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Abstract

OBJECTIVE: Peripheral arterial discase (PAD) is characterized by impaired arterial cir-
culation to the extremities caused in part by atherosclerosis. This study examined the
cffect of a plant-based diet (PBD) on vascular function in PAD patients.

METHODS: Patients with PAD were randomized to plant-based dictary intervention
(PBD group, 7 =24) or no specific dietary advice (control group, 7= 28). Biochemical
parameters, including lipid profile and inflammatory biomarkers, and nitric oxide were
measured at baseline and 4 months after dictary intervention. Vascular function in-
cluding brachial artery flow-mediated vasodilation (FMD), carotid intima-media thick-

ness (IMT), carotid-femoral pulse wave velocity (PWV), and brachial-ankle PWV were

measured at bascline and 4 months after dictary intervention.

RESULTS: Biochemical parameters were similar at bascline between the 2 groups. There
was no change in any of the biochemical parameters in the control group at 4 months.
However, patients in the PBD group had a significant improvement in lipid profile,
including total cholesterol, triglyceride, low-density lipoprotein cholesterol (LDL-C),
and apolipoprotein Al (Apo-Al) levels. Greater nitric oxide and reduced high-sensi-
tivity C-reactive protein (hs-CRP) and interleukin 6 (IL-6) levels were found in the
PBD group at 4 months, whereas there were no changes in the control group. At base-
line, FMD was similar between the 2 groups. After 4 months, PBD participants showed
significant endothelial function improvement in FMD response and arterial stiffness
response, with increased carotid-femoral and brachial-ankle PWV compared to the

control group.
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CONCLUSIONS: A plant-based diet improves vascular endothelial function in PAD pa-
tients following 4 months of dictary intervention. This dietary intervention can result
in decreased serum cholesterol and inflammatory biomarkers, which may further en-

hance vascular endothelial function.

KEYWORDS: Plant-based diet; Vascular endothelial function; Flow-mediated dilation;
Brachial artery reactivity test

Introduction

Cardiovascular disecase (CVD), a condition predominantly caused by atherosclerosis,
is the leading cause of morbidity and mortality worldwide. Peripheral arterial discase
(PAD), a subset of CVD, occurs when the atherosclerosis progresses to compromise
the lower extremity circulation resulting in ischemic symptoms. Although atheroscle-
rosis has been generally regarded as a discase of developed or affiuent countries, recent
evidence shows a progressive rise in the prevalence of CVD in developing countries
where an epidemiological shift of discase prevalence patterns from infectious illnesses
to atherosclerotic discase has occurred. Management of CVD, with an emphasis on
discase prevention, will undoubtedly play an increasing vital role in the health care sys-
tem around the world.

There have been significant pharmacological advances in past decades to lower
the incidence of CVD including the advent of cardioprotective drugs such as platelet-
inhibiting antithrombotics, cholesterol-lowering statins, and angiotensin-converting
enzyme inhibitors. Similar advances have also occurred with improved interventional
strategies to reduce the morbidity and mortality associated with CVD including drug-
cluting stents, plaque-removing atherectomy devices, and bioprosthetic bypass graft
conduits. A recent practice guideline published by the American College of Cardiology
and American Heart Association highlighted the role of lifestyle modification (LM),
including dietary intervention, as a major contributor in the reduction of CVD-related
mor\.:ality.l'z'3 Epidemiological study suggests that more than half of the decline in
CVD-related deaths in the United States from 1980 to 2000 could be attributed to
cardiovascular risk factor management achieved through a combination of dictary in-
terventions and pharnm«:othv:rapiv:s.s'é‘S

Endothelial dysfunction, as reflected by the impaired arterial vasodilatory capacity,
represents one of the pathogenic mechanisms linking atherosclerosis and cardiovascular
mortality. The ability of arteries to dilate in response to stimuli is a significant indicator
of underlying vascular endothelial function and associated CVD.* Factors modulating
vasodilatory response include the release of vasoactive compounds such as nitric oxide
(NO) from the endothelium and vascular compliance. In healthy individuals, a major
mechanism responsible for vasodilation is the hyperemic-stimulated release of NO
from the endothelium, resulting in vascular smooth muscle relaxation with subsequent
vasodilation.®

Vascular endothelial function can be assessed using a non-invasive technique to
determine brachial artery reactivity. A high-resolution ultrasound is used to measure
changes in brachial artery diameter due to flow-mediated dilation (FMD) from in-
creased endogenous production of endothelium-derived NO. Reduced FMD has been
described as a reliable indicator of vascular endothelial dysfunction, as well as presence

of underlying CVD risk factors and related diseases.® Recent studies have similarly
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shown that arterial pulse wave velocity (PWV), which is a non-invasive evaluation of
arterial stiffness, is a reliable indicator of vascular function.”'” While numerous studies
have documented the benefit of dictary intervention in the reduction of CVD-related
sequelae, limited data are available regarding whether the bencficial effect of dictary
intervention is reflected in vascular endothelial function. This study was therefore con-
ducted to assess the effects of a plant-based diet (PBD) on vascular endothelial function
as assessed by FMD and PWV in patients with peripheral arterial disease.

Methods

This was an open-label, randomized parallel-group study in which 66 adult patients
with PAD were recruited. Inclusion criteria for PAD included an ankle-brachial index
(ABI) of 0.90 or less at bascline. Those with an ABI greater than 0.90 at bascline were
cligible if a non-invasive vascular ultrasound demonstrated PAD, a lower extremity an-
giography showed arterial stenosis of 70% or greater, or medical records documented
prior revascularization of lower extremities. '’ Additionally, subjects had to be willing
and able to maintain an online food journal using smartphone-based dictary apps. All
subjects screened in this study were recruited from the first author’s clinical practice,
which predominantly consists of patients with PAD. Once enrolled, all participants
underwent bascline evaluation, after which they were randomized to cither dictary ad-
vice for a plant-based diet (PBD group) or no specific dietary advice (control group).
The dictary intervention was continued for 4 months, at the end of which a follow-up
evaluation was performed. The study was registered on Clinical Trials.gov before com-
mencement (NCT03798938). The study was performed in accordance with the Dec-
laration of Helsinki and the Good Clinical Practice guidelines. Appropriate approval
by the Institutional Review Board/Ethics Committee was obtained for the study, and
all of the study participants provided written informed consent.

Baseline Evaluation

All participants underwent baseline clinical evaluation, biochemical testing, carotid in-
tima-media thickness (IMT) assessment, and vascular endothelial function assessment
with brachial artery FMD and PWYV before treatment group randomization. Clinical
evaluation included detailed history regarding the presence or absence of cardiovascular
risk factors, duration of these risk factors, and PAD-related symptoms. Physical exam-
ination included measurement of height, weight, waist circumference, blood pressure
(BP), and examination of the cardiovascular system. BP was measured in the right arm,
with the participant in supine position, using a standard sphygmomanometer. Bio-
chemical investigations included fasting and two-hour postprandial blood glucose; fast-
ing lipid profile including total cholesterol, triglycerides, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c); apolipoprotein Al
(Apo-Al); and apolipoprotein B (Apo-B). Nitric oxide, superoxide dismutase, and in-
flammatory biomarkers including high-sensitive C-reactive protein (hs-CRP), inter-

leukin-6 (IL-6), IL-7, and IL-18 were also analyzed.
Study Randomization

Once enrolled in the study, participants were randomized unblinded to cither a PBD
group or control group using a computer-generated random number for simple ran-
domization. The PBD group was given dictary advice by a certified dictitian and a spe-
cially trained research nurse. These participants were advised to follow a whole-food,
plant-based diet consisting of vegetables, fruits, legumes, whole grains, nuts, sceds,
herbs, and spices, which can be consumed in countless combinations. Food compo-

nents of the PBD with recommended daily servings are shown in Table 1.
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Table 1. Food groups of plant-based diet with
recommended servings per day

Food group Recommended serving per day

- 2-4 servings (1 serving=1 medium piece or
Fruits, all types 1/2 cup)
Vegetables, all types ad libitum

6-11 servings (1 serving=1,/2 cup cooked or

Whole grains (e.g., brown rice, quinoa, oats) 1 slice whole grain bread)

Legume (beans, lentils, peas, soy foods) 2-3 servings (1 serving=1,/2 cup cooked)

Leafy green vegetables (e.g., broccoli, cabbage, 2-3 servings (1 serving=1/2 cup raw or 1/2 cup
lettuce) cooked)

Seeds (e.g., chia, flax, hemp seeds) 1-2 tablespoons

Nuts (e.g., almonds, pecans, walnuts) 1-2 ounces

Fortified plant milks (e.g., almond, soy, rice) Optional, 2-3 cups

Fresh herbs and spices Optional, ad libitum

This PBD recommendation is in accordance with the guideline endorsed by the United
States Department of Agriculture, the American Heart Association, and the American
Institute for Cancer Research.' Additionally, PBD participants were also encouraged
to avoid processed foods and animal products. In contrast, the control group was of-
fered booklets about heart-healthy diets without specific dietary advice. All study par-
ticipants were instructed to maintain a food diary using web-based dictary journal apps
whereby a smartphone camera was used to photograph their meals. Information related
to the online food journal was monitored by the study coordinator, and dictary coun-
scling was provided when necessary. Both groups were encouraged to engage in regular
physical activity with low-impact acrobic exercise such as walking at least 3 times per

weck. Patients from both groups were evaluated monthly in an outpatient clinic.

FMD Assessment

Endothelial function based on brachial artery FMD assessment was performed based
on previously published reporl:s.G'8 A brachial artery FMD assessment was performed
using a 7.5-MHz linear transducer with an ultrasound scanning unit (Philips HP Sonos
5500, Andover, MA). Participants were not required to fast, but they were asked not
to take their morning medication on the day of evaluation. Every participant had the
examination performed at the same time of day at bascline and at 4 months. Smoking
was prohibited for at least 8 hours before the test and all vasoactive drugs, such as ni-
trates, were withheld for a period of 48 hours prior to the test. For the FMD assessment,
the participant was placed in the supine position and a standard sphygmomanometer
cuff was placed on the right arm. The right brachial artery was then imaged in the an-
tecubital fossa and its diameter measured at end-diastole using electrocardiographic
(EKG) gating. This was followed by brachial artery occlusion with a sphygmomanome-
ter cuff inflation to at least 50 mm Hg above systolic BP for 5 minutes. The cuff was
then deflated to allow rapid inflow of blood to the forearm. The brachial artery diam-
cter was measured again at 1 minute after pressure cuff deflation. The brachial artery
measurements were performed based on the recorded videos using a computer work-
station (Echopac version 6.2, GE Wingmed Ultrasound, Horten, Norway). FMD was

calculated for each subject as percentage increase in the diameter of the brachial artery
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from baseline during the condition of increased flow. A lower FMD value indicated
impaired endothelial function.

PWYV Assessment

PWYV is defined as the velocity at which the pressure waves, generated by the systolic
contraction of the heart, propagate along the arterial tree. The evaluation of PWV pro-
vides complementary information about the clastic properties of the arterial system.
The higher PWV corresponds to lower vessel distensibility and compliance and, there-
fore, to higher arterial stiffness. The PWV assessment was performed using a noninva-
sive device (SphygmoCor, AtCor Medical, Sydney, Australia) which has been validated
with a high degree of reproducibility for this purposc:.'q'10 The device is based on an os-
cillometric method and records arterial pressure waveforms noninvasively. EKG-gated
pressure waveforms are recorded simultancously from both arms and both ankles. From
these pressure waveforms, in-built software automatically calculates PWV for different
vascular segments. After 10 minutes of rest in the supine position, 4 BP cuffs, which
were connected to the SphygmoCor device, were placed around both arms and both
ankles. These BP cuffs carried oscillometric sensors to record pressure waveforms from
the underlying arteries. EKG electrodes were applied on wrists and ankles to allow for
EKG gating. The machine then automatically inflated and deflated all the cuffs simul-
tancously, while recording pressure waveforms from all 4 sites. From these pressure
waveforms, carotid-femoral PWV and right and left brachial-ankle PWV were calcu-
lated and used for analysis. A higher value of PWV indicated greater arterial stiffness

in the corresponding vascular segment.

Carotid IMT Measurement

Carotid IMT analysis was performed using carotid ultrasonography,u as the resulting
measurement represents systemic atherosclerosis and risk for future cardiovascular
events. The IMT measurements were obtained with the patient in the supine position
with the head rotated to face the opposite side of examination. Common carotid artery
images were obtained to measure IMT by using 3 different angle views for each vessel.
At least 3 IMT points were measured in the near and far walls in the most thickened
arca of each vessel. IMT was measured by manual technique using clectronic calipers,
and the maximum IMT value was selected for cach angle. An IMT greater than
0.9 mm was considered an abnormal finding due to atherosclerosis. All personnel who
performed the non-invasive evaluations including carotid IMT, PWV, and FMD as-

sessments were blinded to the patient’s group assignment.

Statistical Analysis

Continuous data are expressed as mean values + SD. Comparisons between the groups
were carried out using Student’s unpaired 7 test or c2 test, as appropriate. The within-
group changes between baseline and the 4-month visits were assessed using Student’s
paired 7 test. Two-way analysis of variance (ANOVA) was used for determining the ef-
fect of dictary intervention on the study parameters. A P-value <0.05 was considered
statistically significant. All statistical analyses were done using SPSS for Windows (SPSS
Inc, Chicago, IL).

Results

Sixty-six participants were randomized following an assessment of 157 patients. The
overall mean age of these 66 patients was 62.5+12.4 years (range 56 to 75 years).
Thirty-three patients were randomized to the PBD group, and 33 patients were ran-

domized to the control group (Figure 1).
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157 patients asses

sed

66 patients underwent baseline evaluation
+  Clinical Assessment

Lipid profile, inflammatory biomarkers
Endothelial function (BART)

Arterial stiffness assessment (PWV)
Carotid IMT assessment

+» 13 due to social reasons

5 due to health reasons

9 due to financial reasons

35 did not meet inclusion criteria
29 unwilling to participate

| 66 patients randomized |

/\

33 patients in PBD group |

» 7 dropped out
+ 2 lost to follow-up

24 included in analysis at
the end of 4 months

Nine subjects in the PBD group and 5 subjects in the control group were unable
to complete the study. As a result, 24 patients in the PBD group and 28 patients
in the control group who completed the study formed the basis of analysis. The

baseline clinical and biochemical characteristics were similar between the 2 groups

l 33 patients in control group

* 3 dropped out
* 2 lost to follow-up

28 included in analysis at
the end of 4 months

Figure 1. Study design

(Table 2).
Table 2. Baseline clinical and laboratory values
in the PBD and control groups
PBD group (n=33) | Control group (n=33) P value
Age (year) 63.4+11.8 61.6+13.3 0.24
Male, n (%) 25 (74%) 23 (72%) 0.16
Weight (pounds) 184+16 178+22 0.43
Body mass index 27.6+4.6 279+5.2 0.25
Waist circumference (in) 37.5+34 35.6+2.6 0.32
Hypertension, n (%) 19 (56%) 15 (45%) 0.57
Diabetes mellitus, n (%) 16 (47%) 14 (44%) 0.62
ABI 0.86+0.08 0.88+0.07 0.78
Blood pressure
Systolic BP (mm Hg) 135+14 138+16 0.45
Diastolic BP (mm Hg) 719+11 75+10 0.38
Cytokine biomarkers
hs-CRP (mg/L) 29124 23+2.1 0.32
IL-6 (pg/mL) 22+19 2.0+19 0.45
IL-7 (pg/mL) 26+1.7 25+19 0.65
IL-18 (pg/mL) 168+ 45 172+48 0.37
Nitric oxide (umol/L) 6.87+4.6 6.73+5.1 0.45
Superoxide dismutase (SAU/mg) 2.45+0.2 2.35+0.3 0.53
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Table 2. (continued)

PBD group (n=33) | Control group (n=33) P value
Lipid profile
Total cholesterol (mg/dL) 234.6+35.4 227.3+315 0.19
Triglycerides (mg/dL) 176.6+54.7 164.3+65.8 0.21
HDL cholesterol (mg/dL) 473+123 425+14.7 0.27
LDL cholesterol (mg/dL) 146.8+24.6 138.6+27.4 0.38
Apo-Al (mg/dL) 127.5+235 121.4+26.6 0.26
Apo-B (mg/dL) 98.4+24.1 96.3+27.3 0.57
Total/HDL cholesterol ratio 54+1.3 56+1.7 0.36
Apo-A1/Apo-B ratio 0.87+0.21 0.83+0.14 0.47

Notes: ABI, ankle-brachial index; Apo, apolipoprotein; HDL, high-density lipoprotein; hs-CRP, high-sensitive C-
reactive protein; IL, interleukin; LDL, low-density lipoprotein; PAD, peripheral arterial disease; PBD, plant-based
diet; SAU, specific activity unit.

No difference in epidemiological, biochemical, or lipid profile was detected between
the PBD and control group. Vascular endothelial function, based on brachial artery
FMD, and arterial stiffness parameter, based on PWV assessment, did not differ be-
tween the 2 groups at baseline. (Table 3).

Table 3. Baseline carotid IMT, endothelial function, and arterial
stiffness parameters in the PBD and control groups

PBD group (n=33) | Control group (n=33) P value

Brachial artery diameter (mm) 4.23+0.43 4.19+0.38 0.84
Brachial artery FMD (%) 6.36+4.31 7.54+4.63 0.24
Carotid-femoral PWV (cm/sec) 1025.8+185.5 958.5+167.3 0.65
Brachial-ankle PWV right (cm/sec) 1254.2+186.3 1231.2+186.4 0.73
Brachial-ankle PWV left (cm/sec) 1284.5+143.6 1268.4+158.3 0.64
Brachial-ankle PWV mean (cm/sec) 1276.4+175.5 12475+182.4 0.72
Carotid IMT (mm) 0.77+0.18 0.73+0.15 0.68

Notes: FMD, flow-mediated dilation; IMT, intima-media thickness; PBD, plant-based diet; PWV, pulse wave
velocity.

At 4 months, participants in the PBD group had a significant decrease in total
cholesterol (235.7 £21.6 mg/dL vs. 176.3+17.4 mg/dL, p=0.03), triglycerides (186.7
+45.3 mg/dL vs. 148.7 +21.6 mg/dL, p=0.02), LDL cholesterol (152.3 +27.4 mg/dL
vs. 124.6+23.5 mg/dL, p=0.03), and total/HDL ratio (5.3+1.6 vs. 3.5+1.7 P=0.01)
compared to bascline (Table 4). There was an increase of Apo-Al in the PBD group
(128.3+23.6 mg/dL vs. 135.2+24.5 mg/dL; p=0.04). Significant reduction in inflam-
matory biomarkers including hs-CRP (2.9 +1.4 mg/L vs. 1.3+0.3 mg/L, p=0.02) and
IL-6 (2.6 + 1.4 mg/L vs. 1.4+0.5 mg/L, p=0.03) with increased NO production (6.86
+4.5 umol/L vs. 15.32+6.42 umol/L, p=0.01) was observed in the PBD group at 4
months. In contrast, no difference in biochemical parameters or inflammatory bio-
markers between bascline and 4 months was noted in the control group (Table 4). Two-
way ANOVA revealed significant treatment effects of PBD dictary intervention on
total cholesterol (p=0.04), triglycerides (p=0.03), total/HDL-C ratio (p=0.03), hs-
CRP (p=0.03), IL-6 (»=0.04), and NO (p=0.02) compared to the control group
(Table 4).

www.ijdrp.org
VoL. 2, No. 1. 2020

Plant-Based Diet Reverses
Vascular Endothelial
Dysfunction in Patients

with Peripheral Arrerial
Disease

Lin, Leslie, Levine,
Davis, & Esselstyn, Jr




www.ijdrp.org
VoL. 2, No. 1. 2020

Table 4. Comparison of clinical and laboratory values in the PBD and

control groups before and after intervention

PBD group (n=24) Control group (n=28) Pb\:itLl‘J;.‘eLO_r Plant-Based Diet Reverses

4 p 4 p group Vascular Endothelial

Baseline | o ihe  [value| Baseline | oo cths  lvalue ClthlPafiSUﬂ Dysfunction in Patients

S with Peripheral Arrerial

Weight (pounds) 182+14 178+17 | 046 179+25 176+28 |0.78 0.45 Disease

Body mass index 27.3+42 | 263+3.7 |0.24| 285+6.3 | 27.31+5.1 |0.56 0.54 Lin: Leskie. Levine

Waist circumference (in) | 37.1+32 | 362:48 |037| 35.8+2.7 | 363+2.8 |064| 024 Davis, & Esselstyn, Jr
Hypertension, n (%) 14 (58%) 9 (38%) 0.04| 14(50%) 14 (50%) | 1.0 0.07

Hypercholesterolemia, n (%)| 15(63%) | 10(42%) |0.04| 17(61%) | 18(64%) | 1.0 0.06

Diabetes mellitus, n (%) 13 (64%) | 11(46%) |0.21| 12(43%) | 13(46%) (0.78 0.34

ABI 0.85+0.08 [ 0.91+0.06 | 0.05| 0.86+0.07 | 0.88+0.06 | 0.23 0.88

Blood pressure

Systolic BP (mm Hg) 138+13 125+11 | 0.07] 137.2+15 | 1353+17 | 054 0.46

Diastolic BP (mm Hg) 85+13 12+9 0.04| 7412 76+14 |0.74] 0.06

Cytokine biomarkers

hs-CRP (mg/L) 29+14 13+03 0.02] 24123 23+21 (0.75 0.03
IL-6 (pg/mL) 26+14 14+05 (003 2117 22+18 (057 0.04
IL-7 (pg/mL) 267+18 | 231+15 (054 24x17 26+19 (048 045
IL-18 (pg/mL) 169+49 142+37 | 043 17447 178453 |0.52 0.43

Nitric oxide (umol/L) 6.86+4.5 |15.32+6.42|0.01| 6.32+3.7 | 6.45+t51 |0.48| 0.02

Superoxide dismutase 246+02 | 237+03 |0.65]| 2.42+03 | 2.39+0.4 |0.63 0.52

Lipid profile

Total cholesterol (mg/dL)|{235.7+21.6]|176.3.+17.4]| 0.03 |227.1+32.51231.3+35.3| 0.32 0.04

Triglycerides (mg/dL) 186.7+45.3| 148.7+21.6( 0.02 [181.7+48.5|178.6+52.4{0.25| 0.03

HDL cholesterol (mg/dL)| 48.3+13.7 | 53.4+17.4 | 0.18 | 458+14.6 | 46.3+152 | 046 0.29

LDL cholesterol (mg/dL) [152.3+27.41 124.6+23.5| 0.03 [138.2+27.6]| 143.£+31.6 | 038 0.22

Apo-A1 (mg/dL) 128.3+23.6]11356.2+245(0.04 |123.5+22.41125.6+24.9]0.68| 0.43

Apo-B (mg/dL) 98.6+25.1 | 845+143 | 027 963+27.7 | 97.4+325|0.73 0.46

Total/HDL cholesterol ratio] 53+1.6 35+1.7 |001]| 58+19 56+1.5 |0.63 0.03

Apo-A1/Apo-B ratio 0.88+0.23 | 0.92+0.31 | 0.47| 0.85+0.16 | 0.84+0.14 | 0.82 0.43

Notes: ABI, ankle-brachial index; Apo, apolipoprotein; HDL, high-density lipoprotein; hs-CRP, high-sensitive C-
reactive protein; IL, interleukin; LDL, low-density lipoprotein; PBD, plant-based diet.

Comparison of vascular endothelial function based on brachial artery FMD and arterial
stiffness parameter based on PWV assessment following dictary intervention is dis-

played in Table 5.
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Table 5. Comparison of carotid IMT, endothelial function,
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and arterial stiffness parameters in the PBD and control

groups before and after intervention
Plant-Based Diet Reverses

PBD group (n=24) Control group (n=28) P value for Vascular Endothelial

: ; ] ; b‘;:-ﬁg"‘ D?rsfuncfion in Patier?ts

Baseline | \onths  |value| B3SeMe | ponths  [value g???“a;'ﬁg with Periphera I];tszl:i

e | Joas | soar |08 Joss | s6ss [085| 045 sl Lt

%rschia! artery FMD 16435’1 18&?;15 0.02 i?fgl 1721:_3“}3 043| o0.0a Davis, & Esselstyn, Jr
AN A EARA TS
njsen | loas | o5 [007| iiars | sisa [021] 022
s | 156 | siars [093] iisoa | siear [047| 004
Cnjsen | 1768 | riesa 098] iise3 | s1sap [037| 004
| o | e [20] S | o oo o

Notes: FMD, flow-mediated dilation; IMT, intima-media thickness; PBD, plant-based diet; PWV, pulse wave
velocity.

Participants in the PBD group had significant improvement of brachial artery FMD
(6.33+4.21% increase vs. 8.54+4.15 % increase, p=0.02), carotid-femoral PWV
(1067.4+187.6 cm/sec vs. 986.4+145.2 cm/sec, p=0.03), left brachial-ankle PWV
(1287.3+152.6 cm/sec vs. 1205.4+ 147.8 cm/sec, p = 0.03), and mean brachial-ankle
PWV (1273.9+176.8 cm/sec vs. 1232.5+165.4 cm/sec, p = 0.04) compared to base-
line at 4 months. The control group showed no difference in brachial artery FMD or
PWYV parameters at 4 months. As a result, there was a significant treatment effect of
PBD dictary intervention on brachial artery FMD, carotid-femoral PWYV, and brachial-
ankle PWV (»=0.04, 0.03, and 0.04, respectively) compared to control based on two-
way ANOVA. No difference in carotid IMT was noted in cither group after 4 months.

Discussion
Despite significant advances in recent decades in pharmacological, endovascular, and
surgical therapies to reduce CVD-related morbidity and mortality, dictary intervention
has only recently received a emphasis as the first-line therapeutic modality in the man-
agement of CVD. Healthcare providers typically are more likely to recommend phar-
macological or procedural-based treatment rather than dietary intervention, as the latter
treatment is often regarded as more difficult to implement because it may be an integral
part of individual, family, and cultural identity. Lifestyle modification with dietary in-
tervention can address the root cause of CVD by modulating risk factors contributing
to it. In this study, we found that plant-based dictary intervention can improve vascular
endothelial dysfunction as assessed by FMD and PWV in patients with PAD.
Plant-based foods are generally rich in fiber and phytonutrients, two critical food
components in human health. Plant-based fiber, found in nearly all fruits and vegeta-
bles, provides important cellular nutrient for the gastrointestinal, cardiovascular, and
immune systems. BEld Phytonutrients represents a category of nutrients including glu-
cosinolates, carotenoids, and flavonoids, which work synergistically to reduce inflam-

mation and oxidation, thereby providing protection from discase initiation and

progression. 141516 The health benefits of PBD in reversing endothelial dysfunction in



our study are likely the consequence of regular consumption of plant-based fibers and
phytonutrients as well as the avoidance of harmful substances found in highly processed
foods and animal products. Clinical evidence shows that animal products contain
health-damaging saturated fats, heme iron, N-glycolylncuraminic acid, carnitine, and
chemical contaminants that form when flesh is cooked, such as polycyclic aromatic hy-
drocarbons, heterocyclic amines, and advanced glycation end products. These sub-
stances can trigger a wide array of enzymatic cascades leading to inflammation in the
digestive and cardiovascular systv:ms.l?‘“3 Similarly, nutritional studies have shown
highly processed foods encompass a class of commercially produced items made with
refined ingredients including oils, salts, sugars, and other food additives that can trigger
cellular inflammatory and carcinogenic responscs.ij'lg'm'“ Obur study, consistent with
other reports of plant-based dictary interventions to modulate CVD 0ul:comes,u'zg"24
adds to the current body of literature regarding the health benefit of a dictary strategy
rich in plant-based nutrients and devoid of proinflammatory ingredients derived from
animal products and processed foods.

Our study showed impaired vascular endothelial function is common in patients
with PAD, an observation well described in other reports in patients with underlying
cardiovascular morbidities.'”*> The endothelium represents the largest endocrine organ
in the human body, as it maintains vascular homeostasis via anti-inflammatory, an-
tithrombotic, and vasodilatory functions. Healthy endothelium is influenced by lami-
nar shear stress, which enhances the expression and activity of endothelial NO synthase
resulting in NO production. Nitric oxide inhibits smooth muscle cell proliferation and
stimulates cellular relaxation by promoting cyclic guanosine monophosphate produc-
tion, thus resulting in vasodilatation. It also exerts anti-inflammatory effects that are
capable of inactivating reactive oxygen species such as hydrogen peroxide, a molecule
with well recognized proinflammatory effects.”® In patients with PAD, atherosclerosis
can lead to arterial luminal obstruction resulting in the reduction of shear stress, a phe-
nomenon that can trigger the activation of leukocytes and enhances the expression of
adhesion molecules. These reactions can lead to the infiltration of inflammatory cells
into the vessel wall resulting in the production of inflammatory mediators such as
chemokines, cytokines, and proteases to further establish an environment that pro-

26,27,28 . . .
Previous studies have shown upregulated inflam-

motes cellular inflammation.
matory cytokine levels in patients with PAD with arterial thrombosis, underscoring a
pathogenic relationship between acute inflammation, endothelial dysfunction, and
thrombus formation.”*”** Endothelial dysfunction has also been demonstrated in pa-
tients with CVD and associated co-morbidities.'”?> The results of our study are con-
sistent with these observations, as patients with PAD showed endothelial dysfunction
with enhanced inflammatory response due in part to the suppressed FMD and elevated
cytokine biomarkers. Importantly, our report represents the first study to demonstrate
that dictary intervention can reverse endothelial dysfunction and ameliorate arterial
stiffness in patients with PAD. While the precise mechanism responsible for the reversal
of vascular endothelial dysfunction remains clusive in our dietary cohorts, we postulate
a plant-based nutrition with strict avoidance of processed foods and animal products
can reduce cellular inflammation, which results in improvement of vascular function.

Our results showed a reversal of vascular endothelial dystunction following a
4-month course of plant-based dict in patients with PAD utilizing FMD and PWV as-
sessment, which are well-described and widely used techniques for analyzing vascular
function. Researchers have previously examined the effect of various dictary strategics

& i i 3 % s 22,2431
on endothelial function and inflammatory response in patients with CVD. The
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dictary intervention that has received the most research focus is the Mediterranean diet,
which consists primarily of plant-based foods with occasional meat consumption. Sev-
cral studies have reported improvement of endothelial function in patients with CVD
risk factors, including metabolic syndrome and diabetes, following this dictary strat-
ng_ir:,sz,aa Vogel et al. analyzed the effect of the Mediterrancan dict on postprandial
FMD and noted the benefit in brachial vasoreactivity appears to be related to the an-
tioxidant-rich plant-based foods, including fruits and vegetablcs and their derivatives
such as vinegar, and omega-3-rich fish and canola oils. Sondergaard et al. analyzed
brachial artery vasoreactivity by randomizing 131 patients with ischemic heart discase
to cither Mediterranecan dict intervention or no dictary advice. After 12 months of di-
ctary intervention, the diet group showed a significantly improved FMD of 8.62%
compared to 5.7% in the control group (P < 0.01). Those treated with dietary inter-
vention similarly experienced improvement of their serum cholesterol l:)aramv:tv:rs.)“4 A
single-blinded trial that randomized 180 patients with metabolic syndrome to a Mediter-
ranean-style diet versus no specific diet advice showed significantly improved brachial
artery FMD, reduced inflammatory biomarkers, and reversal of insulin resistance fol-
lowing 2 years of dictary intervention.'® Singh et al. analyzed an Indo-Mediterranean
dict in 1000 patients with existing coronary diseasc or at high risk for coronary discase.
When compared with the control diet, the intervention diet group showed significantly
reduced sudden death from cardiac causes (6% vs 16%, p=0.015) as well as non-fatal
myocardial infarction (21% vs. 43%, p < (]'."C)Ol).j1 Taken altogether, these reports uni-
formly attributed the plant-based foods with high anti-oxidant phytonutrients as the
predominant factor of the cardiovascular health improvement in these patients.

In our study participants, the baseline incidence of hypertension and hypercho-
lesterolemia was 58% and 63%, respectively. Plant-based dictary intervention improved
these 2 conditions in 4 months with a resultant incidence of 38% and 42%, respec-
tively. The benefit of dictary intervention in reversing CVD-related risk factors such
as diabetes, hypertension, and hyperlipidemia has been previously supported in mul-
tiple studies.” ™’ The improvement of vascular endothelial dysfunction in our PAD
patients treated with dictary intervention similarly underscores the therapeutic princi-
ple that plant-based nutrition can reverse atherosclerotic discase progrv:ss101'1.40'4Im'43
We were unable to analyze the use of concomitant medication, such as hypertensive
or diabetic drugs, due to the significant heterogencity of our patients who use con-
comitant medications. Given the relatively small sample size in both study groups, it
is beyond the scope of our study to analyze the effect of concomitant medication usage.
Dr. Dean Ornish and colleagues conducted a trial in 48 patients with CVD random-
ized to usual care versus lifestyle modification that included a low-fat vegetarian diet
and stress managc:mc:nt.44 After 5 years of follow-up, patients in the lifestyle group
showed a significant reduction of coronary artery stenosis of 7.9% compared to a
27.7% worsening in the control group based on angiographic assessment. Those treated
in the lifestyle group experienced a 60% reduction in cardiac events compared to the
control group. The benefit of plant-based lifestyle modification in reversing coronary
atherosclerosis has similarly been validated in several studies, 2 As-a result-of these
scientific studies, the Centers for Medicare & Medicaid Services (CMS) approved re-
imbursement for the Ornish lifestyle intervention as part of an intensive cardiac rcha-
bilitation progmm.%"ﬁr

One obscrvation based on our practice relates to the challenge of patient adher-
ence to PBD intervention. While we routinely recommend lifestyle modification with

dictary advice to PAD patients in our clinical practice, their verbal agreement often

11

www.ijdrp.org
VoL. 2, No. 1. 2020

Plant-Based Diet Reverses
Vascular Endothelial
Dysfunction in Patients
with Peripheral Arrerial
Disease

Lin, Leslie, Levine,
Davis, & Esselstyn, Jr




leads to low diet acceptability and lifestyle adherence. In fact, 2 meta-analyses of clinical
trials of PBD encompassing 20 studies showed dietary compliance ranged between
55% and 64%, " as many of these studies relied on a notebook-based food journal.
Consequently, we placed a particular emphasis in our study design in an effort to en-
hance dictary adherence by implementing an online food journal using smartphone-
based apps. We believe this empowers patients with a greater sense of behavior
accountability, as the ubiquitous smartphone camera allows photographic recording
of their meals with ease in contrast to a notebook-based food journal. While there are
many smartphone-based dictary apps available for food journaling, we chose specific
apps including MyFitnessPal, FatSecret, Yazio, and Loselt, because they are simple to
use and free of charge. This journaling strategy also facilitates patients’ efforts to keep
track of their own dictary progress as well as a closer online monitoring by the study
coordinators. The use of a smartphone-based food journal to document caloric and
nutrient intake has been similarly praised by other rescarchers as a useful strategy to
enhance diet adherence and «f:ompliancc.W‘E1’5'2

There are several limitations to our study. First, this is an open-label study design
with unblinded randomization. All participants and researchers were aware of the
treatment strategy, which may have resulted in study bias affecting the treatment out-
come. Second, there was a high number of patient dropouts, which affected the sample
size and therefore may have influenced the power of the study to detect certain meas-
ured parameters. Third, because only 52 out of 157 subjects who were initially
screened completed the study, the generalizability of our results is limited. The high
dropout rate underscores the challenges patients may encounter with strict dictary
compliance. Because significant efforts were made in the study design to ensure patient
compliance with the electronic diet journal and frequent counseling by the study co-
ordinator, our results may apply only to individuals capable of adhering to the inter-
vention. Fourth, this is not an intention-to-treat study as our analysis only focused
on those who completed the study evaluation. Lastly, although our study showed im-
proved vascular function based on FMD following dictary intervention with PBD,
endothelium-independent vasodilation was not investigated in our study. Notwith-
standing these limitations, the present findings support the beneficial effect of PBD
in reversing endothelial dysfunction and improving many metabolic parameters in
patients with PAD.

In conclusion, our study showed that regular consumption of a plant-based dict
along with avoidance of processed foods can reverse vascular endothelial dysfunction
in patients with peripheral arterial disease. Further studies are needed to determine the
mechanistic role of plant-based dictary strategics in reversing vascular endothelial dys-

function in patients with CVD.
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