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Abstract

A healthy diet is an important protective factor to prevent cardiometabolic disease. Traditional face-to-face
dietary interventions are often episodic, expensive, and may have limited effectiveness, particularly among
older adults and people living in rural areas. Telehealth-delivered dietary interventions have proven to be a low-
cost and effective alternative approach to improve dietary behaviors among adults with chronic health con-
ditions. In this study, we developed a validated agent-based model of cardiometabolic health conditions to
project the impact of expanding telehealth-delivered dietary interventions among older adults in the state of
Georgia, a state with a large rural population. We projected the incidence of major cardiometabolic health
conditions (type 2 diabetes, hypertension, and high cholesterol) with the implementation of telehealth-delivered
dietary interventions versus no intervention among all older adults and 3 subpopulations (older adults with
diabetes, hypertension, and high cholesterol, separately). The results showed that expanding telehealth-
delivered dietary interventions could avert 22,774 (95% confidence interval [CI]: 22,091–23,457) cases of type
2 diabetes, 19,732 (19,145–20,329) cases of hypertension, and 18,219 (17,672–18,766) cases of high cholesterol
for 5 years among older adults in Georgia. The intervention would have a similar effect in preventing cardi-
ometabolic health conditions among the 3 selected subpopulations. Therefore, expanding telehealth-delivered
dietary interventions could substantially reduce the burden of cardiometabolic health conditions in the long term
among older adults and those with chronic health conditions.
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Introduction

Cardiometabolic health conditions such as diabetes,
hypertension, and cardiovascular disease have large

health and economic burdens in the United States.1,2 In 2020,
more than one third of total deaths in the United States could be
attributed to cardiometabolic health conditions.3 Currently,
about 108 million US adults live with hypertension and 30.2
million with diabetes, with higher rates among minorities and
low-income groups.1,2 The cost of diabetes alone in the United
States is about $327 billion each year, including $237 billion in
direct medical costs and $90 billion in lost productivity.4

A healthy diet is an important protective factor for cardi-
ometabolic health.5–7 Low fruit and vegetable consumption
and high sodium intake, for example, are independently as-

sociated with increased cardiometabolic risk.8–11 Diets low in
sodium and high in fruit and vegetable intake, such as the
Dietary Approaches to Stop Hypertension (DASH) diet, have
been shown to lower blood pressure, with an effect compa-
rable with that of interventional drug therapy.12 A simulation
study estimated that 280,000–500,000 deaths for the next 10
years could be averted in the United States if population-wide
reductions in sodium consumption were achieved.13

Despite the importance of maintaining a healthy diet, tra-
ditional face-to-face dietary interventions are often not effec-
tive due to a high rate of nonattendance and noncompliance,
especially among older adults and those with chronic health
conditions.14 Also, people living in rural areas are less likely to
receive in-person dietary interventions (eg, nutrition classes
and consultations) due to transportation or financial barriers.15
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As an alternative, telehealth-delivered dietary interven-
tions have been increasingly implemented thanks to the fast
growth of information technology.16,17 According to the
World Health Organization, telehealth refers to ‘‘the deliv-
ery of health services from a distance synchronously by use
of information and communication technologies to ex-
change health information.’’18 Telehealth-delivered dietary
interventions can be provided to either individuals or groups
remotely through computers, telephones, or mobile appli-
cations.18 Existing literature has documented the short-term
effects of telehealth-delivered dietary interventions on
changes in dietary behaviors.16,17

The recent Centers for Disease Control and Prevention
guidelines to using telehealth to expand access to essential
health services during and beyond the COVID-19 pandemic
have recommended the use of telehealth to deliver weight
management and nutrition counseling that supported pa-
tients managing chronic health conditions.19 However, few
studies have examined the effect of these interventions on
long-term health outcomes, partly due to a lack of data on
long-term patient follow-ups, as well as a lack of current
evidence to support widespread implementation.

In this study, we used an agent-based model to assess the
long-term effects of a telehealth-delivered dietary inter-
vention on cardiometabolic health conditions among older
adults in Georgia, a state with a large population of rural
residents and older adults with limited access to in-person
health care. Georgia also has higher prevalence rates of
hypertension, obesity, and heart disease than the national
averages.20 We assessed the impact of the intervention
among all older adults in Georgia and by specific cardio-
metabolic health conditions. Our modeling study provides
policymakers with evidence to inform the implementation of
telehealth-delivered dietary interventions.

Methods

We used an agent-based model of cardiometabolic health
conditions to conduct the simulation analyses. The model
has been validated and used to study programs such as
smoking cessation and nutrition promotion.21,22

Agent-based modeling is a computational approach used
to simulate the behaviors and health outcomes of autono-
mous individuals (agents) nested within environments.23

Recent literature reviews demonstrated that, compared with
other systems science and simulation modeling approaches
(eg, system dynamics model and discrete-event simulation),
agent-based modeling provides a natural description of
a complex system and is uniquely positioned to capture
heterogeneous individual characteristics, dietary decision
making, and population health outcomes.24–27 These charac-
teristics of an agent-based model make it an ideal tool to as-
sess the effect of dietary interventions on population health
outcomes.26

In our simulation model, each agent (person) is defined
according to 7 behavioral and health factors (smoking,
physical activity, healthy diet, healthy weight, cholesterol,
blood pressure, and blood glucose) and by age, gender, and
race/ethnicity. These factors were defined following Life’s
Simple Seven based on the concept of ideal cardiovascular
health developed by the American Heart Association.28

Figure 1 shows a simplified model structure in which

changes in health behaviors, factors, and health outcomes
are represented in 8 parallel state charts. As presented in our
previous study, each agent’s behavior and health factors
evolve simultaneously and interactively as time progresses
in the model.21

Changes in health behaviors and factors can then influ-
ence the probability of developing a cardiometabolic health
condition for the simulated agent. The equations for calcu-
lating the initial and transition probabilities of developing
cardiometabolic health conditions were derived from the
Framingham Heart Study.29,30 The model can track the
health conditions of each agent and then calculate the cu-
mulative incidence of each health outcome of interest. The
model was programmed in the software AnyLogic v8.4, a
specialized simulation model development platform.31

We used data from the 2018 and 2019 Behavioral Risk
Factor Surveillance System (BRFSS) to identify the health
and demographic profile of the older adult population in
Georgia to be simulated within the agent-based model.32,33

The BRFSS is a telephone survey conducted annually
among community-dwelling adults 18 years of age and older
in the United States. The survey includes standard core
questions related to preventive health practices and chronic
health conditions. We extracted demographic characteristics
and health profiles for adults aged 65 years and over and 3
subpopulations (older adults with diabetes, hypertension,
and high cholesterol, separately).

We selected these populations because they are groups
of interest to decision makers in health care organiza-
tions focused on delivering effective telehealth-based pri-
mary care.34 The variables selected included age, gender,
race/ethnicity, body mass index, physical activity, dietary
behaviors, diabetes, hypertension, and high cholesterol.
Using the BRFSS data, we estimated the mean and standard
deviation of the age for older adults in Georgia and the
proportion of each category for all other variables.

We used the agent-based model to assess health outcomes
over time for adults 65 years and over in Georgia and by
specific cardiometabolic health conditions. The health out-
comes of the model resulting from normal health progression
were compared with the health outcomes obtained from im-
plementing a telehealth-delivered dietary intervention de-
signed to increase the consumption of fruits and vegetables
and reduce sodium intake. The effect size of the intervention
was estimated based on a recent systematic review and meta-
analysis of telehealth-delivered dietary interventions.17 These
telehealth-delivered dietary interventions were designed to
provide dietary education by a qualified health care profes-
sional through a telehealth approach to adults with an es-
tablished diet-related chronic disease such as diabetes,
hypertension, high cholesterol, and heart disease.

Findings from the systematic review and meta-analysis
showed that telehealth-delivered dietary interventions could
increase the consumption of fruits and vegetables by 1.04
servings per day (95% confidence interval [CI]: 0.46–1.62
servings per day) and reduce sodium intake on urinary and/
or self-assessed scores by 0.39 (95% CI: 0.20–0.58).17

These effect sizes were incorporated into the model to
project future health outcomes. We did not consider the
effect of other interventions in the modeling because in-
troducing other interventions may confound the simulation
results.
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For each of the simulation experiments, we generated
100,000 simulated individuals based on the demographic
characteristics and health profiles of the population group.
We then calculated the cumulative numbers of people with
diabetes, hypertension, and high cholesterol in 1, 3, and 5
years, and reported the results for all older adults and each
of the subpopulations in Georgia. Although our model could
be used to predict health outcomes such as myocardial in-
farction and stroke, we only focused on diabetes, hyper-
tension, and high cholesterol as outcomes because our
longest simulation timeframe was 5 years. This study is
exempted from IRB review because only de-identified,
publicly available data were used.

Results

Table 1 reports the demographic characteristics and
health profiles of older adults in Georgia estimated from the
BRFSS data and the 3 subpopulations described in the

previous section. The mean age of our overall sample was
72.9 years. The proportion of the population who had a
healthy diet was between 42.3% and 53.7% for older adults
and the 3 subpopulations.28 The proportion of nonsmokers
was between 89.9% and 91.0% and the proportion physi-
cally active (spending >150 minutes per week doing mod-
erate physical activity) was between 42.3% and 53.7% for
older adults and the 3 subpopulations. The table shows that
older adults with one or more cardiometabolic health con-
ditions in Georgia were, in general, less likely to engage in a
healthy behavior compared with those without cardiometa-
bolic health conditions.

The proportion of older adults in Georgia with no diabetes,
no hypertension, and no high cholesterol was 75.0%, 35.1%,
and 48.6%, respectively. There was a high prevalence of
comorbidities. Among people with diabetes, the proportion of
the population with no hypertension and no high cholesterol
was 18.9% and 39.1%, respectively. Similarly, among people
with hypertension or high cholesterol, the prevalence of the

FIG. 1. Eight parallel state charts capturing individual health progression.
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other cardiometabolic health conditions was higher compared
with the prevalence for the general population.

Table 2 reports the simulated results of the 3 cardio-
metabolic health conditions for older adults and the 3
subpopulations in Georgia. We compared the normal pro-
gression of these health conditions with the telehealth-
delivered dietary intervention.

Simulation results showed that in 1 year after the inter-
vention was implemented, the prevalence of diabetes, hy-
pertension, and high cholesterol among older adults could
be reduced by 0.6%, 0.5%, and 0.4%, respectively. The
benefit of the intervention increased with the number of
years after it was implemented. For example, in 5 years, the
prevalence of diabetes, hypertension, and high cholesterol
among older adults could be reduced by 1.5%, 1.3%, and
1.2%, respectively. Given that the number of older adults in
Georgia was 1,518,291 in 2018, we estimated that 22,774
cases of diabetes, 19,732 cases of hypertension, and 18,219

cases of high cholesterol could be averted over 5 years if
telehealth-based dietary interventions were implemented in
Georgia for older adults.

The telehealth-delivered dietary intervention would also
reduce the prevalence of cardiometabolic health conditions
among people with one or more health conditions. For ex-
ample, among people with diabetes, the intervention could
reduce the prevalence of hypertension from 79.9% to 78.3%
and the prevalence of cholesterol from 82.0% to 80.9% in 5
years. We observed similar reductions among people with
hypertension and high cholesterol.

Discussion

This study showed that telehealth-delivered dietary in-
terventions could reduce the prevalence of diabetes, hyper-
tension, and high cholesterol among older adults in Georgia.
Given that Georgia has a large rural population who have

Table 1. Demographic Characteristics and Health Profiles of Older Adults (65+ Years)

in Georgia Based on Behavioral Risk Factor Surveillance System 2019

All
Subpopulation
with diabetes

Subpopulation
with hypertension

Subpopulation
with high cholesterol

Age (mean, SD) 72.9 (0.1) 73.1 (0.2) 72.7 (0.2) 72.6 (0.2)
Female (%) 56.0 54.7 54.6 56.3
No currently smoking (%) 90.4 89.8 90.2 91.0
BMI <25 (%) 33.9 23.3 27.7 29.4
Physically active (%) 53.7 42.3 51.1 53.4
Have healthy diet (%) 53.7 48.1 50.3 51.4
No diabetes (%) 75.0 68.8 70.3
No hypertension (%) 35.1 18.9 24.4
No high cholesterol (%) 48.6 39.1 40.7
History of MI (%) 11.7 15.0 15.5 14.5
History of stroke (%) 9.5 12.8 11.8 12.0

BMI, body mass index; MI, myocardial infarction; SD, standard deviation.

Table 2. Projected Effects of a Telehealth Dietary Intervention on Chronic Health Outcomes

Among Older Adults (65+ Years) in Georgia

Diabetes (%) Hypertension (%) High cholesterol (%)

No intervention Telehealth No intervention Telehealth No intervention Telehealth

All
Year 1 25.6 (25.1–26.1) 25.0 (24.4–25.5) 68.9 (69.3–68.5) 68.4 (68.0–68.8) 58.3 (57.9–58.7) 57.9 (57.5–58.3)
Year 3 28.7 (28.2–29.2) 27.7 (27.2–28.1) 71.0 (70.6–71.4) 70.2 (69.8–70.5) 63.9 (63.5–70.2) 63.0 (62.6–63.4)
Year 5 31.3 (30.9–31.8) 29.8 (29.3–30.2) 72.9 (72.5–73.3) 71.6 (71.2–72.0) 68.1 (67.7–68.5) 66.9 (66.5–67.3)

Subpopulation with diabetes
Year 1 76.6 (77.0–76.2) 76.4 (76.2–77.0) 67.4 (67.0–67.8) 67.0 (66.6–67.4)
Year 3 78.0 (77.7–78.4) 77.4 (77.1–77.8) 76.3 (76.0–76.7) 75.4 (75.1–75.8)
Year 5 79.9 (79.5–80.3) 78.3 (77.9–78.7) 82.0 (81.6–82.4) 80.9 (80.5–81.3)

Subpopulation with hypertension
Year 1 31.7 (31.2–32.1) 31.2 (30.7–31.7) 65.1 (64.7–65.5) 64.8 (64.4–65.2)
Year 3 34.3 (34.0–34.8) 33.6 (33.1–34.0) 73.7 (73.3–74.1) 72.9 (72.5–73.3)
Year 5 37.1 (36.7–37.6) 36.1 (35.7–36.6) 78.8 (78.2–79.2) 78.1 (77.7–78.5)

Subpopulation with high cholesterol
Year 1 29.5 (29.0–29.9) 29.3 (28.8–29.8) 73.4 (73.0–73.7) 73.1 (72.7–73.5)
Year 3 33.1 (32.6–33.6) 32.3 (31.8–32.8) 74.9 (74.5–75.2) 74.2 (73.9–74.6)
Year 5 35.3 (34.8–35.8) 34.0 (33.5–34.5) 76.3 (76.0–76.7) 74.9 (74.5–75.3)

Ninety-five percent confidence intervals are reported in the parenthesis.
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limited access to in-person nutrition counseling and other
health care services, our findings suggest that the expansion
of telehealth-delivered dietary services in Georgia and other
states with similar demographics may result in substantial
benefits in reducing cardiovascular risk for older adults.

Our findings complement those from several other studies
in the literature. For example, using data from rural Upstate
New York, researchers found that telehealth-delivered nu-
trition counseling interventions among older adults with
diabetes improved their knowledge base, practices, and
behaviors regarding diet.35 In a randomized controlled trial
that evaluated a nurse-led e-mail reminder program for
improving diet, participants in the intervention group re-
ported significantly lower rates of uncontrolled hypertension
and high cholesterol compared with those in the control
group.36 Another randomized controlled trial showed that a
text messaging-based telehealth intervention could signifi-
cantly reduce systolic blood pressure and cholesterol levels
among patients with coronary heart disease in 6 months.37

The COVID-19 pandemic has created an opportunity for
health care providers and patients to embrace telehealth more
than ever before. The shelter-in-place and social distancing
measures imposed during the pandemic strongly discouraged
patients from seeking in-person care, especially for chronic
disease prevention and management purposes. As a result, the
use of telehealth has increased substantially over the past year.38

This transition to telehealth was also supported and accelerated
by sweeping changes in telehealth reimbursement policies by
both public and private payers.39 These social and policy
changes all support a wider adoption of telehealth-delivered
dietary interventions, particularly among older adults who have
higher health care and social needs than the general population.
Findings from this study provide additional evidence to support
a wider adoption of telehealth even in the postpandemic era.19

This study has several limitations. First, similar to all
other simulation models, our model is a simplification of the
real world and has important assumptions that have to be
fully understood before it can be used to inform decision
making. For example, we assumed all the older adults in
Georgia adopted the telehealth-delivered dietary interven-
tion in our simulation experiment, which certainly will not
be the case in practice. However, although effort is needed
to provide technology support to this subpopulation, recent
literature showed that the majority (>60%) of elderly pa-
tients have access to telehealth services.40 Our simulation
modeling results provide estimates on the potential effects
of the intervention; the simulation estimates can be im-
proved as more data become available.

Second, although racial and ethnic disparities in telehealth
access have been reported elsewhere,41 we did not study the
impact of the intervention on different racial and ethnic sub-
populations because we do not have data on how telehealth
utilization would differ across racial and ethnic groups. Once
data become available for the populations of interest, we could
conduct additional analyses to investigate how the intervention
could influence racial and ethnic disparities. Finally, the model
was validated based on national data from our previous studies
because we do not have local longitudinal data to conduct ad-
ditional model validation. Such validation will be needed when
data become available to strengthen the validity of the results.

Despite these limitations, our study is the first to show
the potential for long-term impact of a telehealth-delivered

dietary intervention on cardiometabolic health, providing
important evidence to support state-level decision making
on the potential expansion of telehealth services at a time
when the use of telehealth is growing rapidly and evidence
of its potential impact is very limited.
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