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v The body’s trillion or so cells face formidable threats, from lack of food to infection with a virus.
v Free radicals represents another constant threat and came to public attention in the 1990s:

» Capable of damaging cells and genetic material

» Can change the instructions coded in a strand of DNA

» Make a circulating low-density lipoprotein molecule more likely to get trapped in an artery wall
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Hundreds, probably thousands, of different substances that can act as antioxidants.

Most familiar:

Vitamin C, vitamin E, beta-carotene, and other related carotenoids, along with the minerals
selenium and manganese.

Joined by glutathione, coenzyme Q10, lipoic acid, flavonoids, phenols, polyphenaols,
phytoestrogens,

Frijhoff et al.; 2015
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Future ?
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Testing for biomarkers of oxidative stress

Large variety of testing methods have been proposed and applied

* Methods based on inhibited autoxidation studies (kinetics of oxygen consumption)

* Analytical determination of secondary oxidation products (e.g. carbonyl compounds)

% The majority of testing methods, however, do not involve substrate autoxidation.

> ELISA

» GC-MS/MS, LC-MS/MS

» competitive bleaching of a probe (e.g. ORAC assay, [3-carotene, crocin bleaching
assays, and luminol assay)

» reaction with a different probe (e.g. spin-trapping and TOSC assay)

» indirect methods based on the reduction of persistent radicals (e.g. galvinoxyl,
DPPH and TEAC assays), or of inorganic oxidizing species (e.g. FRAP,
CUPRAC and Folin-Ciocalteu assays).
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Testing for biomarkers of oxidative stress
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a-amylase: articles with walues from non-healthy subjects have been eliminated, thus resulting in
lower within and between-subject biological variation estimates: CV) from 9.5% to 8.7% and Cvg
from 29.8% to 28.53%.

a-carotene: analyte included in this edition because the first paper appeared in 2005
a-Tocopheral: analyte included in this edition because data were found recenthy

Armyloid A a paper describing values for within and between-subject biological variation for this
analyte was just found and results are incorporated in this fourth edition for the first time.

Ascaorbic acid (vitamin C); 2 paper from 1994 was just found and results have been added
?-carotene: analyte included in this edition because the first paper appeared in 2005

C reactive protein: one paper published in 2005 has been added, thus lowering the median value
compared with that published in the third edition.

Endothelial growth factor: a paper describing walues for within and between-subject biological
wariation for this analyte was published in 2003 and has been incorporated in this fourth edition.
d-aminolevulinic acid: anakyte included in this edition because the first paper appeared in 2005
Endothelial growth factor: analyte included in this edition because the first paper appeared in 2005
Free carnitine: a paper describing walues for within and between-subject biological variation for this
analyte was found and the analyte has been incorporated in the fourth edition.

Lutein: analyte included in this edition because the first paper appeared in 2005

Lycopene: analyte included in this edition because the first paper appeared in 2005

Lymphocyte CD4: analyte included in this edition because the first paper appeared in 2005
Forphobilinogen: analyte included in this edition because the first paper appeared in 2005
Porphyring: analyte included in this edition because the first paper appeared in 2005
Prostate-specific antigen (FSA) a new paper from 2005 has been added. Also, data from prostate
cancer patients have been eliminated. This amendment caused higher Sl values compared with
the 2003 edition Sl from 14.0% to 18.1%

Retinol: analyte included in this edition because the first paper appeared in 2005

Semen concentration, marphology, motility and wvitality: a paper was found describing wvalues for
within- and between-subject biological variation for this analyte and it has been incorporated in the
fourth edition.

Total carnitine: a paper describing values for within and between-subject biological variation for this
analyte was found and they have been incorporated in the fourth edition for the first time.

itamin B1: analyte included in this edition because the first paper appeared in 2005

vitamin B2 (Riboflavin): analyte included in this edition because the first paper appeared in 2005
vitamin B2, state: this analyte appeared in 2003 with the erroneous name of Yitamin BZ.

itamin BE: analyte included in this edition because the first paper appeared in 2005

itamin BE, state: this analyte appeared in 2003 with the erroneous name of Yitamin B

itamin E (*-Tocopherol): analyte included in this edition because the first paper appeared in 2005
Yitamin K (Phylloguinong): analyte included in this edition because the first paper appeared in 2005
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Testing for biomarkers of oxidative stress

Table 1. Components of biological variation, Il, and RCV for vitamins in plasma, whole blood, or erythrocytes.

Vitamin Units Mean Median Range CV,. % CVg % | RCV, %
A (retinol) pmol/L 2.19 2.20 1.30-3.80 6.2 21 0.36 213
E (e-tocopherol) pmol/L 324 31.0 19.2-56.0 7.6 21 0.37 21.9
E/Cholesterol gemol/mmaol 6.39 6.29 4.23-10.9 7.0 15 0.54 22.4
Lutein pg/L 192 178 92.4-367 13 A 0.42 36.0
Lycopene gL 199 196 42.0-435 22 33 0.69 63.4
a-Carotena gL 47.2 39.7 10.3-191 24 65 0.38 69.2
p-Carotene gL 276 259 67.2-7T48 18 48 0.38 49.3
K {phylloquinone) nmaol,/L 1.59 1.45 0.21-6.50 33 42 0.88 108
K/ Triglycerides nmol /mmol 1.45 1.32 0.23-4.14 30 46 0.72 90.7
B4 (TDF) ng/g Hb 501 486 361775 4.8 12 0.47 15.8
Whole blood Bs (FAD) nmal,/L 384 377 252-554 5.8 10 0.59 171
Erythrocyte B, (FAD) nmol/g Hb 2.33 215 1.13-4.61 6.4 11 0.75 255
Plasma Bg (PLP) nmaol,/L 52.9 511 23.1-155 20 34 0.61 58.0
Erythrocyte B (PLP) nmol/g Hb 354 349 191740 14 24 0.60 41.4
Plasma C {ascorbic acid) pmol/L 47.8 47.0 6.33-95.2 20 21 0.95 56.2

Table 2. Laboratory method imprecision (CV,) and
desirable specifications for imprecision, bias, and total
error derived from biological variation data.

Dasirable spacification

Vitamin 7% B, % TE, % TV, %
A 3.2 5.4 10.7 41
E 3.8 5.6 11.0 31
E/Cholesterol 35 4.1 0.9 38
Lutein 6.5 8.5 19.2 2.4
Lycopene 11.2 9.0 28.1 5.4
w-Carotene 12.0 17.4 36.8 6.5
pB-Carotene 9.1 12.9 27.9 34
K 19.3 14.6 45.9 9.0
K/Triglycerides 15.2 13.8 38.6 10
B, 2.4 3.1 71 30
B, (whole blood) 29 3.0 7.8 21
B, (erythrocytes) 3.2 4.3 96 6.5
Bg (plasma) 101 9.8 26.3 36
A By, (erythrocytes) 6.8 6.8 18.0 6.1
/ c 10.0 7.2 23.7 34

h 21, imprecision: B, bias; TE, total error.

Talwar et al.; 2005
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Testing for biomarkers of oxidative stress

Guideline

Laboratory Medicine Best Practice Guideline: Vitamins A, E and the
Carotenoids in Blood

*Ronda F Greaves,'*? Gerald A Woollard,"* Kirsten E Hoad,'” Trevor A Walmsley,** Lambro A
Johnson,'” Scott Briscoe,'” Sabrina Koetsier,!* Tamantha Harrower,'* Janice P Gill'#®

Table 5. Biological variation and desirable specification for performance.3%8

Biological Desirable
Variation specification
Total

Matrix Measurand CVw CVg Imprecision (%o) Bias (%)  Error (%)
P- Retinol 6.2 21 3.1 5.5 10.6
S- Retinol 13.6 19 6.8 5.8 17.1
S- -Carotene 36 39.7 18 34 43.1
S- a-Tocopherol 13.8 15 6.9 5.1 16.5
(B)Eryth- 7.6 21 3.8 5.6 11.9

Vitamin E (u-Tocopherol)

P, plasma: S, serum: B, blood: CVw, intra-individual biological variation: CVg, inter-individual biological variation.
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Testing for biomarkers of oxidative stress

Vitamin A Adult Reference Intervals

Table 1. CoQ10 Levels in Healthy Populations

Reference, Index to Total

Mean+50 | Indexed to LOL | Cholesterol
Study (pmol/L) (emol/mmol) | (pmol/mmol)
Niklowitz et al* (n=10) 1.11£0.24 N/A N/A
Sohmiya et al** (n=29) 0.75+0.22* N/A 0.16x0.05
Miles et al* (n=106) 1.04+0.33 0.33+0.1 0.20+0.05
Duncan et al*® (n= 24) 0.675+0.315 N/A N/A
Niklowitz et al (n=14) 1.02+0.3 N/A 0.24+0.07

CoQ10 indicates Coenzyme Q10; and LDL, low-density lipoprotein.

*units in pmol.

Sharma et al.; 2016
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UNIVERSITY OF

0),4310)28D,

Level | Type of evidence
la Systematic review with homogeneity of randomized control trials
1b Individual randomized control trial with a narrow confidence interval
lc All or none related outcome
2a Systematic review with homogeneity of cohort studies
2b Individual cohort study (including low-quality randomized control trials, e.g., <80% follow-up)
2c “Outcomes’ Research; Ecological studies
3a Systematic review with homogeneity of case—control studies
3b Individual case—ontrol study
4 Case-series (and poor-quality cohort and case—control studies)
5 Expert opinion without explicit critical appraisal, or based on physiology, bench research or

“first principles”

Grades of recommendation

Consistent level 1 studies

Consistent level 2 or 3 studies or extrapolations from level 1 studies

Level 4 studies or extrapolations from level 2 or 3 studies

wilellivelies

Level 5 evidence or troublingly inconsistent or inconclusive studies of any level
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Table 1

Advantages and disadvantages of various biomarkers of oxidative stress,

Biomarker

Advantages

Disadvantages

Comments

References

IsoPs

MDA

Nitrotyrosing

S-glutathionylation

MPO

OxLDL

ROS-induced changes to
gene expression

Serum antioxidant capacity

Can be detected in various
samples (serum, urine) and
has been shown to be elevated
in the presence of a range of
CW risk factors.

Technically easy to quantify
spectrophotometrical ly using
the TBARS assay. ELISA kits to
detect MDA also have good
performance. Studies show
MDA can predict progression
of CAD and carotid
atherosclerosis at 3 years.
Human studies have
demonstrated association
with CAD independent of
traditional risk factors

S-glutathionylation of SERCA,
eM0Ss and Ma*-K* pump
demonstrated as biomarkers
as well as role in pathogenesis.

Commercial assays available,
Strong evidence that MPO
correlates with CVD risk
Elevated in CAD, increasing
OxLDL correlates with
increasing clinical severity.
Also is predictive of future
CAD in healthy population.
Good reproducibility from
frozen samples

The expression of several
genes may be measured
simultaneously using
microamray technology,
potentially increasing the
power of this biomarker
GF¥-1 demonstrated to be
inversely proportional to CAD.
Commercial kits available to
measure antioxidant capacity.,
Reproducibly quantified
despite frozen sample storage.

Current met hods of
quantification are impractical
for large-scale screening (GC/
MS) or requires further
validation {immunoassay kits),
TBARS assay is non-specific
(can detect aldehydes other
than MDA) and sample
preparation can influence
results

Circulating levels are not
equivalent to tissue levels.
Current detection methods are
expensive and impractical for
scaling up.

Detection of S-glutationylation
prone to methodological
artefact,

Access to tissue
(myocardium, vasculature)
where modification occurs
presents a clinical obstacle,
Influenced by sample storage
and time to analysis,

Reduction in OxLDL by
antioxidant pharmacotherapy
has not been matched by
reduction in CVD severity.

Microarray technology can be
manually and computationally
expensive

Antioxidant activity in serum
may not reflect that of cellular
microdomains that are
important to the pathogenesis
of VD,

No evidence linking this
biomarker to clinical
outcomes yet

Shows promise as a clinical
biomarker, however does not
have a functional impact on
the pathophysiology of OVD.

Nitrotyrosine formation on
particular cardiovascular
proteins have direct effect on
function.

Modified Hb currently being
investigated as biomarker,

MPO is a promising biomarker
for OVD risk prediction.

ELISAs for OxLDL detection
readily available,

It is unclear if expression
profiles of cells in biological
samples reflect that in
cardiovascular tissues,

Clinical relevance of

antioxidant quantification to
VD risk need further
investigation

[22,24,25]

[33,34,39,40]

[43,55]

[10,13,58,65]

[1,69,74-76,97-99]

[80-83]

[87,88]

[20]

Ho et al.; 2013
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Biomarker Clinical Clinical
discovery Validation Application

Genomics Assessment of sample preparation Large-scale clinical studies to
Transcriptomics and high-throughput biomarker establish the role of biomarker
Proteomics assays suitable for clinical use in diagnosis, prognosis and

treatment of CVD

changes in gene
expression

capacity of serum

Ho et al-; 2013 Cliniques universitaires Saint-Luc — Prof. D. Gruson



Review

Vitamin C and Heart Health: A Review Based on
Findings from Epidemiologic Studies

Melissa A. Moser and Ock K. Chun *

Department of Nutritional Sciences, University of Connecticut, Storrs, CT 06269, USA;
melissa.a. moser@uconn.edu

The current literature provides little support for the use of vitamin C supplementation to reduce
heart disease risk.

Many cohort studies and randomized trials have shown no relationship between vitamin C intake
and heart disease risk, while few have suggested moderate benefits, and some have even
suggested slight increases in risk.

Importantly, multiple studies have documented increases in cardiovascular risk associated with the
use of supplemental vitamin C, even when taken in doses of about 1000 mg per day, which is half of
the established Tolerable Upper Intake Level (UL) of 2000 mg

The lack of consistency within the body of research on this topic has called into question the roles of
antioxidants in the human body, and has even cast doubt on the LDL oxidative hypothesis

(&
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Vitamin C supplementation for the primary prevention of

cardiovascular disease (Review)

Al-Khudairy L, Flowers N, Wheelhouse R, Ghannam O, Hartley L, Stranges S, Rees K

Eight trials with 15,445 participants randomised.

The largest trial with 14,641 participants provided data on our primary outcomes

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)
Assumed risk Corresponding risk
Placebo Vitamin C supplemen-
tation
Major cardiovascular 86 per 1000 85 per 1000 HR 0.99 14,641 BHOO Inconsistency was dif-
event (77 to 94) (0.891t0 1.10) (1 study) low 1.2 ficult to evaluate given
Physicians that one trial assessed
Follow-up: mean 8 the primary outcome.
years Grey literature search
is unlikely to intro-
duce publication bias.
See Appendix 2 for
major cardiovascular
event checklist
Cardiovascular mortal- 35 per 1000 35 per 1000 HR 1.02 14,641 SO00 Inconsistency was dif-
ity (29 to 42) (0.8510 1.22) (1 study) very low .23 ficult to evaluate given

Physicians
Follow-up: mean 8
years

Cliniques universitaires Saint-Luc — Prof. D. Gruson

that one trial assessed
the primary outcome.
Grey literature search
is unlikely to intro-
duce publication bias.
See Appendix 2 for
major cardiovascular
event checklist



All-cause mortallty 110 per 1000 117 per 1000 HR1.07 14,641 BOOO Inconsistency was dif-
Physicians (107 to 128) (0.97 to 1.18) (1 study) very low 1.23 ficult to evaluate given
Follow-up: mean & that one trial assessed
years the primary outcome.
Grey literature search
is unlikely to intro-
duce publication bias.
See Appendix 2 for
major cardiovascular
event checklist
Total myocardial In- 34 per 1000 36 per 1000 HR1.04 14,641 BBOO Inconsistency was dif-
farctlon (fatal and non- (30 to 42) (0.87 to 1.24) (1 stuay) low 12 ficult to evaluate given
fatal) that one trial assessed
Physicians the primary outcome.
Follow-up: mean Grey literature search
years is unlikely to intro-
duce publication bias.
See Appendix 2 for
major cardiovascular
event checklist
Total stroke (fatal and 34 per 1000 30 per 1000 HR 0.89 14,641 SBO0 Inconsistency was dif-
non-fatal) (25 to 36) (0.7410 1.07) (1 study) low 12 ficult to evaluate given
Physicians that one trial assessed
Follow-up: mean 8 the primary outcome.
years Grey literature search
is unlikely to intro-
duce publication bias.
See Appendix 2 for
major cardiovascular
event checklist
Self-reported CABG 97 per 1000 93 per 1000 HR 0.96 14,641 BBHOO Inconsistency was dif-
PTCA (84 to 103) (0.86 10 1.07) (1 study) low!-2 ficult to evaluate given

Participant self-reports
Follow-up: mean
years

that one trial assessed
the primary outcome.

There is limited low- and very low-quality evidence currently on the effect of vitamin C
supplementation and risk of CVD risk factors.
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A Randomized Factorial Trial of Vitamins C and E
and Beta Carotene in the Secondary Prevention
of Cardiovascular Events in Women

Results From the Women’s Antioxidant Cardiovascular Study

Nancy R. Cook, 5cD; Christine M. Albert, MD; J. Michael Gaziano, MD; Elaine Zaharris, BA;
Jean MacFadyen, BA; Eleanor Danielson, MIA; Julie E. Buring, ScD; JoAnn E. Manson, MD, DrPH

Effects of ascorbic acid (500 mg/d), vitamin E (600 IU every other day), and beta carotene (50 mg every
other day) on the combined outcome of myocardial infarction, stroke, coronary revascularization, or CVD
death among 8171 female health professionals at increased risk.

@

1.75

ba
T

.

AR (95% CI)

8
[ |
—
—
l_
|_
F—a—
[ |
|_
|_

0.75

0.50

AllFlacoba VG AKDZ VEAKNG BCAIONE  VE+VC VC+BC VE+EC  VC+VE Placgbe VG VE  VC+VE
+ Placaba

Randomizad Treatment Combination Randomizad Treatmant Combination

Figure 3. Relative risks (RAs) and 95% confidence intervals (Cls) of major cardiovascular disease (CVD) by B combinations of all 3 active antioxidant assignments
relative to the all placebo group (&) or of stroke by combinations of active vitamin C (ascorbic acid) (VC) and vitamin E (VE) assignments relative to the groups
with placebo VC and VE (B). BC indicates beta carotens.

/ There were no overall effects of ascorbic acid, vitamin E, or beta carotene
| - on cardiovascular events among women at high risk for CVD.
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A Randomized Factorial Trial of Vitamins C and E
and Beta Carotene in the Secondary Prevention
of Cardiovascular Events in Women

Women’s Antioxidant Cardiovascular Study

ascorbic acid (500 mg/d), vitamin E (600 IU every other day),
and beta carotene (50 mg every other day)

Table 2. Relative Risk (RR) of Cardiovascular Outcomes by Randomized Antioxidant Intervention Group
in the Women'’s Antioxidant Cardiovascular Study
Vitamin C (Ascorbic Acid) Vitamin E Beta Carotene
'Acuwe, Placeho, RR P ' 'nnuue, Placeho, RR P ' Im:m'a, Placeho, RR P '
Outcome No. No. (95%CI)  Value No. No. (95%CI)  Value No. No. (95%Cl)  Value
Major CVD2 731 719 1.02(092113) .71 708 742 0.94(0.85-1.04) 23 731 719 1.02(0921113) .71
MI, stroke, 419 45  1.01(0.88-1.16) 87 399 435  090(0.78-1.03) 12 435 399  1.09(0.951.25) .21
CVD death
MIP 140 134  1.05(0.83-133) .70 131 143 091(072-115) 44 135 139 097(0771.23) .82
Fatal 15 19 0.79(0.40-1.55) 49 18 16 1.11(057-218) 76 10 24  042(0.20087) .02
Nonfatal 125 115 1.09(0.85-141) 50 113 127 0.88(069-1.14) 34 125 115 1.09(0.851.40) 51
Revascularization? 446 443 1.01(0.89-1.15) .88 438 451  096(0.85-1.10) 59 438 451 0.98(0.86-1.11) .71
Total CHD 510 489  1.05(0.93-1.19) 46 491 508  0.96(0.85-1.09) .52 500 499 1.01(0.89-1.14) .92
Stroke® 138 160  0.86(0.69-1.08) .21 137 161 0.84(067-1.05) .12 161 137 1.17(093147) 17
Ischemic 123 148 0.83(0.66-1.06) .13 121 150  0.79(062-1.01) .06 143 128 1.12(0.88-1.42) .37
Hemorrhagic 13 12 1.09(0.50-2.39) .83 15 10  1.47(0.66-327) 35 17 8 213(092-493) .08
Fatal 15 18 0.84(042-167) 63 18 15 1.15(0.58-2.28) 69 22 11 1.98(0.96-4.07) .07
Nonfatal 123 142 087(068-110) .25 119 146  0.80(063-102) .08 139 126 1.10(0.87-1.40) 42
TIA 203 218 093(0.77-113) 49 205 216 094(0.78-1.14) 54 201 220  091(0751.10) .35
CVD death® 206 189  1.10(0.90-133) .37 193 202 094(0.77-115) 56 211 184 1.14(0.94-139) .18
Total mortality 504 491 1.03(0.91-117) 62 502 493 1.00(0.89-114) 95 505 490  1.03(091-1.17) 65

Cook et al.; 2007
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Coenzyme Q10 and

A

C

Inflammation

Coenzyme Q10 placebo Mean Difference Mean Difference
Study or Subgro Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Dai .etal 2011 223 1.8%8 28 003 029 28 27.4% 2.201.50,2.901 ==
Leeetal 2011 062 033 17 047 0.34 19 36.3% 0.45[0.23, 0.67] bl
Lee.gtal 2013 11 054 23 -0.01 0.09 19 36.3% 1.11 [0.88,1.33] -
Total (95% CI) 68 66  100.0% 1.17 [0.47, 1.87] ""

Heterageneity: Tau®= 0.34; ChF= 32.25, df= 2 (P < 0.00001}; = 94%
Test for overall effect Z= 3.27 (P = 0.001})

2 1 0 1 2
placebo coenzyme Q10

coenzyme Q10 Placebo Mean Difference Mean Difference
St or Subgro Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% Cl
Farsietal 2015 -0.23 064 20 024 057 21 335% -047[0.84,-010] —=
Lee.etal 2013 -03 035 23 047 077 19 329% -0.47[0.84,-0.10] =
Sanoobaretal. 2015 -039 088 22 003 012 23 336% -042[0.79,-0.05
Total (95% CI) 65 63 100.0% -0.45[-0.67,-0.24] *

Heterogeneity: Chi#=0.08, di=2 (P = 0.98); F=0%
Test for overall effect: Z= 4.13 (P = 0.0001)

coenzyme Q10 Placebo

Mean Difference
IV, Random, 95% CI

coenzyme Q10 Placebo Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI
Farsi.etal 2015 D06 093 20 -012 088 21 32.2% 0.18[-0.40, 0.76]
Lee.etal 2013 -052 079 23 008 064 19 337% -0.60[1.03,-017]
Mohsenisetal 2015 -6.7 6.69 26 -0DD05 53 28 B.0% -6B5[}993 -337]
Sanoobaretal. 2015  -087 256 22 -005 018 23 261%  -0.8Z[-1.89,025)
Total (95% CI) 91 89 100.0%  -0.89 [-1.95, 0.16]

—_—

Heterogeneity. Tau®= 082, Chi*=19.07, df= 3 (P = 0.0003), F=84% t t !

Testior overall effect Z=1.65 (P=0.10) 5 E!D_.r,nz&fne Q‘IGDpIa:eb:
D coenzyme Q10 placebo Mean Difference Mean Difference
Stuiy or Subaroup D 1t £an al it IV, Fixed, 95% Cl IV, Fixxed, 95% CI
Dai et al. 2011 1.21 93 28 024 243 28 1.2% 097259 453 *
Fargietal 2016 =567 B6.24 20 -062 962 21 0.6% -5.05[F999,-011] —
Lee.stal 2011 013 108 17 003 128 19 245% 010067, 0.87 —
Leestal 2013 -02 073 23 039 1.24 19 368% -0.58[(1.22 0.04] —
Mori.et al. 2009 0 172 21 023 365 15 37% -0.23[2221.76 —
Nesamigtal. 2015 -081 303 30 -02 316 30 60% -0.71[2328 0.88 — 1
Raygan etal. 2015  -01 091 30 -028 184 30 272% 01B[055 091 -
Total (95% CI) 169 162 100.0% -0.21[-0.60, 0.17] q'

2 1 0 1 2
coenzyme Q10 placebo

Hateroganaity: Chi*=7 .58 df= 6 (FP=0.27), F= 21%
Test for overall effect Z=109 (P=027)

Fig 3. Forest plot of comparisons of Coenzyme Q10 supplementation versus placebo (outcomes: A: serum Coenzyme Q10, B:
tumor necrosis factor-alpha, C: interleukin-6, D: C reactive protein).

doi:10.1371/journal.pone0170172.003

CoQ10 supplementation may partly improve the process of inflammatory state.
/ The effects of CoQ10 on inflammation should be further investigated by conducting larger sample size
and well-defined trials of long enough duration.

|-

Zhai et al.; 2016
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European Heart Journal (2016) 37, 2993-3058 ESC/EAS GUIDELINES
dei10.1093/eurheartj/ehw 272

EURCFEAN
IDCIETY OF
CARDIOLOGY =

2016 ESC/EAS Guidelines for the Management
of Dyslipidaemias

The Task Force for the Management of Dyslipidaemias of the
European Society of Cardiology (ESC) and European Atherosclerosis
Society (EAS)

Developed with the special contribution of the European Assocciation
for Cardiovascular Prevention & Rehabilitation (EACPR)

Authors/Task Force Members: Alberico L. Catapano* (Chairperson) (Italy),

lan Graham® (Chairperson) (lreland), Guy De Backer (Belgium), Olov Wiklund
(Sweden), M. John Chapman (France), Heinz Drexel (Austria), Arno W. Hoes

(The Netherlands), Catriona S. Jennings (UK), Ulf Landmesser (Germany),

Terje R. Pedersen (Norway), Zeljko Reiner (Croatia), Gabriele Riccardi (Italy),
Marja-Riita Taskinen (Finland), Lale Tokgozoglu (Turkey), W. M. Monique
Verschuren (The Netherlands), Charalambos Vlachopoulos (Greece), David A. Wood
(UK), Jose Luis Zamorano (Spain)
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REVIEW

European Heart Journal (2017) 38, 1553-1560
EURDPEAN doi:10.1093 /eurheartj/ehx033

SOCIETY OF
(CARDIOLOGY®

Frontiers in Cardiovascular Medicine

Lipoprotein(a): the revenant

Baris Gencer', Florian Kronenbergz, Erik S. Stroesz, and Frangois Mach'#

Table | Association between Lp(a) concentrations and clinical CYD outcomes

Proatherogenic Prothrombotic

KIV10
KIV9 %
¥ Plasminogen
4 Oxidized PL Kive Sz
KIVT Activation
KIVE
A Foam qell ‘ KIV5 ¥ TEPI
Formation < KIva
KIV3
4 SMC V¥ Clot
proliferation permeability
M Platelet
A Monocyte e response
chemoattractant
- KIV1
N The number of
KIV2 defines the
size of Lp(a).

1. Association between Lp(a) levels and CHD events in large major prospective cohorts
The emerging risk factars collaboration'

Pooled individual participant data analysis from 126 634 subjects in 36 cohorts

showed a 16% higher risk of CHD events for each 1 5D increase of Lp(a).

The Copenhagen ity heart study (N = 8637)
The Copenhagen general population study (N = 29°388)
The Copenhagen ischaemic heart disease study (N = 2461).°
The Bruneck study.™

HR. for CHD events was 26 (95% C| 1.6-4.1) for the 95th vs. 22th percentile
of Lp(a), HR 122 (95% CI 1.09-1.37) per doubling of Lp(a), and HR 1.08
(95% Cl 1.03-1.12) for continuous Lp(a).

HR. for incident CVD was 1.37 per 1-5D higher Lp(a) level (SD = 32 mg/dL)

and 2.37 when comparing the top fifth quintile with other quintiles.

2 Association between Lp(a) levels and heart failure events
The Copenhagen general population study.™

percentiles.
3. Association between Lp(a) levels and recurrent MACE in secondary prevention
Meta-analysis of 18 978 subjects with CHD from 11 studies.®”

of Lp(a).

HR. for heart failure events was 1.79 (5% Cl 1.18-2.73) for the 9%th vs. 34

OR. far MACE was 1.40 (95% Cl 1.15-1.71) for the highest vs. lowest quantile

Cohort of patients treated with percutanecus coronary intervention for  In 569 patients and well controlled LDL-C, higher vs. lower median Lp(a)

acute coronary syndromes. >

dromes (HR 1.69, 95% Cl 1.03-2.70).

4. Association between Lp(a) levels and aortic valve disease
Cohorts for Heart and Aging Research in Genomic Epidemiology

value was associated with mortality and recurrent acute coronary syn-

Lp(a) genetic variation was assaciated with incident aortic stenosis (HR peral-

eonsortium ™ lele, 1.68; 95% C1, 1.32-2.15) and anrtic-valve replacement (HR 1.54; 95%
Cl, 1.05-2.27) in a large Swedish cohort; the assodation with incident aortic
stenosis was also replicated in an independent Danish cohort.

The Copenhagen City Heart Study and the Copenhagen General
Population Study *?

Elevated Lp(a) levels were associated with aortic valve stenosis of 1.2 (95% Cl
08 to 1.7) for 22nd ta 66th percentile levels (5 te 19 mg/dL), 1.6 (95% Cl

1.1 to 2.4) for 67th to 89th percentile levels (20 to &4 mg/dL), 2.0 (95% Cl
12 to 3.4) for 90th to 95th percentile levels (65 to 90 mg/dL), and 2.9 (95%
Cl 1.8 to 4.9) for levels greater than 95th percentile (=90 mgldL), vs. levels
less than the 22nd percentile (<5 mg/dL; trend, P< 0.001).

The progression rate from mild-to-moderate aortic stenosis and aortic valve
replacement was higher in top tertiles of Lp(a).

/ Cohort of patients with aortic valve stenosis.

events; ML myocardial infarction; OR, odd ratio.
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‘CHD, coronary heart disease; Cl, confidence intervals; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterot, Lp(a), lipoprotein(a); MACE, major adverse cardiovasoular



Table 2 Summary of recommendations from the European Atherosclerosis Society (EAS) and European Society of
Cardiology (ESC) regarding the screening for lipoprotein(a)

2010 EAS Consensus Fanel” Lpia) should be measured once in all subjects at intermediate or high risk of CVD who present with:

Premature COVD.

® Familial hypercholesterolemia

A familial history pf premature CVD and/or elevated Lp(a).
Recurrent CVD despite statin treatrment.
=3% 10-pear risk of fatal CVD according to the European guidelines and

® >10% 10-year risk of fatal and/or nonfatal CHD according to AHA guidelines.
2016 BESC Guidelines for the management Lp(a) should be recommended in selected cases at high risk, in patients with family history of premature

of dyslipidaemias *

VD, and for reclssification in subjects with borderline risk.

Lp(a) screening should be considered in individuals with:

Prematre CVD (< 55 years in men and < 85 years women).
Familial hypercholesteralermia

A family history of premature CVD and/or elevated Lp(a).
Recurrent CV D despite optimal statin treatment.

=5% 10-year risk of fatal CWD according to SCORE

Treatment with a PCSK9 antibody may be considered in FH patients with CWD or with other factors

putting them at very high risk for CHD, such as other CV risk factors, family history and high Lp(a).

AHA, Amerian Heart Assodation; CV, @rdiovascular; OVD, @rdiovasoular diseasze; Lp(a), lipoprotein(a); PCSKS, proprotein comvertaze kesdn 9.
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Clinical Chemistry 63:1

165-176 (2017) Reviews

State of the Art:
Blood Biomarkers for Risk Stratification in Patients
with Stable Ischemic Heart Disease

Torbjorn Omland'” and Harvey D. White?

| Novel non-protein | Metabolic
biomarkers Homocysteine
microRNAs | Adiponectin
S-RAGE
Ceramides, dimethylglycine, choline
Uokorotarss
LAl Cut-off Hazard ratio C-index
Myocardial injury
High sensitivity cardiac troponin (hs-cTnl) Nt-proBNP, pg/mL 24 @ 0.686
High sensitivity cardiac troponin (hs-cTnT)
GDF-15, ng/mL 1499 —a— 0.681
Renal/Urine
Serum creatinine MR-proANP, pg/mL 197 —_—— 0673
Serum cystatin-C
Estimated glomerular filtration ——
St Cystatin C, mg/L 0.95 0.671
Fibroblast growth factor- 23
Urine albumin:creatinine ratio MR-proADM, pmoldL  0.73 o 0.668
Urine kynurenin:tryptophan ratio |
Inflammatory markers Top "ye b rkers 0.40 —a— 0.690
Myocardial stress and remodeling C-reactive protein (CRP) combined
B-type natriuretic peptide (BNP) White blood count
N-terminal pro-B-type natriuretic peptide (NT-proBNP) Pentraxin 3
Mid-regional pro-A-type natriuretic peptide (MR- Growth differentiation factor-15 ! v : '
ProANP) Soluble suppression of tumorigenicity (sST2) 1 2 3 4 H]
Mid-regional pro-adrenomedullin (MR-proADM) Myeloperoxidase
Growth differentiation factor 15 (GDF-15) 7 Lipoprotein-associated phospholipase A2
Soluble suppression of tumorigenicity 2 (sST2) Markets :;‘xbl":':d callutar omzpmtlegerln i 2
Renin Including colgen pro-peptides and degradation | | Interleukin-6
inhibitors Kynurenin:tryptophan ratio
R S —
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Newly diagnosed Heart Failure Patient

BP 95/50 mm Hg

HR 90/min
Sinus rhythm

Trial of added therapy
e.g. ACE! or B-blocker
e.g 1 week

>

1

Determination of therapy most likely to result in Improved clinical
condition ot longer time points (e.g. LV ejection fraction; NYHA
Heart Failure Class and mortality)

Ho et al.; 2013
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Advances in Heart Failure

Coenzyme Q10 and Heart Failure
A State-of-the-Art Review

Q-SYMBIO randomized controlled trial demonstrated a reduction in major adverse cardiovascular events
with CoQ10 supplementation in a contemporary HF population

1/

Improve NO
bioavailability

Electron transport
chain function

Prevents LV
hypertrophy

Decreases LV fibrosis

(&

Coenzyme Q10

Physiologic benefit

May improve left
ventricular systolic
function

Improved endothelial
function

May reduce
atherosclerosis

May reduce
inflammatory burden

Sharma et al.; 2016

May improve
cardiovascular mortality
May reduce
hospitalization

May improve health
related quality of life

May improve functional
status

Clinical Question

Recommendation

Should clinicians
initiate CoQ10 in
patients with HF?

ACC/AHA guidelines currently do not recommend
initiation of nutritional supplementation as
treatment (including CoQ10) in patients with
current or previous symptoms of HFrEF (level of
evidence B, class lll recommendation).

Although the results of 0-SYMBIO® have
suggested an improvement in the primary MACE
end point at 2 y, the small event numbers,
difficulties in patient recruitment, and an
unexpectedly large treatment effect with wide
confidence intervals limits the interpretability of
the results. At this time point, CoQ10 initiation
cannot be recommended to patients with HF

Are there certain
subgroups of patients
with HF that may have
significant benefit from
CoQ107?

RCTs’ evaluating CoQ10 in patients with HF
have focused on HFrEF. The Q-SYMBIO trial

did not suggest an interaction between CoQ10
therapy and subgroups. Currently, we do not
recommendation for the use of CoQ10 in specific
subgroups of patients with HF

If patients are already
taking CoQ10, what
should clinicians’
recommend with
regard to future use?

Given the absence of a signal to harm in
(Q-SYMBIO, a detailed discussion of the risks
and benefits of CoQ10 should occur between
the patient and the clinician. Given the similar
molecular structure of CoQ10 to vitamin K,
patients who are taking warfarin should have
international normalized ratios carefully and
potentially more frequently checked
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Vitamin E in the Primary Prevention

of Cardiovascular Disease and Cancer
The Women's Health Study: A Randomized Controlled Trial

600 IU of natural-source vitamin E on alternate days

Table 2. Relative Risks of Cardiovascular Disease, Cancer, and Total Mortality by Group,
Women's Health Study

Mo. of Events
! Vitamin E Placebo I Relative Risk
Outcome (n=19937) (n=19939) (95% CI) P Value

Major cardiovascular event® 482 517 0.93 (0.82-1.05) .26
Myaocardial infarction 196 195 1.01 (0.82-1.23) 96
Nonfatal 184 181 1.02 (0.83-1.25) 87

Fatal 12 14 0.86 (0.40-1.85) a0

Stroke 249 246 0.98 (0.82-1.17) .82
Nonfatal 220 222 0.99 (0.82-1.19) 93

Fatal 21 24 0.88 (0.49-1.57) 66
lschemict 194 197 0.99 (0.81-1.20) .88
Hemorrhagict 44 48 0.92 (0.61-1.38) 63
Cardiovascular death 106 140 0.76 (0.58-0.98) 03
Total invasive cancer 1437 1428 1.01 (0.94-1.08) .87
Breast E16 614 1.00 (0.90-1.12) 95
Lung 107 08 1.00 (0.83-1.44) 52
Colon 107 107 1.00 (0.77-1.31) 99
Cancer death 308 275 1.12 (0.95-1.32) A7
Total mortality B36 B15 1.04 (0.93-1.16) 53

(G

Lee et al.; 2005
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Figure 3. Cumulative Incidence Rates of Cancer
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Effects of Long-term Vitamin E
Supplementation on Cardiovascular Events
and Cancer

A Randomized Controlled Trial

The HOPE and HOPE-TOO Trial

Patients at least 55 years old with vascular disease or diabetes mellitus was extended

Daily dose of natural source vitamin E (400 IU) or matching placebo.

Figure 2. Kaplan-Meier Analysis of the Effects of Vitamin E on Incident Cancer and Major Cardiovascular Events for All 9541 Study Patients
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Lonn et al.; 2005

Cliniques universitaires Saint-Luc — Prof. D. Gruson



All HOPE Study Patients
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In patients with vascular disease or diabetes mellitus, long-term vitamin E
supplementation does not prevent cancer or major cardiovascular events and may

increase the risk for heart failure.

Lonn et al.; 2005
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The SU.VI.MAX Study

A Randomized, Placebo-Controlled Trial of the Health Effects
of Antioxidant Vitamins and Minerals

13 017 French adults (7876 women aged 35-60 years and 5141 men aged 45-60 years)
All participants took a single daily capsule of a combination of 120 mg of ascorbic acid, 30 mg of vitamin E, 6 mg
of beta carotene, 100 ug of selenium, and 20 mg of zinc, or a placebo
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After 7.5 years, low-dose antioxidant supplementation lowered total cancer incidence
and allcause mortality in men but not in women.

/ Supplementation may be effective in men only because of their lower baseline status of
certain antioxidants, especially of beta carotene.
Hercberg et al.; 2004
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Physicians’ Health Study Il (PHSII)

| 1982: Original randomization to the PHS trial of beta carotene |

| December 1995- Termination of the PHS | beta carotene arm (50 mg, alternate days)

:

August 1997 — August 1998: Randomization to the PHSI initiated, including:
{1) Continuing participantstreatment from PHS
(2] New recruits

Y

1998 — 2001: Cognitive testing in the PHSII (most testing was in 2001)
7045 Age-eligible participants selected for enrollment into the cognitive study

.| 271 Parficipants
- no longer active

Y
6770 Invited to participate

315 Could not be
»> reached

499 Did not participate

v v

Grodstein et al.; 2007

2967 Receiving active beta carotene: 2989 Receiving beta carotens placebo:
2031 Continuing participants 2021 Continuing participants
from the original PHS from the original PHS
with long-term treatment with long-term placebo
936 Newer recruits with 968 Newer recruits with
short-term treatment shori-term treatment
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Physicians’ Health Study Il (PHSII)

Table 3. Mean Cognitive Performance With Shori-term
Treatment Assignment?: the Physicians’ Health Study Il

Among 4052 continuing participants from the PHS

Placebo Beta Carotene ;
S Group. Group. o (mean treatment duration, 18 years), the mean global
GT“;'B':'“ ek (n = 968) (8 = 1) ™ | score was significantly higher in the beta carotene
obal score . . .
Mean zscore (SD)¢  0.007 (0.67)  -0.007 (0.67) group than in the placebo group (mean difference in z
Mean difference 0 [Reference] -0.014 (-0.07t0 0.05) .65 scores. 0.047 standard units: P= 03)
(95% Cl) T T

Verbal memory®
Mean zscore (SD)¢ 0.008 (0.72) -0.008 (0.72)
Mean difference 0 [Reference] -0.015(-0.081t00.05) .64 L
(95°% CI) On verbal memory, men receiving long-term beta
TIGS :
Mean points (SD)° 3420 (264) 3415 (257) carotene supplementation also performed

Mean difference O [Reference] -0.13 (-0.3710 0.10) .26 significantly better than the placebo group (mean

(95% CI) . : o
Tt difference in z scores, 0.063; P=.007).
Mean points (SD)¢  20.09 (6.15)  20.02 (6.14)
Mean difference 0 [Reference] -0.06(-0.621t00.49) .82

(95% CI)

We did not find an impact of short-term beta carotene supplementation on
cognitive performance

/ < but long term supplementation may provide cognitive benefits.

Grodstein et al" 2007 Cliniques universitaires Saint-Luc — Prof. D. Gruson O



Association of Antioxidant Supplement Use and

Dementiain the Prevention of Alzheimer’s
Disease by Vitamin E and Selenium Trial

(PREADViSE)

JAMA Neurology

Association of Antioxidant Supplement Use and Dementia in the Prevention of Alzheimer’s

Disease by Vitamin E and Selenium Trial (PREADVISE)

Four-arm randomized controlled trial (RCT) and initiated enrollment in 200117.

SELECT’s primary aim was to determine the effectiveness of the antioxidant supplements vitamin E
(400 IU/day) and selenium (200 pg/day) alone or in combination in preventing prostate cancer.

100

95

920

0 1

No. at risk

S 1881 1873
E 1799 1787
C 1888 1822
P 1830 1817

As)

Kryscio et al.; 2017

2

1744
1685
1692
1703

3

1614
1533
1552
1569

4

1469
1382
1418
1423

5 6
Years

1332 1105
1253 999
1274 1071
1271 1057

7

755
689
746
737

8

573
480
532
547

9

384
350
384
389

10

202
163
176
186

ITT Weighted ™
Treament | HR (95% CI) Pvalue | HR (95% CI) P value
Vitamin E | 0.88 (0.64-120) | 041 084 (061-115) | 027
Selenium | 083 (0.61-113) | 023 0.80 (0.59-1.09) | 0.16
Combined | 1.00(0.74-135) | 098 099 (0.74-132) | 093

Neither supplement prevented dementia. This is the first study to
investigate the long term effect of anti-oxidant supplement use on
dementia incidence among asymptomatic men.
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REVIEW ARTICLE

The efficacy and safety of coenzyme Q10 in Parkinson’s disease:
a meta-analysis of randomized controlled trials
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The current meta-analysis provided
evidence that CoQ10 was safe and
well tolerated in participants with PD
and no superior to placebo in terms of
motor symptoms.

According to these results, we cannot
recommend CoQ10 for the routine
treatment of PD right now.
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Thank you very much....

...for your attention !

damien.gruson@uclouvain.be
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