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Abstract
Laser Doppler velocimetry estimates tissue perfusion providing a record of micro-

vascular blood flow. Patients with heart disease or diabetes mellitus have impaired

microvascular perfusion leading to impaired wound healing. Aged garlic extract

(AGE) has a positive effect on vascular elasticity. This study aimed to assess the

effect of long-term treatment with AGE on cutaneous tissue perfusion. A total of

122 patients with Framingham Risk Score ≥ 10 were randomised in a double-

blinded manner to placebo or 2400 mg AGE daily for 1 year and monitored. Cuta-

neous microcirculation was measured at 0 and 12 months using laser Doppler

velocimetry. A repeated measures analysis of variance (ANOVA) with a

Greenhouse–Geisser correction determined that mean post-occlusive reactive

hyperaemia differed significantly between time points. The mean percent change

between the two time points 0 and 12 months was 102, 64 (174, 15)% change for

AGE and 78, 62 (107, 92)% change for the placebo group (F[1, 120] = 5.

95, P < 0.016), 12 months of AGE increases the microcirculation in patients with

an increased risk for cardiovascular events estimated using the Framingham risk

score. Increased microcirculation could hypothetically facilitate wound healing.
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1 | INTRODUCTION

Arteriosclerosis complications are the most common cause
of death in the Western world.1,2 Cardiovascular disease
(CVD) is a complication secondary to arteriolosclerosis.
Arterial inflammation and endothelial dysfunction play cen-
tral roles in the pathogenesis of atherosclerosis and adverse
cardiovascular events.3 The major risk factors for CVD are
hypertension, hypercholesterolaemia, diabetes, and obesity.
Framingham risk score is a risk-stratifying score system for

estimating the risk of developing CVD. CVD risk factors are
well known to enhance the development of atherosclerotic
lesions in arteries, but have also been suggested to impair
the microvascular circulation and tissue perfusion. Reduced
microcirculation has even been suggested to be an early
marker for CVDs4-6 and is also involved in impaired wound
healing, especially in persons with diabetes mellitus.

The microcirculation commonly includes the smallest
arteries, the arterioles, capillaries, and venules. Exchange of
gases, nutrients, and metabolites between the blood and
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tissues occurs almost solely in the microcirculation, and suf-
ficient perfusion via the microcirculatory system is crucial
for organ function, and the integrity of tissue and wound
healing. Alterations in microcirculation are correlated with
oxidative stress, enhanced platelet-endothelial cell adhesion,
endothelial dysfunction, altered capillary proliferation, and
vasomotor dysfunction resulting in arterial stiffness and ves-
sel narrowing.7 The alterations might, in turn, be a response
of a low-grade systemic inflammatory response.8,9 The asso-
ciation between impaired endothelial function and cardiovas-
cular risk in asymptomatic patients has been poorly
explored.

Aged garlic extract (AGE) has been suggested to have a
positive effect on vascular elasticity and endothelial func-
tion.10-12 Non-invasive laser Doppler velocimetry (LDV) is
a well-known technology for functional testing of
endothelium-dependent microvascular reactivity. LDV pro-
vides a continuous record of the microvascular blood flow,
and is, therefore, an excellent method to measure microvas-
cular blood flow changes and microvascular perfusion.13-21

This study aimed to assess alterations in cutaneous
microvascular perfusion over a period of 12 months. Mea-
surements were made at 0 and after 12 months of treatment
of either placebo or 2400 mg AGE daily in 122 patients with
Framingham Risk Score ≥ 10. The aim of this study was
also to assess the effectiveness of AGE on cutaneous micro-
vascular perfusion in patients with increased risk for cardio-
vascular events, using a double-blinded placebo-controlled
randomised trial design. The primary outcome of this study
was to examine if 12 months of AGE treatment could
improve the cutaneous microvascular perfusion measured
with LDV on patients with an increased risk for cardiovascu-
lar events. To our knowledge, no such study has been per-
formed previously.

2 | MATERIALS AND METHODS

The study was designed as a double-blinded placebo-
controlled randomised study to determine whether AGE can
improve microvascular circulation. The study was approved
by the local ethical committee Dnr 2016/745. The study pro-
tocol was registered at (https://register.clinicaltrials.gov)
with ClinicalTrials.gov Identifier: NCT03860350. The study
was monitored externally by Preventia AB, Sweden https://
www.preventia.se/en/startsida/.

For inclusion and exclusion criteria please see Table 1.

2.1 | Randomisation

A total of 134 patients met the inclusion criteria and were
randomised in a double-blinded manner, using numbered
containers assigned to a computer-generated randomisation

chart. The patients were randomised to an intake of capsules
with 2400 mg AGE daily daily (two capsules of 600 mg
twice daily, Kyolic Reserve formula; Wakunaga of America
Co Ltd, Mission Viejo, CA) or two placebo capsules twice
daily.

2.2 | Clinical evaluation

Medical evaluation including medical history, cardiovascular
risk factors, prescribed medications, smoking, and alcohol
intake was performed at 0, 4, 8, and 12 months. In addition
to blood pressure measurement, body mass index measure-
ment, electrocardiogram measurements, and assessment of
patients' compliance with medication were carried out.
Blood pressure was measured after 10 minutes' rest in a
comfortable supine position by an automatic blood pressure
monitor (OMRON Automatic Blood Pressure Monitor
Model M6 Comfort IT, Spånga, Sweden).

2.3 | Microvascular blood flow measured
using LDV

Microvascular blood flow was measured using LDV
(Transonic Laser Doppler Monitor, BLF21, Maastricht, the
Netherlands, and Peri Flux System 5000, Perimed, Stock-
holm, Sweden), using a technique that quantifies the sum of
the motion of the red blood cells in a specific volume. This
method is applied extensively in plastic surgery procedures
and uses a fibre optic probe carrying a beam of light. Light
impinging on cells in motion undergoes a change in wave-
length (Doppler shift) whilst light impinging on static
objects remains unchanged. The magnitude and frequency
distributions of the changes are related directly to the num-
ber and velocity of red blood cells. The information is

Key Messages
• successful wound healing could hypothetically

depend on cutaneous microvascular perfusion
• laser Doppler velocimetry estimates tissue perfu-

sion providing a record of microvascular
blood flow

• this study aimed to assess the effect of long-term
treatment with aged garlic extract on cutaneous
tissue perfusion

• a repeated measures analysis of variance
(ANOVA) with a Greenhouse–Geisser correction
model was used and concluded that 12 months of
aged garlic extract preserves the microcirculation
thus facilitating wound healing
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collected by a returning optic fibre, converted into an elec-
tronic signal, and analysed. Measurements are expressed as
perfusion units (PU), which are arbitrary.13 All measure-
ments were performed in a quiet and temperature-controlled
room. The study was conducted with ≥10 hours of absti-
nence from tobacco, alcohol, caffeine, or exercise. The
patients had 30 minutes of acclimatisation time in a
temperature-controlled study room before the measurements
were made. The measurements were made on the forearm
before partial occlusion, during partial occlusion and during
post-occlusive reactive hyperaemia (PORH) using a manual
blood pressure cuff (Boso Varius, AB Henry Eriksson,

Bandhagen, Sweden) inflated at 250 mm Hg for 3 minutes.
The position of the probe was exactly 10 cm below the
elbow joint on the ventral side of the forearm exactly in the
middle and chosen so hair, freckles, and broken skin were
avoided. The study setup is shown in Figure 1A.

2.4 | Ethical considerations

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures involv-
ing human patients were approved by the local ethical commit-
tee DNR 2016/745. All participants signed a written consent
form before entering the study. The study protocol was regis-
tered at (https://clinicaltrials.gov/ct2/show/NCT03860350?
term=NCT03860350&rank=1) with ClinicalTrials.gov Identi-
fier: NCT03860350. The study was monitored externally by
Preventia AB, Sweden, https://www.preventia.se/en/startsida/.

2.5 | Statistics

A power analysis was based on the previously published studies
evaluating the effect of garlic and supplements on coronary ath-
erosclerosis, blood pressure, cholesterol, and inflammatory bio-
markers.22,23 All continuous data are presented as a mean value
± SD. A repeated measures analysis of variance (ANOVA) with
a Greenhouse–Geisser correction was performed to test for differ-
ences between groups between time points 0 and 12 months.
Post hoc tests using the Bonferroni correction were used to make
comparisons between time points within treatment groups, AGE
supplement, and Placebo. The biological zero in LDV measure-
ments was taken into consideration.24 All statistical analyses were
performed using SPSS V 19.0 (SPSS Institute, Chicago, Illinois).
The level of significance was set to P < 0.05. The statistics were
calculated by Andreas Timglas, at Fanwl Consulting AB.

3 | RESULTS

In total, 134 patients were enrolled and randomised in the
study, 12 participants were excluded during the study and
consequently 122 patients, 60 in the AGE group and 62 in

FIGURE 1 (A) A clinical setup with
laser Doppler velocimetry (LDV). The
measurements were made on the forearm
before and during post occlusive reactive
hyperaemia (PORH). (B) An example of
an output data file from the LDV. The
difference in LDV perfusion units between
measurements was considered a proxy of
microcirculation

TABLE 1 Inclusion and exclusion criteria for patients in the
study

Inclusion criteria Exclusion criteria

Age 40 to 75 Myocardial infarction

Framingham risk
score > 10

Ischaemic heart disease

Stable medications for
4 mo prior to
randomisation

History of malignancy within the last
5 y or evidence of active cancer

Subjects with diabetes had
to have a glycated
haemoglobin (HbA1c)
< 8.0 and stable HbA1c
level (variation range
within 0.5%) for 6 mo

Resting hypotension (systolic
<90 mm Hg) or hypertension
(resting blood pressure > 170/110)

Serum creatinine >140 μmol/L

Prior life-threatening arrhythmia

Unstable medical disorder

Heart failure NYHA class III or IV

Hypersensitivity to AGE

Diabetic subjects with HbA1c > 8.0

Triglycerides >4.0 mmol/L baseline
visit

Bleeding disorder or stroke or drug
abuse
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the placebo group, were analysed, see CONSORT (Consoli-
date Standards of Reporting Trials) outlined in Figure 2. No
patient in the study had any adverse reaction of the active
therapy that indicated removal from the study. At baseline,
there were no significant differences in cardiovascular risk
factors calculated using the Framingham risk score. Patient
demographics are shown in Table 2.

3.1 | Microvascular measurements at 0 and
12 months measured before, during, and after
partial occlusion creating a PORH response

Microcirculation was measured using LDV at 0 and
12 months. The measurements were made on the forearm
before, during partial occlusion, and during reperfusion after
a partially induced ischaemia, PORH, by compression using
a manual blood pressure cuff inflated with 250 mm Hg for
3 minutes. The microvascular blood flow was 9. 7 ± (4.9)
PU in the AGE group and 9.3 ± (5.0) PU in the placebo
group at 0 months before partial occlusion. The microvascu-
lar blood flow was 3.5 ± (0.89) PU in the AGE group and
3.8 ± (3.5) PU in the placebo group during the partial occlu-
sion. The microvascular blood flow was 49.9 ± (29.9) PU in

the AGE group and 43. 9 ± (22.0) PU in the placebo group
at 0 months during PORH. The same measurements were
made after 12 months of either placebo or AGE treatment.
The microvascular blood flow was 16.0 ± (7.4) PU in the
AGE group and 13.9 ± (5.8) PU in the placebo group before

FIGURE 2 CONSORT
statement (consolidated standards of
reporting trials) flow chart. Showing
demographics and baseline clinical
information of the study cohort

TABLE 2 Patient demographics at
baseline

Variable

Age Placebo

n = 60 % n = 62 % P

Age (y) (SD) 64 (SD 6) 64 (SD 6) 0.93

Gender (male) 30 50 31 50 1.0

Hypertension 48 80 51 82 0.75

Hypercholesterolaemia 41 66 27 45 0.02

Diabetes mellitus 8 13 15 24 0.13

Current smoker 5 8 2 3 0.60

Family history of CVD 45 75 40 65 0.30

Framingham risk score 20 (SD 8) 20 (SD 7) 0.86

CVD, cardiovascular disease; SD, standard deviation.

FIGURE 3 The mean percent change in blood flow measured using
laser Doppler velocimetry (LDV). Measurements are carried out between
0 and 12 months between the different groups; AGE and placebo
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partial occlusion. The microvascular blood flow was 7.9
± (3.6) PU in the AGE group and 6.5 ± (3.3) PU in the pla-
cebo group during the partial occlusion. The microvascular
blood flow was 47.3 ± (22.7) PU in the AGE group and
46.6 ± (23.7) PU in the placebo group at 12 months during
PORH. See Figure 1B for an example of an output data file
from the LDV. The mean percent changes between the two
time points 0 and 12 months were 102, 64 (174, 15) %
change for AGE and 78, 62 (107, 92) % change for the pla-
cebo group (F[1, 120] = 5. 95, P < 0.016) shown in
Figure 3.

4 | DISCUSSION

The present study demonstrates that 12 months of AGE sup-
plement preserves and even improves cutaneous microcircu-
lation measured by LDV compared with the placebo group.
LDV is a well-known technology that can measure the
velocimetry on blood cells and is therefore an excellent
method to measure microvascular blood circulation and tis-
sue perfusion.13,16,20,21 Alterations in microcirculation are
correlated with impaired endothelial function and a low-
grade inflammatory response.7-9 Impaired vascular endothe-
lial function and impaired cutaneous tissue perfusion on the
other hand have attracted attention as prognostic indicators
of cardiovascular prevention and are involved in impaired
wound healing, especially in persons with diabetes mellitus.

The endothelium covers the interior wall of the vessels
and has a major impact on blood pressure regulation, micro-
vascular blood flow, and tissue perfusion. Nitric oxide
(NO) is synthesised from the amino acid L-arginine in endo-
thelial cells by the constitutive calcium-calmodulin-
dependent enzyme nitric oxide synthase (NOS) and causes
vasodilation by relaxation of the smooth muscle cells of the
vascular walls. NO has wide-ranging biological properties
and plays a crucial role in the normal endothelial function.
Several conditions, including those commonly associated as
risk factors for atherosclerosis such as hypertension, hyper-
cholesterolaemia, and diabetes mellitus are associated with
reduced release of NO. Therefore, endothelial dysfunction
has been associated as an early sign of CVD.

Tests that cause endothelium-dependent and/or indepen-
dent vasodilation such as PORH are used to study the endo-
thelial function and tissue perfusion. Reactive hyperaemia is
an increase in blood flow as a result of a temporary occlu-
sion of an arterial blood supply leading to an oxygen deficit.
Patients with impaired endothelial function show a different
response than healthy controls. In PORH, a partial arterial
occlusion is performed, as in the present study by using a
blood pressure cuff inflated to 250 mm Hg for 3 minutes.
After the partial occlusion, the pressure is released, resulting
in a large inflow of blood into the previously occluded

tissue. The perfusion is measured before the occlusion, dur-
ing the occlusion and after the occlusion. Parameters related
to both magnitude, occlusion and baseline measurements
before occlusion give information about the vascular health
of the patient.

The present study included a total of 134 patients, and
122 patients were analysed after 12 months. Twelve patients
were either excluded because of changes in medication dur-
ing the study or they withdrew their informed consent. This
is the largest study ever performed evaluating AGE effects
on microvascular blood flow and cutaneous tissue perfusion.
There are a few other studies describing the AGE effect on
microvascular blood flow. Ahmadi et al. showed increased
microvascular blood flow in a randomised trial on 60 patients
with AGE supplement and placebo using digital thermal
monitoring measurements of the fingertips before, during
and after PORH.10 Weiss et al. showed in a 6-week trial on
11 healthy subjects increased microvascular blood flow
using acetylcholine-induced vasodilation on the forearm.12

Another randomised AGE placebo-controlled study evalu-
ated arterial stiffness by measuring the pulse wave velocity
also showed increased vascular elasticity.25

Atherosclerosis is a progressive disease leading to
decreased microvascular blood flow and impaired cutaneous
tissue perfusion over time. Previous studies have suggested
that AGE improves endothelial function by anti-oxidative
effects.26,27 Other studies have implicated that AGE
increases the production of NO in endothelial cells
suggesting an effect on the vascular tone and anti-inflamma-
tion.28 Many studies have shown that NO production in the
endothelium interferes with crucial mechanisms in the ath-
erosclerotic process and inflammation.29 Preserving or even
increasing the microvascular blood flow might be because of
an inhibition of the atherosclerosis process by restoring natu-
ral compliance of vessels. However, it might also be because
of increased angiogenesis, vascular neovascularisation, and
by potentially affecting vascular tone and endothelial func-
tion, meaning restored vascular health and thereby improv-
ing wound healing.

The present study has both strengths and limitations.
LDV is easily implemented, yet interpretation of the results
needs to be made with some limitations in mind. LDV is
sensitive to movement artefacts and to external factors such
as changes in room temperature, stress, caffeine intake, nico-
tine intake, and exercise. There is limited knowledge of how
differences in skin pigmentation, skin thickness, and proxim-
ity to larger vessel and capillary density affect the size of the
LDV output. However, this was compensated for to some
extent by using standardised measuring techniques
according to the study protocol, controlled environment, and
meticulous application of the measuring probe, and repeated
measures on patients. All data from the laser Doppler files

WLOSINSKA ET AL. 1491



were extracted twice by two different researchers and the
median values of those values were used for calculation. The
study was monitored externally by a study monitor during
the whole study period, who carefully secured that all values
were correct and were adequate.

The present study demonstrates that 12 months of AGE
supplement may preserve and even improve the microcircu-
lation measured by LDV as seen in Figure 3. The effect
might be because of an inhibition of the atherosclerosis pro-
cess, but also by potentially affecting vascular tone and
endothelial function. Preserving or even increasing the
microvascular blood flow and cutaneous tissue perfusion
may hypothetically facilitate wound healing.
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