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Abstract: Military Veterans have
a higher risk of incident
atherosclerotic cardiovascular
disease (ASCVD) than the general
population and are often clinically
complex. We studied the changes in
cardiovascular risk factors with
a lifestyle intervention in this
population. We retrospectively
analyzed data from 67 participants
(mean age 69.2 (SD 7.9) years; 97%
male) with atherosclerotic heart
disease and/or type 2 diabetes in
a 15-week, multiple health behavior
change (MHBC) intervention
implemented in a Veterans Affairs
(VA) Behavioral Medicine Clinic.
The intervention promoted a whole
foods, plant-based (WFPB) diet,

physical activity, and cognitive-
behavioral stress management. We
assessed cardiometabolic risk factors
at baseline, 1 month into the

intervention, and at 15 weeks
(post-treatment). Among
intervention completers (n = 67),
we observed statistically significant
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‘“Veterans who completed the
HDRP achieved statistically significant
improvements in waist circumference,
systolic blood pressure, LDL-C, fasting
glucose, and hemoglobin A1c from
baseline to post-treatment.”’
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improvements in waist circumference
(�2.8 inches, P = .03), systolic blood
pressure (�7.9 mmHg, P = .03), LDL
cholesterol (�11.27 mg/dL, P = .04),
fasting glucose (�15.10 mg/dL, P =
.03), and hemoglobin A1c (�0.55%,
P = .017) at post-treatment.
Participants with type 2 diabetes (n =
34) achieved improvements in
hemoglobin A1c (�0.80%, P = .007),
systolic blood pressure
(�10.98 mmHg, P = .01), and
diastolic blood pressure
(�6.65 mmHg, P = .03) at post-
treatment. Medication usage did not
significantly change. Veterans who
completed the MHBC intervention
achieved significant improvements in
cardiometabolic risk in a routine VA
clinical practice setting.

Keywords: cardiovascular risk
reduction; military veterans; multiple
health behavior change intervention;
plant-based diet; lifestyle medicine

Introduction

Heart disease continues to be the
leading cause of death in the United
States.1 With the continued trend of
increasing atherosclerotic
cardiovascular disease (ASCVD), the
American Heart Association (AHA) is
putting more focus on prevention-
related interventions, particularly for
vulnerable populations.2

Alarmingly, military Veterans have
a higher risk of incident heart disease
and cardiovascular events than the
general population, with estimates
suggesting Veterans develop heart
disease at about twice the rate of
non-veterans.3-5 Veterans with
ASCVD are often clinically complex
and may require multifaceted
secondary prevention programs.6,7

Cardiac rehabilitation (CR)
represents the primary lifestyle
modification intervention for Veterans
with incident heart disease.8 CR
primarily emphasizes medically
supervised exercise with home-based
physical activity as the core
component, together with education

(e.g., hearty healthy diet, managing
stress, tobacco cessation, and
medications) and use of motivational
interviewing to promote behavioral
change.9,10 In general, center-based
and home-based CR have been
shown to reduce mortality and
cardiometabolic risk factors among
veteran and non-veteran
populations.11-14 Difficulties with
patient enrollment and engagement
continue to limit its overall impact.15

CR also has limited impact on the
larger population living with ASCVD,
as only a portion of this population
meet CR eligibility (i.e., within 1 year
after myocardial infarction, acute
coronary syndrome, chronic stable
angina, percutaneous cardiac
intervention, or coronary artery
bypass surgery). Secondary
prevention programs for ASCVD may
be effective for patients who are
outside of the CR eligibility window,
although it is unclear how such an
intervention could be most optimally
designed.
While focusing on one specific

behavior change might simplify the
secondary prevention intervention
and improve its feasibility, some
research suggests that attempting
multiple health behavior changes
(MHBC) simultaneously is
associated with greater behavior
change.16 Researchers have begun
to demonstrate the benefits of
intensifying CR by adding a stress
management component, with initial
research suggesting that such an
approach can reduce cardiac
mortality by approximately 50%
compared with standard CR at 5-year
follow-up.17 This is not surprising, as
stress management training for heart
disease patients on its own shows
promise, with prior research
demonstrating improvements in
physiological measures of heart
health, including mental stress and
exercise-induced myocardial
ischemia, flow-mediated dilation,
wall motion abnormalities,
baroreceptor sensitivity, and heart
rate variability.18,19 Considering the

higher prevalence of posttraumatic
stress disorder (PTSD) among
Veterans20,21 and the association of
PTSD and heart disease,22-24

enhancing stress management might
be especially important to optimize
cardiometabolic risk reduction
within secondary prevention
interventions for Veterans with
ASCVD.
There may be benefits to making

dietary modification intervention
a more central component of CR and
other secondary ASCVD prevention
programs. Diet is one of the most
important modifiable risk factors for
heart disease, as it is associated with
overweight/obesity, diabetes,
hypertension, and metabolic
syndrome.25-27 In the United States
and globally, poor diet now
contributes to a greater risk of death
and disability-adjusted life-years
than tobacco and high blood
pressure.28,29 Programs that have
included a whole foods, plant-based
(WFPB) diet (whole, unprocessed,
plant-based foods including grains,
legumes, vegetables, fruits, nuts,
seeds) have demonstrated
promising results in two small
studies with patients with heart
disease. A small nonrandomized
clinical trial of a WFPB diet only
intervention resulted in regression of
atherosclerotic plaques in 73% of
participants, with arrested
progression in the other 27%, after 5
years.30 Remarkably, these
participants also had no adverse
cardiovascular events after 12
years.31 In a small randomized
controlled trial (RCT), Ornish and
colleagues32 studied the effect of an
intervention that combined a WFPB
diet and stress management
component, and they found 91% of
participants experienced reduced
angina after only 24 days.
Ornish and colleagues

subsequently expanded his heart
disease intervention to include
a WFPB diet, exercise, stress
management, and group support
components, and studied its efficacy
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(i.e., Lifestyle Heart Trial)33,34 and
effectiveness in 3 large clinical trials
(i.e., Multicenter Lifestyle
Demonstration Project,35 Multisite
Cardiac Lifestyle Intervention
Program,36 and Highmark Blue
Cross/Blue Shield Study37). The
Ornish program has also been
shown to be effective and adaptable
for a military population,38,39 and
altogether demonstrating high rates
of adherence and improved
cardiometabolic risk profiles.33-39

These studies demonstrate the
benefits of MHBC interventions for
atherosclerotic heart disease that
include a rigorous WFPB dietary
component. These studies also
tested interventions that were time-
intensive (e.g., 8 hours in clinic per
week), which might be less feasible
for many patients. It is unclear
whether similar clinical
improvement can be obtained
through a less time-intensive
approach.
The Heart Disease Reversal

Program (HDRP) at the Sacramento
Veterans Affairs (VA) Medical
Center was developed to create
a streamlined, MHBC intervention
modeled after the Ornish and other
similar heart disease reversal
programs, offered within routine
clinical practice.40 HDRP fits in the
category of intensive therapeutic
lifestyle change (ITLC) treatment
programs.41 The HDRP has served
a broad range of Veterans with
ASCVD (e.g., <1-year post cardiac
event/eligible for cardiac
rehabilitation, and those >1-year
post-event) and type 2 diabetes,
with varying levels of functional
ability.
The current paper evaluates the

outcomes of the 15-week HDRP on
cardiometabolic risk factors in
a population of US Veterans. We
hypothesized that Veterans who
completed the HDRP would have
a more favorable cardiometabolic
risk profile post-intervention
compared to baseline.

Methods

Recruitment

The study population included
patients who received health care at
the VA Medical Center in
Sacramento, California, USA. All
patients were Veterans of the United
States military. This retrospective
chart review was approved by the
local Institutional Review Board of
the VA Northern California Health
Care System (#18-12-00828).
Participant informed consent was
not required for this study.
Participants in the HDRP

intervention were contacted
through mailed invitation letters
with a one-page fact sheet
describing the program and also
referred to the HDRP by
Cardiology, Primary Care and
Mental Health providers. Patients
were screened by telephone for
key inclusion/exclusion criteria.
Inclusion criteria were a diagnosis
of atherosclerotic heart disease or
type 2 diabetes. Exclusion criteria
were a history of bariatric surgery,
stage 4 or 5 chronic kidney disease,
dementia, or being high risk for
disruptive behavior or suicide.
There was no maximum age, and
exercise capacity was not used as
exclusion criteria. After approval
by telephone screening, patients
were invited to attend the HDRP
seminar. All patients were
medically cleared by a physician to
participate in the HDRP. After the
seminar, patients decided whether
they would participate in the
intervention. For this research
study, we received a waiver for
informed consent, as collected data
were only obtained from medical
chart review.

Program Design

The HDRP was an adaptation of
interdisciplinary lifestyle
interventions which have been
shown to induce regression of
atherosclerotic blockages.33,34,42 The

15-week HDRP was offered in
a Behavioral Medicine Clinic at the
Sacramento VA Medical Center.40

Participants underwent medication
reconciliation with a clinical
pharmacist at baseline, and
medications were adjusted as
needed by each patient’s primary
care physician, cardiologist and/or
HDRP consulting physician.
Program staff included a clinical
health psychologist (program
director), registered dietitian
nutritionist, clinical pharmacist, and
a consulting physician. Patients
completed the program in cohorts of
6-10 patients, and spouses/partners
were also encouraged to attend all
sessions. All intervention
appointments in our study were
conducted in-person.
HDRP intervention design was

primarily based on Social Cognitive
Theory,43 the Health Belief Model,44

and the Transactional Model of
Stress and Coping.45 The
intervention consisted of one
seminar where Veterans decided
whether to enroll in HDRP, 3
individual sessions with a clinical
health psychologist, and 12
interdisciplinary group sessions. The
program began with a 120-minute
seminar summarizing the scientific
background and rationale for the
HDRP, basic guidelines of the WFPB
diet, physical activity, and stress
management components, with the
aim of increasing perceived severity
of ASCVD and benefits of lifestyle
change. Participants who enrolled in
HDRP then had 3 weeks to prepare
before the group sessions began,
allowing time to gradually reduce
animal food intake, increase plant
food intake, prepare their kitchen,
seek social support (i.e., find a health
buddy), and mentally prepare to
fully engage in the intervention.
Next, patients had their first of 3 (60
minute) individual sessions with
a clinical health psychologist at
baseline (1 week prior to the first
group session), then at 1-month (the
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week after the fourth group session),
and post-treatment (the week after
the 12th group session). Motivational
Interviewing was used to share
objective assessment results (i.e.,
“cardiometabolic profile”) and
promote engagement and behavior
change. The individual sessions
served to promote maximum initial
motivation, goal-setting, and
individualization of the program.
Twelve 90-minute weekly group

sessions formed the primary vehicle
for the delivery of the 3 components
of the intervention. We chose
12 weeks of group sessions to mirror
the duration of the group sessions of
the Ornish program, yet we reduced
the group frequency to once-weekly
instead of twice weekly, and group
session duration was 90 total minutes
per week instead of 8 hours weekly
as found in the Ornish program.37

The intervention dose consisted of 21
total hours over 15 weeks (in
comparison to 72 hours for the
Ornish program). This number of
sessions/duration also matched the
VA MOVE weight management
group program at our facility and
nationally.46 Furthermore, 12 weekly
90-minute group sessions also
matched the structure of evidence-
based group psychotherapies
commonly offered by VA
psychologists (e.g., CBT for
Depression Group), making it fit in
the scheduling grid and ultimately
more feasible within routine practice.
Group sessions were co-facilitated

by a psychologist, dietitian, and
pharmacist, and session topics for
each HDRP component are
summarized in Table 1. Similar to
other heart disease reversal
interventions, all participants were
required to adopt the WFPB diet, as
quickly as possible (i.e., beginning
with group session 1, “go all in”).33,47

As noted, discussion topics included
education on cardiometabolic disease
processes of atherosclerosis and
insulin resistance, and the
mechanisms of promoting disease
regression. Nutrition education topics

included how to achieve this ultra
low-fat (∼10% of daily kilocalories)/
high carbohydrate (∼80% of daily
kilocalories) version of the WFPB
diet,47 importance of eating a variety
of plant foods daily, practical matters
related to the macronutrients (protein,
carbohydrates, and fat), exposure to
culturally diverse recipes, minimizing
alcohol use, and cooking instruction
(e.g., how to sauté with water and
without oil, using a chef’s knife,
steaming technique).
The physical activity component

was primarily guided by social
cognitive theory and it focused on
promoting the adoption of
a moderate-intensity walking
program, increasing everyday
lifestyle activity, and reducing
prolonged sitting.48 No specific
standard amount or type of
physical activity was universally
required of all participants; rather,
participants were encouraged to
walk, or pursue whatever activity
plan their physician medically
cleared them to do. Participants
were provided education on the
biopsychosocial benefits of
physical activity and reducing
sedentary behavior in an effort to
enhance outcome expectancies
and expectations. Education also
included the basics of starting
a walking program safely (e.g.,
medical clearance, awareness of
cardiac symptoms and when to
cease activity and seek emergency
medical care, achieving
a moderate-intensity level,
importance of good shoes and
appropriate clothing). Strategies
also included the use of self-
monitoring to establish a baseline
level of activity and quantify safe
and gradual levels of progression
throughout the intervention. Self-
efficacy for physical activity was
promoted by establishing small
realistic activity goals to engage in
activities that participants enjoyed
and were intrinsically motivated to
engage in, providing instruction on
proper walking posture and

technique, and assistance with
problem-solving to overcome
barriers to activity. Finding ways to
be more active in everyday life
(e.g., interrupting prolonged
sitting, taking the long way to walk
to places, parking far away) were
also encouraged.
The stress management

component primarily consisted of
cognitive-behavioral stress
management (CBSM) training,
which has been effective with
various medical populations
including those with heart disease,
prostate cancer, breast cancer, and
HIV/AIDS.18,49–52 Rather than
being limited to the practice of
various relaxation or meditation
techniques, CBSM is
a psychotherapy that includes
many methods that are grounded in
the Transactional Model of Stress
and Coping45 and facilitate a range
of aims: building stress awareness,
teaching stress/anxiety reduction
techniques, modifying faulty
cognitive appraisals, building
problem- and emotion-focused
coping skills, practicing
acceptance, reducing social
isolation, reducing risk behavior,
and enhance treatment
adherence.53 The HDRP stress
management component also
integrated positive psychology
interventions in ways that were
conceptually coherent and
enhanced the core elements of
CBSM (e.g., gratitude journal as an
additional way to promote
adaptive, helpful, and undistorted
thinking; 5 acts of kindness as
another method for increasing
social connection).54,55 Lastly, the
stress management component
included behavioral sleep
management strategies.

Cardiovascular Disease (CVD)
Risk Profile

Participants’ height, weight, and
waist circumference were
measured by study staff or other VA
providers at baseline (measures
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Table 1.

Group Intervention Components of the Heart Disease Reversal Program.

Session
number Nutrition Exercise Stress management

1

Orientation to HDRP

Self-monitor physical activity None
Intro to nutrition component

No-oil sauté method

Culturally based flavor combinations

2
Diet troubleshooting Intro to exercise component Coping with food cravings

Steaming technique Proper walking technique Mindful eating

3

Protein Exercise for stress management Intro to stress management component

Batch cooking Exercise troubleshooting Diaphragmatic breathing

Cooking dried legumes

4

Carbohydrates and diabetes
Exercise for blood sugar
management

Awareness of thinking

Cooking whole grains “The Hook” metaphor; progressive
muscle relaxation

5
Managing social situations and eating out Safe exercise progression Challenging negative thinking

Dr Greger’s daily dozen Exercise troubleshooting Gratitude journal

Postural relaxation

6
Fat: Types, omega 3’s, problems with low-
carb/high-fat diets

Lifestyle activity Problem- vs Emotion-Focused coping

Safe exercise progression Guided beach imagery

Exercise troubleshooting

7

Dietary methods for boosting nitric oxide

Exercise and artery function

Acceptance and softening

Cooking with herbs Clarifying values

Mindfulness meditation

8 Circadian rhythm and optimizing weight loss
Safe exercise progression Activity scheduling

Exercise troubleshooting Savoring

Guided forest imagery

9 Optimizing brain health Exercise, cognition, and brain health

Social support

5 acts of kindness

Lovingkindness meditation

10
Iron, calcium, and iodine

Exercise and bone health
Assertive communication

Healthy bones Anger awareness

(continued)
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taken prior to the first group
session, but no earlier than
3 months before), 1-month
(measures taken during the week
between group sessions 3 and 4),
and post-treatment which
corresponds to 15 weeks after the
first individual session
appointment at baseline (measures
obtained during the week prior to
the 12th and final group session, or
as late as the final individual
session). Patient height previously
recorded in the medical chart was
used for the purpose of calculating
Body Mass Index (BMI) in this
study. All patients completed blood
tests for fasting glucose,
hemoglobin A1C, fasting lipid
panel (total cholesterol [TC], low
density lipoprotein-cholesterol

[LDL-C], high density lipoprotein-
cholesterol [HDL-C], triglycerides
[TG]) and high sensitivity C-
reactive protein (CRP) at baseline,
1-month, and post-treatment.
Lipids were measured by
colorimetric absorbance
spectroscopy via an enzymatic
assay. hs-CRP was measured by
infrared absorption spectroscopy
via immunoassay.

Study Design

For all patients who attended the
HDRP seminar between October,
2016 and January 2020,
demographic data and medical
histories were obtained through
chart review. Researchers accessed
medical records to gather data up
to 1 year prior to starting the HDRP,

at baseline, one month and post-
treatment. Completion of the HDRP
was defined as attending at least
70% of HDRP group sessions (i.e.,
at least 8 of 12 group sessions). The
70% session attendance
benchmark was chosen as a clear,
quantitative benchmark of
a sufficient intervention “dose” and
to help judge the feasibility of our
intervention.56 Non-completers
were defined as participants who
did not attend at least 70% of group
sessions (including both those
Veterans who decided to cease
their participation early and those
who remained engaged in the
intervention but attended less than
8 sessions) and they were excluded
from the final analysis (Figure 1).
Researchers had no contact with
patients at the time of the
retrospective analysis.

Statistical Analysis

Data analysis was completed
using SAS 9.4. Descriptive statistics
were used to summarize the
baseline characteristics and
demographics of Veterans who
participated in the HDRP. Average
change from baseline to 1-month
and baseline to post-treatment
were calculated for each
cardiometabolic risk factor. The
PROC TTEST procedure was used
to perform 2-tailed, paired t-tests
for the cardiometabolic risk factors.
A bootstrapping procedure with
a sample of 10 000 with
a randomized seed was performed
due to the small sample size of the
study. The analysis was completed

Table 1. (continued)

Food synergy and antioxidants Autogenic relaxation

11
Other reasons for eating plant-based
(environment, food contaminantion)

Optimum amount of exercise
Optimizing sleep

Light meditation

12 Final group session; summary review, planning for the future, maintaining gains, program feedback

Figure 1.

Study flowchart of participant inclusion.
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for all intervention completers, and
on the subset of participants who
had type 2 diabetes (with or
without ASCVD). P-values of <.05
were considered statistically
significant.

Results

Among all participants (N = 109),
50% completed 10-12 group sessions
(out of 12 total group sessions), 13%
completed 7-9 sessions, and 17%
completed 4-6 sessions. Twenty
percent of participants completed 3
or fewer sessions.
Altogether, the intervention non-

completers and completers were
very similar in terms of age (68 years
and 69.2 years, respectively), BMI
(31.9 and 31.5, respectively), and
total service connection disability
rating (52% and 49%, respectively). A
smaller proportion of non-
completers had their spouse/partner
attend intervention sessions with
them (21%) compared to completers
(33%). In terms of medical
conditions, the greatest discrepancy
between non-completers and
completers was in chronic pain
diagnosis (non-completers with
50%, completers with 42%). There
were also more non-completers with
CHF (33% vs 28%) and COPD (14%
vs 12%), compared to completers.
Among the psychiatric disorders,
more non-completers had
a depressive disorder (38% vs 34%),
PTSD (40% vs 37%), and anxiety
disorder (12% vs 9%), compared to
completers. Some health conditions
were more common among the
completers, including type 2
diabetes (51% vs 45%), adjustment
disorder (30% vs 24%), bipolar
disorder (9% vs 5%), and atrial
fibrillation (19% vs 17%).
Baseline characteristics of the

Veteran participants who completed
the HDRP are presented in Table 2.
The sample of HDRP completers
predominately consisted of older
adults with a mean age of 69 years,
were mostly White (70%), not

Hispanic or Latino (95%), and male
(97%). Three-quarters of the
veterans were married. The majority
of veterans who participated were
referred by Cardiology, as 91% of
sample were diagnosed with
atherosclerotic heart disease. More
than one-third had a history of
myocardial infarction (35%) and
percutaneous cardiac intervention
(PCI) (42%). About one-quarter of
the participants had a history of
coronary artery bypass graft (CABG)
surgery. Half of the sample was
diagnosed with type 2 diabetes.
Over half of the sample had been
diagnosed with a psychiatric
disorder, with posttraumatic stress
disorder (37%) and a depressive
disorder (34%) being the most
common. Almost half of the Veterans
experienced chronic pain (42%).
Approximately 80% of the sample
was taking cholesterol-lowering
medication. The average participant
was taking more than 2 hypertension
medications at baseline. Among the
participants with type 2 diabetes,
about a quarter were on insulin,
averaging 37 units of daily insulin.
About one-quarter had a 100% VA
service connection rating (the
highest rating of disability severity in
the VA schedule of ratings) and
about one-quarter were not service-
connected at all (did not receive VA
disability for medical or psychiatric
conditions) or rated at 0% (lowest
possible rating of VA disability
severity).
Several improvements in

cardiometabolic risk factors were
observed among the entire sample
of intervention completers (Table 3).
At the 1-month follow-up, TC
significantly decreased by 18.1 mg/
dL and LDL-C decreased by 15 mg/
dL. Improvement in diastolic blood
pressure was statistically significant
as well (�5.2 mmHg). Systolic blood
pressure also decreased
(�8.2 mmHg) and approached
statistical significance (P = .0536).
At end of treatment, the

intervention completers lost an

average of 10 lbs., amounting to
4.6% of their baseline body weight,
although it was not statistically
significant. They experienced
a significant decrease in waist
circumference of 2.76 inches.
Systolic blood pressure also
significantly improved
(�7.9 mmHg). Furthermore,
glycemic control improved on both
measures, with fasting glucose
decreasing by 15 mg/dL and
hemoglobin A1c decreasing by
0.55%. There was a significant
decrease in LDL-C of 11 mg/dL, but
HDL-C and triglycerides were
essentially unchanged at 1-month
and post-treatment.
The subsample of intervention

completers who had type 2 diabetes
mellitus (n = 34) demonstrated even
greater improvements post-
treatment (Table 4). Statistically
significant improvements were
observed in hemoglobin A1c
(�0.80%), systolic blood pressure
(�11 mmHg), and diastolic blood
pressure (�6.6 mmHg). This group
experienced a 3.4-inch decrease in
waist circumference, although this
finding was only approaching
statistical significance (P = .052).
There were no statistically

significant changes in number of
medications used for cholesterol,
hypertension, and diabetes mellitus
(data not shown).

Discussion

This study provides preliminary
support that a MHBC intervention
that promoted a WFPB diet, physical
activity, and cognitive-behavioral
stress management, may be
a feasible, acceptable, and effective
approach for cardiometabolic risk
reduction in a sample of older
Veterans with atherosclerotic heart
disease and multiple comorbidities.
The HDRP intervention is consistent
with the American College of
Lifestyle Medicine’s (ACLM) 6
lifestyle pillars, as it promotes
a plant-based diet, physical activity,
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Table 2.

Baseline Characteristics of Veteran Participants Who Completed HDRP (n = 67).

Variable

All completers (n = 67) Completers with type 2 diabetes (n = 34)

Mean (± SD) or n (%) Mean (± SD) or n (%)

Demographics

Age (years) 69.22 (7.87) 70.32 (6.72)

Gender

Male 65 (97.01%) 33 (97.06%)

Female 2 (2.99%) 1 (2.94%)

Transgender 0 (0%) 0 (0%)

Race

White 47 (70.15%) 21 (61.76%)

Black or African-American 8 (11.94%) 5 (14.71%)

American Indian or Alaska Native 5 (7.46%) 4 (11.76%)

Asian 3 (4.48%) 3 (8.82%)

Native Hawaiian or other Pacific Islander 1 (1.49%) 1 (2.94%)

Did not answer (unknown) 3 (4.48%) 3 (9.09%)

Ethnicity (Hispanic/Latino) 3 (4.48%) 1 (2.94%)

Marital status

Married 51 (76.12%) 26 (76.47%)

Divorced 7 (10.45%) 2 (5.88%)

Unmarried 4 (5.97%) 3 (8.82%)

Widowed 2 (2.99%) 2 (5.88%)

Did not answer (unknown) 3 (4.48%) 1 (2.94%)

Anthropometrics and vitals

BMI (kg/m2) 31.51 (5.79) 32.22 (6.09)

Systolic blood pressure (mmHg) 132.9 (22.00) 135.5 (21.24)

Diastolic blood pressure (mmHg) 71.31 (13.68) 71.33 (13.94)

Pulse (beats per minute) 65.07 (11.00) 67.21 (11.58)

Waist circumference (inches) 44.83 (5.86) 45.48 (6.06)

Medical history

Diagnosis of atherosclerotic heart disease 61 (91.04%) 31 (91.18%)

(continued)
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Table 2. (continued)

Past MI 24 (35.82%) 13 (38.24%)

Past PCI 28 (41.79%) 12 (38.24%)

Past CABG 16 (23.88%) 12 (35.29%)

Past CVA 5 (7.46%) 4 (11.76%)

Past TIA 6 (8.96%) 6 (17.65%)

Diagnosis of type 2 diabetes mellitus 34 (50.75%) 34 (100%)

Diagnosis of hypertension 60 (89.55%) 33 (97.06%)

Diagnosis of hyperlipidemia 62 (92.54%) 33 (97.06%)

Diagnosis of PVD 6 (8.96%) 5 (14.71%)

Diagnosis of CHF 19 (28.36%) 11 (32.35%)

Diagnosis of atrial fibrillation 13 (19.40%) 5 (14.71%)

Anticoagulation medication 13 (19.4%) 6 (17.65%)

Past traumatic brain injury 3 (4.48%) 1 (2.94%)

Psychiatric disorder (participants with at least one) 39 (58.21%) 20 (58.82%)

Diagnosis of depressive disorder 23 (34.33%) 15 (44.12%)

Diagnosis of PTSD 25 (37.31%) 12 (35.29%)

Diagnosis of anxiety disorder 6 (8.96%) 4 (11.76%)

Diagnosis of adjustment disorder 2 (2.99%) 1 (2.94%)

Diagnosis of bipolar disorder 6 (8.96%) 2 (5.88%)

Diagnosis of chronic pain 28 (41.79%) 15 (44.12%)

Diagnosis of COPD 8 (11.94%) 7 (20.59%)

Family history of dementia 3 (4.48%) 2 (5.88%)

Medications

Taking cholesterol-lowering medication (yes) 53 (79.1%) 29 (85.29%)

Total number of hypertension medications 2.19 (SD = 1.28) 2.59 (SD = 1.16)

Taking insulin (yes) 9 (13.43%) 9 (26.47%)

Taking short-acting insulin (Aspart) (yes) 5 (7.46%) 5 (14.71%)

Total daily long-acting insulin dose in insulin-
requiring patient

37.08 (35.99) 37.08 (35.99)

Total number of diabetes medications in patient
with diabetes

1.44 (1.13) 1.44 (1.13)

(continued)
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Table 2. (continued)

Service connection (%)

Total SC-0% 19 (28.36%) 8 (23.53%)

Total SC-100% 17 (25.37%) 10 (29.41%)

SC for atherosclerotic heart disease 17 (14.93%) 8 (23.53%)

SC for hypertensive vascular disease 5 (7.46%) 1 (2.94%)

SC for coronary artery bypass 4 (5.97%) 3 (8.82%)

SC for MI 2 (2.99%) 1 (2.94%)

SC for diabetes mellitus 10 (14.93%) 10 (29.41%)

Abbreviations: BMI, body mass index, CABG, coronary artery bypass graft, CHF, congestive heart failure, COPD, chronic obstructive pulmonary disease, CVA,
cerebrovascular accident, MI, myocardial infarction, PCI, percutaneous cardiac intervention, PTSD, post-traumatic stress disorder, PVD, peripheral vascular
disease, SC, service-connected disability, TIA, transient ischemic attack.

Table 3.

Change in Cardiometabolic Risk Factors of all Completers of HDRP (n = 67).

Risk factor
Baseline mean

(SD)
1-month mean

(SD)
Difference at 1
month (P-value)

Post-treatment
mean (SD)

Difference at
post

treatment
(P-value)

Body weight (lbs) 218.4 (42.37) 213.2 (42.72) �5.26 (0.52) 208.3 (40.82) �10.08 (0.17)

BMI (kg/m2) 31.51 (5.79) 30.8 (5.53) �0.70 (0.52) 30.52 (6.72) �0.98 (0.38)

Waist circumference (inches) 44.83 (5.86) 44.25 (5.78) �0.58 (0.67) 42.06 (5.38) �2.76� (0.03)

Systolic blood pressure (mmHg) 132.9 (22.00) 124.70 (17.58) �8.19 (0.0536) 125.0 (17.27) �7.88� (0.03)

Diastolic blood pressure (mmHg) 71.31 (13.68) 66.08 (10.93) �5.23� (0.047) 66.69 (11.09) �4.62 (0.13)

Pulse (beats per minute) 65.07 (11.00) 61.00 (12.08) �4.07 (0.13) 62.96 (10.92) �2.11 (0.34)

TC (mg/dl) 134.1 (39.23) 116.00 (28.96) �18.08�� (0.008) 122.4 (34.71) �11.67 (0.09)

LDL-C (mg/dl) 70.39 (32.75) 55.44 (26.02) �14.95� (0.01) 59.12 (26.57) �11.27� (0.04)

HDL-C (mg/dl) 39.35 (10.86) 37.34 (13.76) �2.01 (0.39) 38.48 (11.13) �0.87 (0.66)

Triglycerides (mg/dl) 126.8 (83.78) 126.7 (73.32) �0.12 (0.99) 117.8 (84.80) �9.00 (0.56)

Fasting glucose (mg/dl) 127.8 (41.04) 120.1 (41.86) �7.75 (0.34) 112.7 (38.12) �15.10� (0.03)

Hemoglobin A1C (%) 6.75 (1.43) 6.36 (1.21) �0.39 (0.21) 6.20 (1.06) �0.55� (0.017)

CRP (mg/L) 2.61 (2.72) 1.74 (2.05) �0.86 (0.10) 1.88 (2.30) �0.73 (0.13)

Note. TC, total cholesterol; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; CRP, C-Reactive Protein, �P < 0.05, ��P <
0.01.
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stress management, restorative
sleep, social connection, and
avoidance of risky substances.57 The
intervention also aligns with lifestyle
habits and principles found among
the longest-lived populations (i.e.,
Blue Zones).58 Veterans who
completed the HDRP achieved
statistically significant improvements
in waist circumference, systolic
blood pressure, LDL-C, fasting
glucose, and hemoglobin A1c from
baseline to post-treatment. Veterans
with type 2 diabetes mellitus had
significant improvements in systolic
and diastolic blood pressure, as well
as hemoglobin A1c.
Among all intervention completers,

improvements in diastolic blood
pressure, total cholesterol, and LDL-

C were greater at 1-month follow-up
than at post-treatment. This finding
may be explained by the way that
the 1-month follow-up assessment
was framed for the participants.
Participants were encouraged to
make substantial lifestyle changes
with the benefit of receiving
feedback on their lab tests after only
4 weeks, as opposed to waiting
15 weeks until the end of the
program. This was done to
encourage participants who were
skeptical of their ability to do the
intervention diet (including avoiding
all animal foods), to try their best and
“go all-in” (physical activity and
stress management strategies were
gradually incorporated). This
strategy was drawn from other heart

disease and diabetes reversal
programs30,32,59 that found, in
particular, that rapid adoption of the
diet led to both rapid improvements
in the most concerning problems
(i.e., angina chest pain and high
blood sugars, with weight loss) and
facilitated more rapid adjustment in
participants’ food preferences (i.e.,
greater pleasure from plant-based
meals), which together supported
long-term lifestyle maintenance.
This strategy may have increased the
number of Veterans who enrolled in
the intervention who had concerns
about the feasibility and approached
it as a 1-month experiment, rather
than firmly committing to
completing the full intervention. The
result may have been more

Table 4.

Change in Cardiometabolic Risk Factors in Participants With Type 2 Diabetes Who Completed HDRP (n = 34).

Risk factor
Baseline mean

(SD)
1-month mean

(SD)
Difference at 1 month

(P-value)
Post-treatment
mean (SD)

Difference at
post

treatment
(P-value)

Body weight (lbs.) 218.0 (40.60) 210.5 (39.25) �7.44 (0.49) 206.5 (37.42) �11.44 (0.24)

BMI (kg/m2) 32.22 (6.09) 31.23 (5.56) �0.99 (0.53) 31.32 (7.74) �0.91 (0.60)

Waist circumference (inches) 45.48 (6.06) 44.5 (5.90) �0.98 (0.60) 42.08 (5.33) �3.40 (0.052)

Systolic blood pressure (mmHg) 135.5 (21.24) 130.0 (18.92) �5.48 (0.36) 124.5 (12.44) �10.98� (0.01)

Diastolic blood pressure (mmHg) 71.33 (13.94) 64.94 (11.06) �6.39 (0.09) 64.69 (10.40) �6.65� (0.03)

Pulse (beats per minute) 67.21 (11.58) 64.55 (14.58) �2.66 (0.55) 63.78 (10.80 �3.42 (0.28)

TC (mg/dL) 122.3 (33.36) 108.9 (27.87) �13.44 (0.11) 114.9 (33.45) �7.45 (0.38)

LDL-C (mg/dL) 59.87 (27.11) 46.92 (26.14) �12.95 (0.07) 50.07 (20.68) �9.80 (0.12)

HDL-C (mg/dL) 36.94 (10.10) 36.61 (16.74) �0.32 (0.92) 38.45 (13.21) 1.52 (0.61)

Triglycerides (mg/dL) 130.6 (69.45) 143.2 (74.24) 12.61 (0.51) 128.6 (101.7) �1.94 (0.93)

Fasting glucose (mg/dL) 147.1 (46.71) 141.4 (49.99) �5.75 (0.66) 129.2 (46.56) �17.88 (0.12)

Hemoglobin A1C (%) 7.64 (1.30) 7.22 (1.26) �0.42 (0.31) 6.84 (1.03) �0.80�� (0.007)

CRP (mg/L) 2.77 (2.88) 1.62 (1.79) �1.14 (0.13) 1.82 (2.14) �0.95 (0.16)

Note. TC, total cholesterol, LDL-C, low density lipoprotein-cholesterol, HDL-C, high density lipoprotein-cholesterol, CRP, C-reactive protein, �P < 0.05, ��P <
0.01.
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participants enrolling in the HDRP at
our initial seminar, yet contributed to
non-completion of the intervention
at post-treatment.
The question they would answer

when receiving their 1-month
follow-up results was, “Can I do
this, and does it work?” The
remaining two-thirds of the HDRP
program was framed as the period
when they would learn how to
maintain the plant-based way of
eating and integration of physical
activity and stress management
strategies. This phase would help
the participants answer the
question, “Can I enjoy this lifestyle
and maintain it for the long-run?”
Participants began to explore
different recipes, flavors, and
explored ordering plant-based
meals in restaurants. This likely led
to participants’ relaxing some of
the nutritional guidelines. While an
attenuation in outcomes from the 1-
month follow-up to post-treatment
may appear detrimental, this
exploration and engagement in
diverse culinary learning
opportunities, along with efforts
toward mastery of the greater
challenges posed by multiple
health behavior change, might be
necessary for supporting long-term
maintenance.
Since participants were

introduced to the physical activity
component beginning at group
session 2, and the stress
management component at session
3, it is likely that dietary change was
the predominant contributor to 1-
month reductions in
cardiometabolic risk. Nevertheless,
participants actively integrated
multiple health behavior guidelines
to increase physical activity and
engage in routine stress
management practices for the
overwhelming majority of
intervention sessions. While we
lack adherence data, this suggests
the reduced cardiometabolic risk
observed in our study may have
been facilitated through

a combination of diet, physical
activity, and stress management
behaviors. Previous heart disease
reversal intervention research
supported the utility of
simultaneous, multiple
intervention components. Data
from the Ornish Multisite Cardiac
Lifestyle Intervention Program
suggested independent, additive,
and interactive effects of stress
management, diet, exercise, and
group support intervention
components on ASCVD risk
reduction.60

Our study’s results align with
previous dietary studies. The
dietary component of the
intervention was identified as
cardioprotective in a recent state-
of-the-art review that described top
dietary strategies for ASCVD risk
reduction.61 Two recent
randomized controlled clinical
trials studying a healthy vegan diet
suggest potential advantages of
a strictly plant-based diet. A
randomized cross-over controlled
clinical trial found that an “ad
libitum” (eat to fullness) vegan diet
resulted in significantly greater
weight loss among overweight
adults than an ad libitum
Mediterranean diet using
PREDIMED protocol dietary
guidelines.62,63 This suggests that
when promoting healthy eating
without restricting the volume of
food consumed or prescribing
specific calorie deficits, a strictly
plant-based diet may have a weight
loss advantage. Furthermore,
a recent study of healthy identical
twin adults found that a healthy
vegan diet resulted in greater
reductions in LDL-C, fasting insulin
level, and body weight, compared
to a healthy omnivorous diet.64

While not statistically significant
in our study, Veterans with and
without type 2 diabetes lost
approximately 5% of their body
weight by the end of treatment,
which is clinically significant. This
amount of body weight loss has

been shown to be associated with
improved glycemic control, blood
pressure, and lipids.65 Waist
circumference improved in our
study and is considered the best
routine measure of visceral fat (i.e.,
central obesity). Interventions such
as a WFPB diet,66 moderate-
intensity physical activity,67 and
stress management training68,69

may all help reduce visceral fat via
a variety of mechanisms.
Glycemic control improved

among all our intervention
completers, and to a larger degree
among those with type 2 diabetes.
While recommended in the VA/
DoD clinical practice guidelines for
management of type 2 diabetes, it is
interesting that our dietary
approach (i.e., a diet that is
approximately 80% carbohydrate)
is substantially different from
another more common dietary
recommendation for diabetes
management, which is to
significantly reduce carbohydrate
consumption (e.g., 13%–50% of
total daily caloric intake from
carbohydrates).70 Our results are
consistent with clinical trials
showing that a healthy vegan diet
can be a successful approach in
patients with diabetes mellitus.59,71

Multiple mechanisms may explain
the advantages of a strict plant-
based diet in promoting glycemic
control, including reduction in
intracellular lipid in muscle and the
liver, improved beta cell function,
increased incretin secretion by the
gut, and greater weight loss.59,71,72

Physical activity also has
a significant effect on glycemic
control.73 VA/DoD clinical practice
guidelines for type 2 diabetes also
recommend mindfulness-based
stress reduction for patients with
diabetes distress.70 Improved
general stress management skills
could improve glycemic control via
multiple mechanisms, including
better diabetes self-management,
reductions in emotional eating,
reduced stress-related preference
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for high-caloric, low-fiber foods,
and decreased cortisol levels.74,75

Our intervention included
a moderate-intensity walking
program aimed at achieving the
recommended amount of aerobic
exercise in clinical practice and
national guidelines.76,77 Walking
programs have been shown to be
effective for secondary
cardiovascular prevention, with an
optimal risk/benefit ratio.78 While
our intervention only included
walking (i.e., aerobic exercise),
lifestyle activity, and reduced
sitting, research supports the
benefits of resistance training as
well.79 Physical activity also
improves stress management,
likely through shared and differing
mechanisms than cognitive-
behavioral stress management
training.19

Including stress management
training in the HDRP intervention is
supported by previous research. The
preponderance of research data
suggest that psychological factors
may be causally linked with
pathophysiological and behavioral
factors driving ASCVD and that
psychosocial interventions can have
a beneficial effect on cardiovascular
health.80 Additional support for
including stress management is
drawn from the Lifestyle Heart Trial
(randomized controlled trial of the
Ornish Program For Reversing Heart
Disease), where analyses
demonstrated that improvement in
stress management was associated
with atherosclerosis regression (i.e.,
reduction in percent diameter
stenosis) at 5-year follow-up, even
after controlling for improvements in
diet.81

Approximately 60% of our study
sample had a history of at least one
psychiatric disorder, suggesting that
inclusion of psychotherapeutic
strategies might be of particular
importance in this Veteran
population. Furthermore, use of
a more robust, theoretically
grounded stress management

component, delivered by
a psychologist, may be critical to
facilitate improvement in core
coping skills. The stress
management component included
in the intervention aimed to foster
the development of skills that are
foundational to the management of
not only stress, but also for the
treatment of PTSD, depressive
disorders, and anxiety disorders
(e.g., cognitive restructuring for
depression, anxiety, PTSD, pleasant
activity scheduling for depression
and to reduce avoidance found in
anxiety and PTSD, stimulus control
and sleep restriction strategies for
insomnia). Psychologists’
contributions to such MHBC lifestyle
interventions also include enhanced
pre-treatment screening of
participants’ psychiatric status and
skillfully managing challenging
group dynamics, as they are highly
trained in group facilitation.
Contrary to our expectations,

Veterans in our study did not
experience a reduction in hs-CRP
level, despite the intervention
focusing on diet, physical activity, and
stress, all of which are associated with
inflammation and hs-CRP.82-84 This is
in contrast to a recent RCT found that
a healthy vegan diet significantly
decreased inflammation when
compared to the AHA diet, measured
by hs-CRP.82 It is possible that we had
Veterans in our study who had other
common inflammatory health
conditions (e.g., inflammatory bowel
disease, rheumatoid arthritis, which
are known to elevate hs-CRP).85 If
true, then this could have obscured
any positive effect of the HDRP on
chronic inflammation related to
unhealthy lifestyle habits. Since the
broad range of inflammatory diseases
were not part of our exclusionary
criteria or data collection, we were
unable to determine if these health
conditions impacted our
intervention’s effect on hs-CRP levels.
The primary strength of our study is

that it is the first to provide
preliminary data on the effectiveness

of a MHBC lifestyle intervention
including a WFPB dietary
component on cardiometabolic risk
factors among a population of
community-dwelling, older US
Veterans primarily with
atherosclerotic heart disease. Our
study aligned with the results of
a pilot lifestyle medicine
intervention for post-stroke
Veterans, though our study had
a larger sample size.86 Our
retrospective study of a clinical
intervention offered within routine
clinical practice suggests that our
approach may be feasible and
acceptable to many older Veterans
with ASCVD or type 2 diabetes
treated within VA outpatient settings.
HDRP was successfully
implemented in a Behavioral
Medicine Clinic, within the Mental
Health Service, utilizing staff time
and resources that are available at
most VA health care facilities and
without external funding. The
intervention also aligns with the VA’s
national Whole Health Initiative,
which aims to facilitate a cultural
transformation across VA health
care, including through expanded
availability of healthy lifestyle
interventions for Veterans.87

Limitations of our study include the
small sample size and the absence of
a control group. Additionally, we
also did not collect dietary or activity
adherence data, so we could not
determine the degree of behavioral
changes made by participants.
Furthermore, our study sample
consisted almost entirely of men,
thus limiting the generalizability of
our results to other genders.
Additionally, there is the potential for
survivorship bias in this study. While
we do not have data on who exactly
dropped out due to finding the
intervention unacceptable or not
feasible (as opposed to those who
remained engaged in the
intervention yet attended 7 or fewer
of 12 group sessions and were thus
considered “non-completers”), or
their specific reasons for doing so,
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our non-completer rate was 39% and
higher than desired.
It may be that our streamlined

version of the Ornish program was
too abbreviated to provide enough
support to enable optimal
engagement for some participants.
The intervention might be improved
through additional individual
appointments with program staff for
those who are having more
difficulty. Also, as noted earlier, we
may have enrolled uncommitted
participants with reservations about
the program but who were willing to
do a 1-month experiment or trial,
subsequently leading to an
increased number of non-
completers. While our study non-
completers and completers were
similar in terms of age, BMI, and
health conditions, non-completers
did have slightly higher rates of
chronic pain, CHF, depressive
disorders, PTSD, and anxiety
disorders. Furthermore, a smaller
proportion of non-completers had
their spouse/partner attend the
intervention with them, suggesting
strong social support (including
within the home) may facilitate
intervention engagement and
adherence, while potentially
reducing barriers (e.g., family
disagreement about dietary
guidelines and recipes). Worsened
physical health has been found to
increase the risk of premature drop
out in other lifestyle intervention
studies.88 We also did not capture all
aspects of disease severity and
disability, and so we cannot rule out
their role in facilitating intervention
non-completion. For example, we
included the presence of medical/
psychiatric disorders per their
medical record, yet not whether
those participants had already had
effective medical/psychiatric
treatment and/or established
stability, and so non-completers may
have indeed been affected by poorly
managed health conditions. Our
study population may benefit from
the use of telehealth options (e.g.,

video, or hybrid video/in-person
appointments) which would reduce
the impact of common barriers (e.g.,
eliminate traveling when
experiencing physical pain flare-
ups, lack of reliable transportation,
challenges fitting in multiple medical
appointments each week, avoidance
of groups due to PTSD or anxiety).
Completion rate might also have

been affected by the intervention
guidelines. In terms of nutrition,
some participants may have
preferred a more flexible diet (i.e.,
plant-predominant diet) than the
intervention diet (i.e., ultra low fat/
high carbohydrate WFPB diet, most
similar to Esselstyn approach).
Also, the intervention included
a wide range of intervention
components and variety of
strategies and goals. This may have
led to some participants finding the
some of the intervention content to
not be as relevant to them. For
example, due to variability in
prevalence of psychiatric
disorders, and the fact that we did
not require all participants to report
higher levels of stress and a need
for stress management to enroll in
the intervention, it may be that the
stress management component
may not have been needed or
desired by all participants. This
could be addressed through greater
efforts to individualize the program
and ensuring that stress
management strategies included
have a strong rationale in the
absence of distress (e.g.,
emphasizing inoculation against
future acute stress, positive
psychology strategies, meditation,
engagement with one’s faith
community and spiritual practices
such as prayer which can have
stress management effects).
Lastly, contrary to other heart

disease reversal interventions, our
intervention did not begin with
a retreat. An initial time-intensive,
immersive introduction may
facilitate building of critical start-up
skills, bonding between participants

and staff, and softening the stress of
adjusting to intensive lifestyle
changes. More research is needed to
clarify the most effective ways to
increase participant completion of
the intervention.

Conclusion

This retrospective study of a MHBC
lifestyle intervention that promoted
a WFPB diet, physical activity, and
cognitive-behavioral stress
management found significant
improvements in cardiometabolic risk
factors in a routine practice within an
outpatient VA behavioral medicine
clinic. This novel VA intervention of
the present study is promising and
should be further tested in prospective
studies using larger sample sizes of
Veterans. Future studies should be of
longer duration and include the
collection of detailed dietary, physical
activity, and stress data, including
intervention adherence data. Health
care systems that provide intensive
lifestyle interventions such as HDRP
can facilitate positive patient
outcomes and support the efforts of
clinicianswho do not have the skill-set
or time to provide high intensity
lifestyle programs for the treatment
and possible reversal of ASCVD and
type 2 diabetes.89
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