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Abstract. Arterial stiffness is a cardiovascular risk factor
that increases with age. Kyolic aged garlic extract has been
shown to reduce arterial stiffness, while normalizing blood
pressure, cholesterol and blood thickness. The present study
hypothesized that increased flexibility of arteries could lead
to slower blood flow and increased oxygen uptake and overall
aerobic fitness. The present 12 week trial aimed to assess the
effect of Kyolic aged garlic extract (AGE) on arterial stiffness,
aerobic fitness, lactate threshold, recovery from muscle sore-
ness and cardiovascular proteomic biomarkers in middle-aged
(40-65 years) endurance athletes with elevated arterial
stiffness. A total of 75 middle-aged recreational endurance
athletes completed the trial, after being randomly allocated
for 12 weeks to either the placebo or Kyolic aged garlic extract
groups: low-dose cohort 1 (n=37), 2 capsules/day containing
1.2 g AGE powder and 1.2 mg S-allylcysteine (SAC); and the
high-dose cohort 2 (n=38), 4 capsules/day of 2.4 g AGE powder
and 2.4 mg SAC. Arterial stiffness was assessed through
pulse wave velocity measurements and aerobic fitness was
measured by volume-maximal-oxygen-consumption (VO,max)
and lactate thresholds during high-intensity exercise using a
cycle-ergometer-test-station, as well as measuring the levels of
muscle fatigue and recovery time at 12 weeks compared with
the baseline results. Urinary proteomic analysis was performed
in a subgroup of participants and measured the levels of certain
relevant proteins used as biomarkers for risk of cardiovascular
events, at 12 weeks compared with baseline results. The Kyolic
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aged garlic extract group significantly improved their aerobic
fitness, as was evidenced by increased VO,max, increased
aerobic power, higher lactate threshold-to-oxygen uptake,
higher lactate threshold-to-power output and quicker recovery
times compared with the placebo group. Pulse wave velocity, a
measure for arterial flexibility, was improved in the Kyolic aged
garlic extract group compared with the placebo. The proteomics
analysis demonstrated that a subset of polypeptides associated
with cardiovascular risk, such as heart attacks and stroke,
decreased in the Kyolic aged garlic extract group at 12 weeks
compared with the baseline, which was contrary to the effects
observed in the placebo group. Therefore, the results of the
present study suggested that Kyolic aged garlic extract signifi-
cantly improved aerobic fitness, lactate threshold, recovery and
cardiovascular proteomic biomarkers in middle-aged endurance
athletes within 12 weeks. The present clinical trial was regis-
tered on 11/03/2020 at the Australian New Zealand Clinical
Trial Registry (trial registration no. ACTRN12620000340932).

Introduction

Previous studies have reported that Kyolic aged garlic extract
improves cardiovascular function, including peripheral
and central blood pressure, central pulse pressure and arte-
rial stiffness, assessed using pulse wave velocity (PWV) in
adults with elevated PWYV levels (1-5). Central hemodynamic
measures and arterial stiffness are regarded as more important
predictors than peripheral blood pressure for cardiovascular
disease, as concluded by expert consensus (6). The ability
of an artery to expand and contract in response to blood
pressure changes may decrease as a result of arterial stiff-
ness (7). Arterial stiffness increases with age by 1.43 m/s
every 10 years (8). This hardening of the blood vessel wall
occurs as a result of age-related structural changes, including
vascular calcification and the loss of elastin and collagen fibers
in the arterial wall and atherosclerosis (9). The consequence
of this reduced compliance is an increase in PWV, a method
used for the assessment of arterial stiffness (6,10). PWV is
measured non-invasively either directly by carotid-to-femoral
aortic tonometry using the SphygmoCor device (Cardiex) (11)
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or indirectly by brachial pulse wave analysis with a comput-
erized algorithm using the Mobil-O-Graph device with a
blood pressure cuff (IEM GmbH) (12). The Mobil-O-Graph's
computerized algorithm is based on age and gender adjusted
population references values (13) and has been validated
against the gold standard tonometry for PWV (14).

Exercise is considered one of the most effective approaches
for the treatment and management of cardiovascular
disease (15,16). The amount of exercise an individual is able
to perform is dependent on their aerobic capacity and exercise
tolerance (17). Aerobic capacity is limited by the ability of the
cardiovascular system to deliver oxygen to the working muscu-
lature (18). In addition to aerobic capacity, lactate threshold,
defined as the exercise intensity at which blood lactate
concentrations accumulate faster than they can be removed,
also decreases with age (19). However, the lactate threshold
does not appear to change with age when expressed rela-
tive to percentage of volume-maximal-oxygen-consumption
(VO,max) (20).

An increased VO,max results in an increased tolerance
and ability to exercise and is reflected by lower levels of exer-
tion and a later onset of blood lactate accumulation and reflects
both the effect of the metabolic activity and the economy of the
movement. An individual's lactate threshold represents applied
aerobic power and aerobic capacity, which is considered the
single biggest driver of success in endurance events (21). The
concentration of blood lactate levels is used to objectively
monitor exercise intensity during resistance and dynamic exer-
cise (22). Delayed muscle soreness and prolonged recovery can
be assessed using the 10 point Likert Pain Scale (23).

Aerobic capacity, measured by VO,max during moderate
to high intensity exercise, is inversely related to arterial stiff-
ness (24). Age-related decline in aerobic capacity and lactate
threshold leads to reduced endurance performance (19,25).
Measures of aerobic capacity, including VO,max, defined
by maximal stroke volume (ml/beat), as well as heart rate
(beats/min) and arterio-venous O, (ml/100 ml) decline with
age (19). Additionally, the age-related decline in VO,max is
independent of the expected age-related decline in muscle
mass (26). The arteries stiffen with age and lead to an increase
in aortic input impedance as well as vascular afterload,
thereby impeding the ejection of blood from the left ventricle
during systole and consequently reducing stroke volume
during exercise (19).

Animal studies suggest garlic supplements could amelio-
rate physical fatigue and increase exercise tolerance and
oxygen uptake (27-29). Additionally, a number of human
clinical studies have reported that garlic supplements
improve aerobic capacity, in both an acute (5 h) (30,31) and a
sub-chronic (6 week) setting (32). The cross-sectional study by
Ince et al (30), involving 10 male athletes, reported that 900 mg
of garlic powder ingested 5 h before high intensity exercise
significantly improved VO,max. Another previously published
cross-sectional study by Womack et al (31), involving 18 fit
males, also reported that 900 mg of garlic powder ingested 3 h
prior to high intensity exercise significantly improved VO, max.
A 6 week trial testing the effect of garlic oil on cardiac perfor-
mance and exercise tolerance in 30 patients with coronary
artery disease found garlic to significantly reduce the heart
rate at peak exercise and significantly reduce the work load

upon the heart, resulting in improved exercise tolerance (32).
Increased arterial stiffness may be a contributor to sudden
cardiac events in otherwise physically fit middle-aged endur-
ance athletes. In Melbourne alone in the previous 10 years, 2
middle-aged (55-65 years) male masters open water swimmers
died due to an unexpected cardiac arrest during races (33,34).

Recent advances in the study of cardiovascular biomarkers
include proteomics analysis. A urinary proteomics panel has
been shown to predict endpoints associated with cardiovas-
cular disease and cardiac events, including heart attack and
stroke, in asymptomatic patients independent of age and
sex (35-37). The validated proteomic profile consists of a panel
of 25 urinary polypeptide markers, which show significant
differences between patients who had a cardiac event and
controls, making these polypeptides useful biomarkers for
risk assessment of future cardiac events (36). In addition, a
study assessing the intake of 20 ml olive oil daily for 6 weeks
demonstrated statistically significant changes in cardiovas-
cular risk proteomic urinary biomarkers compared with the
baseline (38).

The present study aimed to assess the effect of Kyolic
aged garlic extract on arterial stiffness, aerobic capacity,
lactate threshold, muscle soreness, recovery time and urinary
proteomic biomarkers associated with cardiovascular risk in a
cohort of middle-aged recreational endurance athletes.

Materials and methods

Trial design and participants. Individuals were recruited at the
National Institute of Integrative Medicine (NIIM; Melbourne,
Australia) between October 2020-February 2024. Recreational
endurance athletes (aged 40-65 years) were invited to
participate in the present double-blind parallel randomized
placebo-controlled dose-response trial of 12 weeks duration
investigating the effect of Kyolic aged garlic extract on arterial
stiffness and aerobic fitness during high intensity exercise on a
cycle ergometer. Recreational endurance athletes were defined
as regularly undertaking =3 30 min/week moderate to high
intensity exercise sessions, such as triathlon, cycling, running
or swimming.

The American Heart Association defines moderate
exercise intensity at 50-70% of the maximum heart rate and
vigorous/high exercise intensity at 70-85% of the maximum
heart rate (39). Individuals were recruited through local fitness
and masters cycling clubs, the NIIM newsletter and NIIM
social media.

Individuals were excluded from the study if they were
diagnosed with a cardiovascular condition, including a
previous heart attack or stroke, or had a chronic illness, such
as cancer. Additionally, individuals were also excluded if they
had a recent surgery or were planning any surgery or change
in medications, were pregnant during study or reported an
intolerance to garlic.

Participants were instructed to cease any garlic supple-
mentation prior to enrolment, and not to change their
exercise routine or diet during the 3 month trial. As Kyolic
aged garlic extract is consumed as a supplement with
distinctly different therapeutic effects compared with raw
or cooked garlic, the dietary intake of garlic was allowed to
remain unchanged.
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Table I. Participant characteristics of cohort 1 and cohort 2.
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P-value
All participants Garlic-treated Placebo-treated between

Characteristic (n=75) group (n=37) group (n=38) groups
Age, years (mean + SD) 52.6+8.1 52.8+7.4 53.1+8.1 ns
Male/female, n (%) 48/27 (64/36%) 23/14 (62/38%) 25/14 (66/34%) ns
BMI, kg/m? (mean + SD) 24.2+3.1 24.9+32 23.6+2.8 ns
Type of exercise, n (%)

Cycling 33 (44%) 16 (43%) 17 (45%) ns

Running 17 (23%) 8 (22%) 9 (24%) ns

Tri-/biathlon 15 (20%) 8 (22%) 7 (18%) ns

Gym 5 (7%) 2 (5%) 3 (8%) ns

Other 5 (7%) 3 (8%) 2 (5%) ns
Medications, n (%)

None 52 (69%) 28 (76%) 24 (71%) ns

Statin 5 (7%) 1 (3%) 4 (10%) ns

Blood pressure medication 6 (8%) 4 (11%) 2 (5%) ns

Anti-depressant 6 (8%) 2 (5%) 4 (10%) ns

Other 7 (9%) 3 (8%) 4 (10%) ns
Supplements, n (%)

None 33 (44%) 12 (32%) 21 (55%) ns

Magnesium 25 (33%) 15 (41%) 10 (26%) ns

Other 43 (57%) 25 (68%) 26 (68%) ns

Other medications include thyroid medication, hormone replacement therapies, proton pump inhibitors. Other supplements include CoQ10,
glucosamine, creatine, protein, b-vitamins, multi-vitamins-minerals and fish oil. Tri- or bi-athletes combined any 3 or 2 out of cycling, running

and swimming. Ns, not significant.

Participant allocation and trial supplements. The study was
conducted in two parts, the first cohort was recruited between
October 2020 and January 2022 and the second cohort
was recruited between January 2023 and February 2024.
Consenting eligible participants in the first cohort were
randomly allocated to the low dose consisting of two capsules
of aged garlic extract [Kyolic® Reserve Formula (Wakunaga
of America, Co., Ltd.,) containing 1.2 g AGE powder
and 1.2 mg S-allylcysteine (SAC)] or placebo (containing
inert microcrystalline cellulose) daily for 12 weeks. In the
second cohort participants were randomly allocated to the
high dose consisting of four capsules of aged garlic extract
(Kyolic® Reserve Formula containing 2.4 g AGE powder
and 2.4 mg SAC) or placebo taken daily for 12 weeks. A
computer-generated permuted random number table provided
by an independent researcher not involved in recruitment,
data collection or follow-up for the present study was used for
randomization.

Kyolic aged garlic extract powder was manufactured
from organically grown garlic bulbs, which have undergone
a 20 month natural ageing process at room temperature.
Placebo capsules were matched in appearance to the opaque
active capsules and packaged in identical containers by
the manufacturers off-site. Activated carbo-sachets were
added to each container to disguise any odor. Participants,

investigators and researchers were blinded to treatment allo-
cation. Blinding success was assessed at the end of the trial
by questionnaire.

Participants were instructed to start taking their trial
capsules with food to minimize belching after the first
VO,max testing session at baseline. Compliance was
assessed by questionnaire and by capsule count throughout
the study.

Assessments. Participants had four monthly appointments
at NIIM (weeks 0, 4, 8 and 12), and two appointments at the
Mets Performance exercise physiologist center (Melbourne,
Australia) for testing of aerobic capacity with VO,max on a
cycle ergometer, both at the beginning (week 0) and at the end
of the study (week 12).

Baseline demographics. Participants' age, sex, BMI, regular
medication and supplement intake and exercise routines were
collected at baseline.

Exercise routines. The participants' exercise routines were
assessed using an online questionnaire adapted from the
International Physical Assessment Questionnaire (40) to quan-
tify the length of regular moderate and high intensity exercises
throughout the week.
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Table II. Exercise regimes performed by cohorts 1 (A) and 2 (B).

A, Cohort 1
P-value
Garlic- Placebo- between
All, treated, treated, garlic- and P-value
participants group group placebo- between
Characteristic n=39 n=19 n=20 treated groups cohorts 1 and 2
Cycle/run/other, % 86/11/3 84/16/0 88/6/6
Exercise regime, mean + SD
Moderate intensity, min/week 379+304 4434357 318+238 ns 0.004
min/day 54+43 32+51 45+34
High intensity, min/week 280+299 2124226 344+350 ns 0.001
min/day 40+42 30432 49+50
B, Cohort 2
P-value
Garlic- Placebo- between
All, treated, treated, garlic- and P-value
participants group group placebo- between
Characteristic n=39 n=19 n=20 treated groups cohorts 1 and 2
Cycle/run/other, % 36/34/30 37/26/37 32/42/26 ns
Exercise regime, mean + SD
Moderate intensity, min/week 213+159 1944109 2354202 ns 0.004
min/day 30+22 28+16 34+29
High intensity, min/week 105+101 101£76 110125 ns 0.001
min/day 15+14 14+11 16x18

Other exercises included rowing, kick boxing, Bikram hot yoga, swimming and underwater hockey. Ns, not significant.

A Bike protocol

n=75 (64% males/36% females)
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Figure 1. Cycle ergometer testing. (A) Bike protocol used in the present study
started at 60 Watts of power and the workload increased in increments of
30 Watts every 3 min. (B) Aerobic and lactate anaerobic threshold diagram.
Lactate and heart rate in response to a participant's power output while on a
cycle ergometer. The participant reached the aerobic threshold (purple dotted
lines), and the lactate threshold (red dotted lines). Bpm, beats per minute.
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Figure 2. Participant's type of exercise. The majority of participants were
cyclists (44%), runners (23%) or bi- or triathletes (20%). Other sports included
gym workouts, swimming, rowing, Bikram yoga or underwater hockey.

Arterial stiffness, pulse wave velocity (PWV) and blood
pressure. Arterial stiffness was assessed by non-invasive
validated methods measuring PWV (41) using the
SphygmoCor Xcel (Cardiex) (11) in cohort 1 and the
Mobil-O-Graph device (IEM GmbH) (12) in cohort 2,
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Table III. Blood pressure and pulse wave velocity (cohort-1 & cohort-2, n=75).

12 weeks-
baseline
Baseline 12 weeks Estimated Garlic vs. placebo
Variable and Participant marginal
treatment group number,n  Mean SD Mean SD mean SE  Mean difference  SE  P-value
SBP, mmHg
Garlic 37 1292 131 1228 117 -6.8 14 -0.6 20 ns
Placebo 38 130 139 1225 154 -14 14
SBP >135 mmHg
Garlic 14 142.1 44 1306 8.2 -12.4 2.5 -29 35 ns
Placebo 14 1444 108 1348 152 -9.5 2.5
DBP, mmHg
Garlic 37 765 103 744 8.2 2.6 1.3 1.3 1.8 ns
Placebo 38 784 92 741 10.6 -39 1.3
PWYV cohort 1, m/s
Garlic 18 10.0 1.5 9.5 1.3 -0.6 03 0.03 04 ns
Placebo 19 10.2 1 9.8 1.2 -0.7 03
PWYV cohort 2, m/s
Garlic 19 7.5 1.1 7.3 10 -0.2 0.1 -0.15 1.8 ns
Placebo 19 78 09 7.7 09 -0.1 0.1

SBP, systolic blood pressure; DBP, diastolic blood pressure; PWYV, pulse wave velocity.

due to the SphygmoCor Xcel no longer being supported in
Australia from 2023. The Mobil-O-Graph has been vali-
dated against the gold standard tonometry for central blood
pressure (14) and pulse wave analysis (42). However, PWV
measurements are not directly comparable, whereby the
Mobil-O-graph measured consistently lower PWV values
compared with the SphygmoCor tonometer (43), therefore
the PWYV was presented separately for each cohort. The
SphygmoCor Xcel (11) measures PWV directly by tonom-
etry from carotid to femoral artery, while the patient is in a
supine position. The Mobil-O-Graph (12) is a non-invasive
device measuring central hemodynamic measures via a
blood pressure cuff, such as blood pressure, pulse pressure,
heart rate and PWYV, an indicator for arterial stiffness.
PWYV is the speed in which the blood travels through the
arteries in m/sec and is derived from the brachial pulse
and indirectly calculated by a computerized algorithm
and compared with age- and sex-adjusted population
references values.

Participants were advised to refrain from drinking coffee
or having a large meal for at least 2 h prior to the measure-
ments and after at least 5 min of rest. Blood pressure was
taken using a calibrated and validated digital sphygmoma-
nometer (Omron HEM-907; Omron Healthcare Singapore
Pte Ltd) (44).

Aerobic fitness, capacity, VO,max and lactate threshold
Aerobic fitness was measured by VO,max and aerobic
and anaerobic/lactate threshold during high-intensity
exercise using a cycle ergometer test station. The cyclist

was connected to an oxygen analyzer, which measured the
ratio of CO, to the volume of oxygen intake. Blood lactate
concentration was measured using a finger prick throughout
the exercise workout.

VO, max is defined as the maximum amount of oxygen
your body can take in, transport via the blood stream into the
muscles and utilize in 1 min.

Relative VO, max (ml/kg/min) measures the maximum
amount of oxygen that an individual can utilize during intense
or maximal exercise, in ml/kg body weight/min. Absolute VO,
max (ml/min) is the total volume of oxygen regardless of body
weight and is important for non-weight bearing activities such
as swimming and flat cycling.

Cycle ergometer test procedure and bike protocol. The exercise
workloads were selected to gradually progress in increments
from moderate to maximal intensity. In the present study
workload in increments of 30 Watts of power was increased
every 3 min, starting at 60 Watts (Fig. 1A).

Aerobic and anaerobic lactate threshold. When exercising,
energy is first produced aerobically by using oxygen and
primarily by burning fat and carbohydrates, such as glucose.
The aerobic threshold is reached when the production of
energy starts to become dominated by anaerobic glycolysis
(sugars) rather than the oxidation (aerobic in nature) of fats.
Anaerobic energy production without oxygen produces lactate
or lactic acid, and the lactate threshold is defined as the level
of exercise intensity causing lactate to accumulate in the blood
at a faster rate than it can be removed (Fig. 1B).
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Table I'V. Aerobic capacity measures of cohorts 1 and 2.

12 weeks-
baseline Garlic compared with
placebo
Baseline 12 weeks Estimated
Participant marginal Mean
Variable number, n Mean SD Mean SD mean SE difference SE P-value
Absolute VO,max, ml/min 3
Garlic 34 3,119 935 3280 946 165 59 133 83 0.07
Placebo 36 3,022 1,054 3,058 1,004 32 58
Relative VO,max, ml/kg/min
Garlic 34 39.8 11.6 41.8 10.8 1.9 0.8 1.9 1.5 ns
Placebo 36 41.1 11.3 41.6 1.7 0.6 0.8
Power, W
Garlic 34 235 71 246 72 11.7 35 102 49 0.04
Placebo 36 224 74 226 72 1.5 34
Lactate T Power, W
Garlic 34 186 61 194 63 84 2.3 11.8 32 <0.001
Placebo 36 178 65 174 62 -35 2.2
VO,max HR, bpm
Garlic 34 163 17 166 15 3.1 1.1 19 15 ns
Placebo 36 164 16 165 16 13 1.1
Lactate T HR, bpm
Garlic 34 148 16 153 23 53 2.3 4.7 33 ns
Placebo 36 148 15 149 17 0.6 2.3
Lactate T VO,, ml/min
Garlic 34 2,647 820 2,768 902 125 50 174 72 0018
Placebo 36 2,556 927 2510 835 -49 52
Lactate T %VO,max, %
Garlic 34 85.1 7.6 83.5 79 -13 12 1.2 1.7 ns
Placebo 36 84.5 6.7 823 6.2 2.5 12
Aerobic T Power, W
Garlic 34 138 50 147 54 9.7 32 9.1 45 0.045
Placebo 36 130 56 131 52 0.6 3.1
Aerobic T HR, bpm
Garlic 34 1274 166 1286 16.7 12 95 -1.6 22 ns
Placebo 36 125 174 128.1 177 2.8 8.7
Aerobic T VO,, ml/min
Garlic 34 2,123 688 2232 785 113.5 48 106 67 ns
Placebo 36 2,026 824 2,038 694 7.2 47
Aerobic T %VO,max, %
Garlic 34 68.2 8.1 67.1 8.9 -0.5 1.3 03 1.8 ns
Placebo 36 66.5 8.9 66.9 6.7 -0.2 1.2

Bpm, beats/minute; HR, heart rate; T, Threshold; VO,, volume-oxygen-consumption; VO,max, maximal VO,; W, Watts; ns, not significant.

The lactate threshold test consisted of multiple blood lactate  at a percentage of an athlete's VO,max based on their training
concentration measurements by a finger prick at the immediate  status. In untrained individuals the lactate threshold is reached
completion of each incremental workload (30 Watts) during  at ~50-60% of VO,max and in trained individuals at ~70-80%
the cycling test, which was conducted until the participant's of VO,max. A higher lactate threshold correlates to better

maximal intensity was reached. The lactate threshold occurs  overall athletic performance.
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Recovery time and muscle soreness and pain. Recovery time
was assessed in days by a simple questionnaire, and muscle
soreness by a pain 10-point Likert scale at baseline and
at 12 weeks.

Proteomics. Urinary proteomic analysis was carried out
by the Commonwealth Scientific and Industrial Research
Organisation Land and Water following the protocol published
by Zimmerli et al (35), featuring a panel of 22 cardiovascular
risk-relevant peptides using high-resolution liquid chromatog-
raphy-mass spectrometry (LC-MS). Proteins (>3 KDa) were
removed from urine samples using Amicon Centrifugal Filter
Units at 16,100 x g at room temperature for 5-10 min using
an Eppendorf centrifuge. Urine samples were normalized to
the measured creatinine concentration and urine samples were
dried in a speed-Vac. Sample pellets were resuspended in 40 ul
of 0.1% formic acid in preparation for LC-MS analysis and
5 ul was injected onto the LC-MS for analysis. Samples were
desalted and concentrated with a trap column (PepMap100
C18 5 mm x 300 ym, 5 gm, Thermo Scientific. Inc.) and sepa-
rated on a nano column (PepMapl100 C18 150 mm x 75 um,
2 um, Thermo Scientific. Inc.) using an Ultimate™ 3000
RSLC nano LC system (Thermo Scientific. Inc.). Flow rate
was 300 nl/min and system temperature was 35°C. Mobile
phase A consisted of water and 0.1% (v/v) formic acid and
mobile phase B consisted of 80% (v/v) acetonitrile and 0.08%
(v/v) formic acid. Urine peptides were eluted using a gradient
of 5 to 60% solvent B for 20 min and 60 to 99% solvent B
for 7 min. The eluted peptides were ionized with a Nanospray
Flex Ion Source (Thermo Scientific. Inc.). The spray voltage
was set to 2.3 kV and the temperature of the heated capil-
lary was set at 300°C. Sweep nitrogen gas flow rate was at
1.51/min and source pressure was at 1.48 Torr. After ioniza-
tion, mass spectra (MS1) and tandem mass spectra (MS/MS)
analysis was performed using an Orbitrap Fusion MS (Thermo
Scientific. Inc.). MS survey scans of peptide precursors were
performed in the Orbitrap detector and the scan range was 400
to 1500 m/z at resolution of 120 K (at 200 m/z). The target
value of automatic gain control (AGC) was set as 4 x 10°. The
maximum injection time for the MS was 50 ms. MS/MS was
performed on the most abundant precursors of charge states
2+ to 7+ with intensity greater than 1 x 10°. They were isolated
by the quadrupole with a window of 1.6 m/z. Fragmentation
was achieved by high-energy collisional dissociation (HCD)
with collision energy of 28%. Fragments were detected in the
ion trap detector in rapid scan rate mode. The AGC target
was 4 x 10°, maximum injection time was 300 ms and the
dynamic exclusion was 15 sec. The instrument was set to run
in top speed mode with a three sec cycle for both the MS and
MS/MS scans.

A list of 81 urinary peptides identified by Brown er al (36)
was used to search peptides in the urine samples. Precursor
mass tolerance was set to 10 ppm and product ions were
searched at 0.6 Da. No-Enzyme (unspecific) was selected.
Modification included Oxidation (+15.995 Da). Creatinine, a
clearance protein, was measured to adjust for differences in
urinary concentration between patients due to hydration vari-
ances. Urine creatinine concentration was measured using an
ELISA-based assay using a Creatinine Urinary Detection Kit
(cat. no. EIASCR; Invitrogen; Thermo Fisher Scientific, Inc.)
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and measured using a UV-Vis spectrometer at a wavelength
of 490 nm. Each urine sample was diluted 1:20 and 50 pl was
used for the assay as per the manufacturer's protocol.

Statistical analysis. Primary outcome measures were aerobic
fitness, including VO,max, aerobic and lactate threshold and
power. Secondary outcome measures were recovery time,
muscle soreness, PWV and proteomic biomarkers. Analyses
were performed using SPSS Inc. (version 26; IBM Corp.). P<0.05
was considered to indicate a statistically significant difference.

Differences between groups at baseline were assessed by ¥ test
or Fisher's Exact test if the values were <5 for categorical variables
and by an unpaired Student's t-test for continuous variables.

The participant's mean change score (value at 12 weeks-
value at baseline) was calculated for each outcome measure
and ANCOVA with Bonferroni's correction was performed.
Relevant baseline values were used as co-variates to assess the
mean differences between groups (garlic vs. placebo).

For the main statistical analyses, cohort 1 and cohort 2
were combined (low and high dose), and subgroup analysis
was performed by cohort.

Polypeptide data were normalized to creatinine clear-
ance protein. Missing values were replaced by one-fifth of
the minimum positive values of their corresponding vari-
ables. The acquired data were then loglO transformed and
scaled using the mean-centred value and divided by the SD
of each variable. Data were then subjected to univariate and
multivariate statistical analysis using SIMCA (version 17.01;
Sartorius Stedim Biotech; Sartorius AG). GraphPad Prism
(version 9.3.0; Dotmatics) was used for descriptive statistical
analysis and plot generation.

A 15 peptide quality assurance and quality control (QAQC)
standard consisting of 15 heavy isotope-labelled peptides
(cat number 88321; Thermo Fisher Scientific, Inc.) was anal-
ysed throughout the analytical sequence and was found to be
with a 5% relative standard deviation, demonstrating good
analytical performance of the column and MS detector.

Results

Participants. The trial was conducted in two parts whereby
the first cohort, allocated the low trial supplement dose, was
recruited between October 2020 and January 2022 during
the COVID-19 lockdowns and the second cohort, allocated
the high trial supplement dose, was recruited between
January 2023 and February 2024.

A total of 108 potential participants were screened for
eligibility, with a total of 24 either not fitting inclusion criteria
(n=18) or losing interest shortly after enrollment into the study
(n=6). Of the potential participants, one was not eligible on
medical grounds due to a high PWV reading at screening
prompting a consultation with a cardiologist and a subsequent
diagnosis of severe coronary artery disease, despite not having
any other risk factors such as hypertension or high cholesterol.
A further nine participants withdrew after baseline VO,max
testing, either due to losing interest in the study (n=4), the long
travel distance to and from the study site (n=2), COVID-19 lock-
down (n=1), study-unrelated gastroenteritis (n=1) or medical
advice from the patient's doctor (n=1). In total, 75 participants
completed the study, including 37/40 (92%, cohort-1) and 38/40
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Table V. Exercise regime and aerobic fitness at baseline in the low- and high-dose garlic groups.

Low dose, High dose,
n=37 n=34
Variable Mean + SD Mean + SD Mean difference + SE P-value
Moderate intensity 54+43 30+£22 14+8 0.001
exercise, min/day
High intensity exercise, 4042 15+14 25+7 0.004
min/day
Absolute VO,max, 3,467+930 2,654+877 813+215 <0.001
ml/max
Relative VO,max, 45+11 36x10 9+3 <0.001
ml/kg/min
Power, W 25767 200+65 57+16 <0.001
Lactate T Power, W 211+58 151+50 61%13 <0.001
Lactate T VO,, ml/min 2,993+841 2,184+686 810+183 <0.001
Aerobic T Power, W 160+52 10637 55+11 <0.001
Aerobic T VO,, ml/min 2,404+781 1,720+533 684+160 <0.001
T, threshold; W, Watts; SD, standard deviation; VO,, volume-oxygen-consumption; VO,max, maximal VO,.
Mean change in VO,max (ml/min) Mean change in power (Watts)
50 0 50 100 150 200 250 -5 0 5 10 15
*P<0.
Absolute VO,max P<b.07 Power <00
P<0.02 Lactate threshold power **P<0.001
Lactate threshold VO, hia E—
Aerobic threshold power Il “P<0.05
Aerobic threshold VO, P<0.08

Garlic Placebo

Figure 3. Aerobic fitness by mean change in VO,max. n=70 in cohorts 1 and
2. Kyolic garlic group (green bars) compared with the placebo group (yellow
bars). Higher values are associated with improved aerobic fitness. "P<0.05.
VO,max, volume-maximal-oxygen-consumption.

(95%, cohort-2). The mean age was 53+8 years and two-thirds
of the participants were male (Table I).

All participants in the first cohort were serious endurance
athletes who trained an average of 1.5 h daily with moderate to
high intensity exercise (~1 h moderate and ~30 min high inten-
sity) of either cycling, running or swimming. The majority
(86%) of participants in cohort-1 were cyclists, cycling up to
400 km or 17 h per week (Table II).

The second cohort was significantly less athletic overall
compared with the first cohort, training an average of 45 min
daily of moderate to high intensity exercise (~30 min moderate
and ~15 min high intensity) (Table II). Participants in cohort-2
exercised through a variety of sports including cycling,
running, rowing, swimming, kick boxing, Bikram hot yoga
and underwater hockey (Table II, Fig. 2).

Blood pressure and PWV. At baseline there were no statistical
differences in blood pressure or PWV between the garlic vs.
placebo groups. However, at the end of the study, a marked

Garlic m Placebo

Figure 4. Aerobic fitness by mean change in power. n=70 in cohorts 1 and 2.
Kyolic garlic group (green bars) compared with the placebo group (purple
bars). Higher values are associated with increased power. "P<0.05; “P<0.001.

improvement in blood pressure and PWV was observed in the
Kyolic group compared with the placebo group in a subgroup
of participants with elevated blood pressure (>135 mmHg
SBP), as well as in PWV (Table III).

Primary outcome measures of aerobic fitness, VO,max, lactate
threshold and power. Kyolic aged garlic extract significantly
improved aerobic fitness, as evidenced by increased absolute
VO,max (mean difference, 133+83 ml/min; P<0.07), power
(mean difference, 10.2+4.9 W; P<0.04), lactate threshold to
power output (mean difference, 11.8+3.2 W; P<0.001), lactate
threshold to oxygen uptake (mean difference, 174+72 ml/min;
P<0.02) and aerobic threshold to power output (mean difference,
9.1+4.5 W; P<0.045) (Table IV, Figs. 3 and 4).

Comparison of baseline aerobic fitness between low dose and
high dose cohorts. While there were no significant differences
between the garlic and the placebo groups in participants' types
of sports (Table II, Fig. 2), there were differences in exercise
regimes and fitness levels between the first cohort (low dose)
and the second cohort (high dose) at baseline. While the first



Table VI. Recovery time and muscle soreness.
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A, Cohort 1 and 2

Garlic compared

Baseline 12 weeks Within groups with placebo Between
groups
Mean Mean
Variable Participants,n = Mean SD  Mean SD change SD  difference @ SE  P-value
Recovery time, days
Garlic 37 2.6 1.7 1.6 14 -1.0 1.2 -0.6 0.3 0.05
Placebo 37 24 1.7 2.1 14 04 1.5
Muscle soreness, 1-10
Garlic 35 42 1.8 37 2.1 -0.52 2.0 -0.06 045 ns
Placebo 35 4.5 19 40 23 -0.51 1.8
B, Cohort 1
Garlic compared
Baseline 12 weeks Within groups with placebo Between
groups
Mean Mean
Variable Participants,n = Mean SD  Mean SD  change SD  difference  SE P-value
Recovery time, days
Garlic 18 29 2.0 1.7 15 -1.2 1.3 -1.1 0.5 0.025"
Placebo 19 29 1.2 2.7 1.5 0.1 1.5
C, Cohort 2
Garlic compared
Baseline 12 weeks Within groups with placebo Between
groups
Mean Mean
Variable Participants,n = Mean SD  Mean SD change SD  difference @ SE  P-value
Recovery time, days
Garlic 19 23 14 14 0.8 -0.8 1.0 0.2 04 ns
Placebo 19 2.1 1.1 15 1.1 -0.6 1.4

N, not significant.

cohort exercised a mean of ~90 min/day (54 min of moderate
intensity and 40 min of high intensity/day), the second cohort
exercised a mean of 45 min/day (30 min moderate and 15 min
high intensity/day), which was approximately one-half of the
time exercising and at a lower intensity compared with the first
cohort (Table V).

As the baseline levels of certain aerobic fitness measure-
ments, such as VO,max, were significantly different
between the two cohorts (low dose vs. high dose, P<0.001),
a dose-response analysis was not feasible (Table V). The
baseline fitness of the two cohorts would have influenced or
confounded any dose-dependent outcome measures. However,
in both cohorts, the Kyolic group had statistically significant

improvements in aerobic fitness compared with the placebo
group (Table SI).

Compared with cohort 2, aerobic capacity improved
significantly in cohort 1, as evidenced by increased absolute
VO,max (mean difference, 238+105 ml/min; P<0.03), power
(mean difference, 16.2+7.3 W; P<0.035), lactate threshold to
power output (mean difference, 16.9+5.4 W; P<0.003), lactate
threshold to oxygen uptake (mean difference, 269+104 ml/min;
P<0.014) and aerobic threshold to oxygen uptake (mean
difference, 245+90 ml/min; P<0.01; Table SI).

Recovery time and muscle soreness. Kyolic aged garlic
extract significantly improved aerobic fitness, as evidenced
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Table VII. List of PPs with significant differences in PP concentration change between the garlic group compared with the

placebo group.

Cohort PP Description
HD PP_01 Uromodulin_53181

HD PP_05 Uromodulin_45496

LD PP 11 Collagen alpha-1(I) chain_77018

LD PP_14 Collagen alpha-1(I) chain_80551

LD PP_16 Collagen alpha-2(I) chain_127354

LD PP_25 Collagen alpha-2(I) chain_68036

LD PP_32 Membrane associated progesterone receptor component 1_49958
LD PP_34 Collagen alpha-1(I) chain_127852

LD PP _36 Collagen alpha-2(I) chain_125628

LD PP_37 Beta-1,3-galactosyltransferase6_44592
LD PP_38 Collagen alpha-1(III) chain_49295

LD PP_42 Collagen alpha-1(I) chain_45384

HD PP_51 Collagen alpha-1(III) chain_111001

HD, high dose cohort 2; LD, low dose cohort 1; PP, polypeptide.

Mean recovery time (days)
3

H 26

2.4 !
1 2.1
2 i
16 1
1
1
1
1 i
1
1
1
0 !
Garlic Placebo
M Baseline 3 months

*P<0.05

Figure 5. Mean recovery time in days. n=70 in cohorts 1 and 2. Left panel
(Kyolic garlic group) and right panel (placebo group) at baseline (blue bars)
and 3 months (green bars). The Kyolic garlic group recovered significantly
quicker at the end of the study compared with the placebo group. "P<0.05.

by quicker recovery times compared with the placebo group
in both treatment cohorts combined (n=70; mean difference,
-0.6+0.3 days; P<0.05) (Table VI, Fig. 5). Additionally, the
difference in the recovery time was more pronounced in the
cohort 1 (low dose), with the garlic-treated group recovering
significantly quicker compared with the placebo group after
exercise (mean difference, -1.1+0.5 days; P<0.025) (Table VI).
Muscle soreness was reduced in both groups compared with
baseline (albeit not significantly; Fig. 6).

Cardiovascular risk-related proteomic urinary biomarkers.
In a subgroup of participants from the first cohort (n=22)
and the second cohort (n=37), a panel of 22 polypeptides and
their derivates were tested. As higher concentrations of these
polypeptides have been associated with higher cardiovas-
cular risk, a reduction in the levels of these polypeptides is
desirable. It was demonstrated that a subset of polypeptides
significantly decreased in the Kyolic group compared with
the placebo group, leading to an improved cardiovascular
risk proteomic profile in the Kyolic group at the end of

Likert pain score

5 45
45 4.2 4

4 3.7

3.5

3

2.5

2

1.5

1

0.5

No pain 0

Garlic Placebo

M Baseline 3 months

Figure 6. Mean muscle soreness and pain. n=70 in cohorts 1 and 2. Left
panel (Kyolic garlic group) and right panel (placebo group) at baseline (blue
bars) and 3 months (yellow bars) using the 10-point-Likert pain score, with O
corresponding to no pain and 10 corresponding to the worst pain.

the study (Table VII, Fig. 7). Proteomic analysis differed
between the cohorts. In the low dose cohort, 10/22 (45%)
of the peptide concentrations were significantly reduced in
the Kyolic group compared with the placebo (Fig. 7a) and
3/22 (13%) were significantly reduced in the second cohort
(Fig. 7b). Furthermore, the mean polypeptide baseline
levels varied between the cohorts. Therefore, a combined
proteomic analysis of both cohorts was not statistically
meaningful.

Compliance, tolerability and blinding. Compliance was satis-
factory, with all participants taking their trial supplements
>95% according to protocol.

Tolerability was high, with 1 participant in the placebo
group noting a weight gain of 2-3 kg over the course of the
study and 1 participant in the garlic group noting a lower
heart rate. In the garlic group, 1 participant reported burping,
which did not bother her and another participant noted that
her menstrual cycle improved becoming more regular and less
painful.
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Table VIII. Blinding of study.

Assumed group allocation All, n (%) Low dose cohort, n (%) High dose cohort, n (%)
Correct 20 (27%) 6 (16%) 14 (37%)
Incorrect 15 (20%) 2 (5%) 13 (34%)
Unsure 40 (53%) 29 (78%) 11 (29%)
Total 75 (100%) 37 (100%) 38 (100%)

A Cohort-1 (n=22)
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0e+00 o
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Figure 7. Continued.
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B Cohort-2 (n=37)
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Figure 7. Proteomic analysis of subgroups of (A) low dose cohort 1 and (B) high dose cohort 2. Box and whisker plots illustrate the median changes in
polypeptide (PP) concentration at the end of the study compared with the baseline, which were significantly different between the placebo group (red) and
(A) 10 polypeptides (PP_#) in the Kyolic group in cohort 1 (green, low-dose cohort 1) and for (B) 3 polypeptides in the Kyolic group in cohort 2 (blue, high-dose

cohort 2).

Blinding was successful in both cohorts. In the low dose
cohort 1, the majority (80%) were unsure of their group allo-
cation, while 5% guessed their group allocation incorrectly,
verifying successful blinding. In the high dose cohort 2, a
greater proportion guessed correctly (37%) compared with the
low dose cohort 1 (16%) and two-thirds (63%) were unsure or
incorrect (Table VIII).

Discussion

The results of the study demonstrated that Kyolic aged garlic
extract significantly improved aerobic fitness in middle-aged
endurance athletes within 12 weeks, as evidenced by the increased
oxygen uptake, power, lactate threshold-to-power output, lactate
threshold-to-oxygen uptake, and quicker recovery times observed
when compared with the placebo group. Furthermore, arterial
flexibility, assessed by PWV, improved more in the Kyolic aged
garlic group compared with the placebo group. These results are
in line with previous animal (27-29) and human studies (30-32),
whereby garlic supplements ingested for an acute or sub-chronic
period significantly ameliorated physical fatigue, increased exer-
cise tolerance and increased oxygen uptake, resulting in overall
higher aerobic capacity.

A number of human studies involving 10 (30) or 18 (31)
male athletes investigated the acute effect of garlic on aerobic
capacity and found that 900 mg of garlic powder ingested 3 or
5 h, respectively, before high intensity exercise significantly

improved the VO,max. A 6 week trial testing the effect of
garlic oil on cardiac performance and exercise tolerance in
30 patients with coronary artery disease reported that garlic
oil significantly reduced heart rate at peak exercise, leading to
improved exercise tolerance (32).

In addition, the present study demonstrated that Kyolic
aged garlic extract improved the cardiovascular risk
proteomic biomarker profile compared with the placebo
group, which was in line with previously published
results (35,38). Lower concentrations of a panel of 25 urinary
polypeptides/protein biomarkers (35) have been associ-
ated with reduced cardiovascular risk, such as heart attack
and stroke, independent of age and sex in asymptomatic
patients (36,37). The present study demonstrated that Kyolic
aged garlic extract was effective at significantly lowering the
concentrations of a subset of the aforementioned biomarkers
compared with the placebo group after 3 months of supple-
mentation. Therefore, the present study adds to previous
research demonstrating that diet and exercise are effective
in improving the proteomic cardiovascular risk profile. A
study involving 69 healthy participants showed that olive oil
ingested daily over 6 weeks significantly improved certain
cardiovascular risk proteomic biomarkers compared with
the baseline (38). Additionally, exercise reduced the cardio-
vascular risk proteomic profile in a cohort of 88 patients
with coronary artery disease, while there was no change in
the inactive patients (35).
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The present study had several strengths, involving a
reasonable sample size of 75 middle-aged endurance athletes
completing the trial with high compliance and having access
to specialized equipment and the expertise of professional
exercise physiologists for objective and accurate measures
of the primary outcome variables related to aerobic fitness.
Furthermore, the findings of the effect of Kyolic aged garlic
extract compared with placebo were comparable in both
athletically diverse cohorts, while more pronounced within in
the fitter cohort 1, suggesting that Kyolic aged garlic extract
may be effective in improving aerobic capacity independent of
baseline aerobic fitness.

However, the athletic disparity between the two cohorts
limited the opportunity for a meaningful comparative
dose-response analysis. The more athletic cohort 1 (low dose
Kyolic aged garlic extract) exercised a mean of 1.5 hours/
day at a moderate to high intensity and had significantly
greater aerobic fitness at baseline, compared with cohort 2
(high dose Kyolic aged garlic extract) who exercised a mean
of 45 min/day. The differences in aerobic fitness between
the cohorts at baseline were significantly greater when
compared with any changes caused by the treatment inter-
vention within each cohort, confounding any meaningful
comparative analysis by dose. Future studies could plan
recruitment for both Kyolic aged garlic extract doses within
a shorter time period, perhaps using a block randomiza-
tion of alternating 10 low dose/10 high dose interventions,
which increases the likelihood of drawing participants who
have a similar level of athleticism. A further limitation in
this study concerned the assessment of arterial stiffness,
as PWV was measured using different devices in each
cohort. Due to unforeseen circumstances, the SphygmoCor
tonometer (11) used to measure PWV in cohort 1 was no
longer serviced in Australia during the cohort 2 study
period, therefore, the Mobil-O-graph device (12) was used
for cohort 2. While both devices have been validated against
the gold standard tonometry for central blood pressure (14)
and pulse wave analysis (42), PWV measurements taken
with different devices have been shown not to be directly
comparable (43). Therefore, the present analysis could not
combine the measurements from both cohorts, reducing the
statistical power due to the smaller sample size. This also
impacted the hypothesis that more flexible arteries, assessed
by PWYV, would improve aerobic fitness due to increased
oxygen uptake, as this could not be measured. A further
limitation was the assessment of recovery time in days by a
simple questionnaire which was administered on a monthly
basis. To improve precision and reduce subjectivity, future
studies could use an online daily or weekly diary assessing
the recovery in hours rather than days (e.g. 36 hours vs. 1
or 2 days). Additionally, a combined proteomic analysis of
both cohorts was confounded by the baseline differences
in polypeptide levels between the cohorts. In cohort 1, 45%
of the polypeptides tested were significantly reduced in the
Kyolic aged garlic extract group compared with the placebo,
whereas 13% of the polypeptides were significantly reduced
in the cohort 2. Further research should be conducted to
explore the factors that caused the difference in proteomic
and metabolomic profiles at baseline in endurance
athletes with different aerobic fitness levels. Furthermore,
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longer-term studies are needed to explore the sustained
effect of Kyolic aged garlic extract on aerobic fitness and
associated cardiovascular morbidity and mortality.

The present study demonstrated that Kyolic aged
garlic extract significantly improved aerobic fitness within
12 weeks in middle-aged endurance athletes, as evidenced
by increased VO,max, increased lactate threshold, quicker
recovery and improved cardiovascular risk proteomic
profile. Furthermore, these findings are in line with previous
research providing evidence that Kyolic aged garlic extract
reduces arterial stiffness, a process that occurs with age. An
increase in arterial flexibility is associated with slower blood
flow, which in turn improves oxygen uptake, reduces lactate
production and muscle soreness linked to recovery and
improves overall aerobic fitness. While previous research
with Kyolic aged garlic extract focused on comparatively
‘unhealthy’ populations with cardiovascular risk factors such
as hypertension, the present study provided evidence for
the use of Kyolic aged garlic extract to benefit a ‘healthier’
middle-aged population.
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