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Nutritional therapy for peripheral arterial disease: a
double-blind, placebo-controlled, randomized trial of
HeartBar"

Andrew J Maxwell?, Barbara E Anderson? and John P Cooke®

Abstract: We investigated the clinical effects of a food bar enriched with L-arginine and a combi-
nation of other nutrients known to enhance the activity of endothelium-derived nitric oxide
(EDNO) in individuals with claudication from atherosclerotic peripheral arterial disease. The
study was a 2-week, double-blind, placebo-controlled trial of subjects randomized to three
groups (two active bars, one active and one placebo bar, and two placebo bars per day) fol-
lowed by an 8-week open-label period. Subjects (n=41) were outpatient volunteers with inter-
mittent claudication. Pain-free and total walking distances were measured by variable-grade,
treadmill exercise testing. Quality of life was assessed using the Medical Outcome Survey (SF-
36). After 2 weeks of treatment, the pain-free walking distance increased 66% while the total
walking distance increased 23% in the group taking two active bars/day. The general and
emotional/social functioning components of the SF-36 also improved. These effects were not
observed in the one active bar/day and placebo groups. The effects were maintained after 10
weeks and, in addition, an improvement in walking distance was observed in the group taking
one active bar. These findings reveal that use of a nutrient bar designed to enhance EDNO
activity improves pain-free and total walking distance as well as quality of life in individuals
with intermittent claudication.
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Introduction with the vessel wall, and suppresses the proliferation of
vascular smooth muscle. Impairment of EDNO activity lim-
Atherosclerotic cardiovascular disease represents one of théts blood flow through diseased coronary or peripheral ves-
most common causes of morbidity and mortality in the sels®
western hemisphereAtherosclerosis can manifest itself in The precursor for EDNO is the semi-essential amino acid
the forms of coronary, cerebral and/or peripheral arterial L-arginine? r-arginine is converted to nitric oxide and
disease (PAD). Clinically, patients with PAD experience citrulline by endothelial nitric oxide synthase (eNOS). In
symptoms of intermittent claudication (muscle aching and patients with hypercholesterolemia and/or atherosclerosis,
cramping during walking secondary to ischemia in the calf, the impairment of EDNO synthesis can be reversed by
thigh or buttock). More severe disease may cause pain atadministration oft-arginine®*8 Likewise, in patients with
rest or even ulceration. Currently, medical therapies for the coronary and peripheral arterial diseases, administration of
treatment of PAD are only modestly effective in relieving vr-arginine enhances EDNO synthesis, improves endo-
symptoms. Clearly, new approaches to the treatment ofthelium-dependent vasodilation and ameliorates the symp-
PAD with greater efficacy, less toxicity and with an ability toms of angina and intermittent claudicatitin?
to alter the course of the disease are desirable. However, the beneficial effects ofarginine have been
A new therapeutic strategy that may be effective in this observed with intravenous administration or high doses (6—
group of individuals is to enhance endothelial vasodilator 21 g/day) of oral supplementation. Although these high
function. The endothelium elaborates several vasodilators,doses ofi.-arginine were well tolerated by subjects in these
including prostacyclin, endothelium-derived hyperpolariz- studies, the use of this amountiefarginine in pills or cap-
ing factor, adrenomedullin, and endothelium-derived nitric sules may not be practical. Indeed, at the lowest dose that
oxide (EDNO). Of these, EDNO is the most poté®DNO has been shown to be effective, 12 capsules (500 mg each)
is an endogenous messenger molecule that plays a criticabaily would be required. Accordingly, we developed and
role in the regulation of vascular resistance, as well as in evaluated a convenient and palatable nutrient bar enriched
the vasodilation of conduit vessels as they accommodatewith L-arginine, as well as with antioxidant vitamins in a
to increases in blood flow. EDNO relaxes vascular smooth soy protein and oat fiber base. We have previously demon-
muscle cells and inhibits platelet and monocyte interactions strated that use of the bar restores flow-mediated vaso-
dilation in individuals with hypercholesterolemia
(unpublished observation). In that study, hypercholestero-
Division of Research and Development, Cooke Pharma, Inc., Belmont, lemic individuals were found to have impaired flow-

CA, USA andPStanford University, Stanford, CA, USA mediated vasodilation of the brachial artery. Two or three
Address for correspondence: Andrew J Maxwell, Cooke Pharma, Inc., bars per day for 2 weeks reversed this impairment. We
1404 Old County Road, Belmont, CA 94002, USA. hypothesized that restoration of endothelial function would
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reduce symptoms in individuals with peripheral arterial dis- specifically pentoxifylline, carnitine, prostacyclin analogs

ease. To test this hypothesis, we performed a randomizedor L-arginine 28 days prior to acquiring baseline data. Sub-

double-blind, placebo-controlled trial of this nutrient bar in jects were otherwise asked to continue their regular medi-

outpatients with intermittent claudication. cations, diet and lifestyle habits and were free to follow
any other medical care regimens.

Methods Study product
The active bar is anc-arginine-enriched nutrient bar
Study design (HeartBaF, Cooke Pharma, Belmont, CA, USA). Each 50-

The study was a randomized, double-blind, placebo-con- g active bar contains 3.3 g efarginine as well as antioxi-
trolled trial of dietary supplementation with either two dant vitamins and minerals, folic acid and B complex vit-
active nutrient bars (2 Bar Group), one active and one pla- amins in a soy protein and oat fiber base. Each placebo bar
cebo bar (1 Bar Group) or two placebo bars (Placebo is similar to the active bar with respect to weight and flavor
Group) per day. All subjects signed an informed consent as well as caloric, carbohydrate, protein, fiber and fat con-
before undergoing screening procedures. At the screeningtent but is not supplemented witlrarginine. The protein
visit, a medical history and physical exam were performed. source of the placebo bar is whey-grginine-poor) rather
Baseline venous blood samples were taken for determi-than soy (-arginine-rich). A subset in the placebo group
nation of serum lipid, chemistry, and hematologic values. received bars with vitamins and minerals and the rest in
In the screening period, treadmill testing was performed the placebo group received bars devoid of vitamins and
and an SF-36 questionnaire was administered to establishminerals. Because there were no differences in the effects
baseline values. Following baseline treadmill exercise test- of the placebo bars with or without vitamins, these groups
ing, eligible subjects were randomized to one of the three are consolidated for the statistical analysis. The components
treatment groups. Subjects were instructed to take the barof the active and placebo bars are listed in Table 1.

with or between meals separated by at least 4 h. At the end

of the 2-week period subjects returned after an overnight Treadmill testing

fast for venous blood sampling and SF-36 testing. On a Treadmill testing was performed using the Gardner vari-
separate occasion, subjects returned for follow-up treadmill able-grade, constant-speed treadmill protGah. brief, the
testing 12—16 h after consuming the last study bar. Subjectstreadmill speed is set at a constant 2.0 miles per hour. The
were then invited to participate in a 2-month open-label slope of the treadmill begins af @nd increases‘®2every
period. Participants in the open-label period were generally 2 min. This protocol increases the work rate through time
assigned to the same groups they were in during the ran-such that each incremental increase in walking distance is
domization period except that requests to cross over at theassociated with a greater incremental increase in work. An
start of the period were granted. The study was approvedadvantage of this protocol is that the results are more repro-
by an independent review board for protection of human ducible than continuous-load protocéfsA disadvantage

subjects. is that this protocol compresses improvements in walking
distances into smaller increments compared with continu-
Subjects ous-load protocols. Although any given patient achieves a

Subjects were recruited by radio, newspaper and internetgreater absolute distance using the variable-grade protocol,
advertisements from the San Francisco Bay area betweerthe change in distance following an intervention is less by
February and May 1998. Eligible subjects were adults with virtue of the fact that a greater work rate is required to
intermittent claudication (pain, numbness or severe fatigue perform beyond the original distance. Thus, improvements
involving muscles of one or both lower extremities repro- in walking distance are compressed into shorter distances
ducibly provoked by walking and relieved by rest) due to compared with constant-grade testing such that even small-
atherosclerotic peripheral arterial disease in a steady clini- percentage improvements in treadmill performance can be
cal state for at least 6 months with no change in symptoms interpreted as clinically significaft.

for the previous 3 months. The presence of PAD was veri- The primary objective of the treadmill testing was to
fied by a Doppler-measured resting ankle/brachial index determine the pain-free walking distance; a secondary
(ABI) of =0.90, which dropped at least 25% following endpoint was the measure of total walking distance. For
exercise. As a condition for selection, subjects were determination of the pain-free walking distance, subjects
required to be able to walk on the treadmill for at least were asked to identify the onset of any pain, cramp, numb-
1 min and the variability between two consecutive (of a ness or extreme fatigue in any lower-extremity muscle. For
maximum of three) baseline treadmill tests was required to determination of total walking distance, subjects were
be <25%. Subjects were excluded if they had: any disease asked to identify the point at which they would normally
process, other than peripheral arterial disease, limiting stop and rest due to claudication symptoms. Analyses of
treadmill exercise capacity; evidence of arterial disease of serum lipid, chemistry and hematology were performed by
a non-atherosclerotic nature; undergone major surgery inUnilab (San Jose, CA, USA).

the previous 3 months; a leg amputation above the ankle;

suffered a myocardial infarction in the previous 3 months; Quality of life

type | diabetes; uncontrolled hypertension180 systolic Quality of life was measured by means of the Medical Out-
or >100 diastolic); a current malignancy; significantly comes Scales Health Survey (SF-36The SF-36 is a gen-
impaired renal or hepatic function; or if they were currently eral health questionnaire which has been validated in large
enrolled in another clinical trial. Subjects were required to populations with a variety of diseases. The questionnaire
discontinue certain products affecting peripheral vesselsoutcomes include physical function, social function, the
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Table 1 Composition of active (HeartBar") and placebo bars.
HeartBar" Placebo with Placebo without
vitamins vitamins
Size (g) 50 50 50
Calories (kcal) 180 170 170
Ingredients Amount (% DV)? Amount (% DV)? Amount (% DV)?
Total fat 39 159 159
saturated 0g 0g 0g
polyunsaturated 1549 0g 0g
monounsaturated 059 19 19
Cholesterol 0 mg 0 mg 0 mg
Total carbohydrate 25¢g 30 g 30 g
dietary fiber 39 2g 29
sugars 15 g 139 13 g
sugar alcohol 59 1049 1049
Protein 14 g 139 13 g
L-arginine 33g¢g 0g 0g
Vitamin C 250 mg 420 250 mg 420 0 mg 0
Vitamin E 200 U 670 200 IU 670 11U 2
Niacin 25 mg 130 25 mg 130 0 mg 0
Vitamin B6 2 mg 100 2 mg 100 0 mg 0
Vitamin B12 4.8 png 80 4.8 g 80 0.4 png 6
Folate 200 pg 50 200 pg 50 16 pg 4

aPer cent daily values (% DV) are based on a 2000 calorie diet.

subjects’ perception of their general health, well-being, and similar with respect to demographics, baseline serum lipid
satisfaction with treatment. Each of the areas of functioning values and baseline walking distances, except for the fol-

is scored separately on a scale of 0-109%omposite

lowing differences. The 1 Bar Group had a higher preva-

scores were derived from General Health, Bodily Pain and lence of diagnosed coronary artery disegse (0.01 by chi

Vitality scores (General), Physical Functioning and Role-
Physical (Physical), and Mental Health, Role-Emotional,
and Social Functioning (Emotional/Social).

Statistical analysis
The primary variable analyzed for efficacy was the pain-
free walking distance. Additional efficacy outcomes

square), a higher prevalence in the use of lipid-lowering
treatmentsf < 0.05 by chi square) and a higher prevalence
of those claiming to adhere to a low-fat digt <€ 0.02 by

chi square). Additionally, the 2 Bar Group had higher total
serum cholesterol and LDL levels as well as a higher
cholesterol/HDL ratioff < 0.02 by ANOVA, see Table 5).
The characteristics of the subjects in each group are given

included total walking distance and SF-36 scores. The datain Table 2. Two subjects in the 1 Bar Group discontinued
for walking distances were analyzed in terms of differences the study (one subject claimed two bars per day were too
from baseline (both absolute and per cent). Data arefilling, the other subject cited a disagreeable taste of either
presented as mean standard error of the mean (SEM). the placebo or the active bar). Thirty-nine subjects com-
Comparisons between groups were made by analysis ofpleted the study with a compliance of greater than 75%.
variance (ANOVA). Non-parametric data was analyzed

after raw data was log-transformed. Differences that were Evaluation of efficacy

found to be significant by ANOVA were analyzed further There were no statistical differences in walking distances
using Fisher's Least Significant Difference. Comparisons before therapy. The 1 Bar Group nonetheless had higher
before and after treatment were made using two-tailed, mean baseline walking distances (Table 3) because of the
paired Student'd-test. Except for a priori comparisons, a walking ability of one subject (Figures 1a and 2a). The
Bonferroni correction was used for multiple compariséhs. mean baseline pain-free walking distance of the other 12
compliant members of that group was 1322 m. Follow-

ing 2 weeks of intervention, the pain-free walking distance
in the 2 Bar Group was significantly greater than the Pla-
cebo and 1 Bar Groups (66% increase or 085 m
Demographics additional distancep < 0.05 vs Placebo and 1 Bar Groups,
Of 156 individuals screened, 41 met the inclusion/exclusion and p < 0.05 vs baseline distance by paired Studemt’s
criteria and were randomized. The methods of recruitment test; Table 3, Figure 1b). This same group demonstrated a
employed resulted in a large number of responses from23% increase (7% 31 m additional distance) in total walk-
individuals with undiagnosed intermittent leg pain and, ing distance§=0.05 vs placebo by ANOVA and vs base-
therefore, a large number of ineligible subjects, most failing line by paired Student's-test; Table 3 and Figure 2b).
the ABI with and without exercise requirements. Subjects Efficacy was also examined by analyzing the number of

Results

were randomized to the 2 Bar Group< 12), 1 Bar Group
(n=15) or Placebo Groum(= 14). The three groups were
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Table 2 Baseline demographic and treadmill data of subjects.

Placebo 1 Bar Group 2 Bar Group p-value
n 14 15 12
Age (years) 70.6 =2 68.2 + 2 66.3 =3 NS
Weight (Ib) 173 =8 185 = 8 180 = 12 NS
Male (n) 9 14 8 NS
Caucasian (n) 14 15 12 NS
Diabetics (n) 4 2 2 NS
With hypercholesterolemia (n) 4 9 2 NS
With hypertension (n) 2 3 3 NS
Current smokers (n) 4 2 0 NS
Ever smokers (n) 13 14 12 NS
Alcoholic drinks/day (n) 1.0 + 0.3 1.1+ 0.3 1.1+0.4 NS
With CAD (n) 5 11 2 0.009
With erectile dysfunction (n) 5 4 3 NS
On pentoxyfylline (n) 2 0 0 id
Hx LE Sx (n) 1 2 2 NS
On antilipid Rx (n) 4 9 2 0.05
On CCB (n) 1 4 1 NS
On ACE inhibitor (n) 3 6 2 NS
On ASA (n) 6 8 3 NS
On beta-blocker (n) 3 1 1 NS
On low-fat diet (n) 1 7 1 0.02
On exercise program (n) 4 6 7 NS

Continuous data analyzed by ANOVA, dichotomous data analyzed by chi square.

CAD, coronary artery disease; Hx LE Sx, history of angioplasty or bypass of a lower extremity artery; Rx, treatment; CCB, calcium
channel blocker; ACE, angiotensin converting enzyme inhibitor; ASA, aspirin.

NS, not significant by chi square; id, insufficient data.

Table 3 Treadmill data of subjects following 2 weeks of intervention.

Placebo 1 Bar Group 2 Bar Group p-value

n 13 14 12
Pain-free walking distance (m)

Before 116 = 17 206 =72 159 = 34 NS

After 135 + 22 221 + 69 260 + 67+ NS
Change in pain-free walking distance (m) 19 =11 (18%) 14 =18 (21%) 100 *+ 45 f (66%) 0.05
Total walking distance (m)

Before 267 =120 226 =75 197 + 45 NS

After 236 + 41 339 =83 327 * 69% NS
Change in total walking distance (m) 8 + 12 (4%) 32 =23 (17%) 77 =31 f(23%) 0.05

Values in mean = SEM.
p-value, between-group significance by ANOVA; NS, not significant.
f, p < 0.05 by Fisher’s Least Significant Difference test; #p < 0.05 vs before intervention by paired Student’s t-test.

and 1 Bar Group combined had a significantly greater num- emotional/social health composite score improved 6%
ber of responders than the Placebo Group (2 Bar Group: 7(p=0.02 by ANOVA). There were no such effects in the
of 12 (58%); 1 Bar Group: 6 of 15 (40%); and Placebo Placebo or 1 Bar Groups.
Group: 2 of 13 (15%)p > 0.05 by chi square). A similar
result was demonstrated for total walking distance — defined Open-label period
by a 20% or greater improvement (2 Bar Group: 5 of 12 Thirty-five of the 39 subjects enrolled in the open-label per-
(42%); 1 Bar Group: 5 of 15 (33%); and Placebo Group; iod. Twenty subjects took two bars/day, eight subjects took
1 of the 13 (8%);p > 0.05 by chi square). one bar/day, and seven subjects in the Placebo Group
agreed to take no bars during this additional 8-week period
Quality of life but to otherwise adhere to the requirements of the study.
The 2 Bar Group was observed to have a significant Following the open-label period, the improvement in
improvement in the perceived general, emotional and social pain-free walking distance +{3+ 27 m or 54% over
function portions of the SF-36. The composite general baseline) in the 2 Bar Group remained significant(0.01
health score improved 10% € 0.01 by ANOVA,p < 0.05 vs baseline by paired Studentdest). Furthermore, by 10
by paired Student'st-test; Table 4 and Figure 3). The weeks, the 1 Bar Group demonstrated a significant
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Figure 1 Pain-free walking distance following 2 weeks of Figure 2 Total walking distance following 2 weeks of
intervention. (a) Individual values; (b) mean changes from intervention. (a) Individual values; (b) mean changes from
baseline. Values in mean = SEM, #p < 0.05 vs baseline data. baseline. Values in mean = SEM, #p < 0.05 vs baseline data.

improvement over baseling & 0.05 by paired Student’s
t-test) demonstrating a 74 28 m increase in pain-free
walking distance. The 63% mean increase in pain-free
walking distance observed in this group is the result of non-

parametric data secondary to an unusually large increase irMinor adverse events included dry mouth, which was
walking distance in one subject. This data was analyzed byreported by two subjects in the 2 Bar Group. One subject

log transformation of the raw data and, by this method, j,"he placebo Group reported a change in bowel habits.
shown not to be significantly different between groups by

ANOVA. No change 20 = 27 m or 21%, NS) in pain-free

walking was observed in the No Bar Group. Total walking : -
distance improved further+f8=* 37 m) in the 2 Bar Discussion
Group, resulting in a 31% increase over baselme:(0.05
by paired Student’$-test). No significant changes in total
walking distance were observed in the 1 Bar and No Bar 1. Nutritional support with two active bars/day results in

nificant changes in values with respect to serum chemistry,
and hematologic or lipid levels. The lipid panel before and
after intervention is given in Table 5. No serious adverse
events were reported during the 10-week intervention.

The important findings in this study are:

Groups after 10 weeks-6 = 39, NS). a 66% improvement in pain-free walking and a 23%

improvement in total walking distance as measured by
Evaluation of safety treadmill testing after a 2-week period of dietary inter-
There were no differences between the placebo and treat-  vention. These improvements were maintained at 10
ment groups in parameters of safety. There were no sig- weeks of intervention.

Vascular Medicine2000;5: 11-19
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Table4 SF-36 data of subjects following 2 weeks of intervention.

Placebo 1 Bar Group 2 Bar Group p-value

n 13 14 12
Composite General

Before 59 = 59 =4 55+ 6 NS

After 58 + 4 63+4 65 + 6 fx 0.01
Composite Physical

Before 58 +7 62 +6 59 =9 NS

After 66 =8 656 628 NS
Composite Emotional/Social

Before 713 732 60 =5 NS

After 68 =3 75+ 1 66 +5 f 0.02

Values in mean = SEM.
p-value, between-group significance by ANOVA; NS, not significant.
f, p < 0.05 by Fisher’s Least Significant Difference test; #p < 0.05 vs before intervention by paired Student’s t-test.

n
o

that study the same percentage increases would be expected
for MET values due to the treadmill protocol used.

002 Other therapies have used continuous work protocols as
well. Verapamil, which may also be useful in the treatment
of intermittent claudication, increased pain-free walking by

i 29% over placebo using a metronome-controlled, constant
step rate on a level surfaé&Studies using intravenous pro-

01— 2B
0910.05_ [JPlacebo [7]1Bar |2 Bar

-
o
1

—

o
1
T

1

o

Change from Baseline Score
o

I_|_l ' stacyclin analogs (6-h infusions daily for 5 days) have
5 L reported no more that a 19% increase in pain-free walking
distance over placebo at 8 weekd.ikewise, prostaglandin
-10 : : : E,, when given intravenously for 5 days per week for 4
General Physical Emotional/Social

weeks and then twice weekly for 4 additional weeks,
. . : resulted in a 37% increase in walking distance over the
Elr?]l(l):?oiaI/CShoacri]glecg]mspl):oziEieG:crl)er;asl'fgng\?\;(i:r?glyl gr:/(\jeeks of placebo grouﬁ'z Finally, Br,evettl and_ qolleagueg have per-
intervention. Values in mean + SEM, #p < 0.05 vs baseline formed a number of studies examining the clinical effect
data. of propionylL-carnitine in patients with intermittent claudi-
cation. In the largest of these studies, these investigators
) . ) _ o ) found no difference in walking distances from placebo over
2. This same intervention results in a significantimprove- ne course of the study until 180 days of intervention. At
ment in perceived general, emotional and socal heal_th that time, subjects taking 1-2 g/day of propionyd¢arnitine
as measured by the SF-36 Health Status Questionnairegemonstrated a 24% increase in pain-free walking over

The results of this study compare favorably with the Placebo® o
results of other interventions in claudicants, particularly ~ In addition to effects on walking distances, we observed
considering that a graded-workload protocol was used. Thean effect on the General and Emotional/Social Functioning
treadmill protocol used in this study utilizes an increasing composite scores. In contrast, there was no perceived
treadmill slope over time, which results in an increasing benefit in composite Physical Functioning scores. This is
work-rate over time. The pain-free walking distance in contrast with the findings of studies of other therapies
increased by 66% after 2 weeks, which is an absolute for peripheral arterial disease. One explanation may be that
increase of 48% over placebo. However, the increase inthe major benefit of this therapy was increased pain-free
metabolic equivalents (METS) achieved is estimated to be walking distances with less of an effect on total walking
greater than 62% over placebo (based on calculations indistances. The General Functioning scales elicit perceived
healthy individuals walking the same distaffgeUsing a improvements in the magnitude of pain and how much pain
similar graded-workload treadmill protocol, a recent clini- interferes with activities of daily living, while the Physical
cal study of cilostazol reported an estimated treatment Functioning scales elicit perceived improvements in the
effect of 20% improvement over placebo in pain-free walk- ability to walk certain distances. The improvement in
ing distance after 16 weeks of interventi®&nEarlier trials Emotional/Social scores, which elicit perceived improve-
using other interventions typically have used protocols that ments in energy, extent of socialization and accomplish-
do not accelerate MET values over time and therefore the ments, may be understood in the context of some specific
percentage increase in distance is identical to the percentresponses. Such responses include a perception of increased
age increase in work. For example, a double-blind, placebo-energy, the ability to return to the care of a spouse, and
controlled trial with pentoxifylline reported an absolute an increased sense of enjoyment of such things as a game
increase in pain-free walking distance of 30% over placebo of golf.
after 16 weeks and 56% after 24 weeks of ther#pin Although the numbers of subjects in the groups were

Function Function Function
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Table5 Serum lipid levels before and after 2 weeks of intervention.

Placebo 1 Bar Group 2 Bar Group p-value

n 13 14 12
Total cholesterol (mg/dl)

Before 199 =9 209 = 10 239 =11 f 0.02

After 201 £ 10 207 £8 229 £ 13 NS
HDL (mg/dl)

Before 52+ 5 54 +5 48 +5 NS

After 51+6 50 =5 44 =5 NS
LDL (mg/dl)

Before 114 =9 113+ 8 147 =10 f 0.02

After 119+ 9 117 =7 149 + 14 NS
VLDL (mg/dI)

Before 34+3 375 46 =5 NS

After 313 344 414 NS
Triglycerides (mg/dl)

Before 187 = 22 204 + 28 221+ 25 NS

After 183 £ 30 202 £ 37 213 £ 26 NS
Chol/HDL ratio

Before 42 *+0.4 42 *+0.3 5.7+ 05 0.01

After 4.4 +04 4.4 +0.4 5.7+ 05 NS

Values in mean += SEM.
p-value, between-group significance by ANOVA; NS, not significant.
f, p < 0.05 by Fisher’s Least Significant Difference test.

small, the lack of effect on walking distances in the subset
of individuals taking the placebo with antioxidant vitamins
suggests that the-arginine in the bar has much to do with
the efficacy of the bar. The beneficial effect of supplemen-
tal L-arginine is likely due to its conversion to nitric oxide.
Administration of L-arginine improves endothelial vaso-
dilator function in hypercholesterolemic rabbits, in associ-
ation with increases in vascular nitric oxide elabor-
ation!?%-18 |n patients with atherosclerotic peripheral
arterial disease, administration ofarginine improves limb
blood flow in association with increased urinary nitrogen
oxides and cGMP (which reflects increased nitric oxide
synthesis}®343Boger and colleagues observed in patients
with critical limb ischemia (severe claudication) that acute
intravenous administration afarginine increased vascular
nitric oxide production (as measured by urinary nitrate
excretion) by 130% and blood flow to the legs by 42%.
The effect ofL-arginine on limb blood flow was compara-
ble with intravenous prostaglandin, BEwhich is currently
the best available medical therapy in Europe for this
condition).

L-arginine appears to be rate limiting for NO synthesis
in patients with hypercholesterolemia and/or atheroscler-

reversed by exogenous orelarginine, consistent with the
action of ADMA as a competitive inhibitor of NO syn-
thase!>46

In addition toL-arginine, several other components were
added to the bar to enhance its effect. As mentioned above,
the antioxidant vitamins C and E improve endothelial vaso-
dilator function, most likely by preserving EDNO bioactiv-
ity.#”4¢ EDNO is a labile molecule, with a brief half-life
that is shortened still further by oxygen-derived free rad-
icals® The phytoestrogens in the soy protein base of this
food bar also have antioxidant activity that improve vaso-
dilation in humang$®®* In addition, it is possible that phy-
toestrogens may have a favorable effect on endothelial
expression of the enzyme NO synth&%&he gene enco-
ding endothelial NO synthase contains estrogen-responsive
elements in its promoter region, which increases its tran-
scription, leading to increased endothelial levels of NO syn-
thase?® Phytoestrogens may also have a favorable effect on
the lipid profile, as does the oat fiber found in the nutrient
bar* The action of these components (with a contribution
from the small amount of niacin in the product) may
explain the beneficial effect of the bar on the lipid profile.
Finally, the product also contains folate, B6 and B12, which

osis; this may be due to the increased levels of asymmetricare known to reduce homocysteine leV&8¢ Homocys-

dimethylarginine (ADMA) observed in these individudfs.
ADMA is a circulating competitive antagonist of NO syn-

teine, which is known to accelerate atherogenesis, is highly
prevalent in individuals with atherosclerosis.

thase that is elevated in individuals with atherosclerosis as

well as in those with risk factors for atherosclerosis  To summarize, a 2-week intervention using twargi-
(hypercholesterolemia, hypertension, diabetes mellitus, nine-enriched nutritional bars per day resulted in a signifi-
renal failure, homocysteinemia, tobacco use and increasedcant improvement in pain-free and total walking distances
age)®”*lts elevation in these disorders may explain in part as well as in perceived general health and emotional and
the endothelial impairment observed with these conditions. social functioning. These improvements were observed
The effects of ADMA in hypercholesterolemia can be after 8 additional weeks of open-label use. There were no
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