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Abstract

Background: One of the most serious secondary manifestations of Cardiovascular Disease (CVD) is coronary
atherosclerosis. This study aimed to evaluate whether aged garlic extract (AGE) can influence coronary artery
calcification (CAC) and to predict the individual effect of AGE using a standard process for data mining (CRISP–DM).

Method: This was a single-center parallel randomized controlled study in a university hospital in Europe. Patients
were randomized, in a double-blind manner, through a computer-generated randomization chart. Patients with a
Framingham risk score ≥ 10 after CT scan (n = 104) were randomized to an intake of placebo or AGE (2400 mg
daily) for 1 year.
Main outcome measures were changes in CAC score and secondary outcome measures changes in blood pressure,
fasting blood glucose, blood lipids and inflammatory biomarkers.

Result: 104 patients were randomized and 46 in the active group and 47 in the placebo group were analyzed.
There was a significant (p < 0.05) change in CAC progression (OR: 2.95 [1.05–8.27]), blood glucose (OR: 3.1 [1.09–
8.85]) and IL-6 (OR 2.56 [1.00–6.53]) in favor of the active group. There was also a significant (p = 0.027) decrease in
systolic blood pressure in the AGE group, from a mean of 148 (SD: 19) mmHg at 0 months, to 140 (SD: 15) mmHg
after 12 months. The AGE Algorithm, at a selected probability cut-off value of 0.5, the accuracy score for CAC
progression was 80%, precision score of 79% and recall score 83%. The score for blood pressure was 74% (accuracy,
precision and recall). There were no side-effects in either group.

Conclusions: AGE inhibits CAC progression, lowers IL–6, glucose levels and blood pressure in patients at increased
risk of cardiovascular events in a European cohort. An algorithm was made and was used to predict with 80%
precision which patient will have a significantly reduced CAC progression using AGE. The algorithm could also
predict with a 74% precision which patient will have a significant blood pressure lowering effect pressure using
AGE.

Trial registration: Clinical trials NCT03860350, retrospectively registered (1/32019).

Keywords: Aged garlic extract, Calcium score, Placebo-controlled, Double-blinded, Blood pressure, Data science,
Data mining, CRISP-DM
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Background
Cardiovascular disease (CVD) kills 17.9 million people
every year, accounts for 31% of all global deaths, and is
considered to be the leading cause of death worldwide
[1]. Hypertension and hyperlipidemia are two of the
most important risk factors for CVD [1]. Hypertension
affects more than 1 billion (one in four) adults world-
wide, and about 40% of all premature deaths (under the
age of 70 years) worldwide are caused by CVD [1]. One
of the most serious secondary manifestations of hyper-
tension and hyperlipidemia is coronary atherosclerosis,
which can lead to myocardial infarction. Arteriosclerosis
develops over a considerable period of time, which is
why primary and secondary prevention have proved to
be effective in preventing the development of CVD [2].
Calcified atherosclerotic lesions in the coronary arteries
can be measured as coronary artery calcification (CAC)
which has become a well-validated prognostic marker of
ischemic heart disease (IHD) [3]. The progression of
CAC is becoming an acceptable prognostic factor for
evaluating the effectiveness of interventions instead of
end-points such as myocardial infarction and cardiac
disease mortality [4].
The impact of lifestyle and daily diet vary considerably

between different countries and continents, and have
been shown to affect the development of different kinds
of diseases such as diabetes and CVD [5–11]. Lately
there has been increased interest and awareness in soci-
ety regarding the connection between dietary intake and
diseases. Primary and secondary prevention using alter-
native supplements and methods to avoid or to reduce
the use of traditional pharmacological drugs have also
become popular. One of the reasons for this is that
pharmacological drugs with lipid-lowering and blood
pressure-lowering effects cause many side-effects that
may have a negative impact on the quality of life [12,
13]. Among garlic supplements, aged garlic extract
(AGE) has shown high tolerability with a high safety
profile, and has a standard dosage of one of the active
ingredients S-allylcysteine (SAC) [14–18].
Studies have evaluated the effect of AGE on coronary

arteriosclerosis and biomarkers of inflammation in co-
horts with low-to-intermediate risk for cardiovascular
diseases calculated using the Framingham risk score in
non-European cohorts [14, 16, 19, 20]. None of these
studies has been conducted on a European cohort with
an intermediate-to-high risk of cardiovascular events.
Diet differs considerably between different continents
and countries. Both diet and ethnicity with genetic vari-
ants have been shown to influence the development of
cardiovascular disease [21–24]. Thus, a result obtained
in one population cannot be predicted to occur in an-
other population. Here, we describe in a randomized
placebo-controlled trial of 104 patients with a high risk

of cardiovascular events, the effect and tolerability of
AGE as a primary but also as an adjunct treatment on
blood pressure, blood lipids, and coronary arterioscler-
osis and inflammatory biomarkers in a European cohort.
The aim was also to create an algorithm, the AGE algo-
rithm, to predict the individual AGE impact on CAC
progression and blood pressure.

Methods
The study was designed as a single-center, parallel,
double-blind placebo-controlled randomized study to
determine whether AGE can influence the rate of ath-
erosclerosis plaque burden and CAC and inflammatory
biomarkers in a European cohort. This study was con-
ducted according to the guidelines laid down in the Dec-
laration of Helsinki and all procedures involving human
patients were approved by the local ethical committee
DNR 2016/745 (Lund, Sweden). All participants signed a
written consent form before entering the study. The study
protocol was registered at (https://clinicaltrials.gov/ct2/
show/NCT03860350?term=NCT03860350&rank=1) with
ClinicalTrials.gov Identifier: NCT03860350. The study
was monitored externally by Preventia AB, Sweden,
https://www.preventia.se/en/startsida/. The study was
conducted according to the CONSORT (Consolidate
Standards of Reporting Trials) guidelines and state-
ment [25]. The study was conducted at Skåne Univer-
sity hospital in Lund, Sweden between October 2016
and October 2018.

Study outcomes
The primary outcome was changes in CAC score after 1
year of placebo or AGE intake. Secondary outcome mea-
surements were changes in blood pressure (diastolic and
systolic), fasting blood glucose, blood lipids (total choles-
terol, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), apolipoprotein A and B and triglycerides)
and inflammatory biomarkers (C-reactive protein (CRP)
and interleukin–6 (Il–6)).

Inclusion criteria
Asymptomatic patients aged between 40 and 75 years
with a Framingham risk score ≥ 10 [26] were selected
and sent for cardiac computed tomography (CT). Pa-
tients with a positive CAC score on cardiac CT were in-
cluded and randomized in the study. The subjects were
required to be on stable concomitant medications for at
least 4 months prior to randomization and subjects with
diabetes were required to have a glycated hemoglobin
(HbA1c) < 8.0, and stable HbA1c level (variation range
within 0.5%) for 6 months.
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Exclusion criteria
1) History of myocardial infarction, 2) Symptoms of
ischemic heart disease, 3) Proximal CAC, 4) calcium
score above 1000 units, 5) Conditions interfering with
assessment of coronary calcification (metal clips, bypass
patients, intracoronary stents) and drug absorption, 6)
hypersensitivity to AGE therapy, 7) any unstable medical
disorder, 8) bleeding disorder, 9) stroke, 10) prior life-
threatening arrhythmia, 11) resting hypotension (systolic
< 90mmHg) or hypertension (resting blood pressure >
170/110mmHg), 12) heart failure NYHA class III or IV,
13) history of malignancy within the last 5 years or evi-
dence of active cancer, 14) serum creatinine > 140 μmol/L,
15) triglycerides > 4.0mmol/L baseline visit, 16) diabetic
subjects with HbA1c > 8.0, 17) drug abuse.

Randomization
A total of 104 patients met the inclusion criteria and
were randomized in a double-blind manner, using num-
bered containers assigned to a computer-generated
randomization chart by a study nurse. The patients were
randomized to an intake of capsules with 2400 mg AGE
daily (two capsules of 600 mg twice daily, Kyolic Reserve
formula; Wakunaga of America Co Ltd., n = 52) or two
placebo capsules twice daily (starch capsules, n = 52) for
12 months. All patients receiving AGE supplement re-
ceived the same dose. Study investigators, i.e. those
assessing outcomes and patients, were blinded to treat-
ment allocation. The dose and duration of AGE was de-
termined based on prior publications [16, 19, 20].

Clinical evaluation
Medical evaluation including medical history, cardiovas-
cular risk factors, prescribed medications, smoking and
alcohol intake was performed at 0, 4, 8 and 12months.
In addition, blood pressure measurement, body mass
index, ECG measurements and assessment of patients’
compliance with medication were recorded. Blood pres-
sure was measured after 10 min’ rest in a comfortable
supine position by an automatic blood pressure monitor
(OMRON Automatic Blood Pressure Monitor Model
M6 Comfort IT).

Blood samples
Blood samples were collected and analyzed using stand-
ard techniques. The following analyses were made: C-
reactive protein (CRP), interleukin–6 (Il–6) fasting blood
glucose, blood lipids (total cholesterol, high-density lipo-
protein [HDL], low-density lipoprotein [LDL], apolipo-
protein A and B and triglycerides).

CAC measurements
Patients underwent cardiac CT with a 128-multidetector
computed tomography scanner, SOMATOM Definition

AS+ with Stellar detector by Siemens. Electrocardio-
graphic triggering was performed at 70% of the R-R
interval. The coronary arteries were imaged in sequential
mode with 3.0mm (Acq. 32 × 1.2 mm) axial slices. Meas-
urement of Agatston calcium score was performed with
software, syngo.via, by Siemens. CAC score measurements
were performed on non-contrast studies by an experi-
enced reader blinded to the patient and clinical informa-
tion. CAC was defined as a plaque of at least three
contiguous pixels (area 1.02mm2) with a density of > 130
Hounsfield units. The lesion score was calculated by
multiplying the lesion area by a density factor derived
from the maximal Hounsfield unit within this area, as de-
scribed by Agatston et al. [10]. The density factor was re-
corded in the following manner: 1 for lesions with peak
attenuation of 130–199, 2 for lesions with peak attenu-
ation of 200–299, 3 for lesions with peak attenuation of
300–399, and 4 for lesions with peak attenuation of > 400.
Total calcium score was determined by totalling individual
lesion scores from each of the four main coronary arteries
(left main coronary, left anterior descending coronary, left
circumflex coronary, and right coronary arteries). Cardiac
CT was performed at 0 and 12months.

Statistical analyses
A power analysis was based on previously published stud-
ies evaluating the effect of garlic and supplements on cor-
onary atherosclerosis, blood pressure, cholesterol and
inflammatory biomarkers [19, 20]. All continuous data
were presented as a mean value ± SD, and all categorical
data were reported as percentages or absolute numbers.
Student’s t-test and Chi-squared test were used to assess
differences between groups. Comparisons of all parame-
ters between the active therapy and placebo were made by
Student’s t-test. Repeated measures ANOVA were per-
formed to test for differences between groups over time.
The associations between changes in the two treatment
groups (active therapy and placebo) over 12months for
risk factors, including lipid profile, CAC, and CRP were
analyzed by logistic regression analyses. These analyses
were adjusted for demographics, age, gender, and trad-
itional cardiac risk factors. Odds ratios were calculated for
median annual change of CAC progression, change in
CRP, and other risk factors. All statistical analyses were
performed using SPSS V 19.0 (SPSS Institute, Chicago,
IL). The level of significance was set to p < 0.05. Odds ra-
tio (OR) was presented for belonging to active group or
placebo for lower CAC progression, lower blood glucose
and lower inflammatory biomarkers.

AGE algorithm created using cross industry standard
process for data mining (CRISP–DM)
The AGE algorithm was created using a CRISP–DM
[27]. A sample of 46 patients who were given AGE
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supplement treatment were studied with the primary ob-
jective of investigating the potential of developing a pre-
dictive model. The aim of this was to identify patients
for whom CAC and systolic blood pressure progression
would benefit from AGE supplement using predictive
modelling. The target variable, progression, was created
using the measured progression after 12 months’ treat-
ment. By dividing the sample into two groups, where pa-
tients with less CAC progression than the median were
assigned 1 and the rest were assigned 0, the same meth-
odology was applied for systolic blood pressure, patients
with a systolic blood pressure decrease larger than the
median were assigned 1 and the rest 0. This meant that
those patients who most benefited from the AGE sup-
plement were those assigned the value 1.
Using multivariable methods and logistic regression,

two proof-of-concept predictive models were developed
and validated using leave-one-out cross validation
(LOOCV), one for CAC progression and one for systolic
blood pressure. Each model was trained and tested 46
times, resulting in all patients belonging to the training
sample 45 times and the test sample once, see Table 1.
Various biomarkers were available to use as independent

variables in the model, and additional variables were created
using basic arithmetic, primarily multiplication. By multiply-
ing variables with other variables and squaring, multiplying
the variable with itself, an additional 90 variables were avail-
able for the model to use. All analyses were performed in R
3.5.3 using the generalized linear model library for binomial
regression and SPSS V19.0 (SPSS Institute, Chicago, IL)
using the binary logistic function and forward stepwise (like-
lihood ratio) variable selection method. The statistics and
the AGE algorithm were performed in collaboration with
Andreas Timglas at Fanwl Consulting AB.

Results
A total of 175 patients with a Framingham risk score ≥ 10
were assessed for the study and underwent a cardiac CT
scan. Seventy-one patients were excluded after the initial

cardiac CT scan: of these 59 did not have a positive CAC
score and the remaining had a heavy CAC burden and were
sent for further assessment at the cardiology department.
In total 104 patients were enrolled and randomized in the
study, 11 participants were excluded during the study so
consequently 93 patients, 47 in the AGE group and 46 in
the placebo group, were analyzed, see CONSORT (Consoli-
date Standards of Reporting Trials) outlined in Fig. 1. No
patient in the study had any adverse reaction to the active
therapy that indicated removal from the study.
At baseline there were no significant differences in car-

diovascular risk factors calculated using the Framingham
risk score. The majority of the patients in the study had
medications for hypertension and hypercholesterolemia
when they entered the study. Patient demographics are
shown in Table 2. There was a significant difference be-
tween the AGE group and the placebo group at baseline
measurements at 0months in body mass index (BMI)
where the placebo group had a higher BMI than the AGE
group. The AGE group on the other hand had a signifi-
cantly higher CAC score when entering the study. The
cholesterol- and LDL-levels were significantly lower in the
placebo group than in the AGE group at baseline. Baseline
characteristics and absolute values are presented in Table 3.

Adjusted multivariable logistic regression analyses
An adjusted multivariable logistic regression analysis was
used for equalizing the baseline differences between the
placebo and the AGE group. Further calculations using
multivariable logistic regression analyses adjusted for age,
gender, weight, hypertension, hypercholesterolemia, anti-
platelet therapy, heart disease, kidney disease, diabetes,
smoking, cancer and alcohol use with median split were
used to analyze the data. The results are shown in Table 4.

CAC score
The CAC score was measured at 0 and 12months. Interest-
ingly the adjusted multivariable logistic regression, analyzing
the CAC score showed that the probability of belonging to
the group with the lowest CAC progression was 2.95 (ad-
justed OR, 95% CI 1.05–8.27, p= 0.040) times higher in the
AGE group. CAC is considered to be a progressive disease
and a progression in CAC score over time is expected. In
the present study all patients, whether in the placebo group
or in the AGE supplement group, showed an increase in
CAC score over a 12-month period. However, the patients
in the AGE supplement group had a decreased progression
compared to the placebo group. The placebo group had a
significantly increased annular CAC progression of 28%
compared to the AGE supplement group (20%).

P-glucose levels
The probability of belonging to the group with the low-
est glucose level was 3.10 (adjusted OR, 95% CI 1.09–

Table 1 Using multivariable methods, logistic regression, two
proof-of-concept predictive models were developed and
validated using leave-one-out cross validation (LOOCV), one for
CAC progression and one for systolic blood pressure. Each
model was trained and tested 46 times, resulting in all patients
belonging to the training sample 45 times and the test sample
once. An example is seen in the Table

Patient 1 Patient 2 Patient 3 Patient 45 Patient 46

Model 1 Train Train Train Train Test

Model 2 Train Train Train Test Train

Model 3 Train Train Train Train Train

Model 45 Train Test Train Train Train

Model 46 Test Train Train Train Train
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8.85, p = 0.034) times higher in the AGE group com-
pared to the placebo group.

Interleukin–6 levels (IL–6)
The probability of belonging to the group with the low-
est interleukin–6 (Il–6) was 2.56 (adjusted OR, 95% CI:
1.002–6.53, p = 0.049) times higher in the AGE group
than in the placebo group. There were no significant dif-
ferences in the lipid profile, BMI or CRP between the
AGE and the placebo groups.

Blood pressure
Patients’ blood pressure was recorded repeatedly at four
time points during the study period. A one-way repeated
measure ANOVA analysis was performed to examine

Fig. 1 CONSORT statement (consolidated standards of reporting trials) flow chart. Showing demographics and baseline clinical information of the
study cohort. Aged garlic extract (AGE), coronary artery calcification (CAC)

Table 2 Patient demographics at baseline

Variable AGE Placebo

n = 46 % n = 47 % P-value

Gender (male) 30 (65%) 31 (66%) 0.94

Hypertension 37 (80%) 41 (87%) 0.38

Hypercholesterolemia 24 (52%) 32 (68%) 0.12

Diabetes mellitus 5 (11%) 12 (26%) 0.07

Current smoker 5 (11%) 3 (6%) 0.57

Family history of CVD 33 (72%) 25 (53%) 0.09
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the blood pressure. The patients in the AGE group
showed significantly (p = 0.027) lower systolic blood
pressure at the 12 months’ follow-up: 140 (SD: 15)
mmHg compared to baseline 148 (SD: 19 mmHg). No
difference in systolic blood pressure was seen between 0
and 12 months in the placebo group (baseline 142 (SD
29) mmHg and 14 (SD: 14) mmHg at 12 months) (p >
0.996) (Table 5).
The diastolic blood pressure in the AGE group was 88

(SD: 9) mmHg at 0months and 85 (SD: 8) mmHg at 12
months (p ≥ 0.06). The diastolic blood pressure in the

placebo group was 87 (SD: 9) mmHg at 0 months and
84 (SD: 10) mmHg at 12 months (p = 0.049).

CAC progression – predicted impact of AGE: CRISP–DM
A logistic regression analysis identified six biomarkers as
useful for predicting relative change in CAC progression
from baseline to the 12-months’ follow up. Using these
six biomarkers, a validated, relatively stable predictive
model was developed to determine the probability of be-
longing to the group with the lowest annual change in
CAC score. At a selected probability cut-off value of 0.5,
the model’s accuracy score was 80%, with a precision
score of 79% and recall score of 83% using LOOCV.
Using six biomarkers the following independent vari-

ables were created and used to predict CAC progression:

� CAC score at 0 months;
� Plasma concentrations of different lipids;
� Systolic blood pressure and diastolic blood pressure.

The lowering of systolic blood pressure – predicted
impact of AGE: CRISP–DM
A logistic regression analysis identified three biomarkers
as useful for predicting relative change in systolic blood
pressure progression from baseline to the 12-months’
follow up. Using these three biomarkers, a validated,
relatively stable predictive model was developed to de-
termine the probability of belonging to the group with
the best effect of AGE on systolic blood pressure, mean-
ing a decrease in the systolic blood pressure after a year
of AGE treatment. At a selected probability cut-off value
of 0.5, the model’s accuracy score was 74%, with preci-
sion score of 74% and recall score of 74% using LOOCV.
Using three biomarkers the following independent var-

iables were created and used to predict systolic blood
pressure progression:

� CAC score at 0 months;
� Plasma concentrations of different lipids.

Discussion
The present study demonstrates that AGE alone reduces
the progression of CAC and that the probability of be-
longing to the group with the lowest CAC progression
was almost three times higher in the AGE group than in

Table 3 Measurements at baseline, 0 months in absolute values.
Coronary artery calcification. (CAC), C reactive protein (CRP).
High-density lipoprotein (HDL). Low-density lipoprotein (LDL).
Interleukin–6 (Il–6). Apolipoprotein A and B (ApoB/ApoA)

Variable AGE Placebo

n = 46 SD n = 47 SD P-value

Framingham risk score 23 (7) 21 (7) 0.27

Age (years) 63 (6) 64 (6) 0.95

BMI 27.6 (3.7) 30.0 (4.6) 0.01

CAC 207.3 (237.7) 121.0 (178) 0.05

CRP (mg/L) 2.2 (3.6) 2.2 (3.5) 0.97

Triglycerides (mmol/L) 1.4 (0.7) 1.6 (1.2) 0.21

Cholesterol (mmol/L) 5.2 (1.3) 4.6 (1) 0.03

HDL (mmol/L) 1.6 (0.5) 1.4 (0.4) 0.07

LDL (mmol/L) 3.4 (1.1) 2.9 (0.9) 0.01

Il-6 (ng/L) 4.5 (3.7) 4.4 (2.3) 0.83

ApoB/ApoA 0.7 (0.2) 0.7 (0.2) 0.30

Homocysteine (μmol/L) 13.4 (3.8) 13.2 (3.6) 0.76

Glucose (mmol/L) 6.3 (1.2) 6.6 (1.3) 0.43

Table 4 Results of a logistic regression with a median split.
Coronary artery calcification (CAC), C-reactive protein (CRP).
High-density lipoprotein (HDL). Low-density lipoprotein (LDL).
Interleukin–6 (Il–6). Apolipoprotein A and B (ApoB/ApoA)

AGE vs. Placebo

Adjusted OR (95% CI) P-value

CAC 2.95 (1.05–8.27) 0.040

Glucose (mmol/L) 3.1 (1.09–8.85) 0.034

IL-6 (ng/L) 2.56 (1–6.53) 0.049

Cholesterol (mmol/L) 0.57 (0.23–1.43) 0.228

LDL (mmol/L) 0.62 (0.24–1.58) 0.317

Triglyceride (mmol/L) 1.59 (0.6–4.16) 0.349

HDL (mmol/L) 1.43 (0.55–3.76) 0.463

Homocysteine (μmol/L) 1.18 (0.47–2.96) 0.724

ApoB/ApoA 0.9 (0.34–2.39) 0.840

CRP (mg/L) 1.45 (0.56–3.77) 0.447

Table 5 Systolic blood pressure for the AGE and placebo
groups, at 0 and 12months

Systolic blood pressure

0 months 12months

Group Mean (SD) Mean (SD) P-value

AGE (n = 46) 148 (19) 140 (15) 0.027

Placebo (n = 47) 142 (29) 142 (14) 0.996
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the placebo group. CAC is considered to be a progres-
sive disease and a progression in CAC score over time is
expected. In the present study all patients, whether in
the placebo group or in the AGE supplement group,
showed an increase in CAC score over a 12-month
period. However, the patients in the AGE supplement
group had a reduced progression compared to the pla-
cebo group. These data are consistent with prior studies
documenting the reduced progression of CAC by AGE
[14, 16, 18, 20, 28, 29], although all prior studies have
been conducted in a non-European population with a
low-to-intermediate risk of cardiovascular events. This
study is the first of its kind to be performed in a Euro-
pean population with an intermediate-to-high risk of
cardiovascular events. The data also show a beneficial ef-
fect on inflammation, in line with previous reports [30],
with a significant lowering effect on IL-6. The present
study also confirms a blood-pressure lowering effect
after 12 months of AGE supplement. These results are
in line with previous studies showing positive cardiovas-
cular effects of AGE or the combination of AGE with
other supplements [19, 20, 31–33]. Interestingly we also
found a glucose-lowering effect in the AGE group. Fur-
thermore, in the placebo group there was a positive ef-
fect on diastolic blood pressure.
Applying data mining and knowledge discovery as an

emerging strategy has increased enormously over the
past few years and has been used to predict the outcome
of various pharmaceutical and medical treatments [27,
34, 35]. Individuals respond differently to similar treat-
ments presumably since individuals have different bio-
logical and genetic determinants of CVD. Biological and
genetic determinants of CVD or variations may modu-
late gene function, affecting certain proteins. These
changes could have an impact on the pathogenesis of
hypertension and progression of coronary artery disease
[36, 37]. Consequently, it is important to be able to cus-
tomise diverse types of diets, supplements and treat-
ments depending on each individual. We therefore
created an algorithm, the AGE algorithm, to predict the
individual results of AGE on different outcomes such as
lack of CAC progression and blood-pressure lowering
effect. We used a CRISP–DM to create the AGE algo-
rithm. The algorithm is based on CAC score, blood
lipids and blood pressure at 0 months, and by using
these biomarkers we could predict, with 80% precision,
which patient will have a significantly reduced CAC pro-
gression after 12 months of AGE supplement. With the
same type of model we could also predict with a 74%
precision which patients will have a significant blood-
pressure lowering effect after 12 months of AGE
supplement.
The Framingham Risk Score has been validated as a

useful tool in the estimation of the 10-year risk of CVD

[26]. However, events may still occur among those pre-
dicted to be at low risk of CVD [38, 39]. As such, identi-
fication of factors associated with CVD events in
persons at low risk is imperative. Because of limitations
in the Framingham risk score for risk prediction in indi-
viduals, much effort has been targeted towards improv-
ing identification of persons at risk of coronary events.
Coronary artery calcium Agatston score may predict
coronary events beyond the Framingham Risk Score risk
factors [40]. Increase in CAC scores over time (CAC
progression) improves prediction of CVD events. In the
present study the patients had no significant differences
in Framingham risk score when entering the study, yet
their CAC score at baseline was significantly different
with a higher CAC score in the AGE group. Since a sig-
nificant difference at baseline was seen between the
AGE and placebo groups a further analysis with a multi-
variable logistic regression adjusted for cardiovascular
risk factors was used for equalizing the baseline differ-
ences. Interestingly the adjusted multivariable logistic re-
gression analysis, analyzing the CAC score, showed that
the probability of belonging to the group with the lowest
CAC progression was 2.95 (adjusted OR, 95% CI 1.05–
8.27, p = 0.040) times higher in the AGE group. The re-
sults from both the present study and prior studies on
AGE and CAC score imply that AGE reduces the pro-
gression of CAC in both a European and a USA popula-
tion, which is interesting considering the possible
differences in dietary intake between Europeans and US
citizens. Statin therapy has also been shown to reduce
the rate of CAC progression [2, 41].
Compared to the studies on AGE and CAC progres-

sion performed in the past, the present study is by far
the largest with approximately 65% more patients than
the biggest previous studies [14, 17, 18]. However, in
both the present study and in prior studies many of the
patients, more or less equally divided between the differ-
ent cohorts (placebo or AGE groups) were on co-
medication with statin therapy, but still the AGE cohort
in all studies was shown to result in a slowing CAC pro-
gression [14, 16, 19, 20, 28, 31].
A positive effect on IL–6 was observed in the study in

favour of the AGE cohort. IL–6 is known to be involved
in the inflammatory processes of atherosclerosis [42].
CAC is the result of atherosclerotic disease and can pre-
dict future cardiovascular events independent of trad-
itional risk factors [43]. A positive impact on IL–6
might, therefore, partly explain the molecular mecha-
nisms behind the reason why the AGE group showed a
lower CAC progression than the placebo group. Other
molecular mechanisms behind the beneficial effects of
AGE, and other natural products that include garlic (Al-
lium sativum), have been studied to some extent. It has
been suggested that AGE has a positive impact on
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vascular endothelial and platelet function with both
playing a pivotal role in the etiology of arteriolosclerosis
and cardiovascular disease [15, 44–48]. Impaired endo-
thelial function portends an increased risk of cardiovas-
cular disease. Vascular oxidative stress and systemic
inflammation play a critical role in the pathogenesis and
progression of vascular disease. It is believed that AGE
has a positive effect on blood pressure by improving im-
paired vascular endothelial function, while decreasing
the progression of atherosclerotic plaque [49]. IL–6 also
stimulates low-grade inflammatory processes and has
been proposed to be involved in the pathogenesis caus-
ing type 2 diabetes. Mediators of inflammation such as
IL–6 among others have been suggested to be involved
in these events. IL–6 has, in addition to its immune
regulatory actions, been proposed to affect glucose
homeostasis and metabolism directly and indirectly by
action on skeletal muscle cells, adipocytes, hepatocytes,
pancreatic beta-cells, and neuroendocrine cells [50].
Interestingly the patients in the present study also
showed lower plasma levels of glucose after 12 months
of AGE treatment compared to the placebo group.

Limitations
There are strengths and limitations of the present study.
CAC progression was defined as the absolute change in
CAC. Analyses of the progression of CAC are statisti-
cally challenging because of a high degree of dependence
of the CAC score at baseline and because of inter-scan
variability. The cardiac CT scans were all performed on
the same CT scan machine by the same staff, and the
calculations of the CAC burden were performed by two
radiologists. The study was monitored externally during
the whole study period, carefully securing that all values
were correct and adequate. Although CAC score has be-
come a well-validated prognostic marker of IHD, the ab-
sence of CAC does not necessarily exclude obstructive
coronary artery disease or the need for revascularization
[51]. However, in the present study the focus was not on
obstructive stenosis, but on the CAC progression of the
coronary arteries over a period of 12 months. CRISP–
DM was used to create a proof of concept and presented
as the AGE algorithm. Further studies applying the AGE
algorithm on bigger cohorts are needed for validation of
the algorithm. The serum levels of S-allyl cysteine, to en-
sure intake, was not measured in the AGE supplement
group. However, the patients were taken into clinical
check-ups every 3 months and every month the study
nurse was in contact with the patient to ensure compli-
ance with the intake of the placebo or AGE supplement.

Conclusion
The present study demonstrates that AGE alone reduces
the progression of CAC and that the probability of

belonging to the group with the lowest CAC progression
was almost three times higher in the AGE group than in
the placebo group. Using data science based on CRISP–
DM the AGE algorithm was created. The AGE algorithm
was able to predict with 80% precision which patient
would have a significant reduction of CAC progression
using the AGE supplement. With the same type of
model, we could also predict with 74% precision which
patient would have a significant blood-pressure lowering
effect using the AGE supplement. The data also showed
a marked beneficial effect on inflammation, with a sig-
nificant lowering effect on IL–6. The present study also
confirms a blood-pressure lowering effect in a 12-month
follow-up period. Furthermore, we showed a glucose-
lowering effect in the AGE group.
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