
innovative DHI harnesses user- generated data from 
a connected BP monitor, data from connected elec-
tronic health records, self- reported metrics, and arti-
ficial intelligence capabilities to deliver personalized 
and evidence- based lifestyle digital coaching for the 
self- management of cardiovascular risk. Now, several 
years after its large- scale implementation, the present 
study sets out to examine the impact of this mHealth 
application on comprehensive cardiovascular risk self- 
management, specifically its influence on BP, total 
cholesterol (TC), low- density lipoprotein cholesterol 
(LDL- C), and weight within a large, geographically di-
verse population of adults with hypertension with or 
without dyslipidemia. As a secondary aim, the impact 
of digital coaching engagement on these primary out-
come measures will be assessed.

METHODS
Study Population
This study deployed a retrospective cohort, pre- post 
observational design. Self- measured and self- reported 
data derived from the DHI (eg, Hello Heart) were dei-
dentified, aggregated, and analyzed to determine the 
impact of the DHI on primary outcomes of interest. All 
study participants were aged ≥18 years, and enrollees 
of Hello Heart through their (or their spouse’s/domes-
tic partner’s) employer- based health plan. Individuals 
whose benefit structure includes access to Hello Heart 
were eligible to enroll in the program if they had hy-
pertension, defined as prior diagnosis of hyperten-
sion and/or a medical or pharmacy insurance claim 
relating to hypertension, with or without dyslipidemia. 
All potentially eligible users were approached using 
mailed postcards, onsite enrollment communications, 
email, or the employer’s benefits package online por-
tal communications. Enrollment and participation in 
the program were voluntary. All DHI users self- enlist 
by agreeing to the terms of service and privacy policy 
specifying research use of deidentified and securely 
encrypted data.

RESEARCH PERSPECTIVE

What Is New?
• In this real- world study of a mobile health 

application- based cardiovascular risk self- 
management program, fully automated lifestyle- 
based digital coaching was associated with 
reduction in BP, total cholesterol, low- density 
lipoprotein cholesterol, and weight.

• These results highlight the potential use of mo-
bile health technology in cardiovascular risk 
control and cardiovascular disease prevention.

What Question Should Be Addressed 
Next?
• Further research is needed to examine the ef-

fectiveness of mobile health platforms on these 
and additional clinical outcomes in additional 
populations.

Nonstandard Abbreviations and Acronyms

DHI digital health intervention
mHealth mobile health
TC total cholesterol
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The study included U.S.- based Hello Heart users 
who enrolled between January 1, 2018 and December 
31, 2022. All study participants submitted/shared at 
least 2 BP measurements, at least 2 cholesterol read-
ings, at least 2 weight measurements during the study 
period defined below (Figure S1). Potential participants 
were excluded if they did not meet the inclusion criteria.

This study was reviewed by the Western Institutional 
Review Board–Copernicus Group Institutional Review 
Board (tracking ID: 20226635) and determined to be 
exempt under 45 CFR 46.104(d)(4). In addition, a waiver 
of Health Insurance Portability and Accountability Act 
authorization for the use and disclosure of aggregated, 
deidentified data was obtained. No compensation was 
provided. The study adhered with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
cohort reporting guidelines.

Intervention Description
The cardiovascular risk self- management program 
included a smartphone application paired with a US 
Food and Drug Administration–cleared Bluetooth- 
enabled BP monitor (Zewa UAM- 910BT, Zewa UAM- 
905HH, or A&D UA- 651BLE). Participants track their 
BP, heart rate, cholesterol levels, activity levels, and 
weight via their personal smartphones. The applica-
tion incorporates medication adherence reminders 
and clinically based digital coaching to drive lifestyle 
changes using algorithms based on individual usage 
patterns. The program incorporates mHealth best 
practices including ease of use, gamification, artificial 
intelligence, straightforward comprehension, and clar-
ity to maximize user engagement.14,15 The application 
organized medical data in a centralized mobile plat-
form, and a subset of participants remotely connected 
their electronic health records to automatically popu-
late clinical, laboratory, and medication use data. The 
user interface was available in English and Spanish.

Digital Coaching

The program involved on- demand digital coaching 
derived from guidelines- based recommendations for 
nonpharmacological interventions to promote healthy 
lifestyle, dietary habits, physical activity, stress reduc-
tion, and medication adherence. Artificial intelligence–
based algorithms create a highly personalized user 
experience by considering participant characteristics 
(eg, sex), participant usage patterns (eg, which features 
of the application the participant interacts with), and 
participant feedback (eg, participants’ ability to rate 
insights as “helpful” or “unhelpful”). Based on these 
inputs, the algorithm creates a personalized applica-
tion experience, for example, prioritizing digital coach-
ing tips that are similar to ones rated favorably by the 
user. This process is ongoing, continually improving 

the personalized insights it provides. The application 
also uses the Hook Model methodology, which creates 
habits of application use with a simple looping method 
of trigger, action, variable reward, and ongoing invest-
ment in the application. The digital coaching consisted 
of the items below.

Feedback After Each Reading

The application provided feedback after each BP or 
cholesterol reading that was added to the application, 
either automatically or via manual input by the partici-
pant. It informed participants in simple language what 
each reading meant and whether their readings were 
in the desired range. It also encouraged them to con-
tinue monitoring and taking their medications regularly. 
For critically high BP readings (>180/120 mm Hg), the 
application took participants through a repeat BP and 
symptom check process and encouraged them to 
contact a health care professional on the basis of the 
BP and presence of symptoms, consistent with clinical 
guidelines.

Daily Insights

Participants received daily easy- to- follow lifestyle 
coaching insights based on their individual characteris-
tics (see above under Digital Coaching). These insights 
were based on medical guidelines and information 
from sources such as the Centers for Disease Control 
and Prevention and the American Heart Association, 
and included lifestyle, dietary (eg, Dietary Approaches 
to Stop Hypertension diet) and exercise- related sug-
gestions that may help in lowering BP, cholesterol, 
and weight (Figure  S2). Insights are based on the 
Transtheoretical Model for health behavior change 
with messaging to support users in any of the 6 stages 
of change.16 The digital coaching also reinforces self- 
efficacy with insights to support intrinsic motivation 
for behavior change. A senior content writer with an 
advanced degree in public health developed these 
coaching insights, and their accuracy for information 
was confirmed by board- certified physicians in internal 
medicine and/or cardiology.

Medication Tracking

Participants could add their medications in the appli-
cation (including drug name, dosage, and frequency) 
and could set reminders to take them.

Correlation Insights

The application provided participants with insights 
showing the potential impact of their actions on their 
health to provide a directional feedback loop and en-
courage participants to improve and maintain healthy 
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habits. For participants who logged weight and physi-
cal activity, the application provided correlation on 
longitudinal change in their weight or physical activity 
and change in their BP or cholesterol levels over time. 
For example, a recent increase in a participant’s physi-
cal activity or a reduction in weight and its correlation 
with reduction in BP, if any, or a recent reduction in 
physical activity or weight gain and its correlation with 
an increase in BP, if any, was provided to participants 
(Figure S3).

For participants who added their medications in the 
application, the application showed a correlation be-
tween the initiation of a medication and change in BP 
over time (Figure S4).

Measurements
Participants self- reported demographic data at the 
time of downloading the application including age, 
sex, geographic location, and relationship (employee 
or spouse/domestic partner). Comorbidities including 
diabetes, depression, and anxiety were self- reported 
by participants in the application.

BP was self- measured by participants using the 
Bluetooth- enabled BP monitors noted above and 
using the same BP monitor throughout the evaluation 
period. Participants were included in the BP cohort if 
they had at least 2 BP readings available, including 1 
at baseline and 1 at any of the follow- up time points. 
Baseline BP was calculated as median systolic and di-
astolic BP during the first week of BP measurement 
after program enlistment. Follow- up BP was calcu-
lated as weighted mean systolic and diastolic BP at 
12 weeks (BP measurements for weeks 11–12), 1 year 
(BP measurements for weeks 48–55) and 2 years (BP 
measurements for weeks 96–111) as described previ-
ously.17 Participants enrolled in and used the program 
at different times; hence, not all participants provided 
data for all time points. Participants engaged beyond 
the predefined follow- up time points were not included 
in the hypertension cohort analysis unless they also 
collected BP measurements during the prespecified 
follow- up time period. Change in systolic and diastolic 
BP was calculated as follow- up BP minus baseline BP 
values. BP readings with systolic or diastolic BP values 
<30 mm Hg or >300 mm Hg were excluded.

For the majority of participants in the cholesterol co-
hort, TC and LDL- C test results were directly imported 
into the application from electronic health records con-
nected to the application. Participants could also enter 
their cholesterol results manually in the application. 
Participants were included in the cholesterol cohort 
if they had at least 2 cholesterol test results available 
that were at least 30 days apart, including a baseline 
cholesterol value defined as a TC or LDL- C test re-
sult available up to 6 months before or 1 month after 

the registration in the program. Follow- up cholesterol 
values were defined as the most recent TC or LDL- C 
test result available for the participant during the study 
period. Change in TC or LDL- C values was calculated 
as follow- up TC or LDL- C value minus baseline TC or 
LDL- C value.

Participants self- reported weight into the applica-
tion. Body mass index (BMI) was calculated as weight 
in kilograms divided by height in meters squared. 
Participants were included in the weight cohort if they 
had at least 2 weight measures available that were at 
least 30 days apart during the study period, including a 
baseline weight measure defined as weight measure-
ment entered up to 1 month before or 1 month after the 
registration in the program. Follow- up weight measure 
was defined as the most recent weight measurement 
available for the participant. Change in weight was 
calculated as follow- up weight minus baseline weight. 
Baseline BMI was categorized as (1) normal, base-
line BMI<25 kg/m2; (2) overweight, baseline BMI 25 to 
<30 kg/m2; and (3) obese, baseline BMI ≥30 kg/m2.

Objectively measured physical activity levels derived 
from participants’ phone or wearable devices were au-
tomatically pushed to the application. The cumulative 
number of daily insights read, cumulative number of 
correlation insights read, and cumulative number of 
measurements added at each time point were calcu-
lated for each participant. These variables were used 
as a measure of interaction with digital coaching for 
that participant. Interaction with medication tracking 
was assessed by identifying participants who listed or 
imported their medications in the application.

Statistical Analysis
All participants who enrolled during the study dura-
tion and who met inclusion criteria were included. 
Participants were included in each of the BP, choles-
terol, weight cohorts depending on the data available 
for each participant, and individual participants could 
be in multiple cohorts.

To study the association between interaction with 
digital coaching and change in systolic and diastolic 
BP, 1 mixed- effects linear regression model was fit 
to systolic or diastolic BP readings at 0, 12, 52, and 
104 weeks. Fixed- effects program engagement vari-
ables included the number of BP readings, the num-
ber of daily insights viewed, the number of correlation 
insights viewed, as well as binary indicator variables 
for step activity, weight, and medication feature usage. 
Count variables were natural- log transformed to re-
duce skew.

A mixed- effects linear regression model was used 
to study the association between interaction with 
digital coaching and TC and LDL- C. Fixed- effects 
program engagement variables included the number 
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of cholesterol tests and a binary indicator variable 
for cholesterol medication listed in the application. 
To control for variation in the duration between cho-
lesterol measurements, cholesterol measurements 
were calculated as measurements per month and 
number of insights read were calculated as number 
per day.

A mixed- effects linear regression model was used 
to study the association between interaction with 
digital coaching and weight. Number of weight mea-
surements was included as a fixed- effect program 
engagement variable. To control for variation in the 
duration between weight measurements, number of 
weight measurements per day and number of insights 
read per day were calculated.

All models included age, age squared, and sex 
as fixed effects. Age and age squared were scaled 
to capture their effects per every 1 year increase in 
age. Furthermore, all models used the raw scores as 
repeated outcomes and included a random intercept 
for employer name as well as participant. Interaction 
terms between each covariate and time were added 
to estimate the effect of each covariate on rate of 
change of the outcomes. Time was modeled as a 
categorical variable for BP models given that mea-
surements were at consistent intervals, whereas time 
was modeled as a continuous variable for the choles-
terol and weight models since the measurement of 
the outcomes were highly variable with respect to the 
baseline. Variance estimation employed restricted 
maximum likelihood estimation, while an unstruc-
tured covariance matrix was used for all models. 
The Bayesian information criterion was used for vari-
able selection, selecting the model with the lowest 
Bayesian information criterion and the one with the 

most evidence of parsimony.18 Continuous variables 
are presented as mean (SEM) or median (interquar-
tile range [IQR]); categorical variables are presented 
as percentages. Statistical analyses were performed 
using R version 4.2.0 (R Foundation for Statistical 
Computing, Vienna, Austria). Statistical significance 
was defined at P<0.005.19 In accordance with privacy 
and commercial use agreements, the data sets gen-
erated during and/or analyzed in the present study 
are not publicly available.

RESULTS
Baseline Characteristics
Table 1 represents the baseline characteristics by study 
cohorts. A total of 102 475 participants met the inclu-
sion criteria. The median age for the population was 
53 (IQR, 43–61) years, and of the 83 647 with sex data 
available, 41 039 (49.1%) were women. Baseline sys-
tolic and diastolic BP were 134 (IQR, 124–144) mm Hg 
and 84 (IQR, 78–91) mm Hg, respectively. Baseline TC 
was 183 (IQR, 155–212) mg/dL, baseline LDL- C was 
106 (IQR, 82–131) mg/dL, baseline weight was 195 
(IQR, 166–228) pounds, and baseline BMI was 30 
(IQR, 26–35) kg/m2.

BP Cohort
Table  2 presents BP change over time for partici-
pants stratified by baseline BP. In participants with 
baseline systolic BP of 140 mm Hg or higher, at 1 year 
the median systolic BP was reduced for 4797 of 6012 
participants (79.8%) with a mean reduction of 17.1 
(SEM, 0.2) mm Hg in systolic BP and 9.4 (SEM, 0.1) 
mm Hg in diastolic BP. In participants with baseline 

Table 1. Baseline Characteristics for Study Population by Cohort

Characteristics
Total population 
(N=102 475)

BP cohort 
(n=41 794)

Cholesterol cohort 
(n=1837)

Weight cohort 
(n=16 402)

Age, y, median (IQR) 53 (43–61) 56 (47–62) 57 (49–64) 55 (47–62)

Sex, n (%)

Female 41 039 (49.1) 16 520 (47.2) 804 (46.7) 6954 (47.4)

Male 42 608 (50.9) 18 496 (52.8) 919 (53.3) 7721 (52.6)

Comorbidities, n (%)

Diabetes 7191 (7.0) 3205 (7.7) 258 (14.0) 1448 (8.8)

Depression 8547 (8.3) 2897 (6.9) 196 (10.7) 1719 (10.5)

Anxiety 15 544 (15.2) 5355 (12.8) 290 (15.8) 2777 (16.9)

Baseline systolic BP, mm Hg, median (IQR) 134 (124–144) 133 (124–143) 133 (125–143) 132 (124–143)

Baseline diastolic BP, mm Hg, median (IQR) 84 (78–91) 83 (77–90) 83 (77–89) 83 (77–90)

Baseline total cholesterol, mg/dL 183 (155–212) 181 (154–210) 180 (153–211) 182 (156–211)

Baseline LDL-  C, mg/dL 106 (82–131) 104 (81–129) 102 (81–129) 105 (83–131)

Baseline weight, pounds 195 (166–228) 194 (166–225) 197 (170–230) 198 (169–230)

Baseline BMI, kg/m2 30.0 (26.0–35.0) 29.0 (26.0–34.0) 30.3 (26.5–35.2) 30.1 (26.6–34.7)

BMI indicates body mass index; BP, blood pressure; IQR, interquartile range; and LDL- C, low- density lipoprotein cholesterol.
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systolic BP of 140 mm Hg or higher at 2 years, the 
median systolic BP was reduced for 2471 of 3037 
participants (81.4%), with a mean reduction of 18.6 
(SEM, 0.3) mm Hg in systolic BP and 9.9 (SEM, 0.2) 
mm Hg in diastolic BP.

Table  S1 and Figure  1 present results from the 
mixed- effects linear regression analysis to identify 
variables associated with change in systolic BP. At 
12 weeks, the log- transformed number of correlation 
insights read and log- transformed number of BP mea-
surements were associated with a reduction in systolic 
BP. At 1 year, male sex, log- transformed number of cor-
relation insights read, and log- transformed number of 
BP measurements were associated with a reduction in 
systolic BP. At 2 years, male sex, log- transformed num-
ber of correlation insights read, and log- transformed 
number of BP measurements were associated with a 
reduction in systolic BP.

Table  S2 and Figure  2 present results from the 
mixed- effects linear regression analysis to identify 
variables associated with change in diastolic BP. At 
12 weeks, the log- transformed number of correla-
tion insights read and log- transformed number of BP 
measurements were associated with a reduction in di-
astolic BP. At 1 year, male sex, log- transformed num-
ber of correlation insights read, and log- transformed 
number of BP measurements were associated with 
a reduction in diastolic BP. At 2 years, male sex, log- 
transformed number of correlation insights read, and 
log- transformed number of BP measurements were 
associated with a reduction in diastolic BP.

Cholesterol Cohort
A total of 1837 participants were included in the cho-
lesterol cohort. Median duration between baseline and 
follow- up cholesterol tests was 13.0 (IQR, 8.4–24.0) 
months. Table 3 presents TC reduction over time for 
participants by baseline TC. In participants with base-
line TC ≥240 mg/dL, 83.5% had reduced TC, with a 
mean reduction of 65.7 (SEM, 4.6) mg/dL.

Table  S3 and Figure  3 present results from the 
mixed- effects linear regression analysis to identify vari-
ables associated with change in TC. Rate of choles-
terol measurement and cholesterol medication listed 
in the application were significantly associated with a 
reduction in TC levels.

Table 4 presents LDL- C reduction over time for par-
ticipants by baseline LDL- C. In participants with LDL 
≥160 mg/dL at baseline, 79.8% reduced LDL- C with a 
mean reduction of 66.6 (SEM, 6.2) mg/dL.

Table  S4 and Figure  4 present results from the 
mixed- effects linear regression analysis to identify vari-
ables associated with change in LDL- C. The rate of 
cholesterol measurement was significantly associated 
with a reduction in LDL- C levels.

Weight Cohort
A total of 16 402 participants were included in the 
weight cohort. The median duration between baseline 
and follow- up weight measurement was 7.2 (IQR, 3.2–
15.0) months. Table 5 presents weight reduction over 
time for participants by baseline BMI. In participants 

Table 2. BP Reduction Over Time by Baseline BP

Time from enrollment
Participants at 
each time point, n*

Participants who reduced median systolic 
BP, n (%)*

Mean reduction in 
systolic BP (SEM)†

Mean reduction in 
diastolic BP (SEM)†

Baseline systolic BP between 120 mm Hg to 129 mm Hg

Baseline 10 253 … … …

12 wk 7645 3566 (46.6) −8.36 (0.1) −4.10 (0.1)

1 y 4879 2164 (44.4) −7.94 (0.1) −4.51 (0.1)

2 y 3013 1261 (41.9) −7.62 (0.2) −4.48 (0.2)

Baseline systolic BP between 130 mm Hg and 139 mm Hg

Baseline 11 610 … … …

12 wk 8976 5258 (58.7) −9.56 (0.1) −5.26 (0.1)

1 y 5350 3206 (59.9) −10.0 (0.1) −5.68 (0.1)

2 y 2885 1768 (61.3) −10.1 (0.2) −5.91 (0.2)

Baseline systolic BP ≥140 mm Hg

Baseline 14 055 … … …

12 wk 10 940 8373 (76.5) −15.6 (0.1) −8.51 (0.1)

1 y 6012 4797 (79.8) −17.1 (0.2) −9.42 (0.1)

2 y 3037 2471 (81.4) −18.6 (0.3) −9.93 (0.2)

BP indicates blood pressure.
*Number of participants at each time represent participants who had application activity during the weeks listed. Since participants enrolled in the program 

at different times during the study period, duration of follow- up was not the same for all participants and not all participants provided data for all time points.
†Reduction was calculated in participants who reduced systolic BP.
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with obese BMI (≥ 30 kg/m2) at baseline, 64.0% re-
duced weight with a mean reduction of 12.0 (SEM, 0.3) 
pounds, corresponding to 5.1% mean reduction.

Table  S5 and Figure  5 present results from the 
mixed- effects linear regression analysis to identify vari-
ables associated with change in weight. Rate of insights 
read and rate of weight measurements were significantly 

associated with reduction in weight, while male sex was 
significantly associated with increase in weight.

DISCUSSION
In a large cohort of individuals with suboptimal car-
diovascular risk factors and enrolled in a mHealth 

Figure 1. Variables associated with change in systolic BP.
Dots represent estimates, and bars represent 95% CIs. BP indicates blood pressure.

Figure 2. Variables associated with change in diastolic BP.
Dots represent estimates, and bars represent 95% CIs. BP indicates blood pressure.
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application- based self- management program, this 
study showed the following key results: (1) There were 
clinically meaningful reductions in systolic BP, diastolic 
BP, TC, LDL- C, and weight; and (2) interaction with 
lifestyle- based, automated digital coaching was asso-
ciated with a greater reduction in BP, TC, LDL- C, and 
weight.

Hypertension, dyslipidemia, and obesity are major 
risk factors for CVD and cardiovascular death, yet con-
trolling these risk factors remains challenging. Only 1 in 
4 adults with hypertension have their BP under control, 
only slightly more than half of adults who would benefit 
from a statin for cholesterol management are taking 
one, and nearly three quarters of adults are overweight 
or obese.20–22 Effective control of these risk factors 
using lifestyle, dietary, and pharmacologic interven-
tions is shown to reduce the incidence of CVD and as-
sociated morbidity and death.6–8

Prior studies assessing the role of mHealth 
application- based behavioral coaching in risk factor 
management have reported mixed results. A sys-
tematic review by Tucker et al on self- monitoring of 
BP in hypertension found that self- monitoring of BP 
alone was not associated with BP reduction, but 
self- monitoring in conjunction with cointerventions 
including treatment titration or lifestyle education led 
to clinically significant BP reduction.23 A random-
ized clinical trial assessing the effect of a biweekly 
telephone- based health coaching for 6 months 
on hypertension found no difference in BP reduc-
tion between the intervention and control groups.24 
The study found that participants receiving coach-
ing demonstrated a significant increase in physical 
activity, reduction in sodium intake, and increased 
frequency in home BP monitoring than the control 
group. In a separate study assessing the use of arti-
ficial intelligence–based digital coaching program in 
BP control and weight loss, there was an overall re-
duction in BP associated with engagement with the 
program; digital coaching was not associated with 
a reduction in systolic BP but was associated with 
weight reduction.25 In the current study, a fully au-
tomated, mHealth application- based cardiovascular 
risk self- management program among individuals 

with hypertension was associated with a reduction in 
BP, TC, LDL- C, and weight.

Gazit et al previously reported a significant reduc-
tion in BP among a population using the Hello Heart 
mHealth application- based BP self- management pro-
gram.17 In that study, 84% of members with baseline BP 
>140/90 mm Hg reduced BP, sustained up to 3 years, 
and the mean reduction in systolic BP in that group 
was 21 mm Hg. In the current study, similar outcomes 
were observed, with >80% of participants with systolic 
BP 140 mm Hg or higher observing a mean reduction 
in systolic BP, with a mean reduction of 18.6 mm Hg 
at 2 years. Reductions of this magnitude are clini-
cally meaningful, as prior studies have reported that 
a 5- mm Hg reduction of systolic BP reduced the risk 
of major cardiovascular events by about 10%, while a 
10- mm Hg reduction of systolic BP reduced the risk of 
major cardiovascular events by 20%.6,26 It is notable 
that this outcome is replicated in the current study in a 
study population that is much larger in sample size and 
with recruitment spanning over a longer time period, 
including the COVID- 19 pandemic, during which other 
studies have reported an overall worsening trend in BP 
control.27,28 The BP reduction is maintained despite 
adding more condition- specific pathways to support 
additional cardiovascular risk factors, and in fact, the 
other outcomes reported in this study only reinforce 
the pleiotropic benefits of lifestyle modification.

In addition, over a median duration of 13 months, 
participants in this program observed a significant re-
duction in TC and LDL- C. Among users with LDL- C of 
160 to 189 mg/dL, 79.4% reduced LDL- C, with a mean 
reduction of 52.3 mg/dL. The reduction was even high 
among users with LDL- C≥190 mg/dL, where 80.6% re-
duced LDL- C, with a mean reduction of 97.6 mg/dL. 
Prior studies have reported that for every 38.7 mg/
dL (1 mmol/L) decrease in TC, there was a 17.5% re-
duction in relative risk for all- cause death; 24.5% re-
duction in coronary heart disease–related death; and 
29.5% reduction in any coronary heart disease event.29 
Similarly impressive reductions are noted in a meta- 
analysis of LDL- C reduction, where for each 38.7- mg/
dL reduction in LDL- C, there was a 23% reduction in 
major vascular events, which included cardiovascular 

Table 3. Reduction in TC by Baseline TC

Baseline TC, mg/dL
Number of users 
reduced TC (%)

Baseline TC, 
mean (SEM)

Follow- up TC, 
mean (SEM)

Mean reduction 
(SEM)

Percent reduction, 
mean (SEM)

Overall 669 (53.4) 183 (1.2) 177 (1.2) −29.0 (1.1) −14.1 (0.5)

TC <200 386 (45.2) 160 (0.9) 162 (1.1) −19.4 (0.9) −11.7 (0.5)

TC 200 to 239 192 (66.4) 218 (0.7) 204 (2.0) −30.9 (1.9) −14.1 (0.9)

TC ≥240 91 (83.5) 266 (2.4) 214 (4.7) −65.7 (4.6) −24.3 (1.6)

Negative value represents reduction in total cholesterol. Baseline TC, follow- up TC, and mean reduction values are reported in units of mg/dL. The cholesterol 
cohort was composed predominantly (>90%) of users who imported cholesterol values from a connected electronic health record. Hello Heart has since 
launched an easier way to connect electronic health records. TC indicates total cholesterol.
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deaths, heart attacks, and strokes.7 Blood et al previ-
ously reported reduction in LDL- C in participants of a 
large health care system who received remote moni-
toring and guidelines- based educational coaching by 
navigators and pharmacists.30 To our knowledge, the 
current study is the first to report a reduction in cho-
lesterol levels in participants enrolled in a fully auto-
mated mHealth application- based cardiovascular risk 
self- management program.

An important finding of our study was the associ-
ation between adding a cholesterol medication in the 
application and reduction in TC, highlighting the poten-
tial role of a medication- tracking feature in improving 
medication adherence. Suboptimal statin adherence 
is a major problem in cholesterol management and 
has been shown to be associated with greater risk of 
cardiovascular death.31 The 2018 cholesterol guideline 
also emphasized the importance of tracking statin ad-
herence in routine follow- up visits.32 In this study, par-
ticipants could add medications and set reminders to 
take medications in the application. Further studies on 
the use of medication tracking using mHealth technol-
ogy to improve medication adherence are needed to 
understand its utility in better disease management.

Participants in the program with baseline BMI in 
the overweight and obese categories achieved sig-
nificant weight reduction, with a mean weight loss of 
6.86 pounds for baseline overweight BMI and 12.0 
pounds for baseline obese BMI over a median duration 
of 7.2 months. This is a clinically meaningful improve-
ment, as prior trials have demonstrated that individuals 

who lost at least 10% of their body weight had a 21% 
lower risk of a composite of death from cardiovascular 
causes, nonfatal acute myocardial infarction, nonfatal 
stroke, or admission to a hospital for angina.33 A prior 
meta- analysis assessing the relationship between du-
ration of lifestyle interventions on long- term weight loss 
found a rate of weight reduction of about 0.9 pounds 
per month in individuals who received frequent and 
sustained lifestyle interventions.34 In the current study, 
participants received regular and sustained coaching 
with daily insights on dietary-  and exercise- related rec-
ommendations and correlation insights that provided 
feedback on the impact of change in their physical 
activity level or weight on their BP levels, encouraging 
them to improve or maintain a healthy lifestyle.

Despite advances in therapeutic interventions that 
are proven to help in the primary and secondary pre-
vention of CVD, it still remains the leading cause of 
morbidity and death in the United States. There has 
been an increasing focus on comprehensive cardio-
vascular risk factor control including hypertension, 
dyslipidemia, and obesity.35 Multiple studies assess-
ing pharmacological and lifestyle interventions have 
reported substantial reductions in cardiovascular 
outcomes with comprehensive risk factor control in 
various populations.36–39 This study highlights the po-
tential role of mHealth technology with lifestyle- based 
digital coaching in comprehensive cardiovascular risk 
factor control. Such technology may help individuals 
to be active participants in managing their own car-
diovascular risk by adopting a healthier lifestyle, better 

Figure 3. Estimates for variables associated with change in total cholesterol.
Dots represent estimates, and bars represent 95% CIs. App indicates application; and med, 
medication.
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monitoring of their risk factors, and better medication 
adherence.40 Future studies including randomized 
control trials assessing the effectiveness of a mobile 
health technology with lifestyle- based digital coaching 
in reducing CVD and cardiovascular death may help us 
understand its role in the prevention of cardiovascular 
disease.

The strengths of this study are the large popu-
lation of participants in the program with >2 years of 
real- world follow- up data. The study population was 
situated in geographically diverse locations across a 
variety of blue-  and white- collar industries. This study 
observed comprehensive improvements across a 
variety of cardiovascular risk factors and was able 
to examine which features of the mHealth solution 
were associated with improvements across these risk 

factors. Finally, the results replicate BP reduction previ-
ously noted among a population using the Hello Heart 
application and build on this with additional findings 
in cholesterol and weight reduction. This real- world 
evidence of comprehensive cardiovascular risk factor 
improvement with a BP monitor connected to a smart-
phone application with automated lifestyle coaching 
demonstrates the potential of this strategy to achieve 
better cardiovascular outcomes.

Limitations
As this was an observational study, one cannot make 
a causal inference based on the results. The study 
population consisted of middle- aged individuals with 
employer- sponsored health insurance; thus, these 

Table 4. Reduction in LDL- C by Baseline LDL- C

Baseline LDL- C, mg/dL
Number of users reduced 
LDL- C, n (%)

Baseline LDL- C, 
mean (SEM)

Follow up 
LDL- C, mean 
(SEM)

Mean reduction 
(SEM)

Percent reduction, 
mean (SEM)

Overall 665 (52.6) 106 (1.0) 101 (1.0) −26.1 (1.2) −20.8 (0.7)

LDL- C <100 255 (42.9) 75.9 (0.7) 80.6 (1.1) −13.4 (0.7) −17.3 (0.9)

LDL- C 100–159 331 (58) 125 (0.7) 117 (1.3) −26.2 (1.2) −20.3 (0.9)

LDL- C 160 to–189 54 (79.4) 172 (1.1) 133 (4.8) −52.3 (4.7) −30.1 (2.7)

LDL- C ≥190 25 (80.6) 214 (7.0) 140 (11.4) −97.6 (15.3) −42.9 (4.8)

LDL- C ≥160 79 (79.8) 185 (3.0) 135 (4.8) −66.6 (6.2) −34.2 (2.5)

Negative value represents reduction in LDL- C. Baseline LDL- C, follow- up LDL- C, and mean reduction values are reported in units of mg/dL. A total of 22.2% 
of users achieved reduction to LDL- C <70 mg/dL. The cholesterol cohort was composed predominantly (>90%) of users who imported cholesterol values 
from a connected electronic health record. Hello Heart has since launched an easier way to connect electronic health records. LDL- C indicates low- density 
lipoprotein cholesterol.

Figure 4. Estimates for variables associated with change in LDL cholesterol.
Dots represent estimates, and bars represent 95% CIs. App indicates application; and med, 
medication.
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results cannot be generalized to other populations 
such as those not employed or those without health 
insurance. Although the sample size of the study was 
large, this does not exclude the possibility of selection 
bias, which would be present if the trends for those 
who remained engaged with the program were sys-
tematically different than those who did not remain 
engaged. Due to the retrospective nature of data 
collection, the possibility of other unmeasured fac-
tors confounding our results, such as an addition of 
a new treatment by the health care team, cannot be 
excluded, although the application encouraged partic-
ipants to regularly engage with their care team for pre-
ventive care. Furthermore, we employed mixed- effects 
regression models that assume data are missing at 
random. Because this is an unverifiable assumption, 
our results could be biased if this assumption is not 
achieved in reality. In addition, the possibility of error 

during BP measurements and/or human error dur-
ing manual entry of readings cannot be excluded, 
although the majority of BP and cholesterol read-
ings were automatically imported from a BP monitor 
or electronic health record, respectively. In addition, 
data- cleaning steps were taken to reduce the impact 
of measurement error, and BP readings were derived 
by taking a median of measurements taken during 
the week. Additionally, to address human error dur-
ing measurement, the application prompted users to 
verify or recheck if an extreme reading was entered. 
We could not verify participant medication adherence 
using external data sources. As such, we could not 
determine the impact of the initiation or intensification 
of lipid- lowering therapy not reported in the application 
on changes in TC and LDL- C levels. Finally, diabetes 
control in participants was not evaluated, as diabetes 
management was not a part of the program.

Table 5. Reduction in Weight in Pounds by Baseline BMI Category

Category
Number of users 
reduced weight

Baseline weight, 
mean (SEM)

Follow- up weight, 
mean (SEM)

Reduction in weight, 
mean (SEM)

Percent reduction, 
mean (SEM)

Overall 6126 (59.3) 203 (0.5) 200 (0.5) −9.37 (0.2) −4.39 (0.1)

Healthy (BMI <25 kg/
m2)

750 (47.6) 147 (0.5) 149 (0.6) −4.54 (0.1) −3.11 (0.1)

Overweight (BMI 25 
to <30 kg/m2)

2056 (57.8) 182 (0.4) 181 (0.4) −6.86 (0.2) −3.78 (0.1)

Obese (BMI ≥30 kg/
m2)

3320 (64.0) 234 (0.6) 229 (0.6) −12.0 (0.3) −5.05 (0.1)

Negative value represents reduction in weight; Healthy=baseline BMI<25 kg/m2; overweight=baseline BMI 25 to <30 kg/m2; obese=baseline BMI ≥30 kg/
m2 Baseline weight, follow- up weight, and mean reduction values are reported in units of pounds. Among participants who started with BMI ≥30 kg/m2, 11.1% 
reduced to BMI<30 kg/m2. Among participants who started with BMI ≥27 kg/m2, 7.3% reduced to BMI<27 kg/m2. BMI indicates body mass index.

Figure 5. Estimates for variables associated with change in weight.
Dots represent estimates, and bars represent 95% CIs.
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CONCLUSIONS
In this real- world study of an mHealth application- 
based cardiovascular risk self- management pro-
gram, fully automated lifestyle- based digital coaching 
was associated with reduction in BP, TC, LDL- C, and 
weight. These results highlight the potential use of 
mHealth technology in cardiovascular risk control and 
CVD prevention.
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